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#ÙȭɯxĀÙȭɯ²àÌÚÐɯxáÒÈÕɯ 2+ -  ÍàÖÕɯ*ÖÊÈÛÌ×Ìɯ²ÕÐÝÌÙÚÐÛÌÚÐ 

#Öñȭɯ#Ùȭ 2ÈËċÒɯ* Y   ÍàÖÕɯ*ÖÊÈÛÌ×Ìɯ²ÕÐÝÌÙÚÐÛÌÚÐ 

#ÙȭɯxĀÙȭɯ²àÌÚÐɯ2ÌÕÌÔɯ&²-$1  ÍàÖÕɯ*ÖÊÈÛÌ×Ìɯ²ÕÐÝÌÙÚÐÛÌÚÐ 

#ÙȭɯxĀÙȭɯ²àÌÚÐɯ©ÌÙÐÍÌɯ *  ÍàÖÕɯ*ÖÊÈÛÌ×Ìɯ²ÕÐÝÌÙÚÐÛÌÚÐ 

#ÙȭɯxĀÙȭɯ²àÌÚÐɯ3ĹÓÈàɯ +3 8  ÍàÖÕɯ*ÖÊÈÛÌ×Ìɯ²ÕÐÝÌÙÚÐÛÌÚÐ 

#ÙȭɯxĀÙȭɯ²àÌÚÐɯ5ÌÓÐɯ! © 1 -  ÍàÖÕɯ*ÖÊÈÛÌ×Ìɯ²ÕÐÝÌÙÚÐÛÌÚÐ 

#ÙȭɯxĀÙȭɯ²àÌÚÐɯ8ÈÝÜáɯ!ÈÏÈËċÙɯ*."   ÍàÖÕɯ*ÖÊÈÛÌ×Ìɯ²ÕÐÝÌÙÚÐÛÌÚÐ 
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Ý 

SEMPOZYUM PROGRAMI  
 

 
 

±Φ Yh/!¢9t9 a«I9b5T{[TY .T[Ta[9wT  

mFw9b/T {9ath½¸¦a¦ 

мнπмп a!¸L{ нлнс 

!C¸hbY!w!IT{!w 

 

{m½[« {¦b¦a twhDw!aL 

 

мΦ D«b όмн a!¸L{ нлнс {![Lύ 

 

!C¸hb Yh/!¢9t9 «bT±9w{T¢9{T 

a«I9b5T{[TY C!Y«[¢9{T YhbC9w!b{ {![hb¦ 

 

млΥлл 

{!¸DL 5¦w¦ ¦ 

 

T{¢TY[![ a!w L 

 

!4L[L  Yhb¦ a![!wL 

 

!ǊǒΦ DǀǊΦ {ŀƳƛ {ŜǊƪŀƴ T hF[¦ ό±Φ YhDw9b{9a 5ǸȊŜƴƭŜƳŜ YǳǊǳƭǳ .ŀǒƪŀƴƤύ 

tǊƻŦΦ 5ǊΦ TǎƳŀƛƭ ½hw[¦9w ό!Ŧȅƻƴ YƻŎŀǘŜǇŜ «ƴƛǾŜǊǎƛǘŜǎƛ aǸƘŜƴŘƛǎƭƛƪ CŀƪǸƭǘŜǎƛ 5ŜƪŀƴƤύ 

5!±9¢[T Yhb¦ a!/L 

5ƻœΦ 5ǊΦ {ŀŘƤƪ Y!F!  

ΨΩCƛƪƛǊŘŜƴ «ǊǸƴŜΩΩ 

4!¸ ±9 TYw!a !w!{L 

aǸƘŜƴŘƛǎƭƛƪ CŀƪǸƭǘŜǎƛ YƻƴŦŜǊŀƴǎ {ŀƭƻƴǳ CǳŀȅŜ !ƭŀƴƤ 

мнΥлл 
mF[9 !w!{L 

aǸƘŜƴŘƛǎƭƛƪ CŀƪǸƭǘŜǎƛ mƴǸƴŘŜ ¸ŜƳŜƪ TƪǊŀƳƤ 
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ÝÐ 

моΥол 

t!b9[ 

άaŜȊǳƴ YŀǊƛȅŜǊ DǸƴƭŜǊƛέ 

 

 

 

 

aƻŘŜǊŀǘǀǊ  

tǊƻŦΦ 5ǊΦ ¦œƳŀƴ 9ǊƎǸƴ 

 

YƻƴǳǒƳŀŎƤƭŀǊ  

9ǊŜƴ aŀƘƳǳǘ YǳƴŘŀƪ 

!ƘƳŜǘ {ŀȅƎƤƴŜǊ 

TǎƳŀƛƭ YŀȅŀŘƛōƛ 

!ǎƭƤƘŀƴ  ŀƘŀƴ 

 

aƻŘŜǊŀǘǀǊ  

5ǊΦ mƐǊΦ «ȅŜǎƛ {ǸƭŜȅƳŀƴ DǸŎŜƪ 

 

YƻƴǳǒƳŀŎƤƭŀǊ  

mȊƎŜ 9ǊȅŜǒƛƭ 5ŜŘŜ 

{ƻƴŜǊ /ŜƭŜǇ 

¸ƤƭƳŀȊ aŜǊŘƛǾŜƴŎƛ 

½ƛǒŀƴ aŜƳƛǒ 

bǳǊǒŀƘ /ŜǊŀƴ 
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ÝÐÐ 

πππ{m½[« {¦b¦a t[!bLπππ 

нΦ D«b όмо a!¸L{ нлнс 4!w !a.!ύ 

!C¸hb Yh/!¢9t9 «bT±9w{T¢9{T 

a«I9b5T{[TY C!Y«[¢9{T 

 

{!!¢ 

a«I9b5T{[TY C!Y«[¢9{T YhbC9w!b{ {![hb¦ όмлмύ 

DL5! a«I9b5T{[TFT h¢¦w¦a¦ 

h¢¦w¦a .! Y!bLΥ 5ǊΦ mƐǊΦ «ȅŜǎƛ aŜƘƳŜǘ YL[Lb4 

 

{!!¢ 

a«I9b5T{[TY C!Y«[¢9{T YhbC9w!b{ {![hb¦ όмлнύ 

.T[DT{!¸!wπ̧!½L[La a«I9b5T{[TFT h¢¦w¦a¦ 

h¢¦w¦a .! Y!bLΥ 5ƻœΦ 5ǊΦ !ƘƳŜǘ IŀǒƛƳ ¸¦w¢¢!Y![ 

млΥлл 

!C¸hbY!w!IT{!wΩ5! «w9¢T[9b ¢ht όwh[[ύ 9Ya9Y[9wTb .!½L 

CT½TY{9[ m½9[[TY[9wT όhaDaψлплύ 

/ŀŦŜǊ aŜŘŜǘƻƐƭǳΣ !ȅǒŜ WŀƴǎŜƭƛ 5ŜƴƛȊƪŀǊŀΣ IŀǊǳƴ 5ƤǊŀƳŀƴ 

 

 

млΥлл 

59wTb 9±wT Ta[T {TbTw !F[!wLb5! t9wChwa!b{Σ ±9wTa[T[TY ±9 

!4LY[!b!.T[Tw[TYΥ {9πw9{b9¢Σ ah.T[9b9¢±н ±9 9CCT/T9b¢b9¢.л 

ah59[[9wTbTb Y!w L[! ¢Lwa![L !b![T½T όha.aψлмнύ 

9ƳƛǊ YŀƘǊŀƳŀƴΣ !ƘƳŜǘ IŀǒƛƳ ¸ǳǊǧŀƪŀƭ 

млΥмр 

9¢Σ ¢!±¦Y ±9 .![LY «w«b[9wTbTb .T¸h!Y¢TC .T[9 9b[9w[9 

½9bDTb[9 ¢TwT[a9{T όhaDaψлотύ 

!ȅǒŜƴǳǊ !ƪŘŀǒΣ 5ƛƭŜƪ 5ŜƳƛǊōǸƪŜǊ YŀǾŀƪΣ wŀƳŀȊŀƴ  ŜǾƛƪ 

 

млΥмр 

mFw9b/T .! !wL{L ¢!IaTbTb59 a!YTb9 mFw9ba9{T T[9 

w9Dw9{¸hb ±9 59bD9{T½ {LbLC[!b5Lwa! !b![T½T όha.aψллмύ 

CŀǊǳƪ !ƪōŀȅǊŀƪΣ !ƘƳŜǘ IŀǒƛƳ ¸ǳǊǧŀƪŀƭ 

млΥол 

h½ah¢TY Y¦w¦¢a!bLb a9¸±9 ±9 {9.½9[9wTb Y![T¢9{T «½9wTb59YT 

9¢YT[9wT όhaDaψлоуύ 

5ƛƭōŜǊ hƴǳǊΣ 5ƛƭŜƪ 5ŜƳƛǊōǸƪŜǊ YŀǾŀƪ 

 

млΥол 

59wTb mFw9ba9 ¢!.!b[L ¢w!CTY T !w9¢T ¢!bLa!Υ D¢{w. ±9wT {9¢T 

«½9wTb9 .Tw ¦¸D¦[!a! όha.aψлмуύ 

LƭƪƘƻƳ ¢ŀōȅƭŘƛŜǾΣ !ƘƳŜǘ IŀǒƛƳ ¸ǳǊǧŀƪŀƭ 

млΥпр 

DL5![!wLb a¦I!C!½!{Lb5! hwD!bTY !{T¢[9wTb !b¢TaTYwh.T¸![ 

9¢YT a9Y!bT½a![!wL ±9 9b5«{¢wT¸9[ ¦¸D¦[!a![!wL 

όhaDaψлофύ 

!ȅǒŜƴǳǊ !ƪŘŀǒΣ wŀƳŀȊŀƴ  ŜǾƛƪ 

 

млΥпр 

h¢hbha CT¸!¢[!b5Lwa! T4Tb IT.wT¢ .Tw ¸!Y[! LaΥ !D9b¢T/ !L ±9 

t9YT ¢Twa9[T mFw9ba9 ¦¸D¦[!a!{L όha.aψлмпύ 

aŜǊǾŜ 9Řŀ ¸ƤƭƳŀȊŜǊΣ hǊƘŀƴ !ƭǦƴȅƤƭŘƤȊΣ !ƘƳŜǘ IŀǒƛƳ ¸ǳǊǧŀƪŀƭΣ CŀǝƘ 

mȊŘƛƴœ 

 
4!¸ ±9 TYw!a !w!{L 

 

{!!¢ 

a«I9b5T{[TY C!Y«[¢9{T YhbC9w!b{ {![hb¦ όмлмύ 

I!wT¢!πW9h[hWTπa!59b a«I9b5T{[TFT h¢¦w¦a¦ 

h¢¦w¦a .! Y!bLΥ 5ǊΦ mƐǊΦ «ȅŜǎƛ aŜƘƳŜǘ !ƭƛ ¦F¦w 

 

{!!¢ 

a«I9b5T{[TY C!Y«[¢9{T YhbC9w!b{ {![hb¦ όмлнύ 

 .T[DT{!¸!wπ̧!½L[La a«I9b5T{[TFT h¢¦w¦a¦ 

h¢¦w¦a .! Y!bLΥ 5ƻœΦ 5ǊΦ !ƘƳŜǘ IŀǒƛƳ ¸¦w¢¢!Y![ 

ммΥмр 

!bb!w {9[ mb[9a9 .!w!WLb5! ό¦aa!bΣ {![![!Iύ a«I9b5T{[TY 

W9h[hWT{T {hw¦b[!wL ±9 4m½«a ¸h[[!wL όhaWaψртύ 

aŜƘƳŜǘ !ƪƤƭƭƤΣ !ƘƳŜǘ ¸ƤƭŘƤȊ 

 

ммΥмр 
¸h[/¦ {!¸!w όha.aψлмлύ 

¸ƛƐƛǘ YƤǾŀƴœ hǊŀƭ 

ммΥол 

4hY ½!a!b[L ¦¸5¦ Dmw«b¢«[9wT Y¦[[!bL[!w!Y 59tw9a mb/9{T 

±9 {hbw!{L !w!½T mw¢«{« 59FT TaTbTb Tb/9[9ba9{TΥ 5«½/9 T[T 

мффф 59tw9aT mwb9FT όhaIaψлпфύ 

.ŜƘƛȅŜ ¸ŀȅƭŀƪŎƤΣ mƳŜǊ DǀƪōŜǊƪ bŀǊƛƴ 

 

ммΥол 

!4LY Y!¸b!Y[L .«¸«Y 5T[ ah59[[9wTbTb Yh5 4![L a! {«w9{T 

¢!IaTb .9/9wT[9wTbTb Y!w L[! ¢Lwa![L !b![T½T όha¸aψллфύ 

¸ŀƐƳǳǊ DǸƭΣ CŀǘƳŀ hƐǳȊƎǸƴŜȅƭƛΣ /ŀƴŜǊ .ŀƭƤƳΣ bŜǾȊŀǘ hƭƎǳƴ 

ммΥпр 

D9w49Y ½!a!b[L I!{{!{ bhY¢! Yhb¦a[!a! ¢9YbTFTbTb όw9![ 

¢Ta9 tw9/T{9 thTb¢ th{T¢ThbTbDπw¢πtttύ 5hFw¦[¦F¦b 

!w! ¢LwL[a!{L όhaIaψлпсύ 

{ŀƭƛƘ YƤǊƭƤΣ TōǊŀƘƛƳ ¢ƛǊȅŀƪƛƻƐƭǳΣ ½ŀŦŜǊ YǀǎŜΣ aŜƘƳŜǘ !ƭƛ ¦ƐǳǊ 

 

ммΥпр 

±9wT mb T [9a9 ±9 IT.wT¢ !w!a! ht¢TaT½!{¸hb[¦ w!D aTa!wT{T 

T[9 Y¦w¦a{![ .T[DT 9wT Ta {T{¢9aTbTb D9[T ¢TwT[a9{T 

όha.aψллрύ 

9ƳƛǊƘŀƴ {ŜȊƎƛƴΣ ¸ƛƐƛǘ /ƛǾŜƭŜƪƻƐƭǳ 

мнΥлл 

Dmwa9 9bD9[[T[9w T4Tb 5hY¦b{![ I!wT¢! ¢!{!wLaL ±9 «w9¢TaT 

όhaIaψлпоύ 

{ŜŘŀƴǳǊ YƤȅŀƪƭƤΣ TōǊŀƘƛƳ ¸ƤƭƳŀȊ 

 

мнΥлл 

LLh¢ {T{¢9a[9wTb59 ¸!t!¸ ½9Y! ¢!.!b[L ±9 D9w49Y ½!a!b[L 

{![5LwL ¢9{tT¢ {T{¢9aT D9[T ¢TwT[a9{T όha¸aψллтύ 

Iŀǎŀƴ /ŀƴ YǀǎŜΣ 5ŜƴƛȊ ¢ŀƴƤǊ 

мнΥмр 

4Ta9b¢h I!aa!559 {!I![!wLbLb W9hYTa¸!{![Σ aTb9w![hWTY 

±9 CT½TY{9[ m½9[[TY[9wTbTb Y[TbY9w Y![T¢9{T «½9wTb9 9¢YT{T 

όhaWaψлрсύ 

¢ǳƐœŜ 5ŜƳƛǊŀƭǇΣ aŜǝƴ .ŀƐŎƤ 

 

мнΥмр 

{¢!/YTbD 9b{9a.[9 [9!wbTbD Chw ITDIπ!//¦w!/¸ 

/[!{{TCT/!¢Thb !b5 !b![¸{T{ hC 5!wYb9¢ ¢w!CCT/ ¦{TbD ¢I9 /L/π

5!wYb9¢нлнл 5!¢!{9¢ όha¸aψлмсύ 

aŜƭŘŀ 9ǎƳŀ YŀǊŀƪǳǊǘΣ 5ŜƴƛȊ ¢ŀƴƤǊ 
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ÝÐÐÐ 

мнΥол 

¸9w![¢L ¢! Yma«w« a!59b/T[TFTb59 «w9¢Ta ±9 I!±![!b5Lwa! 

T[T YT{T όhaaaψлпмύ 

9ōǳōŜƪƛǊ !ƘƛΣ CŀǝƘ .ŀȅǊŀƳ 

 

мнΥол 
I¢a[ !b![T½T T[9 tIT{ITbD ¢9{tT¢T όha¸aψлмрύ 

bǳǊŀȅ ¢ǸǊƪŎŀƴ 

 
mF[9 !w!{L 

a«I9b5T{[TY C!Y«[¢9{T mb«b59 ¸9a9Y TYw!aL 

{!!¢ 

a«I9b5T{[TY C!Y«[¢9{T YhbC9w!b{ {![hb¦ όмлмύ 

9[9Y¢wTYπ9[9Y¢whbTY a«I9b5T{[TFT h¢¦w¦a¦ 

h¢¦w¦a .! Y!bLΥ 5ǊΦ mƐǊΦ «ȅŜǎƛ CŀǝƘ {9w¢¢!  

 {!!¢ 

a«I9b5T{[TY C!Y«[¢9{T YhbC9w!b{ {![hb¦ όмлнύ 

.T[DT{!¸!wπ̧!½L[La a«I9b5T{[TFT h¢¦w¦a¦ 

h¢¦w¦a .! Y!bLΥ !ǊǒΦ DǀǊΦ 5ǊΦ bǳǊƎǸƭ m½a9b {«½a9 

моΥол 

{!b![ D9w49Y[TY ±9 {9b{mw ¢!.!b[L ¢9Ybh[hWT[9w T[9 .T[T {9[ 

D9[T TaT 59{¢9Y[9¸9b !5!t¢TC .Tw t[!¢Chwa D9[T ¢TwT[a9{T 

όha99aψлопύ 

¸ǸƪǎŜƭ hƐǳȊΣ ¦ƐǳǊ CƛŘŀƴΣ !ǎƭƤƘŀƴ  ŀƘŀƴ 

 моΥол 
ah5«[9w h¢hbha !w!4 ¸!½L[La aTa!wT{T ό¢a¸aψлмсύ 

9ŎŜ DǀƪœŜΣ DŀƳȊŜ 5ŜƳƛǊŎƛΣ 9ƳǊŜ !ǘƭƤŜǊ hƭŎŀ 

моΥпр 

9FT¢Ta Y¦w¦a[!wLb5! ¦4 .T[DT T [9a ¢!.!b[L Dmw«b¢« T [9a9 

T[9 h¢hbha 9b9wWT ±9wTa[T[TFT ±9 Y!w.hb !¸!Y T½T !b![T½T 

όha99aψлорύ 

/ŀƴŜǊ !ȅƭƤƪŎƤΣ TǊŜƳ mȊōŜƪΣ CŀǘƳŀ {ǳŘŜ 9ŦŜΣ {Ŝƴŀ bǳǊ 5ŜƳƛǊΣ Iŀǎŀƴ ¸ƤƭƳŀȊ 

 моΥпр 

9π¢T/!w9¢¢9 59!5{¢h/YΩ¦ h[¦ a!5!b mb[9a9Υ ¢![9t ¢!IaTbTΣ 

wT{Y {Yhw¦ ±9 !D9b¢T/ Y!w!w ah¢hw¦ T[9 twh!Y¢TC {¢hY 

¸mb9¢TaT ό¢a.aψллмύ 

9ƎŜƳŜƴ ¢ǳƴœŀǊǎƭŀƴΣ !ƘƳŜǘ YŀŘŀȅƤŦœƤΣ 9ƳǊŜ !ǘƭƤŜǊ hƭŎŀ 

мпΥлл 

9{tπbh² ¢!.!b[L .Tw 5!FL¢LY !YL[[L 9± {T{¢9aT ¦¸D¦[!a!{L 

όha99aψломύ 

 ŜǊƛŦ YƤȊƎƤƴŘŜƳƛǊΣ {ŀƛŘ aŀƘƳǳǘ 4ƤƴŀǊ 

 мпΥлл 

9π¢T/!w9¢ {9Y¢mw«b59 ¸!t!¸ ½9Y! ¢!.!b[L 59!5 {¢h/Y wT{Y 

¢!IaTb {T{¢9aT ό¢a¸aψллуύ 

aǳȊŀũŜǊ 5ŜƳƛǊƘŀƴΣ .ŜǊƪŜŎŀƴ IŀƳŘƛ !ƪȅǸȊΣ ¸ŀǾǳȊ ¸ŀƳŀƴΣ 9ƳǊŜ !ǘƭƤŜǊ 

hƭŎŀ 

мпΥмр 

![¢L {9w.9{¢[TY 59w9/9[T ¢htπt[!Y! {T{¢9aTbTb D«w.«½ Yhb¢wh[« 

όha99aψлооύ 

¸ǳǎǳŦ 9ƳǊŜ !ƪŀǊΣ !ƭǇŜǊ 4ŜǝƴΣ 9ƳǊŜ YŜƳŜǊ 

 мпΥмр 

.ȅǘŜπ5ǸȊŜȅƭƛ ¢ŜƳǎƛƭ ǾŜ 4ƻƪ YŀŦŀƭƤ 5ƛƪƪŀǘ aŜƪŀƴƛȊƳŀǎƤ YǳƭƭŀƴƤƭŀǊŀƪ 

5ŜǊƛƴ mƐǊŜƴƳŜ ¢ŀōŀƴƭƤ ½ŀǊŀǊƭƤ ¸ŀȊƤƭƤƳ ¢ŜǎǇƛǝ όha¸aψллуύ 

!ƭǇǘŜƪƛƴ ½ŜƴƎƛƴΣ 5ŜƴƛȊ ¢ŀƴƤǊ 

мпΥол 

.9¢! ¢TtT .Tw {¢Tw[TbD ah¢hw¦b5! tT{¢hb ¸!{[!ba! 

¸«½9¸[9wTbTb !½![¢L[a!{L T4Tb m½D«b Yw!bYπ.T¸9[ {T{¢9aT 

¢!{!wLaL ±9 !b![T½T όha99aψлонύ 

tƻƭŀǘ YŀƐŀƴ ¸ƤƭƳŀȊΣ {ŜƳƛƘ ¢ŀǒǘŀƴ 

 мпΥол 

!Lπth²9w95 59!5 {¢h/Y tw95T/¢Thb !b5 tw9±9b¢Thb {¸{¢9a 

ό¢a.aψллнύ 

.ǸƭŜƴǘ .ƻǊŀ .ŀƭŎƤΣ aŜƘƳŜǘ  ŜƴŀŘƭƤΣ bŜŎŀǝ 5ƻƭŀǊΣ 9ƳǊŜ !ǘƭƤŜǊ hƭŎŀ 

мпΥпр 

9b9wWT 9¢YTb ht¢Ta¦a {¢hY {9±T¸9{T .9[Tw[9a9 ±9 «w«b {¢hY 

th[T¢TY!{L ah59[T D9[T ¢Twa9 όha99aψлолύ 

9ŎŜƴŀȊ YƤƭƤœΣ DǸƭǒŜƴ !ȅŘƤƴ YŜǎƪƛƴ 

 мпΥпр 

¢w9b5 C!wYLb5![LFLb! {!ITt ¸!t!¸ ½9Y$ ¢!.!b[L 59!5 {¢h/Y wT{Y 

¢!IaTbTΥ .Tw !L59!¢Ihb ±!Y! 4![L a!{L όha¸aψлнмπ¢a¸aψлмрύ 

¸ŀƐƳǳǊ DǸƭǎŜ mȊŜƭ 

 
4!¸ ±9 TYw!a !w!{L 

 

  

 

{!!¢ 

a«I9b5T{[TY C!Y«[¢9{T YhbC9w!b{ {![hb¦ όмлнύ 

.T[DT{!¸!wπ̧!½L[La a«I9b5T{[TFT h¢¦w¦a¦ 

h¢¦w¦a .! Y!bLΥ 5ǊΦ mƐǊΦ «ȅŜǎƛ TƴŀȅŜǘ IŀƪƪƤ 4ƛȊƳŜŎƛ 

  

 

мрΥмр 

9π¢T/!w9¢ {¢hY ¸mb9¢TaT T4Tb ¸!t!¸ ½9Y! 59{¢9Y[T m[« {¢hY 

¢!IaTb {T{¢9aT ό¢a¸aψллпύ 

9ǊŜƴ /ŀƴ DŜȊŜǊΣ 9ƭƛŦ  ƛƳǒŜƪΣ !Ŧƴŀƴ aƻƘŀƳŀŘ 

{!!¢ 

a«I9b5T{[TY C!Y«[¢9{T YhbC9w!b{ {![hb¦ όмлмύ 

9[9Y¢wTYπ9[9Y¢whbTYπTb !!¢ a«I9b5T{[TFT h¢¦w¦a¦ 

h¢¦w¦a .! Y!bLΥ 5ǊΦ mƐǊΦ «ȅŜǎƛ ±Ŝƭƛ .! !w!b 

 

мрΥол 

! CTbT¢9π{¢!¢9πa!/ITb9 !ttwh!/I ¢h !b !w5¦Tbhπ.!{95 

!¦¢hbhah¦{ t!¢wh[ {¸{¢9a ό¢a¸aψлмуύ 

9ǊŜƴ /ŀƴ DŜȊŜǊΣ 9ƳǊŜ !ǘƭƤŜǊ hƭŎŀ 
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Ðß 

мрΥпр 

59bT½¸h[¦ ¢! La!/L[LFLb5! 9aT{¸hb Yhb¢wh[ ![!b[!wLbLb 

¢«wYT¸9 T4Tb 59F9w[9b5TwT[a9{T όha99aψлрмύ 

½ŜǊǊƛƴ TƳŜŎƛΣ YŀŘŜǊ ¢ǸǘǸƴΣ hƭƎŀȅ hƪǒŀǒ 

 

мрΥпр 

t9w!Y9b59 {9Y¢mw«b59 a!YTb9 mFw9ba9{T T[9 !¢L[ {¢hY ό59!5 

{¢h/Yύ ¢!IaTbT ±9 ht¢TaT½!{¸hb¦ ό¢a¸aψллсύ 

9ǊŜƴ 5ŀōŀƴΣ TōǊŀƘƛƳ .ŀǊŀƴ !ƪŵǊŀǘΣ 9ƳǊŜ !ǘƭƤŜǊ hƭŎŀ 

мсΥлл 

{«w5«w«[9.T[Tw ¸h[ Y!t[!a![!wL T4Tb !{C![¢ Y!wL La[!w5! 

5hF![ [TC[9wTb Y¦[[!bL[!.T[Tw[TFT όhaLaψлпуύ 

aŀƳŀŘƻǳ tŀǘƘŜ 5ƛŀƭƭƻΣ !ŘǊƛŜƭ YŜƴƴŜ .ƻƪŀƎƴŜΣ aŀƳƻǳŘƻǳ 

!ōŘƻǳǊŀƘƳŀƴ {ǳƛŘŀǎΣ /ŀƘƛǘ DǸǊŜǊΣ .ǳǊŀƪ 9ƴƛǎ YƻǊƪƳŀȊΣ !ȅŦŜǊ 9ƭƳŀŎƤ 

YƻǊƪƳŀȊ 

 

мсΥлл 
59!5 {¢h/Y a!b!D9a9b¢ ό¢a.aψллоύ 

TǊŜƳ bƛǎŀ mȊƭǸΣ 5ǳǊǳ YŀȅƴŀƪΣ ¢ǳōŀ bǳǊ ¢ŀƘǘŀŎƤΣ 9ƳǊŜ !ǘƭƤŜǊ hƭŎŀ 

мсΥмр 

{«w5«w«[9.T[Tw ![¢¸!tL T4Tb ¸9bT[TY4T .Tw ¸!Y[! LaΥ h¢¢! ¢«w« 

{!¢IT Y!t[!a![!w όhaLaψлптύ 

{Φ CŀȊŜƭ !ƘƳŀŘ tƻȊƘŀƴΣ /ŀƘƛǘ DǸǊŜǊΣ .ǳǊŀƪ 9ƴƛǎ YƻǊƪƳŀȊΣ !ȅŦŜǊ 9ƭƳŀŎƤ 

YƻǊƪƳŀȊ 

 

мсΥмр 

9π¢T/!w9¢¢9 m[« {¢hY wT{YTbTb ¸!t!¸ ½9Y$ ¢!.!b[L ¢!IaTbT ±9 

¸mb9¢TaT ό¢a¸aψлмпύ 

aŜƭƛƘ YǸœǸƪΣ 9ǎƳŀ  ŜƴΣ TōǊŀƘƛƳ YŀǊǘŀƭΣ 9ƳǊŜ !ǘƭƤŜǊ hƭŎŀ 

мсΥол 

{hF¦Y .T¢«a[« Y!wL La[!wLb Y!t[!a![!w5! Y¦[[!bL[a!{L T[9 

T[DT[T {hb D9[T a9[9w όhaLaψлпнύ 

¢ǳƐœŜ !ƪƤƭƭƤ ¢ǀǊŜǊΣ /ŀƘƛǘ DǸǊŜǊΣ .ŜǘǸƭ bŜǊƪƛȊΣ {Φ CŀȊŜƭ !ƘƳŀŘ tƻȊƘŀƴ 

 

мсΥол 

/hb{¢w!Tb¢ {!¢T{C!/¢Thb twh.[9a ¸!Y[! LaL¸[! ½9wh ¢w¦{¢ 

hw¢!a[!wLb5! h¢ha!¢TY ¸9¢YT[9b5Twa9 ±9 9wT Ta 

ht¢TaT½!{¸hb¦ όha¸aψлммύ 

bŜŬǎŜ .ǳǎŜ ¦ȊǳƴΣ /ŜǾŀǘ mȊŀǊǇŀ 

 
 

4!¸ ±9 TYw!a !w!{L 

 

{!!¢ 

a«I9b5T{[TY C!Y«[¢9{T YhbC9w!b{ {![hb¦ όмлмύ 

 Tb !!¢ a«I9b5T{[TFT h¢¦w¦a¦ 

h¢¦w¦a .! Y!bLΥ 5ǊΦ mƐǊΦ «ȅŜǎƛ {ǸƭŜȅƳŀƴ D«/9Y 

 

{!!¢ 

a«I9b5T{[TY C!Y«[¢9{T YhbC9w!b{ {![hb¦ όмлнύ 

.T[DT{!¸!wπ̧!½L[La a«I9b5T{[TFT h¢¦w¦a¦ 

h¢¦w¦a .! Y!bLΥ 5ǊΦ mƐǊΦ «ȅŜǎƛ ¸ŀǾǳȊ .ŀƘŀŘƤǊ YƻŎŀ 

мтΥлл 

5h[D¦ .!w!W[!w5! {9¢ ¸LYL[a!{L ό.w9!/ITbDύ {«w94[9wTbTb 

!atTwTY ¸mb¢9a[9w ±9 {!¸L{![ ah59[[9a9 T[9 Tb/9[9ba9{T 

ό¢aLaψлмтύ 

{ƻƴŜǊ /ŜƭŜǇΣ aǳǊŀǘ Yƛƭƛǘ 

 

мтΥлл 

¢«wY 9π¢T/!w9¢ {9Y¢mw« T4Tb ¸!t!¸ ½9Y! 59{¢9Y[T m[« {¢hY 

¢!IaTb {T{¢9aT ό¢a.aψлмоύ 

bŀŬȊ aŜǊƛœ ¸ƤƭŘƤǊƤƳΣ aǳƘŀƳƳŜŘ 9ƴŜǎ !ƭǘǳƴΣ 9ƳǊŜ !ǘƭƤŜǊ hƭŎŀ 

мтΥмр 

¢«wYT¸9 ±9 ¸9a9b Y!a¦ TI![9 Y!b¦b[!wLbLb Y!w L[! ¢Lwa![L 

!b![T½T όhaLaψлпрύ 

wŀŀŘ aƻƘŀƳƳŜŘ CŀŘƘƭ !ƭπaŀōǊŀȊƛΣ  ŜǊƛŦŜ !ƪ 

 

мтΥмр 

59!5 {¢h/Y wT{Y w!5!wΥ ¸!t!¸ ½9Y$ ¢!.!b[L {¢hY !¢L[ Y![a! 

wT{Y ¢!IaTb {T{¢9aT ό¢a¸aψллрύ 

bǳǊǒŜȅŘŀ 5ƻƐŀƴΣ aŜƭŀƘŀǘ 9Řŀ !ŎŀǊΣ 9ǊŜƴ !ƭǦƴΣ aŜƘƳŜǘ DǸȊŜƭΣ 9ƳǊŜ 

!ǘƭƤŜǊ hƭŎŀ 

мтΥол 

¸«Y{9Y {L/!Y[LY Yh ¦[[!wLb5! {Tb¢9w[9b9b {T[T{ 5¦a!bL 

Y!¢YL[L ¢¦F[![!wLb CT½TY{9[ ±9 a9Y!bTY m½9[[TY[9wTbTb 

!w! ¢LwL[a!{L όhaLaψлрлύ 

aƻƘŀƳŀŘ 9ƛŘ !ƭƳƻƘŀƳŀŘΣ 9ǊƘŀƴ YŀƘǊŀƳŀƴ  

 

 

мтΥол 

!YL Y!b {¢hYΥ ¸!t!¸ ½9Y$ 59{¢9Y[T !¢L[ {¢hY ¢!IaTb ±9 

¸mb9¢Ta {T{¢9aT ό¢a.aψлммύ 

¢ǳƴŀ  ŜƴΣ 9ƳǊŜ !ǘƭƤŜǊ hƭŎŀ 

  

 

мтΥпр 

9π¢T/!w9¢¢9 !¢L[ {¢hY ¸mb9¢TaT T4Tb ¸!t!¸ ½9Y! 59{¢9Y[T 

5Tb!aTY 9b±!b¢9w ht¢TaT½!{¸hb¦ ό¢a¸aψллтύ 

9ƴǾŜǊ ¸ƤƭƳŀȊΣ 9ŎŜ DǀƪœŜ 

  

 

муΥлл 

{¢h/Yw9{/¦9 !LΥ ! 59/T{Thb {¦tthw¢ {¸{¢9a Chw 59!5 {¢h/Y 

a!b!D9a9b¢ ¦{TbD Lb¢9[[TD9b¢ .¦b5[TbD όha¸aψлнлπ

¢a¸aψлмлύ 

{ŜƭŜƴ .ƛƴƎǀƭΣ {ƛƳŀȅ !ȅŘƤƴΣ TŘƛƭ mȊǘǸǊƪΣ 9ƳǊŜ !ǘƭƤŜǊ hƭŎŀ 

  

 

муΥмр 

!Lπth²9w95 59!5 {¢h/Y wT{Y tw95T/¢Thb !b5 a!b!D9a9b¢ 

{¸{¢9a Chw 9π/haa9w/9 ό¢a.aψлмнύ 

.ŜǊƪƛƴ ¸ŜƴƛŘŜŘŜΣ !ƪƛŦ 9ǊŜƴ 9ǊǾŜǊŘƛΣ 9ƳƛǊƘŀƴ 5ŜƭƭŀƭΣ 9ƳǊŜ !ǘƭƤŜǊ hƭŎŀ  
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---POSTER SUNUM PLANI--- 
нΦ D«b όм4 MAYIS 2026 4!w !a.!) 
!C¸hb Yh/!¢9t9 «bT±9w{T¢9{T 
a«I9b5T{[TY C!Y«[¢9{T 

 

SIRA 
NO 

th{¢9w .T[5TwT !5L ±9 ¸!½!w[!w .m[«a 

1 

Dm½ YLwta! T[9 T[9¢T Ta {T{¢9aTΥ C9[4[T I!{¢![!w T4Tb ¸!t!¸ ½9Y! 59{¢9Y[T Dm½ YLwta! ¢!bLa! 
±9 Yha¦¢ {T{¢9aT όha.aψллнύ 
{Ŝƴŀ !ƭǘƤƴǘƻǇΣ !ƘƳŜǘ IŀǒƛƳ ¸ǳǊǘǘŀƪŀƭ 

.T[DT{!¸!w a«I9b5T{[TFT 

2 

{T.9w D«±9b[TY ±9 ¸!t!¸ ½9Y!Υ ·!L 59{¢9Y[T IT.wT¢ ah59[[9wTb {T.9w ¢9I5T¢ ¢9{tT¢Tb59YT 
OPERASYONEL PERFORMANSI (OMBM_017) 
YǸōǊŀ wǸǾŜȅŘŀ !ǊǎƭŀƴΣ /ŜǾŀǘ mȊŀǊǇŀ 

.T[DT{!¸!w a«I9b5T{[TFT 

3 

5mY«a Y¦{¦w[!wLbLb ¢9{tT¢T T4Tb ¢w!b{C9w mFw9ba9 ±9 !4LY[!b!.T[Tw 59wTb mFw9ba9 
¢!.!b[L .Tw ¸!Y[! La όha.aψлосύ 
{ŜƳŀ YǳǊǘΣ !ƘƳŜǘ IŀǒƛƳ ¸ǳǊǘǘŀƪŀƭ 

.T[DT{!¸!w a«I9b5T{[TFT 

4 
9[9Y¢wTY[T !w!4  !wW {T{¢9a[9wTb59 a!YTb9 mFw9ba9{T T[9 {![5LwL ¢9{tT¢T όha¸aψллсύ 

5ŜƴƛȊ 5ŜƳƛǊōŀǒΣ 5ŜƴƛȊ ¢ŀƴƤǊ 
¸!½L[La a«I9b5T{[TFT 

5 

AI-5wT±9b 59!5 {¢h/Y tw95T/¢Thb !b5 Lb±9b¢hw¸ ht¢TaT½!¢Thb ¦{TbD a!/ITb9 [9!wbTbD 
(OMYM_013) 

9ǊŜƴ /ŀƴ DŜȊŜǊΣ 9ƭƛŦ  ƛƳǒŜƪΣ !Ŧƴŀƴ aƻƘŀƳƳŜŘ 

¸!½L[La a«I9b5T{[TFT 

6 
AI-th²9w95 59!5 {¢h/Y tw95T/¢Thb {¸{¢9a Chw 9-COMMERCE (OMYM_019-TMYM_009) 

DǀƪƘŀƴ aŜǊǘ 5ŜƳƛǊƻƪΣ 9ǘƘŜƳ DǸƭǒŀƘƛƴΣ 9ƳǊŜ !ǘƭƤŜǊ hƭŎŀ 
¸!½L[La a«I9b5T{[TFT 

7 

¢T¢!b¸¦a .T¸ha![½9a9[9w T4Tb !b¢T.!Y¢9wT¸9[Σ IT5whY{T!t!¢T¢ .!½[L CT[a ¢!{!wLaL 
(OMBYM_022) 

9ǎǊŀ bƛŘŀ 5ŜƳƛǊΣ ½ŜȅƴŜǇ aŀƭŀƪΣ .ŜǊȊŀƴ .ŀǊƳŀȊΣ DƛȊŜƳ CŀǘƳŀ 9ǊƎǸƴŜǊΣ !ȅǒŜ WŀƴǎŜƭƛ 5ŜƴƛȊƪŀǊŀΣ {ŀŘƤƪ 
YŀƐŀ 

.T¸ha95TY![ a«I9b5T{[TFT 

8 
D{w {9b{mw« ±9 Y!a9w! T[9 /T[¢ ¢TtT !b![T½T όha.¸aψлноύ 
aŜǊȅŜƳ YŀƘǊŀƳŀƴΣ 5ƛƭŀǊŀ ¢ƻȊƭǳΣ bƛƘŀƭ {Ŝƭƛƴ .ŀƘǒƛǒΣ ¦œƳŀƴ 9ǊƎǸƴ 

.T¸ha95TY![ a«I9b5T{[TFT 

9 

¸!t!¸ ½9Y! ¢!.!b[L C9bh¢Tt ±9 Y[TbTY .T[DT[9w9 5!¸![L YT T{9[[9 ¢TwT[aT  ²!wC!wTb 5h½!W 
¢!IaTb {T{¢9aT όha.¸aψлнпύ 

9ƭōŀƎŜǊ aǳƪƘǘŀǊΣ aƻƘŀƳƳŜŘ CŀŘƘƭΣ {ŜȊƛƴ .ŀǊƤƴ 

.T¸ha95TY![ a«I9b5T{[TFT 

10 

59wa!¢h{YhtT !t!w!¢L T[9 ¸!t!¸ ½9Y$ 59{¢9Y[T a9[!bha Y!b{9wT 9wY9b ¢9 IT{ ±9 ¢!YTt 
{T{¢9aT όha.¸aψлнрύ 

.ǸǒǊŀ 5ŜƳƛǊΣ 9ǎǊŀ .ŀƭƤȊΣ ¦œƳŀƴ 9ǊƎǸƴ 

.T¸ha95TY![ a«I9b5T{[TFT 

11 

Y!b{9w ¢«amw[9wTbTb 9wY9b ¢9 IT{T !a!/L¸[! Y¦!b¢¦a bhY¢!{L ¸«Y[« b!bht!w4!/LY[!wLb 
D9[T ¢TwT[a9{T όha.¸aψлнсύ 

!ƭǘŀǊƛŦƛ !ƘƳŜŘ !ōŘŀƭƎŀŘƛǊ ¸ƻǳǎƛŦΣ ¢ǿŀƭƛō !ƭƭȅ {ƘƻƪƻΣ DƛȊŜƳ CŀǘƳŀ 9ǊƎǸƴŜǊΣ {ŀŘƤƪ YŀƐŀ 

.T¸ha95TY![ a«I9b5T{[TFT 

12 
th{¢«w ±9 ¸«w«a9 .h½¦Y[¦Y[!wL !b![T½ ±9 m[4«a {T{¢9aT όha.¸aψлнтύ 

wŜƳŀ TǎƳŀŀŜƭΣ ½ŀƛŘ !ƭŘǳǊŀȅƤΣ bƻǳǊ TǎƳŀƛŜƭ 
.T¸ha95TY![ a«I9b5T{[TFT 

13 

Dw!C9b hY{T¢ όDhύ Y!¢YL[L .T¸h¦¸¦a[¦ ahbhCT[!a9b¢ Tt !{YL ¢!{!wLaL ±9 ²9¢ {tTbbTbD 
¸mb¢9aT T[9 «w9¢TaT όha.¸aψлнуύ 

½ŜƘǊŀ YŀȅŀΣ DƛȊŜƳ CŀǘƳŀ 9ǊƎǸƴŜǊΣ {ŀŘƤƪ YŀƐŀ 

.T¸ha95TY![ a«I9b5T{[TFT 

14 

C9bT[Y9¢hb«wT I!{¢![LFLb5! C9bT[![!bTb aTY¢!wLbL I9{!t[!¸!b ¦¸D¦[!a!bLb 
D9[T ¢TwT[a9{T όha.¸aψлррύ 
YŀŘŜǊ 5ŜƳƛǊΣ [ŜǾŜƴǘ mȊŎŀƴ 

.T¸ha95TY![ a«I9b5T{[TFT 

15 

5¦wD¦b {¦ Y«¢[9[9wT T4Tb 4m½«ba«  hY{TW9bT !w¢Lw!b h¢hbha ¸«½9¸ I!±![!b5Lwa! 
{T{¢9aT όha99aψлнфύ 

aŜƭƛǎŀ ¸ƻȊƎŀǘƭƤΣ {ŀƭƛƘŎŀƴ hǊƘŀΣ aǳǊŀǘ CǳǊŀǘ 

9[9Y¢wTY-9[9Y¢whbTY a«I9b5T{[TFT 

16 
IT5whY{T!t!¢T¢ Y!¢YL[L ![9± D9/TY¢TwT/T Y!.[h a![½9a9{TbTb D9[T ¢TwT[a9{T όhaYaψлрнύ 

Selin Eren, Arda Sancar, Mihriban Ablak, Arzu Yakar 
YTa¸! a«I9b5T{[TFT 
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17 
!¢LY 59b¢![ ½TwYhb¸! ±9 ¢T¢!b¸¦a 5ThY{T¢ Y!¢YL[L .T¸h{9w!aTY {9b¢9½T όhaa.aψлроύ 

/ŜƳƛƭŜ .ŜǘǸƭ 9ƳǊǳƭƭŀƘƻƐƭǳ !ōƛΣ CΦ .ŀǒŀƪΣ 9ǊŘƛƴœ !ōƛ 
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Preventing Deadstock in E -Commerce Before It Happens: 

Proactive Inventory Management Using Demand Forecasting, 

Risk Scoring, and an Agentic Action Engine  

Abstract  

Deadstockɭunsellable or idle inventory ɭposes a significant cost burden for e-commerce businesses by 

tying up capital and reducing margins. Inaccurate demand forecasting, limited modeling of promotion 

effects, and insufficient consideration of supply lead t imes are among the main drivers of deadstock 

formation. Most existing approaches remain reactive, focusing on liquidation after excess inventory has 

already accumulated. 
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Ɨ 

This paper proposes a proactive inventory management system that aims to prevent deadstock before 

it occurs. The system combines historical sales data, inventory movements, pricing and promotion 

information, and return rates to generate SKU-level demand forecasts and a normalized deadstock risk 

score between 0 and 1. An agentic decision layer translates the risk score into preventive operational 

actions such as adjusting replenishment, applying controlled markdowns, or executing stock transfers. 

The study presents a prototype architecture and an evaluation plan, offering a practical roadmap for 

proactive deadstock prevention in e -commerce operations.  

 

Key words:  Deadstock; e-commerce; demand forecasting; inventory optimization; markdown 

optimization; risk scoring; agentic systems  
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markdown optimizasyonu  [8] ÝÌɯȹÐÝȺɯÚÛÖÒɯÛÙÈÕÚÍÌÙÐɤÒÈÕÈÓɯàġÕÌÛÐÔÐɯàÈÒÓÈıċÔÓÈÙċɯġÕÌɯñċÒÔÈÒÛÈËċÙȭɯ ÕÊÈÒɯ

×ÙÈÛÐÒÛÌɯàÈÓÕċáÊÈɯÍÐàÈÛɯÒċÙÔÈɯÖËÈÒÓċɯñġáĹÔÓÌÙȮɯËÌÈËÚÛÖÊÒɯÖÓÜıÛÜÒÛÈÕɯÚÖÕÙÈɯËÌÝÙÌàÌɯÎÐÙËÐĀÐɯÐñÐÕɯ×ÙÖÈÒÛÐÍɯ

ġÕÓÌÔÌɯÏÌËÌÍÐÕÐɯÒÈñċÙċÙȭɯ!ÜɯñÈÓċıÔÈȮɯËÌÈËÚÛÖÊÒɀÜɯÖÓÜıÔÈËÈÕɯġÕÊÌɯÙÐÚÒɯÚÐÕàÈÓÓÌÙÐàÓÌɯàÈÒÈÓÈàċ×ɯÈÒÚÐàÖÕÈɯ

ËġÕĹıÛĹÙÌÕɯÉÐÙɯ×ÙÖÛÖÛÐ×ɯ×ÓÈÛÍÖÙÔɯÝÌɯÒÈÙÈÙɯÔÖÛÖÙÜɯÛÈÚÈÙÓÈÔÈàċɯÏÌËÌÍÓÌÙȭ 

 

*ÈÛÒċÓÈÙċÔċáɯĹñɯÕÖÒÛÈËÈɯÛÖ×ÓÈÕċÙȯɯȹƕȺɯ2*4-ÉÈáÓċɯÛÈÓÌ×ɯÛÈÏÔÐÕÐɯÐÓÌɯÚÛÖÒɯÒÈ×ÚÈÔċɯÔÈÕÛċĀċÕċɯÉÐÙÓÌıÛÐÙÌÕɯ

×ÙÈÛÐÒɯÉÐÙɯÙÐÚÒɯÚÒÖÙÜɯÍÖÙÔĹÓÈÚàÖÕÜȮɯȹƖȺɯÙÐÚÒɯÚÒÖÙÜÕÜɯÖ×ÌÙÈÚàÖÕÌÓɯÒċÚċÛÓÈÙÓÈɯÉÐÙÓÐÒÛÌɯÈÒÚÐàÖÕÈɯñÌÝÐÙÌÕɯ

agentic aksiyon motoru (Think ɬPlanɬActɬReflect), (3) ÔÖËĹÓÌÙɯÉÐÙɯÉÈÊÒÌÕËɯÔÐÔÈÙÐÚÐɯÝÌɯġÓñĹÓÌÉÐÓÐÙɯÉÐÙɯ

ËÌĀÌÙÓÌÕËÐÙÔÌɯ×ÓÈÕċȭɯ 

2. Materyal ve Metot  

!ÜɯÉġÓĹÔËÌȮɯġÕÌÙÐÓÌÕɯ×ÙÖÈÒÛÐÍɯËÌÈËÚÛÖÊÒɯġÕÓÌÔÌɯÚÐÚÛÌÔÐÕÐÕɯÎÌÓÐıÛÐÙÐÓÔÌÚÐÕËÌɯÒÜÓÓÈÕċÓÈÕɯÝÌÙÐɯ

ÒÈàÕÈÒÓÈÙċȮɯàġÕÛÌÔÚÌÓɯàÈÒÓÈıċÔɯÝÌɯàÈáċÓċÔɯÔÐÔÈÙÐÚÐɯÈàÙċÕÛċÓċɯÖÓÈÙÈÒɯÈñċÒÓÈÕÔÈÒÛÈËċÙȭɯ2ÐÚÛÌÔȮɯÌ-ticaret 

Ö×ÌÙÈÚàÖÕÓÈÙċÕËÈÕɯÌÓËÌɯÌËÐÓÌÕɯñÖÒÓÜɯÚÐÕàÈÓÓÌÙÐɯÉÐÙɯÈÙÈàÈɯÎÌÛÐrerek talep tahmini, risk skoru hesaplama 

ÝÌɯÈÒÚÐàÖÕɯĹÙÌÛÔÌɯÈËċÔÓÈÙċÕċɯÉĹÛĹÕÊĹÓɯÉÐÙɯÒÈÙÈÙɯËÌÚÛÌÒɯñÌÙñÌÝÌÚÐɯÐñÐÕËÌɯÌÓÌɯÈÓÔÈÒÛÈËċÙȭ 

2.1. Materyal  

/ÓÈÛÍÖÙÔÜÕɯñÈÓċıÈÉÐÓÔÌÚÐɯÐñÐÕɯÎÌÙÌÒÓÐɯÖÓÈÕɯÔÐÕÐÔÜÔɯÝÌÙÐɯÚÌÛÐȮɯÌ-ÛÐÊÈÙÌÛɯÖ×ÌÙÈÚàÖÕÓÈÙċÕċÕɯÛÌÔÌÓɯ

ÉÐÓÌıÌÕÓÌÙÐÕÐɯÒÈ×ÚÈàÈÊÈÒɯıÌÒÐÓËÌɯËġÙÛɯÈÕÈɯÎÙÜ×ÛÈɯÛÖ×ÓÈÕÔċıÛċÙȭɯ!ÐÙÐÕÊÐɯÎÙÜ×ȮɯÚÐ×ÈÙÐıɯÎÌñÔÐıÐɯÝÌÙÐÓÌÙÐÕËÌÕɯ

ÖÓÜıÔÈÒÛÈɯÖÓÜ×ɯ2*4ɯÉÈáċÕËÈɯÚÈÛċıɯÈËÌÛÓÌÙÐȮɯÚÈÛċıɯÛÈÙÐÏÓÌÙÐɯÝÌɯÚÈÛċıɯÒÈÕÈÓÓÈÙċɯÎÐÉÐɯÈÓÈÕÓÈÙċɯÐñÌÙÔÌÒÛÌËÐÙȭɯ

!ÜɯÝÌÙÐÓÌÙȮɯÛÈÓÌ×ɯÚÌÙÐÓÌÙÐÕÐÕɯÖÓÜıÛÜÙÜÓÔÈÚċȮɯÛÙÌÕËɯÝÌɯÔÌÝÚÐÔÚÌÓÓÐÒɯÉÐÓÌıÌÕÓÌÙÐÕÐÕɯàÈÒÈÓÈÕÔÈÚċɯÈñċÚċÕËÈÕɯ

ÛÌÔÌÓɯÎÐÙËÐàÐɯÚÈĀÓÈÔÈÒÛÈËċÙȭ 

 

dÒÐÕÊÐɯÎÙÜ×ȮɯÚÛÖÒɯÏÈÙÌÒÌÛÓÌÙÐÕÌɯÐÓÐıÒÐÕɯÝÌÙÐÓÌÙËÐÙȭɯ#Ì×ÖɯÉÈáÓċɯÎÐÙÐıɯÝÌɯñċÒċıɯÒÈàċÛÓÈÙċȮɯÔÌÝÊÜÛɯÚÛÖÒɯ

ÚÌÝÐàÌÓÌÙÐɯÝÌɯÚÛÖÒɯËÌÝÐÙɯÏċáċÕÈɯÐÓÐıÒÐÕɯÉÐÓÎÐÓÌÙȮɯĹÙĹÕÓÌÙÐÕɯÌÓËÌɯÒÈÓÔÈɯÚĹÙÌÚÐÕÐÕɯÝÌɯÚÛÖÒɯÒÈ×ÚÈÔċÕċÕɯ

ÏÌÚÈ×ÓÈÕÔÈÚċÕËÈɯÒÜÓÓÈÕċÓÔÈÒÛÈËċÙȭɯ²ñĹÕÊĹɯÎÙÜ×ɯÖÓÈÕɯÍÐàÈÛɯÝÌɯ×ÙÖÔÖÚàÖÕɯÝÌÙÐÓÌÙÐɯÐÚÌɯĹÙĹÕɯÉÈáċÕËÈɯ

ÍÐàÈÛɯËÌĀÐıÐÔÓÌÙÐȮɯÐÕËÐÙÐÔɯÛĹÙÓÌÙÐɯÝÌɯÒÈÔ×ÈÕàÈɯÛÈÒÝÐÔÓÌÙÐÕÐɯÐñÌÙÔÌÒÛÌËÐÙȭɯ!ÜɯÚÐÕàÈÓÓÌÙȮɯÒÈÔ×ÈÕàÈÓÈÙċÕɯ

ÛÈÓÌ×ɯĹáÌÙÐÕËÌÒÐɯÌÛÒÐÚÐÕÐÕɯÔÖËÌÓÓÌÕÔÌÚÐɯÝÌɯÔÈÙÒËÖÞÕɯġÕÌÙÐÓÌÙÐÕÐÕɯÖÓÜıÛÜÙÜÓÔÈÚċɯÈñċÚċÕËÈÕɯÒÙÐÛÐÒɯ



 

3ÜÕñÈÙÚÓÈÕɯÝËȮɯE-3ÐÊÈÙÌÛÛÌɯ#ÌÈËÚÛÖÊÒɀÜɯ.ÓÜıÔÈËÈÕɯxÕÓÌÔÌȯɯ3ÈÓÌ×ɯ3ÈÏÔÐÕÐȮɯ1ÐÚÒɯ2ÒÖÙÜɯÝÌɯ ÎÌÕÛÐÊɯ

*ÈÙÈÙɯ,ÖÛÖÙÜɯÐÓÌɯ/ÙÖÈÒÛÐÍɯ2ÛÖÒɯ8ġÕÌÛÐÔÐ 

 

Ƙ 

ġÕÌÔÌɯÚÈÏÐ×ÛÐÙȭɯ2ÖÕɯÖÓÈÙÈÒɯÐÈËÌɯÝÌɯÐ×ÛÈÓɯÖÙÈÕÓÈÙċɯÐÓÌɯÛÌËÈÙÐÒɯ×ÈÙÈÔÌÛÙÌÓÌÙÐɯȹÓÌÈËɯÛÐÔÌȮɯÔÐÕÐÔÜÔɯÚÐ×ÈÙÐıɯ

ÔÐÒÛÈÙċɯÎÐÉÐȺɯÚÐÚÛÌÔÌɯÌÕÛÌÎÙÌɯÌËÐÓÌÙÌÒɯÕÌÛɯÛÈÓÌ×ɯËĹáÌÓÛÔÌÓÌÙÐɯàÈ×ċÓÔÈÒÛÈɯÝÌɯàÌÕÐËÌÕɯÚÐ×ÈÙÐıɯÒÈÙÈÙÓÈÙċÕċÕɯ

ËÈÏÈɯÎÌÙñÌÒñÐɯÉÐÙɯáÌÔÐÕËÌɯÈÓċÕÔÈÚċɯÚÈĀÓÈÕÔÈÒÛÈËċÙȭ 

 

 

©ÌÒÐÓɯƕȭɯ/ÙÖÈÒÛÐÍɯËÌÈËÚÛÖÊÒɯġÕÓÌÔÌɯ×ÓÈÛÍÖÙÔÜɯÔÐÔÈÙÐÚÐ 

3ÈÉÓÖɯƕȯɯ5ÌÙÐɯÒÈàÕÈÒÓÈÙċɯÝÌɯ×ÓÈÛÍÖÙÔËÈɯÒÜÓÓÈÕċÔċ 

5ÌÙÐɯÒÈàÕÈĀċ xÙÕÌÒɯÈÓÈÕÓÈÙ &ĹÕÊÌÓÓÌÔÌ /ÓÈÛÍÖÙÔËÈÒÐɯÒÜÓÓÈÕċÔ 

2Ð×ÈÙÐıɯÎÌñÔÐıÐ SKU, adet, tarih, kanal &ĹÕÓĹÒɤ2ÈÈÛÓÐÒ 
Talep serisi, 

trend/mevsimsellik  

Stok hareketleri 2ÛÖÒȮɯÎÐÙÐıɤñċÒċıȮɯËÌ×Ö &ÌÙñÌÒɯáÈÔÈÕÓċ 
*È×ÚÈÔÈɯÚĹÙÌÚÐȮɯàÈıɤÌÓËÌɯ

kalma 

Fiyat & kampanya  
Fiyat, indirim tipi, 

kampanya 
*ÈÔ×ÈÕàÈɯÉÈáÓċ 

Promo etkisi, markdown 

ġÕÌÙÐÚÐ 

dÈËÌɤÐ×ÛÈÓ dÈËÌɯÖÙÈÕċȮɯÐ×ÛÈÓ &ĹÕÓĹÒ 
-ÌÛɯÛÈÓÌ×ɯËĹáÌÓÛÔÌÚÐȮɯ

ÙÐÚÒɯÈÙÛċÙċÊċ 

Tedarik param. Lead time, MOQ #ÌĀÐıÛÐÒñÌ 
2Ð×ÈÙÐıɯÒÈÙÈÙċȮɯÚÌÙÝÐÚɯ

seviyesi 

2.2 Metot 

,ÌÛÖÛɯÐÒÐɯÈÕÈɯÉÐÓÌıÌÕËÌÕɯÖÓÜıÜÙȯɯȹÐȺɯ2*4-ÉÈáÓċɯÛÈÓÌ×ɯÛÈÏÔÐÕÐȮɯȹÐÐȺɯÛÈÏÔÐÕɯñċÒÛċÓÈÙċɯÝÌɯÖ×ÌÙÈÚàÖÕÌÓɯ

ÚÐÕàÈÓÓÌÙɯÐÓÌɯËÌÈËÚÛÖÊÒɯÙÐÚÒɯÚÒÖÙÜÕÜÕɯÏÌÚÈ×ÓÈÕÔÈÚċɯÝÌɯÈÒÚÐàÖÕɯġÕÌÙÐÔÐȭɯ3ÈÓÌ×ɯÛÈÏÔÐÕÐÕËÌɯĹÙĹÕɯÛÐ×ÐÕÌɯ

ÎġÙÌɯÍÈÙÒÓċɯÔÖËÌÓÓÌÙÐÕɯÚÌñÐÓÌÉÐÓËÐĀÐɯÉÐÙɯñÌÙñÌÝÌɯÒÜÓÓÈÕċÓċÙȭɯ#ĹáÌÕÓÐɯÛÈÓÌÉÐɯÖÓÈÕɯ2*4ɀÓÈÙËÈɯÔÌÝÚÐÔÚÌÓÓÐÒɯ

àÈÒÈÓÈàÈÕɯáÈÔÈÕɯÚÌÙÐÚÐɯÔÖËÌÓÓÌÙÐɯȹġÙȭɯ/ÙÖ×ÏÌÛȺɯÝÌàÈɯÎÙÈËàÈÕɯÈÙÛċÙÔÈɯÛÈÉÈÕÓċɯÔÖËÌÓÓÌÙɯȹġÙȭɯ7&!ÖÖÚÛȺɯ

ÛÌÙÊÐÏɯÌËÐÓÌÉÐÓÐÙÒÌÕȰɯÈÙÈÓċÒÓċɯȹÐÕÛÌÙÔÐÛÛÌÕÛȺɯÛÈÓÌ×ÛÌɯ"ÙÖÚÛÖÕɯÛĹÙÌÝÓÌÙÐɯȹ2! ɤ32!Ⱥɯ[1] ile uyumlu baz 

modeller ÒÜÓÓÈÕċÓÈÉÐÓÐÙȭ 

 

#ÌÈËÚÛÖÊÒɯ ÙÐÚÒɯ ÚÒÖÙÜȮɯ ÉÌÓÐÙÓÐɯ ÉÐÙɯ ÜÍÜÒÛÈɯ ȹ'ɯ ÎĹÕȺɯ ÉÌÒÓÌÕÌÕɯ ÛÈÓÌ×ɯ ÐÓÌɯ ÔÌÝÊÜÛɯ ÌÓËÌÒÐɯ ÚÛÖÒÜÕɯ

ÒÈÙıċÓÈıÛċÙċÓÔÈÚċɯĹáÌÙÐÕÌɯÒÜÙÜÓÜËÜÙȭɯ!ÈÚÐÛÓÌıÛÐÙÐÓÔÐıɯÉÐÙɯÍÖÙÔĹÓÈÚàÖÕɯÈıÈĀċËÈÒÐɯÎÐÉÐËÐÙȯ 

1ÐÚÒɯǻɯϦȹÞƕɯɇɯȹ"ÖÝÌÙɍ'ɯǸɯƕȺɯǶɯÞƖɯɇɯ ÎÌɯǶɯÞƗɯɇɯ1ÌÛÜÙÕ1ÈÛÌɯǸɯÞƘɯɇɯ,ÈÙÎÐÕɯǶɯÞƙɯɇɯ/ÙÖÔÖ!ÖÖÚÛȺ 

Burada ὅέὺὩὶ_Ὄ = mevcut stok / H-ÎĹÕɯÛÈÓÌ×ɯÛÈÏÔÐÕÐȮɯὃὫ ǻɯĹÙĹÕĹÕɯÌÓËÌɯÒÈÓÔÈɯàÈıċɯȹÎĹÕȺȮɯ

1ÌÛÜÙÕ1ÈÛÌɯǻɯÐÈËÌɯÖÙÈÕċȮɯὓὥὶὫὭὲ ǻɯÉÙĹÛɯÔÈÙÑɯÝÌɯὖὶέάέὄέέίὸ ǻɯàÈÒÓÈıÈÕɯÒÈÔ×ÈÕàÈɯÌÛÒÐÚÐÕÐɯÛÌÔÚÐÓɯÌËÌÙȭɯ

„(.) sigmoid fonksiyonudur ve skor 0 ɬƕɯÈÙÈÓċĀċÕÈɯÚċÒċıÛċÙċÓċÙȭɯ 

  



 

3ÜÕñÈÙÚÓÈÕɯÝËȮɯE-3ÐÊÈÙÌÛÛÌɯ#ÌÈËÚÛÖÊÒɀÜɯ.ÓÜıÔÈËÈÕɯxÕÓÌÔÌȯɯ3ÈÓÌ×ɯ3ÈÏÔÐÕÐȮɯ1ÐÚÒɯ2ÒÖÙÜɯÝÌɯ ÎÌÕÛÐÊɯ

*ÈÙÈÙɯ,ÖÛÖÙÜɯÐÓÌɯ/ÙÖÈÒÛÐÍɯ2ÛÖÒɯ8ġÕÌÛÐÔÐ 

 

ƙ 

2.3 Agentic Aksiyon Motoru  

/ÓÈÛÍÖÙÔÜÕɯÈàċÙÛɯÌËÐÊÐɯàġÕĹȮɯÙÐÚÒɯÚÒÖÙÜÕÜɯɁġÕÌÙÐɂɯÚÌÝÐàÌÚÐÕËÌɯÉċÙÈÒÔÈàċ×ɯÖ×ÌÙÈÚàÖÕÌÓɯÈÒÚÐàÖÕÓÈÙÈɯ

ËġÕĹıÛĹÙÔÌÚÐËÐÙȭɯ ÒÚÐàÖÕɯÔÖÛÖÙÜȮɯ3ÏÐÕÒɬPlanɬActɬ1ÌÍÓÌÊÛɯȹ#ĹıĹÕɬPlanlaɬUygulaɬ8ÈÕÚċÛȺɯËġÕÎĹÚĹɯ

ÐÓÌɯñÈÓċıċÙɯ(Russel and Norvig, 2021): ȹƕȺɯ!ÈĀÓÈÔɯÛÖ×ÓÈÔÈɯȹ3ÏÐÕÒȺȯɯ2ÌñÐÓÌÕɯ2*4ɯÐñÐÕɯÛÈÓÌ×ɯÛÈÏÔÐÕÐȮɯÙÐÚÒɯ

ÉÐÓÌıÌÕÓÌÙÐɯÝÌɯÚÛÖÒɯÝÌÙÐÓÌÙÐɯÛÖ×ÓÈÕċÙȭɯȹƖȺɯ ËÈàɯ×ÓÈÕɯĹÙÌÛÐÔÐɯȹ/ÓÈÕȺȯɯ1ÐÚÒɯÚÒÖÙÜÕÈɯÉÈĀÓċɯÖÓÈÙÈÒɯÈÒÚÐàÖÕɯ

ÜáÈàċɯËÈÙÈÓÛċÓċÙɯȹġÙȭɯàÌÕÐËÌÕɯÚÐ×ÈÙÐıÐɯËÜÙËÜÙȮɯÔÈÙÒËÖÞÕɯàÈ×ȺȭɯȹƗȺɯ*ċÚċÛɯËÌÕÌÛÐÔÐɯÝÌɯàĹÙĹÛÔÌɯȹ ÊÛȺȯɯ

²ÙÌÛÐÓÌÕɯ×ÓÈÕȮɯÐıÓÌÛÔÌɯÒÜÙÈÓÓÈÙċÕÈɯȹÍÐàÈÛɯÈÓÛɯÚċÕċÙċȮɯÔÈÙÑɯÒÖÙÜÔÈɯÝÉȭȺɯÎġÙÌɯËÖĀÙÜÓÈÕċÙȭɯȹƘȺɯ1ÌÍÓÌÒÚÐàÖÕɯɤɯ

ÎĹÝÌÕÓÐÒɯÒÖÕÛÙÖÓÓÌÙÐɯȹ1ÌÍÓÌÊÛȺȯɯ,ÖÛÖÙȮɯġÕÌÙÐÕÐÕɯÛÜÛÈÙÓċÓċĀċÕċɯàÌÕÐËÌÕɯÒÖÕÛÙÖÓɯÌËÌÙȭ 

ƖȭƘɯ8ÈáċÓċÔɯ,ÐÔÈÙÐÚÐɯȹ!ÈÊÒÌÕËȺ 

2ÐÚÛÌÔÐÕɯàÈáċÓċÔɯÈÓÛàÈ×ċÚċȮɯÔÖËĹÓÌÙɯÝÌɯġÓñÌÒÓÌÕÌÉÐÓÐÙɯÉÐÙɯàÈ×ċɯÚÈĀÓÈÔÈÒɯÈÔÈÊċàÓÈɯ%ÓÈÚÒɯÛÈÉÈÕÓċɯ

1$23ɯÔÐÔÈÙÐÚÐɯĹáÌÙÐÕÌɯÐÕıÈɯÌËÐÓÔÐıÛÐÙȭɯ,ÐÔÈÙÐȮɯ /(ȮɯÚÌÙÝÐÚȮɯÝÌÙÐɯÌÙÐıÐÔɯȹÙÌ×ÖÚÐÛÖÙàȺȮɯÔÖËÌÓɯÝÌɯàÈÙËċÔÊċɯ

ÈÙÈñÓÈÙɯȹÜÛÐÓÚȺɯÒÈÛÔÈÕÓÈÙċÕËÈÕɯÖÓÜıÔÈÒÛÈɯÖÓÜ×ɯÏÌÙɯÉÐÙɯÉÐÓÌıÌÕÐÕɯÉÈĀċÔÚċáɯÖÓÈÙÈÒɯÎÌÓÐıÛÐÙÐÓÔÌÚÐÕÌɯÝÌɯ

ġÓñÌÒÓÌÕÔÌÚÐÕÌɯÖÓÈÕÈÒɯÛÈÕċÔÈÒÛÈËċÙȭ 

 

3ÈÓÌ×ɯÛÈÏÔÐÕÐɯÚÌÙÝÐÚÐȮɯÙÐÚÒɯÚÒÖÙÜɯÏÌÚÈ×ÓÈÔÈɯÚÌÙÝÐÚÐɯÝÌɯÈÎÌÕÛÐÊɯÈÒÚÐàÖÕɯÔÖÛÖÙÜɯÉÐÙÉÐÙÐÕËÌÕɯÈàÙċÒɯ

ÚÌÙÝÐÚÓÌÙɯÖÓÈÙÈÒɯÛÈÚÈÙÓÈÕÔċıÛċÙȭɯ!ÜɯÈàÙċÔȮɯÚÐÚÛÌÔÐÕɯÐÓÌÙÓÌàÌÕɯÈıÈÔÈÓÈÙËÈɯÍÈÙÒÓċɯÛÈÏÔÐÕɯÔÖËÌÓÓÌÙÐɯÝÌàÈɯ

ÒÈÙÈÙɯÚÛÙÈÛÌÑÐÓÌÙÐɯÐÓÌɯÎÌÕÐıÓÌÛÐÓÌÉÐÓÔÌÚÐÕÐɯÔĹÔÒĹÕɯÒċÓÔÈÒÛÈËċÙȭɯ àÙċÊÈɯÉÜɯÔÐÔÈÙÐɯàÈ×ċȮɯÎÌÙñÌÒɯĹÙÌÛÐÔɯ

ÖÙÛÈÔÓÈÙċÕËÈɯ ÚÐÚÛÌÔÐÕɯ ÒÈËÌÔÌÓÐɯ ÖÓÈÙÈÒɯ ËÌÝÙÌàÌɯ ÈÓċÕÔÈÚċÕÈɯ ÝÌɯ ×ÌÙÍÖÙÔÈÕÚɯ ËÈÙÉÖĀÈáÓÈÙċÕċÕɯ ÐáÖÓÌɯ

ÌËÐÓÔÌÚÐÕÌɯÒÈÛÒċɯÚÈĀÓÈÔÈÒÛÈËċÙȭ 

Ɨȭɯ!ÜÓÎÜÓÈÙɯÝÌɯ3ÈÙÛċıÔÈ 

!ÜɯñÈÓċıÔÈËÈȮɯÎÌÙñÌÒɯĹÙÌÛÐÔɯÖÙÛÈÔċÕÈɯÈÐÛɯÜáÜÕɯËġÕÌÔÓÐɯÝÌɯÌÛÐÒÌÛÓÌÕÔÐıɯÝÌÙÐÓÌÙÌɯÌÙÐıÐÔÐÕɯÚċÕċÙÓċɯ

ÖÓÔÈÚċɯÕÌËÌÕÐàÓÌȮɯġÕÌÙÐÓÌÕɯÚÐÚÛÌÔÐÕɯ×ÌÙÍÖÙÔÈÕÚċɯ×ÙÖÛÖÛÐ×ɯñċÒÛċÓÈÙċɯÝÌɯÚÐÔĹÓÈÚàÖÕɯÛÌÔÌÓÓÐɯÉÐÙɯġÓñĹÔɯ×ÓÈÕċɯ

ĹáÌÙÐÕËÌÕɯ ËÌĀÌÙÓÌÕËÐÙÐÓÔÐıÛÐÙȭɯ !Üɯ àÈÒÓÈıċÔȮɯ ÔÐËÛÌÙÔɯ ÒÈ×ÚÈÔċÕËÈÒÐɯ ÉÐÙɯ ñÈÓċıÔÈɯ ÐñÐÕɯ ÚÐÚÛÌÔÐÕɯ

ÜàÎÜÓÈÕÈÉÐÓÐÙÓÐĀÐÕÐɯÝÌɯ×ÖÛÈÕÚÐàÌÓɯÖ×ÌÙÈÚàÖÕÌÓɯÒÈÛÒċÚċÕċɯÎġÚÛÌÙÔÌàÐɯÈÔÈñÓÈÔÈÒÛÈËċÙȭɯ#ÌĀÌÙÓÌÕËÐÙÔÌɯ

ÚĹÙÌÊÐȮɯÛÈÓÌ×ɯÛÈÏÔÐÕÐɯËÖĀÙÜÓÜĀÜȮɯÙÐÚÒɯÚÒÖÙÜÕÜÕɯÈàċÙÛɯÌËÐÊÐÓÐĀÐɯÝÌɯĹÙÌÛÐÓÌÕɯÈÒÚÐàÖÕÓÈÙċÕɯÖ×ÌÙÈÚàÖÕÌÓɯ

ÌÛÒÐÓÌÙÐɯÖÓÔÈÒɯĹáÌÙÌɯĹñ ÈÕÈɯÌÒÚÌÕËÌɯÌÓÌɯÈÓċÕÔċıÛċÙȭ 

 

3ÈÓÌ×ɯÛÈÏÔÐÕÐɯÉÐÓÌıÌÕÐɯÐñÐÕȮɯËĹáÌÕÓÐɯÛÈÓÌ×ɯÎġÚÛÌÙÌÕɯĹÙĹÕÓÌÙËÌɯÚ, /$Ȯɯ, /$ɯÝÌɯ1,2$ȰɯÈÙÈÓċÒÓċɯ

ÛÈÓÌÉÌɯÚÈÏÐ×ɯ2*4ɀÓÈÙËÈɯÐÚÌɯ, $ɯÎÐÉÐɯÔÌÛÙÐÒÓÌÙÐÕɯÒÜÓÓÈÕċÓÔÈÚċɯġÕÌÙÐÓÔÌÒÛÌËÐÙȭɯ!ÜɯÔÌÛÙÐÒÓÌÙȮɯÍÈÙÒÓċɯÛÈÓÌ×ɯ

×ÙÖÍÐÓÓÌÙÐÕÌɯÚÈÏÐ×ɯĹÙĹÕÓÌÙɯÈÙÈÚċÕËÈɯÔÖËÌÓɯ×ÌÙÍÖÙÔÈÕÚċÕċÕɯÒÈÙıċÓÈıÛċÙċÓÔÈÚċÕÈɯÖÓÈÕÈÒɯÛÈÕċÔÈÒÛÈËċÙȭɯ

3ÈÏÔÐÕɯ ñċÒÛċÓÈÙċÕċÕɯ ÚÛÖÒɯ ÒÈ×ÚÈÔċɯ ÏÌÚÈ×ÓÈÔÈÚċÕËÈɯ ËÖĀÙÜËÈÕɯ ÒÜÓÓÈÕċÓÔÈÚċȮɯ ÛÈÏÔÐÕɯ ÏÈÛÈÓÈÙċÕċÕɯ

ËÌÈËÚÛÖÊÒɯÙÐÚÒɯÚÒÖÙÜÕÈɯàÈÕÚċÔÈÚċÕċɯÚÈĀÓÈàÈÙÈÒɯÙÐÚÒɯÚÒÖÙÜÕÜÕɯÐÓÌÙÐàÌɯËġÕĹÒɯÉÌÓÐÙÚÐáÓÐĀÐɯËÌɯÐñÌÙÌÕɯ

ËÐÕÈÔÐÒɯÉÐÙɯàÈ×ċàÈɯÒÈÝÜıÔÈÚċÕÈɯÒÈÛÒċËÈɯÉÜÓÜÕÔÈÒÛÈËċÙȭ 

 

Deadstock ÙÐÚÒɯÚÒÖÙÜȮɯÚĹÙÌÒÓÐɯÉÐÙɯËÌĀÌÙɯĹÙÌÛÔÌÚÐɯÕÌËÌÕÐàÓÌɯÉÐÙɯÚċÕċÍÓÈÕËċÙÔÈɯ×ÙÖÉÓÌÔÐɯÖÓÈÙÈÒɯ

ËÌĀÌÙÓÌÕËÐÙÐÓÌÉÐÓÐÙȭɯ!ÜɯÒÈ×ÚÈÔËÈȮɯÎÌñÔÐıɯËġÕÌÔÓÌÙËÌɯËÌÈËÚÛÖÊÒɯÈËÈàċɯÖÓÈÙÈÒɯÌÛÐÒÌÛÓÌÕÌÕɯĹÙĹÕÓÌÙɯ

ĹáÌÙÐÕËÌÕɯ 1."- 4"ɯ ÝÌɯ %ƕɯ ÚÒÖÙÜɯ ÎÐÉÐɯ ÔÌÛÙÐÒÓÌÙÓÌɯ ÙÐÚÒɯ ÚÒÖÙÜÕÜÕɯ ÈàċÙÛɯ ÌËÐÊÐÓÐĀÐɯġÓñĹÓÌÉÐÓÐÙȭɯ 1ÐÚÒɯ

ÚÒÖÙÜÕÜÕɯÐÒÐÓÐɯÉÐÙɯñċÒÛċɯàÌÙÐÕÌɯƔɬƕɯÈÙÈÓċĀċÕËÈɯËÌÙÌÊÌÓÐɯÉÐÙɯÚÐÕàÈÓɯĹÙÌÛÔÌÚÐȮɯÐıÓÌÛÔÌÓÌÙÐÕɯÚÌÙÛɯÌıÐÒÓÌÙÌɯÉÈĀÓċɯ

ÒÈÓÔÈËÈÕɯÒÈËÌÔÌÓÐɯÝÌɯÌÚÕÌÒɯÒÈÙÈÙÓÈÙɯÈÓÈÉÐÓÔÌÚÐÕÐɯÔĹÔÒĹÕɯÒċÓÔÈÒÛÈËċÙȭ 

 

 ÎÌÕÛÐÊɯÈÒÚÐàÖÕɯÔÖÛÖÙÜȮɯÙÐÚÒɯÚÒÖÙÜÕÈɯÉÈĀÓċɯÖÓÈÙÈÒɯàÌÕÐËÌÕɯÚÐ×ÈÙÐıÐÕɯËÜÙËÜÙÜÓÔÈÚċȮɯÒÖÕÛÙÖÓÓĹɯ

ÔÈÙÒËÖÞÕɯÜàÎÜÓÈÕÔÈÚċɯÝÌàÈɯÚÛÖÒɯÛÙÈÕÚÍÌÙÐɯÎÐÉÐɯÍÈÙÒÓċɯÈÒÚÐàÖÕÓÈÙċɯġÕÌÙÔÌÒÛÌËÐÙȭɯ!ÜɯÈÒÚÐàÖÕÓÈÙċÕɯ

Ö×ÌÙÈÚàÖÕÌÓɯÌÛÒÐÚÐȮɯÚÐÔĹÓÈÚàÖÕɯÖÙÛÈÔċÕËÈɯÍÈáÓÈɯÚÛÖÒÛÈɯÒÈÓċÕÈÕɯÎĹÕɯÚÈàċÚċȮɯÚÛÖÒÛÈɯÉÈĀÓÈÕÈÕɯÚÌÙÔÈàÌɯÝÌɯ

ĹÙĹÕɯàÈıċɯÎÐÉÐɯÔÌÛÙÐÒÓÌÙɯĹáÌÙÐÕËÌÕɯÈÕÈÓÐáɯÌËÐÓÌÉÐÓÐÙȭɯdÓÒɯÉÜÓÎÜÓÈÙȮɯ×ÙÖÈÒÛÐÍɯÈÒÚÐàÖÕÓÈÙċÕɯÙÌÈÒÛÐÍɯÛÈÚÍÐàÌɯ

àÈÒÓÈıċÔÓÈÙċÕÈɯÒċàÈÚÓÈɯÚÛÖÒɯàÈıċÕċɯÝÌɯÚÌÙÔÈàÌɯÉÈĀÓÈÕÔÈɯÚĹÙÌÚÐÕÐɯÈáÈÓÛÔÈɯ×ÖÛÈÕÚÐàÌÓÐÕÌɯÚÈÏÐ×ɯÖÓËÜĀÜÕÜɯ

ÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ!ÜÕÜÕÓÈɯÉÐÙÓÐÒÛÌȮɯÈÒÚÐàÖÕÓÈÙċÕɯÎÌÙñÌÒɯÚÈÛċıɯ×ÌÙÍÖÙÔÈÕÚċÕÈɯÌÛÒÐÚÐÕÐÕɯġÓñĹÓÔÌÚÐɯÐñÐÕɯ

ÎÌÓÌÊÌÒÛÌɯ ɤ!ɯÛÌÚÛÓÌÙÐɯÐÓÌɯËÌÚÛÌÒÓÌÕÌÕɯÚÈÏÈɯñÈÓċıÔÈÓÈÙċÕÈɯÐÏÛÐàÈñɯËÜàÜÓÔÈÒÛÈËċÙ.  



 

3ÜÕñÈÙÚÓÈÕɯÝËȮɯE-3ÐÊÈÙÌÛÛÌɯ#ÌÈËÚÛÖÊÒɀÜɯ.ÓÜıÔÈËÈÕɯxÕÓÌÔÌȯɯ3ÈÓÌ×ɯ3ÈÏÔÐÕÐȮɯ1ÐÚÒɯ2ÒÖÙÜɯÝÌɯ ÎÌÕÛÐÊɯ

*ÈÙÈÙɯ,ÖÛÖÙÜɯÐÓÌɯ/ÙÖÈÒÛÐÍɯ2ÛÖÒɯ8ġÕÌÛÐÔÐ 

 

ƚ 

Ƙȭɯ2ÖÕÜñÓÈÙ 

!ÜɯñÈÓċıÔÈËÈȮɯÌ-ÛÐÊÈÙÌÛɯÖ×ÌÙÈÚàÖÕÓÈÙċÕËÈɯġÕÌÔÓÐɯÉÐÙɯÔÈÓÐàÌÛɯÜÕÚÜÙÜɯÖÓÈÕɯËÌÈËÚÛÖÊÒɯ×ÙÖÉÓÌÔÐÕÐɯ

ÙÌÈÒÛÐÍɯÛÈÚÍÐàÌɯàÈÒÓÈıċÔÓÈÙċɯàÌÙÐÕÌɯ×ÙÖÈÒÛÐÍɯġÕÓÌÔÌɯ×ÌÙÚ×ÌÒÛÐÍÐàÓÌɯÌÓÌɯÈÓÈÕɯÉĹÛĹÕÊĹÓɯÉÐÙɯÒÈÙÈÙɯËÌÚÛÌÒɯ

ÚÐÚÛÌÔÐɯ ġÕÌÙÐÓÔÐıÛÐÙȭɯ &ÌÓÐıÛÐÙÐÓÌÕɯ àÈÒÓÈıċÔȮɯ 2*4ɯ ÉÈáÓċɯ ÛÈÓÌ×ɯÛÈÏÔÐÕÐɯ ÐÓÌɯ ÚÛÖÒɯ ÒÈ×ÚÈÔċɯ ÔÈÕÛċĀċÕċɯ

ÉÐÙÓÌıÛÐÙÌÙÌÒɯ ËÌÈËÚÛÖÊÒɯ ÙÐÚÒÐÕÐɯ ÌÙÒÌÕɯ ÈıÈÔÈËÈɯ ÛÌÚ×ÐÛɯ ÌÛÔÌàÐɯ ÝÌɯ ÉÜɯ ÙÐÚÒÐɯ Ö×ÌÙÈÚàÖÕÌÓɯ ÈÒÚÐàÖÕÓÈÙÈɯ

ËġÕĹıÛĹÙÔÌàÐɯ ÏÌËÌÍÓÌÔÌÒÛÌËÐÙȭɯ !Üɯ àġÕĹàÓÌɯ ñÈÓċıÔÈȮɯ àÈÓÕċáÊÈɯ ÛÈÏÔÐÕɯ ËÖĀÙÜÓÜĀÜÕÈɯ ÖËÈÒÓÈÕÈÕɯ

ÎÌÓÌÕÌÒÚÌÓɯ àġÕÛÌÔÓÌÙÐÕɯ ġÛÌÚÐÕÌɯ ÎÌñÌÙÌÒȮɯ ÛÈÏÔÐÕɯ ñċÒÛċÓÈÙċÕċÕɯ ËÖĀÙÜËÈÕɯ ÒÈÙÈÙɯ ÚĹÙÌñÓÌÙÐÕÌɯ ÌÕÛÌÎÙÌɯ

ÌËÐÓÔÌÚÐÕÐɯÚÈĀÓÈÔÈÒÛÈËċÙȭ 

 

xÕÌÙÐÓÌÕɯÚÐÚÛÌÔËÌȮɯÎÌñÔÐıɯÚÈÛċıɯÝÌÙÐÓÌÙÐȮɯÚÛÖÒɯÏÈÙÌÒÌÛÓÌÙÐȮɯÍÐàÈÛɯÝÌɯ×ÙÖÔÖÚàÖÕɯÉÐÓÎÐÓÌÙÐɯÐÓÌɯÐÈËÌɯ

ÖÙÈÕÓÈÙċɯ ÉÐÙÓÐÒÛÌɯ ËÌĀÌÙÓÌÕËÐÙÐÓÌÙÌÒɯ Ɣɬƕɯ ÈÙÈÓċĀċÕËÈɯ ÕÖÙÔÈÓÐáÌɯ ÌËÐÓÔÐıɯ ÉÐÙɯ ËÌÈËÚÛÖÊÒɯ ÙÐÚÒɯ ÚÒÖÙÜɯ

ÏÌÚÈ×ÓÈÕÔÈÒÛÈËċÙȭɯ!ÜɯÙÐÚÒɯÚÒÖÙÜȮɯàÌÕÐËÌÕɯÚÐ×ÈÙÐıɯÒÈÙÈÙÓÈÙċȮɯÒÖÕÛÙÖÓÓĹɯÔÈÙÒËÖÞÕɯÜàÎÜÓÈÔÈÓÈÙċɯÝÌɯÚÛÖÒɯ

ÛÙÈÕÚÍÌÙÓÌÙÐɯÎÐÉÐɯÍÈÙÒÓċɯÈÒÚÐàÖÕÓÈÙċɯÛÌÒɯÉÐÙɯñÌÙñÌÝÌɯÈÓÛċÕËÈɯÌÓÌɯÈÓÔÈàċɯÔĹÔÒĹÕɯÒċÓÔÈÒÛÈËċÙȭɯ àÙċÊÈɯÈÎÌÕÛÐÊɯ

ÒÈÙÈÙɯÔÖÛÖÙÜɯÚÈàÌÚÐÕËÌȮɯĹÙÌÛÐÓÌÕɯÈÒÚÐàÖÕÓÈÙċÕɯÐıÓÌÛÔÌɯÒċÚċÛÓÈÙċɯÐÓÌɯÜàÜÔÓÜɯÖÓÜ×ɯÖÓÔÈËċĀċɯÒÖÕÛÙÖÓɯ

ÌËÐÓÔÌÒÛÌɯÝÌɯàĹÒÚÌÒɯÌÛÒÐÓÐɯÒÈÙÈÙÓÈÙɯÐñÐÕɯÐÕÚÈÕɯÖÕÈàċɯÎÐÉÐɯÎĹÝÌÕÓÐÒɯÔÌÒÈÕÐáÔÈÓÈÙċɯÚÐÚÛÌÔÌɯÌÕÛÌÎÙÌɯ

edilebilmektedir.  

 

IÈÓċıÔÈÕċÕɯÔÐËÛÌÙÔɯÒÈ×ÚÈÔċɯÝÌɯÎÌÙñÌÒɯĹÙÌÛÐÔɯÝÌÙÐÚÐÕÌɯÌÙÐıÐÔËÌÒÐɯÒċÚċÛÓÈÙɯÕÌËÌÕÐàÓÌȮɯÚÐÚÛÌÔÐÕɯ

×ÌÙÍÖÙÔÈÕÚċɯ×ÙÖÛÖÛÐ×ɯñċÒÛċÓÈÙċɯÝÌɯÚÐÔĹÓÈÚàÖÕɯÛÌÔÌÓÓÐɯġÓñĹÔÓÌÙɯĹáÌÙÐÕËÌÕɯËÌĀÌÙÓÌÕËÐÙÐÓÔÐıÛÐÙȭɯ$ÓËÌɯÌËÐÓÌÕɯ

ÉÜÓÎÜÓÈÙȮɯ ×ÙÖÈÒÛÐÍɯ ÈÒÚÐàÖÕÓÈÙċÕɯ ÚÛÖÒÛÈɯ ÒÈÓÔÈɯ ÚĹÙÌÚÐɯ ÝÌɯ ÚÌÙÔÈàÌɯ ÉÈĀÓÈÕÔÈɯ ÔÈÓÐàÌÛÐɯ ÎÐÉÐɯ ÛÌÔÌÓɯ

Ö×ÌÙÈÚàÖÕÌÓɯÔÌÛÙÐÒÓÌÙËÌɯÐàÐÓÌıÔÌɯ×ÖÛÈÕÚÐàÌÓÐÕÌɯÚÈÏÐ×ɯÖÓËÜĀÜÕÜɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ!ÜÕÜÕÓÈɯÉÐÙÓÐÒÛÌȮɯ

ÎÌÙñÌÒɯÚÈÛċıɯÝÌÙÐÓÌÙÐɯÐÓÌɯÜáÜÕɯËġÕÌÔÓÐɯÌÛÒÐÓÌÙÐÕɯġÓñĹÓÔÌÚÐɯÝÌɯÔĹıÛÌÙÐɯËÈÝÙÈÕċıċÕÈɯÖÓÈÕɯàÈÕÚċÔÈÓÈÙċÕɯ

ÈÕÈÓÐáɯÌËÐÓÔÌÚÐȮɯÉÜɯñÈÓċıÔÈÕċÕɯġÕÌÔÓÐɯÚċÕċÙÓċÓċÒÓÈÙċɯÈÙÈÚċÕËÈɯàÌÙɯÈÓÔÈÒÛÈËċÙȭ 

 

&ÌÓÌÊÌÒɯñÈÓċıÔÈÓÈÙɯÒÈ×ÚÈÔċÕËÈȮɯÚÐÚÛÌÔÐÕɯÎÌÙñÌÒɯĹÙÌÛÐÔɯÖÙÛÈÔÓÈÙċÕËÈɯÛÌÚÛɯÌËÐÓÔÌÚÐȮɯÙÐÚÒɯÚÒÖÙÜÕÜÕɯ
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Investigation of Embankment Dam Breaching Processes 

Using Empirical Methods and Numerical Modeling  

Abstract  

Breaching of embankment dams is a critical failure process in which rapid erosion of the dam body may 

release a large reservoir volume toward downstream areas and generate severe flood hazards. This 

study evaluates the failure mechanisms observed in embankment and landslide dams by considering 

empirical prediction approaches and numerical modeling practices. The analysis focuses on the datasets 

and model assumptions proposed by Froehlich (2008), Peng and Zhang (2012), and Zhong et al. (2021), 

with particula r attention to breach depth, average breach width, side-slope ratio, and breach formation 

time. Historical dam -failure records indicate that overtopping and piping/seepage are the dominant 

failure mechanisms for embankment dams. The results show that single deterministic values obtained 

from empirical equations may lead to considerable uncertainty in flood -hydrograph estimation. 

mailto:soner.celep@usr.aku.edu.tr


 

 

Celep ve Kilit, #ÖÓÎÜɯ!ÈÙÈÑÓÈÙËÈɯ2ÌÛɯ8ċÒċÓÔÈÚċɯȹ!ÙÌÈÊÏÐÕÎȺɯ2ĹÙÌñÓÌÙÐÕÐÕɯ Ô×ÐÙÐÒɯ8ġÕÛÌÔÓÌÙɯÝÌɯ2ÈàċÚÈÓɯ

,ÖËÌÓÓÌÔÌɯÐÓÌɯdÕÊÌÓÌÕÔÌÚÐ 

 

Ɲ 

Therefore, numerical models such as HEC-RAS should be implemented with multiple breach scenarios 

rather than a single representative case. The comparison of fast and slow breach-formation conditions 

demonstrates that small variations in breach formation ti me can substantially change the peak discharge 

and the timing of the flood wave. The study emphasizes that sensitivity analyses, including 

conservative worst-case scenarios, should be treated as an essential component of dam-break modeling, 

flood -risk management, and emergency action planning. 
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ȹƖƔƖƕȺɯñÈÓċıÔÈÓÈÙċÕËÈɯÝÌÙÐÓÌÕɯÝÈÒÈɯÉÐÓÎÐÓÌÙÐȮɯàċÒċÓÔÈɯÔÖËÓÈÙċɯÝÌ ÉÙÌÈÊÏÐÕÎɯ×ÈÙÈÔÌÛÙÌÓÌÙÐɯÒÈÙıċÓÈıÛċÙÔÈÓċɯ

ÖÓÈÙÈÒɯ ÌÓÌɯ ÈÓċÕÔċıÛċÙȭɯ 3ÈÙÐÏÚÌÓɯ ÒÈàċÛÓÈÙȮɯ ËÖÓÎÜɯ ÉÈÙÈÑÓÈÙËÈɯ ĹÚÛÛÌÕɯ ÈıÔÈɯ ÐÓÌɯ ÉÖÙÜÓÈÕÔÈɤÚċáÔÈɯ

ÔÌÒÈÕÐáÔÈÓÈÙċÕċÕɯÉÈÚÒċÕɯÖÓËÜĀÜÕÜɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭ 

3ÈÉÓÖɯƕȭɯ3ÈÙÐÏÚÌÓɯÒÈàċÛÓÈÙÈɯÎġÙÌɯËÖÓÎÜɯÉÈÙÈÑɯàċÒċÓÔÈɯÔÖËÓÈÙċ 

5ÌÙÐɯÛÈÉÈÕċ 5ÈÒÈɯÚÈàċÚċ ²ÚÛÛÌÕɯÈıÔÈ 
Borulanma / 

ÚċáÔÈ 
Kaymalar  #ÐĀÌÙ 

Middlebrooks 

(1953) 
206 %30 %38 %15 %17 

Foster vd. (2000) 128 %48 %46 %6 - 

Zhang vd. (2016) 176 %58 %37 %5 - 

Mevcut inceleme 3504 %48 %35 %4 %13 

  



 

 

Celep ve Kilit, #ÖÓÎÜɯ!ÈÙÈÑÓÈÙËÈɯ2ÌÛɯ8ċÒċÓÔÈÚċɯȹ!ÙÌÈÊÏÐÕÎȺɯ2ĹÙÌñÓÌÙÐÕÐÕɯ Ô×ÐÙÐÒɯ8ġÕÛÌÔÓÌÙɯÝÌɯ2ÈàċÚÈÓɯ

,ÖËÌÓÓÌÔÌɯÐÓÌɯdÕÊÌÓÌÕÔÌÚÐ 

 

ƕƔ 

2.2. Ampirik Breaching Modelleri  

!ÈÙÈÑɯàċÒċÓÔÈÚċɯÈÕÈÓÐáÓÌÙÐÕËÌɯÈÔ×ÐÙÐÒɯÉÙÌÈÊÏÐÕÎ ÔÖËÌÓÓÌÙÐȮɯÎÌñÔÐıɯàċÒċÓÔÈɯÝÈÒÈÓÈÙċÕËÈÕɯÌÓËÌɯ

ÌËÐÓÌÕɯ ÎġáÓÌÔÚÌÓɯ ÝÌÙÐÓÌÙÐÕɯ ÐÚÛÈÛÐÚÛÐÒÚÌÓɯ ÖÓÈÙÈÒɯ ËÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐÕÌɯ ËÈàÈÕÔÈÒÛÈËċÙȭɯ !Üɯ ÔÖËÌÓÓÌÙɯ

ÎÌÕÌÓÓÐÒÓÌɯàÈÙċÒɯÎÌÕÐıÓÐĀÐȮɯàÈÙċÒɯËÌÙÐÕÓÐĀÐȮɯàċÒċÓÔÈɯÚĹÙÌÚÐɯÝÌɯ×ÐÒɯñċÒċıɯËÌÉÐÚÐɯÎÐÉÐɯÛÌÔÌÓɯ×ÈÙÈÔÌÛÙÌÓÌÙÐÕɯ

tahmin ediÓÔÌÚÐÕËÌɯÒÜÓÓÈÕċÓċÙȭɯ%ÐáÐÒÚÌÓɯÛÈÉÈÕÓċɯÔÖËÌÓÓÌÙɯàċÒċÓÔÈɯÔÌÒÈÕÐáÔÈÚċÕċɯËÈÏÈɯÈàÙċÕÛċÓċɯÛÌÔÚÐÓɯ

ÌËÌÉÐÓÚÌɯËÌɯÈÔ×ÐÙÐÒɯÔÖËÌÓÓÌÙÐÕɯËÈÏÈɯÈáɯÝÌÙÐɯÎÌÙÌÒÛÐÙÔÌÚÐɯÝÌɯ×ÙÈÛÐÒɯÔĹÏÌÕËÐÚÓÐÒɯÜàÎÜÓÈÔÈÓÈÙċÕËÈɯÏċáÓċɯ

ÚÖÕÜñɯÝÌÙÔÌÚÐɯÕÌËÌÕÐàÓÌɯÏäÓÌÕɯàÈàÎċÕɯÉÐñÐÔËÌɯÛÌÙÊÐÏɯÌËÐÓËÐĀÐɯÉÌÓirtilmektedir [3].  

#ÖÓÎÜɯÉÈÙÈÑÓÈÙɯÐñÐÕɯÎÌÓÐıÛÐÙÐÓÌÕɯÈÔ×ÐÙÐÒɯÔÖËÌÓÓÌÙËÌɯÉÈÙÈÑɯàĹÒÚÌÒÓÐĀÐȮɯÙÌáÌÙÝÜÈÙɯÏÈÊÔÐȮɯÉÈıÓÈÕÎċñɯÚÜɯ

ÚÌÝÐàÌÚÐȮɯàċÒċÓÔÈɯÔÖËÜȮɯÉÈÙÈÑɯÛÐ×ÐȮɯàÈÙċÒɯËÌÙÐÕÓÐĀÐɯÝÌɯÔÈÓáÌÔÌɯÈıċÕÈÉÐÓÐÙÓÐĀÐɯÎÐÉÐɯËÌĀÐıÒÌÕÓÌÙɯËÐÒÒÈÛÌɯ

ÈÓċÕÔÈÒÛÈËċÙȭɯ+ÐÛÌÙÈÛĹÙËÌɯ*ÐÙÒ×ÈÛÙÐÊÒȮɯ2"2Ȯɯ42!1Ȯɯ,ÈÊDonald ve Langridge -Monopolis, Froehlich, Xu 

ÝÌɯ9ÏÈÕÎɯÎÐÉÐɯÈÙÈıÛċÙÔÈÊċÓÈÙɯÛÈÙÈÍċÕËÈÕɯ×ÐÒɯËÌÉÐȮɯÖÙÛÈÓÈÔÈɯàÈÙċÒɯÎÌÕÐıÓÐĀÐɯÝÌɯàċÒċÓÔÈɯÚĹÙÌÚÐÕÐɯÛÈÏÔÐÕɯ

ÌÛÔÌàÌɯàġÕÌÓÐÒɯñÖÒɯÚÈàċËÈɯÉÈĀċÕÛċɯġÕÌÙÐÓÔÐıÛÐÙȭɯ!ÜɯÔÖËÌÓÓÌÙËÌɯġáÌÓÓÐÒÓÌɯ%ÙÖÌÏÓÐÊÏɯÛÈÙÈÍċÕËÈÕɯÎÌÓÐıÛÐÙÐÓÌÕɯ

yakÓÈıċÔÓÈÙȮɯ ËÖÓÎÜɯ ÉÈÙÈÑɯ àċÒċÓÔÈÓÈÙċÕËÈɯ àÈÙċĀċÕɯ ÛÙÈ×ÌáɤàÈÔÜÒɯ ÍÖÙÔËÈɯ ÎÌÓÐıÛÐĀÐɯ ÝÈÙÚÈàċÔċÕÈɯ

ËÈàÈÕÔÈÒÛÈɯ ÝÌɯ ÖÙÛÈÓÈÔÈɯ àÈÙċÒɯ ÎÌÕÐıÓÐĀÐɯ ÐÓÌɯ àċÒċÓÔÈɯ ÚĹÙÌÚÐÕÐÕɯ ÛÈÏÔÐÕÐÕËÌɯ àÈàÎċÕɯ ÖÓÈÙÈÒɯ

ÒÜÓÓÈÕċÓÔÈÒÛÈËċÙɯ[1,3].  

'ÌàÌÓÈÕɯÉÈÙÈÑÓÈÙċɯÐñÐÕɯÎÌÓÐıÛÐÙÐÓÌÕɯÈÔ×ÐÙÐÒɯÔÖËÌÓÓÌÙɯÐÚÌɯàÈ×ÈàɯËÖÓÎÜɯÉÈÙÈÑÓÈÙËÈÕɯÍÈÙÒÓċɯÖÓÈÙÈÒɯËÈÏÈɯ

ËĹáÌÕÚÐáɯÎÌÖÔÌÛÙÐàÌȮɯÏÌÛÌÙÖÑÌÕɯÔÈÓáÌÔÌɯàÈ×ċÚċÕÈɯÝÌɯÎÌÕÐıɯÛÈÉÈÕɯÈÓÈÕċÕÈɯÚÈÏÐ×ɯËÖĀÈÓɯÉÐÙÐÒÐÔɯÒĹÛÓÌÓÌÙÐÕÐɯ

temsil etmektedir. Peng ve Zhang (2012), 1239 heyelan ÉÈÙÈÑċɯÝÈÒÈÚċÕċɯËÌÙÓÌÔÐıɯÝÌɯÉÜÕÓÈÙËÈÕɯƙƖɯàċÒċÓÔÈɯ

ÝÈÒÈÚċÕÈɯÈÐÛɯÈàÙċÕÛċÓċɯÝÌÙÐÓÌÙÐɯÒÜÓÓÈÕÈÙÈÒɯÏÌàÌÓÈÕɯÉÈÙÈÑÓÈÙċÕċÕɯÉÙÌÈÊÏÐÕÎɯ×ÈÙÈÔÌÛÙÌÓÌÙÐÕÐɯÛÈÏÔÐÕɯÌÛÔÌàÌɯ

àġÕÌÓÐÒɯÈÔ×ÐÙÐÒɯÔÖËÌÓÓÌÙɯÎÌÓÐıÛÐÙÔÐıÛÐÙȭɯ!ÜɯÔÖËÌÓÓÌÙËÌɯ×ÐÒɯËÌÉÐȮɯàÈÙċÒɯËÌÙÐÕÓÐĀÐȮɯàÈÙċÒɯĹÚÛɯÎÌÕÐıÓÐĀÐȮ 

àÈÙċÒɯÛÈÉÈÕɯÎÌÕÐıÓÐĀÐɯÝÌɯàċÒċÓÔÈɯÚĹÙÌÚÐɯÛÌÔÌÓɯñċÒÛċɯ×ÈÙÈÔÌÛÙÌÓÌÙÐɯÖÓÈÙÈÒɯÌÓÌɯÈÓċÕÔċıÛċÙȭɯ,ÖËÌÓɯÎÐÙËÐÓÌÙÐɯÐÚÌɯ

ÉÈÙÈÑɯàĹÒÚÌÒÓÐĀÐȮɯÉÈÙÈÑɯàĹÒÚÌÒÓÐĀÐɤÎÌÕÐıÓÐĀÐɯÖÙÈÕċȮɯÉÈÙÈÑɯıÌÒÐÓɯÒÈÛÚÈàċÚċȮɯÎġÓɯıÌÒÐÓɯÒÈÛÚÈàċÚċɯÝÌɯÔÈÓáÌÔÌɯ

ÈıċÕÈÉÐÓÐÙÓÐĀÐɯıÌÒÓÐÕËÌɯÛÈÕċÔÓÈÕÔċıÛċÙɯ[2].  

/ÌÕÎɯÝÌɯ9ÏÈÕÎɯȹƖƔƕƖȺɯÛÈÙÈÍċÕËÈÕɯàÈ×ċÓÈÕɯÒÈÙıċÓÈıÛċÙÔÈÓÈÙȮɯàÈ×ÈàɯËÖÓÎÜɯÉÈÙÈÑÓÈÙɯÐñÐÕɯÎÌÓÐıÛÐÙÐÓÌÕɯ

ÈÔ×ÐÙÐÒɯ ÔÖËÌÓÓÌÙÐÕɯ ÏÌàÌÓÈÕɯ ÉÈÙÈÑÓÈÙċÕÈɯ ËÖĀÙÜËÈÕɯ ÜàÎÜÓÈÕÔÈÚċÕċÕɯ ÎĹÝÌÕÐÓÐÙɯ ÚÖÕÜñÓÈÙɯ

ÝÌÙÔÌàÌÉÐÓÌÊÌĀÐÕÐɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ!ÜÕÜÕɯÛÌÔÌÓɯÕÌËÌÕÐȮɯÏÌàÌÓÈÕɯÉÈÙÈÑÓÈÙċÕċÕɯñÖĀÜÕÓÜÒÓÈɯËÈÏÈɯÎÌÕÐıɯÝÌɯ

ÏÌÛÌÙÖÑÌÕɯÔÈÓáÌÔÌɯàÈ×ċÚċÕÈɯÚÈÏÐ×ɯÖÓÔÈÚċȮɯàÈÙċĀċÕɯÏÌÙɯáÈÔÈÕɯÉÈÙÈÑɯÛÈÉÈÕċÕÈɯÒÈËÈÙɯÐÓÌÙÓÌÔÌÔÌÚÐɯÝÌɯ

àċÒċÓÔÈɯÚĹÙÌÚÐÕÐÕɯàÈ×ÈàɯËÖÓÎÜɯÉÈÙÈÑÓÈÙÈɯÎġÙÌɯËÈÏÈɯÜáÜÕɯÎÌÙñÌÒÓÌıÌÉÐÓÔÌÚÐËÐÙȭɯ!ÜɯÕÌËÌÕÓÌɯÏÌàÌÓÈÕɯ

ÉÈÙÈÑÓÈÙċÕËÈɯÉÙÌÈÊÏÐÕÎɯ×ÈÙÈÔÌÛÙÌÓÌÙÐɯÛÈÏÔÐÕɯÌËÐÓÐÙÒÌÕɯËÖĀÙÜËÈÕɯËÖÓÎÜɯÉÈÙÈÑɯÔÖËÌÓÓÌÙÐɯàÌÙÐÕÌȮɯÏÌàÌÓÈÕɯ

ÉÈÙÈÑÓÈÙċÕċÕɯÒÌÕËÐÕÌɯġáÎĹɯÎÌÖÔÌÛÙÐÒɯÝÌɯÔÈÓáÌÔÌɯġáÌÓÓÐÒÓÌÙÐÕÐɯËÐÒÒÈÛÌɯÈÓÈÕɯÉÈĀċÕÛċÓÈÙċÕɯÒÜÓÓÈÕċÓÔÈÚċɯ

ËÈÏÈɯÜàÎÜÕɯÎġÙĹÓÔÌÒÛÌËÐÙɯ[2,3].  

 Ô×ÐÙÐÒɯÔÖËÌÓÓÌÙÐÕɯÌÕɯġÕÌÔÓÐɯÚċÕċÙÓċÓċĀċȮɯÎÌñÔÐıɯÝÈÒÈɯÝÌÙÐÓÌÙÐÕÌɯÉÈĀÓċɯÖÓÔÈÓÈÙċɯÝÌɯÉÜɯÝÌÙÐÓÌÙËÌÒÐɯ

ÉÌÓÐÙÚÐáÓÐÒÓÌÙÐÕɯÔÖËÌÓɯÚÖÕÜñÓÈÙċÕÈɯËÖĀÙÜËÈÕɯàÈÕÚċÔÈÚċËċÙȭɯxáÌÓÓÐÒÓÌɯàċÒċÓÔÈɯÚĹÙÌÚÐɯÝÌɯÕÐÏÈÐɯàÈÙċÒɯ

ÎÌÖÔÌÛÙÐÚÐȮɯ ÔÈÓáÌÔÌÕÐÕɯ ËÈÕÌɯ ËÈĀċÓċÔċȮɯ ÒÖÏÌáàÖÕÜȮɯ ÈıċÕÈÉÐÓÐÙÓÐĀÐȮɯ ÉÈÙÈÑɯ ÎÌÖÔÌÛÙÐÚÐɯ ÝÌɯ ÙÌáÌÙÝÜÈÙɯ

ÏÈÊÔÐÕÌɯÉÈĀÓċɯÖÓÈÙÈÒɯÎÌÕÐıɯÈÙÈÓċÒÓÈÙËÈɯËÌĀÐıÌÉÐÓÔÌÒÛÌËÐÙȭɯ!ÜɯÕÌËÌÕÓÌɯÉÙÌÈÊÏÐÕÎɯÈÕÈÓÐáÓÌÙÐÕËÌɯÛÌÒɯÉÐÙɯ

ÈÔ×ÐÙÐÒɯËÌĀÌÙɯàÌÙÐÕÌȮɯÍÈÙÒÓċɯÔÖËÌÓÓÌÙËÌÕɯÌÓËÌɯÌËÐÓÌÕɯ×ÈÙÈÔÌÛÙÌÓÌÙÐÕɯÒÈÙıċÓÈıÛċÙċÓÔÈÚċɯÝÌɯËÜàÈÙÓċÓċÒɯ

analizleriyle birlik ÛÌɯËÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐɯÎÌÙÌÒÔÌÒÛÌËÐÙȭɯ!ÜɯàÈÒÓÈıċÔȮɯ'$"-1 2ɯÎÐÉÐɯ ÚÈàċÚÈÓɯ ÛÈıÒċÕɯ

ÔÖËÌÓÓÌÙÐÕËÌɯËÈÏÈɯÎĹÝÌÕÐÓÐÙɯ×ÐÒɯËÌÉÐɯÝÌɯÛÈıÒċÕɯàÈàċÓċÔɯÚÌÕÈÙàÖÓÈÙċÕċÕɯÖÓÜıÛÜÙÜÓÔÈÚċÕÈɯÒÈÛÒċɯÚÈĀÓÈÙȭ 

 

3ÈÉÓÖɯƖȭɯ'ÌàÌÓÈÕɯÉÈÙÈÑÓÈÙċÕËÈɯÉÈÙÈÑɯàĹÒÚÌÒÓÐĀÐɯÝÌɯàÈÙċÒɯËÌÙÐÕÓÐĀÐɯÈÙÈÚċÕËÈÒÐɯÐÓÐıÒÐ 

/ÈÙÈÔÌÛÙÌɯÚċÕċÍċ !ÈÙÈÑɯàĹÒÚÌÒÓÐĀÐɯ'ËɯȹÔȺ 8ÈÙċÒɯËÌÙÐÕÓÐĀÐɯ'ÉɯȹÔȺ 8ċÒċÓÔÈɯÖÙÈÕċɯ'Éɤ'Ë 

#ĹıĹÒɯàĹÒÚÌÒÓÐÒÓÐ 0-25 0-22 %80-%100 

.ÙÛÈɯàĹÒÚÌÒÓÐÒÓÐ 25-60 15-45 %60-%80 

8ĹÒÚÌÒɯÉÈÙÈÑÓÈÙ 60-120+ 30-80 %40-%65 

4ñɯġÙÕÌÒÓÌÙ >150 <100 <%50 



 

 

Celep ve Kilit, #ÖÓÎÜɯ!ÈÙÈÑÓÈÙËÈɯ2ÌÛɯ8ċÒċÓÔÈÚċɯȹ!ÙÌÈÊÏÐÕÎȺɯ2ĹÙÌñÓÌÙÐÕÐÕɯ Ô×ÐÙÐÒɯ8ġÕÛÌÔÓÌÙɯÝÌɯ2ÈàċÚÈÓɯ

,ÖËÌÓÓÌÔÌɯÐÓÌɯdÕÊÌÓÌÕÔÌÚÐ 

 

ƕƕ 

 

©ÌÒÐÓɯƕȭɯ'ÌàÌÓÈÕɯÉÈÙÈÑɯÝÌɯàÈ×ÈàɯËÖÓÎÜɯÉÈÙÈÑɯàċÒċÓÔÈɯÔÖËÓÈÙċÕċÕɯÒÈÙıċÓÈıÛċÙċÓÔÈÚċɯ[2]. 

ƖȭƗȭɯ2ÈàċÚÈÓɯ,ÖËÌÓÓÌÔÌɯ8ÈÒÓÈıċÔċ 

!ÈÙÈÑɯàċÒċÓÔÈÚċɯñÈÓċıÔÈÓÈÙċÕËÈɯÚÈàċÚÈÓɯÔÖËÌÓÓÌÔÌɯàÈÒÓÈıċÔċȮɯÈÔ×ÐÙÐÒɯÉÈĀċÕÛċÓÈÙÓÈɯÌÓËÌɯÌËÐÓÌÕɯàÈÙċÒɯ

×ÈÙÈÔÌÛÙÌÓÌÙÐÕÐÕɯÏÐËÙÖÓÐÒɯÔÖËÌÓÌɯÈÒÛÈÙċÓÔÈÚċɯÝÌɯàċÒċÓÔÈɯÚÖÕÜÊÜÕËÈɯÖÓÜıÈÊÈÒɯÛÈıÒċÕɯÏÐËÙÖÎÙÈÍċÕċÕɯ

áÈÔÈÕÈɯÉÈĀÓċɯÖÓÈÙÈÒɯÏÌÚÈ×ÓÈÕÔÈÚċɯÌÚÈÚċÕÈɯËÈàÈÕÔÈÒÛÈËċÙȭɯ#ÖÓÎÜ ÝÌɯÏÌàÌÓÈÕɯÉÈÙÈÑÓÈÙċÕËÈɯàċÒċÓÔÈɯ

ÚĹÙÌÊÐȰɯÉÈÙÈÑɯÎÌÖÔÌÛÙÐÚÐȮɯÙÌáÌÙÝÜÈÙɯÏÈÊÔÐȮɯÉÈıÓÈÕÎċñɯÚÜɯÚÌÝÐàÌÚÐȮɯÔÈÓáÌÔÌɯġáÌÓÓÐÒÓÌÙÐȮɯàċÒċÓÔÈɯÔÖËÜɯÝÌɯ

ÏÐËÙÖÓÐÒɯÚċÕċÙɯÒÖıÜÓÓÈÙċɯÎÐÉÐɯñÖÒɯÚÈàċËÈɯËÌĀÐıÒÌÕÌɯÉÈĀÓċËċÙȭɯ!ÜɯÕÌËÌÕÓÌɯÚÈàċÚÈÓɯÔÖËÌÓÓÌÙȮɯàÈÓÕċáÊÈɯÕÐÏÈÐɯ

×ÐÒɯËÌÉÐàÐɯËÌĀÐÓȮɯÈàÕċɯáÈÔÈÕËÈɯàÈÙċĀċÕɯáÈÔÈÕÓÈɯËÌÙÐÕÓÌıÔÌÚÐȮɯÎÌÕÐıÓÌÔÌÚÐɯÝÌɯÔÈÕÚÈ×ɯÉġÓÎÌÚÐÕËÌɯÖÓÜıÈÕɯ

ÛÈıÒċÕɯËÈÓÎÈÚċÕċÕɯàÈàċÓċÔċÕċɯËÌĀÌÙÓÌÕËÐÙÔÌÒɯÐñÐÕɯËÌɯġÕÌÔÓÐɯÉÐÙɯÈÙÈñɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÔÈÒÛÈËċÙɯ[3]ȭɯ2ÈàċÚÈÓɯ

ÔÖËÌÓÓÌÔÌɯñÈÓċıÔÈÓÈÙċÕËÈɯġÕÊÌÓÐÒÓÌɯÉÈÙÈÑɯÎġÝËÌÚÐɯÝÌɯÙÌáÌÙÝÜÈÙɯÚÐÚÛÌÔÐɯÛÈÕċÔÓÈÕċÙȭɯ!ÜɯÈıÈÔÈËÈɯÉÈÙÈÑɯ

àĹÒÚÌÒÓÐĀÐȮɯÒÙÌÛɯÒÖÛÜȮɯÙÌáÌÙÝÜÈÙɯÏÈÊÐÔ-ÌĀÙÐɯÐÓÐıÒÐÚÐȮɯÉÈıÓÈÕÎċñɯÚÜɯÚÌÝÐàÌÚÐȮɯÔÈÕÚÈ×ɯÛÖ×ÖĀÙÈÍàÈÚċɯÝÌɯÈÒċÔɯ

ËÐÙÌÕñɯÒÈÛÚÈàċÓÈÙċɯÔÖËÌÓÌɯÎÐÙÐÓÐÙȭɯ#ÈÏÈɯÚÖÕÙÈɯàċÒċÓÔÈɯÔÖËÜɯĹÚÛÛÌÕɯÈıÔÈɯÝÌàÈɯÉÖÙÜÓÈÕÔÈɤÚċáÔÈɯÖÓÈÙÈÒɯ

ÚÌñÐÓÐÙȭɯ²ÚÛÛÌÕɯÈıÔÈɯÚÌÕÈÙàÖÚÜÕËÈȮɯÙÌáÌÙÝÜÈÙɯÚÜɯÚÌÝÐàÌÚÐÕÐÕɯÉÈÙÈÑɯÒÙÌÛÐÕÐɯÈıÔÈÚċàÓÈɯÔÈÕÚÈ×ɯıÌÝÐÕËÌɯ

àĹáÌàɯÌÙÖáàÖÕÜɯÉÈıÓÈÙȰɯÉÜɯÚĹÙÌñɯáÈÔÈÕÓÈɯàÈÙċĀċÕɯËÌÙÐÕÓÌıÔÌÚÐÕÌɯÝÌɯÎÌÕÐıÓÌÔÌÚÐÕÌɯàÖÓɯÈñÈÙȭɯ9ÏÖÕÎɯÝËȭɯ

ȹƖƔƖƕȺȮɯÍÐáÐÒÚÌÓɯÛÈÉÈÕÓċɯÚÈàċÚÈÓɯÔÖËÌÓÓÌÙÐÕȰɯÙÌáÌÙÝÜÈÙɯÏÈÊÐÔɯÌĀÙÐÚÐȮɯÉÈÙÈÑɯÔÈÓáÌÔÌɯġáÌÓÓÐÒÓÌÙÐȮɯàĹáÌàɯ

ÒÖıÜÓÓÈÙċȮɯÎÐÙÐıɯËÌÉÐÚÐɯÝÌɯÛÈÏÓÐàÌɯàÈ×ċÓÈÙċɯÎÐÉÐɯËÌĀÐıÒÌÕÓÌÙÐɯËÐÒÒÈÛÌɯÈÓÈÙÈÒɯàÈÙċÒɯÉÖàÜÛÓÈÙċÕċÕɯÝÌɯàċÒċÓÔÈɯ

ÏÐËÙÖÎÙÈÍċÕċÕɯáÈÔÈÕÓÈɯËÌĀÐıÐÔÐÕÐɯÏÌÚÈ×ÓÈàÈÉÐÓËÐĀÐÕÐɯÉÌÓÐÙÛÔÌÒÛÌËÐÙȭɯ 

 

!ÜɯñÈÓċıÔÈËÈɯÚÈàċÚÈÓɯÔÖËÌÓÓÌÔÌɯàÈÒÓÈıċÔċȮɯÈÔ×ÐÙÐÒɯÉÙÌÈÊÏÐÕÎɯÔÖËÌÓÓÌÙÐÕËÌÕɯÌÓËÌɯÌËÐÓÌÕɯÉÈıÓÈÕÎċñɯ

×ÈÙÈÔÌÛÙÌÓÌÙÐÕÐÕɯÛÈıÒċÕɯàÈàċÓċÔɯÈÕÈÓÐáÐÕÌɯÈÒÛÈÙċÓÔÈÚċɯıÌÒÓÐÕËÌɯÌÓÌɯÈÓċÕÔċıÛċÙȭɯ%ÙÖÌÏÓÐÊÏȮɯ/ÌÕÎɯÝÌɯ9ÏÈÕÎɯ

ÎÐÉÐɯÔÖËÌÓÓÌÙËÌÕɯÌÓËÌɯÌËÐÓÌÕɯàÈÙċÒɯÎÌÕÐıÓÐĀÐȮɯàÈÙċÒɯËÌÙÐÕÓÐĀÐɯÝÌɯàċÒċÓÔÈɯÚĹÙÌÚÐɯËÌĀÌÙÓÌÙÐȮɯÔÖËÌÓËÌɯÍÈÙÒÓċɯ

ÚÌÕÈÙàÖÓÈÙɯÏÈÓÐÕËÌɯÛÈÕċÔÓÈÕÈÉÐÓÐÙȭɯ!ġàÓÌÊÌɯÛÌÒɯÉÐÙɯàċÒċÓÔÈɯÒÈÉÜÓĹÕÌɯÉÈĀÓċɯÒÈÓÔÈÒɯàÌÙÐÕÌȮɯÏċáÓċɯàċÒċÓÔÈȮɯ

ÖÙÛÈɯÚĹÙÌÓÐɯàċÒċÓÔÈɯÝÌɯàÈÝÈıɯàċÒċÓÔÈɯÎÐÉÐɯÈÓÛÌÙÕÈÛÐÍɯÚÌÕÈÙàÖÓÈÙɯÖÓÜıÛÜÙÜÓÈÙÈÒɯ×ÐÒɯËÌÉÐɯÝÌɯÛÈıÒċÕɯàÈàċÓċÔċɯ

ĹáÌÙÐÕËÌÒÐɯ ÌÛÒÐÓÌÙɯ ÒÈÙıċÓÈıÛċÙċÓÈÉÐÓÐÙȭɯ /ÌÕÎɯ ÝÌɯ 9ÏÈÕÎɯ ȹƖƔƕƖȺȮɯ ÏÌàÌÓÈÕɯ ÉÈÙÈÑÓÈÙċÕËÈɯ àċÒċÓÔÈɯ

×ÈÙÈÔÌÛÙÌÓÌÙÐÕÐÕȰɯÉÈÙÈÑɯàĹÒÚÌÒÓÐĀÐȮɯÉÈÙÈÑɯÎÌÕÐıÓÐĀÐȮɯÎġÓɯÏÈÊÔÐȮɯÉÈÙÈÑɯıÌÒÓÐɯÝÌɯÔÈÓáÌÔÌɯÈıċÕÈÉÐÓÐÙÓÐĀÐɯÎÐÉÐɯ

ËÌĀÐıÒÌÕÓÌÙËÌÕɯÌÛÒÐÓÌÕËÐĀÐÕÐɯÝÜÙÎÜÓÈÔÈÒÛÈËċÙȭɯ!ÜɯËÜÙÜÔȮɯġáÌÓÓÐÒÓÌɯËÖĀÈÓɯÝÌɯÏÌÛÌÙÖÑÌÕɯàÈ×ċàÈɯÚÈÏÐ×ɯ

ÏÌàÌÓÈÕɯ ÉÈÙÈÑÓÈÙċÕËÈɯ ÛÌÒɯ ÉÐÙɯ ÚÈÉÐÛɯ ×ÈÙÈÔÌÛÙÌàÓÌɯ ÔÖËÌÓÓÌÔÌɯ àÈ×ċÓÔÈÚċÕċÕɯ ÎĹÝÌÕÐÓÐÙɯ ÚÖÕÜñɯ

ÝÌÙÔÌàÌÉÐÓÌÊÌĀÐÕÐɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ2ÈàċÚÈÓɯÔÖËÌÓÓÌÔÌɯàÈÒÓÈıċÔċȮɯÈÔ×ÐÙÐÒɯÉÙÌÈÊÏÐÕÎɯÔÖËÌÓÓÌÙÐÕËÌÕɯ

ÌÓËÌɯÌËÐÓÌÕɯàÈÙċÒɯÎÌÕÐıÓÐĀÐȮɯàÈÙċÒɯËÌÙÐÕÓÐĀÐɯÝÌɯàċÒċÓÔÈɯÚĹÙÌÚÐɯÎÐÉÐɯÉÈıÓÈÕÎċñɯ×ÈÙÈÔÌÛÙÌÓÌÙÐÕÐÕɯÛÈıÒċÕɯ

àÈàċÓċÔɯ ÈÕÈÓÐáÐÕÌɯ ÈÒÛÈÙċÓÔÈÚċÕÈɯ ËÈàÈÕÔÈÒÛÈËċÙȭɯ !Üɯ ÒÈ×ÚÈÔËÈɯ %ÙÖÌÏÓÐÊÏȮɯ /ÌÕÎɯ ÝÌɯ 9ÏÈÕÎɯ ÎÐÉÐɯ

ÔÖËÌÓÓÌÙËÌÕɯ ÌÓËÌɯ ÌËÐÓÌÕɯ ËÌĀÌÙÓÌÙȮɯ '$"-1 2ɯ ÝÌɯ ÉÌÕáÌÙÐɯ ×ÙÖÎÙÈÔÓÈÙËÈɯ ÍÈÙÒÓċɯàċÒċÓÔÈɯ ÚÌÕÈÙàÖÓÈÙċɯ

olÜıÛÜÙÔÈÒɯ ÐñÐÕɯ ÒÜÓÓÈÕċÓÈÉÐÓÐÙȭɯ 3ÌÒɯ ÉÐÙɯ ÚÈÉÐÛɯ ÚÌÕÈÙàÖɯ àÌÙÐÕÌɯ ÏċáÓċȮɯ ÖÙÛÈɯ ÚĹÙÌÓÐɯ ÝÌɯ àÈÝÈıɯ àċÒċÓÔÈɯ

ÚÌÕÈÙàÖÓÈÙċÕċÕɯÒÈÙıċÓÈıÛċÙċÓÔÈÚċȮɯ×ÐÒɯËÌÉÐɯÝÌɯÛÈıÒċÕɯàÈàċÓċÔċɯĹáÌÙÐÕËÌÒÐɯÉÌÓÐÙÚÐáÓÐÒÓÌÙÐÕɯËÈÏÈɯÎÌÙñÌÒñÐɯ

ËÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐÕÐɯÚÈĀÓÈÙȭɯxáÌÓÓÐÒÓÌɯàċÒċÓÔÈɯÚĹÙÌÚÐȮɯÙÌáÌÙÝÜÈÙċÕɯÉÖıÈÓÔÈɯÏċáċÕċɯÝÌɯÔÈÕÚÈ×ÛÈɯÖÓÜıÈÊÈÒɯ

×ÐÒɯËÌÉÐàÐɯËÖĀÙÜËÈÕɯÌÛÒÐÓÌËÐĀÐÕËÌÕɯÌÕɯÒÙÐÛÐÒɯ×ÈÙÈÔÌÛÙÌÓÌÙËÌÕɯÉÐÙÐËÐÙȭɯ!ÜɯÕÌËÌÕÓÌɯËÖÓÎÜɯÝÌɯÏÌàÌÓÈÕɯ

ÉÈÙÈÑċɯàċÒċÓÔÈɯÈÕÈÓÐáÓÌÙÐÕËÌɯÚÈàċÚÈÓɯÔÖËÌÓÓÌÔÌȮɯÈÔ×ÐÙÐÒɯÉÈĀċÕÛċÓÈÙÓÈɯÉÐÙÓÐÒÛÌɯÒÜÓÓÈÕċÓÔÈÓċɯÝÌɯÚÖÕÜñÓÈÙɯ

ËÜàÈÙÓċÓċÒ analizleriyle desteklenmelidir.  
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,ÖËÌÓÓÌÔÌɯÐÓÌɯdÕÊÌÓÌÕÔÌÚÐ 
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©ÌÒÐÓɯƖȭ %ÙÖÌÏÓÐÊÏɯȹƖƔƔƜȺɯÔÖËÌÓÐÕËÌɯÒÜÓÓÈÕċÓÈÕɯÐËÌÈÓÐáÌɯàÈÔÜÒɯàÈÙċÒɯÒÌÚÐÛÐȭ 

3ÈÉÓÖɯ ƕɀËÌɯ ÝÌÙÐÓÌÕɯ ÐÚÛÈÛÐÚÛÐÒÓÌÙȮɯ ËÖÓÎÜɯ ÉÈÙÈÑɯ àċÒċÓÔÈÓÈÙċÕċÕɯ ÉĹàĹÒɯ ÉġÓĹÔĹÕĹÕɯ ÚÜàÜÕɯ ÎġÝËÌɯ

ÔÈÓáÌÔÌÚÐÕÐɯ ÚĹÙĹÒÓÌÔÌÚÐàÓÌɯ ÐÓÐıÒÐÓÐɯ ÖÓËÜĀÜÕÜɯ ÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ ²ÚÛÛÌÕɯ ÈıÔÈȮɯ ÏÐËÙÖÓÐÒɯ ÒÈ×ÈÚÐÛÌɯ

àÌÛÌÙÚÐáÓÐĀÐɯÝÌàÈɯÌÒÚÛÙÌÔɯàÈĀċıÓÈÙɯÚÖÕÜÊÜÕËÈɯÎÌÓÐıÐÙÒÌÕȰɯÉÖÙÜÓÈÕÔÈɯÝÌɯÚċáÔÈȮɯÎġÝËÌɯÐñÐÕËÌÒÐɯÐñÚÌÓɯ

ÌÙÖáàÖÕɯÚĹÙÌñÓÌÙÐàÓÌɯÐÓÐıÒÐÓÐËÐÙȭɯ!ÜɯËÜÙÜÔȮɯÍÐÓÛÙÌɯáÖÕÓÈÙċȮɯÒÐÓɯñÌÒÐÙËÌÒȮɯËÙÌÕÈÑɯÌÓÌÔÈÕÓÈÙċɯÝÌɯÙÌáÌÙÝÜÈÙɯ

ÐıÓÌÛÔÌɯÌÔÕÐàÌÛÐɯÎÐÉÐɯÛÈÚÈÙċÔɯÉÐÓÌıÌÕÓÌÙÐÕÐÕɯġÕÌÔÐÕÐɯÈÙÛċÙÔÈÒÛÈËċÙȭ 

 

/ÌÕÎɯÝÌɯ9ÏÈÕÎɯȹƖƔƕƖȺɯÝÌÙÐɯÚÌÛÐÕËÌɯÏÌàÌÓÈÕɯÉÈÙÈÑÓÈÙċÕċÕɯÏÌÛÌÙÖÑÌÕɯÔÈÓáÌÔÌɯàÈ×ċÚċɯÝÌɯÎÌÕÐıɯÛÈÉÈÕɯ

ÈÓÈÕċɯÕÌËÌÕÐàÓÌɯñÖĀÜɯáÈÔÈÕɯÒċÚÔÐɯàċÒċÓÔÈɯÌĀÐÓÐÔÐɯÎġÚÛÌÙËÐĀÐɯÎġÙĹÓÔÌÒÛÌËÐÙȭɯ!ÜÕÈɯÒÈÙıċÓċÒɯàÈ×ÈàɯËÖÓÎÜɯ

ÉÈÙÈÑÓÈÙËÈɯàÈÙċĀċÕɯÛÈÉÈÕÈɯÒÈËÈÙɯÐÓÌÙÓÌÔÌɯÖÓÈÚċÓċĀċɯËÈÏÈɯàĹÒÚÌÒÛÐÙȭɯ!ÜɯÍÈÙÒÓċÓċÒȮɯÈàÕċɯÙÌáÌÙÝÜÈÙɯÏÈÊÔÐɯÝÌɯ

ÉÌÕáÌÙɯÉÈÙÈÑɯàĹÒÚÌÒÓÐĀÐɯÐñÐÕɯÉÐÓÌɯ×ÐÒɯËÌÉÐɯÛÈÏÔÐÕÓÌÙÐÕËÌɯÉÌÓÐÙÎÐÕɯÍÈÙÒÓċÓċÒÓÈÙÈɯàÖÓɯÈñÈÉÐÓÐÙȭ 
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ÏÐËÙÖÎÙÈÍÓÈÙɯĹÙÌÛÔÌÒÛÌËÐÙȭɯ8ÈÝÈıɯÎÌÓÐıÌÕɯàċÒċÓÔÈɯÒÖıÜÓÓÈÙċÕËÈɯÐÚÌɯ×ÐÒɯËÌÉÐɯÈáÈÓÔÈÒÛÈȮɯÈÕÊÈÒɯÛÈıÒċÕɯ

ÚĹÙÌÚÐɯÜáÈÔÈÒÛÈËċÙȭɯ!ÜɯÕÌËÌÕÓÌɯÛÈıÒċÕɯÙÐÚÒɯàġÕÌÛÐÔÐɯñÈÓċıÔÈÓÈÙċÕËÈɯàÈÓÕċáÊÈɯÖÙÛÈÓÈÔÈɯÚÌÕÈÙàÖɯËÌĀÐÓȮɯÌÕɯ

ÖÓÜÔÚÜáɯÝÌɯÌÕɯÖÓÈÚċɯÚÌÕÈÙàÖÓÈÙċÕɯÉÐÙÓÐÒÛÌɯËÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐɯÎÌÙÌÒÔÌÒÛÌËÐǊΦ 

  



 

 

Celep ve Kilit, #ÖÓÎÜɯ!ÈÙÈÑÓÈÙËÈɯ2ÌÛɯ8ċÒċÓÔÈÚċɯȹ!ÙÌÈÊÏÐÕÎȺɯ2ĹÙÌñÓÌÙÐÕÐÕɯ Ô×ÐÙÐÒɯ8ġÕÛÌÔÓÌÙɯÝÌɯ2ÈàċÚÈÓɯ

,ÖËÌÓÓÌÔÌɯÐÓÌɯdÕÊÌÓÌÕÔÌÚÐ 

 

ƕƗ 

Ƙȭɯ2ÖÕÜñ 

Ɉɯ3ÈÙÐÏÚÌÓɯÝÌÙÐÓÌÙȮɯËÖÓÎÜɯÉÈÙÈÑɯàċÒċÓÔÈÓÈÙċÕËÈɯĹÚÛÛÌÕɯÈıÔÈɯÝÌɯÉÖÙÜÓÈÕÔÈɤÚċáÔÈɯÔÌÒÈÕÐáÔÈÓÈÙċÕċÕɯ

ÉÈÚÒċÕɯÖÓËÜĀÜÕÜɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭ 

Ɉɯ'ÌàÌÓÈÕɯÉÈÙÈÑÓÈÙċÕËÈɯÏÌÛÌÙÖÑÌÕɯÔÈÓáÌÔÌɯàÈ×ċÚċɯÝÌɯÎÌÕÐıɯÛÈÉÈÕɯÈÓÈÕċɯÕÌËÌÕÐàÓÌɯàÈÙċÒɯËÌÙÐÕÓÐĀÐɯ

ñÖĀÜɯáÈÔÈÕɯÉÈÙÈÑɯàĹÒÚÌÒÓÐĀÐÕÐÕɯÛÈÔÈÔċÕÈɯÜÓÈıÔÈÔÈÒÛÈËċÙȭ 

Ɉɯ%ÙÖÌÏÓÐÊÏɯȹƖƔƔƜȺɯÝÌɯ/ÌÕÎ ÝÌɯ9ÏÈÕÎɯȹƖƔƕƖȺɯÎÐÉÐɯÈÔ×ÐÙÐÒɯÔÖËÌÓÓÌÙȮɯÚÈàċÚÈÓɯÔÖËÌÓÓÌÔÌɯÐñÐÕɯàÈÙÈÙÓċɯ

ÉÈıÓÈÕÎċñɯ×ÈÙÈÔÌÛÙÌÓÌÙÐɯÝÌÙÔÌÒÓÌɯÉÐÙÓÐÒÛÌɯġÕÌÔÓÐɯÉÌÓÐÙÚÐáÓÐÒÓÌÙɯÐñÌÙÔÌÒÛÌËÐÙȭ 

Ɉɯ'$"-1 2ɯÝÌɯÉÌÕáÌÙÐɯÔÖËÌÓÓÌÙËÌɯÛÌÒɯÉÐÙɯÈÔ×ÐÙÐÒɯÚÌÕÈÙàÖɯàÌÙÐÕÌɯñÖÒÓÜɯÚÌÕÈÙàÖɯÝÌɯËÜàÈÙÓċÓċÒɯ

ÈÕÈÓÐáÐɯàÈÒÓÈıċÔċɯÒÜÓÓÈÕċÓÔÈÓċËċÙȭ 

Ɉɯ ÊÐÓɯËÜÙÜÔɯ×ÓÈÕÓÈÔÈÚċÕËÈɯÒċÚÈɯàċÒċÓÔÈɯÚĹÙÌÓÌÙÐÕÐÕɯÖÓÜıÛÜÙÈÊÈĀċɯàĹÒÚÌÒɯ×ÐÒɯËÌÉÐÓÌÙɯÌÕɯÒÙÐÛÐÒɯ

ÔĹÏÌÕËÐÚÓÐÒɯÚÌÕÈÙàÖÚÜɯÖÓÈÙÈÒɯËÐÒÒÈÛÌɯÈÓċÕÔÈÓċËċÙȭ 

Ɉɯ²ÚÛÛÌÕɯÈıÔÈɯËÜÙÜÔÜÕËÈɯÚÜɯÈÒċÔċȮɯġÕÊÌÓÐÒÓÌɯÉÈÙÈÑɯÒÙÌÛÐɯÝÌɯÔÈÕÚÈ×ɯıÌÝÐÕËÌɯÒÈàÔÈɯÎÌÙÐÓÔÌÚÐɯ

ÖÓÜıÛÜÙÈÙÈÒɯàĹáÌàɯÌÙÖáàÖÕÜÕÜɯÉÈıÓÈÛÔÈÒÛÈȰɯÌÙÖáàÖÕÜÕɯÎÌÙÐàÌɯËÖĀÙÜɯÐÓÌÙÓÌÔÌÚÐàÓÌɯàÈÙċÒɯËÌÙÐÕÓÐĀÐɯÝÌɯ

ÎÌÕÐıÓÐĀÐɯÏċáÓÈɯÈÙÛÔÈÒÛÈËċÙȭɯ!ÜɯÕÌËÌÕÓÌɯÖÝÌÙÛÖ××ÐÕÎɯÚÌÕÈÙàÖÓÈÙċÕËÈɯÒÙÌÛɯÒÖÛÜȮɯÔÈÕÚÈ×ɯıÌÝÐɯÝÌɯÔÈÓáÌÔÌɯ

ÈıċÕÈÉÐÓÐÙÓÐĀÐɯÔÖËÌÓɯÚÖÕÜñÓÈÙċɯĹáÌÙÐÕËÌɯÉÌÓÐÙÓÌàÐÊÐɯ×ÈÙÈÔÌÛÙÌÓÌÙËÐÙɯ[3].  

Ɉɯ²ÚÛÛÌÕɯÈıÔÈɯÒÈàÕÈÒÓċɯàċÒċÓÔÈÓÈÙËÈɯÌÙÖáàÖÕȮɯÉÈÙÈÑɯÒÙÌÛÐɯÝÌɯÔÈÕÚÈ×ɯıÌÝÐÕËÌɯÉÈıÓÈàÈÙÈÒɯÎÌÙÐàÌɯ

ËÖĀÙÜɯÐÓÌÙÓÌÔÌÒÛÌɯÝÌɯàÈÙċĀċÕɯÒċÚÈɯÚĹÙÌËÌɯËÌÙÐÕÓÌıÐ×ɯÎÌÕÐıÓÌÔÌÚÐÕÌɯÕÌËÌÕɯÖÓÔÈÒÛÈËċÙȭɯ!ÜɯÕÌËÌÕÓÌɯ

ÖÝÌÙÛÖ××ÐÕÎɯÚÌÕÈÙàÖÓÈÙċÕËÈɯÒÙÌÛɯÒÖÛÜȮɯÔÈÕÚÈ×ɯıÌÝÐȮɯÔÈÓáÌÔÌɯÈıċÕÈÉÐÓÐÙÓÐĀÐɯÝÌɯÖÓÈÚċɯÛÈÏÓÐàÌɤËÖÓÜÚÈÝÈÒɯ

ġÕÓÌÔÓÌÙÐɯÛÈıÒċÕɯ×ÐÒɯËÌÉÐÚÐÕÐÕɯÉÌÓÐÙÓÌÕÔÌÚÐÕËÌɯÒÙÐÛÐÒɯ×ÈÙÈÔÌÛÙÌÓÌÙɯÖÓÈÙÈÒɯËÐÒÒÈÛÌɯÈÓċÕÔÈÓċËċÙȭ 

Kaynaklar  

[1] D. C. Froehlich, Embankment dam breach parameters and their uncertainties. Journal of Hydraulic 

Engineering, 134(12), (2008) 1708-1721. https://doi.org/10.1061/(ASCE)0733-9429(2008)134:12(1708) 

[2] M. Peng, L. M. Zhang, Breaching parameters of landslide dams. Landslides, 9(1) (2012) 13-31. 

https://doi.org/10.1007/s10346-011-0271-y 

[3] Q. Zhong, L. Wang, S. Chen, Z. Chen, Y. Shan, Q. Zhang, Q. Ren, S. Mei, J. Jiang, L. Hu, J. Liu, Breaches of 

embankment and landslide dams: State of the art review. Earth-Science Reviews, 216 (2021) 103597. 

https://doi.org/10.1016/j.earscirev.2021.103597 

  

https://doi.org/10.1016/j.earscirev.2021.103597


 ÍàÖÕɯ*ÖÊÈÛÌ×Ìɯ²ÕÐÝÌÙÚÐÛÌÚÐ 

5ȭɯ*ÖÊÈÛÌ×Ìɯ,ĹÏÌÕËÐÚÓÐÒɯ!ÐÓÐÔÓÌÙÐɯxĀÙÌÕÊÐɯ2ÌÔ×ÖáàÜÔÜ 

12-14 ,ÈàċÚɯƖƔƖ6, Afyonkarahisar  

 

ƕƘ 

 ÓÛċɯ2ÌÙÉÌÚÛÓÐÒɯ#ÌÙÌÊÌÓÐɯ3Ö×-/ÓÈÒÈɯ2ÐÚÛÌÔÐÕÐÕɯ&ĹÙÉĹáɯ

*ÖÕÛÙÖÓĹ 

Yusuf Emre AKAR 1*,  Ó×ÌÙɯI$3d-2, Emre KEMER 3 

1* 4ıÈÒɯ²ÕÐÝÌÙÚÐÛÌÚÐȮɯ,ĹÏÌÕËÐÚÓÐÒɯÝÌɯ#ÖĀÈɯ!ÐÓÐÔÓÌÙÐɯ%ÈÒĹÓÛÌÚÐȮɯ$ÓÌÒÛÙÐÒɯ$ÓÌÒÛÙÖÕÐÒɯ,ĹÏÌÕËÐÚÓÐĀÐɯ!ġÓĹÔĹȮɯ

yusuf.e.akar64@gmail.com 

2 4ıÈÒɯ²ÕÐÝÌÙÚÐÛÌÚÐȮɯ,ĹÏÌÕËÐÚÓÐÒɯÝÌɯ#ÖĀÈɯ!ÐÓÐÔÓÌÙÐɯ%ÈÒĹÓÛÌÚÐȮɯ$ÓÌÒÛÙÐÒɯ$ÓÌÒÛÙÖÕÐÒɯ,ĹÏÌÕËÐÚÓÐĀÐɯ!ġÓĹÔĹȮɯ

alpercetin8801@gmail.com  

3 4ıÈÒɯ²ÕÐÝÌÙÚÐÛÌÚÐȮɯ,ĹÏÌÕËÐÚÓÐÒɯÝÌɯ#ÖĀÈɯ!ÐÓÐÔÓÌÙÐɯ%ÈÒĹÓÛÌÚÐȮɯ$ÓÌÒÛÙÐÒɯ$ÓÌÒÛÙÖÕÐÒɯ,ĹÏÌÕËÐÚÓÐĀÐɯ!ġÓĹÔĹȮɯ

emre.kemer@usak.edu.tr  

xáÌÛ  

8ĹÒÚÌÒɯàĹÒɯÛÈıċÔÈɯÒÈ×ÈÚÐÛÌÚÐȮɯÙÐÑÐÛɯàÈ×ċÚċɯÝÌɯÔÐÓÐÔÌÛÙÐÒɯÒÖÕÜÔÓÈÕËċÙÔÈɯàÌÛÌÕÌÒÓÌÙÐɯÚÈàÌÚÐÕËÌɯ2ÛÌÞÈÙÛɯ

/ÓÈÛÍÖÙÔÓÈÙċȰɯ ÏÈÝÈÊċÓċÒɯÚÐÔĹÓÈÛġÙÓÌÙÐÕËÌÕɯÛċ×ɯÈÓÈÕċÕËÈÒÐɯÊÌÙÙÈÏÐɯÙÖÉÖÛÓÈÙÈȮɯÚÈÝÜÕÔÈɯÚÈÕÈàÐÚÐÕËÌÒÐɯ

ÏÈÚÚÈÚɯàġÕÓÌÕËÐÙÔÌɯÚÐÚÛÌÔÓÌÙÐÕËÌÕɯÌÕËĹÚÛÙÐàÌÓɯÐÔÈÓÈÛÈɯÒÈËÈÙɯ×ÌÒɯñÖÒɯÒÙÐÛÐÒɯÈÓÈÕËÈɯÉĹàĹÒɯġÕÌÔÌɯ

ÚÈÏÐ×ÛÐÙȭɯ!ÜɯñÈÓċıÔÈËÈȮɯÈÓÛċɯÚÌÙÉÌÚÛÓÐÒɯËÌÙÌÊÌÓÐɯȹƚ-#.%ȺɯÉÐÙɯ2ÛÌÞÈÙÛɯ/ÓÈÛÍÖÙÔÜɯĹáÌÙÐÕÌɯàÌÙÓÌıÛÐÙÐÓÌÕɯÛÖ×-

plaka (ball -and-×ÓÈÛÌȺɯÚÐÚÛÌÔÐɯÈÙÈÊċÓċĀċàÓÈȮɯ×ÓÈÛÍÖÙÔɯĹáÌÙÐÕËÌÒÐɯÉÐÙɯÛÖ×ÜÕɯÒÖÕÜÔÜÕÜÕɯÖÛÖÕÖÔɯÝÌɯÏÈÚÚÈÚɯ

ÉÐÙɯıÌÒÐÓËÌɯÒÖÕÛÙÖÓɯÌËÐÓÔÌÚÐɯÈÔÈñÓÈÕÔċıÛċÙȭɯ/ÙÖÑÌɯÚĹÙÌÊÐÕËÌɯġÕÊÌÓÐÒÓÌȮɯÚÐÚÛÌÔÐÕɯÈÓÛċɯÌÒÚÌÕÓÐɯÒÈÙÔÈıċÒɯ

ÒÐÕÌÔÈÛÐÒɯÝÌɯËÐÕÈÔÐÒɯàÈ×ċÚċɯÈÕÈÓÐáɯÌËÐÓÔÐıȰɯÈÙËċÕËÈÕɯÛÖ×ÜÕɯËÖĀÙÜÚÈÓɯÖÓÔÈàÈÕɯÏÈÙÌÒÌÛɯËÐÕÈÔÐÒÓÌÙÐÕÐɯ

ÈñċÒÓÈàÈÕɯ ÔÈÛÌÔÈÛÐÒÚÌÓɯ ÔÖËÌÓɯ ÐÓÌɯ ËÜÙÜÔ-uzay (state-space) denklemlerÐɯ ËÌÛÈàÓċɯ ÉÐÙɯ ıÌÒÐÓËÌɯ

ñċÒÈÙċÓÔċıÛċÙȭɯ*ÖÕÜÔɯÈÓÎċÓÈàċÊċɯÎÌÙÐɯÉÌÚÓÌÔÌɯÔÌÒÈÕÐáÔÈÚċɯÖÓÈÙÈÒȮɯÎÌÓÌÕÌÒÚÌÓɯÒÈÔÌÙÈɯÛÈÉÈÕÓċɯÚÐÚÛÌÔÓÌÙÐÕɯ

àÌÙÐÕÌɯÙÌáÐÚÛÐÍɯËÖÒÜÕÔÈÛÐÒɯÌÒÙÈÕɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯ!ÜɯàÌÕÐÓÐÒñÐɯàÈÒÓÈıċÔɯÚÈàÌÚÐÕËÌȮɯÎġÙĹÕÛĹɯÐıÓÌÔÌɯ

ÈÓÎÖÙÐÛÔÈÓÈÙċÕËÈɯÚċÒñÈɯÒÈÙıċÓÈıċÓÈÕɯàĹÒÚÌÒɯÐıÓÌÔÊÐɯàĹÒĹȮɯÎÌÊÐÒÔÌɯÝÌɯÖÙÛÈÔɯċıċĀċÕÈɯËÜàÈÙÓċÓċÒɯÎÐÉÐɯÛÌÔÌÓɯ

ÚÖÙÜÕÓÈÙɯÈıċÓÈÙÈÒɯÒÖÕÛÙÖÓÊĹàÌɯñÖÒɯËÈÏÈɯÏċáÓċɯÝÌɯÝÌÙÐÔÓÐɯÉÐÙɯÈÕÈÓÖÎɯÝÌÙÐɯÈÒċıċɯÚÈĀÓÈÕÔċıÛċÙȭɯ2ÐÚÛÌÔÐÕɯ

ËÐÕÈÔÐÒɯËÌÕÎÌÚÐÕÐɯÚÈĀÓÈÔÈÒɯÝÌɯàġÙĹÕÎÌɯÛÈÒÐÉÐÕÐɯÖ×ÛÐÔÐáÌɯÌÛÔÌÒɯÈÔÈÊċàÓÈȮɯÒÓÈÚÐÒɯ/(#ȮɯËurum -uzay 

ÛÈÉÈÕÓċɯ +01ɯ ÝÌɯ ÐÕÛÌÎÙÈÓɯ ÌÛÒÐÓÐɯ +0(ɯ ÒÖÕÛÙÖÓɯ ÚÛÙÈÛÌÑÐÓÌÙÐɯ , 3+ !ɤ2ÐÔÜÓÐÕÒɯ ÖÙÛÈÔċÕËÈɯ ÈàÙċɯ ÈàÙċɯ

ÔÖËÌÓÓÌÕÌÙÌÒɯÒÈÙıċÓÈıÛċÙÔÈÓċɯÖÓÈÙÈÒɯÛÌÚÛɯÌËÐÓÔÐıÛÐÙȭɯ8È×ċÓÈÕɯËÐÕÈÔÐÒɯÚÐÔĹÓÈÚàÖÕɯñÈÓċıÔÈÓÈÙċɯÚÖÕÜÊÜÕËÈȮɯ

+0(ɯÒÖÕÛÙÖÓɯÈÓÎÖÙÐÛÔÈÚċÕċÕɯËċıÈÙċËÈÕɯÎÌÓÌÕɯÉÖáÜÊÜɯÌÛÒÐÓÌÙÌɯÝÌɯÚÐÚÛÌÔÐÕɯÌàÓÌÔÚÐáÓÐĀÐÕÌɯÙÈĀÔÌÕȮɯÒÈÓċÊċɯ

ËÜÙÜÔɯÏÈÛÈÚċÕċɯÖÙÛÈËÈÕɯÒÈÓËċÙÈÙÈÒɯÛÖ×ÜɯÏÌËÌÍÓÌÕÌÕɯÙÌÍÌÙÈÕÚɯàġÙĹÕÎÌÓÌÙÐÕËÌɯȹËÈÐÙÌȮɯÒÈÙÌȮɯÚÌÒÐáȺɯÚċÍċÙÈɯ

àÈÒċÕɯÏÈÛÈɯÐÓÌɯÉÈıÈÙċàÓÈɯËÌÕÎÌÓÌËÐĀÐɯÎġáÓÌÔÓÌÕÔÐıÛÐÙȭɯ$ÓËÌɯÌËÐÓÌÕɯÚÖÕÜñÓÈÙȮɯÛÈÚÈÙÓÈÕÈÕɯÒÈ×ÈÓċɯËġÕÎĹɯ

ÎĹÙÉĹáɯ ÒÖÕÛÙÖÓɯ ÔÐÔÈÙÐÚÐÕÐÕɯ ÈÚÒÌÙÐɯ ÝÌɯ ÌÕËĹÚÛÙÐàÌÓɯ ÏÈÚÚÈÚɯ ÚÛÈÉÐÓÐáÈÚàÖÕɯ ×ÙÖÑÌÓÌÙÐÕËÌɯ ÎĹÝÌÕÓÌɯ

ÒÜÓÓÈÕċÓÈÉÐÓÌÊÌĀÐÕÐɯÈñċÒñÈɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ 

 

Anahtar Kelimeler:  Stewart Platformu , Top-Plaka Sistemi, &ĹÙÉĹáɯ*ÖÕÛÙÖÓ, +0(ɯ ÓÎÖÙÐÛÔÈÚċ, Rezistif 

Dokunmatik Panel  

Robust Control of a Six Degrees of Freedom (6 -DOF) Ball -

and-Plate System  



 

Akar vd.  ÓÛċɯ2ÌÙÉÌÚÛÓÐÒɯ#ÌÙÌÊÌÓÐɯ3Ö×-/ÓÈÒÈɯ2ÐÚÛÌÔÐÕÐÕɯ&ĹÙÉĹáɯ*ÖÕÛÙÖÓĹ 

ƕƙ 

Abstract   

Due to their high load -bearing capacity, rigid structure, and millimetric positioning capabilities, 

Stewart Platforms hold significant importance in numerous critical fields, ranging from aviation 

simulators and surgical robots to precision targeting syste ms in the defense industry and industrial 

manufacturing. This study aims to autonomously and precisely control the position of a ball on a ball -

and-plate system integrated into a six-degree-of-freedom (6-DOF) Stewart Platform. During the project, 

the complex kinematic and dynamic structure of the six -axis system was first analyzed; then, the 

mathematical models and state-space equations describing the non-linear motion dynamics of the ball 

were derived in detail. As the position -sensing feedback mechanism, a resistive touch screen was 

utilized instead of traditional camera -based systems. Through this innovative approach, fundamental 

issues commonly encountered in image processing algorithms, such as high processor load, latency, 

and sensitivity to ambient li ght, were overcome, providing a much faster and more efficient analog data 

flow to the controller. To establish the dynamic stability of the system and optimize trajectory tracking, 

classical PID, state-space-based LQR, and integral-action LQI control stra tegies were individually 

modeled and comparatively tested in the MATLAB/Simulink environment. As a result of the dynamic 

simulation studies, it was observed that the LQI control algorithm successfully balanced the ball on 

targeted reference trajectories with near-zero error by eliminating steady -state error, despite external 

disturbances and system inertia. The obtained results clearly indicate that the designed closed-loop 

robust control architecture can be safely utilized in high -precision stabilization p rojects. 
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ÖÓÈÙÈÒɯÉÜɯñÈÓċıÔÈËÈɯÙÌáÐÚÛÐÍɯËÖÒÜÕÔÈÛÐÒɯ×ÈÕÌÓɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯ!ÜɯÛÌÙÊÐÏɯÚÈàÌÚÐÕËÌɯÖÙÛÈÔɯÒÖıÜÓÓÈÙċÕËÈÕɯ

ÉÈĀċÔÚċáɯ ÉÐÙɯ ıÌÒÐÓËÌȮɯ ÛÖ×ÜÕɯ 7ɯ ÝÌɯ 8ɯ ÌÒÚÌÕÐÕËÌÒÐɯ ÒÖÕÜÔÜɯ ÒÈÙÔÈıċÒ matematiksel hesaplama 

ÎÌÙÌÒÛÐÙÔÌËÌÕȮɯÚċÍċÙÈɯàÈÒċÕɯÉÐÙɯÎÌÊÐÒÔÌàÓÌɯÒÖÕÛÙÖÓÊĹàÌɯÐÓÌÛÐÓÔÌÒÛÌËÐÙȭɯ1ÌáÐÚÛÐÍɯÌÒÙÈÕȮɯÛÖ×ÜÕɯÍÐáÐÒÚÌÓɯ

ÈĀċÙÓċĀċàÓÈɯàĹáÌàÌɯàÈ×ÛċĀċɯÔÌÒÈÕÐÒɯÉÈÚÒċàċɯÈÕċÕËÈɯÈÕÈÓÖÎɯÝÖÓÛÈÑɯËÌĀÐıÐÔÐÕÌɯñÌÝÐÙÐÙɯÉġàÓÌÊÌɯÛÖ×ÜÕɯ

×ÖáÐÚàÖÕÜɯÒÖÓÈàÓċÒÓÈɯÏÌÚÈ×ÓÈÕÈÉÐÓir.  

 

/ÙÖÑÌÕÐÕɯ ÔÌÒÈÕÐÒɯ ÐÚÒÌÓÌÛÐÕÐÕɯ ÖÓÜıÛÜÙÜÓÔÈÚċɯ ÈıÈÔÈÚċÕËÈɯ ÐÚÌɯ ËÌÕÌÔÌ-àÈÕċÓÔÈɯ ÔÈÓÐàÌÛÓÌÙÐÕÐɯ

ËĹıĹÙÔÌÒɯ ÝÌɯ ×ÈÙñÈÓÈÙċɯ ġáÌÓɯ ġÓñĹÓÌÙËÌɯ ĹÙÌÛÌÉÐÓÔÌÒɯ ÐñÐÕɯ ÉÐÓÎÐÚÈàÈÙɯ ËÌÚÛÌÒÓÐɯ ÛÈÚÈÙċÔɯ àġÕÛÌÔÓÌÙÐÕÌɯ

ÉÈıÝÜÙÜÓÔÜıÛÜÙȭɯ!ÜɯËÖĀÙÜÓÛÜËÈɯ ÜÛÖËÌÚÒɯ%ÜÚÐÖÕɯƗƚƔɯàÈáċÓċÔċɯÒÜÓÓÈÕċÓÈÙÈÒɯÈÓÛɯÎġÝËÌȮɯĹÚÛɯÏÈÙÌÒÌÛÓÐɯÛÈÉÓÈɯ

ÝÌɯÔÖÛÖÙɯÉÈĀÓÈÕÛċɯÈ×ÈÙÈÛÓÈÙċÕċÕɯƗɯÉÖàÜÛÓÜɯÔÖËÌÓÓÌÙÐɯÛÈÚÈÙÓÈÕÔċıÛċÙȭɯ2ÐÚÛÌÔÐÕɯÐÕıÈÚċÕËÈɯÒÜÓÓÈÕċÓÈÕɯÛĹÔɯ

ÈÕÈɯÔÈÛÌÙàÈÓÓÌÙȮɯÚÈÏÐ×ɯÖÓËÜÒÓÈÙċɯÛÌÒÕÐÒɯġáÌÓÓÐÒÓÌÙɯÝÌɯÔÌÒÈÕÐáÔÈɯÐñÐÕËÌÒÐɯÎġÙÌÝÓÌÙÐɯ3ÈÉÓÖɯƕɀËÌɯËÌÛÈàÓċɯ

ÖÓÈÙÈÒɯÝÌÙÐÓÔÐıÛÐÙȭ 

  



 

Akar vd.  ÓÛċɯ2ÌÙÉÌÚÛÓÐÒɯ#ÌÙÌÊÌÓÐɯ3Ö×-/ÓÈÒÈɯ2ÐÚÛÌÔÐÕÐÕɯ&ĹÙÉĹáɯ*ÖÕÛÙÖÓĹ 

ƕƛ 

3ÈÉÓÖɯƕȭɯ2ÐÚÛÌÔɯ3ÈÚÈÙċÔċÕËÈɯ*ÜÓÓÈÕċÓÈÕɯ#ÖÕÈÕċÔɯ!ÐÓÌıÌÕÓÌÙÐɯÝÌɯ&ġÙÌÝÓÌÙÐ 

Malzeme 3ÌÒÕÐÒɯxáÌÓÓÐÒɯɤɯ

Model  

Adet  2ÐÚÛÌÔËÌÒÐɯ&ġÙÌÝÐ 

Servo Motor  Tower Pro MG996 ɬ 

1"ɯƕƜƔȘɯ2ÌÙÝÖɯ,ÖÛÖÙ  

6  6 eksenli Stewart platformunun hareket 

ÛÈÏÙÐÒÐÕÐɯÚÈĀÓÈÔÈÒȰɯÒÖÕÛÙÖÓÊĹËÌÕɯÎÌÓÌÕɯ

ÚÐÕàÈÓÓÌÙÌɯÎġÙÌɯ×ÓÈÛÍÖÙÔÜÕɯÌĀÐÔɯÈñċÓÈÙċÕċɯ

ayarlamak. 

 Ekran Okuyucu 

Kart  

Green Touch Resistif 

Dokunmatik Ekran 

Okuyucu Kart  

1  Dokunmatik panelden gelen analog 

ËÌĀÐıÐÔÓÌÙÐÕÐɯÖÒÜàÈÙÈÒɯËÐÑÐÛÈÓɯÒÖÖÙËÐÕÈÛɯÝÌÙÐÚÐÕÌɯ

ËġÕĹıÛĹÙÔÌÒɯÝÌɯÔÐÒÙÖËÌÕÌÛÓÌàÐÊÐàÌɯÐÓÌÛÔÌÒȭ 

Ekran  10.2 Inch AMT 

Resistive Touch 

Panel 

1  #ÌÕÎÌÓÌÔÌɯÚÐÚÛÌÔÐɯĹáÌÙÐÕËÌÒÐɯÛÖ×ÜÕɯÈÕÓċÒɯ

ÒÖÕÜÔÜÕÜɯÈÓÎċÓÈàÈÕɯÒÈ×ÈÓċɯñÌÝÙÐÔɯÎÌÙÐÉÐÓËÐÙÐÔɯ

ÚÌÕÚġÙĹɯÖÓÈÙÈÒɯÐıÓÌÝɯÎġÙÔÌÒȭ 

&ÌÓÐıÛÐÙÔÌɯ*ÈÙÛċ  ESP32-WROM-32 32S 

6ÐÍÐɯ!ÓÜÌÛÖÖÛÏɯIÐÍÛɯ

IÌÒÐÙËÌÒ  

1  2ÐÚÛÌÔÐÕɯÈÕÈɯÐıÓÌÔɯÉÐÙÐÔÐȰɯÒÖÕÜÔɯÚÌÕÚġÙĹÕËÌÕɯ

ÈÓċÕÈÕɯÝÌÙÐÓÌÙÐɯÐıÓÌàÐ×ɯÒÖÕÛÙÖÓɯÈÓÎÖÙÐÛÔÈÓÈÙċÕċɯ

ñÈÓċıÛċÙÈÙÈÒɯÔÖÛÖÙÓÈÙɯÐñÐÕɯÎÌÙÌÒÓÐɯÛÌÛÐÒÓÌÔÌɯ

ÚÐÕàÈÓÓÌÙÐÕÐɯĹÙÌÛÔÌÒȭ 

 ÒÛĹÈÛġÙɯ

!ÈĀÓÈÕÛċɯIÜÉÜĀÜ 

ƕƖɯÊÔɯÜáÜÕÓÜĀÜÕËÈɯ

metal mil  

6  2ÌÙÝÖɯÔÖÛÖÙɯÒÖÓÓÈÙċɯÐÓÌɯĹÚÛɯ×ÓÈÛÍÖÙÔɯÈÙÈÚċÕËÈÒÐɯ

ËÖĀÙÜÚÈÓɯÔÌÒÈÕÐÒɯÉÈĀÓÈÕÛċàċɯÝÌɯÎĹñɯÈÒÛÈÙċÔċÕċɯ

ÚÈĀÓÈÔÈÒȭ 

*ĹÙÌÚÌÓɯ

 ÒÛĹÈÛġÙɯ

!ÈĀÓÈÕÛċɯIÜÉÜÒɯ

!ÈıÓċĀċ  

Ɨ#ɯ!ÈÚÒċ  

(3 cm uzunluk, 5 mm 

ÐñɯñÈ×ȮɯƛɯÔÔɯÒĹÙÌÚÌÓɯ

delik)  

12  'ÈÙÌÒÌÛÓÐɯ×ÈÙñÈÓÈÙɯÈÙÈÚċÕËÈÒÐɯÈñċÚÈÓɯÌÚÕÌÒÓÐĀÐɯ

ÚÈĀÓÈàÈÙÈÒɯ×ÓÈÛÍÖÙÔÜÕɯÚÌÙÉÌÚÛÓÐÒɯ

ËÌÙÌÊÌÚÐÕÒċÚċÛÓÈÔÈËÈÕɯÒÐÕÌÔÈÛÐÒɯÏÈÙÌÒÌÛÐÕÌɯ

ÖÓÈÕÈÒɯÛÈÕċÔÈÒȭ 

Pertinaks Delikli Pertinaks  1  &ÌÓÐıÛÐÙÔÌɯÒÈÙÛċȮɯÚÌÙÝÖɯÔÖÛÖÙɯÎĹñɯËÈĀċÛċÔċɯÝÌɯ

ÚÐÕàÈÓɯÏÈÛÓÈÙċɯÐñÐÕɯÛÌÔÌÓɯÌÓÌÒÛÙÖÕÐÒɯËÌÝÙÌɯ

ÈÓÛàÈ×ċÚċÕċɯÖÓÜıÛÜÙÔÈÒȭ 

Ɨ#ɯ!ÈÚÒċɯ

Malzemesi  

Petg Filament 
 

  /ÓÈÛÍÖÙÔÜÕɯÈÓÛɯÛÈÉÈÕċȮɯĹÚÛɯÛÌ×ÚÐÚÐɯÝÌɯÔÖÛÖÙɯ

ÛÜÛÜÊÜɯàÜÝÈÓÈÙċɯÎÐÉÐɯàÈ×ċÚÈÓɯÔÌÒÈÕÐÒɯ

×ÈÙñÈÓÈÙċÕċÕɯġáÌÓɯġÓñĹÓÌÙËÌɯĹÙÌÛÐÔÐȭ 

2.2. Metot  

 !ÜɯñÈÓċıÔÈËÈȮɯ2ÛÌÞÈÙÛɯ×ÓÈÛÍÖÙÔÜɯĹáÌÙÐÕËÌÒÐɯÛÖ×ÜÕɯÈÕÓċÒɯÒÖÕÜÔÜɯÒÈ×ÈÓċɯñÌÝÙÐÔȮɯÒÖÕÛÙÖÓɯ

ÔÐÔÈÙÐÚÐɯ ÐÓÌɯ ËÌÕÌÛÓÌÕÔÐıÛÐÙȭɯ 2ÐÚÛÌÔÐÕɯ ñÈÓċıÔÈɯ ÔÈÕÛċĀċȰɯ ÛÖ×ÜÕɯ ËÐÕÈÔÐÒɯ ÏÈÙÌÒÌÛɯ ËÌÕÒÓÌÔÓÌÙÐÕÐÕɯ

ÔÈÛÌÔÈÛÐÒÚÌÓɯÖÓÈÙÈÒɯñċÒÈÙċÓÔÈÚċȮɯÒÖÕÜÔɯÝÌÙÐÚÐÕÐÕɯÍÐÓÛÙÌÓÌÕÌÙÌÒɯÖÒÜÕÔÈÚċȮɯÒÖÕÛÙÖÓɯÈÓÎÖÙÐÛÔÈÓÈÙċÕċÕɯ

ÒÖıÛÜÙÜÓÔÈÚċɯÝÌɯÔÖÛÖÙÓÈÙÈɯÛÌÙÚɯÒÐÕÌÔÈÛÐÒɯÐÓÌɯÒÖÔÜÛɯÎġÕËÌÙÐÓÔÌÚÐɯÈıÈÔÈÓÈÙċÕËÈÕɯÖÓÜıÔÈÒÛÈËċÙȭ 

 

2.2.1. Sistemin Dinamik Modeli ve Transfer Fonksiyonu 

  /ÓÈÛÍÖÙÔɯĹáÌÙÐÕËÌÒÐɯÛÖ×ÜÕɯÏÈÙÌÒÌÛÐÕÐɯÒÖÕÛÙÖÓɯÌËÌÉÐÓÔÌÒɯÐñÐÕɯġÕÊÌÓÐÒÓÌɯÚÐÚÛÌÔÐÕɯÔÈÛÌÔÈÛÐÒÚÌÓɯ

modeli Newton -$ÜÓÌÙɯËÌÕÒÓÌÔÓÌÙÐɯÐÓÌɯÏÌÚÈ×ÓÈÕÔċıÛċÙȭɯ3Ö×ÜÕɯ7ɯÌÒÚÌÕÐÕËÌÒÐɯÏÈÙÌÒÌÛÐÕÐɯÛÈÕċÔÓÈàÈÕɯÎÌÕÌÓɯ

ËÐÕÈÔÐÒɯËÌÕÒÓÌÔɯıÜɯıÌÒÐÓËÌËÐÙȯ 

      ά ὼ   ά  ὼ‌  ώ‌‍ ά ὫÓÉÎ‌ π  (1) 

   

 !ÜÙÈËÈɯÔÉÛÖ×ÜÕɯÒĹÛÓÌÚÐÕÐȮɯ(ÉÌàÓÌÔÚÐáÓÐÒɯÔÖÔÌÕÛÐÕÐȮɯÙÉ ÛÖ×ÜÕɯàÈÙċñÈ×ċÕċȮɯÎɯàÌÙñÌÒÐÔÐɯÐÝÔÌÚÐÕÐɯ

ÝÌɯ×ÓÈÛÍÖÙÔÜÕɯ7ɯÌÒÚÌÕÐÕËÌÒÐɯÌĀÐÔɯÈñċÚċÕċɯÛÌÔÚÐÓɯÌÛÔÌÒÛÌËÐÙȭɯ2ÐÚÛÌÔÐɯËÖĀÙÜÚÈÓɯÏÈÓÌɯÎÌÛÐÙÌÉÐÓÔÌÒɯÐñÐÕɯÐÒÐɯ

ġÕÌÔÓÐɯÝÈÙÚÈàċÔɯàÈ×ċÓÔċıÛċÙȯ 

1-/ÓÈÛÍÖÙÔÜÕɯñÈÓċıÔÈɯÈñċÓÈÙċɯÒĹñĹÒɯÖÓËÜĀÜÕËÈÕȮɯÒĹñĹÒɯÈñċɯàÈÒÓÈıċÔċɯÒÜÓÓÈÕċÓÔċıɯÝÌɯÚÐÕɯȹϔȺǽϔɯ

ÒÈÉÜÓɯÌËÐÓÔÐıÛÐÙȭ 



 

Akar vd.  ÓÛċɯ2ÌÙÉÌÚÛÓÐÒɯ#ÌÙÌÊÌÓÐɯ3Ö×-/ÓÈÒÈɯ2ÐÚÛÌÔÐÕÐÕɯ&ĹÙÉĹáɯ*ÖÕÛÙÖÓĹ 

ƕƜ 

2-/ÓÈÛÍÖÙÔÜÕɯñÖÒɯàĹÒÚÌÒɯÏċáÓÈÙËÈɯËġÕÔÌɯÏÈÙÌÒÌÛÐɯàÈ×ÔÈàÈÊÈĀċɯġÕÎġÙĹÓÌÙÌÒȮɯÈñċÚÈÓɯÏċáÓÈÙċÕɯÒÈÙÌÚÐɯ

ÝÌɯñÈÙ×ċÔÓÈÙċɯȹƖǽƔɯÝÌɯǽƔ) ÚċÍċÙÈɯñÖÒɯàÈÒċÕɯÒÈÉÜÓɯÌËÐÓÌÙÌÒɯÐÏÔÈÓɯÌËÐÓÔÐıÛÐÙȭ 

!ÜɯÒÈÉÜÓÓÌÙɯÈÓÛċÕËÈɯËÌÕÒÓÌÔɯÚÈËÌÓÌıÛÐÙÐÓËÐĀÐÕËÌɯÛÖ×ÜÕɯÐÝÔÌÚÐɯıÜɯÏÈÓÐɯÈÓċÙȯ 

ὼ  
ά Ὣ

ά
Ὅ
ὶ

‌ 

(2) 

*ÜÓÓÈÕċÓÈÕɯÛÖ×ɯÐñÐɯËÖÓÜɯÉÐÙɯÒĹÙÌɯÖÓËÜĀÜɯÐñÐÕɯÌàÓÌÔÚÐáÓÐÒɯÔÖÔÌÕÛÐɯ(ÉǻɯƖƙÔÉÙÉƖɯÖÓÈÙÈÒɯÍÖÙÔĹÓÌɯËÈÏÐÓɯ

ÌËÐÓÔÐıÛÐÙȭɯ*ĹÛÓÌɯÝÌɯàÈÙċñÈ×ɯËÌĀÌÙÓÌÙÐɯÚÈËÌÓÌıÛÐĀÐÕËÌȮɯÛÖ×ÜÕɯËÖĀÙÜÚÈÓɯÐÝÔÌÚÐɯÐÓÌɯ×ÓÈÛÍÖÙÔÜÕɯÌĀÐÔɯÈñċÚċɯ

ÈÙÈÚċÕËÈÒÐɯÐÓÐıÒÐɯıÜɯËÌÕÒÓÌÔÌɯËġÕĹıĹÙȯ 

ὼ  
υ

χ
Ὣ‌ 

(3) 

8ÌÙñÌÒÐÔÐɯÐÝÔÌÚÐɯÎǻƝȭƜƕɯÔÚƖÖÓÈÙÈÒɯÈÓċÕËċĀċÕËÈɯÐÝÔÌɯËÌÕÒÓÌÔÐɯßÉǻƛȭƔƔƛϔɯÖÓÈÙÈÒɯÏÌÚÈ×ÓÈÕÔċıÛċÙȭɯ

&ÌÓÌÕÌÒÚÌÓɯ /(#ɯ ÒÖÕÛÙÖÓÊĹÓÌÙÐÕɯ ÚÐÔĹÓÈÚàÖÕɯ ÝÌɯ ÛÈÚÈÙċÔċÕËÈɯ ÒÜÓÓÈÕċÓÔÈÒɯ ĹáÌÙÌȮɯ ÉÜɯ ËÐÍÌÙÈÕÚÐàÌÓɯ

ËÌÕÒÓÌÔÐÕɯ+È×ÓÈÊÌɯËġÕĹıĹÔĹɯÈÓċÕÈÙÈÒɯÚÐÚÛÌÔÐÕɯÚɯËĹáÓÌÔÐÕËÌÒÐɯÛÙÈÕÚÍÌÙɯÍÖÕÒÚÐàÖÕÜɯıÜɯıÌÒÐÓËÌɯÌÓËÌɯ

ÌËÐÓÔÐıÛÐÙȯ 
ὼ ί

‌ί

χȢππχ

ί
 

(4) 

/(#ɯÈÓÎÖÙÐÛÔÈÓÈÙċɯÉÜɯÛÙÈÕÚÍÌÙɯÍÖÕÒÚÐàÖÕÜɯĹáÌÙÐÕËÌÕɯÖÓÈÙÈÒɯÛÈÚÈÙÓÈÕċÙÒÌÕȰɯ+01ɯÝÌɯ+0(ɯÒÖÕÛÙÖÓÊĹÓÌÙÐɯ

ÐñÐÕɯ×ÓÈÛÍÖÙÔÜÕɯÏÈÙÌÒÌÛÐÕÐɯÉÐÙɯÉĹÛĹÕɯÖÓÈÙÈÒɯÌÓÌɯÈÓÈÕɯÔÈÛÙÐÚɯÛÈÉÈÕÓċɯ#ÜÙÜÔ-4áÈàɯÈàÙċÊÈɯÖÓÜıÛÜÙÜÓÔÜıÛÜÙȭ 

Durum -4áÈàɯËÌÕÒÓÌÔÐÕÐɯÖÓÜıÛÜÙÔÈÒɯÐñÐÕȮɯÚÐÚÛÌÔÐÕɯËÜÙÜÔɯÝÌÒÛġÙĹɯÖÓÈÙÈÒȰɯ7ǻȹßȮɯßȮɯàȮàɯȺɯÝÌɯ

×ÓÈÒÈÕċÕɯÈñċÓÈÙċȰɯϔɯÝÌɯϕɯÒÖÕÛÙÖÓɯÎÐÙËÐÚÐɯÖÓÈÙÈÒɯÌÓÌɯÈÓċÕċÙÚÈȮɯÚÐÚÛÌÔÐÕɯËÜÙÜÔɯÜáÈàċɯÎġÚÛÌÙÐÔÐɯÈıÈĀċËÈÒÐɯÎÐÉÐɯ

elde edilir:      

ὢ ὃὢ ὄό (5) 

ὣ ὅὢ (6) 

 

!ÜÙÈËÈɯÚÐÚÛÌÔɯÔÈÛÙÐÚÓÌÙÐɯÈıÈĀċËÈÒÐɯÎÐÉÐËÐÙȯ 

 ὃ  

π ρ π π
π π π π
π π π ρ
π π π π

 , ὄ  Ὣ

π π
ρ π
π π
π ρ

 , ὅ
ρ π π π
π π ρ π

                       

(7) 

8ÜÒÈÙċËÈÒÐɯ ÚÐÚÛÌÔɯ ÛÈÔÈÔÌÕɯ ÒÖÕÛÙÖÓɯ ÌËÐÓÌÉÐÓÐÙɯ ÝÌɯ ÎġáÓÌÔÓÌÕÌÉÐÓÐÙËÐÙȭɯ !ÜÕÜÕɯ ÕÌËÌÕÐȮɯ ÒÖÕÛÙÖÓɯ

ÌËÐÓÌÉÐÓÐÙÓÐÒɯÔÈÛÙÐÚÐɯÐÓÌɯÎġáÌÛÓÌÕÌÉÐÓÐÙÓÐÒɯÔÈÛÙÐÚÐÕÐÕɯÙÈÕÒɯËÌĀÌÙÓÌÙÐÕÐÕɯÏÌÙɯÐÒÐÚÐÕÐÕɯËÌɯÌÓÌɯÈÓċÕÈÕɯÚÐÚÛÌÔɯ

ËÜÙÜÔÜÕÜÕɯÉÖàÜÛÜÕÈɯÌıÐÛɯÖÓÈÊÈÒɯıÌÒÐÓËÌɯÖÓÔÈÚċËċÙȭ 

 

2.2.2. Ters Kinematik Analizi 

 /ÓÈÒÈÕċÕɯÈñċÓÈÙċɯÖÓÈÕɯϔɯÝÌɯϕȮɯËÈÏÈɯġÕÊÌɯÌÓËÌɯÌËÐÓÌÕɯÚÐÚÛÌÔÐÕɯÎÐÙÐıÓÌÙÐɯÖÓËÜĀÜÕËÈÕȮɯÈÓÛċɯÈËÌÛɯÚÌÙÝÖɯ

ÔÖÛÖÙÜÕɯÎÌÙÌÒÓÐɯÈñċÓÈÙċÕċɯÉÌÓÐÙÓÌÔÌÒɯÐñÐÕɯÛÌÙÚɯÒÐÕÌÔÈÛÐÒɯÈÕÈÓÐáÐÕÌɯÐÏÛÐàÈñɯËÜàÜÓÔÈÒÛÈËċÙȭɯ ÓÛċɯÌÒÚÌÕÓÐɯ

top dengeleme robot platformu, servo motorlara dayanan  ÈÓÛċɯÈËÌÛɯËġÕÌÙɯÈÒÛĹÈÛġÙɯÒÜÓÓÈÕÔÈÒÛÈËċÙȭɯ3ÌÙÚɯ

ÒÐÕÌÔÈÛÐÒɯËÌÕÒÓÌÔÓÌÙÐɯ©ÌÒÐÓÓÌÙɯƕ-ƘɀËÌɯÝÌÙÐÓÌÕɯ×ÈÙÈÔÌÛÙÌÓÌÙɯÒÜÓÓÈÕċÓÈÙÈÒɯÖÓÜıÛÜÙÜÓÔÜıÛÜÙȭ 

 



 

Akar vd.  ÓÛċɯ2ÌÙÉÌÚÛÓÐÒɯ#ÌÙÌÊÌÓÐɯ3Ö×-/ÓÈÒÈɯ2ÐÚÛÌÔÐÕÐÕɯ&ĹÙÉĹáɯ*ÖÕÛÙÖÓĹ 

ƕƝ 

©ÌÒÐÓɯƕȭ 2ÐÚÛÌÔÐÕɯÒÖÖÙËÐÕÈÛÓÈÙċɯÝÌɯÛÌÙÚɯÒÐÕÌÔÈÛÐÒɯÐñÐÕɯÒÜÓÓÈÕċÓÈÕɯÝÌÒÛġÙÓÌÙɯÎġÚÛÌÙÐÔÐɯȻƚȼ 

 

©ÌÒÐÓɯƖȭ BiÝÌÒÛġÙĹɯÝÌɯÈñċÓÈÙċÕɯÎġÚÛÌÙÐÔÐ 

 

©ÌÒÐÓɯƗȭ ²ÚÛɯ×ÓÈÒÈɯÝÌɯ/Ð ÝÌÒÛġÙĹÕĹÕɯÎġÚÛÌÙÐÔÐ 

 

©ÌÒÐÓɯƘȭ +ÐɯËÌĀÐıÒÌÕɯÝÌɯÚÈÉÐÛɯ×ÈÙÈÔÌÛÙÌÓÌÙÐÕɯÎġÚÛÌÙÐÔÐɯȻƚȼ 

Ὑ
ÃÏÓ‍ ÓÉÎ‌ÓÉÎ‍ ÃÏÓ‌ ÃÏÓ‌ÓÉÎ‍ ÓÉÎ‌
π ÃÏÓ‌ ÓÉÎ‌
ÓÉÎ‍ ÓÉÎ‌ÃÏÓ‍ ÃÏÓ‌ÃÏÓ‍

ȟὝ  

ὼ
ώ
ᾀ
                                

(8) 

  

ὖ  Ὑὖ  Ὕ                     (9) 



 

Akar vd.  ÓÛċɯ2ÌÙÉÌÚÛÓÐÒɯ#ÌÙÌÊÌÓÐɯ3Ö×-/ÓÈÒÈɯ2ÐÚÛÌÔÐÕÐÕɯ&ĹÙÉĹáɯ*ÖÕÛÙÖÓĹ 

ƖƔ 

ὒ ὖ ὄ  (10) 

3ÈÚÈÙÓÈÕÈÕɯ+01ɯËÌÕÌÛÓÌàÐÊÐÚÐɯÐñÐÕɯÚÐÚÛÌÔÐÕɯËÜÙÜÔ-ÜáÈàɯÛÌÔÚÐÓÐɯÒÜÓÓÈÕċÓÈÙÈÒȮɯÒÖÕÛÙÖÓɯÔÈÓÐàÌÛÐɯÐÓÌɯ

àġÙĹÕÎÌɯÏÈÛÈÚċɯÈÙÈÚċÕËÈÒÐɯËÌÕÎÌàÐɯÚÈĀÓÈàÈÕɯÔÈÓÐàÌÛɯÍÖÕÒÚÐàÖÕÜɯ#ÌÕÒÓÌÔɯƜɀËÌɯÛÈÕċÔÓÈÕÔċıÛċÙȭɯ!Üɯ

ÍÖÕÒÚÐàÖÕÜɯÔÐÕÐÔÐáÌɯÌËÌÕɯÝÌɯÚÐÚÛÌÔÐÕɯÒÈÙÈÙÓċÓċĀċÕċɯÎÈÙÈÕÛÐɯÈÓÛċÕÈ ÈÓÈÕɯÖ×ÛÐÔÈÓɯÒÈáÈÕñɯÔÈÛÙÐÚÐÕÐÕɯ*ɯ

ÏÌÚÈ×ÓÈÕÔÈɯàġÕÛÌÔÐɯ#ÌÕÒÓÌÔɯƝɀËÈɯÚÜÕÜÓÔÜıÛÜÙȭɯ+0(ɯÒÖÕÛÙÖÓÊĹɯÛÈÚÈÙċÔċÕËÈɯÐÚÌȮɯÉÜɯÔÈÛÌÔÈÛÐÒÚÌÓɯ

àÈ×ċàÈɯÉÐÙɯÐÕÛÌÎÙÈÓɯËÜÙÜÔɯËÌĀÐıÒÌÕÐɯËÈÏÐÓɯÌËÐÓÌÙÌÒɯÖÓÜıÛÜÙÜÓÈÕɯÎÌÕÐıÓÌÛÐÓÔÐıɯËÜÙÜÔ-uzay modeli 

#ÌÕÒÓÌÔɯ ƕƔɀËÈɯ ÎġÚÛÌÙÐÓÔÐıÛÐÙȭɯ !Üɯ ÌÕÛÌÎÙÈÚàÖÕɯ ÚÈàÌÚÐÕËÌȮɯ +01ɅċÕɯ ÚÈĀÓÈËċĀċɯ ËÐÕÈÔÐÒɯ ×ÌÙÍÖÙÔÈÕÚɯ

ÒÖÙÜÕÜÙÒÌÕȮɯÒÈÓċÊċɯËÜÙÜÔɯÏÈÛÈÓÈÙċɯÛÈÔÈÔÌÕɯÖÙÛÈËÈÕɯÒÈÓËċÙċÓÈÙÈÒɯÙÌÍÌÙÈÕÚɯàġÙĹÕÎÌÓÌÙÐÕɯÚċÍċÙÈɯàÈÒċÕɯÏÈÛÈɯ

ÐÓÌɯÛÈÒÐÉÐɯÉÈıÈÙċÓÔċıÛċÙȭ 

 

ƖȭƖȭƗȭɯ2ÐÔĹÓÈÚàÖÕɯ,ÖËÌÓÐ 

$ÓËÌɯ ÌËÐÓÌÕɯ ÔÈÛÌÔÈÛÐÒÚÌÓɯ ËÐÕÈÔÐÒɯ ÔÖËÌÓɯ ÝÌɯ ÛÌÙÚɯ ÒÐÕÌÔÈÛÐÒɯ ËÌÕÒÓÌÔÓÌÙÐÕÐÕɯ ËÖĀÙÜÓÈÔÈÚċÕċɯ

àÈ×ÔÈÒȮɯÈàÙċÊÈɯÒÖÕÛÙÖÓɯÈÓÎÖÙÐÛÔÈÓÈÙċÕċÕɯ/(#Ȯɯ+01Ȯɯ+0(ɯÍÐáÐÒÚÌÓɯËÖÕÈÕċÔÈɯÜàÎÜÓÈÕÔÈËÈÕɯġÕÊÌÒÐɯÛÌÖÙÐÒɯ

ÓÐÔÐÛÓÌÙÐÕÐɯ ÉÌÓÐÙÓÌÔÌÒɯ ÈÔÈÊċàÓÈɯ ©ÌÒÐÓɯ ƙɀÛÌÒÐɯ , 3+ !ɤ2ÐÔÜÓÐÕÒɯ ÖÙÛÈÔċÕËÈɯbir sistem modeli 

ÖÓÜıÛÜÙÜÓÔÜıÛÜÙȭ  

 

.ÓÜıÛÜÙÜÓÈÕɯÉÜɯÚÐÔĹÓÈÚàÖÕɯÔÖËÌÓÐÕËÌȰɯÛÖ×ÜÕɯÏÈÙÌÒÌÛÐÕÐɯÛÌÔÚÐÓɯÌËÌÕɯÛÙÈÕÚÍÌÙɯÍÖÕÒÚÐàÖÕÜɯÝÌɯ

durum -ÜáÈàɯ ÔÈÛÙÐÚÓÌÙÐȮɯ ÎÌÙÐɯ ÉÌÚÓÌÔÌɯ ËġÕÎĹÚĹɯ ÝÌɯ ÒÖÕÛÙÖÓÊĹɯ ÉÓÖÒÓÈÙċɯ ÉÐÙÉÐÙÐÕÌɯ ÌÕÛÌÎÙÌɯ ÌËÐÓÔÐıÛÐÙȭɯ

*ÖÕÛÙÖÓÊĹÓÌÙËÌÕɯñċÒÈÕɯËĹáÌÓÛÐÊÐɯÝÌɯÌĀÐÔɯÈñċÓÈÙċȮɯÚÈÕÈÓɯÚÐÚÛÌÔÌɯÜàÎÜÓÈÕÈrak topun hedeflenen X ve Y 

ÒÖÖÙËÐÕÈÛÓÈÙċÕÈɯÕÌɯÒÈËÈÙɯÚĹÙÌËÌɯÝÌɯàĹáËÌɯÒÈñɯÈıċÔɯÐÓÌɯÖÛÜÙËÜĀÜɯÈÕÈÓÐáɯÌËÐÓÔÐıÛÐÙȭ 

©ÌÒÐÓɯƙȭ , 3+ !ɤ2ÐÔÜÓÐÕÒɯÖÙÛÈÔċÕËÈɯÖÓÜıÛÜÙÜÓÈÕɯÚÐÚÛÌÔɯÔÖËÌÓÐ 

2ÐÚÛÌÔÐÕɯÔÖËĹÓÌÙɯàÈ×ċÚċÕċɯÝÌɯÒÖÕÛÙÖÓɯÏÐàÌÙÈÙıÐÚÐÕÐɯÎġÚÛÌÙÔÌÒɯÈËċÕÈȰɯÙÌÍÌÙÈÕÚɯàġÙĹÕÎÌɯĹÙÌÛÌñÓÌÙÐÕÌɯ

ÈÐÛɯÈÓÛɯÚÐÚÛÌÔɯÉÓÖÒɯËÐàÈÎÙÈÔÓÈÙċɯ©ÌÒÐÓɯƚȮɯƛɯÝÌɯƜɀËÌȰɯËÌÕÌÛÐÔɯÈÓÎÖÙÐÛÔÈÓÈÙċÕÈɯȹ/(#Ȯɯ+01Ȯɯ+0(ȺɯÈÐÛɯÒÖÕÛÙÖÓġÙɯ

àÈ×ċÓÈÙċɯÐÚÌɯÚċÙÈÚċàÓÈɯ©ÌÒÐÓɯƝȮɯƕƔɯÝÌɯƕƕɀËÌɯÝÌÙÐÓÔÐıÛÐÙȭ 



 

Akar vd.  ÓÛċɯ2ÌÙÉÌÚÛÓÐÒɯ#ÌÙÌÊÌÓÐɯ3Ö×-/ÓÈÒÈɯ2ÐÚÛÌÔÐÕÐÕɯ&ĹÙÉĹáɯ*ÖÕÛÙÖÓĹ 

Ɩƕ 

 
 

 

©ÌÒÐÓɯƚȭ #ÈÐÙÌɯ1ÌÍÌÙÈÕÚċ ©ÌÒÐÓɯƛȭ *ÈÙÌɯ1ÌÍÌÙÈÕÚċ ©ÌÒÐÓɯƜȭ Sekiz 

1ÌÍÌÙÈÕÚċ 

 

©ÌÒÐÓɯƝȭ /(#ɯ*ÖÕÛÙÖÓġÙɯ3ÈÚÈÙċÔċ 

 

©ÌÒÐÓɯƕƔȭ +01ɯ*ÖÕÛÙÖÓġÙɯ3ÈÚÈÙċÔċ 



 

Akar vd.  ÓÛċɯ2ÌÙÉÌÚÛÓÐÒɯ#ÌÙÌÊÌÓÐɯ3Ö×-/ÓÈÒÈɯ2ÐÚÛÌÔÐÕÐÕɯ&ĹÙÉĹáɯ*ÖÕÛÙÖÓĹ 

ƖƖ 

 

©ÌÒÐÓɯƕƕȭ +0(ɯ*ÖÕÛÙÖÓġÙɯ3ÈÚÈÙċÔċ 

Ɨȭɯ2ÖÕÜñÓÈÙɯÝÌɯ3ÈÙÛċıÔÈ 

!ÜɯÉġÓĹÔËÌȮɯ, 3+ !ɤ2ÐÔÜÓÐÕÒ ÖÙÛÈÔċÕËÈɯÔÈÛÌÔÈÛÐÒÚÌÓɯÔÖËÌÓÐɯÒÜÙÜÓÈÕɯƚɯÚÌÙÉÌÚÛÓÐÒɯËÌÙÌÊÌÓÐɯ

2ÛÌÞÈÙÛɯ×ÓÈÛÍÖÙÔÜÕÜÕɯÒÈ×ÈÓċɯñÌÝÙÐÔɯÒÖÕÛÙÖÓɯ×ÌÙÍÖÙÔÈÕÚċÕÈɯÈÐÛɯÌÓËÌɯÌËÐÓÌÕɯÚÐÔĹÓÈÚàÖÕɯÉÜÓÎÜÓÈÙċɯ

ÚÜÕÜÓÔÜıɯÝÌɯÛÈÙÛċıċÓÔċıÛċÙȭɯ2ÐÚÛÌÔÐÕɯÈÕÓċÒɯËÐÕÈÔÐÒɯËÈÝÙÈÕċıċÕċɯÝÌɯÉÖáÜÊÜɯÌÛÒÐÓÌÙÌɯÒÈÙıċɯÒÈÙÈÙÓċÓċĀċÕċ 

ÈÕÈÓÐáɯ ÌÛÔÌÒɯ ÈÔÈÊċàÓÈȰɯ ÎÌÓÌÕÌÒÚÌÓɯ /(#Ȯɯ ËÜÙÜÔ-ÜáÈàɯ ÛÈÉÈÕÓċɯ +01ɯ ÝÌɯ ÐÕÛÌÎÙÈÓɯ ÌÛÒÐÓÐɯ +0(ɯ ÒÖÕÛÙÖÓɯ

ÈÓÎÖÙÐÛÔÈÓÈÙċɯÛÌÚÛɯÌËÐÓÔÐıÛÐÙȭɯ&ÌÓÐıÛÐÙÐÓÌÕɯÒÖÕÛÙÖÓɯÈÓÎÖÙÐÛÔÈÓÈÙċÕċÕɯËÌÕÎÌÓÌÔÌɯÉÈıÈÙċÓÈÙċɯÒÈÙıċÓÈıÛċÙÔÈÓċɯ

ÖÓÈÙÈÒɯËÌĀÌÙÓÌÕËÐÙÐÓÔÐıÛÐÙȯ 

 

#ÐÕÈÔÐÒɯ8ġÙĹÕÎÌɯ3ÈÒÐÉÐȯɯ3Ö×ÜÕɯ×ÓÈÛÍÖÙÔɯĹáÌÙÐÕËÌɯÉÌÓÐÙÓÌÕÌÕɯÎÌÖÔÌÛÙÐÒɯÙÌÍÌÙÈÕÚÓÈÙċɯȹËÈÐÙÌȮɯÒÈÙÌɯ

ÝÌɯÚÌÒÐáȺɯÛÈÒÐ×ɯÌÛÔÌɯÏÈÚÚÈÚÐàÌÛÐɯÝÌɯÚĹÙÌÒÓÐɯÏÈÓɯÏÈÛÈÚċɯÈÕÈÓÐáÐȭ 

Ɨȭƕȭɯ2ÐÔĹÓÈÚàÖÕɯ2ÖÕÜñÓÈÙċ 

 , 3+ !ɤ2ÐÔÜÓÐÕÒɯÖÙÛÈÔċÕËÈɯÔÖËÌÓÓÌÕÌÕɯƚɯÚÌÙÉÌÚÛÓÐÒɯËÌÙÌÊÌÓÐɯ2ÛÌÞÈÙÛɯ×ÓÈÛÍÖÙÔÜÕÜÕɯÒÈ×ÈÓċɯ

ñÌÝÙÐÔɯÒÖÕÛÙÖÓɯÉÈıÈÙċÚċȮɯËÐÕÈÔÐÒɯàġÙĹÕÎÌɯÛÈÒÐ×ɯÛÌÚÛÓÌÙÐɯÐÓÌɯÈÕÈÓÐáɯÌËÐÓÔÐıÛÐÙȭɯ!ÜɯÛÌÚÛÓÌÙÐÕɯÛÌÔÌÓɯÈÔÈÊċȰɯ

geleneksel PID, durum-ÜáÈàɯÛÈÉÈÕÓċɯ+01ɯÝÌɯÐÕÛÌÎÙÈÓɯÌÛÒÐÓÐɯ+0(ɯÒÖÕÛÙÖÓɯÈÓÎÖÙÐÛÔÈÓÈÙċÕċÕȮɯÚÐÚÛÌÔÌɯ

referans olarak verilen matematiksel geometrileri (daire, kare ve sekiz) izleme yeteneklerini ve X -Y 

ÌÒÚÌÕÓÌÙÐÕËÌÒÐɯÈÕÓċÒɯÒÖÕÜÔɯÏÈÛÈÓÈÙċÕċɯÒÈÙıċÓÈıÛċÙÔÈÓċɯÖÓÈÙÈÒɯËÌĀÌÙÓÌÕËÐÙÔÌÒÛÐÙȭɯ'ÌÙɯĹñɯÒÖÕÛÙÖÓÊĹàÌɯÈÐÛɯ

X-8ɯËĹáÓÌÔÐÕËÌÒÐɯÐÒÐɯÉÖàÜÛÓÜɯÏÈÙÐÛÈɯñċÒÛċÓÈÙċɯÝÌɯáÈÔÈÕɯÌÒÚÌÕÓÐɯàġÙĹÕÎÌɯÛÈÒÐ×ɯÚÈ×ÔÈÓÈÙċɯȹ2ÊÖ×ÌȺȰɯËÈÐÙÌÚÌÓɯ

àġÙĹÕÎÌɯÐñÐÕɯ©ÌÒÐÓɯƕƖɯÝÌɯƕƗɀÛÌȮɯÒÈÙÌɯàġÙĹÕÎÌɯÐñÐÕɯ©ÌÒÐÓɯƕƘɯÝÌɯƕƙɀÛÌȮɯÚÌÒÐáɯàġÙĹÕÎÌÚÐɯÐñÐÕɯÐÚÌɯ©ÌÒÐÓɯƕƚɯÝÌɯ

ƕƛɀËÌɯËÌÛÈàÓċɯÖÓÈÙÈÒɯÚÜÕÜÓÔÜıÛÜÙȭ 

 

Ɨȭƕȭƕȭɯ#ÈÐÙÌÚÌÓɯ8ġÙĹÕÎÌɯ3ÈÒÐÉÐ  

©ÌÒÐÓɯƕƖɯÝÌɯ©ÌÒÐÓɯƕƗɀÛÌɯÚÜÕÜÓÈÕɯËÈÐÙÌÚÌÓɯàġÙĹÕÎÌɯÚÐÔĹÓÈÚàÖÕɯñċÒÛċÓÈÙċɯÐÕÊÌÓÌÕËÐĀÐÕËÌȮɯÚÐÚÛÌÔÐÕɯ

ÚĹÙÌÒÓÐɯËÌĀÐıÌÕɯÛÙÐÎÖÕÖÔÌÛÙÐÒɯÙÌÍÌÙÈÕÚÓÈÙÈɯÝÌÙËÐĀÐɯËÐÕÈÔÐÒɯÛÌ×ÒÐÓÌÙɯÎġÙĹÓÔÌÒÛÌËÐÙȭ  

/(#ɯ *ÖÕÛÙÖÓÊĹȯ 2ĹÙÌÒÓÐɯ àġÕɯ ËÌĀÐıÛÐÙÌÕɯ ÐÝÔÌÓÐɯ ÙÌÍÌÙÈÕÚɯ ÚÐÕàÈÓÐÕÌɯ àÌÛÐıÔÌÒÛÌɯ áÖÙÓÈÕÈÙÈÒɯ ÍÈáɯ

ÎÌÊÐÒÔÌÚÐɯàÈıÈÔċıÛċÙȭɯ!ÜɯËÜÙÜÔȮɯ©ÌÒÐÓɯƕƖ-a'daki X-8ɯÏÈÙÐÛÈÚċÕËÈɯËÈÐÙÌÕÐÕɯÙÌÍÌÙÈÕÚɯÌÒÚÌÕËÌÕɯÒÈàÔÈÚċàÓÈɯ

ÝÌɯ©ÌÒÐÓɯƕƗɅÛÌÒÐɯ2ÊÖ×ÌɯÎÙÈÍÐĀÐÕËÌɯÔÈÝÐɯñÐáÎÐÕÐÕɯÚÈÙċɯÙÌÍÌÙÈÕÚċɯÎÌÙÐËÌÕɯÛÈÒÐ×ɯÌÛÔÌÚÐàÓÌɯÕÌÛɯÉÐÙɯıÌÒÐÓËÌɯ

ÎġÙĹÓÔÌÒÛÌËÐÙȭ 

+01ɯ*ÖÕÛÙÖÓÊĹȯ #ÜÙÜÔɯÎÌÙÐɯÉÌÚÓÌÔÌÚÐɯÚÈàÌÚÐÕËÌɯÍÈáɯÎÌÊÐÒÔÌÚÐÕÐɯÉĹàĹÒɯġÓñĹËÌɯÛÌÓÈÍÐɯÌÛÔÐıɯȹ©ÌÒÐÓɯ

ƕƗȮɯÛÜÙÜÕÊÜɯñÐáÎÐȺɯÝÌɯÛÖ×ÜɯÙÌÍÌÙÈÕÚɯñÐáÎÐàÌɯàÈÒÓÈıÛċÙÔċıÛċÙȭɯ ÕÊÈÒɯÌàÓÌÔÚÐáÓÐÒÛÌÕɯÒÈàÕÈÒÓċɯÖÓÈÙÈÒɯ©ÌÒÐÓɯ

12-ÉɅËÌɯÔÌÙÒÌáËÌÕɯËċıÈɯËÖĀÙÜɯÔÐÕÐÔÈÓɯÉÐÙɯÒÈÓċÊċɯËÜÙÜÔɯÏÈÛÈÚċɯÎġáÓÌÔÓÌÕÔÐıÛÐÙȭ 



 

Akar vd.  ÓÛċɯ2ÌÙÉÌÚÛÓÐÒɯ#ÌÙÌÊÌÓÐɯ3Ö×-/ÓÈÒÈɯ2ÐÚÛÌÔÐÕÐÕɯ&ĹÙÉĹáɯ*ÖÕÛÙÖÓĹ 

ƖƗ 

+0(ɯ*ÖÕÛÙÖÓÊĹȯ dÕÛÌÎÙÈÓɯÌàÓÌÔÐÕÐÕɯÏÈÛÈɯÉÐÙÐÒÐÔÐÕÐɯÚċÍċÙÓÈÔÈɯàÌÛÌÕÌĀÐɯÚÈàÌÚÐÕËÌɯÉÜɯÖÍÚÌÛɯËÌĀÌÙÐÕÐɯ

ÛÈÔÈÔÌÕɯÖÙÛÈËÈÕɯÒÈÓËċÙÔċıÛċÙȭɯ©ÌÒÐÓɯƕƗɅÛÌɯ+0(ɯȹàÌıÐÓɯñÐáÎÐȺɯÙÌÍÌÙÈÕÚɯÐÓÌɯÒÜÚÜÙÚÜáɯÉÐÙɯġÙÛĹıÔÌɯÚÈĀÓÈÙÒÌÕȮɯ

©ÌÒÐÓɯƕƖ-ÊɅËÌɯÐËÌÈÓɯËÈÐÙÌÚÌÓɯÍÖÙÔɯÚċÍċÙɯÚÈ×ÔÈɯÐÓÌɯñÐáÐÓÔÐıÛÐÙȭ 

 

                                      (a)                                                     (b)                                                 (c) 

©ÌÒÐÓɯƕƖȭ #ÈÐÙÌÚÌÓɯÙÌÍÌÙÈÕÚɯàġÙĹÕÎÌÕÐÕɯ7-8ɯËĹáÓÌÔɯÎÌÖÔÌÛÙÐÒɯıÌÒÐÓÓÌÙÐɯȹÈȺɯ/(#ȮɯȹÉȺɯ+01ȮɯȹÊȺɯ+0( 

 

©ÌÒÐÓɯƕƗȭ #ÈÐÙÌÚÌÓɯàġÙĹÕÎÌɯÐñÐÕɯ7ɯÝÌɯ8ɯÌÒÚÌÕÓÌÙÐÕËÌÒÐɯÎÙÈÍÐÒÓÌÙÐȭ 

ƗȭƕȭƖɯ*ÈÙÌɯ8ġÙĹÕÎÌɯ3ÈÒÐÉÐ  

2ÐÚÛÌÔÐÕɯÈÕÐɯàġÕɯËÌĀÐıÐÔÓÌÙÐÕÌɯÝÌɯÚÌÙÛɯÙÌÍÌÙÈÕÚɯÎÌñÐıÓÌÙÐÕÌɯÝÌÙËÐĀÐɯÛÌ×ÒÐàÐɯġÓñÔÌÒɯÈÔÈÊċàÓÈɯÒÈÙÌɯ

àġÙĹÕÎÌɯ ÛÌÚÛÐɯ ÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȭɯ *ÈÙÌɯ àġÙĹÕÎÌȮɯ ÒġıÌÓÌÙËÌÒÐɯ ÚĹÙÌÒÚÐáÓÐÒÓÌÙɯ ÕÌËÌÕÐàÓÌɯ ÌàÓÌÔÚÐáÓÐÒɯ

ÔÖÔÌÕÛÐÕÐÕɯÒÖÕÛÙÖÓÊĹɯĹáÌÙÐÕËÌÒÐɯÌÛÒÐÚÐÕÐɯÌÕɯÕÌÛɯÎġÚÛÌÙÌÕɯÙÌÍÌÙÈÕÚɯÛĹÙĹËĹÙȭɯ©ÌÒÐÓɯƕƘɯÝÌɯ©ÌÒÐÓɯƕƙɀÛÌɯ

ÚÜÕÜÓÈÕɯ ÒÈÙÌɯ àġÙĹÕÎÌɯ ÚÐÔĹÓÈÚàÖÕɯ ñċÒÛċÓÈÙċɯ ÐÕÊÌÓÌÕËÐĀÐÕËÌȮɯ ËÌÕÌÛÐÔɯ ÈÓÎÖÙÐÛÔÈÓÈÙċÕċÕɯ ÎÌñÐÊÐɯ ÙÌÑÐÔɯ

ËÈÝÙÈÕċıÓÈÙċɯÈÙÈÚċÕËÈÒÐɯÍÈÙÒÓÈÙɯÉÌÓÐÙÎÐÕÓÌıÔÌÒÛÌËÐÙȭ 

 

/(#ɯ*ÖÕÛÙÖÓÊĹȯ *ÈÙÌÕÐÕɯÒġıÌÓÌÙÐÕËÌÒÐɯÈÕÐɯÙÌÍÌÙÈÕÚɯËÌĀÐıÐÔÓÌÙÐÕÌɯȹÉÈÚÈÔÈÒɯÌÛÒÐÚÐȺɯÒÈÙıċɯÚÐÚÛÌÔÐÕɯ

ÌàÓÌÔÚÐáÓÐĀÐÕÐɯ ÚġÕĹÔÓÌÔÌÒÛÌɯ àÌÛÌÙÚÐáɯ ÒÈÓÔċıÛċÙȭɯ ©ÌÒÐÓɯ ƕƘ-a'daki X-8ɯ ÏÈÙÐÛÈÚċÕËÈɯ ÎġÙĹÓËĹĀĹɯĹáÌÙÌɯ

ÒġıÌÓÌÙËÌɯÊÐËËÐɯÚÈÝÙÜÓÔÈÓÈÙɯàÈıÈÕÔċıȮɯ©ÌÒÐÓɯƕƙɅÛÌÒÐɯÔÈÝÐɯñÐáÎÐËÌɯÐÚÌɯàĹÒÚÌÒɯÖÙÈÕËÈɯÈıċÔɯÝÌɯàÌÙÓÌıÔÌɯ

ÚĹÙÌÚÐÕÐɯÜáÈÛÈÕɯıÐËËÌÛÓÐɯÚÈÓċÕċÔÓÈÙɯÎġáÓÌÔÓÌÕÔÐıÛÐÙȭ 

+01ɯ*ÖÕÛÙÖÓÊĹȯ #ÜÙÜÔɯÎÌÙÐɯÉÌÚÓÌÔÌÚÐɯÚÈàÌÚÐÕËÌɯ/(#ɅàÌɯÖÙÈÕÓÈɯñÖÒɯËÈÏÈɯÒÈÙÈÙÓċɯÉÐÙɯÛÜÛÜÔɯ

ÚÌÙÎÐÓÌÔÐıɯÝÌɯÚÈÓċÕċÔÓÈÙċɯÏċáÓÈɯÚġÕĹÔÓÌÔÐıÛÐÙȭɯ ÕÊÈÒȮɯ7-8ɯÏÈÙÐÛÈÚċÕËÈɯȹ©ÌÒÐÓɯƕƘ-ÉȺɯÒġıÌÓÌÙËÌÒÐɯÒÌÚÒÐÕɯ



 

Akar vd.  ÓÛċɯ2ÌÙÉÌÚÛÓÐÒɯ#ÌÙÌÊÌÓÐɯ3Ö×-/ÓÈÒÈɯ2ÐÚÛÌÔÐÕÐÕɯ&ĹÙÉĹáɯ*ÖÕÛÙÖÓĹ 

ƖƘ 

ËġÕĹıÓÌÙËÌɯÏÈÍÐÍɯàÜÝÈÙÓÈÕÔÈÓÈÙɯÔÌàËÈÕÈɯÎÌÓÔÐıɯÝÌɯ2ÊÖ×ÌɯÝÌÙÐÚÐÕËÌɯȹ©ÌÒÐÓɯƕƙȮɯÛÜÙÜÕÊÜɯñÐáÎÐȺɯÙÌÍÌÙÈÕÚċÕɯ

ñÖÒɯÈáɯÎÌÙÐÚÐÕËÌɯÒÈÓÈÙÈÒɯÒĹñĹÒɯÉÐÙɯÒÈÓċÊċɯËÜÙÜÔɯÏÈÛÈÚċɯÖÓÜıÛÜÙÔÜıÛÜÙȭ 

+0(ɯ*ÖÕÛÙÖÓÊĹȯ 8È×ċÚċÕËÈÒÐɯÐÕÛÌÎÙÈÓɯÉÓÖĀÜɯÚÈàÌÚÐÕËÌɯÒÈÓċÊċɯËÜÙÜÔɯÏÈÛÈÚċÕċɯÛÈÔÈÔÌÕɯÖÙÛÈËÈÕɯ

ÒÈÓËċÙÔċıÛċÙȭɯ©ÌÒÐÓɯƕƙɅÛÌɯàÌıÐÓɯȹ+0(ȺɯñÐáÎÐÕÐÕɯÚÈÙċɯÙÌÍÌÙÈÕÚɯÚÐÕàÈÓÐÕÌɯÛÈÔɯÜàÜÔɯÚÈĀÓÈËċĀċȮɯ©ÌÒÐÓɯƕƘ-c'deki 

X-8ɯ ÏÈÙÐÛÈÚċÕËÈɯ ÐÚÌɯ ÒġıÌÓÌÙÐÕɯ ÌàÓÌÔÚÐáÓÐÒɯ ÚÈÝÙÜÓÔÈÚċɯ àÈıÈÕÔÈËÈÕɯ ÖÛÖÕÖÔɯ ÖÓarak "keskin" bir 

ËÖĀÙÜÓÜÒÓÈɯËġÕĹÓËĹĀĹɯÒÈÕċÛÓÈÕÔċıÛċÙȭɯ!ÜɯÉÜÓÎÜÓÈÙȮɯ+0(ɯÈÓÎÖÙÐÛÔÈÚċÕċÕɯÈÕÐɯàġÕɯËÌĀÐıÐÔÓÌÙÐÕËÌɯËÈÏÐɯ

ÎĹÙÉĹáɯÉÐÙɯ×ÌÙÍÖÙÔÈÕÚɯÚÜÕËÜĀÜÕÜɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭ 

 

 

                                          (a)                                                  (b)                                                  (c) 

©ÌÒÐÓɯƕƘȭ *ÈÙÌɯÙÌÍÌÙÈÕÚɯàġÙĹÕÎÌÕÐÕɯ7-8ɯËĹáÓÌÔɯÏÈÙÐÛÈÓÈÙċȰɯȹÈȺɯ/(#ȮɯȹÉȺɯ+01ȮɯȹÊȺɯ+0( 

 

©ÌÒÐÓɯƕƙȭ *ÈÙÌɯàġÙĹÕÎÌɯÐñÐÕɯ7ɯÝÌɯ8ɯÌÒÚÌÕÓÌÙÐÕËÌÒÐɯÎÙÈÍÐÒÓÌÙÐȭ 

ƗȭƕȭƗȭɯ2ÌÒÐáɯȹ+ÌÔÕÐÚÒÈÛȺɯ8ġÙĹÕÎÌɯ3ÈÒÐ×ɯ/ÌÙÍÖÙÔÈÕÚċ 

 2ÐÚÛÌÔÐÕɯÚĹÙÌÒÓÐɯËÌĀÐıÌÕɯÐÝÔÌɯÝÌɯËÌĀÐıÒÌÕɯÌĀÙÐÓÐÒɯàÈÙċñÈ×ÓÈÙċÕÈɯÚÈÏÐ×ɯÒÈÙÔÈıċÒɯÙÖÛÈÓÈÙËÈÒÐɯ

ÉÈıÈÙċÚċÕċɯġÓñÔÌÒɯÈÔÈÊċàÓÈɯÚÌÒÐáɯȹÓÌÔÕÐÚÒÈÛȺɯàġÙĹÕÎÌɯÛÌÚÛÐɯÜàÎÜÓÈÕÔċıÛċÙȭɯ!ÜɯÛÌÚÛȮɯ7ɯÝÌɯ8ɯÌÒÚÌÕÓÌÙÐÕÌɯ

ÜàÎÜÓÈÕÈÕɯÙÌÍÌÙÈÕÚɯÚÐÕàÈÓÓÌÙÐÕÐÕɯñÈ×ÙÈáɯÌÛÒÐÓÌıÐÔÐÕÐɯÒÖÕÛÙÖÓÊĹÕĹÕɯËÐÕÈÔÐÒɯÎĹÙÉĹáÓĹĀĹÕĹɯÈÕÈÓÐáɯÌÛÔÌÒɯ

ÐñÐÕɯÒÙÐÛÐÒɯġÕÌÔÌɯÚÈÏÐ×ÛÐÙȭɯ©ÌÒÐÓɯƕƚɯÝÌɯ©ÌÒÐÓɯƕƛɀËÌɯàÌÙɯÈÓÈÕɯÝÌÙÐÓÌÙɯËÖĀÙÜÓÛÜÚÜÕËÈȮɯÒÈÙÔÈıċÒɯàġÙĹÕÎÌɯ

ÛÈÒÐÉÐÕËÌɯÈÓÎÖÙÐÛÔÈÓÈÙċÕɯÚÌÙÎÐÓÌËÐĀÐɯ×ÌÙÍÖÙÔÈÕÚÓÈÙɯıÜɯıÌÒÐÓËÌɯġáÌÛÓÌÕÔÐıÛÐÙȯ 

/(#ɯ*ÖÕÛÙÖÓÊĹȯɯ2ĹÙÌÒÓÐɯËÌĀÐıÌÕɯàġÕɯÝÌɯÐÝÔÌɯËÌĀÌÙÓÌÙÐÕÌɯÜàÜÔɯÚÈĀÓÈÔÈÒÛÈɯÉÌÓÐÙÎÐÕɯÉÐÙɯáÖÙÓÜÒɯ

àÈıÈÔċıÛċÙȭɯ ©ÌÒÐÓɯ ƕƚ-a'daki X-8ɯ ÏÈÙÐÛÈÚċÕËÈɯ ÎġÙĹÓËĹĀĹɯ ĹáÌÙÌȮɯ ġáÌÓÓÐÒÓÌɯ ÔÌÙÒÌáËÌÒÐɯ ñÈ×ÙÈáɯ ÎÌñÐıɯ

ÕÖÒÛÈÓÈÙċÕËÈɯÝÌɯËġÕĹıɯÒÈÝÐÚÓÌÙÐÕËÌɯÙÌÍÌÙÈÕÚɯÎÌÖÔÌÛÙÐËÌÕɯÚÈ×ÔÈÓÈÙɯÔÌàËÈÕÈɯÎÌÓÔÐıÛÐÙȭɯ©ÌÒÐÓɯƕƛɅËÌÒÐɯ



 

Akar vd.  ÓÛċɯ2ÌÙÉÌÚÛÓÐÒɯ#ÌÙÌÊÌÓÐɯ3Ö×-/ÓÈÒÈɯ2ÐÚÛÌÔÐÕÐÕɯ&ĹÙÉĹáɯ*ÖÕÛÙÖÓĹ 

Ɩƙ 

2ÊÖ×ÌɯñċÒÛċÚċÕËÈɯȹÔÈÝÐɯñÐáÎÐȺȮɯ/(#ɅÕÐÕɯÙÌÍÌÙÈÕÚɯÚÐÕàÈÓÐÕÐɯÉÌÓÐÙÎÐÕɯÉÐÙɯÍÈáɯÎÌÊÐÒÔÌÚÐàÓÌɯÛÈÒÐ×ɯÌÛÛÐĀÐɯÝÌɯÉÜɯ

ËÜÙÜÔÜÕɯàġÙĹÕÎÌɯÍÖÙÔÜÕËÈɯÉÖáÜÓÔÈÓÈÙÈɯàÖÓɯÈñÛċĀċɯÚÈ×ÛÈÕÔċıÛċÙȭ 

+01ɯ*ÖÕÛÙÖÓÊĹȯɯ#ÜÙÜÔ-ÜáÈàɯÎÌÙÐɯÉÌÚÓÌÔÌÚÐɯÚÈàÌÚÐÕËÌɯ/(#ɅÕÐÕɯàÈıÈËċĀċɯÚÈÓċÕċÔɯÝÌɯÎÌÊÐÒÔÌɯ

×ÙÖÉÓÌÔÓÌÙÐÕÐɯÉĹàĹÒɯÖÙÈÕËÈɯÔÐÕÐÔÐáÌɯÌÛÔÐıÛÐÙȭɯ©ÌÒÐÓɯƕƚ-ÉɅËÌɯÎġÙĹÓËĹĀĹɯĹáÌÙÌɯÚÌÒÐáɯÍÖÙÔÜɯÎÌÕÌÓɯ

ÏÈÛÓÈÙċàÓÈɯÒÖÙÜÕÔÜıɯÖÓÚÈɯËÈɯÒÈÝÐÚɯÕÖÒÛÈÓÈÙċÕËÈɯÚÐÚÛÌÔÐÕɯÕÖÕ-lineer dinamikl ÌÙÐɯÕÌËÌÕÐàÓÌɯÙÌÍÌÙÈÕÚɯñÐáÎÐɯ

ÐÓÌɯÎÌÙñÌÒÓÌıÌÕɯàġÙĹÕÎÌɯÈÙÈÚċÕËÈɯËÈÙɯÉÐÙɯÖÍÚÌÛɯÏÈÛÈÚċɯÖÓÜıÔÜıÛÜÙȭ 

+0(ɯ*ÖÕÛÙÖÓÊĹȯɯ*ÈÙÔÈıċÒɯàġÙĹÕÎÌɯÛÈÒÐÉÐÕËÌɯÌÕɯĹÚÛĹÕɯ×ÌÙÍÖÙÔÈÕÚċɯÚÌÙÎÐÓÌÔÐıÛÐÙȭɯ©ÌÒÐÓɯƕƛɅËÌÒÐɯ

zaman-ÏÈÛÈɯÎÙÈÍÐĀÐÕËÌɯàÌıÐÓɯȹ+0(ȺɯñÐáÎÐÕÐÕȮɯËÌĀÐıÒÌÕɯÍÙÌÒÈÕÚÓċɯÙÌÍÌÙÈÕÚɯÚÐÕàÈÓÓÌÙÐàÓÌɯÛÈÔɯÉÐÙɯġÙÛĹıÔÌɯ

ÚÈĀÓÈËċĀċɯ ÐáÓÌÕÔÌÒÛÌËÐÙȭɯ ©ÌÒÐÓɯ ƕƚ-c'de sunulan X-8ɯ ÏÈÙÐÛÈÚċȮɯ +0(ɯ ÒÖÕÛÙÖÓÊĹÚĹÕĹÕɯ ÐÕÛÌÎÙÈÓɯ ÌÛÒÐÚÐɯ

ÚÈàÌÚÐÕËÌɯñÈ×ÙÈáɯÎÌñÐıÓÌÙËÌÒÐɯÈÕÐɯËÐÕÈÔÐÒɯËÌĀÐıÐÔÓÌÙÐɯÝÌɯËÌĀÐıÒÌÕɯÌĀÙÐÓÐÒÓÌÙÐɯÚċÍċÙÈɯàÈÒċÕɯÏÈÛÈɯÐÓÌɯ

àġÕÌÛÛÐĀÐÕÐɯ ÒÈÕċÛÓÈÔÈÒÛÈËċÙȭɯ !Üɯ ÚÖÕÜñÓÈÙȮɯ +0(ɯ ÈÓÎÖÙÐÛÔÈÚċÕċÕɯ 2ÛÌÞÈÙÛɯ ×ÓÈÛÍÖÙÔÜɯ ÎÐÉÐɯ ÐÓÌÙÐɯ ËÌÙÌÊÌɯ

ÚÌÙÉÌÚÛÓÐĀÌɯÚÈÏÐ×ɯÚÐÚÛÌÔÓÌÙËÌɯàĹÒÚÌÒɯÏÈÚÚÈÚÐàÌÛÓÐɯÒÖÕÛÙÖÓɯÒÈ×ÈÚÐÛÌÚÐÕÐɯËÖĀÙÜÓÈÔÈÒÛÈËċÙȭ 

 

 

                                      όŀύ                                                     όōύ                                                όŎύ 

©ÌÒÐÓɯƕƚȭ 2ÌÒÐáɯȹÓÌÔÕÐÚÒÈÛȺɯÙÌÍÌÙÈÕÚɯàġÙĹÕÎÌÕÐÕɯ7-8ɯËĹáÓÌÔɯÏÈÙÐÛÈÓÈÙċȰɯȹÈȺɯ/(#ȮɯȹÉȺɯ+01ȮɯȹÊȺɯ+0( 

©ÌÒÐÓɯƕƛȭ 2ÌÒÐáɯȹÓÌÔÕÐÚÒÈÛȺɯàġÙĹÕÎÌÚÐɯÐñÐÕɯ7ɯÝÌɯ8ɯÌÒÚÌÕÓÌÙÐÕËÌÒÐɯÎÙÈÍÐÒÓÌÙÐȭ 

Ƙȭɯ2ÖÕÜñ 

 !ÜɯñÈÓċıÔÈËÈȮɯĹñɯÉÖàÜÛÓÜɯÜáÈàËÈɯÈÕÓċÒɯËÌÕÎÌÓÌÔÌɯÝÌɯàĹÒÚÌÒɯÏÈÚÚÈÚÐàÌÛÓÐɯÒÖÕÜÔÓÈÕËċÙÔÈɯ

ÎÌÙÌÒÚÐÕÐÔÓÌÙÐÕÌɯàÌÕÐÓÐÒñÐɯÉÐÙɯñġáĹÔɯÚÜÕÔÈÒɯÈÔÈÊċàÓÈɯƚɯÌÒÚÌÕÓÐɯÉÐÙɯ2ÛÌÞÈÙÛɯ×ÓÈÛÍÖÙÔÜɯÛÈÚÈÙÓÈÕÔċıɯÝÌɯ

ĹáÌÙÐÕÌɯÌÕÛÌÎÙÌɯÌËÐÓÌÕɯÛÖ×-×ÓÈÒÈɯȹÉÈÓÓɯÈÕËɯ×ÓÈÛÌȺɯÚÐÚÛÌÔÐÕÐÕɯàġÙĹÕÎÌɯÛÈÒÐ×ɯ×ÌÙÍÖÙÔÈÕÚċɯÒÈ×ÚÈÔÓċɯÉÐÙɯ

ıÌÒÐÓËÌɯÐÕÊÌÓÌÕÔÐıÛÐÙȭɯ$ÓËÌɯÌËÐÓÌÕɯËĹıĹÒɯÎÌÊÐÒÔÌÓÐɯÒÖÖÙËÐÕÈÛɯÝÌÙÐÓÌÙÐɯÚÈàÌÚÐÕËÌɯÚÐÚÛÌÔÐÕɯËÐÕÈÔÐÒɯÛÌ×ÒÐɯ



 

Akar vd.  ÓÛċɯ2ÌÙÉÌÚÛÓÐÒɯ#ÌÙÌÊÌÓÐɯ3Ö×-/ÓÈÒÈɯ2ÐÚÛÌÔÐÕÐÕɯ&ĹÙÉĹáɯ*ÖÕÛÙÖÓĹ 

Ɩƚ 

ÚĹÙÌÚÐɯÒċÚÈÓÛċÓÔċıɯÝÌɯÜàÎÜÓÈÕÈÊÈÒɯÒÖÕÛÙÖÓɯÈÓÎÖÙÐÛÔÈÓÈÙċÕċÕɯÚċÕċÙÓÈÙċɯñÖÒɯËÈÏÈɯÕÌÛɯÉÐÙɯıÌÒÐÓËÌɯÛÌÚÛɯÌËÐÓÌÉÐÓÐÙɯ

ÏÈÓÌɯÎÌÓÔÐıÛÐÙȭ 

 

2ÐÚÛÌÔÐÕɯËÖÕÈÕċÔÚÈÓɯÈÓÛàÈ×ċÚċɯÒÜÙÎÜÓÈÕËċÒÛÈÕɯÚÖÕÙÈȮɯƚɯÌÒÚÌÕÓÐɯ×ÈÙÈÓÌÓɯÒÐÕÌÔÈÛÐÒɯàÈ×ċÕċÕɯÝÌɯ

ĹáÌÙÐÕËÌɯÚÌÙÉÌÚÛñÌɯÏÈÙÌÒÌÛɯÌËÌÕɯÛÖ×ÜÕɯËÖĀÙÜÚÈÓɯÖÓÔÈàÈÕɯÒÈÙÔÈıċÒɯÔÈÛÌÔÈÛÐÒÚÌÓɯÔÖËÌÓÐɯñċÒÈÙċÓÔċıÛċÙȭɯ

$ÓËÌɯÌËÐÓÌÕɯÉÜɯËÌÕÒÓÌÔÓÌÙȮɯ, 3+ !ɤ2ÐÔÜÓÐÕÒɯÖÙÛÈÔċÕËÈɯËÜÙÜÔ-uzay teÔÚÐÓÐÕÌɯËġÕĹıÛĹÙĹÓÌÙÌÒɯ

ÒÖÕÛÙÖÓɯÌËÐÓÌÉÐÓÐÙɯÍÖÙÔÈÛÈɯÎÌÛÐÙÐÓÔÐıÛÐÙȭ  

 

3ÈÚÈÙÓÈÕÈÕɯÔÖËÌÓɯĹáÌÙÐÕËÌɯÌÕËĹÚÛÙÐËÌɯÌÕɯàÈàÎċÕɯÒÜÓÓÈÕċÔÈɯÚÈÏÐ×ɯÖÓÈÕɯÒÓÈÚÐÒɯ/(#ȮɯËÜÙÜÔ-uzay 

ÛÈÉÈÕÓċɯÖ×ÛÐÔÈÓɯËÌÕÌÛÓÌàÐÊÐɯ+01ɯÝÌɯÐÕÛÌÎÙÈÓɯÌÛÒÐÓÐɯ+0(ɯÒÖÕÛÙÖÓÊĹɯÈÓÎÖÙÐÛÔÈÓÈÙċɯÒÜÙÎÜÓÈÕÔċıÛċÙȭɯ!ÜɯĹñɯ

ÍÈÙÒÓċɯÈÓÎÖÙÐÛÔÈÕċÕɯÒÈ×ÈÓċɯñÌÝÙÐÔɯàġÙĹÕÎÌɯÛÈÒÐ×ɯ×ÌÙÍÖÙÔÈÕÚÓÈÙċȰɯÚÐÚÛÌÔÐÕɯÓÐÔÐÛÓÌÙÐÕÐɯÍÈÙÒÓċɯıÌÒÐÓÓÌÙËÌɯ

áÖÙÓÈàÈÕɯËÈÐÙÌÚÌÓȮɯÒÈÙÌɯÝÌɯÚÌÒÐáɯȹÓÌÔÕÐÚÒÈÛȺɯÙÌÍÌÙÈÕÚɯÎÌÖÔÌÛÙÐÓÌÙÐɯÒÜÓÓÈÕċÓÈÙÈÒɯÒÈÙıċÓÈıÛċÙÔÈÓċɯÖÓÈÙÈÒɯ

ÈÕÈÓÐáɯÌËÐÓÔÐıÛÐÙȭ 

 

&ÌÙñÌÒÓÌıÛÐÙÐÓÌÕɯËÐÕÈÔÐÒɯÚÐÔĹÓÈÚàÖÕɯÛÌÚÛÓÌÙÐɯÚÖÕÜÊÜÕËÈȮɯÎÌÓÌÕÌÒÚÌÓɯ/(#ɯÒÖÕÛÙÖÓÊĹÕĹÕɯƚɯÌÒÚÌÕÓÐɯ

×ÓÈÛÍÖÙÔÜÕɯàĹÒÚÌÒɯÌàÓÌÔÚÐáÓÐÒɯÔÖÔÌÕÛÐÕÐɯÚġÕĹÔÓÌÔÌËÌɯàÌÛÌÙÚÐáɯÒÈÓËċĀċɯÛÌÚ×ÐÛɯÌËÐÓÔÐıÛÐÙȭɯxáÌÓÓÐÒÓÌɯ

ÒÈÙÌɯàġÙĹÕÎÌɯÛÌÚÛÐÕËÌɯÒġıÌÓÌÙËÌÒÐɯÈÕÐɯàġÕɯËÌĀÐıÐÔÓÌÙÐɯȹÉÈÚÈÔÈÒɯÌÛÒÐÚÐȺɯÌÚÕÈÚċÕËÈɯ/(#ɯÒÖÕÛÙÖÓÊĹÕĹÕȮɯ7ɯ

ÝÌɯ8ɯÌÒÚÌÕÓÌÙÐɯÈÙÈÚċÕËÈÒÐɯñÈ×ÙÈáɯÒÜ×ÓÈÑɯÌÛÒÐÓÌıÐÔÓÌÙÐÕÐɯàġÕÌÛÌÔÌàÌÙÌÒɯàĹÒÚÌÒɯÈıċÔɯȹÖÝÌÙÚÏÖÖÛȺɯÝÌɯ

ÉÌÓÐÙÎÐÕɯÉÐÙɯÍÈáɯÎÌÊÐÒÔÌÚÐɯĹÙÌÛÛÐĀÐɯÎġáÓÌÔÓÌÕÔÐıÛÐÙȭɯ/(#ɅÕÐÕɯÉÜɯàÌÛÌÙÚÐáÓÐĀÐÕÌɯÒÈÙıċÕȮɯÖ×ÛÐÔÈÓɯÒÖÕÛÙÖÓɯ

ÛÌÖÙÐÚÐɯĹáÌÙÐÕÌɯÐÕıÈɯÌËÐÓÌÕɯËÜÙÜÔɯÎÌÙÐɯÉÌÚÓÌÔÌÓÐɯ+01ɯÈÓÎÖÙÐÛÔÈÚċȮɯÚÐÚÛÌÔÐÕɯËÜÙÜÔɯËÌĀÐıÒÌÕÓÌÙÐÕÐɯÔÈÛÙÐÚɯ

ÖÓÈÙÈÒɯÏÌÚÈÉÈɯÒÈÛÛċĀċɯÐñÐÕɯ/(#ɅàÌɯÒċàÈÚÓÈɯ×ÓÈÛÍÖÙÔÜɯñÖÒɯËÈÏÈɯÏċáÓċɯÉÐÙɯıÌÒÐÓËÌɯÒÈÙÈÙÓċɯÏÈÓÌɯÎÌÛÐÙÔÐıɯÝÌɯ

ÚÈÓċÕċÔÓÈÙċɯÚġÕĹÔÓÌÔÐıÛÐÙȭɯ ÕÊÈÒɯ+01ɯÒÖÕÛÙÖÓÊĹȮɯÌÕÌÙÑÐɯÝÌɯÏÈÛÈɯÈÙÈÚċndaki optimal dengeyi kursa da, 

àÈ×ċÚċÕËÈɯÉÐÙɯÐÕÛÌÎÙÈÓɯÔÌÒÈÕÐáÔÈÚċɯÉÈÙċÕËċÙÔÈËċĀċɯÐñÐÕȮɯÚÐÚÛÌÔÐÕɯÍÐáÐÒÚÌÓɯÌàÓÌÔÚÐáÓÐĀÐÕËÌÕɯÒÈàÕÈÒÓÈÕÈÕɯ

ÝÌɯġáÌÓÓÐÒÓÌɯËÈÐÙÌÚÌÓɯÐÓÌɯÚÌÒÐáɯàġÙĹÕÎÌÓÌÙÐÕËÌɯÉÌÓÐÙÎÐÕÓÌıÌÕɯÒĹñĹÒɯÈÔÈɯÚĹÙÌÒÓÐɯÉÐÙɯÒÈÓċÊċɯËÜÙÜÔɯÏÈÛÈÚċɯ

ĹÙÌÛÔÐıÛÐÙȭɯ!ÜÕÈɯÒÈÙıċÕȮɯÒÖÕÛÙÖÓÊĹɯÛÈÚÈÙċÔċÕËÈɯÚÐÚÛÌÔÐÕɯÎÌÕÐıÓÌÛÐÓÔÐıɯËÜÙÜÔɯÔÈÛÙÐÚÐÕÌɯÉÐÙɯÐÕÛÌÎÙÈÓɯ

ËÜÙÜÔɯ ËÌĀÐıÒÌÕÐɯ ÌÒÓÌÕÌÙÌÒɯ ÒÜÙÎÜÓÈÕÈÕɯ +0(ɯ ÈÓÎÖÙÐÛÔÈÚċȮɯ ÏÌÔɯ /(#ɅÕÐÕɯ ÏÌÔɯ ËÌɯ +01ɅċÕɯ ÛĹÔɯ ÉÜɯ

ËÌáÈÝÈÕÛÈÑÓÈÙċÕċɯÎÐËÌÙÔÌàÐɯÉÈıÈÙÔċıÛċÙȭɯ+0(ɯÒÖÕÛÙÖÓÊĹÚĹȮɯÐÕÛÌÎÙÈÓɯÌÛÒÐÚÐɯÚÈàÌÚÐÕËÌɯÚÐÚÛÌÔËÌÒÐɯÎÌñÔÐıɯ

ÏÈÛÈɯÉÐÙÐÒÐÔÓÌÙÐÕÐɯÏÈÍċáÈÚċÕËÈɯÛÜÛÈÙÈÒɯÝÌɯÚĹÙÌÒÓÐɯÖÓÈÙÈÒɯÚċÍċÙÓÈàÈÙÈÒɯÌÕɯĹÚÛĹÕɯ×ÌÙÍÖÙÔÈÕÚċɯÚÌÙÎÐÓÌÔÐıÛÐÙȭɯ

$ÕɯÒÈÙÔÈıċÒɯÍÙÌÒÈÕÚɯËÌĀÐıÐÔÓÌÙÐÕÐÕɯàÈıÈÕËċĀċɯÚÌÒÐáɯȹÓÌÔÕÐÚÒÈÛȺɯàġÙĹÕÎÌÚÐÕËÌÒÐɯñÈ×ÙÈáɯÎÌñÐıÓÌÙËÌɯÝÌɯ

ÒÈÙÌɯàġÙĹÕÎÌÕÐÕɯÚÌÙÛɯÒġıÌÓÌÙÐÕËÌɯËÈÏÐɯÛÖ×Ȯɯ+0(ɯËÌÕÌÛÓÌàÐÊÐÚÐɯÐÓÌɯÙÌÍÌÙÈÕÚɯñÐáÎÐÚÐÕËÌÕɯÚÈ×ÔÈÔċıȰɯÒÈÓċÊċɯ

ËÜÙÜÔɯÏÈÛÈÚċɯÛÈÔÈÔÌÕɯÖÙÛÈËÈÕɯÒÈÓËċÙċÓÈÙÈÒɯÐËÌÈÓɯàġÙĹÕÎÌɯÐÓÌɯġÙÛĹıÔÌɯÚÈĀÓÈÕÔċıÛċÙȭ 

 

2ÖÕÜñɯÖÓÈÙÈÒȰɯËÖÕÈÕċÔÚÈÓɯÒċÚċÛÓÈÔÈÓÈÙċÕɯËÖÒÜÕÔÈÛÐÒɯÌÒÙÈÕÓÈȮɯàÈáċÓċÔÚÈÓɯÒċÚċÛÓÈÔÈÓÈÙċÕɯÐÚÌɯÖ×ÛÐÔÈÓɯ

ÐÕÛÌÎÙÈÓɯÒÖÕÛÙÖÓɯÐÓÌɯÈıċÓËċĀċɯÉÜɯñÈÓċıÔÈËÈȮɯÛÈÚÈÙÓÈÕÈÕɯ+0(ɯËÌÕÌÛÓÌàÐÊÐÚÐÕÐÕɯÌÛÒÐÕÓÐĀÐɯÒÈÕċÛÓÈÕÔċıÛċÙȭɯ

&ÌÓÐıÛÐÙÐÓÌÕɯ+0(ɯÈÓÎÖÙÐÛÔÈÚċÕċÕȮɯƚɯÌÒÚÌÕÓÐɯ2ÛÌÞÈÙÛɯ×ÓÈÛÍormu ve top -×ÓÈÒÈɯÎÐÉÐɯËÖĀÙÜÚÈÓɯÖÓÔÈàÈÕȮɯ

ÌàÓÌÔÚÐáÓÐĀÐɯàĹÒÚÌÒɯÒÈÙÔÈıċÒɯÔÌÒÈÕÐÒɯÚÐÚÛÌÔÓÌÙËÌɯËċıɯÉÖáÜÊÜÓÈÙÈɯÒÈÙıċɯÚÖÕɯËÌÙÌÊÌɯÎĹÙÉĹáɯȹÙÖÉÜÚÛȺȮɯ

ÖÛÖÕÖÔɯÝÌɯàĹÒÚÌÒɯÏÈÚÚÈÚÐàÌÛÓÐɯÉÐÙɯÒÖÕÛÙÖÓɯÔÐÔÈÙÐÚÐɯÚÜÕËÜĀÜɯÉÈıÈÙċàÓÈɯÖÙÛÈàÈɯÒÖÕÔÜıÛÜÙȭ 

 

dÓÌÙÓÌàÌÕɯñÈÓċıÔÈÓÈÙËÈȮɯÚÐÚÛÌÔÐÕɯËċıɯÉÖáÜÊÜɯÌÛÒÌÕÓÌÙÌɯÝÌɯ×ÈÙÈÔÌÛÙÌɯÉÌÓÐÙÚÐáÓÐÒÓÌÙÐÕÌɯÒÈÙıċɯËÐÙÌÕÊÐÕÐɯ

ËÈÏÈɯËÈɯÈÙÛċÙÔÈÒɯÈËċÕÈɯ%Üááàɯȹ!ÜÓÈÕċÒȺɯ,ÈÕÛċÒɯÛÌÔÌÓÓÐɯÒÖÕÛÙÖÓġÙÓÌÙɯÝÌɯ' (H-ÚÖÕÚÜáȺɯÎÐÉÐɯÎĹÙÉĹáɯ

ÒÖÕÛÙÖÓɯÛÌÖÙÐÓÌÙÐɯĹáÌÙÐÕÌɯËÌÙÐÕÓÌÔÌÚÐÕÌɯÈÕÈÓÐáÓÌÙÐÕɯàÈ×ċÓÔÈÚċɯÏÌËÌÍÓÌÕÔÌÒÛÌËÐÙȭɯ!ÜɯÚÈàÌËÌȮɯƚ-DOF 

2ÛÌÞÈÙÛɯ×ÓÈÛÍÖÙÔÓÈÙċÕċÕɯÌÕËĹÚÛÙÐàÌÓɯÏÈÚÚÈÚɯÒÖÕÜÔÓÈÕËċÙÔÈɯÝÌɯÚÈÝÜÕÔÈɯÚÈÕÈàÐÐɯÜàÎÜÓÈÔÈÓÈÙċÕËÈÒÐɯ

ÒÜÓÓÈÕċÔɯ×ÖÛÈÕÚÐàÌÓÐÕÐÕɯÎÌÕÐıÓÌÛÐÓÔÌÚÐɯġÕÎġÙĹÓÔÌÒÛÌËÐÙȭ 
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xáÌÛɯ 

!ÜɯñÈÓċıÔÈËÈɯÒÜÙÜÔÚÈÓɯÌÙÐıÐÔɯÒÖÕÛÙÖÓĹɯ×ÙÖÉÓÌÔÐȮɯ*ċÚċÛɯ2ÈĀÓÈÔÈɯ/ÙÖÉÓÌÔÐɯȹ"ÖÕÚÛÙÈÐÕÛɯ2ÈÛÐÚÍÈÊÛÐÖÕɯ

Problem ɭ "2/Ⱥɯ ñÌÙñÌÝÌÚÐàÓÌɯ àÌÕÐËÌÕɯ ÔÖËÌÓÓÌÕÔÐıɯ ÝÌɯ 9ÌÙÖɯ 3ÙÜÚÛɯ ÔÐÔÈÙÐÚÐÕÌɯ ÜàÎÜÕȮɯ ÖÛÖÔÈÛÐÒɯ

àÌÛÒÐÓÌÕËÐÙÔÌɯĹÙÌÛÌÕɯÉÐÙɯÚÐÚÛÌÔɯÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙȭɯ&ÌÓÌÕÌÒÚÌÓɯ1! "ɯàÈÒÓÈıċÔÓÈÙċÕËÈɯġÓñÌÒɯÉĹàĹËĹÒñÌɯ

×ÖÓÐÛÐÒÈɯñÈÒċıÔÈÓÈÙċÕċÕɯÝÌɯÈıċÙċɯàÌÛÒÐÓÌÕËÐÙÔÌɯÙÐÚÒÓÌÙÐÕÐÕɯàġÕÌÛÐÔÐɯÎÐËÌÙÌÒɯÒÈÙÔÈıċÒɯÏÈÓÌɯÎÌÓÔÌÒÛÌËÐÙȭɯ
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ÈÓÎÖÙÐÛÔÈÚċÕÈɯÒċàÈÚÓÈɯñÖÒɯËÈÏÈɯÈáɯÈÙÈÔÈɯÈËċÔċàÓÈɯñġáĹÔÌɯÜÓÈıċÓÔÈÚċȮɯ,15ɯÚÌáÎÐÚÌÓɯàġÕÛÌÔÐÕÐÕɯ×ÙÈÛÐÒɯ

ÌÛÒÐÕÓÐĀÐÕÐɯÚÖÔÜÛɯÖÓÈÙÈÒɯÖÙÛÈàÈɯÒÖàÔÈÒÛÈËċÙȭɯ²ÙÌÛÐÓÌÕɯÌÙÐıÐÔɯÔatrisi Least Privilege ilkesine uygun 
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Abstract   

In this study, the enterprise access control problem is remodeled using the Constraint Satisfaction 

Problem (CSP) framework, and a system that automatically generates authorization, suitable for a Zero 

Trust architecture, is developed. In traditional RBAC approaches, managing policy conflicts and 

overauthorization risks becomes increasingly complex as the scale grows. This situation particularly 

increases the risks of internal threats and unauthorized access in large-scale enterprise structures. In the 

prop osed model, each pair (department, server) is defined as a CSP variable; business requirements are 

coded as lower bounds, and security policies as upper bounds. Constraints are modeled in three layers: 
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role-based access ceilings, Separation of Duties (SoD) rules, and Zero Trust resource isolation 

requirements. In a 56-variable enterprise network scenario consisting of 7 departments and 8 servers, a 

Backtracking algorithm enhanced with the MRV (Minimum Re maining Values) heuristic method was 

applied. The system reached a valid access matrix that simultaneously satisfies 21 business 

requirements and 13 security constraints in only 91 attempts. Although the theoretical search space is 

ƘƷƸɯǽɯƙȭƕƝɯǺɯƕƔƵƵɯ×ÖÚÚÐÉilities, constraint propagation significantly narrowed this space. Reaching a 

solution with far fewer search steps compared to the straightforward backtracking algorithm concretely 

demonstrates the practical effectiveness of the MRV heuristic method. The generated access matrix 

produces solutions compliant with the Least Privilege principle; it automatically applies critical 

resource isolation and access ceilings. In simulated misassignment scenarios, the system detected and 

rejected policy violations in re al time. The results show that the CSP-based approach offers a 

controllable, scalable, and consistent alternative to manual RBAC management. 

*ÌàÞÖÙËÚȯɯ"ÖÕÚÛÙÈÐÕÛɯ,ÈÕÈÎÌÔÌÕÛɯ/ÙÖÉÓÌÔȮɯ9ÌÙÖɯ3ÙÜÚÛȮɯ ÊÊÌÚÚɯ"ÖÕÛÙÖÓȮɯ+ÌÈÚÛɯ/ÙÐÝÐÓÌÎÌȮɯ,15ɯ

'ÌÜÙÐÚÛÐÊȮɯ1! " 
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Ɩȭɯ3ÌÖÙÐÒɯ ÓÛàÈ×ċ 

Ɩȭƕȭɯ*ċÚċÛɯ2ÈĀÓÈÔÈɯ/ÙÖÉÓÌÔÐ 

*ċÚċÛɯ2ÈĀÓÈÔÈɯ/ÙÖÉÓÌÔÐɯȹ"2/ȺȮɯÉÐÙɯËÌĀÐıÒÌÕÓÌÙɯÒĹÔÌÚÐÕÐÕɯÏÌÙɯÉÐÙÐÕÌȮɯÉÌÓÐÙÓÐɯÒċÚċÛÓÈÙċɯÌıɯáÈÔÈÕÓċɯ

ÖÓÈÙÈÒɯÚÈĀÓÈàÈÊÈÒɯıÌÒÐÓËÌɯËÌĀÌÙɯÈÛÈÕÔÈÚċÕċɯÎÌÙÌÒÛÐÙÌÕɯÔÈÛÌÔÈÛÐÒÚÌÓɯÉÐÙɯñÌÙñÌÝÌËÐÙɯȻƜȼȭɯ!ÐñÐÔÚÌÓɯÖÓÈÙÈÒɯ

ÉÐÙɯ"2/ɯĹñɯÉÐÓÌıÌÕÓÌɯÛÈÕċÔÓÈÕċÙȯ 

CSP = (X, D, C) 

7ɯǻɯȽßƽȮɯßƾȮɯȭȭȭȮɯß} ɭ ËÌĀÌÙɯÈÛÈÕÈÊÈÒɯËÌĀÐıÒÌÕÓÌÙɯÒĹÔÌÚÐ 

#ɯǻɯȽ#ƽȮɯ#ƾȮɯȭȭȭȮɯ#} ɭ ÏÌÙɯËÌĀÐıÒÌÕÐÕɯÈÓÈÉÐÓÌÊÌĀÐɯÖÓÈÚċɯËÌĀÌÙÓÌÙÐÕɯÌÛÒÐɯÈÓÈÕċ 

"ɯǻɯȽÊƽȮɯÊƾȮɯȭȭȭȮɯÊ} ɭ ËÌĀÐıÒÌÕÓÌÙɯÈÙÈÚċÕËÈÒÐɯÎÌñÌÙÓÐÓÐÒɯÒÖıÜÓÓÈÙċ 

!ÐÙɯñġáĹÔȮɯÛĹÔɯÒċÚċÛÓÈÙċɯÌıɯáÈÔÈÕÓċɯÖÓÈÙÈÒɯÒÈÙıċÓÈàÈÕɯÛÈÔɯÉÐÙɯËÌĀÌÙɯÈÛÈÔÈÚċËċÙȭɯ"2/ɯñġáĹÊĹÓÌÙÐÕɯ

ÛÌÔÌÓɯÎĹÊĹȮɯÒċÚÔÐɯÈÛÈÔÈÓÈÙċÕɯÈÙÈÔÈɯÚċÙÈÚċÕËÈɯÚĹÙÌÒÓÐɯÉÜËÈÕÔÈÚċËċÙȰɯÉÜɯÚÈàÌËÌɯÈÙÈÔÈɯÜáÈàċȮɯÒÈÉÈɯ

ÒÜÝÝÌÛɯÈÙÈÔÈàÈɯÒċàÈÚÓÈɯñÈÙ×ċÊċɯÉÐñÐÔËÌɯÒĹñĹÓĹÙɯȻƝȼȭ 

ƖȭƖȭɯ$ÙÐıÐÔɯ*ÖÕÛÙÖÓĹÕĹÕɯ"2/ɯ.ÓÈÙÈÒɯ,ÖËÌÓÓÌÕÔÌÚÐ 

*ÜÙÜÔÚÈÓɯÌÙÐıÐÔɯÒÖÕÛÙÖÓĹɯ×ÙÖÉÓÌÔÐȮɯ"2/ɯÉÐÓÌıÌÕÓÌÙÐÕÌɯıÜɯıÌÒÐÓËÌɯÌıÓÌÕÔÌÒÛÌËÐÙȯ 

#ÌĀÐıÒÌÕÓÌÙɯȹ7Ⱥȯ 'ÌÙɯȹËÌ×ÈÙÛÔÈÕȮɯÚÜÕÜÊÜȺɯñÐÍÛÐɯÉÐÙɯ"2/ɯËÌĀÐıÒÌÕÐɯÖÓÜıÛÜÙÜÙȭɯ!ÜɯñÈÓċıÔÈËÈɯƛɯ

ËÌ×ÈÙÛÔÈÕɯÝÌɯƜɯÚÜÕÜÊÜËÈÕɯÖÓÜıÈÕɯÚÐÚÛÌÔɯÛÈÕċÔÓÈÕÔċıɯÖÓÜ×ɯÛÖ×ÓÈÔɯƙƚɯËÌĀÐıÒÌÕɯÔÌÝÊÜÛÛÜÙȯ 

ὢ    ὨὭ ȟίὮ ȿ ὨὭ ɴ  ὈὩὴὸȟίὮ ɴ  Ὓόὲόὧό ȟ ȿὢȿ υφ  
$ÛÒÐɯ ÓÈÕċɯȹ#Ⱥȯɯ'ÌÙɯËÌĀÐıÒÌÕÐÕɯÈÓÈÉÐÓÌÊÌĀÐɯÐáÐÕɯËĹáÌàÓÌÙÐɯËġÙÛɯËÌĀÌÙËÌÕɯÖÓÜıÜÙȭɯ#ÌĀÌÙÓÌÙɯ+ÌÈÚÛɯ/ÙÐÝÐÓÌÎÌɯ

ÐÓÒÌÚÐÕÌɯÜàÎÜÕɯÖÓÈÙÈÒɯÒċÚċÛÓċËÈÕɯÎÌÕÐıÌɯËÖĀÙÜɯÚċÙÈÓÈÕÔċıÛċÙȯɯ 

ὈὭ  ὔέ ὃὧὧὩίίὙὩὥὨὡὶὭὸὩὉὼὩὧόὸὩ  (2) 

*ċÚċÛÓÈÙɯȹ"Ⱥȯ *ÜÙÜÔÜÕɯÎĹÝÌÕÓÐÒɯ×ÖÓÐÛÐÒÈÓÈÙċÕËÈÕɯÛĹÙÌÛÐÓÌÕɯÒÜÙÈÓÓÈÙɯÐÒÐɯÉÐÓÌıÌÕËÌÕɯÖÓÜıÔÈÒÛÈËċÙȯ 

dıɯ&ÌÙÌÒÚÐÕÐÔÓÌÙÐɯȹÈÓÛɯÚċÕċÙɯÒċÚċÛÓÈÙċȺȯ 'ÌÙɯËÌ×ÈÙÛÔÈÕċÕɯÎġÙÌÝÐÕÐɯàÌÙÐÕÌɯÎÌÛÐÙÌÉÐÓÔÌÚÐɯÐñÐÕɯáÖÙÜÕÓÜɯ

ÔÐÕÐÔÜÔɯÌÙÐıÐÔɯËĹáÌàÐÕÐɯÛÈÕċÔÓÈÙȭɯ!ÜɯñÈÓċıÔÈËÈɯƖƕɯÔÐÕÐÔÜÔɯÌÙÐıÐÔɯÒÜÙÈÓċɯÛÈÕċÔÓÈÕÔċıÛċÙȭɯxÙÕÌÒȯɯ

8ÈáċÓċÔɯËÌ×ÈÙÛÔÈÕċɯ*ÖËɯ2ÜÕÜÊÜÚÜɅÕËÈɯÌÕɯÈáɯExecuteȮɯ%ÐÕÈÕÚɯËÌ×ÈÙÛÔÈÕċɯxËÌÔÌɯ2ÜÕÜÊÜÚÜɅÕËÈɯÌÕɯÈáɯ

Write  àÌÛÒÐÚÐÕÌɯÚÈÏÐ×ɯÖÓÔÈÒɯáÖÙÜÕËÈËċÙȭ 

&ĹÝÌÕÓÐÒɯ /ÖÓÐÛÐÒÈÓÈÙċɯ ȹĹÚÛɯ ÚċÕċÙɯ ÝÌɯ ÐÒÐÓÐɯ ÒċÚċÛÓÈÙȺȯ ƕƗɯ ÒċÚċÛɯ ÒÜÙÈÓċɯ ȹ*ƕɬ*ƕƗȺɯ Ĺñɯ ÒÈÛÌÎÖÙÐËÌɯ

ÔÖËÌÓÓÌÕÔÐıÛÐÙȯ 

1ÖÓɯ3ÈÉÈÕÓċɯ*ċÚċÛÓÈÙɯȹ*ƕɬK6): #Ì×ÈÙÛÔÈÕɯÉÈáċÕËÈɯÔÈÒÚÐÔÜÔɯàÌÛÒÐɯÛÈÝÈÕċȭɯxÙÕÌÒȯɯɆ8ġÕÌÛÐÔɯ

ËÌ×ÈÙÛÔÈÕċɯ*ÖËɯ2ÜÕÜÊÜÚÜɅÕÈɯÌÙÐıÌÔÌáɯȹ*ƚȺȭɆ 

&ġÙÌÝÓÌÙɯ  àÙċÓċĀċɯɭ SoD (K7ɬK9): IċÒÈÙɯ ñÈÛċıÔÈÚċɯ ËÖĀÜÙÈÉÐÓÌÊÌÒɯ àÌÛÒÐɯ ÒÖÔÉÐÕÈÚàÖÕÓÈÙċÕċɯ

àÈÚÈÒÓÈÙȭɯxÙÕÌÒȯɯɆdıÓÌÔɯàÈ×ÈÕɯȹ6ÙÐÛÌȺɯÈàÕċɯáÈÔÈÕËÈɯÖÕÈàɯÝÌÙÌÔÌáɯȹ$ßÌÊÜÛÌȺɯȹ*ƜȺȭɆ 

9ÌÙÖɯ3ÙÜÚÛɯÝÌɯ*ÙÐÛÐÒɯ*ÈàÕÈÒɯ*ċÚċÛÓÈÙċɯȹ*ƕƔɬK13): xÕÌÔÓÐɯÚÜÕÜÊÜÓÈÙċÕɯÐáÖÓÈÚàÖÕÜȭɯxÙÕÌÒȯɯ*ƕƗɯ

ÒÜÙÈÓċȮɯÏÌÙɯÚÜÕÜÊÜËÈɯÌÕɯÍÈáÓÈɯƕɯÈËÌÛɯ$ßÌÊÜÛÌɯàÌÛÒÐÚÐɯÛÈÕċÔÓÈÕÔÈÚċÕÈɯÐáÐÕɯÝÌÙÌÙÌÒɯÒÙÐÛÐÒɯÚÐÚÛÌÔÓÌÙÐɯ

ÒÖÙÜÔÈɯÈÓÛċÕÈɯÈÓċÙȭ 

!ÜɯĹñɯÒÈÛÌÎÖÙÐÕÐÕɯÉÐÙÓÐÒÛÌɯÔÖËÌÓÓÌÕÔÌÚÐȮɯÛÌÒÐÓɯ×ÖÓÐÛÐÒÈɯÒÖÕÛÙÖÓÓÌÙÐÕÐÕɯàÈÒÈÓÈàÈÔÈËċĀċɯÉÐÓÌıÐÒɯ

ihlallerin ɭ ġÙÕÌĀÐÕɯ*ƝɅËÈÒÐɯd*ɯËÌ×ÈÙÛÔÈÕċÕċÕɯ!ÖÙËÙÖ-6ÙÐÛÌɯÐÓÌɯ,ĹıÛÌÙÐ-Write kombinasyonu gibi ikili 

SoD ihlallerinin ɭ ÖÛÖÔÈÛÐÒɯÖÓÈÙÈÒɯÌÕÎÌÓÓÌÕÔÌÚÐÕÐɯÚÈĀÓÈÙȭ 

 

ƖȭƗɯ"2/ɯ3ÈÉÈÕÓċɯ8ÈÒÓÈıċÔċÕɯ$ÙÐıÐÔɯ*ÖÕÛÙÖÓĹɯ ñċÚċÕËÈÕɯ#ÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐ 

xÕÌÙÐÓÌÕɯÒċÚċÛɯÛÈÉÈÕÓċɯàÈÒÓÈıċÔċÕɯàÌÛÌÕÌÒÓÌÙÐÕÐɯÓÐÛÌÙÈÛĹÙËÌɯàÌÙɯÈÓÈÕɯÎÌÓÌÕÌÒÚÌÓɯÌÙÐıÐÔɯÒÖÕÛÙÖÓɯ

ÔÖËÌÓÓÌÙÐÕËÌÕɯ ÈàċÙÛɯ ÌËÌÉÐÓÔÌÒɯ ÈÔÈÊċàÓÈɯ ÒÈÙıċÓÈıÛċÙÔÈÓċɯ ÉÐÙɯ ËÌĀÌÙÓÌÕËÐÙÔÌɯ àÈ×ċÓÔċıÛċÙȭɯ !Üɯ

ÒÈÙıċÓÈıÛċÙÔÈËÈȰɯÒÜÙÈÓɯñÈÒċıÔÈÓÈÙċÕċÕɯÛÌÚ×ÐÛÐȮɯÎĹÝÌÕÓÐÒɯ×ÖÓÐÛÐÒÈÓÈÙċÕċÕɯËÐÕÈÔÐÒɯÖÓÈÙÈÒɯĹÙÌÛÐÓÌÉÐÓÔÌÚÐɯÝÌɯ

ÚÐÚÛÌÔɯġÓñÌÒÓÌÕÌÉÐÓÐÙÓÐĀÐɯÎÐÉÐɯÛÌÔÌÓɯġÓñĹÛÓÌÙɯËÐÒÒÈÛÌɯÈÓċÕÔċıÛċÙȭɯ,ÌÝÊÜÛɯàÈÒÓÈıċÔÓÈÙċÕɯÚċÕċÙÓċÓċÒÓÈÙċÕċɯÝÌɯ

"2/ɯÛÈÉÈÕÓċɯÔÖËÌÓÐÕɯÚÈĀÓÈËċĀċɯÖ×ÌÙÈÚàÖÕÌÓɯÈÝÈÕÛÈÑÓÈÙċɯġáÌÛÓÌàÌÕɯÒÈÙıċÓÈıÛċÙÔÈɯÚÖÕÜñÓÈÙċɯ3ÈÉÓÖɯƕɀËÌɯ

ÚÜÕÜÓÔÈÒÛÈËċÙȭ 

  



Uzun ve Arpa, Constraint Satisfaction /ÙÖÉÓÌÔɯ8ÈÒÓÈıċÔċàÓÈɯ9ÌÙÖɯ3ÙÜÚÛɯ.ÙÛÈÔÓÈÙċÕËÈɯ.ÛÖÔÈÛÐÒɯ

8ÌÛÒÐÓÌÕËÐÙÔÌɯÝÌɯ$ÙÐıÐÔɯ.×ÛÐÔÐáÈÚàÖÕÜ 

Ɨƕ 

3ÈÉÓÖɯƕȭɯ$ÙÐıÐÔɯÒÖÕÛÙÖÓɯàÈÒÓÈıċÔÓÈÙċÕċÕɯÒÈÙıċÓÈıÛċÙċÓÔÈÚċ 

 

xáÌÓÓÐÒ Manuel RBAC ABAC  
"2/ɯ3ÈÉÈÕÓċɯȹ!Üɯ

IÈÓċıÔÈȺ 

*ÜÙÈÓɯñÈÒċıÔÈÚċɯÛÌÚ×ÐÛÐ ṍ dÕÚÈÕɯÒÖÕÛÙÖÓĹÕÌɯÉÈĀÓċ *ċÚÔÐ ṉ Otomatik ve garanti  

2Ö#ɯÐÏÓÈÓÐɯÒÖÕÛÙÖÓĹ ṍ *ċÚÔÐ ṉ *ċÚċÛɯÖÓÈÙÈÒɯÔÖËÌÓÓÌÕÐÙ 

Least Privilege garantisi ṍ ṍ ṉ Algoritmik  

/ÖÓÐÛÐÒÈɯĹÙÌÛÐÔÐ 

xÓñÌÒÓÌÕÌÉÐÓÐÙÓÐÒ 

Denetlenebilirlik  

Manuel  

#ĹıĹÒ 

9ÈàċÍ 

Manuel  

dàÐ 

Orta 

ṉ Otomatik  

dàÐ 

ṉ Tam izlenebilir  

 

IÖÒ-ÈÓÈÕÓċɯ1! "ɯÜàÎÜÓÈÔÈÓÈÙċÕËÈɯÙÖÓɯÈËÓÈÕËċÙÔÈɯñÈÒċıÔÈÓÈÙċȮɯ×ÓÈÛÍÖÙÔ-ÈÓÈÕɯàġÕÌÛÐÔɯñÈÛċıÔÈÓÈÙċɯ

ÝÌɯñÈ×ÙÈáɯÈÓÈÕɯ×ÈàÓÈıċÔɯÎĹñÓĹÒÓÌÙÐȮɯÓÐÛÌÙÈÛĹÙËÌɯÜáÜÕɯÚĹÙÌËÐÙɯñġáĹÓÔÌÔÐıɯÛÌÔÌÓɯ×ÙÖÉÓÌÔÓÌÙɯÖÓÈÙÈÒɯ

ÝÈÙÓċĀċÕċɯÚĹÙËĹÙÔÌÒÛÌËÐÙɯȻƚȼȭɯ7 ",+ɯÛÈÉÈÕÓċɯÌÙÐıÐÔɯÒÖÕÛÙÖÓɯàÈÒÓÈıċÔÓÈÙċɯÍÖÙÔÈÓɯËÖĀÙÜÓÈÔÈɯÐÔÒäÕċɯ

ÚÜÕÔÈÒÓÈɯÉÐÙÓÐÒÛÌȮɯÉÜɯàġÕÛÌÔÓÌÙɯËÖĀÈÚċɯÎÌÙÌĀÐɯàÈÓÕċáÊÈɯÔÌÝÊÜÛɯ×ÖÓÐÛÐÒÈÓÈÙċÕɯÛÜÛÈÙÓċÓċĀċÕċɯËÌÕÌÛÓÌÔÌÒÓÌɯ

ÚċÕċÙÓċɯÒÈÓÔÈÒÛÈɯÝÌɯ×ÖÓÐÛÐÒÈɯĹÙÌÛÐÔÐÕÐɯÖÛÖÔÈÛÐÒÓÌıÛÐÙÔÌɯÒÖÕÜÚÜÕËÈɯàÌÛÌÙÚÐáɯÒÈÓÔÈÒÛÈËċÙɯȻƛȼȭɯ!ÜɯËÜÙÜÔȮɯ

modern kurumsal sisteÔÓÌÙËÌɯÎÐËÌÙÌÒɯÈÙÛÈÕɯËÐÕÈÔÐÒɯÒÜÓÓÈÕċÊċɯàÈ×ċÓÈÙċȮɯñÖÒɯÈÓÈÕÓċɯ×ÖÓÐÛÐÒÈɯÌÛÒÐÓÌıÐÔÓÌÙÐɯ

ÝÌɯ ÎġÙÌÝÓÌÙɯ ÈàÙċÓċĀċɯ ȹ2Ö#Ⱥɯ ÎÐÉÐɯ ÒÈÙÔÈıċÒɯ ÒċÚċÛÓÈÙɯ Îġáɯ ġÕĹÕÌɯ ÈÓċÕËċĀċÕËÈȮɯ ÔÌÝÊÜÛɯ àÈÒÓÈıċÔÓÈÙċÕɯ

ġÓñÌÒÓÌÕÌÉÐÓÐÙÓÐÒɯÝÌɯÜàÎÜÓÈÕÈÉÐÓÐÙÓÐÒɯÈñċÚċÕËÈÕɯÊÐËËÐɯÚċÕċÙÓÈÔÈÓÈÙɯÛÈıċËċĀċÕċɯÖÙÛÈàÈɯÒÖàÔÈÒÛÈËċÙɯȻƕƔȼȭɯ

-ÐÛÌÒÐÔɯÎĹÕÊÌÓɯñÈÓċıÔÈÓÈÙċÕɯÉĹàĹÒɯñÖĀÜÕÓÜĀÜɯ×ÖÓÐÛÐÒÈɯËÖĀÙÜÓÈÔÈɯÝÌɯÐÏÓÈÓɯÛÌÚ×ÐÛÐɯ×ÙÖÉÓÌÔÓÌÙÐÕÌɯ

ÖËÈÒÓÈÕÔÈÒÛÈȮɯÈÕÊÈÒɯÉÜɯàÈÒÓÈıċÔÓÈÙɯÌÙÐıÐÔɯÒÖÕÛÙÖÓɯ×ÙÖÉÓÌÔÐÕÐɯÉĹÛĹÕÊĹÓɯÖÓÈÙÈÒɯÌÓÌɯÈÓÔÈÒɯàÌÙÐÕÌɯ

àÈÓÕċáÊÈɯÛÈÕċÔÓÈÕÔċıɯÒÜÙÈÓÓÈÙċÕɯÒÖÕÛÙÖÓĹɯÐÓÌ ÚċÕċÙÓċɯÒÈÓÔÈÒÛÈËċÙɯȻƕƕȼȭ 

 

!ÜÕÈɯ ÒÈÙıċÓċÒɯ ÒċÚċÛɯ ÛÈÉÈÕÓċɯ àÈÒÓÈıċÔÓÈÙȮɯ ÌÙÐıÐÔɯ ÒÖÕÛÙÖÓɯ ×ÙÖÉÓÌÔÐÕÐɯ ËÖĀÙÜËÈÕɯ ÉÐÙɯ ÈÙÈÔÈɯ ÝÌɯ

Ö×ÛÐÔÐáÈÚàÖÕɯ×ÙÖÉÓÌÔÐɯÖÓÈÙÈÒɯÍÖÙÔĹÓÌɯÌËÌÙÌÒɯÓÐÛÌÙÈÛĹÙËÌÒÐɯ×ÖÓÐÛÐÒÈɯĹÙÌÛÐÔÐɯ×ÙÖÉÓÌÔÓÌÙÐÕÌɯÈÓÛÌÙÕÈÛÐÍɯÉÐÙɯ

àÈÒÓÈıċÔɯÚÜÕÔÈÒÛÈËċÙȭɯxáÌÓÓÐÒÓÌɯ2Ö#ɯÎÐÉÐɯàĹÒÚÌÒɯËÌÙÌÊÌËÌɯÉÈĀċÔÓċɯÝÌɯÉÐÓÌıÐÒɯÎĹÝÌÕÓÐÒɯÒċÚċÛÓÈÙċÕċÕɯ

ÔÈÛÌÔÈÛÐÒÚÌÓɯÖÓÈÙÈÒɯÔÖËÌÓÓÌÕÔÌÚÐɯÝÌɯñġáĹÓÔÌÚÐÕÌɯàġÕÌÓÐÒɯÎĹÕÊÌÓɯñÈÓċıÔÈÓÈÙȮɯÉÜɯÛĹÙɯ×ÙÖÉÓÌÔÓÌÙÐÕɯ

ÈÕÊÈÒɯÒċÚċÛɯñġáÔÌɯÝÌɯÖ×ÛÐÔÐáÈÚàÖÕɯÛÌÒÕÐÒÓÌÙÐàÓÌɯÌÛÒÐÕɯÉÐñÐÔËÌɯÌÓÌɯÈÓċÕÈÉÐÓÌÊÌĀÐÕÐɯÈñċÒñÈɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ

!ÜɯÉÈĀÓÈÔËÈɯ"2/ɯÔÖËÌÓÐȮɯÐıɯÎÌÙÌÒÚÐÕÐÔÓÌÙÐÕÐɯÈÓÛɯÚċÕċÙȮɯÎĹÝÌÕÓÐÒɯ×ÖÓÐÛÐÒÈÓÈÙċÕċɯÐÚÌɯĹÚÛɯÚċÕċÙɯÒċÚċÛÓÈÙċɯÖÓÈÙÈÒɯ

ÛÌÒɯÉÐÙɯÍÖÙÔÌÓɯàÈ×ċɯÈÓÛċÕËÈɯÉÐÙÓÌıÛÐÙÌÙÌÒɯàÈÓÕċáÊÈɯËÖĀÙÜÓÈÔÈɯËÌĀÐÓȮɯÈàÕċɯáÈÔÈÕËÈɯÖÛÖÔÈÛÐÒɯ×ÖÓÐÛÐÒÈɯ

ĹÙÌÛÐÔÐɯ×ÙÖÉÓÌÔÐÕÐɯËÌɯñġáÌÉÐÓÌÕɯÉĹÛĹÕÓÌıÐÒɯÉÐÙɯàÈÒÓÈıċÔɯÚÜÕÔÈÒÛÈËċÙȭ 

 

xÕÌÙÐÓÌÕɯÔÖËÌÓɯÉÜɯàġÕĹàÓÌɯÓÐÛÌÙÈÛĹÙËÌɯàÈàÎċÕɯÖÓÈÕɯɁ×ÖÓÐÊàɯÝÌÙÐÍÐÊÈÛÐÖÕɂɯ×ÈÙÈËÐÎÔÈÚċÕċɯÈıÈÙÈÒȮɯ

ËÖĀÙÜËÈÕɯɁÊÖÕÚÛÙÈÐÕÛ-ËÙÐÝÌÕɯ×ÖÓÐÊàɯÎÌÕÌÙÈÛÐÖÕɂɯ×ÙÖÉÓÌÔÐÕÌɯÖËÈÒÓÈÕÔÈÒÛÈɯÝÌɯÌÙÐıÐÔɯÒÖÕÛÙÖÓĹɯÈÓÈÕċÕËÈɯ

"2/ɯÛÈÉÈÕÓċɯ×ÖÓÐÛÐÒÈɯĹÙÌÛÐÔÐÕÌɯàġÕÌÓÐÒɯÉÐÙɯàÈÒÓÈıċÔɯġÕÌÙÔÌÒÛÌËÐÙȭɯ àÙċÊÈɯ"2/ɯàÈÒÓÈıċÔċȮɯñġáĹÔɯÜáÈàċÕċɯ

ÚÐÚÛÌÔÈÛÐÒɯÉÐñÐÔËÌɯËÌĀÌÙÓÌÕËÐÙÌÙÌÒɯÎĹÝÌÕÓÐÒɯÒċÚċÛÓÈÙċàÓÈɯÜàÜÔÓÜɯÝÌɯËĹıĹÒɯàÌÛÒÐɯÚÌÝÐàÌÓÌÙÐÕÌɯġÕÊÌÓÐÒɯ

ÝÌÙÌÕɯÌÙÐıÐÔɯ×ÖÓÐÛÐÒÈÓÈÙċÕċÕɯĹÙÌÛÐÓÔÌÚÐÕÌɯÖÓÈÕÈÒɯÚÈĀÓÈÔÈÒÛÈËċÙȭɯ!ÜɯġáÌÓÓÐÒȮɯ9ÌÙÖɯ3ÙÜÚÛɯÔÐÔÈÙÐÚÐÕËÌɯ

ġÕÌÔɯÛÈıċàÈÕɯÔÐÕÐÔÜÔɯàÌÛÒÐɯÐÓÒÌÚÐÕÐɯËÌÚÛÌÒÓÌÔÌÒÛÌɯÝÌɯ"2/ɯÛÈÉÈÕÓċɯàÈÒÓÈıċÔċÕɯÌÙÐıÐÔɯ×ÖÓÐÛÐÒÈÓÈÙċÕċÕɯ

ÍÖÙÔÌÓɯÝÌɯÖÛÖÔÈÛÐÒɯĹÙÌÛÐÔÐɯÈñċÚċÕËÈÕɯÜàÎÜÓÈÕÈÉÐÓÐÙɯÉÐÙɯñÌÙñÌÝÌɯÚÜÕÈÉÐÓÌÊÌĀÐÕÐɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭ 

Ɨȭɯ8x-3$,ɯ5$ɯ,.#$++$,$ 

Ɨȭƕɯ2ÐÚÛÌÔɯ8È×ċÚċɯÝÌɯ#ÌĀÐıÒÌÕɯ4áÈàċ 

!ÜɯñÈÓċıÔÈËÈɯƛɯËÌ×ÈÙÛÔÈÕɯȹ 1-&$Ȯɯ%ÐÕÈÕÚȮɯ'ÜÒÜÒȮɯd*Ȯɯ2ÈÛċıȮɯ8ÈáċÓċÔȮɯ8ġÕÌÛÐÔȺɯÝÌɯƜɯÚÜÕÜÊÜËÈÕɯ

ȹ ÙÈıÛċÙÔÈȮɯ!ÖÙËÙÖȮɯ'ÜÒÜÒȮɯ*ÖËȮɯ,ĹıÛÌÙÐȮɯxËÌÔÌȮɯ/ÙÖÑÌȮɯ8ġÕÌÛÐÔɯ2ÜÕÜÊÜÚÜȺɯÖÓÜıÈÕɯÒÜÙÜÔÚÈÓɯÈĀɯ

ÚÌÕÈÙàÖÚÜɯ ÔÖËÌÓÓÌÕÔÐıÛÐÙȭɯ ,ÖËÌÓÓÌÔÌËÌɯ ÒÜÓÓÈÕċÓÈÕɯ ÚÐÚÛÌÔɯ ×ÈÙÈÔÌÛÙÌÓÌÙÐÕÐÕ ġáÌÛÐɯ ©ÌÒÐÓɯ ƕɀËÌɯ

ÚÜÕÜÓÔÈÒÛÈËċÙȭɯ'ÌÙɯȹËÌ×ÈÙÛÔÈÕȮɯÚÜÕÜÊÜȺɯñÐÍÛÐɯÉÐÙɯ"2/ɯËÌĀÐıÒÌÕÐɯÖÓÜıÛÜÙËÜĀÜÕËÈÕɯÛÖ×ÓÈÔɯËÌĀÐıÒÌÕɯ

ÚÈàċÚċɯƙƚɀËċÙȭɯ3ÌÖÙÐÒɯÒÈÉÈɯÒÜÝÝÌÛɯÈÙÈÔÈɯÜáÈàċɯƘƷƸɯǽɯƙȮƕƝɯǺɯƕƔƵƵɯÖÓÈÚċÓċÒÛÈÕɯÖÓÜıÔÈÒÛÈËċÙȭɯ!ÜɯËÌĀÌÙȮɯ×ÙÈÛÐÒɯ

ÖÓÈÙÈÒɯÏÌÚÈ×ÓÈÕÈÔÈàÈÊÈÒɯÉĹàĹÒÓĹÒÛÌɯÉÐÙɯÈÙÈÔÈɯÜáÈàċÕÈɯÒÈÙıċÓċÒɯÎÌÓÔÌÒÛÌËÐÙȭɯƖƕɯÐıɯÎÌÙÌÒÚÐÕÐÔÐɯÒċÚċÛċȮɯ

ËÌĀÐıÒÌÕÓÌÙÐÕɯÉĹàĹÒɯÉġÓĹÔĹÕĹÕɯÔÐÕÐÔÜÔɯËÌĀÌÙÐÕÐɯËÖĀÙÜËÈÕɯÉÌÓÐÙÓÌÔÌÒÛÌȰɯÎĹÝÌÕÓÐÒɯ×ÖÓÐÛÐÒÈÓÈÙċɯÐÚÌɯ

ÒÈÓÈÕɯñġáĹÔɯÜáÈàċÕċɯÉÜËÈÔÈÒÛÈËċÙȭɯ*ċÚċÛɯàÈàċÓċÔċÕċÕɯÈÙÈÔÈɯÜáÈàċÕċɯġÕÌÔÓÐɯġÓñĹËÌɯËÈÙÈÓÛÛċĀċȮɯàÈ×ay 
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ƗƖ 

áÌÒäɯÓÐÛÌÙÈÛĹÙĹÕËÌɯÐàÐɯÉÐÓÐÕÌÕɯÉÐÙɯËÜÙÜÔËÜÙɯȻƕƕȼȭɯ!ÜɯÉÜËÈÔÈÕċÕɯÈÓÎÖÙÐÛÔÈÓÈÙɯĹáÌÙÐÕËÌÒÐɯÌÛÒÐÚÐɯÐÚÌɯƗȭƘɯ

ÉġÓĹÔĹÕËÌɯÈàÙċÕÛċÓċɯÖÓÈÙÈÒɯÌÓÌɯÈÓċÕÔÈÒÛÈËċÙȭ 

 

©ÌÒÐÓɯƕȭ Sistem parametreleri 

ƗȭƖɯ*ċÚċÛɯ%ÖÕÒÚÐàÖÕÜɯ3ÈÚÈÙċÔċ 

*ċÚċÛɯ ÍÖÕÒÚÐàÖÕÜÕÜÕɯ ÒċÚÔÐɯ ÈÛÈÔÈÓÈÙɯ ĹáÌÙÐÕËÌɯ ñÈÓċıÈÊÈÒɯ ÉÐñÐÔËÌɯ ÛÈÚÈÙÓÈÕÔÈÚċɯ ÛÌÔÌÓɯ ÉÐÙɯ

ÔĹÏÌÕËÐÚÓÐÒɯ ÒÈÙÈÙċËċÙȭɯ  ÓÎÖÙÐÛÔÈÕċÕɯ ÏÌÙɯ ÈËċÔċÕËÈɯ àÈÓÕċáÊÈɯ Öɯ ÈÕÈɯ ÒÈËÈÙɯ ÈÛÈÕÔċıɯ ËÌĀÐıÒÌÕÓÌÙɯ

ËÌĀÌÙÓÌÕËÐÙÐÓÐÙȰɯÏÌÕĹáɯÈÛÈÕÔÈÔċıɯËÌĀÐıÒÌÕÓÌÙɯÒÖÕÛÙÖÓɯËċıċÕËÈɯÛÜÛÜÓÜÙȭɯ!ÜɯàÈÒÓÈıċÔ fail-first (erken 

ÉÈıÈÙċÚċáÓċÒȺɯÐÓÒÌÚÐÕÐɯÏÈàÈÛÈɯÎÌñÐÙÌÙÌÒɯÎÌñÌÙÚÐáɯËÈÓÓÈÙċÕɯÔĹÔÒĹÕɯÖÓÈÕɯÌÕɯÌÙÒÌÕɯÈıÈÔÈËÈɯÉÜËÈÕÔÈÚċÕċɯ

ÚÈĀÓÈÙɯȻƝȼȭ 

*ċÚċÛɯÒÜÙÈÓÓÈÙċɯ*ƕɬ*ƕƗɯĹñɯġÕÊÌÓÐÒɯÒÈÛÔÈÕċÕËÈɯÐıÓÌÕÐÙȯ 

ƕȭɯÒÈÛÔÈÕɯɭɯdıɯÎÌÙÌÒÚÐÕÐÔÓÌÙÐȯɯƖƕɯÔÐÕÐÔÜÔɯàÌÛÒÐɯÒÜÙÈÓċȭɯ ÛÈÕÔċıɯÉÐÙɯËÌĀÐıÒÌÕɯÔÐÕÐÔÜÔɯÚÌÝÐàÌÕÐÕɯ

ÈÓÛċÕËÈàÚÈɯËÈÓɯÈÕċÕËÈɯÉÜËÈÕċÙȭ 

ƖȭɯÒÈÛÔÈÕɯɭɯ1ÖÓɯÝÌɯÈÓÈÕɯÒċÚċÛÓÈÙċɯȹ*ƕɬ*ƚȺȯɯ#Ì×ÈÙÛÔÈÕɯÉÈáċÕËÈɯÌÙÐıÐÔɯàÈÚÈÒÓÈÙċɯÝÌɯÔÈÒÚÐÔÜÔɯàÌÛÒÐɯ

ÛÈÝÈÕÓÈÙċȭɯxÙÕÌĀÐÕɯ*ƙɯÎÌÙÌĀÐɯ'ÜÒÜÒɯËÌ×ÈÙÛÔÈÕċɯàÈÓÕċáÊÈɯ'ÜÒÜÒɯÝÌɯ,ĹıÛÌÙÐɯÚÜÕÜÊÜÓÈÙċÕÈɯÌÙÐıÌÉÐÓÐÙȰɯ

ËÐĀÌÙɯÛĹÔɯÚÜÕÜÊÜÓÈÙËÈɯ-Öɪ ÊÊÌÚÚɯáÖÙÜÕÓÜËÜÙȭ 

ƗȭɯÒÈÛÔÈÕɯɭɯ2Ö#Ȯɯ9ÌÙÖɯ3ÙÜÚÛɯÝÌɯàÈ×ċÚÈÓɯÒċÚċÛÓÈÙɯȹ*ƛɬ*ƕƗȺȯɯdÒÐÓÐɯÝÌɯñÖÒɯËÌĀÐıÒÌÕÓÐɯÐÓÐıÒÐÓÌÙȭɯ*ÙÐÛÐÒɯÒċÚċÛɯ

ÖÓÈÕɯ*ƕƗȮɯÏÌÙɯÚÜÕÜÊÜËÈɯÌÕɯÍÈáÓÈɯÉÐÙɯËÌ×ÈÙÛÔÈÕċÕɯ$ßÌÊÜÛÌɯàÌÛÒÐÚÐÕÌɯÚÈÏÐ×ɯÖÓÈÉÐÓÌÊÌĀÐÕÐɯÉÌÓÐÙÛÐÙȭɯ!ÜɯÒċÚċÛȮɯ

ËÌĀÐıÒÌÕÓÌÙɯÈÙÈÚċÕËÈɯËÖĀÙÜËÈÕɯÉÐÙɯÙÌÒÈÉÌÛɯÐÓÐıÒÐÚÐɯàÈÙÈÛÈÙÈÒɯ,15ɯÏÌÜÙÐÚÛÐĀÐÕÐÕɯÌÛÒÐÚÐÕÐɯÉÌÓÐÙÎÐÕÓÌıÛÐÙÌÕɯ

ÛÌÔÌÓɯÔÌÒÈÕÐáÔÈËċÙȭ 

ƗȭƗɯ ÙÈÔÈɯ2ÛÙÈÛÌÑÐÚÐɯÝÌɯ#ÌĀÌÙɯ2ċÙÈÓÈÔÈÚċɯ 

/ÙÖÉÓÌÔÐÕɯñġáĹÔĹÕËÌɯÒÜÓÓÈÕċÓÈÕɯÛÌÔÌÓɯÔÌÒÈÕÐáÔÈȮɯ*ċÚċÛɯ2ÈĀÓÈÔÈɯ/ÙÖÉÓÌÔÓÌÙÐÕÐÕɯȹ"ÖÕÚÛÙÈÐÕÛɯ

Satisfaction Problems ɭ "2/Ⱥɯ ñġáĹÔĹÕËÌɯ àÈàÎċÕɯ ÖÓÈÙÈÒɯ ÛÌÙÊÐÏɯ ÌËÐÓÌÕɯ !ÈÊÒÛÙÈÊÒÐÕÎɯ 2ÌÈÙÊÏɯ

ÈÓÎÖÙÐÛÔÈÚċËċÙȭɯ!ÜɯàġÕÛÌÔȮɯÏÌÙɯÈËċÔËÈɯÉÐÙɯËÌĀÐıÒÌÕÌɯȹËÌ×ÈÙÛÔÈÕɬÚÜÕÜÊÜɯñÐÍÛÐȺɯÜàÎÜÕɯÉÐÙɯËÌĀÌÙɯȹÌÙÐıÐÔɯ

àÌÛÒÐÚÐȺɯÈÛÈàÈÙÈÒɯÐÓÌÙÓÌàÌÕɯËÌÙÐÕÓÐÒɯġÕÊÌÓÐÒÓÐɯÉÐÙɯÈÙÈÔÈɯÚÛÙÈÛÌÑÐÚÐËÐÙȭɯ ÛÈÔÈɯÚĹÙÌÊÐÕËÌɯÏÌÙÏÈÕÎÐɯÉÐÙɯÒċÚċÛɯ

ÐÏÓÈÓÐɯÛÌÚ×ÐÛɯÌËÐÓËÐĀÐÕËÌɯÈÓÎÖÙÐÛÔÈɯÚÖÕɯÐıÓÌÔÐɯÎÌÙÐɯÈÓċÙɯÝÌɯÈÓÛÌÙÕÈÛÐÍɯËÈÓÓÈÙċɯËÌÕÌÔÌàÌɯËÌÝÈÔɯÌËÌÙȭ 

xÕÌÙÐÓÌÕɯÔÖËÌÓÐÕɯñÈÓċıÔÈɯÔÈÕÛċĀċÕċɯġáÌÛÓÌàÌÕɯÚġáËÌɯÒÖËɯ ÓÎÖÙÐÛÔÈɯƕɀËÌɯÚÜÕÜÓÔÈÒÛÈËċÙȭɯ!ÜɯÛÌÔÌÓɯ

àÈ×ċɯĹáÌÙÐÕËÌÕȮɯËÌĀÌÙɯÚċÙÈÓÈÔÈɯÚÛÙÈÛÌÑÐÓÌÙÐÕÐÕɯñġáĹÔɯ×ÌÙÍÖÙÔÈÕÚċɯĹáÌÙÐÕËÌÒÐɯÌÛÒÐÚÐɯÐÒÐɯÍÈÙÒÓċɯàÈÒÓÈıċÔɯ

ÈÙÈÊċÓċĀċàÓÈɯÐÕÊÌÓÌÕÔÐıÛÐÙȯ 

Ɉɯ#Ĺáɯ !ÈÊÒÛÙÈÊÒÐÕÎȯ #ÌĀÌÙÓÌÙÐɯ ÉÌÓÐÙÓÐɯ ÉÐÙɯ ÏÐàÌÙÈÙıÐàÌɯ ÎġÙÌɯ ËÖĀÙÜËÈÕɯ ËÌÕÌÙɯ ȹÈñÎġáÓĹɯ ÚċÙÈȺȭ 

Ɉɯ,15ɯ#ÌÚÛÌÒÓÐɯ8ÈÒÓÈıċÔȯ #ÌĀÐıÒÌÕɯÝÌɯËÌĀÌÙɯÚÌñÐÔÓÌÙÐÕÐɯËÈÏÈɯÚÛÙÈÛÌÑÐÒɯÉÐñÐÔËÌɯġÕÊÌÓÐÒÓÌÕËÐÙÌÙÌÒɯ

ÈÙÈÔÈɯÜáÈàċÕċɯËÈÏÈɯÝÌÙÐÔÓÐɯàġÕÌÛÐÙȭ 
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ƗƗ 

 

Algoritma 1.  Backtracking-"2/ȯɯ*ċÚÔÐɯ ÛÈÔÈɯ3ÈÉÈÕÓċɯ&ÌÙÐàÌɯ#ġÕĹÒɯ ÙÈÔÈ 

#ÌĀÌÙɯ ÚċÙÈÓÈÔÈÚċɯ ÐÒÐɯ ÈÓÎÖÙÐÛÔÈËÈɯ ÍÈÙÒÓċÓċÒɯ ÎġÚÛÌÙÔÌÒÛÌɯ ÖÓÜ×ɯ ÉÜɯ ÍÈÙÒɯ ÚÖÕÜñÓÈÙÈɯ ËÖĀÙÜËÈÕɯ

àÈÕÚċÔÈÒÛÈËċÙȯ 

Ɉɯ#Ĺáɯ!ÈÊÒÛÙÈÊÒÐÕÎȯ  ñÎġáÓĹɯÚċÙÈɯ$ßÌÊÜÛÌɯҦ Write Ҧ Read Ҧ No- ÊÊÌÚÚɯıÌÒÓÐÕËÌËÐÙȭɯ'ÌÙɯ

ËÌĀÐıÒÌÕɯÐñÐÕɯġÕÊÌÓÐÒÓÌɯÌÕɯàĹÒÚÌÒɯàÌÛÒÐɯÚÌÝÐàÌÚÐɯËÌÕÌÕÐÙȰɯÉÜɯËÜÙÜÔȮɯ*ƕƗɯÎÐÉÐɯÙÌÒÈÉÌÛñÐɯÒċÚċÛÓÈÙÓÈɯ

ÉÐÙÓÌıÛÐĀÐÕËÌɯÒÐÛÓÌÔÌɯȹËÌÈËÓÖÊÒȺɯËÜÙÜÔÓÈÙċÕċÕɯÖÓÜıÔÈÚċÕÈɯÕÌËÌÕɯÖÓÈÉÐÓÔÌÒÛÌËÐÙȭ 

ɈɯMRV Backtracking:  +ÌÈÚÛɯ /ÙÐÝÐÓÌÎÌɯ ÖËÈÒÓċɯ ÚċÙÈɯ -Ö-Access Ҧ Read Ҧ Write Ҧ Execute 

ıÌÒÓÐÕËÌËÐÙȭɯ xÕÊÌÓÐÒÓÌɯ ÌÕɯ ËĹıĹÒɯ àÌÛÒÐɯ ÚÌÝÐàÌÚÐɯ ËÌÕÌÕÔÌÒÛÌȮɯ àÈÓÕċáÊÈɯ ÉÜɯ ÚÌÝÐàÌÕÐÕɯ ÒċÚċÛÓÈÙċɯ

ÚÈĀÓÈàÈÔÈÔÈÚċɯËÜÙÜÔÜÕËÈɯËÈÏÈɯàĹÒÚÌÒɯàÌÛÒÐÓÌÙÌɯÎÌñÐÓÔÌÒÛÌËÐÙȭɯ!ġàÓÌÊÌɯÈÓÎÖÙÐÛÔÈȮɯ+ÌÈÚÛɯ/ÙÐÝÐÓÌÎÌɯ

ÐÓÒÌÚÐÕÌɯÜàÎÜÕɯÌÙÐıÐÔɯÈÛÈÔÈÓÈÙċɯĹÙÌÛÔÌÒÛÌËÐÙȭ 

ƗȭƘɯ,15ɯ8ġÕÛÌÔÐàÓÌɯ2ÌáÎÐÚÌÓɯ.×ÛÐÔÐáÈÚàÖÕɯÝÌɯ ÙÈÔÈɯ/ÌÙÍÖÙÔÈÕÚċÕÈɯ$ÛÒÐÚÐ 

*ÓÈÚÐÒɯÎÌÙÐɯÐáÓÌÔÌɯȹÉÈÊÒÛÙÈÊÒÐÕÎȺɯÈÓÎÖÙÐÛÔÈÓÈÙċɯÎÌÕÌÓÓÐÒÓÌɯËÌĀÐıÒÌÕÓÌÙÐɯÚÈÉÐÛɯÉÐÙɯÚċÙÈàÓÈɯÚÌñÌÙÒÌÕȮɯÉÜɯ

ñÈÓċıÔÈɯ×ÌÙÍÖÙÔÈÕÚċɯÈÙÛċÙÔÈÒɯÈÔÈÊċàÓÈɯ,ÐÕÐÔÜÔɯ*ÈÓÈÕɯ#ÌĀÌÙÓÌÙɯȹ,ÐÕÐÔÜÔɯ1ÌÔÈÐÕÐÕÎɯ5ÈÓÜÌÚ- MRV) 

ÚÌáÎÐÚÐÕÐɯ ÒÜÓÓÈÕÔÈÒÛÈËċÙȭɯ ,15Ȯɯ ÈÙÈÔÈɯ ÚĹÙÌÊÐÕËÌɯ ɁġÕÊÌɯ ÉÈıÈÙċÚċáɯ ÖÓÔÈɯ ȹÍÈÐÓ-ÍÐÙÚÛȺɂɯ ÐÓÒÌÚÐÕÌɯ

ËÈàÈÕÔÈÒÛÈËċÙȭɯ!ÜɯÚÛÙÈÛÌÑÐȮɯñġáĹÓÔÌɯÖÓÈÚċÓċĀċɯÌÕɯËĹıĹÒɯÖÓÈÕɯËÌĀÐıÒÌÕÓÌÙÐɯġÕÊÌÓÐÒÓÌÕËÐÙÌÙÌÒȮɯÈÙÈÔÈɯ

ÈĀÈÊċÕËÈɯËÌÙÐÕÌɯÐÕÔÌËÌÕɯġÕÊÌɯÖÓÈÚċɯÒċÚċÛɯÐÏÓÈÓÓÌÙÐÕÐÕɯËÈÏÈɯÌÙÒÌÕɯÛÌÚ×ÐÛɯÌËÐÓÔÌÚÐÕÐɯÚÈĀÓÈÙȭ 

,15ɯÔÌÒÈÕÐáÔÈÚċÕċÕɯËÌĀÐıÒÌÕɯÚÌñÐÔɯÚĹÙÌÊÐÕËÌÒÐɯÐıÓÌàÐıÐɯ ÓÎÖÙÐÛÔÈɯƖɀËÌɯÝÌÙÐÓÔÐıÛÐÙȭɯ!ÜɯàÈÒÓÈıċÔȮɯ

ġáÌÓÓÐÒÓÌɯñÖÒɯÚÈàċËÈɯÒċÚċÛɯÐñÌÙÌÕɯÒÈÙÔÈıċÒɯÈĀɯÚÌÕÈÙàÖÓÈÙċÕËÈɯÈÙÈÔÈɯÜáÈàċÕċɯÌÛÒÐÕɯÉÐÙɯıÌÒÐÓËÌɯËÈÙÈÓÛÈÙÈÒɯ

ÛÖ×ÓÈÔɯËÌÕÌÔÌɯÚÈàċÚċÕċɯġÕÌÔÓÐɯġÓñĹËÌɯÈáÈÓÛÔÈÒÛÈËċÙȭ 
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ƗƘ 

 

Algoritma 2.  MRV-2$+$"3ȯɯ,ÐÕÐÔÜÔɯ*ÈÓÈÕɯ#ÌĀÌÙÓÌÙɯ#ÌĀÐıÒÌÕɯ2ÌñÐÔÐ 

,15ɯÚÛÙÈÛÌÑÐÚÐÕÐÕɯñÈÓċıÔÈɯ×ÙÌÕÚÐÉÐȮɯÈÙÈÔÈɯÈĀÈÊċÕċÕɯĹÚÛɯÚÌÝÐàÌÓÌÙÐÕËÌɯÖÓÈÚċɯÏÈÛÈÓÈÙċɯÛÌÚ×ÐÛɯÌËÌÙÌÒɯ

kilitlenme etkisini (lock -ÐÕɯÌÍÍÌÊÛȺɯġÕÓÌÔÌÒÛÐÙɯȻƝȼȭ 

 

!ÜɯñÈÓċıÔÈËÈɯ,15ɀÕÐÕɯÌÛÒÐÕÓÐĀÐÕÐɯÉÌÓÐÙÓÌàÌÕɯÒÙÐÛÐÒɯÔÌÒÈÕÐáÔÈɯ*ƕƗɯÒċÚċÛċËċÙȭɯ'ÌÙɯÉÐÙɯÚÜÕÜÊÜɯ

ĹáÌÙÐÕËÌɯàÈÓÕċáÊÈɯÉÐÙɯËÌ×ÈÙÛÔÈÕċÕɯ$ßÌÊÜÛÌɯȹñÈÓċıÛċÙÔÈȺɯàÌÛÒÐÚÐÕÌɯÚÈÏÐ×ɯÖÓÈÉÐÓÔÌÚÐȮɯÉÈáċɯȹËÌ×ÈÙÛÔÈÕȮɯ

ÚÜÕÜÊÜȺɯñÐÍÛÓÌÙÐɯÐñÐÕɯËÌĀÌÙɯÈÓÈÕċÕċɯÛÌÒɯÉÐÙɯÚÌñÌÕÌĀÌɯÐÕËÐÙÎÌÔÌÒÛÌËÐÙȭɯxÙÕÌĀÐÕȮɯ2ÖÍÛÞÈÙÌɯËÌ×ÈÙÛÔÈÕċÕċÕɯ

"ÖËÌɯ2ÌÙÝÌÙɯĹáÌÙÐÕËÌÒÐɯ$ßÌÊÜÛÌɯÎÌÙÌÒÚÐÕÐÔÐȮɯÉÜɯËÌĀÐıÒÌÕɯÐñÐÕɯÉÈıÒÈɯÏÐñÉÐÙɯÎÌñÌÙÓÐɯËÌĀÌÙÐÕɯÒÈÓÔÈÔÈÚċÕÈɯ

ÕÌËÌÕɯÖÓÜÙȭɯ,15ɯÉÜɯËÌĀÐıÒÌÕÐɯÌÙÒÌÕɯÈıÈÔÈËÈɯÛÌÚ×ÐÛɯÌËÌÙÌÒɯġÕÊÌÓÐÒÓÐɯÖÓÈÙÈÒɯñġáÌÙȰɯÉġàÓÌÊÌɯËÐĀÌÙɯ

ËÌ×ÈÙÛÔÈÕÓÈÙɯÈàÕċɯÚÜÕÜÊÜɯĹáÌÙÐÕËÌɯ$ßÌÊÜÛÌɯàÌÛÒÐÚÐɯÈÓÔÈàÈɯñÈÓċıÔÈáɯÝÌɯ*ƕƗɯñÈÛċıÔÈÚċɯġÕÓÌÕÔÐıɯÖÓÜÙȭ 

 

!ÈÚÐÛɯÎÌÙÐɯÐáÓÌÔÌËÌɯÐÚÌɯËÌĀÐıÒÌÕÓÌÙɯÈÓÍÈÉÌÛÐÒɯÚċÙÈàÈɯÎġÙÌɯÐıÓÌÕËÐĀÐɯÐñÐÕɯ1ȫ#ɯËÌ×ÈÙÛÔÈÕċɯ2ÖÍÛÞÈÙÌɯ

ËÌ×ÈÙÛÔÈÕċÕËÈÕɯġÕÊÌɯÎÌÓÐÙɯÝÌɯ"ÖËÌɯ2ÌÙÝÌÙɯĹáÌÙÐÕËÌɯ$ßÌÊÜÛÌɯàÌÛÒÐÚÐÕÐɯÐÓÒɯÖÓÈÙÈÒɯÈÓÔÈàÈɯñÈÓċıċÙȭɯ!Üɯ

ËÜÙÜÔȮɯÚÖÕÙÈÒÐɯÈËċÔÓÈÙËÈɯ2ÖÍÛÞÈÙÌɯËÌ×ÈÙÛÔÈÕċɯÐñÐÕɯñġáĹÓÌÔÌáɯÉÐÙɯËÜÙÜÔɯÖÓÜıÛÜÙÜÙɯÝÌɯÉÐÕÓÌÙÊÌɯÎÌÙÐɯ

ÐáÓÌÔÌɯÈËċÔċɯÎÌÙÌÒÛÐÙÌÕɯÉÐÙɯÒÐÓÐÛÓÌÕÔÌàÐɯȹËÌÈËÓÖÊÒȺɯÛÌÛÐÒÓÌÙȭ !ÜɯÒÈÙıċÓÈıÛċÙÔÈɯÚÖÕÜñÓÈÙċɯ©ÌÒÐÓɯƖɀËÌɯ

ÚÜÕÜÓÔÜıɯÖÓÜ×Ȯɯ,15ɯÛÈÉÈÕÓċɯÎÌÙÐɯÐáÓÌÔÌɯàÈÒÓÈıċÔċÕċÕɯÏÌÔɯËÌÕÌÔÌɯÚÈàċÚċÕċɯÏÌÔɯËÌɯÎÌÙÐɯÐáÓÌÔÌɯ

ÔÈÓÐàÌÛÐÕÐɯËÙÈÔÈÛÐÒɯıÌÒÐÓËÌɯÈáÈÓÛÛċĀċɯÈñċÒñÈɯÎġÙĹÓÔÌÒÛÌËÐÙȭ 

 

©ÌÒÐÓɯƖȭɯ#Ĺáɯ!ÈÊÒÛÙÈÊÒÐÕÎɯÝÌɯ,15ɯ!ÈÊÒÛÙÈÊÒÐÕÎɯÈÓÎÖÙÐÛÔÈÚċÕċÕɯÒÈÙıċÓÈıÛċÙÔÈÚċ 

Ƙȭɯ!ÜÓÎÜÓÈÙɯÝÌɯ#ÌĀÌÙÓÌÕËÐÙÔÌ 

Ƙȭƕɯ$ÙÐıÐÔɯ*ÖÕÛÙÖÓɯ,ÈÛÙÐÚÐ 

,15ɯÏÌÜÙÐÚÛÐĀÐàÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÉÈÊÒÛÙÈÊÒÐÕÎɯÈÓÎÖÙÐÛÔÈÚċȮɯƖƕɯÐıɯÎÌÙÌÒÚÐÕÐÔÐɯÝÌɯƕƗɯÎĹÝÌÕÓÐÒɯ

ÒċÚċÛċÕċɯÌıɯáÈÔÈÕÓċɯÖÓÈÙÈÒɯÚÈĀÓÈàÈÕɯñġáĹÔÌɯƝƕɯËÌÕÌÔÌËÌɯÜÓÈıÔċıÛċÙȭɯ²ÙÌÛÐÓÌÕɯÌÙÐıÐÔɯÒÖÕÛÙÖÓɯÔÈÛÙÐÚÐɯ©ÌÒÐÓɯ
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Ɨƙ 

ƗɀÛÌɯÚÜÕÜÓÔÈÒÛÈËċÙȭɯ$ÓËÌɯÌËÐÓÌÕɯÔÈÛÙÐÚɯÏÌÔɯÔÐÕÐÔÜÔɯÐıɯÎÌÙÌÒÚÐÕÐÔÓÌÙÐÕÐɯÏÌÔɯËÌɯ9ÌÙÖɯ3ÙÜÚÛɯÎĹÝÌÕÓÐÒɯ

×ÖÓÐÛÐÒÈÓÈÙċÕċɯÈàÕċɯÈÕËÈɯÒÈÙıċÓÈÔÈÒÛÈËċÙȭ 

©ÌÒÐÓɯƗȭ $ÙÐıÐÔɯ*ÖÕÛÙÖÓɯ,ÈÛÙÐÚÐɯIċÒÛċÚċ 

©ÌÒÐÓɯƗɯÐÕÊÌÓÌÕËÐĀÐÕËÌȮɯËÌ×ÈÙÛÔÈÕÓÈÙÈɯàÈÓÕċáÊÈɯÎġÙÌÝÓÌÙÐÕÐɯàÌÙÐÕÌɯÎÌÛÐÙÌÉÐÓÔÌÓÌÙÐɯÐñÐÕɯÎÌÙÌÒÓÐɯ

ÔÐÕÐÔÜÔɯàÌÛÒÐÓÌÙÐÕɯÛÈÕċÔÓÈÕËċĀċɯÎġÙĹÓÔÌÒÛÌËÐÙȭɯ!ġàÓÌÊÌɯ+ÌÈÚÛɯ/ÙÐÝÐÓÌÎÌɯÐÓÒÌÚÐɯÚÐÚÛÌÔÈÛÐÒɯÉÐñÐÔËÌɯ

ÜàÎÜÓÈÕÔċıÛċÙȭɯ&ÌÙÌÒÚÐáɯàÌÛÒÐɯÈÙÛċıċÕÈɯÐáÐÕɯÝÌÙÐÓÔÌÔÐıȮɯÛĹÔɯÌÙÐıÐÔÓÌÙɯÒċÚċÛÓÈÙɯñÌÙñÌÝÌÚÐÕËÌɯÖ×ÛÐÔÐáÌɯ

ÌËÐÓÔÐıÛÐÙȭɯ$ßÌÊÜÛÌɯàÌÛÒÐÚÐɯàÈÓÕċáÊÈɯÒÙÐÛÐÒɯÖ×ÌÙÈÚàÖÕɯÎÌÙÌÒÛÐÙÌÕɯÚÜÕÜÊÜÓÈÙËÈɯÈÛÈÕÔċıÛċÙȭɯ!ÜɯÒÈ×ÚÈÔËÈɯ

AR-&$ɯ ËÌ×ÈÙÛÔÈÕċɯ  ÙÈıÛċÙÔÈɯ 2ÜÕÜÊÜÚÜɀÕËÈȮɯ 'ÜÒÜÒɯ ËÌ×ÈÙÛÔÈÕċɯ 'ÜÒÜÒɯ 2ÜÕÜÊÜÚÜɀÕËÈȮɯ 8ÈáċÓċÔɯ

ËÌ×ÈÙÛÔÈÕċɯ*ÖËɯÝÌɯ/ÙÖÑÌɯ2ÜÕÜÊÜÓÈÙċɀÕËÈȮɯ8ġÕÌÛÐÔɯËÌ×ÈÙÛÔÈÕċɯÐÚÌɯ8ġÕÌÛÐÔɯ2ÜÕÜÊÜÚÜɀÕËÈɯ$ßÌÊÜÛÌɯ

àÌÛÒÐÚÐÕÌɯÚÈÏÐ×ÛÐÙȭɯ!ÜɯËÈĀċÓċÔȮɯÐıɯÚĹÙÌÒÓÐÓÐĀÐɯÐÓÌɯÎĹÝÌÕÓÐÒɯÎÌÙÌÒÚÐÕÐÔÓÌÙÐɯÈÙÈÚċÕËÈɯËÌÕÎÌÓÐɯÉÐÙɯàÈ×ċɯ

ÖÓÜıÛÜÙËÜĀÜÕÜɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭ 3ÈÉÓÖɯƖɀËÌɯËÌÛÈàÓċɯàÌÛÒÐɯÙÈ×ÖÙÜÕËÈÕɯÈÓċÕÈÕɯÉÐÙɯÒÌÚÐÛɯÚÜÕÜÓÔÜıɯÖÓÜ×ɯÐÒÐɯ

departman (AR-&$Ȯɯ%ÐÕÈÕÚȺɯÐñÐÕɯÚÜÕÜÊÜɯÉÈáÓċɯàÌÛÒÐɯÚÌÝÐàÌÓÌÙÐÕÐɯġÙÕÌÒÓÌÔÌÒÛÌËÐÙȭ 

3ÈÉÓÖɯƖȭɯ#ÌÛÈàÓċɯ8ÌÛÒÐɯ1È×ÖÙÜÕËÈÕɯ*ÌÚÐÛɯȹ 1-&$ɯÝÌɯ%ÐÕÈÕÚɯ#Ì×ÈÙÛÔÈÕÓÈÙċȺ 

 

Departman  Sunucu Yetki Seviyesi   ñċÒÓÈÔÈ 

AR-GE  ÙÈıÛċÙÔÈɯ2ÜÕÜÊÜÚÜ Execute dıɯÎÌÙÌÒÚÐÕÐÔÐ 

AR-GE Kod Sunucusu Read dıɯÎÌÙÌÒÚÐÕÐÔÐ 

AR-GE Proje Sunucusu Write  dıɯÎÌÙÌÒÚÐÕÐÔÐ 

AR-GE Bordro Sunucusu No-Access 1ÖÓɯÒċÚċÛċ 

AR-GE xËÌÔÌɯ2ÜÕÜÊÜÚÜ No-Access 1ÖÓɯÒċÚċÛċ 

Finans Bordro Sunucusu Read dıɯÎÌÙÌÒÚÐÕÐÔÐ 

Finans ,ĹıÛÌÙÐɯ2ÜÕÜÊÜÚÜ Read dıɯÎÌÙÌÒÚÐÕÐÔÐ 

Finans xËÌÔÌɯ2ÜÕÜÊÜÚÜ Write  dıɯÎÌÙÌÒÚÐÕÐÔÐ 

Finans Proje Sunucusu Read dıɯÎÌÙÌÒÚÐÕÐÔÐ 

Finans Kod Sunucusu No-Access 1ÖÓɯÒċÚċÛċ 

 

3ÈÉÓÖɯƖɯÐÕÊÌÓÌÕËÐĀÐÕËÌȮɯ 1-&$ɯËÌ×ÈÙÛÔÈÕċÕÈɯàÈÓÕċáÊÈɯÈÙÈıÛċÙÔÈɯÝÌɯÎÌÓÐıÛÐÙÔÌɯÍÈÈÓÐàÌÛÓÌÙÐɯÐñÐÕɯ

ÎÌÙÌÒÓÐɯàÌÛÒÐÓÌÙÐÕɯÛÈÕċÔÓÈÕËċĀċɯÎġÙĹÓÔÌÒÛÌËÐÙȭɯ%ÐÕÈÕÚɯËÌ×ÈÙÛÔÈÕċÕÈɯÐÚÌɯġËÌÔÌɯÝÌɯÒÈàċÛɯÚĹÙÌñÓÌÙÐàÓÌɯ

ÐÓÐıÒÐÓÐɯÚÐÚÛÌÔÓÌÙËÌɯÚċÕċÙÓċɯÌÙÐıÐÔɯÝÌÙÐÓÔÐıÛÐÙȭɯ8ÌÛÒÐɯÎÌÙÌÒÛÐÙÔÌàÌÕɯÛĹÔɯÒÈàÕÈÒÓÈÙËÈɯ-Ö- ÊÊÌÚÚɯÈÛÈÕÔÈÚċȮɯ

ÚÐÚÛÌÔÐÕɯ+ÌÈÚÛɯ/ÙÐÝÐÓÌÎÌɯÐÓÒÌÚÐÕÐɯÉÈıÈÙċàÓÈɯÜàÎÜÓÈËċĀċÕċɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ àÙċÊÈɯ*ƕƗɯÒċÚċÛċɯÎÌÙÌĀÐɯÏÌÙɯ

ÚÜÕÜÊÜËÈɯÌÕɯÍÈáÓÈɯÉÐÙɯÈËÌÛɯ$ßÌÊÜÛÌɯàÌÛÒÐÚÐɯÉÜÓÜÕÔÈÒÛÈËċÙȭɯ!ġàÓÌÊÌɯÈàÕċɯÒÙÐÛÐÒɯÒÈàÕÈÒɯĹáÌÙÐÕËÌɯÉÐÙËÌÕɯ

ÍÈáÓÈɯàĹÒÚÌÒɯàÌÛÒÐÓÐɯÒÜÓÓÈÕċÊċÕċÕɯÉÜÓÜÕÔÈÚċɯÌÕÎÌÓÓÌÕÔÐıȮɯÐñɯÛÌÏËÐÛɯÝÌɯàÈÕÓċıɯÒÜÓÓÈÕċÔɯÙÐÚÒÐɯÈáÈÓÛċÓÔċıÛċÙȭ 

 

8ÌÛÒÐÓÌÕËÐÙÔÌɯÚÌÝÐàÌÓÌÙÐÕÐÕɯĹÙÌÛÐÓÌÕɯÌÙÐıÐÔɯÔÈÛÙÐÚÐɯÐñÌÙÐÚÐÕËÌÒÐɯËÈĀċÓċÔċɯ©ÌÒÐÓɯƘɀÛÌɯÒÈÙıċÓÈıÛċÙÔÈÓċɯ

ÖÓÈÙÈÒɯ ÚÜÕÜÓÔÜıÛÜÙȭɯ 2ÛÙÈÛÌÑÐÒɯ !ÈÊÒÛÙÈÊÒÐÕÎɯ ÈÓÎÖÙÐÛÔÈÚċȮɯ ËÌĀÌÙɯ ÚċÙÈÓÈÔÈÚċÕËÈɯ $ßÌÊÜÛÌɯ àÌÛÒÐÚÐÕÐɯ

ġÕÊÌÓÐÒÓÌÕËÐÙËÐĀÐɯÐñÐÕȮɯÒċÚċÛÓÈÙċÕɯÐáÐÕɯÝÌÙËÐĀÐɯÛĹÔɯÏĹÊÙÌÓÌÙËÌɯàĹÒÚÌÒɯàÌÛÒÐɯÈÛÈÔÈɯÌĀÐÓÐÔÐÕËÌËÐÙȭɯ!Üɯ

ÕÌËÌÕÓÌɯñġáĹÔËÌɯÐıɯÎÌÙÌÒÚÐÕÐÔÐɯÉÜÓÜÕÔÈàÈÕɯĹñɯÌÒɯȹËÌ×ÈÙÛÔÈÕȮɯÚÜÕÜÊÜȺɯñÐÍÛÐÕÌɯ$ßÌÊÜÛÌɯàÌÛÒÐÚÐɯÈÛÈÕÔċıɯ

ÝÌɯ$ßÌÊÜÛÌɯÖÙÈÕċɯǔƕƘȮƗɀÌɯÜÓÈıÔċıÛċÙȭ 
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8ÌÛÒÐÓÌÕËÐÙÔÌɯÝÌɯ$ÙÐıÐÔɯ.×ÛÐÔÐáÈÚàÖÕÜ 

Ɨƚ 

!ÜÕÈɯÒÈÙıċÓċÒɯ,15ɯ!ÈÊÒÛÙÈÊÒÐÕÎɯÈÓÎÖÙÐÛÔÈÚċȮɯ$Õɯ áɯ8ÌÛÒÐɯȹ+ÌÈÚÛɯ/ÙÐÝÐÓÌÎÌȺɯÖËÈÒÓċɯËÌĀÌÙɯÚċÙÈÓÈÔÈÚċɯ

ÚÈàÌÚÐÕËÌɯÏÌÙɯËÌĀÐıÒÌÕÌɯàÈÓÕċáÊÈɯÒċÚċÛÓÈÙċÕɯÎÌÙÌÒÛÐÙËÐĀÐɯÔÐÕÐÔÜÔɯàÌÛÒÐɯÚÌÝÐàÌÚÐÕÐɯÈÛÈÔÈÒÛÈËċÙȭɯ$ßÌÊÜÛÌɯ

àÌÛÒÐÚÐɯàÈÓÕċáÊÈɯ(2ɍ&$1ɯÛÈÙÈÍċÕËÈÕɯÈñċÒñÈɯÎÌÙÌÒÓÐɯÎġÙĹÓÌÕɯÉÌıɯñÐÍÛÌɯȹǔƜȮƝȺɯÝÌÙÐÓÔÐıȮɯÎÌÙÐɯÒÈÓÈÕɯÈÛÈÔÈÓÈÙċÕɯ

ÉĹàĹÒɯñÖĀÜÕÓÜĀÜɯÐÚÌɯ-Ö- ÊÊÌÚÚɯȹǔƚƖȮƙȺɯÖÓÈÙÈÒɯÉÌÓÐÙÓÌÕÔÐıÛÐÙȭɯ!ÜɯËÜÙÜÔȮɯ,15ɯÚÌáÎÐÚÐÕÐÕɯàÈÓÕċáÊÈɯ

×ÌÙÍÖÙÔÈÕÚɯÈÝÈÕÛÈÑċɯÚÈĀÓÈÔÈÒÓÈɯÒÈÓÔÈàċ×ɯÈàÕċɯáÈÔÈÕËÈɯ$Õɯ áɯ8ÌÛÒÐɯ×ÙÌÕÚÐÉÐÕÐɯÈÓÎÖÙÐÛÔÐÒɯÖÓÈÙÈÒɯËÈɯ

ÎĹÝÌÕÊÌɯÈÓÛċÕÈɯÈÓËċĀċÕċɯÚÖÔÜÛɯÉÐñÐÔËÌɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭ 

 

 

©ÌÒÐÓɯƘȭɯ àÙċÊÈÓċÒɯËĹáÌàÓÌÙÐÕÐÕɯËÈĀċÓċÔċȯɯ#ÖĀÙÜËÈÕɯ&ÌÙÐɯdáÓÌÔÌɯȹ ñÎġáÓĹȺɯÝÌɯ,15ɯ&ÌÙÐɯdáÓÌÔÌɯȹ$Õɯ áɯ

 àÙċÊÈÓċÒÓċȺɯàġÕÛÌÔÓÌÙÐÕÐÕɯÒÈÙıċÓÈıÛċÙċÓÔÈÚċȭ 

2ÖÕÜñɯÖÓÈÙÈÒɯĹÙÌÛÐÓÌÕɯÌÙÐıÐÔɯÔÈÛÙÐÚÐȮɯÔÈÕÜÌÓɯàġÕÌÛÐÓÌÕɯÒÓÈÚÐÒɯ1! "ɯàÈ×ċÓÈÙċÕËÈɯÚċÒɯÎġÙĹÓÌÕɯÈıċÙċɯ

àÌÛÒÐÓÌÕËÐÙÔÌɯÙÐÚÒÓÌÙÐÕÐɯÈáÈÓÛÔÈÒÛÈɯÝÌɯËÌÕÌÛÓÌÕÌÉÐÓÐÙȮɯÛÜÛÈÙÓċɯÉÐÙɯàÌÛÒÐɯàÈ×ċÚċɯÚÜÕÔÈÒÛÈËċÙȭ 

ƘȭƖɯdÏÓÈÓɯ3ÌÚ×ÐÛÐɯ2ÌÕÈÙàÖÚÜ 

xÕÌÙÐÓÌÕɯ "2/ɯ ÔÖËÌÓÐÕÐÕɯ àÈÓÕċáÊÈɯ ÜàÎÜÕɯ ÌÙÐıÐÔɯ ÔÈÛÙÐÚÐɯ ĹÙÌÛÔÌÒÓÌɯ ÒÈÓÔÈàċ×ɯ ÏÈÛÈÓċɯ

àÌÛÒÐÓÌÕËÐÙÔÌÓÌÙÐɯËÌɯÛÌÚ×ÐÛɯÌËÌÉÐÓËÐĀÐÕÐɯÎġÚÛÌÙÔÌÒɯÈÔÈÊċàÓÈɯñÌıÐÛÓÐɯàÈÕÓċıɯÌÙÐıÐÔɯÚÌÕÈÙàÖÓÈÙċɯÚÐÔĹÓÌɯ

ÌËÐÓÔÐıÛÐÙȭɯ!ÜɯÚÌÕÈÙàÖÓÈÙȮɯÔÈÕÜÌÓɯÌÙÐıÐÔɯàġÕÌÛÐÔÐÕËÌɯÚċÒɯÒÈÙıċÓÈıċÓÈÕɯÐÕÚÈÕɯÏÈÛÈÓÈÙċÕċɯÛÌÔÚÐÓɯÌËÌÊÌÒɯ

ıÌÒÐÓËÌɯÖÓÜıÛÜÙÜÓÔÜıÛÜÙȭɯ2ÐÔĹÓÈÚàÖÕɯÒÈ×ÚÈÔċÕËÈɯÙÖÓɯËċıċɯÌÙÐıÐÔɯÛÈÕċÔÓÈÔÈÓÈÙċȮɯÎġÙÌÝÓÌÙɯÈàÙċÓċĀċɯȹ2Ö#Ⱥɯ

ÐÏÓÈÓÓÌÙÐȮɯÒÙÐÛÐÒɯÚÜÕÜÊÜÓÈÙÈɯàÌÛÒÐÚÐáɯÌÙÐıÐÔɯÛÈÓÌ×ÓÌÙÐɯÝÌɯÈàÕċɯÚÜÕÜÊÜɯĹáÌÙÐÕËÌɯÉÐÙËÌÕɯÍÈáÓÈɯ$ßÌÊÜÛÌɯàÌÛÒÐÚÐɯ

verilmesi gibi duruml ÈÙɯÛÌÚÛɯÌËÐÓÔÐıÛÐÙȭɯ2ÐÚÛÌÔÌɯÜàÎÜÓÈÕÈÕɯÛĹÔɯÏÈÛÈÓċɯÈÛÈÔÈÓÈÙȮɯÒċÚċÛɯÍÖÕÒÚÐàÖÕÜɯ

ÛÈÙÈÍċÕËÈÕɯÖÛÖÔÈÛÐÒɯÖÓÈÙÈÒɯÙÌËËÌËÐÓÔÐıÛÐÙȭ xÙÕÌĀÐÕɯ%ÐÕÈÕÚɯËÌ×ÈÙÛÔÈÕċÕÈɯxËÌÔÌɯ2ÜÕÜÊÜÚÜɯĹáÌÙÐÕËÌɯ
$ßÌÊÜÛÌɯàÌÛÒÐÚÐɯÝÌÙÐÓÔÌÚÐɯ*ƛɯÒÜÙÈÓċÕċȮɯd*ɯËÌ×ÈÙÛÔÈÕċÕÈɯÈàÕċɯÈÕËÈɯ!ÖÙËÙÖɯÝÌɯ,ĹıÛÌÙÐɯÚÐÚÛÌÔÓÌÙÐÕËÌɯ

àÈáÔÈɯàÌÛÒÐÚÐɯÝÌÙÐÓÔÌÚÐɯ*ƝɯÒÜÙÈÓċÕċɯÐÏÓÈÓɯÌÛÔÌÒÛÌËÐÙȭɯ!ÌÕáÌÙɯıÌÒÐÓËÌɯ8ġÕÌÛÐÔɯËċıċÕËÈÒÐɯËÌ×ÈÙÛÔÈÕÓÈÙċÕɯ

8ġÕÌÛÐÔɯ2ÜÕÜÊÜÚÜɀÕÈɯÌÙÐıÐÔɯÛÈÓÌ×ÓÌÙÐɯ*ƕƔɯÒċÚċÛċɯÕÌËÌÕÐàÓÌɯÙÌËËÌËÐÓÔÐıÛÐÙȭɯ àÙċÊÈɯÈàÕċɯÚÜÕÜÊÜɯĹáÌÙÐÕËÌɯ

birden fazla departmana Execute yetkisi ÈÛÈÕÔÈÚċɯÎÐÙÐıÐÔÓÌÙÐɯ*ƕƗɯÒÜÙÈÓċɯÒÈ×ÚÈÔċÕËÈɯÖÛÖÔÈÛÐÒɯÖÓÈÙÈÒɯ

ÌÕÎÌÓÓÌÕÔÐıÛÐÙȭɯ!ÜɯËÜÙÜÔɯÒÙÐÛÐÒɯÚÐÚÛÌÔɯÒÈàÕÈÒÓÈÙċÕċÕɯÒÖÙÜÕÔÈÚċɯÈñċÚċÕËÈÕɯġÕÌÔÓÐɯÉÐÙɯÎĹÝÌÕÓÐÒɯÈÝÈÕÛÈÑċɯ

ÚÈĀÓÈÔÈÒÛÈËċÙȭɯ$ÓËÌɯÌËÐÓÌÕɯÚÖÕÜñÓÈÙȮɯ"2/ɯÛÈÉÈÕÓċɯàÈÒÓÈıċÔċÕɯàÈÓÕċáÊÈɯàÌÛÒÐɯËÈĀċÛċÔċɯàÈ×ÈÕɯ×ÈÚÐÍ bir 

ÔÖËÌÓɯÖÓÔÈËċĀċÕċȰɯÈàÕċɯáÈÔÈÕËÈɯàÈÕÓċıɯàÈ×ċÓÈÕËċÙÔÈÓÈÙċɯÎÌÙñÌÒɯáÈÔÈÕÓċɯÛÌÚ×ÐÛɯÌËÌÕɯÉÐÙɯÎĹÝÌÕÓÐÒɯ

ÔÌÒÈÕÐáÔÈÚċɯ ÖÓËÜĀÜÕÜɯ ÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ !Üɯ ġáÌÓÓÐÒȮɯ ÔÈÕÜÌÓɯ àġÕÌÛÐÓÌÕɯ ÚÐÚÛÌÔÓÌÙËÌɯ ÚċÒɯ ÎġÙĹÓÌÕɯ

ÒÖÕÍÐÎĹÙÈÚàÖÕɯÏÈÛÈÓÈÙċÕċÕɯġÕÓÌÕÔÌÚÐɯÈñċÚċÕËÈÕɯġÕÌÔÓÐɯÈÝÈÕÛÈÑɯÚÜÕÔÈÒÛÈËċÙȭ 

ƙȭɯ2ÖÕÜñ 

!ÜɯñÈÓċıÔÈËÈɯÒÜÙÜÔÚÈÓɯÌÙÐıÐÔɯÒÖÕÛÙÖÓĹɯ×ÙÖÉÓÌÔÐȮɯ*ċÚċÛɯ2ÈĀÓÈÔÈɯ/ÙÖÉÓÌÔÐɯȹ"ÖÕÚÛÙÈÐÕÛɯ2ÈÛÐÚÍÈÊÛÐÖÕɯ

Problem ɭ "2/ȺɯàÈÒÓÈıċÔċɯÒÜÓÓÈÕċÓÈÙÈÒɯàÌÕÐËÌÕɯÔÖËÌÓÓÌÕÔÐıɯÝÌɯ9ÌÙÖɯ3ÙÜÚÛɯÔÐÔÈÙÐÚÐÕÌɯÜàÎÜÕȮɯ

ÖÛÖÔÈÛÐÒɯ àÌÛÒÐÓÌÕËÐÙÔÌɯ ĹÙÌÛÌÕɯ ÉÐÙɯ ñġáĹÔɯ ÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙȭɯ xÕÌÙÐÓÌÕɯ ÔÖËÌÓËÌɯ ÌÙÐıÐÔɯ ÏÈÒÓÈÙċȰɯ



Uzun ve Arpa, Constraint Satisfaction /ÙÖÉÓÌÔɯ8ÈÒÓÈıċÔċàÓÈɯ9ÌÙÖɯ3ÙÜÚÛɯ.ÙÛÈÔÓÈÙċÕËÈɯ.ÛÖÔÈÛÐÒɯ
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Ɨƛ 

ËÌ×ÈÙÛÔÈÕÓÈÙȮɯ ÚÜÕÜÊÜÓÈÙȮɯ Ðıɯ ÎÌÙÌÒÚÐÕÐÔÓÌÙÐɯ ÝÌɯ ÎĹÝÌÕÓÐÒɯ ×ÖÓÐÛÐÒÈÓÈÙċɯ ÉÐÙÓÐÒÛÌɯ ËÌĀÌÙÓÌÕËÐÙÐÓÌÙÌÒɯ

ÔÈÛÌÔÈÛÐÒÚÌÓɯÒċÚċÛÓÈÙɯÉÐñÐÔÐÕËÌɯÛÈÕċÔÓÈÕÔċıÛċÙȭɯ&ÌÓÐıÛÐÙÐÓÌÕɯÚÐÚÛÌÔËÌɯƛɯËÌ×ÈÙÛÔÈÕɯÝÌɯƜɯÚÜÕÜÊÜËÈÕɯ

ÖÓÜıÈÕɯġÙÕÌÒɯÒÜÙÜÔÚÈÓɯàÈ×ċɯĹáÌÙÐÕËÌɯÛÖ×ÓÈÔɯƙƚɯÌÙÐıÐÔɯËÌĀÐıÒÌÕÐɯÐñÐÕɯñġáĹÔɯĹÙÌÛÐÓÔÐıÛÐÙȭɯ,15ɯÚÌáÎÐÚÌÓɯ

àġÕÛÌÔÐàÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÉÈÊÒÛÙÈÊÒÐÕÎɯÈÓÎÖÙÐÛÔÈÚċȮɯƖƕɯÐıɯÎÌÙÌÒÚÐÕÐÔÐɯÝÌɯƕƗɯÎĹÝÌÕÓÐÒɯÒÜÙÈÓċÕċɯÌıɯ

áÈÔÈÕÓċɯÚÈĀÓÈàÈÕɯÎÌñÌÙÓÐɯÌÙÐıÐÔɯÔÈÛÙÐÚÐÕÌɯàÈÓÕċáÊÈɯƝƕɯËÌÕÌÔÌËÌɯÜÓÈıÔċıÛċÙȭɯ$ÓËÌɯÌËÐÓÌÕɯÚÖÕÜñÓÈÙȮɯÒÓÈÚÐÒɯ

ËĹáɯÉÈÊÒÛÙÈÊÒÐÕÎɯàÈÒÓÈıċÔċÕÈɯÒċàÈÚÓÈɯËÈÏÈɯËĹıĹÒɯÈÙÈÔÈɯÔÈÓÐàÌÛÐɯÝÌɯËÈÏÈɯÝÌÙÐÔÓÐɯñġáĹÔɯ×ÌÙÍÖÙÔÈÕÚċɯ

ÚÈĀÓÈÕËċĀċÕċɯ ÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ ²ÙÌÛÐÓÌÕɯ ÌÙÐıÐÔɯ ÔÈÛÙÐÚÐɯ ÐÕÊÌÓÌÕËÐĀÐÕËÌȮɯ ËÌ×ÈÙÛÔÈÕÓÈÙÈɯ àÈÓÕċáÊÈɯ

ÎġÙÌÝÓÌÙÐÕÐɯàÌÙÐÕÌɯÎÌÛÐÙÌÉÐÓÔÌÓÌÙÐɯÐñÐÕɯÎÌÙÌÒÓÐɯÔÐÕÐÔÜÔɯàÌÛÒÐÓÌÙÐÕɯÝÌÙÐÓËÐĀÐɯÎġÙĹÓÔĹıÛĹÙȭɯ!ġàÓÌÊÌɯ+ÌÈÚÛɯ

/ÙÐÝÐÓÌÎÌɯÐÓÒÌÚÐɯËÖĀÙÜËÈÕɯÈÓÎÖÙÐÛÔÐÒɯÖÓÈÙÈÒɯÜàÎÜÓÈÕÔċıȮɯÎÌÙÌÒÚÐáɯÝÌɯÈıċÙċɯàÌÛÒÐÓÌÕËÐÙÔÌɯÙÐÚÒÓÌÙÐɯÖÙÛÈËÈÕɯ

ÒÈÓËċÙċÓÔċıÛċÙȭɯ àÙċÊÈɯÈàÕċɯÚÜÕÜÊÜɯĹáÌÙÐÕËÌɯÉÐÙËÌÕɯÍÈáÓÈɯ$ßÌÊÜÛÌɯàÌÛÒÐÚÐÕÐÕɯÌÕÎÌÓÓÌÕÔÌÚÐȮɯÎġÙÌÝÓÌÙɯ

ÈàÙċÓċĀċɯȹ2Ö#ȺɯÒÜÙÈÓÓÈÙċÕċÕɯÒÖÙÜÕÔÈÚċɯÝÌɯÒÙÐÛÐÒɯÚÐÚÛÌÔÓÌÙÌɯàÌÛÒÐÚÐáɯÌÙÐıÐÔÐÕɯÙÌËËÌËÐÓÔÌÚÐɯÐÓÌɯÎĹÝÌÕÓÐÒɯ

×ÖÓÐÛÐÒÈÓÈÙċÕċÕɯ ÛÜÛÈÙÓċɯ ÉÐñÐÔËÌɯ ÜàÎÜÓÈÕËċĀċɯ ËÖĀÙÜÓÈÕÔċıÛċÙȭɯ 2ÐÔĹÓÌɯ ÌËÐÓÌÕɯ ÏÈÛÈÓċɯ àÌÛÒÐÓÌÕËÐÙÔÌɯ

ÚÌÕÈÙàÖÓÈÙċÕËÈɯÚÐÚÛÌÔÐÕɯ×ÖÓÐÛÐÒÈɯÐÏÓÈÓÓÌÙÐÕÐɯÖÛÖÔÈÛÐÒɯÖÓÈÙÈÒɯÛÌÚ×ÐÛɯÌËÐ×ɯÙÌËËÌÛÛÐĀÐɯÎġáÓÌÔÓÌÕÔÐıÛÐÙȭɯ!Üɯ

ËÜÙÜÔɯġÕÌÙÐÓÌÕɯàÈÒÓÈıċÔċÕɯàÈÓÕċáÊÈɯÌÙÐıÐÔɯÔÈÛÙÐÚÐɯĹÙÌÛÌÕɯ×ÈÚÐÍɯÉÐÙɯÔÖËÌÓɯËÌĀÐÓȮɯÈàÕċɯáÈÔÈÕËÈɯàÈÕÓċıɯ

àÈ×ċÓÈÕËċÙÔÈÓÈÙċɯ ġÕÓÌàÌÕɯ ÈÒÛÐÍɯ ÉÐÙɯ ÎĹÝÌÕÓÐÒɯ ÔÌÒÈÕÐáÔÈÚċɯ ÖÓËÜĀÜÕÜɯ ÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ !Üɯ ñÈÓċıÔÈȮɯ

ÌÕËĹÚÛÙÐàÌÓɯġÓñÌÒÛÌɯÉÐÙɯ( ,ɯñġáĹÔĹɯÚÜÕÔÈÒÛÈÕɯáÐàÈËÌȮɯÌÙÐıÐÔɯÒÖÕÛÙÖÓɯ×ÖÓÐÛÐÒÈÓÈÙċÕċÕɯ"2/ɯÛÈÉÈÕÓċɯ

ÍÖÙÔÌÓɯ ÔÖËÌÓÓÌÔÌɯ ÐÓÌɯ ÖÛÖÔÈÛÐÒɯ ĹÙÌÛÐÓÌÉÐÓÌÊÌĀÐÕÐɯ ÎġÚÛÌÙÔÌàÐɯ ÈÔÈñÓÈàÈÕɯ ÉÐÙɯ ×ÙÖÖÍ-of-concept 

àÈÒÓÈıċÔċËċÙȭ 

 

2ÖÕÜñɯÖÓÈÙÈÒɯ"2/ɯÛÈÉÈÕÓċɯÌÙÐıÐÔɯÒÖÕÛÙÖÓɯÔÖËÌÓÐȰɯËÌÕÌÛÓÌÕÌÉÐÓÐÙÓÐÒȮɯÖÛÖÔÈÚàÖÕȮɯÎĹÝÌÕÓÐÒɯÛÜÛÈÙÓċÓċĀċɯ

ÝÌɯġÓñÌÒÓÌÕÌÉÐÓÐÙÓÐÒɯÈñċÚċÕËÈÕɯÎÌÓÌÕÌÒÚÌÓɯÔÈÕÜÌÓɯàÌÛÒÐÓÌÕËÐÙÔÌɯÚĹÙÌñÓÌÙÐÕÌɯÈÓÛÌÙÕÈÛÐÍɯÉÐÙɯ"2/ɯÛÈÉÈÕÓċɯ

ÔÖËÌÓɯÚÜÕÔÈÒÛÈËċÙȭɯ&ÌÓÌÊÌÒɯñÈÓċıÔÈÓÈÙËÈɯÔÖËÌÓÐÕɯËÐÕÈÔÐÒ ÒÜÓÓÈÕċÊċɯËÈÝÙÈÕċıÓÈÙċȮɯÎÌÙñÌÒɯáÈÔÈÕÓċɯÙÐÚÒɯ

ÚÒÖÙÓÈÙċȮɯ ÒÜÓÓÈÕċÊċɯ ġáÕÐÛÌÓÐÒÓÌÙÐɯ ȹ ! "Ⱥɯ ÝÌɯ ÉĹàĹÒɯ ġÓñÌÒÓÐɯ ÒÜÙÜÔÚÈÓɯ ÚÐÚÛÌÔÓÌÙÓÌɯ ÉĹÛĹÕÓÌıÛÐÙÐÓÔÌÚÐɯ

hedeflenmektedir.  
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Autonomous Energy Efficiency and Carbon Footprint 

Analysis via Edge Computing -Based Image Processing in 

Educational Institutions  

Abstract   

This research presents an edge computing-based autonomous image processing system aimed at 

preventing energy waste caused by static scheduling and operational errors (such as air conditioning 

and lighting systems left on in empty classrooms) in educational  buildings. The study aims to optimize 

the institutional carbon footprint by analyzing real -time occupancy data. As a methodology, instead of 

complex sensor networks, low-cost IoT-based edge cameras and a TensorFlow-based binary 
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classification model trained on the Edge Impulse platform were used. A conservative accuracy 

threshold was preferred in the detection algorithm to maintain student comfort. Developed to strictly 

prevent PDPL (Personal Data Protection Law) violations, these closed-circuit hardware units are 

designed with a privacy -first architecture that processes and destroys the acquired images instantly 

within the volatile memory (RAM) of local devices, without transmitting them to cloud servers or 

external storage units. Detected anomalies are transferred to dashboards via API integration. 

According to the results, by preventing two hours of daily waste in a 20 -classroom pilot building, an 

annual energy savings of 25,824 kWh and an emission reduction of 11,4 tons of CO2 equivalent can be 

achieved. In a full campus projection of 10 buildings, an annual financial savings of 1.291.200 TL for the 

institution and the prevention of 114,15 tons of carbon emissions are anticipated based on current tariffs. 

In conclusion, this technology provides a cost-effective and fully legally compliant tool for green 

campus goals. While the current prototype covers anomaly detection and reporting, equipment control 

integration requiring infrastructure access is planned f or the next phase. During the commercialization 

phase, transitioning to thermal sensors is targeted to eliminate visual data. 

 

Keywords:  Edge computing; energy efficiency; image processing; Internet of Things (IoT); sustainable 

campus. 
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3ĹÙÒÐàÌɅËÌÒÐɯàÈ×ċɯÚÛÖÒÜÕÜÕɯÌÕÌÙÑÐɯ×ÌÙÍÖÙÔÈÕÚċÕċɯÈÙÛċÙÔÈÒɯÐñÐÕɯÚÈËÌÊÌɯÛÌÒÕÖÓÖÑÐÒɯËÌĀÐÓȮɯÈàÕċɯáÈÔÈÕËÈɯ

ÒÜÓÓÈÕċÊċɯÒÖÕÍÖÙÜÕÜɯÝÌɯÐñɯÖÙÛÈÔɯàÈıÈÔɯÒÈÓÐÛÌÚÐÕÐɯÎġáÌÛÌÕɯÉĹÛĹÕÚÌÓɯÉÐÙɯàÈÒÓÈıċÔɯÎÌÙÌÒÓÐËÐÙȭɯ3ĹÙÒÐàÌɅÕÐÕɯ

net-ÚċÍċÙɯÒÈÙÉÖÕɯÏÌËÌÍÓÌÙÐÕÌɯÜÓÈıÔÈÚċȮɯÉÐÕÈÓÈÙËÈÒÐɯÖ×ÌÙÈÚàÖÕÌÓɯÌÕÌÙÑÐɯÐÚÙÈÍċÕċÕɯàÈ×ÈàɯáÌÒÈɯÝÌɯ(Ö3ɯÛÈÉÈÕÓċɯ

ÈËÈ×ÛÐÍɯñġáĹÔÓÌÙÓÌɯÔÐÕÐÔÐáÌɯÌËÐÓÔÌÚÐÕÌɯÉÈĀÓċËċÙȭ 

 

&ĹÕĹÔĹáËÌɯ ÌĀÐÛÐÔɯ ÉÐÕÈÓÈÙċÕËÈÒÐɯ ÐÒÓÐÔÓÌÕËÐÙÔÌɯ ÚÐÚÛÌÔÓÌÙÐɯ ÎÌÕÌÓÓÐÒÓÌɯ ÔÈÒÚÐÔÜÔɯ ËÖÓÜÓÜÒɯ

ÝÈÙÚÈàċÔċÕÈɯËÈàÈÕÈÕɯġÕÊÌËÌÕɯÉÌÓÐÙÓÌÕÔÐıȮɯÚÛÈÛÐÒɯáÈÔÈÕɯñÐáÌÓÎÌÓÌÙÐÕÌɯÎġÙÌɯàġÕÌÛÐÓÔÌÒÛÌËÐÙȭɯ ÕÊÈÒɯ

ñÈÓċıÔÈÓÈÙȮɯ ĹÕÐÝÌÙÚÐÛÌɯ ËÌÙÚÓÐÒÓÌÙÐÕËÌÒÐɯ ÎÌÙñÌÒɯ ËÖÓÜÓÜÒɯ ÖÙÈÕÓÈÙċÕċÕɯ ÒÈ×ÈÚÐÛÌÕÐÕɯ ÎÌÕÌÓÓÐÒÓÌɯ ǔƚƔɅċÕċɯ

ÈıÔÈËċĀċÕċɯÝÌɯġĀÙÌÕÊÐɯËÌÝÈÔÚċáÓċÒÓÈÙċȮɯ×ÙÖÎÙÈÔɯËÌĀÐıÐÒÓÐÒÓÌÙÐɯÝÌàÈɯËÌÙÚɯËċıċɯÌÛÒÐÕÓÐÒÓÌÙɯÕÌËÌÕÐàÓÌɯ

àĹÒÚÌÒɯÖÙÈÕËÈɯÙÈÚÛÓÈÕÛċÚÈÓɯÉÐÙɯËÈĀċÓċÔɯÚÌÙÎÐÓÌËÐĀÐÕÐɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ!ÖıɯÝÌàÈɯËĹıĹÒɯËÖÓÜÓÜÒÛÈÒÐɯ

ÚċÕċÍÓÈÙċÕɯÎÌÓÌÕÌÒÚÌÓɯÚÛÈÛÐÒɯÚÐÚÛÌÔÓÌÙÓÌɯÐÒÓÐÔÓÌÕËÐÙÐÓÔÌàÌɯÝÌɯÈàËċÕÓÈÛċÓÔÈàÈɯËÌÝÈÔɯÌÛÔÌÚÐȮɯÊÐËËÐɯÉÐÙɯ

ÌÕÌÙÑÐɯ ÐÚÙÈÍċÕÈɯ àÖÓɯ ÈñÔÈÒÛÈËċÙȭɯ !ÐÕÈÓÈÙċÕɯ ÎÌÙñÌÒɯ áÈÔÈÕÓċɯ ËÖÓÜÓÜÒɯ ËÜÙÜÔÜÕÈɯ ÎġÙÌɯ ÈËÈ×ÛÐÍɯ ÖÓÈÙÈÒɯ

àġÕÌÛÐÓÌÔÌÔÌÚÐɯȹÖÝÌÙ-ÊÖÕËÐÛÐÖÕÐÕÎȺȮɯÏÌÔɯÒÜÙÜÔÚÈÓɯÍÐÕÈÕÚÈÓɯÒÈàÕÈÒÓÈÙċÕɯÐÚÙÈÍɯÌËÐÓÔÌÚÐÕÌɯÏÌÔɯËÌɯ

gereksÐáɯÒÈÙÉÖÕɯÚÈÓċÔċÕÈɯÕÌËÌÕɯÖÓÔÈÒÛÈËċÙɯ[1,2,3]. 

 

!ÜɯÖ×ÌÙÈÚàÖÕÌÓɯÏÈÛÈÓÈÙċɯġÕÓÌÔÌÒɯÝÌɯÌÕÌÙÑÐɯÝÌÙÐÔÓÐÓÐĀÐÕÐɯÖÛÖÕÖÔɯÏÈÓÌɯÎÌÛÐÙÔÌÒɯÐñÐÕɯ-ÌÚÕÌÓÌÙÐÕɯ

dÕÛÌÙÕÌÛÐɯÝÌɯ8È×Èàɯ9ÌÒäɯËÌÚÛÌÒÓÐɯñġáĹÔÓÌÙɯġÕÌɯñċÒÔÈÒÛÈËċÙȭɯ ÕÊÈÒɯÚÌÕÚġÙÓÌÙËÌÕɯÈÓċÕÈÕɯÝÌÙÐÓÌÙÐÕɯ

ÐıÓÌÕÔÌÒɯĹáÌÙÌɯÔÌÙÒÌáÐɯÉÜÓÜÛɯÚÜÕÜÊÜÓÈÙċÕÈɯÎġÕËÌÙÐÓÔÌÚÐȮɯàĹÒÚÌÒɯÎÌÊÐÒÔÌɯÚĹÙÌÓÌÙÐȮɯÉÈÕÛɯÎÌÕÐıÓÐĀÐɯ

ÚÖÙÜÕÓÈÙċɯÝÌɯÚÐÉÌÙɯÎĹÝÌÕÓÐÒɯÈñċÒÓÈÙċɯÎÐÉÐɯÒċÚċÛÓÈÔÈÓÈÙɯàÈÙÈÛÔÈÒÛÈËċÙȭɯ!ÜɯÕÖÒÛÈËÈȮɯÝÌÙÐɯÐıÓÌÔÌɯàĹÒĹÕĹɯ

ÝÌÙÐÕÐÕɯĹÙÌÛÐÓËÐĀÐɯÒÈàÕÈĀÈɯÛÈıċàÈÕɯÜñÛÈɯÉÐÓÐıÐÔɯÔÐÔÈÙÐÚÐɯÉÜÓÜÛɯÉÈĀċÔÓċÓċĀċÕċɯÖÙÛÈËÈÕɯÒÈÓËċÙÈÙÈÒɯÈÕÓċÒɯ

ÒÈÙÈÙɯÈÓÔÈɯÐÔÒäÕċɯÚÜÕÈÙȭɯ2ċÕċÙÓċɯÒÈàÕÈÒÓÈÙÈɯÚÈÏÐ×ɯÔÐÒÙÖËÌÕÌÛÓÌàÐÊÐÓÌÙɯĹáÌÙÐÕËÌɯñÈÓċıÈÕɯÒĹñĹÒɯÔÈÒÐÕÌɯ

ġĀÙÌÕÐÔÐɯȹ3ÐÕà,+ȺɯÔÖËÌÓÓÌÙÐɯÚÈàÌÚÐÕËÌȮɯËĹıĹÒɯÎĹñɯÛĹÒÌÛÐÔÐàÓÌɯÜñɯÊÐÏÈáÓÈÙËÈɯÖÛÖÕÖÔɯÈÕÖÔÈÓÐɯÛÌÚ×ÐÛÐɯ

ÝÌɯËÖÓÜÓÜÒɯÈÕÈÓÐáÐɯàÈ×ÔÈÒɯÔĹÔÒĹÕɯÏÈÓÌɯÎÌÓÔÐıÛÐÙɯ[4].  



 àÓċÒÊċ ÝËȭɯ$ĀÐÛÐÔɯ*ÜÙÜÔÓÈÙċÕËÈɯ4ñɯ!ÐÓÎÐɯdıÓÌÔɯ3ÈÉÈÕÓċɯ&ġÙĹÕÛĹɯdıÓÌÔÌɯÐÓÌɯ.ÛÖÕÖÔɯ$ÕÌÙÑÐɯ5ÌÙÐÔÓÐÓÐĀÐɯ

ÝÌɯ*ÈÙÉÖÕɯ àÈÒɯdáÐɯ ÕÈÓÐáÐ 

Ƙƕ 

&ġÙĹÕÛĹɯÐıÓÌÔÌɯÛÈÉÈÕÓċɯËÖÓÜÓÜÒɯÛÌÚ×ÐÛÐȮɯÒÐıÐɯÝÈÙÓċĀċÕċɯËÖĀÙÜÓÈÔÈËÈɯÌÕɯàĹÒÚÌÒɯÏÈÚÚÈÚÐàÌÛÐɯÚÜÕÈÕɯ

àġÕÛÌÔÓÌÙËÌÕɯ ÉÐÙÐɯ ÖÓÔÈÚċÕÈɯ ÙÈĀÔÌÕȮɯ ÒÈÔÌÙÈÓÈÙċÕɯ ÒÈ×ÈÓċɯ ÈÓÈÕÓÈÙËÈɯ ÒÜÓÓÈÕċÔċɯ *ÐıÐÚÌÓɯ 5ÌÙÐÓÌÙÐÕɯ

*ÖÙÜÕÔÈÚċɯ *ÈÕÜÕÜɯ ȹ*5**Ⱥɯ ÝÌɯ  !ɯ &ÌÕÌÓɯ 5ÌÙÐɯ *ÖÙÜÔÈɯ 8ġÕÌÛÔÌÓÐĀÐɯ ȹ&#/1Ⱥɯ ÒÈ×ÚÈÔċÕËÈɯ ÊÐËËÐɯ

ÔÈÏÙÌÔÐàÌÛɯÐÏÓÈÓÐɯÙÐÚÒÓÌÙÐɯÛÈıċÔÈÒÛÈËċÙȭɯ!ÜɯÚÖÙÜÕÜɯÈıÔÈÕċÕɯÌÕɯÌÛÒÐÓÐɯàÖÓÜȮɯÝÌÙÐɯÐıÓÌÔÌàÐɯËÖĀÙÜËÈÕɯ

ËÖÕÈÕċÔɯ ÚÌÝÐàÌÚÐÕËÌɯ àÈÓċÛÈÕɯ Ɇ3ÈÚÈÙċÔɯ 8ÖÓÜàÓÈɯ ,ÈÏÙÌÔÐàÌÛɆɯ ȹ/ÙÐÝÈÊà-by-Design) ilkesinin 

benimsenmesidir. 

 

!ÜɯËÖĀÙÜÓÛÜËÈȮɯÉÜɯñÈÓċıÔÈɯÌĀÐÛÐÔɯàÈ×ċÓÈÙċÕËÈɯ*È×ÚÈÔɯƖɯÌÔÐÚàÖÕÓÈÙċÕċɯÝÌɯÌÕÌÙÑÐɯÐÚÙÈÍċÕċɯÌÕɯÈáÈɯ

ÐÕËÐÙÔÌÒɯÐñÐÕɯÜñɯÉÐÓÐıÐÔɯȹÌËÎÌɯÊÖÔ×ÜÛÐÕÎȺɯÛÈÉÈÕÓċȮɯËĹıĹÒɯÔÈÓÐàÌÛÓÐɯÝÌɯÖÛÖÕÖÔɯÉÐÙɯÎġÙĹÕÛĹɯÐıÓÌÔÌɯÚÐÚÛÌÔÐɯ

ġÕÌÙÔÌÒÛÌËÐÙȭɯ2ÐÚÛÌÔɯ$ËÎÌɯ(Ô×ÜÓÚÌɯ×ÓÈÛÍÖÙÔÜÕËÈɯÌĀÐÛÐÓÔÐıɯ3ÌÕÚÖÙ%ÓÖÞɯÛÈÉÈÕÓċɯÉÐÙɯÖÉÑÌɯÚċÕċÍÓÈÕËċÙÔÈɯ

ȹÖÉÑÌÊÛɯÊÓÈÚÚÐÍÐÊÈÛÐÖÕȺɯÔÖËÌÓÐɯÒÜÓÓÈÕÈÙÈÒɯÎÌÙñÌÒɯáÈÔÈÕÓċɯËÖÓÜÓÜÒɯÛÌÚ×ÐÛÐɯàÈ×ÔÈÒÛÈËċÙȭɯ,ÈÏÙÌÔÐàÌÛɯ

ÐÏÓÈÓÓÌÙÐÕÐɯÒÌÚÐÕɯÖÓÈÙÈÒɯġÕÓÌÔÌÒɯÈÔÈÊċàÓÈɯÎÌÓÐıÛÐÙÐÓÌÕɯÉÜɯÒÈ×ÈÓċɯËÌÝÙÌɯËÖÕÈÕċÔȮɯÌÓËÌɯÌËÐÓÌÕɯÎġÙĹÕÛĹÓÌÙÐɯ

ÏÐñÉÐÙɯÉÜÓÜÛɯÚÜÕÜÊÜÚÜÕÈɯÎġÕËÌÙÔÌËÌÕɯàÈÓÕċáÊÈɯàÌÙÌÓɯÊÐÏÈáÓÈÙċÕɯÎÌñÐÊÐɯÉÌÓÓÌĀÐÕËÌɯȹ1 ,ȺɯÐıÓÌàÐ×ɯÈÕċÕËÈɯ

ÐÔÏÈɯÌËÌÕɯÉÐÙɯàÈ×ċËÈɯÛÈÚÈÙÓÈÕÔċıÛċÙȭ  ÙÈıÛċÙÔÈɯÒÈ×ÚÈÔċÕËÈȮɯġĀÙÌÕÊÐɯÒÖÕÍÖÙÜÕÜɯÙÐÚÒÌɯÈÛÔÈÔÈÒɯÈËċÕÈɯ

ÔÜÏÈÍÈáÈÒäÙɯÉÐÙɯËÖĀÙÜÓÜÒɯÌıÐĀÐɯÒÜÓÓÈÕċÓÔċıɯÝÌɯÛÌÚ×ÐÛɯÌËÐÓÌÕɯÐÚÙÈÍɯÈÕÖÔÈÓÐÓÌÙÐɯ /(ɯÌÕÛÌÎÙÈÚàÖÕÜàÓÈɯÝÌÙÐɯ

×ÈÕÌÓÓÌÙÐÕÌɯȹËÈÚÏÉÖÈÙËȺɯÈÒÛÈÙċÓÔċıÛċÙȭɯIÈÓċıÔÈÕċÕɯËÌÝÈÔċÕËÈȮɯÎÌÓÐıÛÐÙÐÓÌÕɯÉÜɯ×ÙÖÛÖÛÐ×ÐÕɯƖƔɯËÌrslikli bir 

×ÐÓÖÛɯÉÐÕÈɯÝÌɯƕƔɯÉÐÕÈÓċÒɯÉÐÙɯÒÈÔ×ĹÚɯ×ÙÖÑÌÒÚÐàÖÕÜɯĹáÌÙÐÕËÌÒÐɯÌÕÌÙÑÐɯÝÌɯÒÈÙÉÖÕɯÈàÈÒɯÐáÐɯÖ×ÛÐÔÐáÈÚàÖÕÜɯ

ÚÖÕÜñÓÈÙċɯÚÜÕÜÓÈÊÈÒÛċÙȭɯ àÙċÊÈȮɯÚÖÕÙÈÒÐɯÛÐÊÈÙÐÓÌıÔÌɯÍÈáÓÈÙċɯÐñÐÕɯÌÒÐ×ÔÈÕɯÒÖÕÛÙÖÓɯÌÕÛÌÎÙÈÚàÖÕÜɯÝÌɯÎġÙÚÌÓɯ

ÝÌÙÐàÐɯÛÈÔÈÔÌÕɯÖÙÛÈËÈÕɯÒÈÓËċÙÈÊÈÒɯÛÌÙÔÈÓɯÚÌÕÚġÙɯȹġÙȭɯ,+7ƝƔƚƘƔɯÝÉȭȺɯÎÌñÐıɯ×ÓÈÕÓÈÙċɯÛÈÙÛċıċÓÈÙÈÒȮɯÈÒċÓÓċɯÝÌɯ

àÌıÐÓɯÒÈÔ×ĹÚÓÌÙɯÐñÐÕɯàÈÚÈÓÈÙÈɯÛÈÔɯÜàÜÔÓÜȮɯÜàÎÜÕɯÔÈÓÐàÌÛÓÐɯÉÐÙɯñÌÙñÌÝÌɯñÐáÐÓÌÊÌÒÛÐÙȭ 

2. Materyal ve Metot  

2.1. Materyal  

!ÜɯñÈÓċıÔÈËÈȮɯÌĀÐÛÐÔɯÉÐÕÈÓÈÙċÕËÈÒÐɯÌÕÌÙÑÐɯÐÚÙÈÍċÕċɯġÕÓÌÔÌÒɯÝÌɯÚċÕċÍɯËÖÓÜÓÜĀÜÕÜɯÖÛÖÕÖÔɯÖÓÈÙÈÒɯÛÌÚ×ÐÛɯ

ÌÛÔÌÒɯÈÔÈÊċàÓÈɯËÖÕÈÕċÔȮɯàÈáċÓċÔɯ ÝÌɯÍÐáÐÒÚÌÓɯÚÈÏÈɯ ÉÐÓÌıÌÕÓÌÙÐÕËÌÕɯÖÓÜıÈÕɯ ÉĹÛĹÕÊĹÓɯÉÐÙɯ ÔÈÛÌÙàÈÓɯ

ÈÓÛàÈ×ċÚċɯÒÜÓÓÈÕċÓÔċıÛċÙȭ  

 

Ɩȭƕȭƕȭɯ#ÖÕÈÕċÔɯÝÌɯ8ÈáċÓċÔɯ,ÈÛÌÙàÈÓÓÌÙÐ 

&ġÙĹÕÛĹɯÐıÓÌÔÌɯÝÌɯàÈ×ÈàɯáÌÒÈɯÎġÙÌÝÓÌÙÐÕÐɯÈĀċÕɯÜñɯÕÖÒÛÈÚċÕËÈɯȹÌËÎÌȺɯÎÌÙñÌÒÓÌıÛÐÙÔÌÒɯĹáÌÙÌɯËĹıĹÒɯ

ÔÈÓÐàÌÛÓÐɯ(Ö3ɯÒÈÔÌÙÈÓÈÙɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯ2ÐÚÛÌÔÐÕɯ×ÙÖÛÖÛÐ×ɯÛÌÚÛÓÌÙÐɯÉÐÓÎÐÚÈàÈÙɯÛÈÉÈÕÓċɯÉÐÙɯ×ÈÕÌÓɯĹáÌÙÐÕËÌɯ

ÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıɯÖÓÜ×ȮɯÖÛÖÕÖÔɯÝÌɯÒÖÔ×ÈÒÛɯÚÐÚÛÌÔɯÌÕÛÌÎÙÈÚàÖÕÜɯÐñÐÕɯÕÐÏÈÐɯËÖÕÈÕċÔɯÔÈÛÌÙàÈÓÐɯÖÓÈÙÈÒɯ

Raspberry Pi belirlenmiıÛÐÙȭɯ8È×ÈàɯáÌÒÈɯÔÖËÌÓÐÕÐÕɯÝÌÙÐɯÛÖ×ÓÈÔÈȮɯÌÛÐÒÌÛÓÌÔÌȮɯġáÌÓÓÐÒɯñċÒÈÙċÔċɯÝÌɯÒċÚċÛÓċɯ

ËÖÕÈÕċÔÓÈÙÈɯȹ3ÐÕà,+ȺɯËÈĀċÛċÔɯÚĹÙÌñÓÌÙÐɯÐñÐÕɯÜñÛÈɯÉÐÓÐıÐÔɯÛÈÉÈÕÓċɯ,+.×Úɯ×ÓÈÛÍÖÙÔÜɯÖÓÈÕɯ$ËÎÌɯ(Ô×ÜÓÚÌɯ

àÈáċÓċÔċɯÒÜÓÓÈÕċÓÔċıÛċÙɯ[5].  

 

  

©ÌÒÐÓɯ1ȭɯ&ÌÓÐıÛÐÙÐÓÌÕɯÖÛÖÕÖÔɯÚÐÚÛÌÔÐÕɯÜñÛÈɯÉÐÓÐıÐÔɯÝÌɯ

ÔÈÏÙÌÔÐàÌÛɯÖËÈÒÓċɯËÖÕÈÕċÔɯÔÐÔÈÙÐÚÐ 



 àÓċÒÊċ ÝËȭɯ$ĀÐÛÐÔɯ*ÜÙÜÔÓÈÙċÕËÈɯ4ñɯ!ÐÓÎÐɯdıÓÌÔɯ3ÈÉÈÕÓċɯ&ġÙĹÕÛĹɯdıÓÌÔÌɯÐÓÌɯ.ÛÖÕÖÔɯ$ÕÌÙÑÐɯ5ÌÙÐÔÓÐÓÐĀÐɯ

ÝÌɯ*ÈÙÉÖÕɯ àÈÒɯdáÐɯ ÕÈÓÐáÐ 

ƘƖ 

2.1.2. Veri Seti, Pilot Saha ve Envanter Materyalleri 

8È×ÈàɯáÌÒÈɯÔÖËÌÓÐÕÐÕɯÒċÚċÛÓċɯËÖÕÈÕċÔɯÒÖıÜÓÓÈÙċÕËÈɯËÈÏÐɯàĹÒÚÌÒɯÉÈıÈÙċÔɯÎġÚÛÌÙÔÌÚÐɯÈÔÈÊċàÓÈȮɯ

ÎÌÙñÌÒɯÚċÕċÍɯÖÙÛÈÔÓÈÙċÕËÈÕɯÌÓËÌɯÌËÐÓÌÕɯ1170 ÈËÌÛɯÎġÙĹÕÛĹËÌÕɯÖÓÜıÈÕɯġáÎĹÕɯÉÐÙɯÝÌÙÐɯÚÌÛÐɯÔÈÛÌÙàÈÓɯÖÓÈÙÈÒɯ

ÒÜÓÓÈÕċÓÔċıÛċrȭɯ!ÜɯÝÌÙÐɯÚÌÛÐȮɯÍÈÙÒÓċɯċıċÒɯÒÖıÜÓÓÈÙċɯÝÌɯÚċÕċÍɯÖÙÛÈÔċÕÈɯġáÎĹɯËÌĀÐıÒÌÕÓÌÙÐɯÐñÌÙÔÌÒÛÌËÐÙȭ Edge 

(Ô×ÜÓÚÌɯ×ÓÈÛÍÖÙÔÜÕÜÕɯȿ#ÈÛÈɯ ÜÎÔÌÕÛÈÛÐÖÕɀɯġáÌÓÓÐĀÐɯÚÈàÌÚÐÕËÌɯÝÌÙÐɯÚÌÛÐÕÐÕɯÌĀÐÛÐÔÐɯÚċÙÈÚċÕËÈɯÐıÓÌÕÌÕɯ

ÎġÙĹÕÛĹÓÌÙÐÕɯ ÍÈÙÒÓċɯ ÏÐÚÛÖÎÙÈÔɯ ËÌĀÌÙÓÌÙÐÕÌɯ ÚÈÏÐ×ɯ ÖÓÔÈÚċɯ ÚÈĀÓÈÕÔċıɯ ÝÌɯ ËÖĀÙÜÓÜÒɯ ×ÈàċÕċÕɯ ÈÙÛÔÈÚċɯ

ÏÌËÌÍÓÌÕÔÐıÛÐÙȭ 

 

dÕÊÌÓÌÔÌɯÒÈ×ÚÈÔċÕËÈȮɯÛÖ×ÓÈÔɯƕƔɯÉÐÕÈËÈÕɯÖÓÜıÈÕɯÉÐÙɯĹÕÐÝÌÙÚÐÛÌɯàÌÙÓÌıÒÌÚÐɯÌÓÌɯÈÓċÕÔċıȰɯÏÌÙɯÉÐÙɯ

ÉÐÕÈËÈɯ ƖƔɯ ËÌÙÚÓÐÒɯ ÉÜÓÜÕËÜĀÜɯ ÝÈÙÚÈàċÓÔċıÛċÙȭɯ !ġàÓÌÊÌɯ ÈÕÈÓÐáȮɯ ÛÖ×ÓÈÔɯ ƖƔƔɯ ËÌÙÚÓÐÒɯ ĹáÌÙÐÕËÌÕɯ

ÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȭɯ!ÜɯÝÈÙÚÈàċÔȮɯ3ĹÙÒÐàÌɀËÌÒÐɯÉÐÙñÖÒɯËÌÝÓÌÛɯĹÕÐÝÌÙÚÐÛÌÚÐÕÐÕɯÍÈÒĹÓÛÌɯÉÐÕÈɯËĹáÌÕÐàÓÌɯ

uyumludur.  'ÌÙɯÉÐÙɯËÌÙÚÓÐÒÛÌɯƗƖɯÈËÌÛɯÍÓÖÙÌÚÈÕɯÓÈÔÉÈɯÉÜÓÜÕËÜĀÜɯÒÈÉÜÓɯÌËÐÓÔÐıÛÐÙȭɯ%ÓÖÙÌÚÈÕɯÓÈÔÉÈÓÈÙċÕɯ

ÉÐÙÐÔɯÎĹñɯÛĹÒÌÛÐÔÐɯƗƚɯ6ɯÖÓÈÙÈÒɯÈÓċÕÔċıÛċÙȭɯ!ÜɯËÌĀÌÙȮɯÍÓÖÙÌÚÈÕɯÈàËċÕÓÈÛÔÈÓÈÙċÕɯÛÐ×ÐÒɯÎĹñɯÈÙÈÓċĀċÕċɯÛÌÔÚÐÓɯ

ÌÛÔÌÒÛÌɯÖÓÜ×ȮɯÍÈÙÒÓċɯÈÒÈËÌÔÐÒɯñÈÓċıÔÈÓÈÙËÈɯÌĀÐÛÐÔɯàÈ×ċÓÈÙċÕËÈɯÒÜÓÓÈÕċÓÈÕɯÚÛÈÕËÈÙÛɯÍÓÖÙÌÚÈÕɯÈÙÔÈÛĹÙÓÌÙɯ

ÐñÐÕɯ àÈàÎċÕɯ ÉÐñÐÔËÌɯ ÒÜÓÓÈÕċÓÔÈÒÛÈËċÙɯ[6]ȭɯ !Üɯ ËÖĀÙÜÓÛÜËÈȮɯ ÈàËċÕÓÈÛÔÈɯ ÚÐÚÛÌÔÐÕÐÕɯ ÌÕÌÙÑÐɯ ÛĹÒÌÛÐÔÐɯ

ÏÌÚÈ×ÓÈÔÈÓÈÙċȮɯ ÛÖ×ÓÈÔɯ ÍÓÖÙÌÚÈÕɯ ÚÈàċÚċÕċÕɯ ÒÜÙÜÓÜɯ ÎĹÊÌɯ ËġÕĹıÛĹÙĹÓÔÌÚÐɯ ÌÚÈÚċÕÈ ËÈàÈÕËċÙċÓÔċıÛċÙȭ 

 àËċÕÓÈÛÔÈɯÚÐÚÛÌÔÐÕÌɯÌÒɯÖÓÈrak, her derslikte bir adet 12.000 BTU kapasiteli inverter tip split klima 

ÉÜÓÜÕËÜĀÜɯÝÈÙÚÈàċÓÔċıÛċÙȭɯ!ÜɯÒÈ×ÈÚÐÛÌȮɯÖÙÛÈɯÉĹàĹÒÓĹÒÛÌÒÐɯÚċÕċÍɯÖÙÛÈÔÓÈÙċɯÐñÐÕɯÓÐÛÌÙÈÛĹÙËÌɯÌÕɯàÈàÎċÕɯ

ġÕÌÙÐÓÌÕɯÐÒÓÐÔÓÌÕËÐÙÔÌɯÒÈ×ÈÚÐÛÌÚÐËÐÙȭɯdÕÝÌÙÛÌÙɯÛÌÒÕÖÓÖÑÐÚÐÕÌɯÚÈÏÐ×ɯÚ×ÓÐÛɯÒÓÐÔÈÓÈÙċÕɯÖÙÛÈÓÈÔÈɯÌÓÌÒÛÙÐÒÚÌÓɯ

ÎĹñɯÛĹÒÌÛÐÔÐɯÒÜÓÓÈÕċÔɯÒÖıÜÓÓÈÙċÕÈɯÉÈĀÓċɯÖÓÈÙÈÒɯËÌĀÐıÔÌÒÓÌɯÉÐÙÓÐÒÛÌȮɯÛÐ×ÐÒɯÐıÓÌÛÔÌɯÒÖıÜÓÓÈÙċÕËÈɯàÈÒÓÈıċÒɯ

1,0 kW mertebesindedir [7].  

2.2. Metot 

 !ÜɯñÈÓċıÔÈËÈɯÚÐÚÛÌÔÐÕɯÛÌÔÌÓɯÐıÓÌÝÓÌÙÐɯÖÓÈÕɯÔÖËÌÓɯÌĀÐÛÐÔÐȮɯÔÈÏÙÌÔÐàÌÛɯÖËÈÒÓċɯÝÌÙÐɯÐıÓÌÔÌɯÝÌɯ

ñÌÝÙÌÚÌÓɯÌÛÒÐɯËÌĀÌÙÓÌÕËÐÙÔÌÚÐɯĹñɯÈÕÈɯÈıÈÔÈËÈɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȭ 

 

ƖȭƖȭƕȭɯ8È×Èàɯ9ÌÒÈɯ,ÖËÌÓÐÕÐÕɯ$ĀÐÛÐÔÐɯÝÌɯIċÒÈÙċÔɯȹ(ÕÍÌÙÌÕÊÌȺɯ2ĹÙÌÊÐ 

&ġÔĹÓĹɯÚÐÚÛÌÔÓÌÙÐÕɯÒċÚċÛÓċɯÎÌñÐÊÐɯÉÌÓÓÌÒɯȹ1 ,ȺɯÝÌɯÐıÓÌÔÊÐɯÒÈ×ÈÚÐÛÌÓÌÙÐɯÎġáɯġÕĹÕËÌɯÉÜÓÜÕËÜÙÜÓÈÙÈÒȮɯ

ÝÌÙÐɯÚÌÛÐÕËÌÒÐɯÎġÙĹÕÛĹÓÌÙÐÕ ÙÌÕÒɯñÌÝÙÐÔÓÌÙÐɯÐÓÌɯÉÐÙÓÐÒÛÌɯÌÕɯÖ×ÛÐÔÐáÌɯÝÈÙàÈÚàÖÕÜɯÛÌÚ×ÐÛɯÌËÐÓÔÐıɯve 

ñġáĹÕĹÙÓĹÒÓÌÙÐɯġÓñÌÒÓÌÕËÐÙÐÓÔÐıÛÐÙȭɯ!ÜɯġÕɯÐıÓÌÔÌɯÈËċÔÓÈÙċȮɯÎÐÙÐıɯÝÌÙÐɯÉÖàÜÛÜÕÜɯÔÐÕÐÔÐáÌɯÌËÌÙÌÒɯÜñɯ

ÊÐÏÈáËÈɯÎÌÙÌÒÚÐÕÐÔɯËÜàÜÓÈÕɯñÌÙñÌÝÌɯÉÌÓÓÌĀÐɯȹÍÙÈÔÌɯÉÜÍÍÌÙȺɯÔÐÒÛÈÙċÕċɯÖ×ÛÐÔÐáÌɯÌÛÔÐıÛÐÙȭɯ&ġÙĹÕÛĹɯÐıÓÌÔÌɯ

ÔÐÔÈÙÐÚÐɯÖÓÈÙÈÒȮɯÒÓÈÚÐÒɯÕÌÚÕÌɯÛÌÚ×ÐÛÐɯÈÓÎÖÙÐÛÔÈÓÈÙċÕËÈɯÏÌÚÈ×ÓÈÔÈɯÈñċÚċÕËÈÕɯÈĀċÙɯÖÓÈÕɯÚċÕċÙɯÒÜÛÜÚÜɯ

(bounding box) yakÓÈıċÔċɯàÌÙÐÕÌȮɯÔÌÙÒÌáɯÕÖÒÛÈÚċɯȹÊÌÕÛÙÖÐËȺɯÛÈÏÔÐÕÐɯàÈ×ÈÕɯ%.,.ɯȹ%ÈÚÛÌÙɯ.ÉÑÌÊÛÚȮɯ,ÖÙÌɯ

.ÉÑÌÊÛÚȺɯ,ÖÉÐÓÌ-ÌÛ5ƖɯƔȭƗƙɯÈÓÎÖÙÐÛÔÈÚċɯÒÜÓÓÈÕċÓÔċıÛċÙ ȹ©ÌÒÐÓɯƖȺȭ xĀÙÌÕÊÐɯÒÖÕÍÖÙÜÕÜɯÙÐÚÒÌɯÈÛÔÈÔÈÒɯÈËċÕÈȮɯ

ÔÖËÌÓÐÕɯÚċÕċÍċɯɆËÖÓÜɆɯÖÓÈÙÈÒɯÚċÕċÍÓÈÕËċÙÔÈÚċÕËÈɯÔÜÏÈÍÈáÈÒäÙɯȹËĹıĹÒɯÌıÐÒÓÐȺɯÉÐÙɯÒÈÙÈÙɯÔÌÒÈÕÐáÔÈÚċɯ

ÉÌÕÐÔÚÌÕÔÐıȰɯÉġàÓÌÊÌɯÚÐÚÛÌÔÐÕɯÉÖıÛÈɯñÈÓċıÔÈɯÐÚÙÈÍċÕċɯÌÕÎÌÓÓÌÙÒÌÕɯÏÈÛÈÓċɯÐÒÓÐÔÓÌÕËÐÙÔÌɯÒÌÚÐÕÛÐÚÐɯàÈ×ÔÈɯ

ÖÓÈÚċÓċĀċɯ ÔÐÕÐÔÐáÌ ÌËÐÓÔÐıÛÐÙ [8,9]. !Üɯ àġÕÛÌÔÓÌɯ ÔÖËÌÓȮɯ ÚċÕċÍɯ ÐñÐÕËÌÒÐɯ ÒÐıÐɯ ÝÈÙÓċĀċÕċɯ ÝÌɯ àÈÒÓÈıċÒɯ

àÖĀÜÕÓÜĀÜÕÜɯÈÓÎċÓÈàÈÊÈÒɯıÌÒÐÓËÌɯÖ×ÛÐÔÐáÌɯÌËÐÓÔÐıÛÐÙȭ ©ÌÒÐÓȮɯÙÈ×ÖÙÓÈÔÈɯÌÚÕÈÚċÕËÈɯÒÜÓÓÈÕċÓÔÈÒɯĹáÌÙÌɯ

*5**ɯÉÐÓËÐÙÐÔÐɯàÈ×ċÓÈÙÈÒɯËĹáÌÕÓÌÕÔÐıÛÐÙȭ /ÙÖÛÖÛÐ×ȮɯËÖÕÈÕċÔɯÒċÚċÛÓÈÙċɯÕÌËÌÕÐàÓÌɯÉÐÓÎÐÚÈàÈÙɯÛÈÉÈÕÓċɯ

ÚÐÔĹÓÈÚàÖÕɯÖÙÛÈÔċÕËÈɯÛÌÚÛɯÌËÐÓÔÐıÛÐÙȭɯ$ËÎÌɯ(Ô×ÜÓÚÌɅÜÕɯËÖÕÈÕċÔɯ×ÙÖÍÐÓɯñċÒÛċÓÈÙċȮɯ1ÈÚ×ÉÌÙÙàɯ/ÐɯƘɯĹáÌÙÐÕËÌ 

ÉÌÕáÌÙɯÐÕÍÌÙÌÕÊÌɯÚĹÙÌÓÌÙÐÕÐÕɯÌÓËÌɯÌËÐÓÌÉÐÓÌÊÌĀÐÕÐɯġÕÎġÙÔÌÒÛÌËÐÙȭ  /ÙÖÛÖÛÐ×ÐÕɯÎÌÙÐɯÒÈÓÈÕċÕËÈɯÎġÙÚÌÓÓÌÙɯ

ÐıÓÌÕËÐÒÛÌÕɯÚÖÕÙÈɯÐÔÏÈɯÌËÐÓÔÐıÛÐÙȭ 

 

,ÖËÌÓÐÕɯÌĀÐÛÐÔÐɯÛÈÔÈÔÓÈÕËċÒÛÈÕɯÚÖÕÙÈȮɯÜñɯÊÐÏÈáËÈɯñċÒÈÙċÔɯȹÐÕÍÌÙÌÕÊÌȺɯÏċáċÕċɯÈÙÛċÙÔÈÒɯÝÌɯÉÌÓÓÌÒɯ

ÛĹÒÌÛÐÔÐÕÐɯ ËĹıĹÙÔÌÒɯ ÈÔÈÊċàÓÈɯ ×ÖÚÛ-ÛÙÈÐÕÐÕÎɯ ÈıÈÔÈÚċÕËÈɯ Ɯ-ÉÐÛɯ ÛÈÔɯ ÚÈàċɯ ȹ(-3ƜȺɯ ÒÜÈÕÛÐáÈÚàÖÕÜɯ

ȹØÜÈÕÛÐáÈÛÐÖÕȺɯÜàÎÜÓÈÕÔċıÛċÙȭɯ!ÜɯÐıÓÌÔȮɯÔÖËÌÓÐÕɯƗƖ-ÉÐÛɯÒÈàÈÕɯÕÖÒÛÈÓċɯȹÍÓÖÈÛƗƖȺɯÈĀċÙÓċÒɯÝÌɯÈÒÛÐÝÈÚàÖÕɯ

ÌĀÌÙÓÌÙÐÕÐɯ(-3ƜɯÍÖÙÔÈÛċÕÈɯËġÕĹıÛĹÙÌÙÌÒɯÔÖËÌÓɯÉÖàÜÛÜÕÜɯàÈÒÓÈıċÒɯËġÙÛɯÒÈÛɯÒĹñĹÓÛÔĹıɯÝÌɯÒÈàËÈɯËÌĀÌÙɯ

ÉÐÙɯËÖĀÙÜÓÜÒɯÒÈàÉċɯàÈıÈÕÔÈÒÚċáċÕɯñċÒÈÙċÔɯÚĹÙÌÚÐÕÐɯÏċáÓÈÕËċÙÔċıÛċÙ [3,4]. 

 

 



 àÓċÒÊċ ÝËȭɯ$ĀÐÛÐÔɯ*ÜÙÜÔÓÈÙċÕËÈɯ4ñɯ!ÐÓÎÐɯdıÓÌÔɯ3ÈÉÈÕÓċɯ&ġÙĹÕÛĹɯdıÓÌÔÌɯÐÓÌɯ.ÛÖÕÖÔɯ$ÕÌÙÑÐɯ5ÌÙÐÔÓÐÓÐĀÐɯ

ÝÌɯ*ÈÙÉÖÕɯ àÈÒɯdáÐɯ ÕÈÓÐáÐ 

ƘƗ 

ƖȭƖȭƖȭɯ,ÈÏÙÌÔÐàÌÛɯ.ËÈÒÓċɯ5ÌÙÐɯdıÓÌÔÌɯȹ/ÙÐÝÈÊà-by-Design) 

2ÐÚÛÌÔÐÕɯÖÛÖÕÖÔɯñÈÓċıÔÈɯÔÈÕÛċĀċȮɯƚƚƝƜɯÚÈàċÓċɯ*5**ɯÝÌɯ&#/1ɯÎÌÙÌÒÚÐÕÐÔÓÌÙÐÕÐɯÒÈÙıċÓÈàÈÊÈÒɯ

Ɇ3ÈÚÈÙċÔɯ 8ÖÓÜàÓÈɯ ,ÈÏÙÌÔÐàÌÛɆɯ ȹ/ÙÐÝÈÊà-by-#ÌÚÐÎÕȺɯ ÐÓÒÌÓÌÙÐÕÌɯ ÜàÎÜÕɯ ÒÜÙÎÜÓÈÕÔċıÛċÙɯ[10]. 

*ÈÔÌÙÈÓÈÙËÈÕɯÈÓċÕÈÕɯÏÈÔɯÎġÙÚÌÓɯÝÌÙÐÓÌÙȮɯÉÜÓÜÛɯȹÊÓÖÜËȺɯÚÜÕÜÊÜÚÜÕÈɯÈÒÛÈÙċÓÔÈËÈÕɯàÈÓÕċáÊÈɯÊÐÏÈáċÕɯÎÌñÐÊÐɯ

ÉÌÓÓÌĀÐÕÌɯȹ1 ,ȺɯÈÓċÕÔċıȰɯÔÖËÌÓɯñċÒÈÙċÔċɯàÈ×ċÓËċÒÛÈÕɯÏÌÔÌÕɯÚÖÕÙÈɯÈÕÓċÒɯÖÓÈÙÈÒɯÐÔÏÈɯÌËÐÓÔÐıÛÐÙɯ[11]. 

$ÓËÌɯÌËÐÓÌÕɯÈÕÓċÒɯËÖÓÜÓÜÒɯËÜÙÜÔÜȮɯ)2.-ɯ×ÈÒÌÛÓÌÙÐɯÏäÓÐÕËÌɯ /(ɯĹáÌÙÐÕËÌÕɯàġÕÌÛÐÔɯ×ÈÕÌÓÐÕÌɯÈÒÛÈÙċÓÔċıɯ

ÝÌɯÉÐàÖÔÌÛÙÐÒɯÝÌÙÐɯÖÓÜıÜÔÜɯËÖÕÈÕċÔɯÚÌÝÐàÌÚÐÕËÌɯÌÕÎÌÓÓÌÕÔÐıÛÐÙɯ[12].  

 

*5**ɀÕċÕɯƚȭɯÔÈËËÌÚÐȮɯÉÐàÖÔÌÛÙÐÒɯÝÌÙÐÓÌÙÐɯɆġáÌÓɯÕÐÛÌÓÐÒÓÐɯÒÐıÐÚÌÓɯÝÌÙÐɆɯÖÓÈÙÈÒɯÚċÕċÍÓÈÕËċÙċÙɯÝÌɯÉÜÕÓÈÙċÕɯ

ÐıÓÌÕÔÌÚÐÕÐɯñÖÒɯËÈÏÈɯÚċÒċɯıÈÙÛÓÈÙÈɯÉÈĀÓÈÙȭɯ3ÌÕÚÖÙ%ÓÖÞɯÛÈÉÈÕÓċɯÖÉÑÌɯÚċÕċÍÓÈÕËċÙÔÈɯȹÖÉÑÌÊÛɯÊÓÈÚÚÐÍÐÊÈÛÐÖÕȺɯ

ÔÖËÌÓÐȮɯàĹáɯÛÈÕċÔÈɯȹÍÈÊÐÈÓɯÙÌÊÖÎÕÐÛÐÖÕȺɯàÌÙÐÕÌɯɆÐÕÚÈÕɯÍÖÙÔÜɯÛÌÚ×ÐÛÐɆɯÖËÈÒÓċɯÒÜÙÎÜÓÈÕËċĀċɯÐñÐÕɯÉÐàÖÔÌÛÙÐÒɯ

ÝÌÙÐɯÐıÓÌÔÌɯÙÐÚÒÐÕÐɯÔÐÕÐÔÐáÌɯÌËÌÙȭɯ+ÐÛÌÙÈÛĹÙËÌɯɆÎÐáÓÐÓÐÒɯÒÖÙÜàÜÊÜɯÎġÙĹÕÛĹɯÐıÓÌÔÌɆɯÖÓÈÙÈÒɯÛÈÕċÔÓÈÕÈÕɯÉÜɯ

àÈÒÓÈıċÔȮɯÒÐıÐÓÌÙÐÕɯÒÐÔÓÐÒÓÌÙÐÕÐɯÉÌÓÐÙÓÌÔÌÒɯàÌÙÐÕÌɯÚÈËÌÊÌɯÔÌÒäÕÚÈÓɯÝÈÙÓċÒÓÈÙċÕċɯÈÕÖÕÐÔɯÉÐÙɯÚÈàċÚÈÓɯËÌĀÌÙÌɯ

ËġÕĹıÛĹÙĹÙɯ[12]ȭɯ!ÜɯÚÈàÌËÌȮɯġáÌÓɯÕÐÛÌÓÐÒÓÐɯÝÌÙÐɯÐıÓÌÔÌɯÙÌÑÐÔÐÕÌɯÎÐÙÐÓÔÌËÌÕɯÎÌÕÌÓɯÝÌÙÐɯÐıÓÌÔÌɯÒÜÙÈÓÓÈÙċɯ

ËÈÏÐÓÐÕËÌɯ ÚĹÙÌñɯ àġÕÌÛÐÓÌÉÐÓÐÙȭɯ 2ÐÚÛÌÔÐÕɯ ÛÈÚÈÙċÔɯ ÈıÈÔÈÚċÕËÈɯ ÎĹÝÌÕÓÐÒɯ ÈñċÒÓÈÙċÕċÕɯ ÒÈ×ÈÛċÓÔÈÚċȮɯ ÝÌÙÐɯ

ÎÐáÓÐÓÐĀÐÕÐÕɯÛÌÒÕÐÒɯÉÐÙɯáÖÙÜÕÓÜÓÜÒɯÏÈÓÐÕÌɯÎÌÛÐÙÐÓÔÌÚÐÕÐɯÐÍÈËÌɯÌËÌÙȭɯ,ÌÝÊÜÛɯÈıÈÔÈËÈɯÉÐÓÎÐÚÈàÈÙɯÛÈÉÈÕÓċɯÉÐÙɯ

×ÈÕÌÓɯĹáÌÙÐÕËÌɯñÈÓċıÈÕɯÚÐÚÛÌÔȮɯÕÐÏÈÐɯÈıÈÔÈËÈɯ1ÈÚ×ÉÌÙÙàɯ/ÐɯËÖÕÈÕċÔċɯĹáÌÙÐÕËÌɯÖÛÖÕÖÔɯÝÌɯÒÖÔ×ÈÒÛɯÉÐÙɯ

àÈ×ċËÈɯñÈÓċıÈÊÈÒɯıÌÒÐÓËÌɯÒÜÙÎÜÓÈÕÔċıÛċÙȭ 

!ÜɯÚÐÚÛÌÔËÌȮɯÝÌÙÐÕÐÕɯàÈÓÕċáÊÈɯÌÕÌÙÑÐɯÛÈÚÈÙÙÜÍÜɯÝÌɯÌÔÐÚàÖÕɯÈáÈÓÛċÔċɯÎÐÉÐɯÔÌıÙÜɯÉÐÙɯÈÔÈñÓÈɯÐıÓÌÕËÐĀÐȮɯ

ÍÐáÐÒÚÌÓɯ×ÈÕÖÓÈÙɯÝÌɯËÐÑÐÛÈÓɯÉÐÓÎÐÓÌÕËÐÙÔÌÓÌÙÓÌɯÕÌÛɯÉÐÙɯıÌÒÐÓËÌɯÖÙÛÈàÈɯÒÖÕÔÈÓċËċÙȭɯ2ÐÚÛÌÔÐÕɯÛÐÊÈÙÐÓÌıÔÌɯ

ÈıÈÔÈÚċÕËÈȮɯ ÎÌÓÌÊÌÒÛÌÒÐɯ ×ÙÖÑÌÒÚÐàÖÕÓÈÙɯ ËÈÏÐÓÐÕËÌɯ ÛÌÙÔÈÓɯ ÚÌÕÚġÙɯ ÛÌÒÕÖÓÖÑÐÚÐÕÌɯ ÎÌñÐıɯ àÈ×ċÓÔÈÚċɯ

×ÓÈÕÓÈÕÔÈÒÛÈËċÙȰɯÉÜɯÛÌÒÕÖÓÖÑÐÒɯËġÕĹıĹÔɯÚÈàÌÚÐÕËÌɯÎġÙÚÌÓɯÝÌÙÐɯÐÏÛÐàÈÊċɯÛÈÔÈÔÌÕɯÖÙÛÈËÈÕɯÒÈÓËċÙċÓÈÙÈÒɯ

ÔÈÏÙÌÔÐàÌÛɯÙÐÚÒÐɯÛÌÖÙÐÒɯÖÓÈÙÈÒɯǔƔɯÒÈËÈÙɯÌÕɯÔÐÕÐÔÈÓÐáÌɯËĹáÌàÐÕÌɯÐÕËÐÙÎÌÕÌÊÌÒÛÐÙȭ Sistemin Kapsam 2 

ÌÔÐÚàÖÕÓÈÙċÕċɯÈáÈÓÛÔÈɯÏÌËÌÍÐȮɯÌÕÌÙÑÐɯàġÕÌÛÐÔÐɯÔÌÝáÜÈÛÓÈÙċɯÐÓÌɯÜàÜÔÓÜËÜÙȭ 

 

ƖȭƖȭƗȭɯ$ÕÌÙÑÐɯdÚÙÈÍċɯÝÌɯ*ÈÙÉÖÕɯ àÈÒɯdáÐɯ'ÌÚÈ×ÓÈÔÈɯ 

IÈÓċıÔÈËÈɯ ɁÌÕÌÙÑÐɯ ÐÚÙÈÍċɂɯ ÒÈÝÙÈÔċȮɯ ËÌÙÚÓÐÒÓÌÙÐÕɯ ÉÖıɯ ÖÓÔÈÚċÕÈɯ ÙÈĀÔÌÕɯ ÈàËċÕÓÈÛÔÈɯ ÝÌɯ ÒÓÐÔÈɯ

ÚÐÚÛÌÔÓÌÙÐÕÐÕɯÈñċÒɯÒÈÓÔÈÚċɯËÜÙÜÔÜɯÖÓÈÙÈÒɯÛÈÕċÔÓÈÕÔċıÛċÙȭɯ!ÜɯÒÈ×ÚÈÔËÈȮɯÛĹÔɯÚÐÚÛÌÔÓÌÙÐÕɯÎĹÕËÌɯƖɯÚÈÈÛɯ

ÚĹÙÌàÓÌɯ ÎÌÙÌÒÚÐáɯ ÉÐñÐÔËÌɯ ñÈÓċıÛċĀċɯ ÝÈÙÚÈàċÓÔċıÛċÙȭɯ 8ċÓÓċÒɯ ÏÌÚÈ×ÓÈÔÈÓÈÙËÈɯ ƗƔƔɯ ÎĹÕɯ ÌÚÈÚɯ ÈÓċÕÔċıɯ ÝÌɯ

ÔÈÒÚÐÔÜÔɯÛÌÖÙÐÒɯÌÛÒÐɯËÌĀÌÙÓÌÕËÐÙÐÓÔÐıÛÐÙȭɯ!ÜɯàÈÒÓÈıċÔȮɯñÌÝÙÌÚÌÓɯÌÛÒÐɯÈÕÈÓÐáÓÌÙÐÕËÌɯàÈàÎċÕɯÖÓÈÙÈÒɯ

ÒÜÓÓÈÕċÓÈÕɯÔÜÏÈÍÈáÈÒäÙɯÉÐÙɯËÌĀÌÙÓÌÕËÐÙÔÌɯàġÕÛÌÔÐɯÖÓÈÙÈÒɯÒÈÉÜÓɯÌËÐÓÔÌÒÛÌËÐÙȭ 

 

©ÌÒÐÓɯ2. $ĀÐÛÐÓÌÕɯ %.,.ɯ ÔÖËÌÓÐÕÐÕɯ ÔÌÙÒÌáɯ

ÕÖÒÛÈÚċɯȹÊÌÕÛÙÖÐËȺɯÛÈÉÈÕÓċɯÛÌÚ×ÐÛɯġÙÕÌĀÐ 



 àÓċÒÊċ ÝËȭɯ$ĀÐÛÐÔɯ*ÜÙÜÔÓÈÙċÕËÈɯ4ñɯ!ÐÓÎÐɯdıÓÌÔɯ3ÈÉÈÕÓċɯ&ġÙĹÕÛĹɯdıÓÌÔÌɯÐÓÌɯ.ÛÖÕÖÔɯ$ÕÌÙÑÐɯ5ÌÙÐÔÓÐÓÐĀÐɯ

ÝÌɯ*ÈÙÉÖÕɯ àÈÒɯdáÐɯ ÕÈÓÐáÐ 

ƘƘ 

$ÓÌÒÛÙÐÒɯÌÕÌÙÑÐÚÐÕÐÕɯÌÒÖÕÖÔÐÒɯÒÈÙıċÓċĀċɯÏÌÚÈ×ÓÈÕċÙÒÌÕȮɯƖƔƖƙɬƖƔƖƚɯËġÕÌÔÐÕÌɯÈÐÛɯÝÌÙÎÐɯÝÌɯÍÖÕÓÈÙɯËäÏÐÓɯ

ÖÙÛÈÓÈÔÈɯÌÓÌÒÛÙÐÒɯÉÐÙÐÔɯÍÐàÈÛċɯƙȮƔɯ3+ɤÒ6ÏɯÖÓÈÙÈÒɯÈÓċÕÔċıÛċÙȭɯ!ÜɯËÌĀÌÙȮɯÛÐÊÈÙÌÛÏÈÕÌɤÒÈÔÜɯÈÉÖÕÌÓÐÒÓÌÙÐɯÐñÐÕɯ

ÎĹÕÊÌÓɯ×ÐàÈÚÈɯÝÌÙÐÓÌÙÐÕÐɯÛÌÔÚÐÓɯÌÛÔÌÒÛÌɯÖÓÜ×ɯĹÕÐÝÌÙÚÐÛÌɯÉÐÕÈÓÈÙċɯÐñÐÕɯÜàÎÜÕɯÉÐÙɯÙÌÍÌÙÈÕÚɯÖÓÜıÛÜÙÔÈÒÛÈËċÙȭ 

3ĹÙÒÐàÌɯÌÓÌÒÛÙÐÒɯıÌÉÌÒÌÚÐÕËÌÕɯÛĹÒÌÛÐÓÌÕɯÏÌÙɯƕɯÒ6ÏɯÌÓÌÒÛÙÐÒɯÌÕÌÙÑÐÚÐɯÐñÐÕɯÖÙÛÈÓÈÔÈɯƔȮƘƘƖɯÒÎɯ".ƾɯ

ÌıËÌĀÌÙÐɯ ÌÔÐÚàÖÕɯ ÖÓÜıÔÈÒÛÈËċÙɯ[13]ȭɯ !Üɯ ÍÈÒÛġÙȮɯ ÌÓÌÒÛÙÐÒɯ ĹÙÌÛÐÔɯ ×ÖÙÛÍġàĹÕËÌɯ àÌÙɯ ÈÓÈÕɯ ÍÖÚÐÓɯ ÝÌɯ

àÌÕÐÓÌÕÌÉÐÓÐÙɯÒÈàÕÈÒÓÈÙċÕɯÉÐÓÌıÐÒɯÌÛÒÐÚÐÕÐɯàÈÕÚċÛÔÈÒÛÈɯÖÓÜ×ȮɯñÈÓċıÔÈËÈɯàÈ×ċÓÈÕɯÛĹÔɯÒÈÙÉÖÕɯÌÔÐÚàÖÕÜɯ

ÏÌÚÈ×ÓÈÔÈÓÈÙċÕċÕɯÛÌÔÌÓÐÕÐɯÖÓÜıÛÜÙÔÈÒÛÈËċÙȭ 

 

ƖȭƖȭƘȭɯ3Ö×ÓÈÔɯ àËċÕÓÈÕÔÈɯ&ĹÊĹÕĹÕɯ'ÌÚÈ×ÓÈÕÔÈÚċɯ 

3Ö×ÓÈÔɯÍÓÖÙÌÚÈÕɯÓÈÔÉÈɯÚÈàċÚċɯ#ÌÕÒÓÌÔɯȹƕȺɯÒÜÓÓÈÕċÓÈÙÈÒɯÏÌÚÈ×ÓÈÕÔċıÛċÙȯ 

 
ὔ ὄ Ὀ Ὂ (1) 

 

!ÜÙÈËÈȰɯ!ɯÉÐÕÈɯÚÈàċÚċÕċȮɯ#ɯÉÐÕÈɯÉÈıċÕÈɯËÌÙÚÓÐÒɯÚÈàċÚċÕċȮɯ%ɯËÌÙÚÓÐÒɯÉÈıċÕÈɯÍÓÖÙÌÚÈÕɯÓÈÔÉÈɯÚÈàċÚċÕċɯÐÍÈËÌɯ

etmektedir.  

ὔ ρπςπσς φτππ (2) 

 

3Ö×ÓÈÔɯÈàËċÕÓÈÛÔÈɯÎĹÊĹɯ#ÌÕÒÓÌÔɯȹ3ȺɯÐÓÌɯÏÌÚÈ×ÓÈÕÔċıÛċÙȯ 

 

ὖὥώὨ ὔ ὖ (3) 

 

Burada; ὖ  ÍÓÖÙÌÚÈÕɯÓÈÔÉÈÕċÕɯÎĹÊĹÕĹɯÐÍÈËÌɯÌÛÔÌÒÛÌËÐÙȭ 

 

 ὖὥώὨ φτππσφ ςσπȟτὯὡ (4) 

 

ƖȭƖȭƙȭɯ3Ö×ÓÈÔɯ*ÓÐÔÈɯ&ĹÊĹÕĹÕɯ'ÌÚÈ×ÓÈÕÔÈÚċ 

3Ö×ÓÈÔɯÒÓÐÔÈɯÎĹÊĹɯ#ÌÕÒÓÌÔɯȹƗȺɯÐÓÌɯÏÌÚÈ×ÓÈÕÔċıÛċÙȯ 
ὖ ὔ ὖ (5) 

 

Burada; ὔ   ÛÖ×ÓÈÔɯÒÓÐÔÈɯÚÈàċÚċÕċȮɯὖ ÒÓÐÔÈɯÎĹÊĹÕĹɯÐÍÈËÌɯÌÛÔÌÒÛÌËÐÙ. 
ὖ ςππρ ςππ Ὧὡ 

 

(5) 

ƖȭƖȭƚȭɯ3Ö×ÓÈÔɯ&Ĺñ 

 àËċÕÓÈÛÔÈɯÝÌɯÒÓÐÔÈɯÚÐÚÛÌÔÓÌÙÐÕÐÕɯÛÖ×ÓÈÔɯÎĹÊĹɯ#ÌÕÒÓÌÔɯȹƚȺɯÐÓÌɯÏÌÚÈ×ÓÈÕÔċıÛċÙȯ  

ὖ ὖ ὖ  (6) 
ὖ ςσπȟτ ςππτσπȟτ Ὧὡ  

 

ƖȭƖȭƛȭɯ&ĹÕÓĹÒɯÝÌɯ8ċÓÓċÒɯ$ÕÌÙÑÐɯdÚÙÈÍċ 

&ĹÕÓĹÒɯÌÕÌÙÑÐɯÐÚÙÈÍċɯ#ÌÕÒÓÌÔɯȹƛȺɯÐÓÌɯÏÌÚÈ×ÓÈÕÔċıÛċÙȯ 

Ὁİ İ ὖ ὸ  (7) 

!ÜÙÈËÈȰɯÛɯÎĹÕÓĹÒɯÖÙÛÈÓÈÔÈɯÐÚÙÈÍɯÚĹÙÌÚÐÕÐȹÚÈÈÛȺɯÐÍÈËÌɯÌÛÔÌÒÛÌËÐÙȭ 

Ὁİ İ τσπȟτ ς ψφπȟψ ὯὡὬȾὫİὲ  (8) 

8ċÓÓċÒɯÌÕÌÙÑÐɯÐÚÙÈÍċɯ#ÌÕÒÓÌÔɯȹƝȺɯÐÓÌɯÏÌÚÈ×ÓÈÕÔċıÛċÙȯ 

Ὁ Ὁİ İ σππ  (9) 

Ὁ ψφπȟψ σππςυψȢςτπὯὡὬȾώ ὰ 

 

 

 



 àÓċÒÊċ ÝËȭɯ$ĀÐÛÐÔɯ*ÜÙÜÔÓÈÙċÕËÈɯ4ñɯ!ÐÓÎÐɯdıÓÌÔɯ3ÈÉÈÕÓċɯ&ġÙĹÕÛĹɯdıÓÌÔÌɯÐÓÌɯ.ÛÖÕÖÔɯ$ÕÌÙÑÐɯ5ÌÙÐÔÓÐÓÐĀÐɯ

ÝÌɯ*ÈÙÉÖÕɯ àÈÒɯdáÐɯ ÕÈÓÐáÐ 

Ƙƙ 

ƖȭƖȭƜȭɯ$ÒÖÕÖÔÐÒɯ*Èàċ×ɯ'ÌÚÈÉċ 

8ċÓÓċÒɯÌÒÖÕÖÔÐÒɯÒÈàċ×ɯ#ÌÕÒÓÌÔɯȹƕƔȺɯÐÓÌɯÏÌÚÈ×ÓÈÕÔċıÛċÙȯ 

ὓ Ὁ ὧ  (10) 

 

!ÜÙÈËÈȰɯÊɯÌÓÌÒÛÙÐÒɯÌÕÌÙÑÐÚÐÕÐÕɯÉÐÙÐÔɯÒ6ÏɯÊÐÕÚÐÕËÌÕɯ3+ɯÒÈÙıċÓċĀċÕċɯÐÍÈËÌɯÌÛÔÌÒÛÌËÐÙȭ 

ὓ ςυψȢςτπυ ρȢςωρȢςππ ὝὒȾώ ὰ  (11) 

 

ƖȭƖȭƝȭɯ*ÈÙÉÖÕɯ$ıËÌĀÌÙÐɯ$ÔÐÚàÖÕɯ'ÌÚÈÉċ 

8ċÓÓċÒɯÒÈÙÉÖÕɯÌÔÐÚàÖÕÜɯ#ÌÕÒÓÌÔɯȹƜȺɯÐÓÌɯÏÌÚÈ×ÓÈÕÔċıÛċÙȯ 

ὅὕ Ὁ ὉὊ 

 

(11) 

!ÜÙÈËÈȰ 

$%ɯÉÐÙÐÔɯÒ6ÏɯÌÓÌÒÛÙÐĀÐÕɯÛĹÒÌÛÐÔÐÕÐÕɯÕÌËÌÕɯÖÓËÜĀÜɯÒÈÙÉÖÕɯÌÔÐÚàÖÕÜÕÜɯȹÒÎȺɯÐÍÈËÌɯÌÛÔÌÒÛÌËÐÙȭ 

ὅὕ ςυψȢςτππȟττςρρτȟρυ ὸέὲ
ὅὕ

ώ ὰ
 

 

(11) 

ƖȭƖȭƕƔȭɯ*ÈÙÉÖÕɯ$ÔÐÚàÖÕÜɯ áÈÓÛċÔċÕċÕɯIÌÝÙÌÚÌÓɯ$ıËÌĀÌÙÓÐÒÓÌÙɯ²áÌÙÐÕËÌÕɯ#ÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐ 

!ÜɯñÈÓċıÔÈɯÒÈ×ÚÈÔċÕËÈɯġÕÓÌÕÌÕɯƕƕƘȮƕƙɯÛÖÕɯ".ƾɤàċÓɯËĹáÌàÐÕËÌÒÐɯÒÈÙÉÖÕɯÌÔÐÚàÖÕÜȮɯñÌÝÙÌÚÌÓɯÌÛÒÐɯ

ÈñċÚċÕËÈÕɯñÌıÐÛÓÐɯàÈàÎċÕɯÒÈÉÜÓɯÎġÙÔĹıɯÌıËÌĀÌÙÓÐÒÓÌÙɯĹáÌÙÐÕËÌÕɯËÌĀÌÙÓÌÕËÐÙÐÓËÐĀÐÕËÌɯġÕÌÔÓÐɯġÓñÌÒÛÌɯÉÐÙɯ

ÈáÈÓÛċÔÈɯÒÈÙıċÓċÒɯÎÌÓÔÌÒÛÌËÐÙȭɯ !#ɯIÌÝÙÌɯ*ÖÙÜÔÈɯ ÑÈÕÚċɯȹ$/ ȺɯÛÈÙÈÍċÕËÈÕɯàÈàċÔÓÈÕÈÕɯÚÌÙÈɯÎÈáċɯ

ÌıËÌĀÌÙÓÐÒɯ ÙÌÏÉÌÙÐÕÌɯ ÎġÙÌȮɯ ÖÙÛÈÓÈÔÈɯ ÉÐÙɯ ÉÐÕÌÒɯ ÈÙÈÊċÕɯ àċÓÓċÒɯ ÒÈÙÉÖÕɯ ÚÈÓċÔċɯ àÈÒÓÈıċÒɯ ƘȮƚɯ ÛÖÕɯ ".ƾɯ

ËĹáÌàÐÕËÌËÐÙȰɯÉÜɯÒÈÉÜÓɯËÖĀÙÜÓÛÜÚÜÕËÈɯÚÈĀÓÈÕÈÕɯÌÔÐÚàÖÕɯÈáÈÓÛċÔċȮɯàÈÒÓÈıċÒɯƖƙɯÈËÌÛɯÉÐÕÌÒɯÈÙÈÊċÕɯÉÐÙɯàċÓɯ

ÉÖàÜÕÊÈɯÛÈÔÈÔÌÕɯÛÙÈÍÐÒÛÌÕɯñÌÒÐÓÔÌÚÐÕÌɯÌıËÌĀÌÙËÐÙɯ[6]ȭɯ àÕċɯÙÌÏÉÌÙËÌɯàÌÙɯÈÓÈÕɯÝÌÙÐÓÌÙÌɯÎġÙÌȮɯÉÐÙɯàÌÛÐıÒÐÕɯ

ÈĀÈÊċÕɯàċÓËÈɯÖÙÛÈÓÈÔÈɯƖƔɬƖƖɯÒÎɯ".ƾɯÈÉÚÖÙÉÌɯÌÛÛÐĀÐɯÒÈÉÜÓɯÌËÐÓËÐĀÐÕËÌȮɯƕƕƘȮƕƙɯÛÖÕɯ".ƾɀÓÐÒɯÈáÈÓÛċÔȮɯàÈÒÓÈıċÒɯ

5.000ɬƙȭƛƔƔɯÈĀÈÊċÕɯÉÐÙɯàċÓɯÉÖàÜÕÊÈɯÒÈÙÉÖÕɯÛÜÛÔÈɯÒÈ×ÈÚÐÛÌÚÐÕÌɯËÌÕÒɯÎÌÓÔÌÒÛÌËÐÙɯ[14,15]ȭɯ àÙċÊÈɯ!ÐÙÓÌıÔÐıɯ

,ÐÓÓÌÛÓÌÙɯ&ċËÈɯÝÌɯ3ÈÙċÔɯxÙÎĹÛĹɯȹ% .ȺɯÝÌÙÐÓÌÙÐÕÌɯÎġÙÌȮɯÉÐÙɯÈĀÈÊċÕɯÛĹÔɯàÈıÈÔɯËġÕÎĹÚĹɯÉÖàÜÕÊÈɯ

ÉÈĀÓÈàÈÉÐÓËÐĀÐɯÛÖ×ÓÈÔɯÒÈÙÉÖÕɯÔÐÒÛÈÙċɯàÈÒÓÈıċÒɯƕɯÛÖÕɯ".ƾɯÊÐÝÈÙċÕËÈËċÙȰɯÉÜɯñÌÙñÌÝÌËÌɯÌÓËÌɯÌËÐÓÌÕɯÌÔÐÚàÖÕɯ

ÈáÈÓÛċÔċȮɯàÈÒÓÈıċÒɯƕƕƘɯÈĀÈÊċÕɯġÔĹÙɯÉÖàÜɯÒÈÙÉÖÕɯÛÜÛÔÈɯÒÈ×ÈÚÐÛÌÚÐÕÌɯÒÈÙıċÓċÒɯÎÌÓÔÌÒÛÌËÐÙɯ[15]ȭɯ4ÓÈıċÔɯ

ÒÈàÕÈÒÓċɯ ÌÔÐÚàÖÕÓÈÙɯ ÈñċÚċÕËÈÕɯ ÉÈÒċÓËċĀċÕËÈȮɯ 'ĹÒĹÔÌÛÓÌÙÈÙÈÚċɯ dÒÓÐÔɯ #ÌĀÐıÐÒÓÐĀÐɯ /ÈÕÌÓÐɯ ȹ(/""Ⱥɯ

ÛÈÙÈÍċÕËÈÕɯÙÈ×ÖÙÓÈÕÈÕɯÖÙÛÈÓÈÔÈɯÉÐÕÌÒɯÈÙÈñɯÌÔÐÚàÖÕɯÍÈÒÛġÙÓÌÙÐɯËÐÒÒÈÛÌɯÈÓċÕËċĀċÕËÈɯÉÜɯÔÐÒÛÈÙȮɯàÈÒÓÈıċÒɯ

ƙƔƔȭƔƔƔɯÒÐÓÖÔÌÛÙÌËÌÕɯÍÈáÓÈɯÈÙÈñɯÒÜÓÓÈÕċÔċÕÈɯÒÈÙıċÓċÒɯÎÌÓÌÕɯÒÈÙÉÖÕɯÚÈÓċÔċÕċÕɯġÕÓÌÕÔÌÚÐɯÈÕÓÈÔċÕÈɯ

gelmektedir [16]ȭɯ!ÜɯÌıËÌĀÌÙÓÐÒÓÌÙɯÉÐÙÓÐÒÛÌɯËÌĀÌÙÓÌÕËÐÙÐÓËÐĀÐÕËÌȮɯ×ÙÖÑÌàÓÌɯÚÈĀÓÈÕÈÕɯÒÈÙÉÖÕɯÈáÈÓÛċÔċÕċÕɯ

ÏÌÔɯÕÐÊÌÓɯÏÌÔɯËÌɯñÌÝÙÌÚÌÓɯÈÕÓÈÔËÈɯÐÒÓÐÔɯËÌĀÐıÐÒÓÐĀÐàÓÌɯÔĹÊÈËÌÓÌàÌɯÚÖÔÜÛɯÝÌɯġÓñĹÓÌÉÐÓÐÙɯÉÐÙɯÒÈÛÒċɯ

ÚÜÕËÜĀÜɯÈñċÒñÈɯÎġÙĹÓÔÌÒÛÌËÐÙȭ 

¶ 3Ö×ÓÈÔɯàċÓÓċÒɯÌÕÌÙÑÐɯÐÚÙÈÍċȯɯƖƙƜȭƖƘƔɯÒ6ÏɤàċÓ 

¶ 3Ö×ÓÈÔɯàċÓÓċÒɯÌÒÖÕÖÔÐÒɯÒÈàċ×ȯɯƕȭƖƝƕȭƖƔƔɯ3+ɤàċÓ 

¶ 3Ö×ÓÈÔɯàċÓÓċÒɯÒÈÙÉÖÕɯÌÔÐÚàÖÕÜȯɯƕƕƘȮƕƙɯÛÖÕɯ".ƾɤàċÓ 

!ÌÓÐÙÛÐÓÌÕɯÝÈÙÚÈàċÔÓÈÙɯËÖĀÙÜÓÛÜÚÜÕËÈɯÎÌÙñÌÒÓÌıÛÐÙÐÓÌÕɯÏÌÚÈ×ÓÈÔÈÓÈÙËÈȮɯàÈÓÕċáÊÈɯÈàËċÕÓÈÛÔÈɯÝÌɯ

ÒÓÐÔÈɯÚÐÚÛÌÔÓÌÙÐÕÐÕɯÎĹÕËÌɯƖɯÚÈÈÛɯÎÌÙÌÒÚÐáɯñÈÓċıÛċÙċÓÔÈÚċÕċÕȮɯĹÕÐÝÌÙÚÐÛÌɯġÓñÌĀÐÕËÌɯġÕÌÔÓÐɯËĹáÌàËÌɯÌÕÌÙÑÐɯ

ÛĹÒÌÛÐÔÐÕÌȮɯ àĹÒÚÌÒɯ ÌÒÖÕÖÔÐÒɯ ÒÈàÉÈɯ ÝÌɯ ËÐÒÒÈÛÌɯ ËÌĀÌÙɯ ÔÐÒÛÈÙËÈ ÒÈÙÉÖÕɯ ÌÔÐÚàÖÕÜÕÈɯ àÖÓɯ ÈñÛċĀċɯ

ÎġÚÛÌÙÐÓÔÐıÛÐÙȭɯ!ÜɯàÈÒÓÈıċÔȮɯÌÕÌÙÑÐɯÝÌÙÐÔÓÐÓÐĀÐɯġÕÓÌÔÓÌÙÐÕÐÕɯÜàÎÜÓÈÕÔÈÔÈÚċɯËÜÙÜÔÜÕËÈɯÖÓÜıÈÉÐÓÌÊÌÒɯ

×ÖÛÈÕÚÐàÌÓɯñÌÝÙÌÚÌÓɯÝÌɯÌÒÖÕÖÔÐÒɯÌÛÒÐÓÌÙÐÕɯÕÌÛɯÉÐñÐÔËÌɯÖÙÛÈàÈɯÒÖÕÔÈÚċÕċɯÈÔÈñÓÈÔÈÒÛÈËċÙȭ Ekonomik 

ÚĹÙËĹÙĹÓÌÉÐÓÐÙÓÐÒɯÒÙÐÛÌÙÓÌÙÐɯñÌÙñÌÝÌÚÐÕËÌɯÖ×ÛÐÔÐáÌɯÌËÐÓÌÕɯÒÈàÕÈÒɯàġÕÌÛÐÔÐȮɯËÖĀÙÜËÈÕɯÒÜÓÓÈÕċÊċÓÈÙċÕɯ



 àÓċÒÊċ ÝËȭɯ$ĀÐÛÐÔɯ*ÜÙÜÔÓÈÙċÕËÈɯ4ñɯ!ÐÓÎÐɯdıÓÌÔɯ3ÈÉÈÕÓċɯ&ġÙĹÕÛĹɯdıÓÌÔÌɯÐÓÌɯ.ÛÖÕÖÔɯ$ÕÌÙÑÐɯ5ÌÙÐÔÓÐÓÐĀÐɯ

ÝÌɯ*ÈÙÉÖÕɯ àÈÒɯdáÐɯ ÕÈÓÐáÐ 

Ƙƚ 

àÈıÈÔɯÒÈÓÐÛÌÚÐÕÐɯÝÌɯÐñɯÖÙÛÈÔɯÚÛÈÕËÈÙÛÓÈÙċÕċɯÌÛÒÐÓÌàÌÕɯÚÖÚàÈÓɯÉÐÙɯÉÖàÜÛÈɯÚÈÏÐ×ÛÐÙȭɯ%ÐÕÈÕÚÈÓɯÝÌÙÐÔÓÐÓÐĀÐÕɯ

ÛÖ×ÓÜÔÚÈÓɯ ÙÌÍÈÏɯ ÝÌɯ ÌÛÐÒɯ ËÌĀÌÙÓÌÙÓÌɯ ÒÌÚÐıÛÐĀÐɯ ÉÜɯ ÈÓÈÕȮɯ ×ÙÖÑÌÕÐÕɯ ÚÖÚàÈÓɯ ÚĹÙËĹÙĹÓÌÉÐÓÐÙÓÐÒɯ ÚÛÙÈÛÌÑÐÚÐÕÐɯ

ÖÓÜıÛÜÙÜÙȭ 

3. Bulgular  

Ɨȭƕȭɯ4ñɯ"ÐÏÈáɯȹ$ËÎÌɯ#ÌÝÐÊÌȺɯÝÌɯ8È×Èàɯ9ÌÒÈɯ,ÖËÌÓɯ/ÌÙÍÖÙÔÈÕÚċ 

&ÌÓÐıÛÐÙÐÓÌÕɯÖÛÖÕÖÔɯÚÐÚÛÌÔÐÕɯÉÐÓÎÐÚÈàÈÙɯÛÈÉÈÕÓċɯÜñɯÚÐÔĹÓÈÚàÖÕɯÛÌÚÛÓÌÙÐÕËÌȮɯÚċÕċÍɯËÖÓÜÓÜÒɯËÜÙÜÔÜɯ

ÈÕÓċÒɯÖÓÈÙÈÒɯÈÕÈÓÐáɯÌËÐÓÔÐıɯÝÌɯËÖÕÈÕċÔɯÒÈàÕÈÒÓÈÙċÕċÕɯÒÜÓÓÈÕċÔċɯËÌĀÌÙÓÌÕËÐÙÐÓÔÐıÛÐÙȭɯ2ċÕċÙÓċɯÉÌÓÓÌÒɯÝÌɯ

ÐıÓÌÔÊÐɯÒÈ×ÈÚÐÛÌÚÐÕÌɯÚÈÏÐ×ɯÌËÎÌɯÔÐÔÈÙÐÚÐÕÌɯÜàÈÙÓÈÕÈÕɯ%.,.ɯMobileNetV2 0.35 modeli, test veri seti 

ĹáÌÙÐÕËÌɯàĹÒÚÌÒɯÉÐÙɯÉÈıÈÙċÔɯÎġÚÛÌÙÌÙÌÒɯǔƜƛȮƘɯ%ƕ-2ÒÖÙÜɯÝÌɯÈÙÒÈɯ×ÓÈÕɯËċıċɯȹÕÖÕ-background) tespitlerde 

ƔȮƝƚɯ ÒÌÚÐÕÓÐÒɯ ȹ×ÙÌÊÐÚÐÖÕȺɯ ËÌĀÌÙÐÕÌɯ ÜÓÈıÔċıÛċÙȭɯ &ġÙĹÕÛĹÓÌÙÐÕɯ ÒċÚċÛÓċɯ ËÖÕÈÕċÔÓÈÙÈɯ ÜàÎÜÕɯ ÖÓÈÙÈÒɯ ġÕɯ

ÐıÓÌÔÓÌÙËÌÕɯÎÌñÐÙÐÓÐ×ɯÐıÓÌÕÔÌÚÐɯÚÖÕÜÊÜÕËÈȮɯÔÖËÌÓÐÕɯñċÒÈÙċÔɯȹÐÕÍÌÙÌÕÊÌȺɯÚĹÙÌÚÐɯƗƜɯÔÐÓÐÚÈÕÐàÌɯȹÔÚȺɯÎÐÉÐɯ

ÚÖÕɯËÌÙÌÊÌɯËĹıĹÒɯÉÐÙɯÚÌÝÐàÌàÌɯÐÕËÐÙÎÌÔÐıÛÐÙȭɯ àÙċÊÈȮɯÖ×ÛÐÔÐáÌɯÌËÐÓÌÕɯÔÖËÌÓÐÕɯÜñɯÊÐÏÈáɯĹáÌÙÐÕËÌÒÐɯ%ÓÈÚÏɯ

ÉÌÓÓÌÒɯÒÜÓÓÈÕċÔċɯàÈÓÕċáÊÈɯƜƖȮƛɯ*!ɯÖÓÈÙÈÒɯġÓñĹÓÔĹıÛĹÙȭɯ!ÜɯËĹıĹÒɯÉÌÓÓÌÒɯÛĹÒÌÛÐÔÐɯÝÌɯÏċáÓċɯñċÒÈÙċÔɯÚĹÙÌÚÐȮɯ

ÚÐÚÛÌÔÐÕɯÏÌËÌÍÓÌÕÌÕɯÒċÚċÛÓċɯËÖÕÈÕċÔÓÈÙËÈɯÒÈÙÈÙÓċɯÝÌɯÎÌÙñÌÒɯáÈÔÈÕÓċɯñÈÓċıÈÉÐÓËÐĀÐÕÐɯËÖĀÙÜÓÈÔÈÒÛÈËċÙ 

ȹ©ÌÒÐÓɯƗȺȭ  

ƗȭƖȭɯ2ÐÚÛÌÔɯ$ÕÛÌÎÙÈÚàÖÕÜɯÝÌɯ&ÌÙñÌÒɯ9ÈÔÈÕÓċɯ5ÌÙÐɯdáÓÌÔÌɯȹ#ÈÚÏÉÖÈÙËȺ 

4ñɯÊÐÏÈáËÈɯÎÌÙñÌÒÓÌıÛÐÙÐÓÌÕɯÈÕÓċÒɯÈÕÖÔÈÓÐɯÛÌÚ×ÐÛÐɯÝÌɯËÖÓÜÓÜÒɯÝÌÙÐÓÌÙÐÕÐÕɯÚÐÚÛÌÔÐÕɯàġÕÌÛÐÔɯ×ÈÕÌÓÐÕÌɯ

ȹËÈÚÏÉÖÈÙËȺɯ ÈÒÛÈÙċÓÔÈÚċÕËÈȮɯ /àÛÏÖÕɯ ÛÈÉÈÕÓċɯ ġáÌÓɯ ÉÐÙ  /(ɯ ÌÕÛÌÎÙÈÚàÖÕÜɯ ÒÜÙÎÜÓÈÕÔċıÛċÙȭɯ *ÜÙÜÓÈÕɯ

ÉÐÓÎÐÚÈàÈÙɯÚÐÔĹÓÈÚàÖÕÜÕÜÕɯÚÖÙÜÕÚÜáɯÝÌɯÒÈÙÈÙÓċɯÉÐñÐÔËÌɯñÈÓċıÛċĀċɯÎġáÓÌÔÓÌÕÔÐıȰɯɆ3ÈÚÈÙċÔɯ8ÖÓÜàÓÈɯ

,ÈÏÙÌÔÐàÌÛɆɯ ÐÓÒÌÚÐɯ ÎÌÙÌĀÐɯ ÎġÙÚÌÓɯ ÝÌÙÐÓÌÙÐÕɯ 3ÌÕÚÖÙ%ÓÖÞɯ +ÐÛÌɯ ȹ3%+ÐÛÌȺɯ ñÈÓċıÔÈɯ áÈÔÈÕċɯ ȹÙÜÕÛÐÔÌȺɯ

ÒÜÓÓÈÕċÓÈÙÈÒɯËÖĀÙÜËÈÕɯàÌÙÌÓ ÉÌÓÓÌÒÛÌɯȹ1 ,ȺɯÐıÓÌÕÐ×ɯÈÕċÕËÈɯÐÔÏÈɯÌËÐÓËÐĀÐɯÝÌɯàÈÓÕċáÊÈɯÐÒÐÓÐɯȹÉÐÕÈÙàȺɯ

ËÖÓÜÓÜÒɯËÜÙÜÔÜÕÜÕɯ)2.-ɯÍÖÙÔÈÛċÕËÈ ËċıÈɯÈÒÛÈÙċÓËċĀċɯÉÈıÈÙċàÓÈɯËÖĀÙÜÓÈÕÔċıÛċÙȭɯ4ñɯÊÐÏÈáɯÐÓÌɯàġÕÌÛÐÔɯ

×ÈÕÌÓÐɯÈÙÈÚċÕËÈÒÐɯÝÌÙÐɯÚÌÕÒÙÖÕÐáÈÚàÖÕÜȮɯÎÌÓÐıÛÐÙÐÓÌÕɯÉÜɯ/àÛÏÖÕɯ /(ɯÈÙÈÊċÓċĀċàÓÈɯƗɯÚÈÕÐàÌÓÐÒɯÉÐÙɯ×ÌÙÐàÖÛÓÈɯ

ÚÈĀÓÈÕÔċıÛċÙȭɯ/ÈÕÌÓÌɯÜÓÈıÈÕɯƕɤƔɯȹËÖÓÜɤÉÖıȺɯÝÌÙÐÓÌÙÐȮɯÈàËċÕÓÈÛÔÈɯÝÌɯÐÒÓÐÔÓÌÕËÐÙÔÌɯÈÕÓċÒɯÎĹñɯÛĹÒÌÛÐÔɯ

ÒÈÛÚÈàċÓÈÙċàÓÈɯñÈÙ×ċÓÈÙÈÒȰɯÈÕÓċÒɯÌÕÌÙÑÐɯÐÚÙÈÍċȮɯġÕÓÌÕÌÕɯÒÈÙÉÖÕɯÚÈÓċÔċɯÝÌɯÍÐÕÈÕÚÈÓɯÛÈÚÈÙÙÜÍɯËÌĀÌÙÓÌÙÐɯÏÌÙɯƗɯ

ÚÈÕÐàÌËÌɯÉÐÙɯËÐÕÈÔÐÒɯÖÓÈÙÈÒɯÎġÙÚÌÓÓÌıÛÐÙÐÓÔÐıÛÐÙȭ /ÈÕÌÓËÌɯÝÌÙÐɯÈÓċıÝÌÙÐıÐÕÐÕɯËÖĀÙÜɯıÌÒÐÓËÌɯÚÈĀÓÈÕċ×ɯ

ÚÈĀÓÈÕÔÈËċĀċÕċɯÙÈÏÈÛÓċÒÓÈɯÎġÙÌÉÐÓÔÌÒɯÐñÐÕɯÉÐÙɯÚÐÚÛÌÔɯÌÕÛÌÎÙÈÚàÖÕɯ×ÈÕÌÓÐɯàÌÙÓÌıÛÐÙÐÓÔÐıÛÐÙȭɯȹ©ÌÒÐÓɯƘȮɯ©ÌÒÐÓɯ

5).  

©ÌÒÐÓɯ3. %.,.ɯ,ÖÉÐÓÌ-ÌÛ5ƖɯƔȭƗƙɯÔÖËÌÓÐÕÐÕɯÌĀÐÛÐÔɯ

ȹÛÙÈÐÕȺɯÝÌɯËÖĀÙÜÓÈÔÈɯȹÝÈÓÐËÈÛÐÖÕȺɯÚĹÙÌñÓÌÙÐÕÌɯÈÐÛɯÒÈàċ×ɯ

ȹÓÖÚÚȺɯÎÙÈÍÐĀÐȭ 



 àÓċÒÊċ ÝËȭɯ$ĀÐÛÐÔɯ*ÜÙÜÔÓÈÙċÕËÈɯ4ñɯ!ÐÓÎÐɯdıÓÌÔɯ3ÈÉÈÕÓċɯ&ġÙĹÕÛĹɯdıÓÌÔÌɯÐÓÌɯ.ÛÖÕÖÔɯ$ÕÌÙÑÐɯ5ÌÙÐÔÓÐÓÐĀÐɯ

ÝÌɯ*ÈÙÉÖÕɯ àÈÒɯdáÐɯ ÕÈÓÐáÐ 

Ƙƛ 

ƗȭƗȭɯ$ÕÌÙÑÐɯ5ÌÙÐÔÓÐÓÐĀÐɯÝÌɯ*ÈÙÉÖÕɯ àÈÒɯdáÐɯ.×ÛÐÔÐáÈÚàÖÕÜ 

&ÌÓÐıÛÐÙÐÓÌÕɯ ÖÛÖÕÖÔɯ ÚÐÚÛÌÔÐÕȮɯ ÌĀÐÛÐÔɯ ÉÐÕÈÓÈÙċÕËÈɯ ÚÛÈÛÐÒɯ áÈÔÈÕÓÈÔÈÓÈÙËÈÕɯ ÒÈàÕÈÒÓÈÕÈÕɯ ÐÚÙÈÍɯ

×ÌÙÐàÖÛÓÈÙċÕċɯÌÕÎÌÓÓÌÔÌɯ×ÖÛÈÕÚÐàÌÓÐɯƕƔɯÉÐÕÈÓċÒɯȹƖƔƔɯËÌÙÚÓÐÒÓÐȺɯÛÈÔɯÒÈÔ×ĹÚɯÚÌÕÈÙàÖÚÜɯÐñÐÕɯÏÌÚÈ×ÓÈÕÔċıÛċÙȭɯ

8È×ċÓÈÕɯÎĹÕÊÌÓɯÈÕÈÓÐáÓÌÙÌɯÎġÙÌȰɯÉÖıɯÚċÕċÍÓÈÙËÈɯÈñċÒɯÉċÙÈÒċÓÈÕ ÐÒÓÐÔÓÌÕËÐÙÔÌɯÝÌɯÈàËċÕÓÈÛÔÈɯÚÐÚÛÌÔÓÌÙÐÕÐÕɯ
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xáÌÛɯ 

&ĹÕĹÔĹáËÌɯÌÕÌÙÑÐɯÔÈÓÐàÌÛÓÌÙÐÕÐÕɯÈÙÛÔÈÚċɯÝÌɯÚĹÙËĹÙĹÓÌÉÐÓÐÙÓÐÒɯÒÈÝÙÈÔċÕċÕɯġÕÌÔɯÒÈáÈÕÔÈÚċȮɯÌÕÌÙÑÐɯ

àÖĀÜÕɯĹÙÌÛÐÔɯàÈ×ÈÕɯÚÈÕÈàÐɯÐıÓÌÛÔÌÓÌÙÐÕÐɯÚĹÙÌñÓÌÙÐÕÐɯÖ×ÛÐÔÐáÌɯÌÛÔÌàÌɯáÖÙÓÈÔÈÒÛÈËċÙȭɯ!ÜɯñÈÓċıÔÈȮɯkimya 

ÚÌÒÛġÙĹÕËÌɯÍÈÈÓÐàÌÛɯÎġÚÛÌÙÌÕɯÉÐÙɯÍÐÙÔÈËÈɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıɯÖÓÜ×ȮɯÚÛÖÒɯ àġÕÌÛÐÔÐɯÒÈÙÈÙÓÈÙċÕċÕɯÌÕÌÙÑÐɯ

ÝÌÙÐÔÓÐÓÐĀÐɯĹáÌÙÐÕËÌÒÐɯÌÛÒÐÓÌÙÐÕÐɯÐÕÊÌÓÌÔÌàÐɯÈÔÈñÓÈÔÈÒÛÈËċÙȭɯIÈÓċıÔÈɯÒÈ×ÚÈÔċÕËÈȮɯÐıÓÌÛÔÌÕÐÕɯÒÈÙÔÈıċÒɯ

ÚÛÖÒɯàÈ×ċÚċÕċɯÈÕÈÓÐáɯÌÛÔÌÒɯÐñÐÕɯÎÌÓÌÕÌÒÚÌÓɯàġÕÛÌÔÓÌÙÐÕɯġÛÌÚÐÕÌɯÎÌñÐÓÌÙÌÒɯ$ÕÌÙÑÐɯ$ÛÒÐÕɯ2ÛÖÒɯ8ġÕÌÛÐmi 

àÈÒÓÈıċÔċɯÉÌÕÐÔÚÌÕÔÐıÛÐÙȭɯdÓÒɯÈıÈÔÈËÈȮɯĹÙĹÕÓÌÙɯ !"ɯÈÕÈÓÐáÐɯÐÓÌɯÍÐÕÈÕÚÈÓɯËÌĀÌÙÓÌÙÐÕÌȮɯ789ɯÈÕÈÓÐáÐɯÐÓÌɯ

ÛÈÓÌ×ɯËÌĀÐıÒÌÕÓÐÒÓÌÙÐÕÌɯÎġÙÌɯÚċÕċÍÓÈÕËċÙċÓÈÙÈÒɯËÖÒÜáɯÍÈÙÒÓċɯÒÈÛÌÎÖÙÐàÌɯÈàÙċÓÔċıÛċÙȭɯ8È×ċÓÈÕɯÈÕÈÓÐáÓÌÙɯ

ÚÖÕÜÊÜÕËÈȮɯ ġáÌÓÓÐÒÓÌɯ ÛÈÓÌ×ɯ ÉÌÓÐÙÚÐáÓÐĀÐɯ àĹÒÚÌÒɯ ÖÓÈÕɯ ĹÙĹÕÓÌÙËÌȮɯ ÚÛÖÒÚÜáɯ ÒÈÓÔÈÕċÕɯ àÈÙÈÛÛċĀċɯ ÌÕÌÙÑÐɯ

ÔÈÓÐàÌÛÐÕÐÕɯÚÛÖÒɯÛÜÛÔÈɯÔÈÓÐàÌÛÐÕËÌÕɯËÈÏÈɯàĹÒÚÌÒɯÙÐÚÒɯÛÈıċËċĀċɯÎġÙĹÓÔĹıÛĹÙȭɯ!ÜɯñÈÓċıÔÈȮɯÚÛÖÒɯàġÕÌÛÐÔÐÕÐɯ

ÚÈËÌÊÌɯÍÐÕÈÕÚÈÓɯÉÐÙɯÒÈÙÈÙɯËÌĀÐÓȮɯÈàÕċɯáÈÔÈÕËÈɯÉÐÙɯÌÕÌÙÑÐɯÝÌÙÐÔÓÐÓÐĀÐɯÈÙÈÊċɯÖÓÈÙÈÒɯÌÓÌɯÈÓÔÈÚċɯÉÈÒċÔċÕËÈÕɯ

ÓÐÛÌÙÈÛĹÙÌɯÒÈÛÒċɯÚÈĀÓÈÔÈÒÛÈËċÙȭ 

 

Anahtar kelimeler:  2ÛÖÒɯ8ġÕÌÛÐÔÐȰɯ !"-789ɯ ÕÈÓÐáÐȰɯ$ÕÌÙÑÐɯ5ÌÙÐÔÓÐÓÐĀi, Optimum Stok.  

$ÕÌÙÎàɯ$ŚÊÐÌÕÛɯ.×ÛÐÔÜÔɯ2ÛÖÊÒɯ+ÌÝÌÓɯ#ÌÛÌÙÔÐÕÈÛÐÖÕɯÈÕËɯ/ÙÖËÜÊÛɯ

(ÕÝÌÕÛÖÙàɯ/ÖÓÐÊàɯ,ÖËÌÓɯ#ÌÝÌÓÖ×ÔÌÕÛ 

 

 ÉÚÛÙÈÊÛɯ 
  

3ÖËÈàȮɯÙÐÚÐÕÎɯÌÕÌÙÎàɯÊÖÚÛÚɯÈÕËɯÛÏÌɯÐÕÊÙÌÈÚÐÕÎɯÐÔ×ÖÙÛÈÕÊÌɯÖÍɯÚÜÚÛÈÐÕÈÉÐÓÐÛàɯÈÙÌɯÍÖÙÊÐÕÎɯÌÕÌÙÎàɪÐÕÛÌÕÚÐÝÌɯ

ÐÕËÜÚÛÙÐÈÓɯÌÕÛÌÙ×ÙÐÚÌÚɯÛÖɯÖ×ÛÐÔÐáÌɯÛÏÌÐÙɯ×ÙÖÊÌÚÚÌÚȭɯ3ÏÐÚɯÚÛÜËàȮɯÊÖÕËÜÊÛÌËɯÐÕɯÈɯÊÏÌÔÐÊÈÓɯÐÕËÜÚÛÙàɯŗÙÔȮɯ

ÈÐÔÚɯÛÖɯÌßÈÔÐÕÌɯÛÏÌɯÌřÌÊÛÚɯÖÍɯÐÕÝÌÕÛÖÙàɯÔÈÕÈÎÌÔÌÕÛɯËÌÊÐÚÐÖÕÚɯÖÕɯÌÕÌÙÎàɯÌŚÊÐÌÕÊàȭɯ3ÖɯÈÕÈÓàáÌɯÛÏÌɯ

ÊÖÔ×ÓÌßɯÐÕÝÌÕÛÖÙàɯÚÛÙÜÊÛÜÙÌɯÖÍɯÛÏÌɯÊÖÔ×ÈÕàȮɯÈÕɯ$ÕÌÙÎàɯ$ŚÊÐÌÕÛɯ(ÕÝÌÕÛÖÙàɯ,ÈÕÈÎÌÔÌÕÛɯÈ××ÙÖÈÊÏɯÞÈÚɯ

ÈËÖ×ÛÌËȮɯÎÖÐÕÎɯÉÌàÖÕËɯÛÙÈËÐÛÐÖÕÈÓɯÔÌÛÏÖËÚȭɯ(ÕɯÛÏÌɯŗÙÚÛɯÚÛÈÎÌȮɯ×ÙÖËÜÊÛÚɯÞÌÙÌɯÊÓÈÚÚÐŗÌËɯÐÕÛÖɯÕÐÕÌɯ

ËÐřÌÙÌÕÛɯÊÈÛÌÎÖÙÐÌÚɯÜÚÐÕÎɯ !"ɯÈÕÈÓàÚÐÚɯÉÈÚÌËɯÖÕɯÛÏÌÐÙɯŗÕÈÕÊÐÈÓɯÝÈÓÜÌɯÈÕËɯ789ɯÈÕÈÓàÚÐÚɯÉÈÚÌËɯÖÕɯ

ËÌÔÈÕËɯÝÈÙÐÈÉÐÓÐÛàȭɯ3ÏÌɯÈÕÈÓàÚÌÚɯÙÌÝÌÈÓÌËɯÛÏÈÛȮɯ×ÈÙÛÐÊÜÓÈÙÓàɯÍÖÙɯ×ÙÖËÜÊÛÚɯÞÐÛÏɯÏÐÎÏɯËÌÔÈÕËɯÜÕÊÌÙÛÈÐÕÛàȮɯ

ÛÏÌɯÌÕÌÙÎàɯÊÖÚÛɯÖÍɯÙÜÕÕÐÕÎɯÖÜÛɯÖÍɯÚÛÖÊÒɯÊÈÙÙÐÌÚɯÈɯÏÐÎÏÌÙɯÙÐÚÒɯÛÏÈÕɯÛÏÌɯÊÖÚÛɯÖÍɯÏÖÓËÐÕÎɯÐÕÝÌÕÛÖÙàȭɯ3ÏÐÚɯ

ÚÛÜËàɯÊÖÕÛÙÐÉÜÛÌÚɯÛÖɯÛÏÌɯÓÐÛÌÙÈÛÜÙÌɯÉàɯÊÖÕÚÐËÌÙÐÕÎɯÐÕÝÌÕÛÖÙàɯÔÈÕÈÎÌÔÌÕÛɯÕÖÛɯÖÕÓàɯÈÚɯÈɯŗÕÈÕÊÐÈÓɯËÌÊÐÚÐÖÕɯ

ÉÜÛɯÈÓÚÖɯÈÚɯÈÕɯÌÕÌÙÎàɯÌŚÊÐÌÕÊàɯÛÖÖÓȭ 

 

*ÌàÞÖÙËÚȯɯ(ÕÝÌÕÛÖÙàɯ,ÈÕÈÎÌÔÌÕÛȰɯ !"ɪ789ɯ ÕÈÓàÚÐÚȰɯ$ÕÌÙÎàɯ$ŚÊÐÌÕÊàȮɯ.×ÛÐÔÜÔɯ2ÛÖÊÒ 
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&ÌÓÐıÛÐÙÔÌ 

ƙƕ 
 

ƕȭɯ&ÐÙÐı 

&ĹÕĹÔĹáËÌɯ ÚÈÕÈàÐɯ ÐıÓÌÛÔÌÓÌÙÐȮɯ ÙÌÒÈÉÌÛɯ ÈÝÈÕÛÈÑċɯ ÌÓËÌɯ ÌËÌÉÐÓÔÌÒɯ ÝÌɯ ÚĹÙËĹÙĹÓÌÉÐÓÐÙÓÐÒÓÌÙÐÕÐɯ

ÒÖÙÜàÈÉÐÓÔÌÒɯÐñÐÕɯÒÈàÕÈÒÓÈÙċÕċɯÌÕɯÝÌÙÐÔÓÐɯıÌÒÐÓËÌɯÒÜÓÓÈÕÔÈÒɯáÖÙÜÕËÈËċÙȭɯ$ÕɯÒÙÐÛÐÒɯÜÕÚÜÙÓÈÙċÕɯÉÈıċÕËÈɯ

ÐÚÌȮɯĹÙÌÛÐÔɯÚĹÙÌñÓÌÙÐÕÐÕɯÒÌÚÐÕÛÐÚÐáɯËÌÝÈÔÓċÓċĀċɯÐÓÌɯÍÐÕÈÕÚÈÓɯÝÌÙÐÔÓÐÓÐÒɯÈÙÈÚċÕËÈÒÐɯÏÈÚÚÈÚɯËÌÕÎÌàÐɯÚÈĀÓÈàÈÕɯ

ÚÛÖÒɯàġÕÌÛÐÔÐɯÎÌÓÔÌÒÛÌËÐÙ [1]. 2ÈÕÈàÐɯÐıÓÌÛÔÌÓÌÙÐɯÎÌÕÌÓÓÐÒÓÌɯÚÛÖÒÚÜáɯÒÈÓÔÈɯÙÐÚÒÐÕÐɯġÕÓÌÔÌÒɯÈÔÈÊċàÓÈɯ

àĹÒÚÌÒɯ ÎĹÝÌÕÓÐÒɯ ÚÛÖĀÜɯ ÛÜÛÔÈɯ ÌĀÐÓÐÔÐÕËÌËÐÙȰɯ ÈÕÊÈÒɯ ÉÜɯ ËÜÙÜÔɯ ÐıÓÌÛÔÌɯ ÚÌÙÔÈàÌÚÐÕÐÕɯ ÝÌÙÐÔÚÐáɯ

ÒÜÓÓÈÕċÔċÕÈɯàÖÓɯÈñÔÈÒÛÈËċÙȭ  

 

+ÐÛÌÙÈÛĹÙɯÐÕÊÌÓÌÕËÐĀÐÕËÌȮɯÒÓÈÚÐÒɯÛÌÒɯÉÖàÜÛÓÜɯÌÕÝÈÕÛÌÙɯàġÕÛÌÔÓÌÙÐÕÐÕɯÎĹÕĹÔĹáĹÕɯÒÈÙÔÈıċÒɯÛÌËÈÙÐÒɯ

áÐÕÊÐÙÓÌÙÐɯÐñÐÕɯàÌÛÌÙÚÐáɯÒÈÓËċĀċɯÎġÙĹÓÔÌÒÛÌËÐÙ [2,3] xÙÕÌĀÐÕȮɯ*ÈÙÈÉċñÈÒɯvdȭɯÛÌÔÐáÓÐÒɯÒäĀċËċɯÚÌÒÛġÙĹÕËÌɯ

ABC-789ɯÈÕÈÓÐáÐÕÐɯÌÕÛÌÎÙÌɯÌÛÔÐıɯÝÌɯËÌĀÐıÒÌÕÓÐĀÐɯàĹÒÚÌÒɯĹÙĹÕÓÌÙËÌɯàÈ×ÈàɯÚÐÕÐÙɯÈĀÓÈÙċɯÎÐÉÐɯÐÓÌÙÐɯËĹáÌàɯ

ÈÙÈñÓÈÙɯġÕÌÙÔÐıÓÌÙËÐÙ [4]. 2ÛÖÒɯÖ×ÛÐÔÐáÈÚàÖÕÜÕÜÕɯÌÕÌÙÑÐɯÛÈÚÈÙÙÜÍÜɯÐÓÌɯËÖĀÙÜËÈÕɯÉÈĀÓÈÕÛċÓċɯÖÓËÜĀÜɯËÈɯ

ÝÜÙÎÜÓÈÕÔÈÒÛÈËċÙȭɯ/ÈÛÛÕÈÐÒɯvdȭɯÌÕÝÈÕÛÌÙɯ×ÖÓÐÛÐÒÈÓÈÙċÕċÕɯÚÈËÌÊÌɯÔÈÓÐàÌÛɯÖËÈÒÓċɯËÌĀÐÓȮɯÌÕÌÙÑÐɯÛĹÒÌÛÐÔÐɯÝÌɯ

ÒÈÙÉÖÕɯÈàÈÒɯÐáÐÕÐɯÈáÈÓÛÈÊÈÒɯıÌÒÐÓËÌɯÖ×ÛÐÔÐáÌɯÌËÐÓÔÌÚÐɯÎÌÙÌÒÛÐĀÐÕÐɯÉÌÓÐÙÛÔÐıÛÐÙ [5].  

 

!Üɯ ËÖĀÙÜÓÛÜËÈȮɯ ñÈÓċıÔÈËÈɯÍÐÙÔÈÕċÕ proseslerinde ABC-789ɯ ÈÕÈÓÐáÐɯ àÈ×ċÓÈÙÈÒȮɯ ĹÙĹÕÓÌÙɯ ÛÈÓÌ×ɯ

ËÌĀÐıÒÌÕÓÐÒÓÌÙÐÕÌɯÝÌɯġÕÌÔɯËÌÙÌÊÌÓÌÙÐÕÌɯÎġÙÌɯÚċÕċÍÓÈÕËċÙċÓÔċıÛċÙȭɯ ÔÈñȮɯÎÌÓÐıÛÐÙÐÓÌÊÌÒɯ×ÖÓÐÛÐÒÈÓÈÙÓÈɯÏÌÔɯ

ÍÐÕÈÕÚÈÓɯÚÛÖÒɯÔÈÓÐàÌÛÓÌÙÐÕÐÕɯÏÌÔɯËÌɯËÌ×ÖÓÈÔÈɯÚĹÙÌñÓÌÙÐɯÐÓÌɯÔÈÒÐÕÌɯËÜÙÜı-ÒÈÓÒċıÓÈÙċÕËÈÕɯÒÈàÕÈÒÓÈÕan 

ÌÕÌÙÑÐɯÛĹÒÌÛÐÔÐÕÐÕɯÔÐÕÐÔÐáÌɯÌËÐÓÔÌÚÐËÐÙȭɯ 

2. Materyal ve Metot  

2.1. Materyal  

4àÎÜÓÈÔÈȮɯÚĹÙÌÒÓÐɯÈÒċıɯÎÌÙÌÒÛÐÙÌÕɯÝÌɯÍċÙċÕÓÈÙċÕɯƛɤƖƘɯñÈÓċıÔÈÒɯáÖÙÜÕËÈɯÖÓËÜĀÜɯÒÐÔàÈɯÚÌÒÛġÙĹÕËÌɯ

ÍÈÈÓÐàÌÛɯÎġÚÛÌÙÌÕɯÉÐÙɯÍÐÙÔÈËÈ ÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȭɯdıÓÌÛÔÌÕÐÕɯ$1/ɯÚÐÚÛÌÔÐÕËÌÕɯƖƔƖƗȮɯƖƔƖƘɯÝÌɯƖƔƖƙɯ

àċÓÓÈÙċÕÈɯÈÐÛɯÚÈÛċıȮɯĹÙÌÛÐÔɯÝÌɯÚÛÖÒɯÝÌÙÐÓÌÙÐɯÛÌÔÐÕɯÌËÐÓÔÐıÛÐÙȭɯ ÕÈÓÐáɯÚĹÙÌÊÐÕËÌȮɯÌÕɯñÖÒɯĹÙÌÛÐÓÌÕȮɯÚÛÖÒɯËÌÝÐÙɯ

ÏċáÓÈÙċɯÈÕÓÈÔÓċɯÖÓÈÙÈÒɯġÓñĹÓÌÉÐÓÌÕɯÝÌɯÖ×ÛÐÔÐáÈÚàÖÕɯÐÏÛÐàÈÊċɯÌÕɯàĹÒÚÌÒɯÖÓÈÕɯƘƘɯÒÙÐÛÐÒɯĹÙĹÕɯÔÈÛÌÙàÈÓɯÖÓÈÙÈÒɯ

ÒÜÓÓÈÕċÓÔċıÛċÙȭ 

 

IÈÓċıÔÈËÈɯĹÙĹÕÓÌÙɯ/ÈÙÌÛÖɯȹƜƔɤƖƔȺɯÐÓÒÌÚÐÕÌɯËÈàÈÕÈÕɯ !"ɯÈÕÈÓÐáÐɯÐÓÌɯàċÓÓċÒɯÒÜÓÓÈÕċÔɯËÌĀÌÙÓÌÙÐÕÌɯÎġÙÌɯ

 Ȯɯ!ɯÝÌɯ"ɯÎÙÜ×ÓÈÙċÕÈɯÈàÙċÓÔċıÛċÙ [6]. 3ÈÓÌ×ɯËÌĀÐıÒÌÕÓÐĀÐɯÐÚÌɯ789ɯÈÕÈÓÐáÐɯñÌÙñÌÝÌÚÐÕËÌɯ#ÌĀÐıÐÔɯ*ÈÛÚÈàċÚċɯ

ȹ"5ȺɯÏÌÚÈ×ÓÈÕÈÙÈÒɯÚÛÈÕËÈÙÛɯÚÈ×ÔÈÕċÕɯÖÙÛÈÓÈÔÈàÈɯÉġÓĹÕÔÌÚÐàÓÌɯÛÌÚ×ÐÛɯÌËÐÓÔÐıɯÝÌɯ7Ȯɯ8Ȯɯ9ɯıÌÒÓÐÕËÌɯ

ÚċÕċÍÓÈÕËċÙċÓÔċıÛċÙȭɯ#ÌĀÐıÐÔɯÒÈÛÚÈàċÚċɯǔƙƔɅàÌɯÒÈËÈÙɯÖÓÈÕÓÈÙɯ7ȮɯǔƙƔ-ǔƕƔƔɯÈÙÈÚċɯ8ȮɯǔƕƔƔɯĹáÌÙÐɯÐÚÌ 9ɯÚċÕċÍċÕÈɯ

ËÈÏÐÓɯÌËÐÓÔÐıÛÐÙȭɯ 

 

IÈÓċıÔÈËÈɯǔƝƙɯÏÐáÔÌÛɯÚÌÝÐàÌÚÐɯÐÓÌɯȹ9ǻƕȭƚƘƙȺɯÌÔÕÐàÌÛɯÚÛÖÒÓÈÙċɯÏÌÚÈ×ÓÈÕÔċıÛċÙ [7]ȭɯ$ÔÕÐàÌÛɯ2ÛÖĀÜɯ

ÍÖÙÔĹÓĹɯ#ÌÕÒÓÌÔɯƕɯËÌɯÎġÚÛÌÙÐÓÔÐıÛÐÙȭ 

 

2.2. Metot 

!ÜɯñÈÓċıÔÈËÈȮɯÐıÓÌÛÔÌÕÐÕɯÚÛÖÒɯ×ÖÓÐÛÐÒÈÓÈÙċÕċɯËÐÕÈÔÐÒɯÉÐÙɯàÈ×ċàÈɯÒÈÝÜıÛÜÙÔÈÒɯÈÔÈÊċàÓÈɯÎÌÓÌÕÌÒÚÌÓɯ

ÛÌÒɯÉÖàÜÛÓÜɯàÈÒÓÈıċÔÓÈÙċÕɯàÌÙÐÕÌɯ !"-789ɯÔÈÛÙÐÚÐɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯdÓÒɯÖÓÈÙÈÒɯ/ÈÙÌÛÖɯÐÓÒÌÚÐÕÌɯËÈàÈÕÈÕɯ

 !"ɯÈÕÈÓÐáÐɯÐÓÌɯĹÙĹÕÓÌÙɯàċÓÓċÒɯÒÜÓÓÈÕċÔɯËÌĀÌÙÓÌÙÐÕÌɯÎġÙÌɯ Ȯɯ!ɯÝÌɯ"ɯÚċÕċÍÓÈÙċÕÈɯÈàÙċÓÔċıÛċÙȭɯ ÙËċÕËÈÕȮɯ

ĹÙĹÕÓÌÙÐÕɯÛÈÓÌ×ɯËÈÓÎÈÓÈÕÔÈÓÈÙċÕċɯÝÌɯġÕÎġÙĹÓÌÉÐÓÐÙÓÐĀÐÕÐɯġÓñÔÌÒɯÐñÐÕɯËÌĀÐıÐÔɯÒÈÛÚÈàċÚċɯÏÌÚÈ×ÓÈÕÈÙÈÒɯ789ɯ

ÈÕÈÓÐáÐɯÜàÎÜÓÈÕÔċıɯÝÌɯĹÙĹÕÓÌÙɯ7ɯȹËĹáÌÕÓÐȺȮɯ8ɯȹÖÙÛÈɯËÈÓÎÈÓċȺɯÝÌɯ9ɯȹËĹáÌÕÚÐáȺɯÖÓÈÙÈÒɯÚċÕċÍÓÈÕËċÙċÓÔċıÛċÙȭɯ 

 

!ÜɯÐÒÐɯÉÖàÜÛÓÜɯÚċÕċÍÓÈÕËċÙÔÈɯÚÖÕÜÊÜÕËÈɯÌÓËÌɯÌËÐÓÌÕɯËÖÒÜáɯÏĹÊÙÌÓÐɯÔÈÛÙÐÚɯàÈ×ċÚċɯȹ 7Ȯɯ 8Ȯɯ 9ȭȭȭɯ

"9ȺȮɯÚÛÖÒɯÒÈÓÌÔÓÌÙÐÕÐÕɯàÈÓÕċáÊÈɯÔÈÓÐàÌÛɯÛÌÔÌÓÓÐɯËÌĀÐÓȮɯÓÖÑÐÚÛÐÒɯÝÌɯÖ×ÌÙÈÚàÖÕÌÓɯÙÐÚÒÓÌÙɯÈñċÚċÕËÈÕɯËÈɯ

ÚÛÙÈÛÌÑÐÒɯÉÐñÐÔËÌɯÒÈÛÌÎÖÙÐáÌɯÌËÐÓÔÌÚÐÕÐɯÚÈĀÓÈÔċıÛċÙȭɯ,ÈÛÙÐÚɯÚÖÕÜñÓÈÙċÕÈɯÎġÙÌ ÚÛÖÒɯËÌÝÐÙɯÏċáÓÈÙċɯËÈɯ
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&ÌÓÐıÛÐÙÔÌ 

ƙƖ 
 

ÏÌÚÈ×ÓÈÕÔċıÛċÙȭɯxáÌÓÓÐÒÓÌɯÍċÙċÕÓÈÙċÕɯƛɤƖƘɯñÈÓċıÔÈÒɯáÖÙÜÕËÈɯÖÓËÜĀÜɯĹÙÌÛÐÔɯÏÈÛÛċÕËÈȮɯÚÛÖÒÚÜáɯÒÈÓÔÈɯ

ÔÈÓÐàÌÛÐɯÐÓÌɯÌÕÌÙÑÐɯÐÚÙÈÍċɯÉÐÙÓÐÒÛÌɯËÌĀÌÙÓÌÕËÐÙÐÓÌÙÌÒɯÏÌÙɯÎÙÜÉÈɯġáÌÓɯÌÔÕÐàÌÛɯÚÛÖÒÓÈÙċɯÉÌÓÐÙÓÌnecektir. 

3.  2ÖÕÜñÓÈÙɯÝÌɯ3ÈÙÛċıÔÈ 

&ÌÓÐıÛÐÙÐÓÌÕɯàġÕÛÌÔɯñÌÙñÌÝÌÚÐÕËÌȮɯÐıÓÌÛÔÌÕÐÕɯƖƔƖƘɯÝÌɯƖƔƖƙɯàċÓÓÈÙċɯÝÌÙÐÓÌÙÐɯÒÜÓÓÈÕċÓÈÙÈÒɯÈÕÈÓÐáɯÌËÐÓÌÕɯ

ƘƘɯÒÙÐÛÐÒɯĹÙĹÕĹÕɯ !"-789ɯÔÈÛÙÐÚÐÕËÌÒÐɯËÈĀċÓċÔÓÈÙċɯÌÓËÌɯÌËÐÓÔÐıÛÐÙȭ 

 

ɯ  

  ©ÌÒÐÓɯƕȭɯƘƘɯĹÙĹÕĹÕɯƖƔƖƘɯàċÓċɯ !"-789ɯ&ÙÈÍÐĀÐ            ©ÌÒÐÓɯƖȭ ƘƘɯĹÙĹÕĹÕɯƖƔƖ5 àċÓċɯ !"-789ɯ&ÙÈÍÐĀÐ 

 ÕÈÓÐáɯÚÖÕÜñÓÈÙċÕÈɯÎġÙÌɯÏÌÔɯÍÐÕÈÕÚÈÓɯËÌĀÌÙÐɯàĹÒÚÌÒɯÏÌÔɯËÌɯÛÈÓÌÉÐɯÚÛÈÉÐÓɯÖÓÈÕɯ 7ɯÚċÕċÍċɯĹÙĹÕÓÌÙËÌɯ

ȹġÙÕÌĀÐÕɯ,ƗɯÝÌɯ,ƗƚȺɯàĹÒÚÌÒɯÌÔÕÐàÌÛɯÚÛÖÒÜɯÛÜÛÔÈàÈɯÎÌÙÌÒɯÖÓÔÈËċĀċɯÉÌÓÐÙÓÌÕÔÐıÛÐÙȭɯ!ÜɯÎÙÜ×ÛÈɯËÐÕÈÔÐÒɯ

ÝÌɯËĹıĹÒɯÚÌÝÐàÌÓÐɯÚÛÖÒɯ×ÖÓÐÛÐÒÈÓÈÙċɯÐáÓÌÕÌÙÌÒɯÌÓËÌɯÛÜÛÔÈɯÔÈÓÐàÌÛÓÌÙÐɯÝÌɯËÌ×ÖɯÌÕÌÙÑÐɯÚÈÙÍÐàÈÛċɯÔÐÕÐÔÐáÌɯ

ÌËÐÓÌÉÐÓÐÙȭɯ!ÜÕÈɯÒÈÙıċÕȮɯÉÐÙÐÔɯÔÈÓÐàÌÛÐɯËĹıĹÒɯÈÕÊÈÒɯÛÈÓÌ×ɯÉÌÓÐÙÚÐáÓÐĀÐɯñÖÒɯàĹÒÚÌÒɯÖÓÈÕɯ"9ɯÚċÕċÍċɯĹÙĹÕÓÌÙËÌɯ

ȹġÙÕÌĀÐÕɯ,ƗƕȺȮɯÚÛÖÒÚÜáɯÒÈÓÔÈÕċÕɯàÈÙÈÛÈÊÈĀċɯÌÕÌÙÑÐɯÒÈàÉċɯÙÐÚÒÐȮɯÍÐÕÈÕÚÈÓɯàĹÒÛÌÕɯñÖÒɯËÈÏÈɯÍÈáÓÈËċÙȭɯ!Üɯ

nedenlÌɯ"9ɯÎÙÜÉÜÕËÈɯÉÐÓÐÕñÓÐɯÖÓÈÙÈÒɯÌÔÕÐàÌÛɯÚÛÖÒÜɯÖÙÈÕÓÈÙċɯàĹÒÚÌÒɯÛÜÛÜÓÔÈÓċËċÙȭɯ 

 

2ÌÙÔÈàÌɯÝÌɯÌÕÌÙÑÐɯÝÌÙÐÔÓÐÓÐĀÐÕÐÕɯÛÌÔÌÓɯÎġÚÛÌÙÎÌÓÌÙÐÕËÌÕɯÉÐÙÐɯÖÓÈÕɯÚÛÖÒɯËÌÝÐÙɯÏċáÓÈÙċɯÐÕÊÌÓÌÕËÐĀÐÕËÌɯ

ÐÚÌɯÐıÓÌÛÔÌÕÐÕɯÔÌÝÊÜÛɯ×ÖÓÐÛÐÒÈÓÈÙċÕċÕɯÛÈÓÌ×ɯËÈÓÎÈÓÈÕÔÈÓÈÙċÕÈɯÜàÜÔɯÚÈĀÓÈàÈÔÈËċĀċɯÎġÙĹÓÔĹıÛĹÙȭɯ 

 

 

©ÌÒÐÓɯƗȭ ƘƘɯĹÙĹÕĹÕɯƖƔƖƘɯàċÓċɯÚÛÖÒɯËÌÝÐÙɯÏċáċɯÎÙÈÍÐĀÐ 
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&ÌÓÐıÛÐÙÔÌ 

ƙƗ 
 

 

©ÌÒÐÓɯƘȭ ƘƘɯĹÙĹÕĹÕɯƖƔƖƙɯàċÓċɯÚÛÖÒɯËÌÝÐÙɯÏċáċɯÎÙÈÍÐĀÐ 

ƖƔƖƘɯÝÌɯƖƔƖƙɯàċÓÓÈÙċɯÒÈÙıċÓÈıÛċÙċÓËċĀċÕËÈȮɯÐıÓÌÛÔÌɯÚÌÙÔÈàÌÚÐÕÐÕɯÉĹàĹÒɯÒċÚÔċÕċɯÖÓÜıÛÜÙÈÕɯÉÈáċɯ ɯÚċÕċÍċɯ

ĹÙĹÕÓÌÙÐÕɯËÌÝÐÙɯÏċáÓÈÙċÕËÈɯËÙÈÔÈÛÐÒɯËĹıĹıÓÌÙɯàÈıÈÕÔċıÛċÙɯȹġÙÕÌĀÐÕɯ,ƗƝɯÒÖËÓÜɯĹÙĹÕĹÕɯËÌÝÐÙɯÏċáċɯ

ƜȭƗƛɅËÌÕɯƖȭƖƔɅàÌȮɯ,ƘƔɯÒÖËÓÜɯĹÙĹÕĹÕɯËÌÝÐÙɯÏċáċɯƜȭƛƖɅËÌÕɯƕȭƖƔɅàÌɯÎÌÙÐÓÌÔÐıÛÐÙȺȭɯ ɯÚċÕċÍċɯĹÙĹÕÓÌÙÐÕɯËÌ×ÖËÈɯ

ÈÛċÓɯÉÌÒÓÌÔÌÚÐȮɯÚÈËÌÊÌɯÍÐÕÈÕÚÈÓɯÌÚÕÌÒÓÐĀÐɯËÈÙÈÓÛÔÈÒÓÈɯÒÈÓÔÈàċ×ɯÎÌÙÌÒÚÐáɯÏÈÊÐÔɯÐıÎÈÓÐàÓÌɯÈàËċÕÓÈÛÔÈɯÝÌɯ

ÐÒÓÐÔÓÌÕËÐÙÔÌɯÎÐÉÐɯËÌ×ÖɯÌÕÌÙÑÐɯÚÈÙÍÐàÈÛċÕċɯËÖĀÙÜËÈÕɯÈÙÛċÙÔÈÒÛÈËċÙȭ 

Ƙȭɯ2ÖÕÜñ 

$ÕÌÙÑÐɯàÖĀÜÕɯĹÙÌÛÐÔɯàÈ×ÈÕɯÝÌɯÍċÙċÕÓÈÙċÕɯÒÌÚÐÕÛÐÚÐáɯñÈÓċıÔÈÚċÕċɯÎÌÙÌÒÛÐÙÌÕɯÚÈÕÈàÐɯÐıÓÌÛÔÌÓÌÙÐÕËÌȮɯÚÛÖÒɯ

àġÕÌÛÐÔÐÕÐÕɯÛÌÒɯÉÖàÜÛÓÜɯÝÌɯÎÌÓÌÕÌÒÚÌÓɯÚÈËÌÊÌɯ !"ɯÈÕÈÓÐáÐÕÌɯËÈàÈÓċɯàġÕÛÌÔÓÌÙÓÌɯÚĹÙËĹÙĹÓÔÌÚÐɯàÌÛÌÙÚÐáɯ

ÒÈÓÔÈÒÛÈËċÙȭɯ !Üɯ ñÈÓċıÔÈËÈɯÒÐÔàÈɯ ÚÌÒÛġÙĹÕËÌɯ ÍÈÈÓÐàÌÛɯ ÎġÚÛÌÙÌÕɯ ÉÐÙɯ ÍÐÙÔÈÕċÕɯÝÌÙÐÓÌÙÐɯ ĹáÌÙÐÕËÌÕɯ

ÎÌÙñÌÒÓÌıÛÐÙÐÓÌÕɯ !"-789ɯËÌÚÛÌÒÓÐɯÉĹÛĹÕÓÌıÐÒɯÌÕÝÈÕÛÌÙɯÔÖËÌÓÐȮɯÚÛÖÒɯÒÈÙÈÙÓÈÙċÕċÕɯÖ×ÌÙÈÚàÖÕÌÓɯÝÌÙÐÔÓÐÓÐÒɯ

ÒÈËÈÙɯÚĹÙËĹÙĹÓÌÉÐÓÐÙÓÐÒɯÝÌɯÌÕÌÙÑÐɯÛÈÚÈÙÙÜÍÜɯĹáÌÙÐÕËÌɯËÌɯËÖĀÙÜËÈÕɯÌÛÒÐÓÐɯÖÓËÜĀÜÕÜ ÎġÚÛÌÙÔÌÒÛÌËÐÙ.  

 

&ÌÓÐıÛÐÙÐÓÌÕɯÔÖËÌÓɯÐÓÌɯÛÈÓÌ×ɯËÌĀÐıÒÌÕÓÐÒÓÌÙÐɯÚÐÚÛÌÔÌɯÌÕÛÌÎÙÌɯÌËÐÓÔÐıȮɯäÛċÓɯÚÛÖÒÓÈÙċÕɯàÈÙÈÛÛċĀċɯËÌ×Öɯ

ÌÕÌÙÑÐɯÛĹÒÌÛÐÔÐɯÐÓÌɯÚÛÖÒÚÜáɯÒÈÓÔÈÕċÕɯàÈÙÈÛÛċĀċɯÌÕÌÙÑÐɯÐÚÙÈÍċɯÈÙÈÚċÕËÈɯÖ×ÛÐÔÜÔɯÉÐÙɯËÌÕÎÌɯÒÜÙÜÓÔÜıÛÜÙȭɯ!Üɯ

ñÈÓċıÔÈÕċÕɯÈÔÈÊċȮɯÚÛÖÒɯÒÖÕÛÙÖÓĹÕĹɯÓÖÑÐÚÛÐÒɯÝÌɯÍÐÕÈÕÚÈÓɯÉÐÙɯÔÌÛÙÐÒɯÖÓÔÈÕċÕɯġÛÌÚÐÕÌɯÛÈıċàÈÙÈÒȮɯÒÈàÕÈÒÓÈÙċÕɯ

ÝÌɯ ÌÕÌÙÑÐÕÐÕɯ ÈÒċÓÊċɯ ÒÜÓÓÈÕċÔċɯ ÐñÐÕɯ ÚÛÙÈÛÌÑÐÒɯ ÉÐÙɯ ÒÈÙÈÙɯ ËÌÚÛÌÒɯ ÔÌÒÈÕÐáÔÈÚċɯ ÖÓÈÙÈÒɯ ÓÐÛÌÙÈÛĹÙÌɯ

ÒÈáÈÕËċÙÔÈÒÛċÙ. 
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Blink Communicator: An AI -Powered Eye Blink Recognition 

and Command System for Paralyzed Patients  

Abstract  

In this study, an artificial intelligence -supported real -time eye blink recognition and command system 

was developed for paralyzed and ALS patients who have lost motor functions, using a standard web 

camera. The system consists of three main components: face and eye region detection with Haar 

Cascade, open/closed eye classification with MobileNetV2-based transfer learning, and a state machine 

(BlinkStateMachine) that interprets short/long blink sequences. The model trained on the MRL Eye 

Dataset was trained ÍÖÙɯƕƙɯÌ×ÖÊÏÚɯÞÐÛÏɯƕƚƔǺƕƚƔɯ×ÐßÌÓɯÐÕ×ÜÛɯÚÐáÌȮɯÉÈÛÊÏɯÚÐáÌɯÖÍɯƗƖȮɯÈÕËɯ ËÈÔ optimizer 

(lr=1e-4). The developed system achieved high performance with 96% accuracy, 0.99 ROC AUC score, 

and 0.99 mean precision values. The state machine reliably recognizes more than 8 commands with a 

debounce mechanism (3 consecutive frames same statÌȺȮɯÙÌÍÓÌßɯÍÐÓÛÌÙɯȹȁƔȭƖƔɯÚȺȮɯÚÏÖÙÛɯÉÓÐÕÒɯȹǾƔȭƚƔɯÚȺɯÈÕËɯ
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ÓÖÕÎɯÉÓÐÕÒɯȹȁƔȭƜƔɯÚȺɯËÐÚÛÐÕÊÛÐÖÕȭɯ&ÙÈË-CAM analysis confirmed that the model focuses on the eyelid edge 

and iris region, yielding meaningful results in terms of interpretability. In light variability tests, 94 -96% 

success was achieved under normal conditions (80-150% of brightness), while this rate dropped to 64% 

in low light (50%). As a result, an accessible and low-cost communication interface is presented without 

the need for expensive eye-tracking hardware.  

 

Keywords:  Artificial Intelligence, Eye Blink Recognition, MobileNetV2, Assistive Technology, ALS 

Patients, Human -ComputerInteraction,  Real-timeSystems. 
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2. Materyal ve Metot  
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2.2. Metot 
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ayar (fine-tuning) ile  ÌĀÐÛÐÓÔÐıÛÐÙɯȻƚȼȭɯ$ĀÐÛÐÔËÌɯ ËÈÔɯÖ×ÛÐÔÐáġÙĹɯȹġĀÙÌÕÔÌɯÏċáċɯÓÙǻƕÌ-4), binary cross-

ÌÕÛÙÖ×àɯ ÒÈàċ×ɯ ÍÖÕÒÚÐàÖÕÜɯ ÝÌɯ ƗƖɅÓÐÒɯ ÉÈÛÊÏɯ ÉÖàÜÛÜɯ ÒÜÓÓÈÕċÓÔċıÛċÙȭɯ 3Ö×ÓÈÔɯ ƕƙɯ Ì×ÖÊÏɯ ÌĀÐÛÐÔɯ

ÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȭɯ!ÓÐÕÒ2ÛÈÛÌ,ÈÊÏÐÕÌȰɯËÌÉÖÜÕÊÌɯÔÌÒÈÕÐáÔÈÚċɯÐÓÌɯÈÕÓċÒɯÛÐÛÙÌÔÌÓÌÙÐɯÍÐÓÛÙÌÓÌàÌÙÌÒɯÒċÚÈɯ

ÒċÙ×ÔÈɯ ȹǾƔȭƚƔɯ ÚȺɯ ÝÌɯ ÜáÜÕɯ ÒċÙ×ÔÈɯ ȹȁƔȭƜƔɯ ÚȺɯ ÈàÙċÔċÕċɯ ȁƔȭƖƔɯ Úɯ ÙÌÍÓÌÒÚɯ ÍÐÓÛÙÌÚÐàÓÌɯ ÎĹÝÌÕÐÓÐÙɯ ÉÐñÐÔËÌɯ

àÈ×ÈÉÐÓÔÌÒÛÌËÐÙɯ ȻƘȼȭɯ ,ÖËÌÓÐÕɯ ÒÈÙÈÙɯ ÔÌÒÈÕÐáÔÈÚċÕċɯ ÎġÙÚÌÓÓÌıÛÐÙÔÌÒɯ ÐñÐÕɯ &ÙÈË-" ,ɯ àġÕÛÌÔÐɯ

ÜàÎÜÓÈÕÔċıÛċÙɯȻƗȼȭɯ&ÌÙñÌÒɯáÈÔÈÕÓċɯÎġáɯÒċÙ×ÔÈɯÛÌÚ×ÐÛÐɯÐñÐÕ àĹáɯÓÈÕËÔÈÙÒċɯÛÈÉÈÕÓċɯàÈÒÓÈıċÔÓÈÙɯËÈɯ

ÓÐÛÌÙÈÛĹÙËÌɯÔÌÝÊÜÛÛÜÙɯȻƙȼȭ 

  



 ÓÛċÕÛÖ×ɯÝÌɯ8ÜÙÛÛÈÒÈÓȮɯ&ġáɯ*ċÙ×ÔÈɯÐÓÌɯdÓÌÛÐıÐÔɯ2ÐÚÛÌÔÐȯɯ%ÌÓñÓÐɯ'ÈÚÛÈÓÈÙɯdñÐÕɯ8È×Èàɯ9ÌÒÈɯ#ÌÚÛÌÒÓÐɯ&ġáɯ

*ċÙ×ÔÈɯ3ÈÕċÔÈɯÝÌɯ*ÖÔÜÛɯ2ÐÚÛÌÔÐ 

ƙƚ 
 

Ɨȭɯ2ÖÕÜñÓÈÙɯÝÌɯ3ÈÙÛċıÔÈ 

&ÌÓÐıÛÐÙÐÓÌÕɯÚÐÚÛÌÔȰɯǔƝƚɯËÖĀÙÜÓÜÒȮɯƔȭƝƝɯ1."ɯ 4"ɯÚÒÖÙÜɯÝÌɯƔȭƝƝɯÖÙÛÈÓÈÔÈɯÏÈÚÚÈÚÐàÌÛɯȹ×ÙÌÊÐÚÐÖÕȺɯ

ËÌĀÌÙÓÌÙÐàÓÌɯ àĹÒÚÌÒɯ ×ÌÙÍÖÙÔÈÕÚɯ ÚÌÙÎÐÓÌÔÐıÛÐÙȭɯ (ıċÒɯ ËÌĀÐıÒÌÕÓÐĀÐɯ ÛÌÚÛÓÌÙÐÕËÌɯ ÕÖÙÔÈÓɯ ÒÖıÜÓÓÈÙËÈɯ

ȹ×ÈÙÓÈÒÓċĀċÕɯǔƜƔ-ǔƕƙƔɯÈÙÈÓċĀċȺɯǔƝƘ-ƝƚɯÉÈıÈÙċɯÌÓËÌɯÌËÐÓÔÐıȰɯÉÜÕÈɯÒÈÙıċÕɯËĹıĹÒɯċıċÒɯÒÖıÜÓÓÈÙċÕËÈɯȹǔƙƔɯ

×ÈÙÓÈÒÓċÒȺɯÉÈıÈÙċɯÖÙÈÕċɯǔƚƘɅÌɯÎÌÙÐÓÌÔÐıÛÐÙȭɯ&ÙÈË-" ,ɯÎġÙÚÌÓÓÌıÛÐÙÔÌɯÈÕÈÓÐáÐɯȻƗȼȮɯÔÖËÌÓÐÕɯÎġáɯÒÈ×ÈĀċɯ

ÒÌÕÈÙċɯÝÌɯÐÙÐÚɯÉġÓÎÌÚÐÕÌɯÖËÈÒÓÈÕËċĀċÕċɯËÖĀÙÜÓÈàÈÙÈÒɯàÖÙÜÔɯÌËÐÓÌÉÐÓÐÙÓÐÒɯÈñċÚċÕËÈÕɯÈÕÓÈÔÓċɯÚÖÕÜñÓÈÙɯ

ÖÙÛÈàÈɯÒÖàÔÜıÛÜÙȭ 

Ɨȭƕȭɯ,ÖËÌÓɯ/ÌÙÍÖÙÔÈÕÚċ 

,ÖÉÐÓÌ-ÌÛ5ƖɯÔÖËÌÓÐɯȻƖȼɯÛÌÚÛɯÝÌÙÐɯÚÌÛÐɯĹáÌÙÐÕËÌɯËÌĀÌÙÓÌÕËÐÙÐÓÔÐıɯÝÌɯàĹÒÚÌÒɯÚċÕċÍÓÈÕËċÙÔÈɯÉÈıÈÙċÚċɯ

ÌÓËÌɯÌËÐÓÔÐıÛÐÙȭɯ1."ɯÌĀÙÐÚÐɯÈÓÛċÕËÈÒÐɯÈÓÈÕɯȹ 4"ȺɯƔȭƝƝɯÖÓÈÙÈÒɯÏÌÚÈ×ÓÈÕÔċıɯÖÓÜ×ɯÔÖËÌÓɯÏÌÔɯÈñċÒɯÏÌÔɯËÌɯ

ÒÈ×ÈÓċɯÎġáɯÚċÕċÍÓÈÙċÕËÈɯàĹÒÚÌÒɯÒÌÚÐÕÓÐÒɯȹ×ÙÌÊÐÚÐÖÕȺɯÝÌɯËÜàÈÙÓċÓċÒɯȹÙÌÊÈÓÓȺɯËÌĀÌÙÓÌÙÐÕÌɯÜÓÈıÔċıÛċÙȭɯ$ĀÐÛÐÔɯ

ÚĹÙÌÊÐɯÉÖàÜÕÊÈɯËÖĀÙÜÓÈÔÈɯÒÈàÉċɯÐÚÛÐÒÙÈÙÓċɯÉÐÙɯËĹıĹıɯÚÌÙÎÐÓÌÔÐıɯÝÌɯÈıċÙċɯġĀÙÌÕÔÌɯȹÖÝÌÙÍÐÛÛÐÕÎȺɯÉÌÓÐÙÛÐÚÐɯ

ÎġáÓÌÔÓÌÕÔÌÔÐıÛÐÙȭ 

ƗȭƖȭɯ(ıċÒɯ*ÖıÜÓÓÈÙċɯÝÌɯ#ÜÙÜÔɯ,ÈÒÐÕÌÚÐɯ/ÌÙÍÖÙÔÈÕÚċ 

(ıċÒɯ ËÌĀÐıÒÌÕÓÐĀÐɯ ÛÌÚÛÓÌÙÐȮɯ ÍÈÙÒÓċɯ×ÈÙÓÈÒÓċÒɯ ÒÖıÜÓÓÈÙċÕËÈɯ ÚÐÚÛÌÔÐÕɯ ÒÈÙÈÙÓċÓċĀċÕċɯ ġÓñÔÌÒɯ ÈÔÈÊċàÓÈɯ

àĹÙĹÛĹÓÔĹıÛĹÙȭɯ-ÖÙÔÈÓɯÈàËċÕÓÈÛÔÈɯÒÖıÜÓÓÈÙċÕËÈɯȹǔƜƔ-ǔƕƙƔɯ×ÈÙÓÈÒÓċÒȺɯÚÐÚÛÌÔɯǔƝƘ-ƝƚɯÉÈıÈÙċɯÖÙÈÕċɯÌÓËÌɯ

ÌÛÔÐıÛÐÙȭɯ#ĹıĹÒɯċıċÒɯÒÖıÜÓÓÈÙċÕËÈɯȹǔƙƔɯ×ÈÙÓÈÒÓċÒȺɯÐÚÌɯÉÈıÈÙċ ÖÙÈÕċɯǔƚƘɅÌɯÎÌÙÐÓÌÔÐıÛÐÙȰɯÉÜɯËÜÙÜÔȮɯċıċÒɯ

ÕÖÙÔÈÓÐáÈÚàÖÕɯ ÛÌÒÕÐÒÓÌÙÐÕÐÕɯ ÎÌÓÌÊÌÒɯ ñÈÓċıÔÈÓÈÙËÈɯ ÌÓÌɯ ÈÓċÕÔÈÚċɯ ÎÌÙÌÒÛÐĀÐÕÌɯ ÐıÈÙÌÛɯ ÌÛÔÌÒÛÌËÐÙȭɯ

!ÓÐÕÒ2ÛÈÛÌ,ÈÊÏÐÕÌȰɯƗɯÒÈÙÌɯĹÚÛɯĹÚÛÌɯÈàÕċɯËÜÙÜÔÜÕɯÛÌÚ×ÐÛÐɯÐÓÌɯËÌÉÖÜÕÊÌɯàÈ×ċÚċÕċɯÚÈĀÓÈÔÈÒÛÈȮɯÉġàÓÌÊÌɯ

àÈÕÓċıɯÛÌÛÐÒÓÌÔÌÓÌÙÐɯÔÐnimize etmektedir.  

Ƙȭɯ2ÖÕÜñ 

!ÜɯñÈÓċıÔÈËÈȮɯÚÛÈÕËÈÙÛɯÉÐÙɯÞÌÉɯÒÈÔÌÙÈÚċɯÒÜÓÓÈÕċÓÈÙÈÒɯÎÌÙñÌÒɯáÈÔÈÕÓċɯñÈÓċıÈÕȮɯËĹıĹÒɯÔÈÓÐàÌÛÓÐɯÝÌɯ

ÌÙÐıÐÓÌÉÐÓÐÙɯÉÐÙɯÎġáɯÒċÙ×ÔÈɯÛÈÕċÔÈɯÚÐÚÛÌÔÐɯÉÈıÈÙċàÓÈɯÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙȭɯ2ÐÚÛÌÔȰɯǔƝƚɯËÖĀÙÜÓÜÒɯÖÙÈÕċȮɯƔȭƝƝɯ1."ɯ

 4"ɯÚÒÖÙÜɯÝÌɯÎĹÝÌÕÐÓÐÙɯËÜÙÜÔɯÔÈÒÐÕÌÚÐɯÛÈÚÈÙċÔċàÓÈɯÍÌÓñÓÐɯÝÌɯ +2ɯÏÈÚÛÈÓÈÙċɯÐñÐÕɯ×ÙÈÛÐÒɯÉÐÙɯÐÓÌÛÐıÐÔɯ

ÈÙÈàĹáĹɯ ÚÜÕÔÈÒÛÈËċÙȭɯ /ÈÏÈÓċɯ Îġáɯ ÐáÓÌÔÌɯ ËÖÕÈÕċÔÓÈÙċÕÈɯ ÎÌÙÌÒɯ ÒÈÓÔÈÒÚċáċÕɯ ƜɅËÌÕɯ ÍÈáÓÈɯ ÒÖÔÜÛÜÕɯ

ÛÈÕċÕÈÉÐÓÔÌÚÐȮɯ ÚÐÚÛÌÔÐÕɯ ÒÓÐÕÐÒɯ ÜàÎÜÓÈÕÈÉÐÓÐÙÓÐĀÐÕÐɯ ÈÙÛċÙÔÈÒÛÈËċÙȭɯ &ÌÓÌÊÌÒɯ ñÈÓċıÔÈÓÈÙËÈɯ ËĹıĹÒɯ ċıċÒɯ

ÒÖıÜÓÓÈÙċÕËÈÒÐɯ×ÌÙÍÖÙÔÈÕÚċÕɯÐàÐÓÌıÛÐÙÐÓÔÌÚÐɯÝÌɯÚÐÚÛÌÔÌɯËÈÏÈɯÍÈáÓÈɯÒÖÔÜÛɯÌÒÓÌÕÔÌÚÐɯ×ÓÈÕÓÈÕÔÈÒÛÈËċÙȭ 

Kaynaklar  

[1] A. Krolak, P. Strumillo, Eye -blink detection system for human -computer interaction, Universal Access in the 

Information Society. 11 (2012) 409ɬ419. 

[2] M. Sandler, A. Howard, M. Zhu, A. Zhmoginov, L. -C. Chen, MobileNetV2: Inverted Residuals and Linear 

Bottlenecks, Proc. IEEE/CVF Conf. Computer Vision and Pattern Recognition (CVPR). (2018) 4510ɬ4520. 

[3] R.R. Selvaraju, M. Cogswell, A. Das, R. Vedantam, D. Parikh, D. Batra, Grad-CAM: Visual Explanations from 

Deep Networks via Gradient -Based Localization, Proc. IEEE International Conference on Computer Vision 

(ICCV). (2017) 618ɬ626. 

[4] S. Meghana, R. Monica, K. Nayana, S.S. Neha, Eye Blink Detection Method for Disabled: Assisting System for 

Paralyzed, International Journal of Engineering Research & Technology (IJERT). 8 (2020). 

[5] T. Soukupova, J. Cech, Real-Time Eye Blink Detection using Facial Landmarks, Proc. 21st Computer Vision 

Winter Workshop. (2016). 

[6] MRL Eye Dataset, Machine Learning Research Lab, VSB-Technical University of Ostrava. 

http://mrl.cs.vsb.cz/eyedataset 

[7] P. Viola, M. Jones, Rapid Object Detection using a Boosted Cascade of Simple Features, Proc. IEEE Conf. 

Computer Vision and Pattern Recognition (CVPR). 1 (2001) 511ɬ518.



 ÍàÖÕɯ*ÖÊÈÛÌ×Ìɯ²ÕÐÝÌÙÚÐÛÌÚÐ 

5ȭɯ*ÖÊÈÛÌ×Ìɯ,ĹÏÌÕËÐÚÓÐÒɯ!ÐÓÐÔÓÌÙÐɯxĀÙÌÕÊÐɯ2ÌÔ×ÖáàÜÔÜ 

12-14 ,ÈàċÚɯƖƔƖ6, Afyonkarahisar  

 

ƙƛ 
 

#ÌÙÐÕɯxĀÙÌÕÔÌɯ3ÈÉÈÕÓċɯ3ÙÈÍÐÒɯdıÈÙÌÛÐɯ3ÈÕċÔÈȯ GTSRB Veri 

2ÌÛÐɯ²áÌÙÐÕÌɯ!ÐÙɯ4àÎÜÓÈÔÈ 

Ilkhom Tabyldiev 1*Ȯɯ ÏÔÌÛɯ'ÈıÐÔɯ8ÜÙÛÛÈÒÈÓ2 

1* ÍàÖÕɯ*ÖÊÈÛÌ×Ìɯ²ÕÐÝÌÙÚÐÛÌÚÐȮɯ,ĹÏÌÕËÐÚÓÐÒɯ%ÈÒĹÓÛÌÚÐȮɯ!ÐÓÎÐÚÈàÈÙ ,ĹÏÌÕËÐÚÓÐĀÐ !ġÓĹÔĹ, tabyldievilhom@gmail.com 

2 ÍàÖÕɯ*ÖÊÈÛÌ×Ìɯ²ÕÐÝÌÙÚÐÛÌÚÐȮɯ,ĹÏÌÕËÐÚÓÐÒɯ%ÈÒĹÓÛÌÚÐȮɯ!ÐÓÎÐÚÈàÈÙɯ,ĹÏÌÕËÐÚÓÐĀÐɯ!ġÓĹÔĹȮɯahyurttakal@aku.edu.tr 

xáÌÛɯ 

!ÜɯñÈÓċıÔÈËÈȮɯ&321!ɯȹ&ÌÙÔÈÕɯ3ÙÈÍÍÐÊɯ2ÐÎÕɯ1ÌÊÖÎÕÐÛÐÖÕɯ!ÌÕÊÏÔÈÙÒȺɯÝÌÙÐɯÚÌÛÐɯÒÜÓÓÈÕċÓÈÙÈÒɯËÌÙÐÕɯ

ġĀÙÌÕÔÌɯÛÈÉÈÕÓċɯÉÐÙɯÛÙÈÍÐÒɯÐıÈÙÌÛÐɯÛÈÕċÔÈɯÚÐÚÛÌÔÐɯÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙȭɯ3ÙÈÍÐÒɯÐıÈÙÌÛÓÌÙÐÕÐÕɯËÖĀÙÜɯÝÌɯÏċáÓċɯıÌÒÐÓËÌɯ

ÛÈÕċÕÔÈÚċȮɯÖÛÖÕÖÔɯÈÙÈñÓÈÙɯÝÌɯÎÌÓÐıÔÐıɯÚĹÙĹÊĹɯËÌÚÛÌÒ ÚÐÚÛÌÔÓÌÙÐɯÈñċÚċÕËÈÕɯÒÙÐÛÐÒɯġÕÌÔÌɯÚÈÏÐ×ÛÐÙȭɯ5ÌÙÐɯ

ÚÌÛÐȮɯƘƗɯÍÈÙÒÓċɯÛÙÈÍÐÒɯÐıÈÙÌÛÐɯÚċÕċÍċÕÈɯÈÐÛɯƙƔȭƔƔƔɅËÌÕɯÍÈáÓÈɯÎÌÙñÌÒɯËĹÕàÈɯÎġÙĹÕÛĹÚĹÕĹɯÐñÌÙÔÌÒÛÌËÐÙȭɯ

&ÌÓÐıÛÐÙÐÓÌÕɯ $ÝÙÐıÐÔÚÌÓɯ 2ÐÕÐÙɯ  Āċɯ ȹ"ÖÕÝÖÓÜÛÐÖÕÈÓɯ -ÌÜÙÈÓɯ -ÌÛÞÖÙÒȮɯ "--Ⱥɯ ÔÖËÌÓÐȰɯ "ÖÕÝƖ#Ȯɯ !ÈÛÊÏɯ

Normalization,  ,Èßɯ/ÖÖÓÐÕÎȮɯ#ÙÖ×ÖÜÛɯÝÌɯ#ÌÕÚÌɯÒÈÛÔÈÕÓÈÙċÕËÈÕɯÖÓÜıÔÈÒÛÈËċÙȭɯ&ġÙĹÕÛĹÓÌÙɯƚƘǺƚƘɯ×ÐÒÚÌÓɯ

ÉÖàÜÛÜÕÈɯàÌÕÐËÌÕɯġÓñÌÒÓÌÕËÐÙÐÓÔÐıɯÝÌɯÕÖÙÔÈÓÐáÌɯÌËÐÓÔÐıÛÐÙȭɯ$ĀÐÛÐÔɯÝÌÙÐÚÐɯÚÛÙÈÛÐÍÐÌËɯàġÕÛÌÔÓÌɯǔƜƔɯÌĀÐÛÐÔɯ
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ÐÓÌɯÞÌÉɯÖÙÛÈÔċÕÈɯÛÈıċÕÈÙÈÒɯÒÜÓÓÈÕċÊċÓÈÙċÕɯÎġÙÚÌÓɯàĹÒÓÌàÌÙÌÒɯÝÌàÈɯÒÈÔÌÙÈɯÈÙÈÊċÓċĀċàÓÈɯÛÙÈÍÐÒɯÐıÈÙÌÛÐɯÛÈÕċÔÈɯ

ÐıÓÌÔÐɯ ÎÌÙñÌÒÓÌıÛÐÙÔÌÚÐÕÌɯ ÖÓÈÕÈÒɯ ÚÈĀÓÈÔÈÒÛÈËċÙȭɯ !Üɯ ÛĹÙɯ ÚÐÚÛÌÔÓÌÙȰɯ ÖÛÖÕÖÔɯ ÈÙÈñÓÈÙȮɯ ÈÒċÓÓċɯ ÜÓÈıċÔɯ

ÚÐÚÛÌÔÓÌÙÐɯÝÌɯÚĹÙĹÊĹɯËÌÚÛÌÒɯÚÐÚÛÌÔÓÌÙÐÕËÌɯÛÙÈÍÐÒɯÎĹÝÌÕÓÐĀÐÕÐÕɯÈÙÛċÙċÓÔÈÚċȮɯÒÈáÈɯÖÙÈÕÓÈÙċÕċÕɯÈáÈÓÛċÓÔÈÚċɯÝÌɯ

ÎÌÙñÌÒɯáÈÔÈÕÓċɯÒÈÙÈÙɯÝÌÙÔÌɯÚĹÙÌñÓÌÙÐÕÐÕɯÐàÐÓÌıÛÐÙÐÓÔÌÚÐɯÈÔÈÊċàÓÈɯÒÜÓÓÈÕċÓÈÉÐÓÐÙȭɯ 

 

Anahtar kelimeler:  #ÌÙÐÕɯxĀÙÌÕÔÌȰɯ$ÝÙÐıÐÔÚÌÓɯ2ÐÕÐÙɯ ĀÓÈÙċɯȹ"--ȺȰɯ&ġÙĹÕÛĹɯdıÓÌÔÌ, GTSRB Veri Seti, 

2ċÕċÍÓÈÕËċÙÔÈ, !ÐÓÎÐÚÈàÈÙɯ&ġÙĹsĹȭ 

 

Deep Learning -Based Traffic Sign Recognition:  An 

Application on the GTSRB Dataset  

Abstract  

In this study, a deep learning -based traffic sign recognition system was developed using the GTSRB 

(German Traffic Sign Recognition Benchmark) dataset. Accurate and fast recognition of traffic signs is 

of critical importance for autonomous vehicles and adv anced driver assistance systems. The dataset 

contains more than 50,000 real-world images belonging to 43 different traffic sign classes. The developed 

Convolutional Neural Network (CNN) model consists of Conv2D, Batch Normalization, Max Pooling, 

Dropout, aÕËɯ#ÌÕÚÌɯÓÈàÌÙÚȭɯ(ÔÈÎÌÚɯÞÌÙÌɯÙÌÚÐáÌËɯÛÖɯƚƘǺƚƘɯ×ÐßÌÓÚɯÈÕËɯÕÖÙÔÈÓÐáÌËȭɯ3ÏÌɯÛÙÈÐÕÐÕÎɯËÈÛÈɯÞÈÚɯ

split into 80% training and 20% validation using stratified sampling; test data was kept separate. The  
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model was trained using the Adam optimizer and sparse categorical crossentropy loss function; training 

was completed in 15 epochs using Early Stopping. A test accuracy of 97.55% and a loss value of 0.1877 

were achieved; only 310 out of 12,630 images were misclassified. The macro average F1 score was 

calculated as 0.96. The results demonstrate that the model is competitive with similar CNN -based 

studies in the literature. The developed system was deployed to the web using a Gradio interface, 

enabling users to perform traffic sign recognition by uploading images or using a camera.  

 

Keywords:  Deep Learning; Convolutional Neural Networks (CNN) , Image Processing; GTSRB Dataset, 

Classification, Computer Vision. 

ƕȭɯ&ÐÙÐı 

3ÙÈÍÐÒɯÐıÈÙÌÛÓÌÙÐÕÐÕɯÖÛÖÔÈÛÐÒɯÖÓÈÙÈÒɯÛÈÕċÕÔÈÚċȮɯÖÛÖÕÖÔɯÈÙÈñɯÚÐÚÛÌÔÓÌÙÐɯÝÌɯÎÌÓÐıÔÐıɯÚĹÙĹÊĹɯËÌÚÛÌÒɯ

ÚÐÚÛÌÔÓÌÙÐɯȹ # 2ȺɯÐñÐÕɯÒÙÐÛÐÒɯÉÐÙɯġÕÌÔÌɯÚÈÏÐ×ÛÐÙȭɯ'ċáɯÓÐÔÐÛÐɯÐÏÓÈÓÓÌÙÐɯÝÌɯÛÙÈÍÐÒɯÐıÈÙÌÛÓÌÙÐÕÐÕɯÎġáËÌÕɯ

ÒÈñċÙċÓÔÈÚċȮɯÛÙÈÍÐÒɯÒÈáÈÓÈÙċÕċÕɯġÕÌÔÓÐɯÕÌËÌÕÓÌÙÐÕËÌÕɯÉÐÙÐÕÐɯÖÓÜıÛÜÙÔÈÒÛÈËċÙȭɯ!ÜɯÕÌËÌÕÓÌɯÎĹÝÌÕÐÓÐÙɯÝÌɯ

ÏċáÓċɯñÈÓċıÈÕɯÉÐÙɯÛÙÈÍÐÒɯÐıÈÙÌÛÐɯÛÈÕċÔÈɯÚÐÚÛÌÔÐÕÐÕɯÎÌÓÐıÛÐÙÐÓÔÌÚÐɯÉĹàĹÒɯġÕÌÔɯÛÈıċÔÈÒÛÈËċÙȭ 

 

#ÌÙÐÕɯġĀÙÌÕÔÌɯàġÕÛÌÔÓÌÙÐȮɯġáÌÓÓÐÒÓÌɯ$ÝÙÐıÐÔÓÐɯ2ÐÕÐÙɯ ĀÓÈÙċɯȹ"--ȺȮɯÎġÙĹÕÛĹɯÛÈÕċÔÈɯÈÓÈÕċÕËÈɯ

ÎÌÓÌÕÌÒÚÌÓɯÔÈÒÐÕÌɯġĀÙÌÕÔÌÚÐɯàġÕÛÌÔÓÌÙÐÕÌɯÒċàÈÚÓÈɯĹÚÛĹÕɯ×ÌÙÍÖÙÔÈÕÚɯÚÌÙÎÐÓÌÔÌÒÛÌËÐÙ [1]. Tesla ve 

6ÈàÔÖɯÎÐÉÐɯÖÛÖÕÖÔɯÈÙÈñɯĹÙÌÛÐÊÐÓÌÙÐÕÐÕɯÈÒÛÐÍɯÖÓÈÙÈÒɯÒÜÓÓÈÕËċĀċɯÉÜɯÛĹÙɯÚÐÚÛÌÔÓÌÙȮɯÒÈÔÌÙÈɯÎġÙĹÕÛĹÓÌÙÐÕÐɯ

ÈÕÈÓÐáɯÌËÌÙÌÒɯÛÙÈÍÐÒɯÐıÈÙÌÛÓÌÙÐÕÐɯÎÌÙñÌÒɯáÈÔÈÕÓċɯÖÓÈÙÈÒɯÛÈÕċÔÈÒÛÈËċÙȭɯ!ÜɯñÈÓċıÔÈËÈɯ&321!ɯÝÌÙÐɯÚÌÛÐɯ

ÒÜÓÓÈÕċÓÈÙÈÒɯ"--ɯÛÈÉÈÕÓċɯÉÐÙɯÛÙÈÍÐÒɯÐıÈÙÌÛÐɯÛÈÕċÔÈɯÔÖËÌÓÐɯÎÌÓÐıÛÐÙÐÓÔÐıɯÝÌɯ&ÙÈËÐÖɯÈÙÈàĹáĹɯÐÓÌɯÞÌÉɯ

ÖÙÛÈÔċÕÈɯÛÈıċÕÔċıÛċÙȭ 

2. Materyal ve Metot  

!Üɯ ñÈÓċıÔÈËÈɯ ÛÙÈÍÐÒɯ ÐıÈÙÌÛÓÌÙÐÕÐÕɯ ÚċÕċÍÓÈÕËċÙċÓÔÈÚċɯ ÐñÐÕɯ $ÝÙÐıÐÔÓÐɯ 2ÐÕÐÙɯ  Āċɯ ȹ"--Ⱥɯ ÔÐÔÈÙÐÚÐɯ

ÒÜÓÓÈÕċÓÔċıÛċÙȭɯ$ĀÐÛÐÔɯÝÌÙÐÚÐɯ3ÙÈÐÕɯÒÓÈÚġÙĹÕËÌÕɯÒÓÈÚġÙɯàÈ×ċÚċɯÈÙÈÊċÓċĀċàÓÈɯÖÒÜÕÔÜıȰɯÏÌÙɯÒÓÈÚġÙĹÕɯÈËċɯ

ËÖĀÙÜËÈÕɯÚċÕċÍɯÌÛÐÒÌÛÐÕÐɯÛÌÔÚÐÓɯÌÛÔÌÒÛÌËÐÙȭɯ3ÌÚÛɯÝÌÙÐÚÐɯÐÚÌɯ3ÌÚÛȭÊÚÝɯËÖÚàÈÚċɯÒÜÓÓÈÕċÓÈÙÈÒɯàĹÒÓÌÕÔÐıÛÐÙȭ 

2.1. Veri Seti 

&321!ɯÝÌÙÐɯÚÌÛÐɯ*ÈÎÎÓÌɯ×ÓÈÛÍÖÙÔÜÕËÈÕɯÛÌÔÐÕɯÌËÐÓÔÐıÛÐÙ [1,2]. 5ÌÙÐɯÚÌÛÐȰɯËÜÙɯÐıÈÙÌÛÓÌÙÐȮɯÏċáɯÓÐÔÐÛÓÌÙÐȮɯ

àÖÓɯÝÌÙȮɯÛÌÏÓÐÒÌɯÜàÈÙċÓÈÙċɯÝÌɯàġÕɯÐıÈÙÌÛÓÌÙÐɯËÈÏÐÓɯÖÓÔÈÒɯĹáÌÙÌɯƘƗɯÍÈÙÒÓċɯÛÙÈÍÐÒɯÐıÈÙÌÛÐɯÚċÕċÍċÕÈɯÈÐÛɯÛÖ×ÓÈÔɯ

ƙƔȭƔƔƔɅËÌÕɯÍÈáÓÈɯÎÌÙñÌÒɯËĹÕàÈɯÎġÙĹÕÛĹÚĹɯÐñÌÙÔÌÒÛÌËÐÙ [1]ȭɯ&ġÙĹÕÛĹÓÌÙɯÍÈÙÒÓċɯċıċÒɯ ÒÖıÜÓÓÈÙċȮɯ ÏÈÝÈɯ

ËÜÙÜÔÓÈÙċɯÝÌɯÒÈÔÌÙÈɯÈñċÓÈÙċÕËÈɯñÌÒÐÓÔÐıɯÖÓÜ×ɯÎÌÙñÌÒɯËĹÕàÈɯÒÖıÜÓÓÈÙċÕċɯàÈÕÚċÛÈÕɯáÌÕÎÐÕɯÉÐÙɯÝÌÙÐɯÒÈàÕÈĀċɯ

ÚÜÕÔÈÒÛÈËċÙȭɯ5ÌÙÐɯÚÌÛÐÕÌɯÐÓÐıÒÐÕɯÛÌÔÌÓɯÉÐÓÎÐÓÌÙɯ3ÈÉÓÖɯƕɅËÌɯÚÜÕÜÓÔÜıÛÜÙȭ 

 

Tablo 1. &321!ɯ5ÌÙÐɯ2ÌÛÐɯdñÌÙÐĀi 

 

xáÌÓÓÐÒ $ĀÐÛÐÔɯ2ÌÛÐ Test Seti 

&ġÙĹÕÛĹɯ2ÈàċÚċ 39.209 12.630 

2ċÕċÍɯ2ÈàċÚċ 43 43 

ƖȭƖȭɯ,ÖËÌÓɯ,ÐÔÈÙÐÚÐɯÝÌɯ$ĀÐÛÐÔ 

3ĹÔɯÎġÙĹÕÛĹÓÌÙɯƚƘßƚƘɯ×ÐÒÚÌÓɯÉÖàÜÛÜÕÈɯàÌÕÐËÌÕɯġÓñÌÒÓÌÕËÐÙÐÓÔÐıɯÝÌɯ×ÐÒÚÌÓɯËÌĀÌÙÓÌÙÐɯȻƔȮɯƕȼɯÈÙÈÓċĀċÕÈɯ

ÕÖÙÔÈÓÐáÌɯÌËÐÓÔÐıÛÐÙȭɯ$ĀÐÛÐÔɯÝÌÙÐÚÐɯǔƜƔɯÌĀÐÛÐÔȮɯǔƖƔɯËÖĀÙÜÓÈÔÈɯÖÓÈÙÈÒɯÚÛÙÈÛÐÍÐÌËɯÚ×ÓÐÛɯÐÓÌɯÈàÙċÓÔċıÛċÙȭɯ

"--ɯÔÐÔÈÙÐÚÐȰɯĹñɯ"ÖÕÝƖ#ɯÉÓÖĀÜÕËÈÕɯÖÓÜıÔÈÒÛÈËċÙȭɯ'ÌÙɯÉÓÖÒɯÚċÙÈÚċàÓÈɯ"ÖÕÝƖ#ɯȹƗƖȮɯƚƘȮɯƕƖƜɯÍÐÓÛÙÌȺȮɯ

!ÈÛÊÏ-ÖÙÔÈÓÐáÈÛÐÖÕɯÝÌɯ,Èß/ÖÖÓÐÕÎƖ#ɯÒÈÛÔÈÕÓÈÙċÕċɯÐñÌÙÔÌÒÛÌËÐÙȭɯ3ĹÔɯÌÝÙÐıÐÔɯÒÈÛÔÈÕÓÈÙċÕËÈɯ1Ì+4ɯ

ÈÒÛÐÝÈÚàÖÕÜɯÝÌɯ×ÈËËÐÕÎǻȿÚÈÔÌɀɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯ#ĹáÓÌıÛÐÙÔÌɯÐıÓÌÔÐÕÐÕɯÈÙËċÕËÈÕɯƖƙƚɯÕġÙÖÕÓÜɯ#ÌÕÚÌɯ

ÒÈÛÔÈÕȮɯ#ÙÖ×ÖÜÛɯȹƔȭƙȺɯÝÌɯñċÒċıɯÒÈÛÔÈÕċÕËÈɯƘƗɯÚċÕċÍɯÐñÐÕɯ2ÖÍÛÔÈßɯÈÒÛÐÝÈÚàÖÕÜɯÌÒÓÌÕÔÐıÛÐÙȭɯ,ÖËÌÓɯ ËÈÔɯ
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Ö×ÛÐÔÐáÌÙɯÝÌɯÚ×ÈÙÚÌɯÊÈÛÌÎÖÙÐÊÈÓɯÊÙÖÚÚÌÕÛÙÖ×àɯÒÈàċ×ɯÍÖÕÒÚÐàÖÕÜɯÐÓÌɯËÌÙÓÌÕÔÐıÛÐÙȭɯ$ĀÐÛÐÔɯÚĹÙÌÊÐÕËÌɯ

$ÈÙÓà2ÛÖ××ÐÕÎɯȹ×ÈÛÐÌÕÊÌǻƙȮɯÙÌÚÛÖÙÌɍÉÌÚÛɍÞÌÐÎÏÛÚǻ3ÙÜÌȺɯÎÌÙÐɯñÈĀċÙċÔċɯÒÜÓÓÈÕċÓÔċıɯÝÌɯÔÖËÌÓɯƕƙɯÌ×ÖÊÏɯ

ÚÖÕÜÕËÈɯËÜÙÔÜıÛÜÙ [3]. 

Ɨȭɯ2ÖÕÜñÓÈÙɯÝÌɯ3ÈÙÛċıÔÈ 

&ÌÓÐıÛÐÙÐÓÌÕɯ"--ɯÔÖËÌÓÐȮɯÏÐñɯÎġÙÔÌËÐĀÐɯƕƖȭƚƗƔɯÛÌÚÛɯÎġÙĹÕÛĹÚĹɯĹáÌÙÐÕËÌɯËÌĀÌÙÓÌÕËÐÙÐÓÔÐıɯÝÌɯÌÓËÌɯ

ÌËÐÓÌÕɯ×ÌÙÍÖÙÔÈÕÚɯÔÌÛÙÐÒÓÌÙÐɯ3ÈÉÓÖɯƖɅËÌɯÚÜÕÜÓÔÜıÛÜÙȭ 

3.1. Performans Metrikleri  

Tablo 2. Model Performans Metrikleri  

 

Metrik  #ÌĀÌÙ 

3ÌÚÛɯ#ÖĀÙÜÓÜĀÜ %97,55 

3ÌÚÛɯ*ÈàÉċ 0,1877 

$×ÖÊÏɯ2ÈàċÚċ 15 

Macro Avg F1 0,96 

3Ö×ÓÈÔɯ8ÈÕÓċıɯ3ÈÏÔÐÕ 310 / 12.630 

 

#ÖĀÙÜÓÜÒɯÎÙÈÍÐĀÐɯÐÕÊÌÓÌÕËÐĀÐÕËÌɯÏÌÔɯÌĀÐÛÐÔɯÏÌÔɯËÌɯÛÌÚÛɯËÖĀÙÜÓÜĀÜÕÜÕɯÐÓÒɯÌ×ÖÊÏÓÈÙËÈÕɯÐÛÐÉÈÙÌÕɯ

ÏċáÓÈɯàĹÒÚÌÓËÐĀÐɯÎġÙĹÓÔÌÒÛÌËÐÙȭɯ3ÌÚÛɯËÖĀÙÜÓÜĀÜɯƕȭɯÌ×ÖÊÏÛÈɯǔƝƔɯÚÌÝÐàÌÚÐÕÌɯÜÓÈıÔċıȮɯƕƙɯÌ×ÖÊÏɯÚÖÕÜÕËÈɯ

ǔƝƛȮƙƙɯÐÓÌɯÌÕɯàĹÒÚÌÒɯËÌĀÌÙÐÕÌɯÌÙÐıÔÐıÛÐÙȭɯdÒÐɯÌĀÙÐɯÉÐÙÉÐÙÐÕÌɯÖÓËÜÒñÈɯàÈÒċÕɯÚÌàÙÌÛÔÌÒÛÌɯÖÓÜ×ɯÉÜɯËÜÙÜÔɯ

ÔÖËÌÓÐÕɯÈıċÙċɯġĀÙÌÕÔÌɯàÈıÈÔÈËċĀċÕÈɯÐıÈÙÌÛɯÌÛÔÌÒÛÌËÐÙȭɯ*Èàċ×ɯÎÙÈÍÐĀÐÕËÌɯÐÚÌɯÌĀÐÛÐÔɯÝÌɯÛÌÚÛɯÒÈàÉċɯ×ÈÙÈÓÌÓɯ

ÉÐñÐÔËÌɯËĹıÔĹıȰɯÛÌÚÛɯÒÈàÉċɯƔȮƕƜƛƛɯÐÓÌɯËĹıĹÒɯÉÐÙɯÚÌÝÐàÌËÌɯÒÈÓÔċıÛċÙȭɯ©ÌÒÐÓɯ1ɀËÌɯÌĀÐÛÐÔɯÚĹÙÌÊÐÕÌɯÈÐÛɯ

ËÖĀÙÜÓÜÒɯÝÌɯÒÈàċ×ɯÎÙÈÍÐÒÓÌÙÐɯÎġÙĹÓÔÌÒÛÌËÐÙȭ 

 

 

©ÌÒÐÓɯ1. #ÖĀÙÜÓÜÒɯÝÌɯ*Èàċ×ɯ&ÙÈÍÐÒÓÌÙÐ 

ƗȭƖȭɯ"ÖÕÍÜÚÐÖÕɯ,ÈÛÙÐßɯÝÌɯ2ċÕċÍÓÈÕËċÙÔÈɯ ÕÈÓÐáÐ 

Confusion matrix  ÐÕÊÌÓÌÕËÐĀÐÕËÌɯÒġıÌÎÌÕɯĹáÌÙÐÕËÌÒÐɯËÌĀÌÙÓÌÙÐÕɯÉĹàĹÒɯñÖĀÜÕÓÜÒÓÈɯàĹÒÚÌÒɯÖÓËÜĀÜɯ

ÎġÙĹÓÔÌÒÛÌËÐÙȰɯÉÜɯËÜÙÜÔɯÔÖËÌÓÐÕɯƘƗɯÚċÕċÍċÕɯÉĹàĹÒɯñÖĀÜÕÓÜĀÜÕÜɯËÖĀÙÜɯÛÈÏÔÐÕɯÌÛÛÐĀÐÕÐɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ

$ÕɯËÐÒÒÈÛɯñÌÒÐÊÐɯÏÈÛÈȮɯÚċÕċÍɯƖƛɯȹàÈàÈɯÎÌñÐËÐȺɯÐÓÌɯÐÓÎÐÓÐËÐÙȰɯÉÜɯÚċÕċÍÛÈɯÙÌÊÈÓÓɯËÌĀÌÙÐɯǔƙƔɯÖÓÈÙÈÒɯġÓñĹÓÔĹıɯÝÌɯ

ËÐĀÌÙɯÜàÈÙċɯÐıÈÙÌÛÓÌÙÐàÓÌɯÒÈÙċıÛċÙċÓÔċıÛċÙȭɯ&ÌÕÌÓɯËÖĀÙÜÓÜÒɯǔƝƛȮƙƙȮɯÔÈÊÙÖɯÖÙÛÈÓÈÔÈɯ%ƕɯÚÒÖÙÜɯƔȮƝƚɀËċÙȭɯ©ÌÒÐÓɯ
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©ÌÒÐÓɯ2. Confusion Matrix  
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©ÌÒÐÓɯ3. #ÖĀÙÜɯ3ÈÏÔÐÕɯxÙÕÌÒÓÌÙÐ 
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©ÌÒÐÓɯ4. 8ÈÕÓċıɯ3ÈÏÔÐÕɯxÙÕÌÒÓÌÙÐ 
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Antimicrobial Mechanisms of Action and Industrial 

Applications of Organic Acids in Food Preservation  

Abstract  

The assurance of food safety and the extension of shelf life are key priorities in the food industy. In this 

regard, organic acids, bacteriocins, spices, and natural and effective antimicrobial agents are widely 

used. The objective of this study is to compile and review the antimicrobial mechanisms of organic acids 

such as citric, lactic, acetic, propionic, and sorbic acids, which are frequently preferred in food matrices 

within the framework of recent progress. Organic acids are commonly used as antimicrobial 

preservatives in various food types, especially meat products, dairy products, vegetable and fruit 

processing, bread, beverages, and canned foods. Previous studies have shown that organic acids inhibit 

the growth of various pathogenic and spoilage microorganisms. Additionally, organic acids decrease 

pH of food matrix and limit the growth of microorganisms and  so increase the microbial stability. Lactic 

acid, in particular, stands out with its strong buffering capacity, flavor -enhancing properties, pH effect, 
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and natural preservative properties. Organic acids can also enhance their antimicrobial effectiveness of 

as a result of synergistic effects with certain preservation methods. In conclusion, organic acids offer a 

reliable, economical, and multipurpose preservation solution for food, ensuring the quality, safety, and 

shelf life of food products.  
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Natamisin  *ĹÍÓÌÙ Peynir 

Lisozim  Clostridium botulinum /ÌàÕÐÙȮɯ×ÐıÔÐıɯÌÛɯĹÙĹÕÓÌÙÐ 

Laktoferrin  Bakteriler  $ÛɯĹÙĹÕÓÌÙÐ 

Sitrik asit  Genel dñÌÊÌÒÓÌÙ 
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2. Organik asitler  

.ÙÎÈÕÐÒɯÈÚÐÛÓÌÙȮɯÎċËÈÓÈÙËÈɯËÖĀÈÓɯÖÓÈÙÈÒɯÉÜÓÜÕÈÕɯÝÌàÈɯÚÖÕÙÈËÈÕɯÌÒÓÌÕÌÕȮɯÔÐÒÙÖÖÙÎÈÕÐáÔÈÓÈÙċÕɯ

ÎÌÓÐıÐÔÐÕÐɯÌÕÎÌÓÓÌàÌÉÐÓÌÕɯÉÐÓÌıÐÒÓÌÙËÐÙȭɯ&ċËÈɯÌÕËĹÚÛÙÐÚÐÕËÌɯÌÕɯàÈàÎċÕɯÒÜÓÓÈÕċÓÈÕɯÖÙÎÈÕÐÒɯÈÚÐÛÓÌÙȰɯÉÌÕáÖÐÒɯ

ÈÚÐÛȮɯÚÐÛÙÐÒɯÈÚÐÛȮɯÚÖÙÉÐÒɯÈÚÐÛȮɯÓÈÒÛÐÒɯÈÚÐÛȮɯ×ÙÖ×ÐàÖÕÐÒɯÈÚÐÛÓÌÙËÐÙȭɯ!ÜɯÈÚÐÛÓÌÙɯÚÈËÌÊÌɯÒÖÙÜàÜÊÜɯËÌĀÐÓȮɯÈàÕċɯ

áÈÔÈÕËÈɯÈÙÖÔÈɯÎÌÓÐıÛÐÙÐÊÐɯÝÌɯËÖÒÜɯËĹáÌÕÓÌàÐÊÐɯÖÓÈÙÈÒɯËÈɯÐıÓÌÝɯÎġÙĹÙÓÌÙȭ 

&ċËÈɯÌÕËĹÚÛÙÐÚÐÕËÌɯÎĹÝÌÕÓÐȮɯàĹÒÚÌÒɯÒÈÓÐÛÌÓÐɯÝÌɯñÌÝÙÌàÌɯËÜàÈÙÓċɯàÈÒÓÈıċÔÓÈÙÈɯàġÕÌÓÐÒɯÈÙÛÈÕɯÛĹÒÌÛÐÊÐɯ

ÛÈÓÌÉÐȮɯÉÜɯÉÐÓÌıÐÒÓÌÙÐÕɯÒÜÓÓÈÕċÔċÕċɯËÈÏÈɯËÈɯġÕÌÔÓÐɯÏÈÓÌɯÎÌÛÐÙÔÐıÛÐÙɯ[4]. 

 

.ÙÎÈÕÐÒɯÈÚÐÛÓÌÙÐÕɯÎċËÈÓÈÙËÈɯÒÜÓÓÈÕċÔɯÈÔÈñÓÈÙċȯ 

Patojenlerin (Listeria, Salmonella ÝÉȭȺɯÎÌÓÐıÐÔÐÕÐɯÌÕÎÌÓÓÌÔÌÒ 

*ĹÍɯÝÌɯÔÈàÈɯÎÐÉÐɯÍÈÙÒÓċɯÉÖáÜÓÔÈɯÔÐÒÙÖ×ÓÈÙċÕċÕɯÉĹàĹÔÌÚÐÕÐɯÌÕÎÌÓÓÌÔÌÒ 

&ċËÈÓÈÙċÕɯÙÈÍɯġÔÙĹÕĹɯÜáÈÛÔÈÒɯ 

1ÌÕÒɯÚÛÈÉÐÓÐáÈÚàÖÕÜɯËĹáÌÕÓÌÔÌÒ 

 ÚÐÛÓÐĀÐɯËĹáÌÕÓÌÔÌÒ 

&ċËÈÕċÕɯàÈ×ċÚċÕċȮɯÓÌááÌÛÐÕÐȮɯÎġÙĹÕĹıĹÕĹɯÒÖÙÜÔÈÒɯ[5]. 

 

.ÙÎÈÕÐÒɯÈÚÐÛÓÌÙȮɯÉÈĀċıċÒÓċÒɯÚÐÚÛÌÔÐÕÐɯËÌÚÛÌÒÓÌàÌÙÌÒɯÝĹÊÜËÜÕɯÌÕÌÙÑÐɯÝÌɯÔÌÛÈÉÖÓÐáÔÈɯËĹáÌÕÐÕÌɯËÌɯ

ÒÈÛÒċɯÚÈĀÓÈàÈÉÐÓÐÙÓÌÙȭɯ.ÙÎÈÕÐÒɯÈÚÐÛÓÌÙÐÕɯÉÈáċɯÍÐáàÖÓÖÑÐÒɯġáÌÓÓÐÒÓÌÙÐȯ 

5ĹÊÜËÈɯÌÕÌÙÑÐɯÚÈĀÓÈÙȭ 

,ÌÛÈÉÖÓÐáÔÈàċɯËĹáÌÕÓÌÙȭɯxÙÕÌĀÐÕɯÈÚÌÛÐÒɯÈÚÐÛɯÝÌɯ×ÙÖ×ÐàÖÕÐÒɯÈÚÐÛȮɯÛÖÒÓÜĀÜɯÈÙÛċÙÔċıɯÝÌɯÔÐËÌɯÉÖıÈÓÔÈɯ

ÚĹÙÌÚÐÕÐɯÎÌÊÐÒÛÐÙÌÙÌÒɯàÌÔÌÒɯÚÖÕÙÈÚċɯÎÓÜÒÖáɯàÈÕċÛċÕċɯÝÌɯÐÕÚĹÓÐÕɯàÈÕċÛċÕċɯÈáÈÓÛÔċıÛċÙȭ 

!ÈÒÛÌÙÐàÌÓɯÐÕÏÐÉÐÚàÖÕɯÚÈĀÓÈÙȭɯxÙÕÌĀÐÕɯÚÐÛÙÐÒɯÈÚÐËÐÕɯÉÈÒÛÌÙÐÓÌÙÐɯÐÕÏÐÉÌɯÌÛÛÐĀÐɯÝÌɯıÌÓÈÚàÖÕɯàÖÓÜàÓÈɯ

×ÈÛÖÑÌÕÓÌÙÐÕɯÐÕÏÐÉÐÚàÖÕÜÕÜɯÈÙÛċÙËċĀċɯÎġÙĹÓÔĹıÛĹÙɯ[6]. 

 

3ÈÉÓÖɯƖȭɯ&ċËÈÓÈÙËÈɯàÈàÎċÕɯÒÜÓÓÈÕċÓÈÕɯÖÙÎÈÕÐÒɯÈÚÐÛÓÌÙ 

Asit  pKa ,ÖÓÌÒĹÓÌÙɯ

form  

8È×ċÚÈÓɯÍÖÙÔ *ÜÓÓÈÕċÔɯ

ÈÓÈÕċɯȹġÙÕÌÒȺ 

E Kodu 

Laktik asit  3,86 "ƿ'ǂ.ƿ 

 

Et, sebze, 

peynir  

E 270 

Asetik asit  4,76 "ƾ'ǀ.ƾ 

 

Salamura, 

ÛÜÙıÜ 

E 260 

Sitrik asit  3,13 "ǂ'Ǆ.ǃ 

 

dñÌÊÌÒȮɯÔÌàÝÌ E 330 

Propionik asit  4,87 "ƿ'ǂ.ƾ 

 

%ċÙċÕɯĹÙĹÕÓÌÙÐɯ

ȹÒĹÍɯġÕÓÌàÐÊÐȺ 

E 280 

Benzoik asit 4,20 "ǃ'ǂ.ƾ 

 

 ÓÒÖÓÚĹáɯ

ÐñÌÊÌÒÓÌÙȮɯ

ÙÌñÌÓ 

E 210 
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 3. .ÙÎÈÕÐÒɯÈÚÐÛÓÌÙÐÕɯÈÕÛÐÔÐÒÙÖÉÐàÈÓɯÌÛÒÐɯÔÌÒÈÕÐáÔÈÚċ 

.ÙÎÈÕÐÒɯÈÚÐÛÓÌÙÐÕɯÈÕÛÐÔÐÒÙÖÉÐàÈÓɯÌÛÒÐÚÐȰɯÏĹÊÙÌɯÐñÐɯÝÌɯÏĹÊÙÌɯËċıċɯ×'ɀÚċÕċɯËĹıĹÙÔÌȮɯÏĹÊÙÌɯáÈÙċÕċɯ

ÉÖáÔÈȮɯ ÌÕáÐÔɯ ÈÒÛÐÝÐÛÌÚÐÕÐɯ ÐÕÏÐÉÌɯ ÌÛÔÌɯ ÝÌɯ ÎÌÙÌÒÓÐɯ ÉÌÚÐÕɯ ÌÓÌÔÌÕÛÓÌÙÐÕÌɯ ÉÈĀÓÈÕÔÈɯ àÖÓÜàÓÈɯ

ÎÌÙñÌÒÓÌıÔÌÒÛÌËÐÙȭɯ.ÙÎÈÕÐÒɯÈÚÐÛÓÌÙɯÏĹÊÙÌɯÐñÌÙÐÚÐÕÌɯÎÐÙÌÙÌÒɯÔÌÛÈÉÖÓÐÒɯàÖÓÓÈÙċɯÉÈÚÒċÓÈÔÈÒÛÈɯÝÌɯÚÜÉÚÛÙÈÛɯ

ÛÈıċÕċÔċÕċɯÉÖáÔÈÒÛÈËċÙɯ[5]ȭɯxáÌÓÓÐÒÓÌɯÈÚÌÛÐÒɯÈÚÐËÐÕɯÏĹÊÙÌɯËÜÝÈÙċÕċɯÈıÈÙÈÒɯ×ÓÈáÔÈàċɯËÌÕÈÛĹÙÌɯÌÛÛÐĀÐɯ

ÉÌÓÐÙÛÐÓÔÐıÛÐÙ [1ȼȭɯ+ÈÒÛÐÒɯÈÚÐÛɯÝÌɯÓÈÒÛÈÛÓÈÙɯÚÐÛÖ×ÓÈáÔÐÒɯáÈÙċɯÌÛÒÐÓÌÙÒÌÕȮɯÉÈáċɯÖÙÎÈÕÐÒɯÈÚÐÛÓÌÙÐÕɯÔÌÛÈÓɯ

ÐàÖÕÓÈÙċàÓÈɯıÌÓÈÛɯÖÓÜıÛÜÙÈÙÈÒɯÈÕÛÐÔÐÒÙÖÉÐàÈÓɯÈÒÛÐÝÐÛÌàÐɯÈÙÛċÙËċĀċɯÉÐÓËÐÙÐÓÔÐıÛÐÙ [7]. 

4. Mevzuat  

3ĹÙÒÐàÌɀËÌɯÖÙÎÈÕÐÒɯÈÚÐÛÓÌÙÐÕɯÒÜÓÓÈÕċÔċɯ3ĹÙÒɯ&ċËÈɯ*ÖËÌÒÚÐɯ&ċËÈɯ*ÈÛÒċɯ,ÈËËÌÓÌÙÐɯ8ġÕÌÛÔÌÓÐĀÐɯ

ÒÈ×ÚÈÔċÕËÈɯËĹáÌÕÓÌÕÔÌÒÛÌËÐÙɯ[8]. *ÜÓÓÈÕċÓÈÕɯÒÈÛÒċɯÔÈËËÌÓÌÙÐÕÐÕɯÎĹÝÌÕÓÐɯÖÓÔÈÚċȮɯÛÌÒÕÖÓÖÑÐÒɯÍÈàËÈɯ

ÚÈĀÓÈÔÈÚċɯÝÌɯÛĹÒÌÛÐÊÐàÐɯàÈÕċÓÛÔÈÔÈÚċɯÛÌÔÌÓɯÐÓÒÌÓÌÙɯÈÙÈÚċÕËÈɯàÌÙɯÈÓÔÈÒÛÈËċÙȭɯ$ÛÐÒÌÛÓÌÔÌɯÈıÈÔÈÚċÕËÈɯ

ÖÙÎÈÕÐÒɯÈÚÐÛÓÌÙÐÕɯÒÜÓÓÈÕċÔɯÈÔÈÊċɯÝÌɯÚ×ÌÚÐÍÐÒɯÈËċɯàÈɯËÈɯ$ɯÒÖËÜɯÉÌÓÐÙÛÐÓÔÌÓÐËÐÙȭɯxÙÕÌĀÐÕɯɁ*ÖÙÜàÜÊÜɯ

ȹ$ƖƔƖȺɂɯÝÌàÈɯɁ ÚÐÛÓÐÒɯ#ĹáÌÕÓÌàÐÊÐɯȹ2ÐÛÙÐÒɯ ÚÐÛȺɂɯıÌÒÓÐÕËÌɯÐÍÈËÌɯÌËÐÓÔÌÒÛÌËÐÙȭɯxáÌÓÓÐÒÓÌɯÚĹÛɯÌÕËĹÚÛÙÐÚÐɯÝÌɯ

ÌÛɯĹÙĹÕÓÌÙÐÕËÌɯÒÜÓÓÈÕċÔċɯÐáÐÕɯÝÌÙÐÓÌÕɯÈÚÐÛÓÌÙÐÕɯÚÈÍÓċÒɯÒÙÐÛÌÙÓÌÙÐɯÝÌɯÜàÎÜÓÈÔÈɯàġÕÛÌÔÓÌÙÐɯÔÌÝáÜÈÛÓÈɯ

ÚċÕċÙÓÈÕËċÙċÓÔċıÛċÙɯ[7]. 

 

ƙȭɯ$ÕËĹÚÛÙÐàÌÓɯÜàÎÜÓÈÔÈÓÈÙ 

 

Tablo Ɨȭɯ%ÈÙÒÓċɯÎċËÈɯÔÈÛÙÐÚÓÌÙÐÕËÌɯÖÙÎÈÕÐÒɯÈÚÐÛɯÜàÎÜÓÈÔÈÓÈÙċ 

&ċËÈɯÒÈÛÌÎÖÙÐÚÐ 4àÎÜÓÈÔÈɯıÌÒÓÐ *ÜÓÓÈÕċÓÈÕɯÈÚÐÛÓÌÙ 

$ÛɯÝÌɯÒÈÕÈÛÓċ 8ĹáÌàɯÚ×ÙÌàÓÌÔÌȮɯ

ÔÈÙÐÕÈÚàÖÕȮɯÛÜáÓÜɯñġáÌÓÛÐ 

Laktik, asetik, sitrik  

2ĹÛɯĹÙĹÕÓÌÙÐ /ÌàÕÐÙɯàċÒÈÔÈȮɯ×ÌàÕÐÙɯÈÓÛċɯ

suyuȮɯËÈÓËċÙÔÈ 

Propionik, laktik  

%ċÙċÕɯĹÙĹÕÓÌÙÐ 'ÈÔÜÙɯÐñÐÕÌɯÒÈÛÒċ, ambalaja 

uygulama  

Propionik, sorbik  

Meyve-sebze 8ċÒÈÔÈɯÚÜàÜȮɯÒÈ×ÓÈÔÈɯ

filmleri  

Sitrik, askorbik , malik  

2ÜɯĹÙĹÕÓÌÙÐ !ÜáÓÈÔÈɯÚÖÓĹÚàÖÕÜ, 

enjeksiyon 

Laktik, sitrik , asetik 

 

.ÙÎÈÕÐÒɯ ÈÚÐÛÓÌÙɯ ÍÈÙÒÓċɯ ÎċËÈɯ ÎÙÜ×ÓÈÙċÕËÈɯ àÈàÎċÕɯ ıÌÒÐÓËÌɯ ÒÜÓÓÈÕċÓÔÈÒÛÈËċÙȭɯ $Ûɯ ĹÙĹÕÓÌÙÐÕËÌɯ

ÔÈÙÐÕÈÚàÖÕɯÝÌɯàĹáÌàɯÚ×ÙÌàÓÌÔÌɯÐÓÌɯÓÈÒÛÐÒȮɯÈÚÌÛÐÒɯÝÌɯÚÐÛÙÐÒɯÈÚÐÛɯÜàÎÜÓÈÕÔÈÒÛÈËċÙȭɯ.ÙÎÈÕÐÒɯÈÚÐÛɯÛÜáÓÈÙċɯÝÌɯ

ÕÐÚÐÕÐÕɯÉÐÙÓÐÒÛÌɯÒÜÓÓÈÕċÔċÕċÕɯàĹÒÚÌÒɯÚċÊÈÒÓċÒÛÈɯÐıÓÌÕÔÐıɯÌÛɯĹÙĹÕÓÌÙÐÕËÌɯÙÈÍɯġÔÙĹÕĹɯÜáÈÛÛċĀċÕċɯÝÌɯËÜàÜÚÈÓɯ

ÒÈÓÐÛÌàÐɯÒÖÙÜËÜĀÜÕÜɯÉÐÓËÐÙÔÐıÛÐÙ [9]. +ÐÛÌÙÈÛĹÙËÌɯÈÚÒÖÙÉÐÒɯÈÚÐÛÐÕɯÒĹÙÓÌÕÔÐıɯÌÛɯĹÙĹÕĹÕĹɯÐàÐÓÌıÛÐrme 

ñÈÓċıÔÈÚċɯÐÓÌɯÎċËÈËÈɯÖÒÚÐËÈÚàÖÕÜÕɯÌÕÎÌÓÓÌÕËÐĀÐɯÛÌÚ×ÐÛɯÌËÐÓÔÐıÛÐÙ [10]. 

 

!ÈÓċÒɯĹÙĹÕÓÌÙÐÕËÌɯÒÐÛÖÚÈÕ ÝÌɯÈÚÌÛÐÒɯÈÚÐÛɯÒÖÔÉÐÕÈÚàÖÕÜÕÜÕɯ ÚàÈɯÓÌÝÙÌĀÐɯÍÐÓÌÛÖÓÈÙċÕËÈɯËÜàÜÚÈÓɯ

kaliteyi koruyarak raf ġÔÙĹÕĹɯÜáÈÛÛċĀċɯÉÌÓÐÙÓÌÕÔÐıÛÐÙɯ[11]. %ċÙċÕɯĹÙĹÕÓÌÙÐÕËÌɯ×ÙÖ×ÐàÖÕÐÒɯÝÌɯÚÖÙÉÐÒɯÈÚÐËÐÕɯ

ÒĹÍɯÎÌÓÐıÐÔÐÕÐɯÌÕÎÌÓÓÌËÐĀÐɯÝÌɯÙÈÍɯġÔÙĹÕĹɯġÕÌÔÓÐɯġÓñĹËÌɯÈÙÛċÙËċĀċɯÉÐÓËÐÙÐÓÔÐıÛÐÙɯ[12]. Meyve ve sebzelerde 

ÔÈÓÐÒɯÈÚÐÛɯÐÓÌɯÎÙÌàÍÜÙÛɯñÌÒÐÙËÌĀÐɯġáĹÛĹÕĹÕɯÉÐÙÓÐÒÛÌɯÒÜÓÓÈÕċÔċÕċÕɯ×ÈÛÖÑÌÕÓÌÙÐɯÈáÈÓÛÈÙÈÒɯÒÖÙÜàÜÊÜɯÌÛÒÐɯ

ÚÈĀÓÈËċĀċɯÎġÚÛÌÙÐÓÔÐıÛÐÙɯ[13]. 
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6. Sinerjik Antimikrobiyal Uygulamalar  

.ÙÎÈÕÐÒɯ ÈÚÐÛÓÌÙɯ ñÖĀÜɯ áÈÔÈÕɯ ÛÌÒɯ ÉÈıċÕÈɯ ËÌĀÐÓȮɯ ËÐĀÌÙɯ ÒÖÙÜàÜÊÜÓÈÙɯ ÝÌɯ ÛÌÒÕÖÓÖÑÐÓÌÙÓÌɯ ÉÐÙÓÐÒÛÌɯ

ÒÜÓÓÈÕċÓÔÈÒÛÈËċÙȭɯ2ÐÛÙÐÒɯÈÚÐÛɯÈÕÛÐÖÒÚÐËÈÕÓÈÙÓÈɯÉÐÙÓÐÒÛÌɯÒÜÓÓÈÕċÓËċĀċÕËÈɯÔÌÛÈÓɯÐàÖÕÓÈÙċɯÐÓÌɯıÌÓÈÛɯÖÓÜıÛÜÙÈÙÈÒɯ

ÖÒÚÐËÈÚàÖÕÜɯ ÈáÈÓÛÔÈÒÛÈËċÙɯ[4]ȭɯ 5ÈÒÜÔɯ ×ÈÒÌÛÓÌÔÌɯ ÐÓÌɯ ÓÈÒÛÐÒɯ ÈÚÐËÐÕɯ ÉÐÙÓÐÒÛÌɯ ÜàÎÜÓÈÕÔÈÚċÕċÕɯ ÌÛɯ

ĹÙĹÕÓÌÙÐÕËÌɯ +ÐÚÛÌÙÐÈɯ ÔÖÕÖÊàÛÖÎÌÕÌÚɯ ÎÌÓÐıÐÔÐÕÐɯ ÈáÈÓÛÛċĀċɯ ÉÐÓËÐÙÐÓÔÐıÛÐÙɯ(Wederquist et al. 1994). 

%ÌÕÐÓÓÈÒÛÐÒɯÈÚÐËÐÕɯËÖÕËÜÙÔÈɯÐıÓÌÔÐɯÐÓÌɯÉÐÙÓÐÒÛÌɯÒÜÓÓÈÕċÔċÕËÈɯ$ȭɯÊÖÓÐɯÝÌɯ2ÈÓÔÖÕÌÓÓÈɯĹáÌÙÐÕËÌɯËÈÏÈɯÎĹñÓĹɯ

ÉÈÒÛÌÙÐÚÐÛɯÌÛÒÐɯÖÓÜıÛÜÙËÜĀÜɯÎġÚÛÌÙÐÓÔÐıÛÐÙɯ[14]. !ÐàÖÈÒÛÐÍɯÉÐÓÌıÐÒɯÐÓÌɯÖÙÎÈÕÐÒɯÈÚÐÛÓÌÙÐÕɯÉÌÙÈÉÌÙɯÒÜÓÓÈÕċÔċɯ

(%2 kitosan + 5 mM oksalik asit (OA) veya 50 mM malik asit (MA)  àÌÕÐÓÌÉÐÓÐÙɯ ÒÈ×ÓÈÔÈÚċȺɯ ÕÈÙɯ

meyvesinin  ÚÖĀÜÒɯËÌ×ÖÓÈÔÈɯÚċÙÈÚċÕËÈÒÐɯÒÈÓÐÛÌÚÐÕÐɯÒÖÙÜÔÈÒ ve ÚÖĀÜÒɯáÈÙÈÙċÕċɯÈáÈÓÛÔÈÒ ÐñÐÕɯÌÛÒÐÓÐɯÉÐÙɯ

àġÕÛÌÔ ÖÓËÜĀÜɯÉÌÓÐÙÓÌÕÔÐıÛÐÙɯȻƕƙȼȭ 

7. Avantaj -dezavantaj  

.ÙÎÈÕÐÒɯÈÚÐÛÓÌÙÐÕɯÒÜÓÓÈÕċÔċɯÉÐÙñÖÒɯÈñċËÈÕɯÈÝÈÕÛÈÑɯÚÈĀÓÈÙÒÌÕɯÉÈáċɯËÜÙÜÔÓÈÙËÈɯËÌáÈÝÈÕÛÈÑɯËÈɯ

ÖÓÜıÛÜÙÜÙȭ 

 ÝÈÕÛÈÑÓÈÙȰɯÖÙÎÈÕÐÒɯÈÚÐÛÓÌÙɯËÖĀÈÓɯÒÈàÕÈÒÓÈÙËÈÕɯÌÓËÌɯÌËÐÓÌÉÐÓÐÙɯÖÓËÜÒÓÈÙċÕËÈÕɯñÌÝÙÌÚÌÓɯÒÐÙÓÐÓÐĀÐɯ

ÈáÈÓÛċÙȭɯ1ÈÍɯġÔÙĹɯÝÌɯËÜàÜÚÈÓɯÒÈÓÐÛÌàÐɯÖÓÜÔÓÜɯÌÛÒÐÓÌÙȭ [4] 

#ÌáÈÝÈÕÛÈÑÓÈÙȰɯ ÉÈáċɯ ÖÙÎÈÕÐÒɯ ÈÚÐÛÓÌÙÐÕɯ àĹÒÚÌÒɯ ÒÖÕÚÈÕÛÙÈÚàÖÕÓÈÙËÈɯ ËÜàÜÚÈÓɯ ÒÈÓÐÛÌàÐɯ ÖÓÜÔÚÜáɯ

ÌÛÒÐÓÌàÌÉÐÓËÐĀÐɯÉÌÓÐÙÛÐÓÔÐıÛÐÙȭɯ 

8. 2ÖÕÜñ 

2ÖÕÜñɯÖÓÈÙÈÒɯÖÙÎÈÕÐÒɯÈÚÐÛÓÌÙȰɯÎĹñÓĹɯÈÕÛÐÔÐÒÙÖÉÐàÈÓɯÌÛÒÐÓÌÙÐȮɯ×ÈÛÖÑÌÕÓÌÙÐɯÐÕÏÐÉÌɯÌÛÔÌɯÒÈ×ÈÚÐÛÌÓÌÙÐɯÝÌɯ

ÙÈÍɯġÔÙĹÕĹɯÜáÈÛÔÈɯġáÌÓÓÐÒÓÌÙÐɯÕÌËÌÕÐàÓÌɯÎċËÈɯÔÜÏÈÍÈáÈÚċÕËÈɯÚĹÙËĹÙĹÓÌÉÐÓÐÙɯÝÌɯÎĹÝÌÕÓÐɯÉÐÙɯñġáĹÔɯ

ÚÜÕÔÈÒɯÐñÐÕɯġÕÌÔÓÐɯÒÖÙÜàÜÊÜÓÈÙɯÈÙÈÚċÕËÈɯàÌÙɯÈÓÔÈÒÛÈËċÙȭɯ.ÙÎÈÕÐÒɯÈÚÐÛÓÌÙÐÕɯġáÌÓÓÐÒÓÌɯÝÈÒÜÔɯ×ÈÒÌÛÓÌÔÌɯ

ÝÌɯËÖÕËÜÙÔÈɯÎÐÉÐɯÛÌÒÕÖÓÖÑÐÓÌÙÓÌɯÉÐÙÓÐÒÛÌɯÒÜÓÓÈÕċÓËċĀċÕËÈɯÌÛÒÐÕÓÐÒÓÌÙÐÕÐÕɯÈÙÛÛċĀċɯÝÌɯÚĹÙËĹÙĹÓÌÉÐÓÐÙɯÎċËÈɯ

ÔÜÏÈÍÈáÈÚċÕËÈɯÚÛÙÈÛÌÑÐÒɯġÕÌÔÌɯÚÈÏÐ×ɯÖÓËÜĀÜɯÎġÙĹÓÔÌÒÛÌËÐÙȭɯ àÙċÊÈɯÚÐÕÌÙÑÐÒɯÜàÎÜÓÈÔÈÓÈÙɯÚÈàÌÚÐÕËÌɯ

duyusal kalite kÖÙÜÕÔÈÒÛÈɯÝÌɯÎċËÈɯÐÚÙÈÍċÕċÕɯÈáÈÓÛċÓÔÈÚċÕÈɯÒÈÛÒċɯÚÈĀÓÈÕÔÈÒÛÈËċÙȭ !ÜɯñÈÓċıÔÈɯÐÓÌɯÉÌÙÈÉÌÙɯ

organik asitlerin sadece korÜàÜÊÜɯËÌĀÐÓȮɯÈàÕċɯáÈÔÈÕËÈɯÎÌÓÐıÔÐı ÎċËÈɯÐıÓÌÔÌɯÛÌÒÕÖÓÖÑÐÓÌÙÐÕÐÕɯÈàÙċÓÔÈáɯ

bir pÈÙñÈÚċɯ ÖÓËÜĀÜɯ ÎġÙĹÓÔĹıÛĹÙ. &ÌÓÌÊÌÒɯ ñÈÓċıÔÈÓÈÙËÈȮɯ ÖÙÎÈÕÐÒɯ ÈÚÐÛÓÌÙÐÕɯ ÍÈÙÒÓċɯ ÎċËÈɯ ×ÈÛÖÑÌÕÓÌÙÐɯ

ĹáÌÙÐÕËÌÒÐɯ Ú×ÌÚÐÍÐÒɯ ÐÕÏÐÉÐÚàÖÕɯ ÔÌÒÈÕÐáÔÈÓÈÙċÕċÕɯ ÔÖÓÌÒĹÓÌÙɯ ËĹáÌàËÌɯ ËÈÏÈɯ ÒÈ×ÚÈÔÓċɯ ÉÐñÐÔËÌɯ

incelenmesi ÝÌɯÎÌÓÐıÌÕɯÎċËÈɯÛÌÒÕÖÓÖÑÐÓÌÙÐàÓÌɯȹÚÖĀÜÒɯ×ÓÈáÔÈȮɯàĹÒÚÌÒɯÉÈÚċÕñɯÝÉȭȺɯÖÓÈÕɯÌÛÒÐÓÌıÐÔÓÌÙÐÕin 

ÈÙÈıÛċÙċÓÔÈÚċÕÈɯÎÌÙÌÒɯËÜàÜÓÔÈÒÛÈËċÙȭ 
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xáÌÛɯ 

&ĹÕĹÔĹáËÌɯ ÈÙÛÈÕɯ ÌÕÌÙÑÐɯ ÐÏÛÐàÈÊċȮɯ ÎĹÝÌÕÓÐÒɯ ÎÌÙÌÒÚÐÕÐÔÓÌÙÐɯ ÝÌɯ ÒÖÕÍÖÙɯ ÉÌÒÓÌÕÛÐÓÌÙÐȮɯ ÌÝɯ ÖÛÖÔÈÚàÖÕɯ

ÚÐÚÛÌÔÓÌÙÐÕÐÕɯġÕÌÔÐÕÐɯġÕÌÔÓÐɯġÓñĹËÌɯÈÙÛċÙÔċıÛċÙȭɯ ÒċÓÓċɯÌÝɯÚÐÚÛÌÔÓÌÙÐȮɯñÌÝÙÌÚÌÓɯÝÌÙÐÓÌÙÐɯÚĹÙÌÒÓÐɯÐáÓÌàÌÙÌÒɯ

àÈıÈÔɯÈÓÈÕÓÈÙċÕċɯËÈÏÈɯÎĹÝÌÕÓÐɯÝÌɯÌÕÌÙÑÐɯÝÌÙÐÔÓÐɯÏÈÓÌɯÎÌÛÐÙÌÕɯàÈ×ċÓÈÙËċÙȭɯ!ÜɯÚÐÚÛÌÔÓÌÙÐÕɯÎÌÓÐıÐÔÐÕËÌɯ

-ÌÚÕÌÓÌÙÐÕɯ dÕÛÌÙÕÌÛÐɯ ȹ(Ö3-(ÕÛÌÙÕÌÛɯ ÖÍɯ 3ÏÐÕÎÚȺɯ ÝÌɯ ÒÈÉÓÖÚÜáɯ ÏÈÉÌÙÓÌıÔÌɯ ÛÌÒÕÖÓÖÑÐÓÌÙÐɯ ÒÙÐÛÐÒɯ ÉÐÙɯ ÙÖÓɯ

ÖàÕÈÔÈÒÛÈËċÙȭɯxáÌÓÓÐÒÓÌɯ6Ð-%ÐɯÛÈÉÈÕÓċɯñġáĹÔÓÌÙȮɯÔÖÉÐÓɯÜàÎÜÓÈÔÈÓÈÙɯÈÙÈÊċÓċĀċàÓÈɯÊÐÏÈáÓÈÙċÕɯÜáÈÒÛÈÕɯ

izlenmesine ve ÒÖÕÛÙÖÓĹÕÌɯÐÔÒäÕɯÛÈÕċÙÒÌÕȰɯËĹıĹÒɯÎÌÊÐÒÔÌÓÐɯàÌÙÌÓɯÏÈÉÌÙÓÌıÔÌɯ×ÙÖÛÖÒÖÓÓÌÙÐɯÚÐÚÛÌÔÓÌÙÐÕɯ

ÏċáÓċɯÝÌɯËÖĀÙÜËÈÕɯÛÌ×ÒÐɯÝÌÙÌÉÐÓÔÌÚÐÕÐɯÚÈĀÓÈÔÈÒÛÈËċÙȭɯ!ÜɯñÈÓċıÔÈÕċÕɯÈÔÈÊċȮɯËĹıĹÒɯÔÈÓÐàÌÛÓÐȮɯÌÚÕÌÒɯÝÌɯ

ÔÖËĹÓÌÙɯÉÐÙɯàÈ×ċàÈɯÚÈÏÐ×Ȯɯ$2/--.6ɯ×ÙÖÛÖÒÖÓĹɯÛÈÉÈÕÓċɯËÈĀċÛċÒɯÉÐÙɯÈÒċÓÓċɯev kontrol sistemi tasarlamak 

ÝÌɯ×ÙÖÛÖÛÐ×ÐÕÐɯÎÌÓÐıÛÐÙÔÌÒÛÐÙȭɯxÕÌÙÐÓÌÕɯàÈ×ċËÈȮɯÚÐÚÛÌÔɯÛÌÒɯÉÐÙɯÔÌÙÒÌáÐɯËÌÕÌÛÓÌàÐÊÐàÌɯÉÈĀċÔÓċɯÖÓÔÈÒÛÈÕɯ

ñċÒÈÙċÓÈÙÈÒɯÐıɯàĹÒĹɯàÌÙÌÓɯÒÖÕÛÙÖÓɯËĹĀĹÔÓÌÙÐɯÝÌɯÔÌÙÒÌáÐɯÐáÓÌÔÌɯÉÐÙÐÔÐɯÈÙÈÚċÕËÈɯ×ÈàÓÈıÛċÙċÓÔċıÛċÙȭɯ2ÌÕÚġÙɯ

ÝÌÙÐÓÌÙÐÕÐÕɯÖÒÜÕÔÈÚċ ÝÌɯÊÐÏÈáÓÈÙċÕɯÒÖÕÛÙÖÓĹɯËÖĀÙÜËÈÕɯàÌÙÌÓɯËĹĀĹÔÓÌÙɯÛÈÙÈÍċÕËÈÕɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȭɯ

#ĹĀĹÔÓÌÙɯÈÙÈÚċɯÏÈÉÌÙÓÌıÔÌɯÐÕÛÌÙÕÌÛÛÌÕɯÉÈĀċÔÚċáɯñÈÓċıÈÕɯ$2/--.6ɯ×ÙÖÛÖÒÖÓĹɯÐÓÌɯÚÈĀÓÈÕċÙÒÌÕȮɯÒÜÓÓÈÕċÊċɯ

ÌÙÐıÐÔÐɯ6Ð-%ÐɯĹáÌÙÐÕËÌÕɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȭɯ&ÌÓÐıÛÐÙÐÓÌÕɯ×ÙÖÛÖÛÐ×ɯÝÌɯÚÐÔĹÓÈÚàÖÕɯñÈÓċıÔÈÓÈÙċɯÚÖÕÜÊÜÕËÈȮɯ

ÚÐÚÛÌÔÐÕɯÝÌÙÐɯÒÈàÉċɯÖÓÔÈËÈÕɯÒÈÙÈÙÓċɯÉÐÙɯıÌÒÐÓËÌɯñÈÓċıÛċĀċɯÎġáÓÌÔÓÌÕÔÐıÛÐÙȭɯ#ÈĀċÛċÒɯàÈ×ċɯÚÈàÌÚÐÕËÌɯ

ÚÐÚÛÌÔÐÕɯÛÌ×ÒÐɯÚĹÙÌÚÐɯÈáÈÓÛċÓÔċıɯÝÌɯÐÕÛÌÙÕÌÛɯÉÈĀÓÈÕÛċÚċɯÒÌÚÐÓÚÌɯËÈÏÐɯÛÌÔÌÓɯÍÖÕÒÚÐàÖÕÓÈÙċÕċɯÚĹÙËĹÙÌÉÐÓËÐĀÐɯ

ÉÌÓÐÙÓÌÕÔÐıÛÐÙȭɯ2ÖÕÜñɯÖÓÈÙÈÒȮɯÎÌÓÐıÛÐÙÐÓÌÕɯÚÐÚÛÌÔÐÕɯÌÕÌÙÑÐɯÝÌÙÐÔÓÐȮɯÎĹÝÌÕÐÓÐÙɯÝÌɯÎÌÕÐıÓÌÛÐÓÌÉÐÓÐÙɯÉÐÙɯÈÒċÓÓċɯÌÝɯ

ñġáĹÔĹɯÚÜÕËÜĀÜɯÖÙÛÈàÈɯÒÖÕÜÓÔÜıÛÜÙȭ 
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ESP-NOW Based Distributed Smart Home System 

Application  

Abstract  

In recent years, increasing energy demand, security requirements, and comfort expectations have 

significantly enhanced the importance of home automation systems. Smart home systems continuously 

monitor environmental data to create safer and more energy-efficient living spaces. The development 

of these systems has been strongly influenced by the Internet of Things (IoT) and wireless 

communication technologies. Whi le Wi-Fi-based solutions enable remote monitoring and control of 

devices via mobile applications, low -latency local communication protocols provide faster and more 

direct system responses. The aim of this study is to design and develop a low -cost, flexible, and modular 

distributed smart home control system based on the ESP-NOW protocol. In the proposed system, 

instead of relying on a single central controller, the workload is distributed between local control nodes 

and a central monitoring unit. Sensor data acquisition and device control are performed directly by local 

nodes. Communication between nodes is achieved using the ESP-NOW protocol, which operates 
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ƚƝ 
 

independently of internet connectivity, while user access is provided via Wi -Fi. As a result of the 

developed prototype and simulation studies, the system demonstrated stable operation without data 

loss. The distributed architecture reduced response time and ensured that the system continued to 

operate even in the absence of an internet connection. Consequently, the proposed system offers an 

energy-efficient, reliable, and scalable solution for smart home applications.  
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ƕȭɯ&ÐÙÐı 

&ĹÕĹÔĹáËÌɯÛÌÒÕÖÓÖÑÐÒɯÎÌÓÐıÔÌÓÌÙȮɯÍÐáÐÒÚÌÓɯÕÌÚÕÌÓÌÙÐÕɯËÐÑÐÛÈÓɯÚÐÚÛÌÔÓÌÙÓÌɯÉĹÛĹÕÓÌıÔÌÚÐÕÐɯÔĹÔÒĹÕɯ

ÏÈÓÌɯÎÌÛÐÙÔÐıɯÝÌɯ-ÌÚÕÌÓÌÙÐÕɯdÕÛÌÙÕÌÛÐɯȹ(Ö3ȺɯÒÈÝÙÈÔċÕċÕɯàÈàÎċÕÓÈıÔÈÚċÕċɯÚÈĀÓÈÔċıÛċÙȭɯ(Ö3ȮɯÚÌÕÚġÙÓÌÙȮɯ

ÔÐÒÙÖËÌÕÌÛÓÌàÐÊÐÓÌÙɯ ÝÌɯ ÒÈÉÓÖÚÜáɯ ÏÈÉÌÙÓÌıÔÌɯ ÛÌÒÕÖÓÖÑÐÓÌÙÐɯ ÈÙÈÊċÓċĀċàÓÈɯ ÊÐÏÈáÓÈÙċÕɯ ÝÌÙÐɯ ÈÓċıÝÌÙÐıÐɯ

àÈ×ÈÉÐÓÔÌÚÐÕÐɯÝÌɯñÌÝÙÌÚÌÓɯÒÖıÜÓÓÈÙÈɯÎġÙÌɯÖÛÖÔÈÛÐÒɯÖÓÈÙÈÒɯÛÌ×ÒÐɯÝÌÙÌÉÐÓÔÌÚÐÕÐɯÚÈĀÓÈàÈÕɯÉÐÙɯàÈ×ċËċÙɯȻƕȼȮɯ

ȻƖȼȭɯ!ÜɯġáÌÓÓÐÒÓÌÙÐɯÚÈàÌÚÐÕËÌɯ(Ö3ɯÚÐÚÛÌÔÓÌÙÐȮɯÉÐÙñÖÒɯÈÓÈÕËÈɯÖÓËÜĀÜɯÎÐÉÐɯÈÒċÓÓċɯÌÝɯÜàÎÜÓÈÔÈÓÈÙċÕËÈɯËÈɯ

ġÕÌÔÓÐɯÉÐÙɯàÌÙɯÌËÐÕÔÐıÛÐÙɯȻƗȼȭ 

 

 ÒċÓÓċɯÌÝɯÚÐÚÛÌÔÓÌÙÐȰɯÈàËċÕÓÈÛÔÈȮɯÐÒÓÐÔÓÌÕËÐÙÔÌȮɯÎĹÝÌÕÓÐÒɯÝÌɯÌÕÌÙÑÐɯàġÕÌÛÐÔÐɯÎÐÉÐɯÐıÓÌÝÓÌÙÐɯÚÌÕÚġÙɯ

ÝÌÙÐÓÌÙÐÕÌɯÉÈĀÓċɯÖÓÈÙÈÒɯÖÛÖÔÈÛÐÒɯıÌÒÐÓËÌɯÎÌÙñÌÒÓÌıÛÐÙÌÕɯàÈ×ċÓÈÙËċÙȭɯ!ÜɯÚÐÚÛÌÔÓÌÙȮɯÒÜÓÓÈÕċÊċɯÒÖÕÍÖÙÜÕÜɯ
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ÔÈÓÐàÌÛÓÐɯÝÌɯÒÖÓÈàɯÜàÎÜÓÈÕÈÉÐÓÐÙɯÏÈÓÌɯÎÌÓÔÐıÛÐÙȭɯxáÌÓÓÐÒÓÌɯ6Ð-%ÐɯÛÈÉÈÕÓċɯñġáĹÔÓÌÙȮɯÊÐÏÈáÓÈÙċÕɯÜáÈÒÛÈÕɯ
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!ÜÕÜÕÓÈɯ ÉÐÙÓÐÒÛÌȮɯ ÓÐÛÌÙÈÛĹÙËÌɯ àÌÙɯ ÈÓÈÕɯ ÉÐÙñÖÒɯ ÈÒċÓÓċɯ ÌÝɯ ÚÐÚÛÌÔÐɯ ÔÌÙÒÌáÐɯ ÒÖÕÛÙÖÓɯ àÈ×ċÚċÕÈɯ

ËÈàÈÕÔÈÒÛÈËċÙȭɯ!ÜɯËÜÙÜÔȮɯÚÐÚÛÌÔÐÕɯÛÌÒɯÉÐÙɯÕÖÒÛÈàÈɯÉÈĀċÔÓċɯÖÓÔÈÚċÕÈɯÝÌɯÖÓÈÚċɯÈÙċáÈÓÈÙËÈɯÛĹÔɯÚÐÚÛÌÔÐÕɯ

ÌÛÒÐÓÌÕÔÌÚÐÕÌɯÕÌËÌÕɯÖÓÈÉÐÓÔÌÒÛÌËÐÙȭɯ àÙċÊÈɯÉÈáċɯÜàÎÜÓÈÔÈÓÈÙËÈɯÒÜÓÓÈÕċÓÈÕɯÏÈÉÌÙÓÌıÔÌɯÈÓÛàÈ×ċÓÈÙċÕċÕɯ

ÎÌÊÐÒÔÌɯÝÌɯÉÈĀÓÈÕÛċɯÉÈĀċÔÓċÓċĀċɯÎÐÉÐɯÚċÕċÙÓÈÔÈÓÈÙɯÖÓÜıÛÜÙÈÉÐÓÌÊÌĀÐɯÓÐÛÌÙÈÛĹÙËÌɯÉÌÓÐÙÛÐÓÔÌÒÛÌËÐÙɯȻƝȼȮɯȻƕȼȭ 

 

!ÜɯñÈÓċıÔÈËÈȮɯÚġáɯÒÖÕÜÚÜɯÚċÕċÙÓÈÔÈÓÈÙċɯÈáÈÓÛÔÈÒɯÈÔÈÊċàÓÈɯ$2/--.6ɯ×ÙÖÛÖÒÖÓĹɯÛÈÉÈÕÓċɯËÈĀċÛċÒɯÉÐÙɯ

ÈÒċÓÓċɯÌÝɯÖÛÖÔÈÚàÖÕɯÚÐÚÛÌÔÐɯÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙȭɯxÕÌÙÐÓÌÕɯÚÐÚÛÌÔËÌȮɯàÌÙÌÓɯÒÖÕÛÙÖÓɯËĹĀĹÔÓÌÙÐɯÚÌÕÚġÙɯÝÌÙÐÓÌÙÐÕÐɯ

ËÖĀÙÜËÈÕɯÐıÓÌàÌÙÌÒɯÐÓÎÐÓÐɯÈÒÛĹÈÛġÙÓÌÙÐɯÒÖÕÛÙÖÓɯÌÛÔÌÒÛÌ, merkezi kontrol birimi ise sistemin izlenmesi ve 

ÒÜÓÓÈÕċÊċɯ ÐÓÌɯ ÌÛÒÐÓÌıÐÔÐɯ ÚÈĀÓÈÔÈÒÛÈËċÙȭɯ !Üɯ àÈÒÓÈıċÔɯ ÚÈàÌÚÐÕËÌɯ ÚÐÚÛÌÔÐÕɯ ÛÌ×ÒÐɯ ÚĹÙÌÚÐɯ ÈáÈÓÛċÓÔċıȮɯ

ÎĹÝÌÕÐÓÐÙÓÐĀÐɯÈÙÛċÙċÓÔċıɯÝÌɯÐÕÛÌÙÕÌÛɯÉÈĀÓÈÕÛċÚċÕÈɯÉÈĀċÔÓċÓċĀċɯġÕÌÔÓÐɯġÓñĹËÌɯÈáÈÓÛċÓÔċıÛċÙȭ 

2. Materyal ve Metot  

!ÜɯñÈÓċıÔÈËÈɯÎÌÓÐıÛÐÙÐÓÌÕɯÈÒċÓÓċɯÌÝɯÖÛÖÔÈÚàÖÕɯÚÐÚÛÌÔÐȮɯËÈĀċÛċÒɯÒÖÕÛÙÖÓɯÔÐÔÈÙÐÚÐɯÛÌÔÌÓɯÈÓċÕÈÙÈÒɯ

ÛÈÚÈÙÓÈÕÔċıÛċÙȭɯ2ÐÚÛÌÔȮɯÉÐÙɯÔÌÙÒÌáÐɯÒÖÕÛÙÖÓɯÉÐÙÐÔÐɯÝÌɯÍÈÙÒÓċɯÎġÙÌÝÓÌÙÐɯàÌÙÐÕÌɯÎÌÛÐÙÌÕɯÉÐÙËÌÕɯÍÈáÓÈɯàÌÙÌÓɯ

ÒÖÕÛÙÖÓɯ ËĹĀĹÔĹÕËÌÕɯ ÖÓÜıÔÈÒÛÈËċÙȭɯ !Üɯ àÈ×ċɯ ÚÈàÌÚÐÕËÌɯ ÚÐÚÛÌÔɯ ÉÐÓÌıÌÕÓÌÙÐɯ ÈÙÈÚċÕËÈɯ Ðıɯ àĹÒĹɯ

×ÈàÓÈıÛċÙċÓÔċıɯÝÌɯÒÖÕÛÙÖÓɯÐıÓÌÔÓÌÙÐɯÏċáÓÈÕËċÙċÓÔċıÛċÙȭ 

2.1. Materyal  

!ÜɯñÈÓċıÔÈËÈɯÎÌÓÐıÛÐÙÐÓÌÕɯÈÒċÓÓċɯÌÝɯÖÛÖÔÈÚàÖÕɯÚÐÚÛÌÔÐÕËÌɯÒÜÓÓÈÕċÓÈÕɯËÖÕÈÕċÔɯÉÐÓÌıÌÕÓÌÙÐɯÈıÈĀċËÈɯ

ÈñċÒÓÈÕÔċıÛċÙȯ 

ESP32-S3 DevKitC -1: 2ÐÚÛÌÔÐÕɯÔÌÙÒÌáÐɯÒÖÕÛÙÖÓɯÉÐÙÐÔÐɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯ2ÌÕÚġÙɯÝÌÙÐÓÌÙÐÕÐÕɯ

ÛÖ×ÓÈÕÔÈÚċȮɯÐıÓÌÕÔÌÚÐɯÝÌɯÒÜÓÓÈÕċÊċɯÈÙÈàĹáĹɯÐÓÌɯÏÈÉÌÙÓÌıÔÌɯÚĹÙÌñÓÌÙÐÕÐÕɯàġÕÌÛÐÓÔÌÚÐÕËÌÕɯÚÖÙÜÔÓÜËÜÙȭ 

ESP32-C3 Super Mini:  8ÌÙÌÓɯÒÖÕÛÙÖÓɯËĹĀĹÔÓÌÙÐÕËÌɯÒÜÓÓÈÕċÓÈÕɯÉÜɯÔÐÒÙÖËÌÕÌÛÓÌàÐÊÐȮɯÉÈĀÓċɯÖÓËÜĀÜɯ

ÚÌÕÚġÙÓÌÙËÌÕɯÝÌÙÐɯÛÖ×ÓÈÔÈÒÛÈɯÝÌɯÐÓÎÐÓÐɯÈÒÛĹÈÛġÙÓÌÙÐÕɯÒÖÕÛÙÖÓĹÕĹɯÎÌÙñÌÒÓÌıÛÐÙÔÌÒÛÌËÐÙȭɯ àÙċÊÈɯ$2/-NOW 

×ÙÖÛÖÒÖÓĹɯĹáÌÙÐÕËÌÕɯËÐĀÌÙɯËĹĀĹÔÓÌÙÓÌɯÝÌÙÐɯÐÓÌÛÐıÐÔÐÕÐɯÚÈĀÓÈÔÈÒÛÈËċÙȭ 
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ƕƖ5ɯƖ ɯ ËÈ×ÛġÙȯ 2ÐÚÛÌÔÐÕɯÈÕÈɯÌÕÌÙÑÐɯÒÈàÕÈĀċɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÔċıɯÖÓÜ×ȮɯÛĹÔɯËÖÕÈÕċÔɯÉÐÓÌıÌÕÓÌÙÐÕÐÕɯ

ÉÌÚÓÌÕÔÌÚÐÕÐɯÚÈĀÓÈÔÈÒÛÈËċÙȭ 

+,ƖƙƝƚɯ&Ĺñɯ*ÈàÕÈĀċɯ,ÖËĹÓĹȯ &ÐÙÐıɯÎÌÙÐÓÐÔÐÕÐɯËĹıĹÙÌÙÌÒɯÔÐÒÙÖËÌÕÌÛÓÌàÐÊÐɯÝÌɯËĹıĹÒɯÎÌÙÐÓÐÔÓÌɯ

ñÈÓċıÈÕɯÉÐÓÌıÌÕÓÌÙɯÐñÐÕɯÎÌÙÌÒÓÐɯÚÛÈÉÐÓɯÉÌÚÓÌÔÌɯÎÌÙÐÓÐÔÐÕÐɯÚÈĀÓÈÔÈÒÛÈËċÙȭ 

#'3ƖƖɯ2ċÊÈÒÓċÒɯÝÌɯ-ÌÔɯ2ÌÕÚġÙĹȯ .ÙÛÈÔɯÚċÊÈÒÓċĀċɯÝÌɯÉÈĀċÓɯÕÌÔɯËÌĀÌÙÓÌÙÐÕÐÕɯġÓñĹÓÔÌÚÐɯÈÔÈÊċàÓÈɯ

ÒÜÓÓÈÕċÓÈÕɯËÐÑÐÛÈÓɯñċÒċıÓċɯÚÌÕÚġÙËĹÙȭ 

MQ -Ɩɯ&Èáɯ2ÌÕÚġÙĹȯ 8ÈÕċÊċɯÎÈáɯÝÌɯËÜÔÈÕɯÛÌÚ×ÐÛÐɯÈÔÈÊċàÓÈɯÒÜÓÓÈÕċÓÈÕɯÚÌÕÚġÙɯÖÓÜ×ȮɯÎĹÝÌÕÓÐÒɯÖËÈÒÓċɯ

ÒÖÕÛÙÖÓɯÚÌÕÈÙàÖÓÈÙċÕËÈɯÒÜÓÓÈÕċÓÔÈÒÛÈËċÙȭ 

3Ö×ÙÈÒɯ-ÌÔɯ2ÌÕÚġÙĹȯ 3Ö×ÙÈĀċÕɯÕÌÔɯÚÌÝÐàÌÚÐÕÐÕɯġÓñĹÓÔÌÚÐɯÈÔÈÊċàÓÈɯÒÜÓÓÈÕċÓÔċıɯÖÓÜ×ȮɯÚÜÓÈÔÈɯ

ÚÐÚÛÌÔÐÕÐÕɯÒÖÕÛÙÖÓĹÕËÌɯÛÌÔÌÓɯÝÌÙÐɯÒÈàÕÈĀċÕċɯÖÓÜıÛÜÙÔÈÒÛÈËċÙȭ 

ƙ5ɯ1ġÓÌɯ,ÖËĹÓĹȯ ,ÐÒÙÖËÌÕÌÛÓÌàÐÊÐɯÛÈÙÈÍċÕËÈÕɯĹÙÌÛÐÓÌÕɯÒÖÕÛÙÖÓɯÚÐÕàÈÓÓÌÙÐɯËÖĀÙÜÓÛÜÚÜÕËÈɯàĹÒÚÌÒɯ

ÎÌÙÐÓÐÔɯÝÌàÈɯÈÒċÔɯÎÌÙÌÒÛÐÙÌÕɯàĹÒÓÌÙÐÕɯÈÕÈÏÛÈÙÓÈÕÔÈÚċÕċɯÚÈĀÓÈàÈÕɯÌÓÌÒÛÙÖÔÌÒÈÕÐÒɯÒÖÕÛÙÖÓɯÌÓÌÔÈÕċËċÙȭ 

12V DC Fan: .ÙÛÈÔɯÚċÊÈÒÓċĀċÕÈɯÉÈĀÓċɯÖÓÈÙÈÒɯËÌÝÙÌàÌɯÈÓċÕÈÕɯÚÖĀÜÛÔÈɯÌÓÌÔÈÕċɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÔċıÛċÙȭ 

ƕƖ5ɯ2Üɯ/ÖÔ×ÈÚċȯ 3Ö×ÙÈÒɯÕÌÔɯÚÌÝÐàÌÚÐÕÌɯÉÈĀÓċɯÖÓÈÙÈÒɯÖÛÖÔÈÛÐÒɯÚÜÓÈÔÈɯÐıÓÌÔÐÕÐɯÎÌÙñÌÒÓÌıÛÐÙÌÕɯ

ÈÒÛĹÈÛġÙɯÌÓÌÔÈÕċËċÙȭ 

Buzzer: *ÙÐÛÐÒɯËÜÙÜÔÓÈÙËÈɯÒÜÓÓÈÕċÊċàÈɯÚÌÚÓÐɯÎÌÙÐɯÉÐÓËÐÙÐÔɯÚÈĀÓÈÔÈÒɯÈÔÈÊċàÓÈɯÒÜÓÓÈÕċÓÈÕɯÜàÈÙċɯ

ÌÓÌÔÈÕċËċÙȭ 

!"ƙƘƛɯ3ÙÈÕÚÐÚÛġÙȯ 1ġÓÌɯÔÖËĹÓĹɯÝÌɯËÐĀÌÙɯàĹÒÚÌÒɯÈÒċÔɯÎÌÙÌÒÛÐÙÌÕɯàĹÒÓÌÙÐÕɯ ÔÐÒÙÖËÌÕÌÛÓÌàÐÊÐɯ

ñċÒċıÓÈÙċɯÐÓÌɯÎĹÝÌÕÓÐɯıÌÒÐÓËÌɯÚĹÙĹÓÌÉÐÓÔÌÚÐɯÈÔÈÊċàÓÈɯÈÕÈÏÛÈÙÓÈÔÈɯÌÓÌÔÈÕċɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯ!Üɯ

ÚÈàÌËÌɯÔÐÒÙÖËÌÕÌÛÓÌàÐÊÐɯ×ÐÕÓÌÙÐÕÐÕɯËÖĀÙÜËÈÕɯàĹÒɯÈÓÛċÕËÈɯÒÈÓÔÈÚċɯÌÕÎÌÓÓÌÕÔÐıÛÐÙȭ 

1N4007 Diyot:  1ġÓÌɯÉÖÉÐÕÓÌÙÐɯĹáÌÙÐÕËÌɯÈÕÈÏÛÈÙÓÈÔÈɯÚċÙÈÚċÕËÈɯÖÓÜıÈÕɯÛÌÙÚɯÎÌÙÐÓÐÔÓÌÙÐÕɯȹÐÕËĹÒÛÐÍɯÎÌÙÐɯ

ÛÌ×ÔÌȺɯÔÐÒÙÖËÌÕÌÛÓÌàÐÊÐɯÝÌɯËÐĀÌÙɯËÌÝÙÌɯÌÓÌÔÈÕÓÈÙċÕÈɯáÈÙÈÙɯÝÌÙÔÌÚÐÕÐɯġÕÓÌÔÌÒɯÈÔÈÊċàÓÈɯÒÖÙÜÔÈɯ

ÌÓÌÔÈÕċɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÔċıÛċÙȭ 

Buton:  %ÈÕɯÝÌɯÚÜɯ×ÖÔ×ÈÚċɯÎÐÉÐɯàĹÒÓÌÙÐÕɯÔÈÕÜÌÓɯÖÓÈÙÈÒɯÒÖÕÛÙÖÓɯÌËÐÓÌÉÐÓÔÌÚÐɯÈÔÈÊċàÓÈɯÚÐÚÛÌÔÌɯ

ÌÕÛÌÎÙÌɯÌËÐÓÔÐıÛÐÙȭ 

Anahtar:   àËċÕÓÈÛÔÈɯ ÚÐÚÛÌÔÐÕÐÕɯ ÒÜÓÓÈÕċÊċɯ ÛÈÙÈÍċÕËÈÕɯ ËÖĀÙÜËÈÕɯ ÈñċÓċ×ɯ ÒÈ×ÈÛċÓÈÉÐÓÔÌÚÐɯ ÐñÐÕɯ

ÒÜÓÓÈÕċÓÈÕɯÒÖÕÛÙÖÓɯÌÓÌÔÈÕċËċÙȭ 

2.2. Metot 

&ÌÓÐıÛÐÙÐÓÌÕɯÈÒċÓÓċɯÌÝɯÖÛÖÔÈÚàÖÕɯÚÐÚÛÌÔÐȮɯËÈĀċÛċÒɯÒÖÕÛÙÖÓɯàÈÒÓÈıċÔċɯÛÌÔÌÓɯÈÓċÕÈÙÈÒɯÛÈÚÈÙÓÈÕÔċıÛċÙȭɯ

2ÐÚÛÌÔȮɯÔÌÙÒÌáÐɯÒÖÕÛÙÖÓɯÉÐÙÐÔÐɯÝÌɯàÌÙÌÓɯÒÖÕÛÙÖÓɯËĹĀĹÔÓÌÙÐÕËÌÕɯÖÓÜıÔÈÒÛÈɯÖÓÜ×ȮɯÏÌÙɯËĹĀĹÔɯÒÌÕËÐɯÉÈĀÓċɯ

ÖÓËÜĀÜɯÚÌÕÚġÙɯÝÌɯÈÒÛĹÈÛġÙÓÌÙÐɯÉÈĀċÔÚċáɯÖÓÈÙÈÒɯÒÖÕÛÙÖÓɯÌËÌÉÐÓÔÌÒÛÌËÐÙȭɯ!ÜɯàÈ×ċɯÚÈàÌÚÐÕËÌɯÚÐÚÛÌÔÐÕɯÛÌ×ÒÐɯ

ÚĹÙÌÚÐɯÈáÈÓÛċÓÔċıɯÝÌɯÛÌÒɯÉÐÙɯÕÖÒÛÈàÈɯÉÈĀċÔÓċÓċÒɯÖÙÛÈËÈÕɯÒÈÓËċÙċÓÔċıÛċÙȭ 

 

©ÌÒÐÓɯƕɀËÌȮɯÚÐÚÛÌÔÐÕɯÔÌÙÒÌáÐɯÒÖÕÛÙÖÓɯÉÐÙÐÔÐɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÈÕɯ$2/ƗƖ-2ƗɯÛÈÉÈÕÓċɯËÖÕÈÕċÔɯàÈ×ċÚċÕċÕɯ

ÎÌÙñÌÒɯÎġÙĹÕÛĹÚĹɯÝÌÙÐÓÔÐıÛÐÙȭɯ!ÜɯÉÐÙÐÔȮɯÚÐÚÛÌÔɯÎÌÕÌÓÐÕËÌɯÝÌÙÐɯàġÕÌÛÐÔÐȮɯÒÜÓÓÈÕċÊċɯÈÙÈàĹáĹɯÐÓÌɯÏÈÉÌÙÓÌıÔÌɯ

ÝÌɯËĹĀĹÔÓÌÙɯÈÙÈÚċɯÒÖÖÙËÐÕÈÚàÖÕÜÕɯÚÈĀÓÈÕÔÈÚċÕËÈÕɯÚÖÙÜÔÓudur.  

 

©ÌÒÐÓɯƕȭ ESP32-2ƗɯÛÈÉÈÕÓċɯÔÌÙÒÌáÐɯÒÖÕÛÙÖÓɯÉÐÙÐÔÐÕÐÕɯÎÌÙñÌÒɯÎġÙĹÕÛĹÚĹ 



*ċáÎċÕËÌÔÐÙɯÝÌɯIċÕÈÙȮɯ$2/ɪ-.6ɯ3ÈÉÈÕÓċɯ!ÐÙɯ#ÈĀċÛċÒɯ ÒċÓÓċɯ$Ýɯ2ÐÚÛÌÔÐɯ4àÎÜÓÈÔÈÚċ 

ƛƕ 
 

2ÐÚÛÌÔÐÕɯÎÌÕÌÓɯÏÈÉÌÙÓÌıÔÌɯÝÌɯÒÖÕÛÙÖÓɯàÈ×ċÚċɯ©ÌÒÐÓɯ2ɀËÌɯÎġÚÛÌÙÐÓÔÌÒÛÌËÐÙȭɯ8ÌÙÌÓɯÒÖÕÛÙÖÓɯËĹĀĹÔÓÌÙÐɯ

ÐÓÌɯ ÔÌÙÒÌáÐɯ ÒÖÕÛÙÖÓɯ ÉÐÙÐÔÐɯ ÈÙÈÚċÕËÈÒÐɯ ÝÌÙÐɯ ÐÓÌÛÐıÐÔÐɯ $2/--.6ɯ ×ÙÖÛÖÒÖÓĹɯ ÒÜÓÓÈÕċÓÈÙÈÒɯ

ÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȭɯ!ÜɯÚÈàÌËÌɯËĹıĹÒɯÎÌÊÐÒÔÌÓÐȮɯËÖĀÙÜËÈÕɯÝÌɯÐÕÛÌÙÕÌÛɯÉÈĀÓÈÕÛċÚċÕÈɯÐÏÛÐàÈñɯËÜàÔÈàÈÕɯ

ÉÐÙɯÏÈÉÌÙÓÌıÔÌɯÈÓÛàÈ×ċÚċɯÌÓËÌɯÌËÐÓÔÐıÛÐÙȭɯ,ÌÙÒÌáÐɯÒÖÕÛÙÖÓɯÉÐÙÐÔÐɯÐÚÌɯ6Ð-%ÐɯÉÈĀÓÈÕÛċÚċɯĹáÌÙÐÕËÌÕɯÔÖÉÐÓɯ

ÜàÎÜÓÈÔÈɯÐÓÌɯÏÈÉÌÙÓÌıÌÙÌÒɯÒÜÓÓÈÕċÊċàÈɯÜáÈÒÛÈÕɯÐáÓÌÔÌɯÝÌɯÒÖÕÛÙÖÓɯÐÔÒäÕċɯÚÜÕÔÈÒÛÈËċÙȭ 

 

2ÐÚÛÌÔɯñÈÓċıÔÈɯÚĹÙÌÊÐɯÈıÈĀċËÈÒÐɯÈËċÔÓÈÙɯËÖĀÙÜÓÛÜÚÜÕËÈɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȯ 

Veri Toplama:  DHT22, MQ-ƖɯÝÌɯÛÖ×ÙÈÒɯÕÌÔɯÚÌÕÚġÙÓÌÙÐÕËÌÕɯÌÓËÌɯÌËÐÓÌÕɯÝÌÙÐÓÌÙɯÉÌÓÐÙÓÐɯáÈÔÈÕɯ

ÈÙÈÓċÒÓÈÙċÕËÈɯÔÐÒÙÖËÌÕÌÛÓÌàÐÊÐɯÛÈÙÈÍċÕËÈÕɯÖÒÜÕÔÜıÛÜÙȭ 

5ÌÙÐɯ dıÓÌÔÌȯ .ÒÜÕÈÕɯ ÚÌÕÚġÙɯ ÝÌÙÐÓÌÙÐȮɯ ÚÐÚÛÌÔɯ ÐñÌÙÐÚÐÕËÌɯ ÛÈÕċÔÓÈÕÈÕɯ ÌıÐÒɯ ËÌĀÌÙÓÌÙɯ ÐÓÌɯ

ÒÈÙıċÓÈıÛċÙċÓÔċıÛċÙȭɯ!ÜɯÈıÈÔÈËÈɯÚċÊÈÒÓċÒȮɯÕÌÔȮɯÎÈáɯÝÌɯÛÖ×ÙÈÒɯÕÌÔÐɯËÌĀÌÙÓÌÙÐÕÌɯÉÈĀÓċɯÒÈÙÈÙɯÔÌÒÈÕÐáÔÈÚċɯ

ÖÓÜıÛÜÙÜÓÔÜıÛÜÙȭ 

*ÖÕÛÙÖÓɯ,ÌÒÈÕÐáÔÈÚċȯ 2ÌÕÚġÙɯËÌĀÌÙÓÌÙÐÕÐÕɯÉÌÓÐÙÓÌÕÌÕɯÚċÕċÙÓÈÙċÕɯËċıċÕÈɯñċÒÔÈÚċɯËÜÙÜÔÜÕËÈɯÙġÓÌɯ

ÔÖËĹÓÓÌÙÐɯËÌÝÙÌàÌɯÈÓċÕÈÙÈÒɯÍÈÕȮɯÚÜɯ×ÖÔ×ÈÚċȮɯÈÓÈÙÔɯÝÌɯÈàËċÕÓÈÛÔÈɯÚÐÚÛÌÔÓÌÙÐɯÒÖÕÛÙÖÓɯÌËÐÓÔÐıÛÐÙȭɯ àÙċÊÈɯ

ÒÜÓÓÈÕċÊċɯÛÈÙÈÍċÕËÈÕɯÉÜÛÖÕɯÝÌɯÈÕÈÏÛÈÙÓÈÙɯÈÙÈÊċÓċĀċàÓÈɯÔÈÕÜÌÓɯÒÖÕÛÙÖÓɯÐÔÒäÕċɯÚÈĀÓÈÕÔċıÛċÙȭ 

'ÈÉÌÙÓÌıÔÌȯ ,ÐÒÙÖËÌÕÌÛÓÌàÐÊÐɯËĹĀĹÔÓÌÙÐɯÈÙÈÚċÕËÈɯ$2/--.6ɯ×ÙÖÛÖÒÖÓĹɯÐÓÌɯÝÌÙÐɯÐÓÌÛÐÔÐɯÚÈĀÓÈÕÔċıȮɯ

ÔÌÙÒÌáÐɯ ÒÖÕÛÙÖÓɯ ÉÐÙÐÔÐɯ ÐÓÌɯ ÒÜÓÓÈÕċÊċɯ ÈÙÈàĹáĹɯ ÈÙÈÚċÕËÈÒÐɯ ÐÓÌÛÐıÐÔɯ ÐÚÌɯ 6Ð-%Ðɯ ÉÈĀÓÈÕÛċÚċɯ ĹáÌÙÐÕËÌÕɯ

ÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȭ 

4áÈÒÛÈÕɯdáÓÌÔÌɯÝÌɯ*ÖÕÛÙÖÓȯɯ2ÐÚÛÌÔȮɯÔÖÉÐÓɯÜàÎÜÓÈÔÈɯÈÙÈÊċÓċĀċàÓÈɯÒÜÓÓÈÕċÊċàÈɯÈÕÓċÒɯÝÌÙÐɯÐáÓÌÔÌɯÝÌɯ

ÒÖÕÛÙÖÓɯÐÔÒäÕċɯÚÜÕÈÊÈÒɯıÌÒÐÓËÌɯàÈ×ċÓÈÕËċÙċÓÔċıÛċÙȭ 

 

 
 

©ÌÒÐÓɯƖȭ ESP--.6ɯÛÈÉÈÕÓċɯËÈĀċÛċÒɯÈÒċÓÓċɯÌÝɯÖÛÖÔÈÚàÖÕɯÚÐÚÛÌÔÐÕÐÕɯÎÌÕÌÓɯÉÓÖÒɯËÐàÈÎÙÈÔċ 



*ċáÎċÕËÌÔÐÙɯÝÌɯIċÕÈÙȮɯ$2/ɪ-.6ɯ3ÈÉÈÕÓċɯ!ÐÙɯ#ÈĀċÛċÒɯ ÒċÓÓċɯ$Ýɯ2ÐÚÛÌÔÐɯ4àÎÜÓÈÔÈÚċ 

ƛƖ 
 

 àÙċÊÈɯÚÐÚÛÌÔɯ×ÌÙÍÖÙÔÈÕÚċÕċɯËÌĀÌÙÓÌÕËÐÙÔÌÒɯÈÔÈÊċàÓÈɯÍÈÙÒÓċɯÛÌÚÛɯÚÌÕÈÙàÖÓÈÙċɯÜàÎÜÓÈÕÔċıÛċÙȭɯ!Üɯ

ÒÈ×ÚÈÔËÈɯ ÏÈÉÌÙÓÌıÔÌɯ ÔÌÚÈÍÌÚÐȮɯ ÚÐÚÛÌÔɯ ÛÌ×ÒÐɯ ÚĹÙÌÚÐɯ ÝÌɯ ÒÖÔÜÛɯ ËÖĀÙÜÓÜĀÜɯ ×ÈÙÈÔÌÛÙÌÓÌÙÐɯ ÈÕÈÓÐáɯ

ÌËÐÓÔÐıÛÐÙȭɯ3ÌÚÛÓÌÙɯÏÌÔɯÈñċÒɯÈÓÈÕɯÏÌÔɯËÌɯÌÕÎÌÓÓÐɯÖÙÛÈÔɯÒÖıÜÓÓÈÙċÕËÈɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıɯÖÓÜ×ȮɯÌÓËÌɯÌËÐÓÌÕɯ

ÚÖÕÜñÓÈÙɯÉÐÙɯÚÖÕÙÈÒÐɯÉġÓĹÔËÌɯËÌÛÈàÓċɯÖÓÈÙÈÒɯÚÜÕÜÓÔÜıÛÜÙȭ 

Ɨȭɯ2ÖÕÜñÓÈÙɯÝÌɯ3ÈÙÛċıÔÈ 

&ÌÓÐıÛÐÙÐÓÌÕɯÈÒċÓÓċɯÌÝɯÖÛÖÔÈÚàÖÕɯÚÐÚÛÌÔÐÕÐÕɯ×ÌÙÍÖÙÔÈÕÚċȮɯÍÈÙÒÓċɯÖÙÛÈÔɯÒÖıÜÓÓÈÙċÕËÈɯÎÌÙñÌÒÓÌıÛÐÙÐÓÌÕɯ

ËÌÕÌàÚÌÓɯ ÛÌÚÛÓÌÙɯ ÐÓÌɯ ÒÈ×ÚÈÔÓċɯ ÖÓÈÙÈÒɯ ËÌĀÌÙÓÌÕËÐÙÐÓÔÐıÛÐÙȭɯ !Üɯ ËÖĀÙÜÓÛÜËÈɯ ÚÐÚÛÌÔÐÕɯ ÏÈÉÌÙÓÌıÔÌɯ

×ÌÙÍÖÙÔÈÕÚċȮɯÛÌ×ÒÐɯÚĹÙÌÚÐɯÝÌɯÒÖÔÜÛɯËÖĀÙÜÓÜĀÜɯ×ÈÙÈÔÌÛÙÌÓÌÙÐɯÈÕÈÓÐáɯÌËÐÓÔÐıÛÐÙȭɯ&ÌÓÐıÛÐÙÐÓÌÕɯÚÐÚÛÌÔÐÕɯ

ÎÌÙñÌÒɯ×ÙÖÛÖÛÐ×ɯÜàÎÜÓÈÔÈÚċÕÈɯÈÐÛɯÎġÙĹÕÛĹɯ©ÌÒÐÓɯƗɀÛÌɯÝÌÙÐÓÔÐıɯÖÓÜ×ȮɯÉÜɯ×ÙÖÛÖÛÐ×ɯĹáÌÙÐÕËÌɯàÈ×ċÓÈÕɯÛÌÚÛÓÌÙɯ

ÚÖÕÜÊÜÕËÈɯÚÐÚÛÌÔÐÕɯÒÈÙÈÙÓċɯÝÌɯËÖĀÙÜɯıÌÒÐÓËÌɯñÈÓċıÛċĀċɯËÖĀÙÜÓÈÕÔċıÛċÙȭ 

 

 
 

©ÌÒÐÓɯƗȭ &ÌÓÐıÛÐÙÐÓÌÕɯÈÒċÓÓċɯÌÝɯÖÛÖÔÈÚàÖÕɯÚÐÚÛÌÔÐÕÐÕɯ×ÙÖÛÖÛÐ×ɯÜàÎÜÓÈÔÈɯÎġÙĹÕÛĹÚĹ 

Ɨȭƕȭɯ'ÈÉÌÙÓÌıÔÌɯ/ÌÙÍÖÙÔÈÕÚċ 

2ÐÚÛÌÔÐÕɯÏÈÉÌÙÓÌıÔÌɯ×ÌÙÍÖÙÔÈÕÚċÕċɯÐÕÊÌÓÌÔÌÒɯÈÔÈÊċàÓÈɯÈñċÒɯÈÓÈÕɯÖÙÛÈÔċÕËÈɯÍÈÙÒÓċɯÔÌÚÈÍÌÓÌÙËÌɯ

ÛÌÚÛÓÌÙɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȭɯ$ÓËÌɯÌËÐÓÌÕɯÚÖÕÜñÓÈÙɯ3ÈÉÓÖɯƕɀËÌɯÚÜÕÜÓÔÜıÛÜÙȭ 

 

Tablo 1.  ñċÒɯ ÓÈÕɯ'ÈÉÌÙÓÌıÔÌɯ/ÌÙÍÖÙÔÈÕÚċ 

Mesafe (m) /ÈÒÌÛɯ!ÈıÈÙċɯ.ÙÈÕċ (%) 3Ì×ÒÐɯ2ĹÙÌÚÐ (s) 

5 100 0.5 

10 99 0.5 

15 97 0.6 

20 95 0.7 

 

3ÈÉÓÖɯƕɯÐÕÊÌÓÌÕËÐĀÐÕËÌȮɯÔÌÚÈÍÌɯÈÙÛÛċÒñÈɯ×ÈÒÌÛɯÉÈıÈÙċɯÖÙÈÕċÕËÈɯÒÈËÌÔÌÓÐɯÉÐÙɯÈáÈÓÔÈɯÝÌɯÛÌ×ÒÐɯ

ÚĹÙÌÚÐÕËÌɯ ÈÙÛċıɯ ÖÓËÜĀÜɯ ÎġÙĹÓÔÌÒÛÌËÐÙȭɯ !ÜÕÜÕɯ ÛÌÔÌÓɯ ÕÌËÌÕÐȮɯ ÈÙÛÈÕɯ ÔÌÚÈÍÌàÌɯ ÉÈĀÓċɯ ÖÓÈÙÈÒɯ ÚÐÕàÈÓɯ

áÈàċÍÓÈÔÈÚċÕċÕɯ ÔÌàËÈÕÈɯ ÎÌÓÔÌÚÐËÐÙȭɯ !ÜÕÜÕÓÈɯ ÉÐÙÓÐÒÛÌɯ ÒċÚÈɯ ÝÌɯ ÖÙÛÈɯ ÔÌÚÈÍÌÓÌÙËÌɯ ÚÐÚÛÌÔÐÕɯ àĹÒÚÌÒɯ

ËÖĀÙÜÓÜÒɯÖÙÈÕċɯÐÓÌɯÒÈÙÈÙÓċɯÉÐÙɯıÌÒÐÓËÌɯñÈÓċıÛċĀċɯÉÌÓÐÙÓÌÕÔÐıÛÐÙȭ 

ƗȭƖȭɯ$ÕÎÌÓÓÐɯ.ÙÛÈÔɯ/ÌÙÍÖÙÔÈÕÚċ 

2ÐÚÛÌÔÐÕɯÒÈ×ÈÓċɯÝÌɯÍÐáÐÒÚÌÓɯÌÕÎÌÓÓÌÙÐÕɯÉÜÓÜÕËÜĀÜɯÖÙÛÈÔÓÈÙËÈÒÐɯ×ÌÙÍÖÙÔÈÕÚċÕċɯËÌĀÌÙÓÌÕËÐÙÔÌÒɯ

ÈÔÈÊċàÓÈɯÍÈÙÒÓċɯÚÌÕÈÙàÖÓÈÙɯÈÓÛċÕËÈɯÛÌÚÛÓÌÙɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȭɯ$ÓËÌɯÌËÐÓÌÕɯÚÖÕÜñÓÈÙɯ3ÈÉÓÖɯƖɀËÌɯÝÌÙÐÓÔÐıÛÐÙȭ 

 

Tablo 2. Engelli Ortam  'ÈÉÌÙÓÌıÔÌɯ/ÌÙÍÖÙÔÈÕÚċ 

Ortam Durumu  Mesafe (m) /ÈÒÌÛɯ!ÈıÈÙċɯ.ÙÈÕċɯȹǔȺ 3Ì×ÒÐɯ2ĹÙÌÚÐɯȹÚȺ 



*ċáÎċÕËÌÔÐÙɯÝÌɯIċÕÈÙȮɯ$2/ɪ-.6ɯ3ÈÉÈÕÓċɯ!ÐÙɯ#ÈĀċÛċÒɯ ÒċÓÓċɯ$Ýɯ2ÐÚÛÌÔÐɯ4àÎÜÓÈÔÈÚċ 

ƛƗ 
 

1 duvar 2.5 98 0.5 

1 duvar 6 97 0.5 

2 duvar 8 95 0.6 

2 duvar 15 93 0.7 

3 duvar  10 92 0.6 

3 duvar 20 93 0.7 

 

3ÈÉÓÖɯƖɯËÌĀÌÙÓÌÕËÐÙÐÓËÐĀÐÕËÌȮɯÍÐáÐÒÚÌÓɯÌÕÎÌÓÓÌÙÐÕɯÚÐÚÛÌÔɯ×ÌÙÍÖÙÔÈÕÚċɯĹáÌÙÐÕËÌɯËÖĀÙÜËÈÕɯÌÛÒÐÓÐɯ

ÖÓËÜĀÜɯÎġÙĹÓÔÌÒÛÌËÐÙȭɯ#ÜÝÈÙɯÚÈàċÚċÕċÕɯÈÙÛÔÈÚċɯÐÓÌɯÉÐÙÓÐÒÛÌɯ×ÈÒÌÛɯÉÈıÈÙċɯÖÙÈÕċÕËÈɯËĹıĹıɯÔÌàËÈÕÈɯÎÌÓÔÐıɯ

ÝÌɯÛÌ×ÒÐɯÚĹÙÌÚÐÕËÌɯÈÙÛċıɯÎġáÓÌÔÓÌÕÔÐıÛÐÙȭɯxáÌÓÓÐÒÓÌɯĹñ ËÜÝÈÙÓċɯÚÌÕÈÙàÖËÈɯÚÐÕàÈÓɯáÈàċÍÓÈÔÈÚċÕċÕɯËÈÏÈɯ

ÉÌÓÐÙÎÐÕɯÏÈÓÌɯÎÌÓËÐĀÐɯÛÌÚ×ÐÛɯÌËÐÓÔÐıÛÐÙȭ 

ƗȭƗȭɯ*ÖÔÜÛɯ!ÈıÈÙċɯ ÕÈÓÐáÐ 

2ÐÚÛÌÔÐÕɯÒÖÕÛÙÖÓɯ×ÌÙÍÖÙÔÈÕÚċÕċɯËÌĀÌÙÓÌÕËÐÙÔÌÒɯÈÔÈÊċàÓÈɯÛÖ×ÓÈÔɯƕƔƔɯÈñÔÈɯÝÌɯƕƔƔɯÒÈ×ÈÛÔÈɯÖÓÔÈÒɯ

ĹáÌÙÌɯƖƔƔɯÈËÌÛɯÒÖÕÛÙÖÓɯÒÖÔÜÛÜɯÎġÕËÌÙÐÓÔÐıÛÐÙȭɯ'ÌÙɯÉÐÙɯÒÖÔÜÛȮɯÚÐÚÛÌÔɯÛÈÙÈÍċÕËÈÕɯÉÈĀċÔÚċáɯÉÐÙɯÒÖÕÛÙÖÓɯ

ÚÐÕàÈÓÐɯÖÓÈÙÈÒɯËÌĀÌÙÓÌÕËÐÙÐÓÔÐıÛÐÙȭ 

 

Tablo 3. *ÖÔÜÛɯ!ÈıÈÙċɯ ÕÈÓÐáÐ 

Toplam Komut  !ÈıÈÙċÓċ !ÈıÈÙċÚċá !ÈıÈÙċɯ.ÙÈÕċɯȹǔȺ 

200 193 7 96.5 

 

&ÌÙñÌÒÓÌıÛÐÙÐÓÌÕɯÛÌÚÛÓÌÙɯÚÖÕÜÊÜÕËÈɯÚÐÚÛÌÔÐÕɯǔƝƚȭƙɯÖÙÈÕċÕËÈɯÉÈıÈÙċÓċɯñÈÓċıÛċĀċɯÉÌÓÐÙÓÌÕÔÐıÛÐÙȭɯ!Üɯ

ÚÖÕÜñȮɯÎÌÓÐıÛÐÙÐÓÌÕɯÚÐÚÛÌÔÐÕɯàĹÒÚÌÒɯËÖĀÙÜÓÜÒɯÖÙÈÕċÕÈɯÚÈÏÐ×ɯÖÓËÜĀÜÕÜɯÝÌɯÎĹÝÌÕÐÓÐÙɯÉÐÙɯıÌÒÐÓËÌɯñÈÓċıÛċĀċÕċɯ

ÎġÚÛÌÙÔÌÒÛÌËÐÙȭ 

 

'ÈÛÈɯ ËÜÙÜÔÓÈÙċɯ ÐÕÊÌÓÌÕËÐĀÐÕËÌȮɯ ÉÜɯ ÏÈÛÈÓÈÙċÕɯ ÉĹàĹÒɯ ÉÐÙɯ ÒċÚÔċÕċÕɯ ÚÐÚÛÌÔÐÕɯ ÛÌÔÌÓɯ ñÈÓċıÔÈɯ

×ÙÌÕÚÐÉÐÕËÌÕɯáÐàÈËÌɯÎÌÙÐɯÉÐÓËÐÙÐÔɯȹÍÌÌËÉÈÊÒȺɯÔÌÒÈÕÐáÔÈÚċɯÝÌɯÏÈÉÌÙÓÌıÔÌɯÚÌÕÒÙÖÕÐáÈÚàÖÕÜɯÐÓÌɯÐÓÎÐÓÐɯ

ÖÓËÜĀÜɯÎġÙĹÓÔĹıÛĹÙȭɯ!ÈáċɯËÜÙÜÔÓÈÙËÈɯÒÖÔÜÛɯÐÓÎÐÓÐɯËĹĀĹÔɯÛÈÙÈÍċÕËÈÕɯËÖĀÙÜɯıÌÒÐÓËÌɯÜàÎÜÓÈÕÔÈÚċÕÈɯ

ÙÈĀÔÌÕȮɯ ÔÌÙÒÌáÐɯ ÒÖÕÛÙÖÓɯ ÉÐÙÐÔÐÕÌɯ ÐÓÌÛÐÓÌÕɯ ÎÌÙÐɯ ÉÐÓËÐÙÐÔɯ ÉÐÓÎÐÚÐÕÐÕɯ ÎÌÊÐÒÔÌÓÐɯ ÝÌàÈɯ ÏÈÛÈÓċɯ ÖÓËÜĀÜɯ

ÎġáÓÌÔÓÌÕÔÐıÛÐÙȭ 

ƗȭƘȭɯ&ÌÕÌÓɯ#ÌĀÌÙÓÌÕËÐÙÔÌ 

$ÓËÌɯÌËÐÓÌÕɯÛĹÔɯÉÜÓÎÜÓÈÙɯÉÐÙÓÐÒÛÌɯËÌĀÌÙÓÌÕËÐÙÐÓËÐĀÐÕËÌȮɯÎÌÓÐıÛÐÙÐÓÌÕɯÈÒċÓÓċɯÌÝɯÖÛÖÔÈÚàÖÕɯÚÐÚÛÌÔÐÕÐÕɯ

ÎÌÕÌÓɯÖÓÈÙÈÒɯÒÈÙÈÙÓċȮɯÏċáÓċɯÝÌɯàĹÒÚÌÒɯËÖĀÙÜÓÜÒɯÖÙÈÕċɯÐÓÌɯñÈÓċıÛċĀċɯÎġÙĹÓÔÌÒÛÌËÐÙȭɯ#ÈĀċÛċÒɯÒÖÕÛÙÖÓɯÔÐÔÈÙÐÚÐɯ

ÚÈàÌÚÐÕËÌɯ ÚÐÚÛÌÔÐÕɯ ÛÌ×ÒÐɯ ÚĹÙÌÚÐɯ ÈáÈÓÛċÓÔċıɯ ÝÌɯ àÌÙÌÓɯ ÒÖÕÛÙÖÓɯ ËĹĀĹÔÓÌÙÐɯ ĹáÌÙÐÕËÌÕɯ ÏċáÓċɯ ÒÈÙÈÙɯ

ÔÌÒÈÕÐáÔÈÚċɯÚÈĀÓÈÕÔċıÛċÙȭ 

 

!ÜÕÜÕÓÈɯÉÐÙÓÐÒÛÌȮɯÚÐÚÛÌÔɯ×ÌÙÍÖÙÔÈÕÚċÕċÕɯÔÌÚÈÍÌɯÝÌɯÖÙÛÈÔɯÒÖıÜÓÓÈÙċÕÈɯÉÈĀÓċɯÖÓÈÙÈÒɯËÌĀÐıÒÌÕÓÐÒɯ

ÎġÚÛÌÙËÐĀÐɯ ÉÌÓÐÙÓÌÕÔÐıÛÐÙȭɯ xáÌÓÓÐÒÓÌɯ ÍÐáÐÒÚÌÓɯ ÌÕÎÌÓÓÌÙÐÕɯ ÈÙÛÔÈÚċȮɯ ÏÈÉÌÙÓÌıÔÌɯ ÒÈÓÐÛÌÚÐÕÐɯ ËÖĀÙÜËÈÕɯ

ÌÛÒÐÓÌÔÌÒÛÌËÐÙȭɯ àÙċÊÈɯÎÌÙÐɯÉÐÓËÐÙÐÔɯÔÌÒÈÕÐáÔÈÚċÕËÈɯÎġáÓÌÔÓÌÕÌÕɯÎÌÊÐÒÔÌÓÌÙÐÕɯÈáÈÓÛċÓÔÈÚċɯÝÌɯÚÐÚÛÌÔɯ

ÚÌÕÒÙÖÕÐáÈÚàÖÕÜÕÜÕɯÐàÐÓÌıÛÐÙÐÓÔÌÚÐȮɯÚÐÚÛÌÔɯ×ÌÙÍÖÙÔÈÕÚċÕċÕɯËÈÏÈɯĹÚÛɯÚÌÝÐàÌÓÌÙÌɯñċÒÈÙċÓÔÈÚċÕÈɯÒÈÛÒċɯ

ÚÈĀÓÈàÈÊÈÒÛċÙȭ 

Ƙȭɯ2ÖÕÜñ 

!Üɯ ñÈÓċıÔÈËÈȮɯ $2/--.6ɯ ÛÈÉÈÕÓċɯ ËÈĀċÛċÒɯ ÔÐÔÈÙÐàÌɯ ÚÈÏÐ×ɯ ÉÐÙɯ ÈÒċÓÓċɯ ÌÝɯ ÖÛÖÔÈÚàÖÕɯ ÚÐÚÛÌÔÐɯ

ÛÈÚÈÙÓÈÕÔċıɯÝÌɯÉÈıÈÙċàÓÈɯÜàÎÜÓÈÕÔċıÛċÙȭɯ&ÌÓÐıÛÐÙÐÓÌÕɯÚÐÚÛÌÔËÌȮɯÔÌÙÒÌáÐɯÒÖÕÛÙÖÓɯÉÐÙÐÔÐɯÝÌɯàÌÙÌÓɯÒÖÕÛÙÖÓɯ

ËĹĀĹÔÓÌÙÐɯÈÙÈÚċÕËÈɯÒÈÉÓÖÚÜáɯÏÈÉÌÙÓÌıÔÌɯÚÈĀÓÈÕÈÙÈÒɯÚÌÕÚġÙɯÝÌÙÐÓÌÙÐÕÐÕ ÐıÓÌÕÔÌÚÐɯÝÌɯÈÒÛĹÈÛġÙÓÌÙÐÕɯ

ÒÖÕÛÙÖÓĹɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȭ 

 



*ċáÎċÕËÌÔÐÙɯÝÌɯIċÕÈÙȮɯ$2/ɪ-.6ɯ3ÈÉÈÕÓċɯ!ÐÙɯ#ÈĀċÛċÒɯ ÒċÓÓċɯ$Ýɯ2ÐÚÛÌÔÐɯ4àÎÜÓÈÔÈÚċ 

ƛƘ 
 

&ÌÙñÌÒÓÌıÛÐÙÐÓÌÕɯËÌÕÌàÚÌÓɯñÈÓċıÔÈÓÈÙɯÚÖÕÜÊÜÕËÈȮɯÚÐÚÛÌÔÐÕɯÈñċÒɯÈÓÈÕɯÝÌɯÌÕÎÌÓÓÐɯÖÙÛÈÔÓÈÙËÈɯÎÌÕÌÓɯ

ÖÓÈÙÈÒɯÒÈÙÈÙÓċɯÉÐÙɯıÌÒÐÓËÌɯñÈÓċıÛċĀċɯÎġáÓÌÔÓÌÕÔÐıÛÐÙȭɯ ñċÒɯÈÓÈÕɯÛÌÚÛÓÌÙÐÕËÌɯàĹÒÚÌÒɯÉÈıÈÙċɯÖÙÈÕċɯÌÓËÌɯ

ÌËÐÓÐÙÒÌÕȮɯÍÐáÐÒÚÌÓɯÌÕÎÌÓÓÌÙÐÕɯÈÙÛÔÈÚċɯÐÓÌɯÉÐÙÓÐÒÛÌɯÏÈÉÌÙÓÌıÔÌɯ×ÌÙÍÖÙÔÈÕÚċÕËÈɯÉÌÓÐÙÓÐɯËĹáÌàËÌɯËĹıĹıɯ

ÔÌàËÈÕÈɯÎÌÓËÐĀÐɯÛÌÚ×ÐÛɯÌËÐÓÔÐıÛÐÙȭɯ!ÜÕÜÕÓÈɯÉÐÙÓÐÒÛÌɯÚÐÚÛÌÔÐÕɯñÖĀÜɯÚÌÕÈÙàÖËÈɯñÈÓċıÔÈàÈɯËÌÝÈÔɯÌÛÛÐĀÐɯÝÌɯ

ÐıÓÌÝÚÌÓÓÐĀÐÕÐɯÒÖÙÜËÜĀÜɯÉÌÓÐÙÓÌÕÔÐıÛÐÙȭ 

 

*ÖÔÜÛɯËÖĀÙÜÓÜĀÜɯÈÕÈÓÐáÐÕËÌɯÐÚÌɯÎġÕËÌÙÐÓÌÕɯƖƔƔɯÒÖÕÛÙÖÓɯÒÖÔÜÛÜÕÜÕɯƕƝƗɀĹÕĹÕɯÉÈıÈÙċÓċɯıÌÒÐÓËÌɯ

ÎÌÙñÌÒÓÌıÛÐÙÐÓËÐĀÐɯ ÝÌɯ ÚÐÚÛÌÔÐÕɯ ǔƝƚ,ƙɯ ÖÙÈÕċÕËÈɯ ËÖĀÙÜÓÜÒɯ ÐÓÌɯ ñÈÓċıÛċĀċɯ ÎġÙĹÓÔĹıÛĹÙȭɯ ,ÌàËÈÕÈɯ ÎÌÓÌÕɯ

ÏÈÛÈÓÈÙċÕɯÉĹàĹÒɯġÓñĹËÌɯÎÌÙÐɯÉÐÓËÐÙÐÔɯÔÌÒÈÕÐáÔÈÚċɯÝÌɯÏÈÉÌÙÓÌıÔÌɯÚÌÕÒÙÖÕÐáÈÚàÖÕÜɯÐÓÌɯÐÓÐıÒÐÓÐɯÖÓËÜĀÜɯ

ÉÌÓÐÙÓÌÕÔÐıÛÐÙȭ 

 

$ÓËÌɯÌËÐÓÌÕɯÚÖÕÜñÓÈÙȮɯËÈĀċÛċÒɯÔÐÔÈÙÐÕÐÕɯÚÐÚÛÌÔÐÕɯÛÌ×ÒÐɯÚĹÙÌÚÐÕÐɯÈáÈÓÛÔÈËÈɯÝÌɯÌÚÕÌÒɯÉÐÙɯàÈ×ċɯ

ÚÈĀÓÈÔÈËÈɯ ÌÛÒÐÓÐɯ ÖÓËÜĀÜÕÜɯ ÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ  àÙċÊÈɯ $2/--.6ɯ ×ÙÖÛÖÒÖÓĹÕĹÕɯ ËĹıĹÒɯ ÎÌÊÐÒÔÌÓÐɯ ÝÌɯ

ÐÕÛÌÙÕÌÛɯ ÉÈĀċÔÚċáɯ ÏÈÉÌÙÓÌıÔÌɯ ÎÌÙÌÒÛÐÙÌÕɯ ÜàÎÜÓÈÔÈÓÈÙɯ ÐñÐÕɯ ÜàÎÜÕɯ ÉÐÙɯ ñġáĹÔɯ ÚÜÕËÜĀÜɯ

ËÌĀÌÙÓÌÕËÐÙÐÓÔÐıÛÐÙȭ 

&ÌÓÌÊÌÒÛÌɯ àÈ×ċÓÈÊÈÒɯ ñÈÓċıÔÈÓÈÙËÈȮɯ ÚÐÚÛÌÔÐÕɯ ÎÌÙÐɯ ÉÐÓËÐÙÐÔɯ ÔÌÒÈÕÐáÔÈÚċÕċÕɯ ÐàÐÓÌıÛÐÙÐÓÔÌÚÐȮɯ ÝÌÙÐɯ

ÚÌÕÒÙÖÕÐáÈÚàÖÕÜÕÜÕɯÖ×ÛÐÔÐáÌɯÌËÐÓÔÌÚÐɯÝÌɯÍÈÙÒÓċɯ(Ö3ɯ×ÓÈÛÍÖÙÔÓÈÙċɯÐÓÌɯÌÕÛÌÎÙÈÚàÖÕÜÕÜÕɯÚÈĀÓÈÕÔÈÚċɯÐÓÌɯ

ÚÐÚÛÌÔɯ×ÌÙÍÖÙÔÈÕÚċÕċÕɯËÈÏÈɯËÈɯÈÙÛċÙċÓÈÉÐÓÌÊÌĀÐɯġÕÎġÙĹÓÔÌÒÛÌËÐÙȭ 
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Investigation of the Physical and Mechanical Properties of 

Silica Fume Added Bricks Sintered Under High -Temperature 

Conditions   

Abstract  

Silica fume is obtained during the smelting process of silicon metal or silicon alloys in electric arc 
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it possesses refractory properties. It is anticipated that the disposal of silica fume, which is a waste 

material, by substituting it into brick materials through recycling will provide both environmental and 

economic benefits. In this study, the effect of silica fume additives on the physical and mechanical 

properties of bricks under high -temperature conditions was investigated. Brick samples were produced 

by substituting silica fume into clay from the Afyonkara hisar region at ratios of 0%, 10%, 20%, and 30% 
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tests were performed on the sintered experimental samples. The results obtained from these tests were 

evaluated to examine the impact of the waste additive on the properties of the bricks.   
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!ÜɯñÈÓċıÔÈȰɯÚÐÓÐÚɯËÜÔÈÕċÕċÕɯÛÜĀÓÈɯĹÙÌÛÐÔÐÕËÌɯÐÒÈÔÌɯÔÈÓáÌÔÌɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÈÉÐÓÐÙÓÐĀÐÕÐɯÚÖÙÎÜÓÈÔÈÒȮɯ

ÍÈÙÒÓċɯÒÈÛÒċɯÖÙÈÕÓÈÙċÕċÕɯÝÌɯÚÐÕÛÌÙÓÌÔÌɯÚċÊÈÒÓċÒÓÈÙċÕċÕɯÛÜĀÓÈÕċÕɯŗáÐÒÚÌÓɯÝÌɯÔÌÒÈÕÐÒɯġáÌÓÓÐÒÓÌÙÐɯĹáÌÙÐÕËÌÒÐɯ

ÌÛÒÐÚÐÕÐɯËÌÕÌàÚÌÓɯÖÓÈÙÈÒɯÖÙÛÈàÈɯÒÖàÔÈÒɯÈÔÈÊċàÓÈɯàĹÙĹÛĹÓÔĹıÛĹÙȭ 

2. Materyal ve Metot  

2.1. Materyal  

²ÙÌÛÐÔɯÐñÐÕɯÎÌÙÌÒÓÐɯÏÈÔÔÈËËÌɯÝÌɯÒÈÛÒċÓÈÙċÕɯÒÈÙċıċÔɯÖÙÈÕÓÈÙċȮɯĹÙÌÛÐÔɯÈıÈÔÈÓÈÙċɯÝÌɯàÈ×ċÓÈÕɯÛÌÚÛÓÌÙɯ

ÈıÈĀċËÈɯÈñċÒÓÈÕÔċıÛċÙȭɯIÈÓċıÔÈËÈɯÏÈÔÔÈËËÌɯÖÓÈÙÈÒɯ ÍàÖÕÒÈÙÈÏÐÚÈÙɯÉġÓÎÌÚÐÕËÌɯÉÐÙɯÛÜĀÓÈɯÍÈÉÙÐÒÈÚċÕËÈÕɯ

ÌÓËÌɯÌËÐÓÔÐıɯÖÓÈÕɯàĹÒÚÌÒɯ×ÓÈÚÛÐÚÐÛÌàÌɯÚÈÏÐ×ɯÛÜĀÓÈɯÒÐÓÐɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯKil hammaddesinin kimyasal 

ÉÐÓÌıÐÔÐɯ3ÈÉÓÖɯƕɀËÌɯÝÌÙÐÓÔÐıÛÐÙ. 

 



 ÓÔÖÏÈÔÈËɯÝÌɯ*ÈÏÙÈÔÈÕȮɯ8ĹÒÚÌÒɯ2ċÊÈÒÓċÒɯ*ÖıÜÓÓÈÙċÕËÈɯ2ÐÕÛÌÙÓÌÕÌÕɯ2ÐÓÐÚɯ#ÜÔÈÕċɯ*ÈÛÒċÓċɯ3ÜĀÓÈÓÈÙċÕɯ

%ÐáÐÒÚÌÓɯÝÌɯ,ÌÒÈÕÐÒɯxáÌÓÓÐÒÓÌÙÐÕÐÕɯ ÙÈıÛċÙċÓÔÈÚċ 

ƛƛ 
 

Tablo 1. IÈÓċıÔÈËÈɯÒÜÓÓÈÕċÓÈÕɯÛÜĀÓÈɯÒÐÓÐÕÐÕɯÒÐÔàÈÚÈÓɯÉÐÓÌıÐÔÐ 

Oksit  SiO 2 Al 2O3 CaO MgO  K 2O Na2O SO3 Fe2O3 *ċáËȭ*Èà TOPLAM  

Kil  50.25 21.38 3.69 2.68 2.64 0.90 1.20 6.64 9.00 99.48 

 

3ÜĀÓÈɯÏÈÔÔÈËËÌÚÐɯĹÙÌÛÐÔÌɯÉÈıÓÈÕÔÈËÈÕɯġÕÊÌɯÌÛĹÝËÌɯƕƔƙɯ0"ɀËÌɯËÌĀÐıÔÌáɯÈĀċÙÓċĀÈɯÎÌÓÐÕÊÌàÌɯÒÈËÈÙɯ

ÒÜÙÜÛÜÓÔÜıÛÜÙȭɯ #ÈÏÈɯ ÚÖÕÙÈɯ ÒÜÙÜÛÜÓÈÕɯ ÏÈÔÔÈËËÌɯ ÚÌÙÈÔÐÒɯ ÉÐÓàÈÓċɯ ËÌĀÐÙÔÌÕËÌɯ ÐÚÛÌÕÌÕɯ ÐÕÊÌÓÐĀÌɯ

ÎÌÓÐÕÊÌàÌɯÒÈËÈÙɯġĀĹÛĹÓÔĹıÛĹÙȭɯ 

 

IÈÓċıÔÈËÈɯÒÈÛÒċɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÈÕɯÚÐÓÐÚɯËÜÔÈÕċɯ ÕÛÈÓàÈɯ$ÛÐÉÈÕÒɯ$ÓÌÒÛÙÖÔÌÛÈÓĹÙÑÐɯdıletmesinden 

ÛÌÔÐÕɯÌËÐÓÔÐıÛÐÙȭɯ2ÐÓÐÚɯËÜÔÈÕċÕċÕɯÒÐÔàÈÚÈÓɯÈÕÈÓÐáÐɯ3ÈÉÓÖɯƖɀËÌɯÝÌÙÐÓÔÐıÛÐÙȭ 

 

Tablo 2ȭɯ2ÐÓÐÚɯ#ÜÔÈÕċÕċÕɯ*ÐÔàÈÚÈÓɯ ÕÈÓÐáÐ 

Oksit  SiO 2 Al 2O3  Fe2O3  S+A+F  CaO  MgO  *ċáËȭ *ÈàÉċɯ 

Silis #ÜÔÈÕċ 81.4 0.92  0.32  82.64  2.86  8.05  3.01  

 

#ÌÕÌàɯġÙÕÌÒÓÌÙÐÕÐÕɯ×ÐıÐÙÐÓÔÌÚÐÕËÌɯɁProthermɂɯÔÈÙÒÈȮɯƕƙƔƔɯŵ"ɯÚċÊÈÒÓċÒɯÝÌɯÖÛÖÔÈÛÐÒɯÛÌÙÔÖÚÛÈÛÓċȮɯǷɯƙɯ

ŵ"ɯÏÈÚÚÈÚÐàÌÛÓÐȮɯËÐÑÐÛÈÓɯÎġÚÛÌÙÎÌÓÐɯÍċÙċÕɯÒÜÓÓÈÕċÓÔċıÛċÙȭ 

2.2. Metot 

IÈÓċıÔÈËÈɯÛÜĀÓÈɯÕÜÔÜÕÌÓÌÙÐÕÐÕɯĹÙÌÛÐÔÐÕËÌɯǔƔɯÚÐÓÐÚɯËÜÔÈÕċɯȹ2#ȺɯÒÜÓÓÈÕċÓÈÕɯÒÖÕÛÙÖÓɯÚÌÙÐÚÐÕÌɯÌÒɯ

ÖÓÈÙÈÒɯ ÒÐÓɯ ÏÈÔÔÈËËÌÚÐÕÌɯ ÈĀċÙÓċÒñÈɯ ǔƕƔȮɯ ǔƖƔɯ ÝÌɯ ǔƗƔɯ ÚÐÓÐÚɯ ËÜÔÈÕċɯ ÐÒÈÔÌɯ ÌËÐÓÌÙÌÒɯ ÒÈÙċıċÔÓÈÙɯ

ÏÈáċÙÓÈÕÔċıÛċÙȭɯ*ÈÙċıċÔÓÈÙɯġÕÊÌÓÐÒÓÌɯÒÜÙÜɯÖÓÈÙÈÒɯÏÖÔÖÑÌÕɯÉÐÙɯÒÈÙċıċÔɯÌÓËÌɯÌËÐÓÐÕÊÌàÌɯÒÈËÈÙɯÒÈÙċıÛċÙċÓÔċıɯ

ÝÌɯÚÖÕÙÈÚċÕËÈɯÒÈÙċıċÔɯÚÜàÜɯÐÓÈÝÌɯÌËÐÓÌÙÌÒɯÔÈÕÜÌÓɯÖÓÈÙÈÒɯàÖĀÜÙÜÓÔÜıÛÜÙɯȹ©ÌÒÐÓɯƕȺȭɯ 

©ÌÒÐÓɯƕȭ *ÐÓɯÝÌɯÚÐÓÐÚɯËÜÔÈÕċɯÒÈÙċıċÔċÕċÕɯÏÈáċÙÓÈÕÔċıɯÏÈÓÐ 

Kontrol serisi  ÐÓÌɯÉÐÙÓÐÒÛÌɯÛÖ×ÓÈÔɯƘɯÍÈÙÒÓċɯÚÌÙÐ ÛÜĀÓÈɯÒÈÙċıċÔċɯÏÈáċÙÓÈÕÔċıÛċÙȭɯDeney numunelerinin  

ÏÈáċÙÓÈÕÔÈÚċÕËÈɯ30 ÔÔɯñÈ×ÓċɯÔÌÛÈÓɯÚÐÓÐÕËÐÙɯÒÈÓċp ÒÜÓÓÈÕċÓÔċıÛċÙȭ NÜÔÜÕÌÓÌÙÐÕɯÕÈÙÐÕÓÐÒɯÖÙÈÕÓÈÙċɯƖɯÖÓÈÊÈÒɯ

ıÌÒÐÓËÌɯÉÖàÜÛÓÈÕËċÙÔÈÓÈÙċɯàÈ×ċÓÔċıÛċÙȭɯ-ÜÔÜÕÌÓÌÙÐÕɯĹÙÌÛÐÔÐɯÓÈÉÖÙÈÛÜÝÈÙɯÛÐ×ÐɯÔÈÕÜÌÓɯÏÐËÙÖÓÐÒɯ×ÙÌÚÛÌ 70 

ÉÈÙɯÉÈÚċÕñɯÈÓÛċÕËÈɯàÈ×ċÓÔċıÛċÙ ȹ©ÌÒÐÓɯƖȺ. *ÈÙċıċÔɯÖÙÈÕÓÈÙċɯ3ÈÉÓÖɯƗɀËÌɯÝÌÙÐÓÔÐıÛÐÙȭɯ 



 ÓÔÖÏÈÔÈËɯÝÌɯ*ÈÏÙÈÔÈÕȮɯ8ĹÒÚÌÒɯ2ċÊÈÒÓċÒɯ*ÖıÜÓÓÈÙċÕËÈɯ2ÐÕÛÌÙÓÌÕÌÕɯ2ÐÓÐÚɯ#ÜÔÈÕċɯ*ÈÛÒċÓċɯ3ÜĀÓÈÓÈÙċÕɯ

%ÐáÐÒÚÌÓɯÝÌɯ,ÌÒÈÕÐÒɯxáÌÓÓÐÒÓÌÙÐÕÐÕɯ ÙÈıÛċÙċÓÔÈÚċ 

ƛƜ 
 

(a) (b) 

©ÌÒÐÓɯƖȭ ȹÈȺɯ-ÜÔÜÕÌÓÌÙÐÕɯıÌÒÐÓÓÌÕËÐÙÐÓÔÌÚÐÕËÌɯÒÜÓÓÈÕċÓÈÕɯƖƙɯÛÖÕÓÜÒɯÏÐËÙÖÓÐÒɯÌÓɯ×ÙÌÚÐɯÝÌɯÚÐÓÐÕËÐÙɯÒÈÓċ×ȮȹÉȺɯ

ÚÐÓÐÕËÐÙɯġÙÕÌÒÓÌÙ 

Tablo 3. IÈÓċıÔÈËÈɯÒÜÓÓÈÕċÓÈÕɯÔÈÓáÌÔÌÓÌÙÐÕɯÒÈÙċıċÔɯÖÙÈÕÓÈÙċ 

Seri  3ÜĀÓÈɯ*ÐÓÐɯȹǔȺ  2ÐÓÐÚɯ#ÜÔÈÕċɯȹ%)  

1 100 0 

2 90 10 

3 80 20 

4 70 30 

 

*ÈÙċıċÔÓÈÙÈɯ ÒÈÛċÓÈÊÈÒɯ ÏÈÔÔÈËËÌɯ ÖÙÈÕÓÈÙċɯ ÈĀċÙÓċÒñÈɯ ÉÌÓÐÙÓÌÕÔÐıÛÐÙȭɯ ²ÙÌÛÐÓÌÕɯ ÛÜĀÓÈɯ ġÙÕÌÒÓÌÙÐ 

ËÌĀÐıÔÌáɯÈĀċÙÓċĀÈɯÎÌÓÐÕÊÌàÌɯÒÈËÈÙɯÓÈÉÖÙÈÛÜÝÈÙɯÛÐ×ÐɯÌÛĹvde 105 0"ɀËÌɯÒÜÙÜÛÜÓÔÜıÛÜÙ. *ÜÙÜÛÔÈɯÐıÓÌÔÐɯ

ÚÖÕÙÈÚċÕËÈɯÛÜĀÓÈɯÕÜÔÜÕÌÓÌÙÐ ÓÈÉÖÙÈÛÜÝÈÙɯÛÐ×ÐɯÍċÙċÕËÈȰɯ900 Ș"Ȯɯ10ƔƔɯȘ"ɯÝÌɯ11ƔƔɯȘ"ɀËÌȮɯÚÖÕɯÚċÊÈÒÓÈÙËÈɯ2 

saat ÉÌÒÓÌàÌÊÌÒɯıÌÒÐÓËÌɯĹñɯÍÈÙÒÓċɯÚċÊÈÒÓċÒÛÈɯÚÐÕÛÌÙÓÌÕÔÌÚÐɯÚÈĀÓÈÕÔċıÛċÙɯȹ©ÌÒÐÓ 3). 

©ÌÒÐÓɯƗ. 3ÜĀÓÈɯÕÜÔÜÕÌÓÌÙÐÕÐÕɯÍċÙċÕɯÐñÌÙÐÚÐÕËÌÒÐɯËÐáÐÓÐÔÐ 

2ÐÕÛÌÙÓÌÔÌɯÐıÓÌÔÐɯÚÖÕÙÈÚċÕËÈɯÍċÙċÕɯċÚċÚċɯÖËÈɯÚċÊÈÒÓċĀċÕÈɯÜÓÈıÛċĀċÕËÈɯÕÜÔÜÕÌÓÌÙɯÍċÙċÕËÈÕɯñċÒÈÙÛċÓÔċıɯ

×ÐıÔÐıɯÈĀċÙÓċÒÓÈÙċɯÛÈÙÛċÓÔċıÛċÙɯÝÌɯÍÐáÐÒÚÌÓɯÛÌÚÛÓÌÙɯÐñÐÕɯÚÜàÈɯÒÖÕÔÜıÛÜÙȭɯ2ÜËÈɯƖƘɯÚÈÈÛɯÉÌÒÓÌÛÐÓÌÕɯÕÜÔÜÕÌÓÌÙÐÕɯ

ÚÜɯÐñÌÙÐÚÐÕËÌÒÐɯÈÚċÓċɯÈĀċÙÓċÒÓÈÙċȮɯàĹáÌàɯÒÜÙÜɯËÖàÎÜÕɯÈĀċÙÓċÒÓÈÙċɯÈÓċÕÈÙÈÒɯ ÙıÐÔÌÛɯ×ÙÌÕÚÐÉÐÕÌɯÎġÙÌɯÍÐáÐÒÚÌÓɯ

ġáÌÓÓÐÒÓÌÙÐɯÉÌÓÐÙÓÌÕÔÐıÛÐÙɯȹ©ÌÒÐÓ 4)ȭ 

 

©ÌÒÐÓɯƘ. /ÐıÔÐıɯÕÜÔÜÕÌÓÌÙÐÕɯÈĀċÙÓċÒÓÈÙċÕċÕɯġÓñĹÓÔÌÚÐ 

3ĹÔɯÒÈÙċıċÔɯÖÙÈÕÓÈÙċÕËÈÕɯÝÌɯÍÈÙÒÓċɯÚÐÕÛÌÙÓÌÔÌɯÚċÊÈÒÓċĀċÕÈɯÚÈÏÐ×ɯÕÜÔÜÕÌÓÌÙËÌÕɯƙɀÌÙɯÈËÌÛɯġÙÕÌÒɯÈÓċÕÈÙÈÒɯ

ÔÌÒÈÕÐÒɯġáÌÓÓÐÒÓÌÙËÌÕɯÉÐÙÐɯÖÓÈÕɯÉÈÚċÕñɯËÈàÈÕċÔɯÛÌÚÛÐÕÌɯÛÈÉÐɯÛÜÛÜÓÔÜıÛÜÙɯȹ©ÌÒÐÓɯƙȺȭ 



 ÓÔÖÏÈÔÈËɯÝÌɯ*ÈÏÙÈÔÈÕȮɯ8ĹÒÚÌÒɯ2ċÊÈÒÓċÒɯ*ÖıÜÓÓÈÙċÕËÈɯ2ÐÕÛÌÙÓÌÕÌÕɯ2ÐÓÐÚɯ#ÜÔÈÕċɯ*ÈÛÒċÓċɯ3ÜĀÓÈÓÈÙċÕɯ

%ÐáÐÒÚÌÓɯÝÌɯ,ÌÒÈÕÐÒɯxáÌÓÓÐÒÓÌÙÐÕÐÕɯ ÙÈıÛċÙċÓÔÈÚċ 

ƛƝ 
 

 

 

©ÌÒÐÓɯƙ. !ÈÚċÕñɯËÈàÈÕċÔċɯÛÌÚÛÐ 

ƕƕƔƔɯƔ"ɀËÌɯǔɯƖƔɯÝÌɯǔƗƔɯÚÐÓÐÚɯËÜÔÈÕċɯÐÒÈÔÌɯÌËÐÓÌÕɯÚÌÙÐÓÌÙËÌɯÕÜÔÜÕÌÓÌÙɯÌÙÐÔÐıɯÝÌɯËÌÍÖÙÔÈÚàÖÕÈɯÔÈÙÜáɯ

ÒÈÓËċÒÓÈÙċÕËÈÕɯËÖÓÈàċɯġÓñĹÔɯàÈ×ċÓÈÔÈÔċıÛċÙɯȹıÌÒÐÓ 6). 

 

©ÌÒÐÓɯƚ. ƕƕƔƔȘ"ɅËÌɯÚÐÕÛÌÙÓÌÕÌÕɯǔƖƔɯÝÌɯǔƗƔɯ2#ɯÒÈÛÒċÓċɯÕÜÔÜÕÌÓÌÙÐÕɯÍċÙċÕɯñċÒċıċɯÎġÙĹÕĹÔĹȭ 

Ɨȭɯ2ÖÕÜñÓÈÙɯÝÌɯ3ÈÙÛċıÔÈ 

 

IÈÓċıÔÈɯ ÐÓÌɯ ÐÓÎÐÓÐɯ àÈ×ċÓÈÕɯ ÍÐáÐÒÚÌÓɯ ÝÌɯ ÔÌÒÈÕÐÒ ÛÌÚÛÓÌÙËÌÕɯ ÌÓËÌɯ ÌËÐÓÌÕɯ ÚÖÕÜñÓÈÙɯ ÉÜɯ ÉġÓĹÔËÌɯ

ÝÌÙÐÓÔÐıÛÐÙȭ 

Ɨȭƕȭɯ%ÐáÐÒÚÌÓɯxáÌÓÓÐÒÓÌÙ 

*ÐÓɯÕÜÔÜÕÌÓÌÙÌɯÒÜÙÜÔÈɯÝÌɯ×ÐıÔÌɯÛÌÚÛÓÌÙÐɯÜàÎÜÓÈÕÔċıÛċÙȭɯ2ÖÕÙÈÚċÕËÈɯÌÛĹÝɯÈĀċÙÓċÒÓÈÙċɯÝÌɯ×ÐıÔÐıɯ

ÈĀċÙÓċÒÓÈÙċɯÛÌÚ×ÐÛɯÌËÐÓÔÐıÛÐÙȭɯ ÙıÐÔÌÛɯÛÌÙÈáÐÚÐÕËÌɯÛÈÙÛċÔÓÈÙċɯàÈ×ċÓÈÙÈÒɯÌÓËÌɯÌËÐÓÌÕɯÝÌÙÐÓÌÙÌɯÎġÙÌɯÚÜɯÌÔÔÌȮɯ

×ÖÙÐáÐÛÌɯÝÌɯÉÐÙÐÔɯÏÈÊÐÔɯÈĀċÙÓċÒɯġáÌÓÓÐÒÓÌÙÐɯÉÌÓÐÙÓÌÕÔÐıÛir.  

 

3.1.1. Porozite 

$ÓËÌɯ ÌËÐÓÌÕɯ ÝÌÙÐÓÌÙÌɯ ÎġÙÌɯƝƔƔɯ Ș"ɯ ÚċÊÈÒÓċÒÛÈɯ ÚÐÓÐÚɯ ËÜÔÈÕċɯ ÖÙÈÕċɯ ÈÙÛÛċÒñÈɯ ×ÖÙÖáÐÛÌɯ ËÌĀÌÙÓÌÙÐɯ

àĹÒÚÌÓÔÌÒÛÌËÐÙȰɯǔƔɯ2#ɯÐÓÌɯǔƗƕȮƘƝɯÖÓÈÕɯ×ÖÙÖáÐÛÌȮɯǔƗƔɯ2#ɯÒÈÛÒċÚċàÓÈɯǔƗƛȮƙƔɯÚÌÝÐàÌÚÐÕÌɯñċÒÔÈÒÛÈËċÙȭɯƕƕƔƔɯ

Ș"ɯÚċÊÈÒÓċĀÈɯÜÓÈıċÓËċĀċÕËÈɯÚÐÓÐÚɯËÜÔÈÕċɯÒÈÛÒċÚċɯ×ÖÙÖáÐÛÌàÐɯËĹıĹÙĹÊĹɯÉÐÙɯÌÛÒÐɯÖÓÜıÛÜÙÔÜıÛÜÙÙȭɯ!ÜɯÚċÊÈÒÓċÒÛÈɯ

ǔƗƔɯ2#ɯÐñÌÙÌÕɯÕÜÔÜÕÌȮɯǔƗȮƚƚɯÐÓÌɯÚÌÙÐËÌÒÐɯÌÕɯËĹıĹÒɯ×ÖÙÖáÐÛÌɯËÌĀÌÙÐÕÌɯÜÓÈıÈÙÈÒɯÌÕɯàÖĀÜÕɯàÈ×ċàċɯ

ÚÌÙÎÐÓÌÔÐıÛÐÙȭ 2ÐÓÐÚɯËÜÔÈÕċɯËĹıĹÒɯÚċÊÈÒÓċÒÓÈÙËÈɯÎġáÌÕÌÒÓÐÓÐĀÐɯÈÙÛċÙċÙÒÌÕȮɯàĹÒÚÌÒɯÚċÊÈÒÓċÒÓÈÙËÈɯȹƕƕƔƔɯȘ"Ⱥɯ

matrisin daha ÚċÒċɯÉÈĀÓÈÕÔÈÚċÕċɯÚÈĀÓÈàÈÙÈÒɯÉÖıÓÜÒɯÏÈÊÔÐÕÐɯÔÐÕÐÔÐáÌɯÌÛÛÐĀÐɯËĹıĹÕĹÓÔÌÒÛÌËÐÙɯȹ©ÌÒÐÓɯƛȺȭ 



 ÓÔÖÏÈÔÈËɯÝÌɯ*ÈÏÙÈÔÈÕȮɯ8ĹÒÚÌÒɯ2ċÊÈÒÓċÒɯ*ÖıÜÓÓÈÙċÕËÈɯ2ÐÕÛÌÙÓÌÕÌÕɯ2ÐÓÐÚɯ#ÜÔÈÕċɯ*ÈÛÒċÓċɯ3ÜĀÓÈÓÈÙċÕɯ

%ÐáÐÒÚÌÓɯÝÌɯ,ÌÒÈÕÐÒɯxáÌÓÓÐÒÓÌÙÐÕÐÕɯ ÙÈıÛċÙċÓÔÈÚċ 

ƜƔ 
 

 

©ÌÒÐÓɯƛȭɯ2ċÊÈÒÓċÒɯ#ÌĀÐıÐÔÐ- /ÖÙÖáÐÛÌɯ&ÙÈÍÐĀÐ 

3.1.2 Su Emme 

3ĹÔɯÕÜÔÜÕÌɯÎÙÜ×ÓÈÙċÕËÈȮɯÚċÊÈÒÓċÒɯƝƔƔɯȘ"ɅËÌÕɯƕƕƔƔɯȘ"ɅàÌɯàĹÒÚÌÓËÐÒñÌɯÚÜɯÌÔÔÌɯÖÙÈÕÓÈÙċÕËÈɯÊÐËËÐɯÉÐÙɯ

ËĹıĹıɯàÈıÈÕÔÈÒÛÈËċÙȭɯ!ÜɯËÜÙÜÔȮɯÚċÊÈÒÓċÒɯÈÙÛċıċàÓÈɯÉÐÙÓÐÒÛÌɯÔÈÓáÌÔÌÕÐÕɯÚÐÕÛÌÙÓÌıÔÌɯËÌÙÌÊÌÚÐÕÐÕɯÈÙÛÛċĀċÕċɯ

ÝÌɯÉÖıÓÜÒÓÜɯàÈ×ċÕċÕɯÒÈ×ÈÕËċĀċÕċɯÎġÚÛÌÙÔÐıÛÐÙȭɯƕƔƔƔɯȘ"ɯÊÐÝÈÙċÕËÈɯÛĹÔɯÕÜÔÜÕÌÓÌÙÐÕɯÚÜɯÌÔÔÌɯËÌĀÌÙÓÌÙÐɯ

ÉÐÙÉÐÙÐÕÌɯàÈÒÓÈıÔÈÒÛÈɯȹǔƕƛ-ǔƕƜɯÈÙÈÓċĀċȺȮɯÈÕÊÈÒɯƕƕƔƔɯȘ"ɅàÌɯñċÒċÓËċĀċÕËÈɯ2#ɯÒÈÛÒċÚċÕċÕɯÕÜÔÜÕÌàÐɯËÈÏÈɯ

àÖĀÜÕɯÏÈÓÌɯÎÌÛÐÙÔÌɯȹÉÖıÓÜÒÓÈÙċɯÒÈ×ÈÛÔÈȺɯÌÛÒÐÚÐÕÐÕɯÉÈÚÒċÕɯÏÈÓÌɯÎÌÓËÐĀÐɯÎġÙĹÓÔĹıÛĹÙȭɯ2ÐÓÐÚɯËÜÔÈÕċɯËĹıĹÒɯ

ÚċÊÈÒÓċÒÓÈÙËÈɯÎġáÌÕÌÒÓÐÓÐĀÐɯÈÙÛċÙċÊċɯÉÐÙɯÌÛÒÐɯàÈ×ÈÙÒÌÕȮɯƕƕƔƔɯȘ"ɯÎÐÉÐɯàĹÒÚÌÒɯÚċÊÈÒÓċÒÓÈÙËÈɯÊÈÔÚċɯÍÈáɯ

ÖÓÜıÜÔÜÕÈɯàÈÙËċÔÊċɯÖÓÈÙÈÒɯÔÈÓáÌÔÌÕÐÕɯÚÜɯÚċáËċÙÔÈáÓċĀċÕċɯÝÌɯàÖĀÜÕÓÜĀÜÕÜɯÈÙÛċÙËċĀċɯÎġáÓÌÔÓÌÕÔÐıÛÐÙɯ

ȹ©ÌÒÐÓɯƜȺȭ 

 

©ÌÒÐÓɯƜȭɯ2ċÊÈÒÓċÒɯ#ÌĀÐıÐÔÐ- Su Emme &ÙÈÍÐĀÐ 

ƗȭƕȭƗɯ!ÐÙÐÔɯ'ÈÊÐÔɯ ĀċÙÓċÒ 

/ÐıÐÙÔÌɯÚċÊÈÒÓċÒÓÈÙċÕËÈɯƕƕƔƔɯȘ"ɯÐñÐÕɯǔƖƔɯÝÌɯǔƗƔɯ2#ɯÐÒÈÔÌɯÒÈÙċıċÔÓÈÙËÈ ġÓñĹÔɯàÈ×ċÓÈÔÈÔċıÛċÙȭ 

Malzeme ÉÜɯÚċÊÈÒÓċÒɯÝÌɯÒÈÛÒċɯÖÙÈÕċÕËÈɯÍÐáÐÒÚÌÓɯÉĹÛĹÕÓĹĀĹÕĹɯÒÖÙÜàÈÔÈÔċıɯÝÌɯÉÐÙÐÔɯÏÈÊÐÔɯÈĀċÙÓċÒɯ

ÏÌÚÈ×ÓÈÔÈËÈɯÏÈÊÐÔɯÐñÐÕɯÎÌÙÌÒÓÐɯÖÓÈÕɯÕÜÔÜÕÌɯñÈ×ċɯÝÌɯÉÖàÜɯġÓñĹÓÌÔÌÔÐıÛÐÙȭɯKontrol serisinde (%0) 

ÒÈÛÒċÓċɯÝÌɯǔƕƔɯ2#ɯÒÈÛÒċÓċɯÕÜÔÜÕÌÓÌÙËÌȮɯÚċÊÈÒÓċÒɯÈÙÛÛċÒñÈɯÉÐÙÐÔɯÏÈÊÐÔɯÈĀċÙÓċĀċÕċÕɯËÈɯËĹáÌÕÓÐɯÖÓÈÙÈÒɯÈÙÛÛċĀċɯ

ÎġÙĹÓÔÌÒÛÌËÐÙȭɯ!ÜɯËÜÙÜÔȮɯÚÐÕÛÌÙÓÌÔÌɯÚĹÙÌÊÐÕÐÕɯÉÜɯÕÜÔÜÕÌÓÌÙËÌɯÚÛÈÉÐÓɯÐÓÌÙÓÌËÐĀÐÕÐɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯSilis 

ËÜÔÈÕċÕċÕɯġáÎĹÓɯÈĀċÙÓċĀċÕċÕɯÒÐÓɯÏÈÔÔÈËËÌÚÐÕËÌÕɯËĹıĹÒɯÖÓÔÈÚċɯÚÌÉÌÉÐàÓÌɯ2#ɯÖÙÈÕċɯÈÙÛÛċÙċÓËċÒñÈɯÉÐÙÐÔɯ

ÈĀċÙÓċĀċÕɯËĹıÛĹĀĹɯÎġáÓÌÔÓÌÕÔÐıÛÐÙȭɯȹ©ÌÒÐÓɯƝȺ.  



 ÓÔÖÏÈÔÈËɯÝÌɯ*ÈÏÙÈÔÈÕȮɯ8ĹÒÚÌÒɯ2ċÊÈÒÓċÒɯ*ÖıÜÓÓÈÙċÕËÈɯ2ÐÕÛÌÙÓÌÕÌÕɯ2ÐÓÐÚɯ#ÜÔÈÕċɯ*ÈÛÒċÓċɯ3ÜĀÓÈÓÈÙċÕɯ

%ÐáÐÒÚÌÓɯÝÌɯ,ÌÒÈÕÐÒɯxáÌÓÓÐÒÓÌÙÐÕÐÕɯ ÙÈıÛċÙċÓÔÈÚċ 

Ɯƕ 
 

 

©ÌÒÐÓɯƝȭɯ2ċÊÈÒÓċÒɯ#ÌĀÐıÐÔÐ- !ÐÙÐÔɯ'ÈÊÐÔɯ ĀċÙÓċĀċ &ÙÈÍÐĀÐ 

ƗȭƖȭɯ,ÌÒÈÕÐÒɯġáÌÓÓÐÒÓÌÙ 

2ÐÕÛÌÙÓÌÕÌÕɯÕÜÔÜÕÌÓÌÙÌɯÉÈÚċÕñɯËÈàÈÕċÔċɯÛÌÚÛÐɯÜàÎÜÓÈÕÔċıÛċÙȭ $ÓËÌɯÌËÐÓÌÕɯÚÖÕÜñÓÈÙɯ3ÈÉÓÖɯƕƔɀËÈɯ

ÝÌÙÐÓÔÐıÛÐÙȭɯ2ÈÍɯÒÐÓɯȹǔƔɯ2#ȺɯÝÌɯǔƕƔɯ2#ɯÒÈÛÒċÓċɯÒÈÙċıċÔÓÈÙȮɯƝƔƔɯȘ"ɅËÌÕɯƕƕƔƔɯȘ"ɅàÌɯÒÈËÈÙɯÚĹÙÌÒÓÐɯÉÐÙɯÈÙÛċıɯ

ÚÌÙÎÐÓÌÔÌÒÛÌËÐÙȭɯɯǔƖƔɯÝÌɯǔƗƔɯ2#ɯÒÈÛÒċÓċɯÕÜÔÜÕÌÓÌÙɯÐÚÌɯƕƔƔƔɯȘ"ɯÚċÊÈÒÓċĀÈɯÒÈËÈÙɯÛÌÚÛɯÌËÐÓÌÉÐÓÐÙɯËÌĀÌÙÓÌÙɯ

ÚÜÕÔÜıȮɯÈÕÊÈÒɯƕƕƔƔɯȘ"ɅËÌɯÕÜÔÜÕÌÓÌÙÐÕɯÍÖÙÔÜÕÜɯÒÈàÉÌËÌÙÌÒɯËÌÍÖÙÔÈÚàÖÕÈɯÜĀÙÈÔÈÚċÕËÈÕɯËÖÓÈàċɯÛÌÚÛɯ

ÎÌÙñÌÒÓÌıÛÐÙÐÓÌÔÌÔÐıɯÝÌɯġÓñĹÔɯËċıċɯÉċÙÈÒċÓÔċıÛċÙȭɯ$ÕɯàĹÒÚÌÒɯËÈàÈÕċÔɯËÌĀÌÙÐɯƕƕƔƔɯȘ"ɯÚċÊÈÒÓċÒÛÈɯÚÈÍɯÒÐÓɯ

numunesinde (18Ȯƙƛɯ,/ÈȺɯÎġÙĹÓĹÙÒÌÕȮɯƕƔƔƔɯȘ"ɅËÌɯǔƕƔɯ2#ɯÒÈÛÒċÚċɯȹƕƛȮƚƙɯ,/ÈȺɯÚÈÍɯÒÐÓËÌÕɯËÈÏÈɯÐàÐɯÚÖÕÜñɯ

ÝÌÙÔÐıÛÐÙȭ 

 

©ÌÒÐÓɯƕƔȭ 2ċÊÈÒÓċÒɯ#ÌĀÐıÐÔÐ- !ÈÚċÕñɯËÈàÈÕċÔċɯÎÙÈÍÐĀ  

Ƙȭɯ2ÖÕÜñ 

$ÓËÌɯÌËÐÓÌÕɯÚÖÕÜñÓÈÙɯÐÕÊÌÓÌÕËÐĀÐÕËÌɯÚÐÓÐÚɯËÜÔÈÕċɯÒÈÛÒċÚċÕċÕɯÝÌɯÖÙÈÕÓÈÙċÕċÕɯËÌĀÐıÒÌÕÓÐĀÐÕÌɯÉÈĀÓċɯ

ÖÓÈÙÈÒɯ ÍÈÙÒÓċɯ ÚÖÕÜñÓÈÙɯ ÌÓËÌɯ ÌËÐÓÔÐıÛÐÙȭɯIÈÓċıÔÈɯ ÚÖÕÜñÓÈÙċȮɯ ÚÐÓÐÚɯ ËÜÔÈÕċÕċÕɯ ƕƕƔƔɯ Ș"ɯ ÎÐÉÐɯ àĹÒÚÌÒɯ

ÚċÊÈÒÓċÒÓÈÙËÈɯñÖÒɯËĹıĹÒɯ×ÖÙÖáÐÛÌɯÝÌɯÚÜɯÌÔÔÌɯËÌĀÌÙÓÌÙÐɯÚÈĀÓÈËċĀċÕċȮɯÈÕÊÈÒɯÔÌÒÈÕÐÒɯËÈàÈÕċÔɯÈñċÚċÕËÈÕɯ

en dengeli sonucun %10 ÚÐÓÐÚɯËÜÔÈÕċ ÒÈÛÒċÚċɯÝÌɯƕƔƔƔɯȘ"-ƕƕƔƔɯȘ"ɯÚċÊÈÒÓċÒɯÈÙÈÓċĀċÕËÈɯÌÓËÌɯÌËÐÓËÐĀÐÕÐɯ

ÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ'ÈÍÐÍÓÐÒɯÝÌɯËĹıĹÒɯÚÜɯÌÔÔÌɯġÕÊÌÓÐÒÓÐɯÖÓËÜĀÜÕËÈɯàĹÒÚÌÒɯÖÙÈÕÓċɯÚÐÓÐÚɯËÜÔÈÕċ ÒÜÓÓÈÕċÔċɯ

ËÈÏÈɯÐàÐɯÚÖÕÜñÓÈÙɯÌÓËÌɯÌËÐÓÔÌÚÐÕÐɯÚÈĀÓÈÔċıÛċÙȭ $ÕËĹÚÛÙÐàÌÓɯÉÐÙɯÈÛċÒɯÖÓÈÕɯÚÐÓÐÚɯËÜÔÈÕċÕċÕɯàÈ×ċɯÚÌÒÛġÙĹÕËÌɯ



 ÓÔÖÏÈÔÈËɯÝÌɯ*ÈÏÙÈÔÈÕȮɯ8ĹÒÚÌÒɯ2ċÊÈÒÓċÒɯ*ÖıÜÓÓÈÙċÕËÈɯ2ÐÕÛÌÙÓÌÕÌÕɯ2ÐÓÐÚɯ#ÜÔÈÕċɯ*ÈÛÒċÓċɯ3ÜĀÓÈÓÈÙċÕɯ

%ÐáÐÒÚÌÓɯÝÌɯ,ÌÒÈÕÐÒɯxáÌÓÓÐÒÓÌÙÐÕÐÕɯ ÙÈıÛċÙċÓÔÈÚċ 

ƜƖ 
 

ÎÌÙÐɯ ÒÈáÈÕċÓÈÙÈÒɯ ËÈÏÈɯ ÚĹÙËĹÙĹÓÌÉÐÓÐÙɯ ÝÌɯ àĹÒÚÌÒɯ ×ÌÙÍÖÙÔÈÕÚÓċɯ àÈ×ċɯ ÔÈÓáÌÔÌÓÌÙÐɯ ĹÙÌÛÐÓÌÉÐÓÌÊÌĀÐɯ

ËĹıĹÕĹÓÔÌÒÛÌËÐÙȭɯ 2ÖÕÙÈÒÐɯ ñÈÓċıÔÈÓÈÙËÈɯ ĹÙÌÛÐÓÌÕɯ ÕÜÔÜÕÌÓÌÙɯ ÐñÐÕɯ ċÚċɯ ÐÓÌÛÒÌÕÓÐÒɯ ÝÌɯ ÈÒÜÚÛÐÒɯ ÛÌÚÛÓÌÙÐɯ

àÈ×ċÓÈÙÈÒɯĹÙĹÕÓÌÙÐÕɯàÈÓċÛċÔɯËÌĀÌÙÓÌÙÐɯÏÈÒÒċÕËÈɯÈÙÈıÛċÙÔÈÓÈÙɯàÈ×ċÓÔÈÚċɯ×ÓÈÕÓÈÕÔÈÒÛÈËċÙȭ 
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 ÍàÖÕɯ*ÖÊÈÛÌ×Ìɯ²ÕÐÝÌÙÚÐÛÌÚÐ 

5ȭɯ*ÖÊÈÛÌ×Ìɯ,ĹÏÌÕËÐÚÓÐÒɯ!ÐÓÐÔÓÌÙÐɯxĀÙÌÕÊÐɯ2ÌÔ×ÖáàÜÔÜ 

12-14 ,ÈàċÚɯƖƔƖ6, Afyonkarahisar  

 

ƜƗ 
 

&ġÙÔÌɯ$ÕÎÌÓÓÐÓÌÙɯdñÐÕɯƗɯ!ÖàÜÛÓÜɯ#ÖÒÜÕÚÈÓɯ'ÈÙÐÛÈɯ3ÈÚÈÙċÔċɯÝÌɯ²ÙÌÛÐÔÐɯ 

 

2ÌËÈÕÜÙɯ*(8 *+(ƳɖȮɯ/ÙÖÍȭɯ#ÙȭɯdÉÙÈÏÐÔɯ8(+, 9ƴ 
ƕɖɯ ÍàÖÕɯ*ÖÊÈÛÌ×Ìɯ²ÕÐÝÌÙÚÐÛÌÚÐȮɯ,ĹÏÌÕËÐÚÓÐÒɯ%ÈÒĹÓÛÌÚÐȮɯ'ÈÙÐÛÈɯ,ĹÏÌÕËÐÚÓÐĀÐɯ ÕÈÉÐÓÐÔɯ#ÈÓċȮɯÚÌËÈÕÜÙÒÐàÈÒÓÐɑÎÔÈÐÓȭÊÖÔɯ 

Ɩ ÍàÖÕɯ*ÖÊÈÛÌ×Ìɯ²ÕÐÝÌÙÚÐÛÌÚÐȮɯ,ĹÏÌÕËÐÚÓÐÒɯ%ÈÒĹÓÛÌÚÐȮɯ'ÈÙÐÛÈɯ,ĹÏÌÕËÐÚÓÐĀÐɯ!ġÓĹÔĹȮɯÐàÐÓÔÈáɑÈÒÜȭÌËÜȭÛÙɯ 
ɖ2ÖÙÜÔÓÜɯ8ÈáÈÙȯɯ2ÌËÈÕÜÙɯ*(8 *+( 

xáÌÛɯ 

"ÖĀÙÈÍÐɯÝÌɯÔÌÒäÕÚÈÓɯÉÐÓÎÐàÌɯÌÙÐıÐÔȮɯÛÖ×ÓÜÔÜÕɯÛĹÔɯÉÐÙÌàÓÌÙÐɯÐñÐÕɯÌÝÙÌÕÚÌÓɯÉÐÙɯÏÈÒɯÖÓÜ×ɯɆ,ÌÒäÕÚÈÓɯ

 ËÈÓÌÛɆɯÒÈÝÙÈÔċÕċÕɯÛÌÔÌÓÐÕÐɯÖÓÜıÛÜÙÔÈÒÛÈËċÙȭɯ*ÈÙÛÖÎÙÈÍàÈɯĹÙĹÕÓÌÙÐÕÐÕɯÉĹàĹÒɯÉÐÙɯÒċÚÔċÕċÕɯÎġÙÚÌÓɯ

ÖËÈÒÓċɯ ÛÈÚÈÙÓÈÕÔÈÚċȮɯ ÎġÙÔÌɯ ÌÕÎÌÓÓÐɯ ÝÌɯ Èáɯ ÎġÙÌÕɯ ÉÐÙÌàÓÌÙÐÕɯ ÊÖĀÙÈÍàÈɯ ÌĀÐÛÐÔÐÕËÌɯ ÝÌɯ ÔÌÒäÕÚÈÓɯ

ÈÕÓÈÔÓÈÕËċÙÔÈɯÚĹÙÌñÓÌÙÐÕËÌɯÍċÙÚÈÛɯÌıÐÛÚÐáÓÐĀÐɯàÈıÈÔÈÚċÕÈɯÕÌËÌÕɯÖÓÔÈÒÛÈËċÙȭɯ!ÜɯñÈÓċıÔÈÕċÕɯÛÌÔÌÓɯÈÔÈÊċȰɯ

'ÈÙÐÛÈɯ,ĹÏÌÕËÐÚÓÐĀÐɯ×ÙÌÕÚÐ×ÓÌÙÐɯËÖĀÙÜÓÛÜÚÜÕËÈɯÒÜÙÜÔÚÈÓɯÝÌɯÈñċÒɯÒÈàÕÈÒÓċɯÝÌÙÐÓÌÙÐȮɯ$ÙÐàÐÒɯ8ċĀÔÈɯ

Modelleme (Fused Deposition Modeli ng-FDM) teknolojisiyle entegre ederek dokunsal (haptik) harita 

ÖÒÜÙàÈáÈÙÓċĀċÕċɯËÌÚÛÌÒÓÌàÌÊÌÒɯÌĀÐÛÐÔɯÔÈÛÌÙàÈÓÓÌÙÐɯÎÌÓÐıÛÐÙÔÌÒÛÐÙȭ ,ÌÛÖËÖÓÖÑÐɯÒÈ×ÚÈÔċÕËÈȰɯÔĹÓÒÐɯÝÌɯ

ÐËÈÙÐɯËÌÛÈàÓÈÙɯÐñÐÕɯ3ĹÙÒÐàÌɯ4ÓÜÚÈÓɯ"ÖĀÙÈÍÐɯ!ÐÓÎÐɯ2ÐÚÛÌÔÐɯȹ34"!2ȺɯÚÛÈÕËÈÙÛÓÈÙċÕËÈÒÐɯÒÜÙÜÔÚÈÓɯÝÌÙÐÓÌÙɯ

ȹ'ÈÙÐÛÈɯ&ÌÕÌÓɯ,ĹËĹÙÓĹĀĹɯȻ'&,ȼȮɯ3È×ÜɯÝÌɯ*ÈËÈÚÛÙÖɯ&ÌÕÌÓɯ,ĹËĹÙÓĹĀĹɯȻ3*&,ȼȮɯ!ÌÓÌËÐàÌɯ"ÖĀÙÈÍÐɯ!ÐÓÎÐɯ

Sistemleri [CBS] vb.), topogrÈÍÐÒɯàĹáÌàÓÌÙɯÐñÐÕɯ4áÈàɯ,ÌÒÐĀÐɯ1ÈËÈÙɯ3Ö×ÖÎÙÈÍàÈɯ,ÐÚàÖÕÜɯȹ2ÏÜÛÛÓÌɯ1ÈËÈÙɯ

Topography Mission -213,ȺɯÝÌɯÔÐÒÙÖɯġÓñÌÒÓÐɯÒÌÕÛÚÌÓɯÈÓÈÕÓÈÙɯÐñÐÕɯ ñċÒɯ2ÖÒÈÒɯ'ÈÙÐÛÈÚċɯȹ.×ÌÕ2ÛÙÌÌÛ,È×- 

.2,ȺɯÎÐÉÐɯÈñċÒɯÝÌÙÐɯÚÌÙÝÐÚÓÌÙÐɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯ"ÖĀÙÈÍÐɯ!ÐÓÎÐɯ2ÐÚÛÌÔÓÌÙÐɯàÈáċÓċÔÓÈÙċɯȹ0&(2ȺȮɯ.×ÌÕ2" #ɯÝÌɯ

!ÓÌÕËÌÙɯàÈáċÓċÔÓÈÙċàÓÈɯàĹÙĹÛĹÓÌÕɯÚĹÙÌñÛÌȰɯ"ÙÌÈÓÐÛàɯ*ƕ"ɯƗɯ!ÖàÜÛÓÜɯȹƗ!ȺɯàÈáċÊċɯÝÌɯ"ÙÌÈÓÐÛàɯ2ÓÐÊÌÙɯËÐÓÐÔÓÌÔÌɯ

yazċÓċÔċɯÒÜÓÓÈÕċÓÈÙÈÒɯÏÌÔɯÈáɯÎġÙÌÕɯÏÌÔɯËÌɯÛÈÔɯÎġÙÔÌɯÌÕÎÌÓÓÐɯÉÐÙÌàÓÌÙÐÕɯÌıáÈÔÈÕÓċɯÒÜÓÓÈÕċÔċÕÈɯÜàÎÜÕɯ

ÖÓÈÕȮɯÐËÈÙÐɯÚċÕċÙÓÈÙċɯÉÌÓÐÙÎÐÕÓÌıÛÐÙÐÓÔÐıɯàĹÒÚÌÒɯÒÖÕÛÙÈÚÛÓċɯÝÌɯ!ÙÈÐÓÓÌɯÈÓÍÈÉÌÓÐɯÔÖËĹÓÌÙɯ3ĹÙÒÐàÌɯÏÈÙÐÛÈÚċɯÐÓÌɯ

ÌıɯàĹÒÚÌÓÛÐɯÌĀÙÐÚÐɯÔÈÕÛċĀċÕċɯÚÖÔÜÛÓÈıÛċÙÈÕɯÛÖ×ÖÎÙÈÍÐÒɯàÈ×ċÓÈÙɯ×ÙÖÛÖÛÐ×ɯÖÓÈÙÈÒɯĹÙÌÛÐÓÔÐıÛÐÙȭɯ àÙċÊÈɯÒÌÕÛÚÌÓɯ

ËÖÒÜɯÌĀÐÛÐÔÐÕÌɯàġÕÌÓÐÒɯÖÓÈÙÈÒȮɯÛÈÙÐÏÐɯ ÍàÖÕɯ*ÈÓÌÚÐɯÝÌɯñÌÝÙÌÚÐɯÐñÐÕɯËÖÒÜÕÚÈÓɯÕÈÝÐÎÈÚàÖÕɯÚÛÙÈÛÌÑÐÓÌÙÐɯ

ÒÜÙÎÜÓÈÕÔċıÛċÙȭɯ2ÖÕÜñÓÈÙȮɯƗ!ɯàÈáċÊċÓÈÙċÕɯÎÌÓÌÕÌÒÚÌÓɯÒÈÉÈÙÛÔÈɯàġÕÛÌÔÓÌÙÐÕÌɯÒċàÈÚÓÈɯËÈÏÈɯÌÒÖÕÖÔÐÒȮɯ

ÎĹÕÊÌÓÓÌÕÌÉÐÓÐÙɯÝÌɯàĹÒÚÌÒɯÏÈÚÚÈÚÐàÌÛÓÐɯÉÐÙɯɆ$ÕÎÌÓÚÐáɯ*ÈÙÛÖÎÙÈÍàÈɆɯÈÓÛàÈ×ċÚċɯÚÜÕËÜĀÜÕÜȰɯÉÜɯÛÈÚÈÙċÔÓÈÙċÕɯ

ËÐÑÐÛÈÓɯÖÙÛÈÔËÈɯ×ÈàÓÈıċÓÈÙÈÒɯÌĀÐÛÐÔËÌɯÌÝÙÌÕÚÌÓɯÉÐÙɯàÈàÎċÕɯÌÛÒÐɯàÈÙÈÛÈÉÐÓÌÊÌĀÐÕÐɯÎġÚÛÌÙÔÌÒÛÌËÐÙ.  

 

 ÕÈÏÛÈÙɯ ÒÌÓÐÔÌÓÌÙȯɯ&ġÙÔÌɯ $ÕÎÌÓÓÐÓÌÙȰɯ#ÖÒÜÕÚÈÓɯ 'ÈÙÐÛÈȮɯƗ!ɯ !ÈÚÒċȮɯ!ÙÈÐÓÓÌɯ ÓÍÈÉÌÚÐȮɯ"ÖĀÙÈŗɯ !ÐÓÎÐɯ

2ÐÚÛÌÔÓÌÙÐɯȹ"!2ȺȮɯ*ÈÙÛÖÎÙÈÍàÈ 

Design And Product ion Of 3d Tact i le Maps for the Visually 

Impa i red 

Abstract  

 ÊÊÌÚÚɯÛÖɯÎÌÖÎÙÈ×ÏÐÊÈÓɯÈÕËɯÚ×ÈÛÐÈÓɯÐÕÍÖÙÔÈÛÐÖÕɯÐÚɯÈɯÜÕÐÝÌÙÚÈÓɯÙÐÎÏÛɯÈÕËɯÍÖÙÔÚɯÛÏÌɯÉÈÚÐÚɯÖÍɯɆ2×ÈÛÐÈÓɯ

)ÜÚÛÐÊÌɆȭɯ3ÏÌɯÝÐÚÜÈÓɯÍÖÊÜÚɯÖÍɯÔÖÚÛɯÊÈÙÛÖÎÙÈ×ÏÐÊɯ×ÙÖËÜÊÛÚɯÓÌÈËÚɯÛÖɯÐÕÌØÜÈÓÐÛàɯÖÍɯÖ××ÖÙÛÜÕÐÛàɯÍÖÙɯÝÐÚÜÈÓÓàɯ

ÐÔ×ÈÐÙÌËɯÈÕËɯÓÖÞɪÝÐÚÐÖÕɯÐÕËÐÝÐËÜÈÓÚɯÐÕɯÎÌÖÎÙÈ×ÏàɯÌËÜÊÈÛÐÖÕȭɯ3ÏÌɯÔÈÐÕɯÖÉÑÌÊÛÐÝÌɯÖÍɯÛÏÐÚɯÚÛÜËàɯÐÚɯÛÖɯ

ËÌÝÌÓÖ×ɯÌËÜÊÈÛÐÖÕÈÓɯÔÈÛÌÙÐÈÓÚɯÛÏÈÛɯÚÜ××ÖÙÛɯÛÈÊÛÐÓÌɯÔÈ×ɯÓÐÛÌÙÈÊàɯÉàɯÐÕÛÌÎÙÈÛÐÕÎɯÐÕÚÛÐÛÜÛÐÖÕÈÓɯÈÕËɯÖ×ÌÕɪ

ÚÖÜÙÊÌɯËÈÛÈɯÞÐÛÏɯ%ÜÚÌËɯ#Ì×ÖÚÐÛÐÖÕɯ,ÖËÌÓÐÕÎɯȹ%#,ȺɯÛÌÊÏÕÖÓÖÎàɯÉÈÚÌËɯÖÕɯ,È×ɯ$ÕÎÐÕÌÌÙÐÕÎɯ×ÙÐÕÊÐ×ÓÌÚȭɯ

6ÐÛÏÐÕɯÛÏÌɯÔÌÛÏÖËÖÓÖÎàȰɯ&ÌÕÌÙÈÓɯ#ÐÙÌÊÛÖÙÈÛÌɯÖÍɯ,È××ÐÕÎɯȹ'&,ȺɯÝÌÊÛÖÙɯËÈÛÈɯÍÖÙɯÈËÔÐÕÐÚÛÙÈÛÐÝÌɯ

ÉÖÜÕËÈÙÐÌÚȮɯ- 2 ɯ213,ɯËÈÛÈɯÍÖÙɯÛÖ×ÖÎÙÈ×ÏÐÊɯÚÜÙÍÈÊÌÚȮɯÈÕËɯ.×ÌÕ2ÛÙÌÌÛ,È×ɯȹ.2,ȺɯËÈÛÈɯÍÖÙɯÔÐÊÙÖɪ

ÚÊÈÓÌɯÈÙÌÈÚɯÞÌÙÌɯÜÚÌËȭɯ(ÕɯÛÏÌɯ×ÙÖÊÌÚÚɯÊÈÙÙÐÌËɯÖÜÛɯÞÐÛÏɯ0&(2Ȯɯ.×ÌÕ2" #ȮɯÈÕËɯ!ÓÌÕËÌÙȰɯÈɯÏÐÎÏɪÊÖÕÛÙÈÚÛɯ

ÔÖËÜÓÈÙɯÔÈ×ɯÖÍɯ3ÜÙÒÌàɯÞÐÛÏɯ×ÙÖÔÐÕÌÕÛɯÈËÔÐÕÐÚÛÙÈÛÐÝÌɯÉÖÙËÌÙÚɯÈÕËɯ!ÙÈÐÓÓÌɯÓÈÉÌÓÚɯÚÜÐÛÈÉÓÌɯÍÖÙɯÉÖÛÏɯÓÖÞɪ



*ċàÈÒÓċɯÝÌɯ8ċÓÔÈáȮɯ&ġÙÔÌɯ$ÕÎÌÓÓÐÓÌÙɯdñÐÕɯƗɯ!ÖàÜÛÓÜɯ#ÖÒÜÕÚÈÓɯ'ÈÙÐÛÈɯ3ÈÚÈÙċÔċɯÝÌɯ²ÙÌÛÐÔÐ 

ƜƘ 
 

ÝÐÚÐÖÕɯÈÕËɯÛÖÛÈÓÓàɯÉÓÐÕËɯÐÕËÐÝÐËÜÈÓÚȮɯÈÓÖÕÎɯÞÐÛÏɯÛÖ×ÖÎÙÈ×ÏÐÊɯÚÛÙÜÊÛÜÙÌÚɯÌÔÉÖËàÐÕÎɯÊÖÕÛÖÜÙɯÓÐÕÌɯÓÖÎÐÊȮɯ

ÞÌÙÌɯ×ÙÖËÜÊÌËɯÈÚɯ×ÙÖÛÖÛà×ÌÚɯÜÚÐÕÎɯÛÏÌɯ"ÙÌÈÓÐÛàɯ*ƕ"ɯƗɪ#ÐÔÌÕÚÐÖÕÈÓɯȹƗ#Ⱥɯ×ÙÐÕÛÌÙɯÈÕËɯ"ÙÌÈÓÐÛàɯ2ÓÐÊÌÙɯ

ÚÖÍÛÞÈÙÌȭɯ ËËÐÛÐÖÕÈÓÓàȮɯÛÈÊÛÐÓÌɯÕÈÝÐÎÈÛÐÖÕɯÚÛÙÈÛÌÎÐÌÚɯÍÖÙɯÛÏÌɯÏÐÚÛÖÙÐÊÈÓɯ ÍàÖÕɯ"ÈÚÛÓÌɯÈÕËɯÐÛÚɯÚÜÙÙÖÜÕËÐÕÎÚɯ

ÞÌÙÌɯÌÚÛÈÉÓÐÚÏÌËɯÍÖÙɯÜÙÉÈÕɯÛÌßÛÜÙÌɯÌËÜÊÈÛÐÖÕȭɯ3ÏÌɯÙÌÚÜÓÛÚɯÚÏÖÞɯÛÏÈÛɯƗ#ɯ×ÙÐÕÛÌÙÚɯÖřÌÙɯÈɯÔÖÙÌɯÌÊÖÕÖÔÐÊÈÓȮɯ

Ü×ËÈÛÈÉÓÌȮɯÈÕËɯÏÐÎÏɪ×ÙÌÊÐÚÐÖÕɯɆ(ÕÊÓÜÚÐÝÌɯ"ÈÙÛÖÎÙÈ×ÏàɆɯÐÕÍÙÈÚÛÙÜÊÛÜÙÌɯÊÖÔ×ÈÙÌËɯÛÖɯÛÙÈËÐÛÐÖÕÈÓɯÔÌÛÏÖËÚȰɯ

ÈÕËɯÛÏÈÛɯÚÏÈÙÐÕÎɯÛÏÌÚÌɯËÌÚÐÎÕÚɯËÐÎÐÛÈÓÓàɯÊÈÕɯÊÙÌÈÛÌɯÈɯÜÕÐÝÌÙÚÈÓɯÐÔ×ÈÊÛɯÐÕɯÌËÜÊÈÛÐÖÕȭɯ 

 

*ÌàÞÖÙËÚȯɯ5ÐÚÜÈÓÓàɯ(Ô×ÈÐÙÌËȰɯ3ÈÊÛÐÓÌɯ,È×ȮɯƗ#ɯ/ÙÐÕÛÐÕÎȮɯ!ÙÈÐÓÓÌɯ Ó×ÏÈÉÌÛȮɯ&ÌÖÎÙÈ×ÏÐÊɯ(ÕÍÖÙÔÈÛÐÖÕɯ

2àÚÛÌÔÚɯȹ&(2ȺȮɯ"ÈÙÛÖÎÙÈ×Ïà 

ƕȭɯ&ÐÙÐı 

*ÈÙÛÖÎÙÈÍàÈȮɯÔÌÒäÕÚÈÓɯÝÌÙÐÓÌÙÐÕɯÉÌÓÐÙÓÐɯÚÌÔÉÖÓÖÑÐ ÝÌɯġÓñÌÒɯÒÜÙÈÓÓÈÙċɯñÌÙñÌÝÌÚÐÕËÌɯÐÓÌÛÐÓÔÌÚÐÕÐɯÚÈĀÓÈÙȭɯ

 ÕÊÈÒɯÏÈÙÐÛÈÓÈÙċÕɯÉĹàĹÒɯġÓñĹËÌɯÎġÙÚÌÓɯÈÓÎċàÈɯÏÐÛÈ×ɯÌÛÔÌÚÐȮɯÎġÙÔÌɯàÌÛÌÙÚÐáÓÐĀÐɯÖÓÈÕɯÉÐÙÌàÓÌÙÐÕɯÔÌÒäÕċɯ

áÐÏÐÕÓÌÙÐÕËÌɯÊÈÕÓÈÕËċÙÔÈÚċÕċɯÝÌɯÊÖĀÙÈÍàÈɯÌĀÐÛÐÔÐÕÐɯáÖÙÓÈıÛċÙÔÈÒÛÈËċÙɯ[1]ȭɯ&ġÙÔÌɯÌÕÎÌÓÓÐɯÉÐÙÌàÓÌÙÐÕɯ

ÔÌÒäÕÚÈÓɯ ÈÓÎċÓÈÙċÕċɯ ÎÌÓÐıÛÐÙÔÌÚÐÕËÌɯ ÝÌɯ ÊÖĀÙÈÍÐɯ ÉÌÊÌÙÐÓÌÙɯ ÒÈáÈÕÔÈÚċÕËÈɯ ÌÕÎÌÓÐÕÌɯ ÜàÎÜÕɯ ËÖÒÜÕÚÈÓɯ

ÔÈÛÌÙàÈÓÓÌÙÐÕɯÒÜÓÓÈÕċÔċɯÒÙÐÛÐÒɯÉÐÙɯÙÖÓÌɯÚÈÏÐ×ÛÐÙɯ[2]ȭɯ&ÌÓÌÕÌÒÚÌÓɯÌÓɯÐıñÐÓÐĀÐɯÝÌàÈɯÛÌÙÔÖÍÖÙÔɯÎÐÉÐɯÒÈÉÈÙÛÔÈɯ

ĹÙÌÛÐÔɯ àġÕÛÌÔÓÌÙÐȮɯ ÒÖÕÜÔÚÈÓɯ ÏÈÚÚÈÚÐàÌÛÐÕɯ ËĹıĹÒɯ ÖÓÔÈÚċɯ ÝÌɯ ËÐÑÐÛÈÓɯ ×ÈàÓÈıċÔɯ ÐÔÒäÕċɯ ÚÜÕÔÈÔÈÚċɯ

ÚÌÉÌÉÐàÓÌɯÎĹÕĹÔĹáɯÔĹÏÌÕËÐÚÓÐÒɯÚÛÈÕËÈÙÛÓÈÙċÕċɯÒÈÙıċÓÈÔÈÒÛÈɯàÌÛÌÙÚÐáɯÒÈÓÔÈÒÛÈËċÙɯ[3]ȭɯ+ÐÛÌÙÈÛĹÙËÌȮɯÈñċÒɯ

ÒÈàÕÈÒÓċɯÊÖĀÙÈÍÐɯÝÌÙÐÓÌÙÐÕɯƗ!ɯàÈáċÊċÓÈÙÓÈɯÌÕÛÌÎÙÈÚàÖÕÜɯ[4] ÐÓÌɯƗ!ɯÉÈÚÒċÕċÕɯÎÌÓÌÕÌÒÚÌÓɯàġÕÛÌÔÓÌÙÌɯÒċàÈÚÓÈɯ

ĹÚÛĹÕÓĹĀĹÕĹɯ ÝÌɯ ÌĀÐÛÐÔÚÌÓɯ ÍÈàËÈÓÈÙċÕċɯ ÖÙÛÈàÈɯ ÒÖàÈÕɯ ñÈÓċıÔÈÓÈÙɯ[5,6,7] ËÖÒÜÕÚÈÓɯ ÒÈÙÛÖÎÙÈÍàÈÕċÕɯ

×ÖÛÈÕÚÐàÌÓÐÕÐɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ!ÜɯñÈÓċıÔÈȰɯÒÜÙÜÔÚÈÓɯÝÌÙÐÓÌÙɯȹ34"!2ȺɯÝÌɯÈñċÒɯÒÈàÕÈÒÓċɯÔÌÒäÕÚÈÓɯÝÌÙÐÓÌÙÐɯ

ÏÐÉÙÐÛɯÉÐÙɯàÈ×ċËÈɯÉÐÙÓÌıÛÐÙÌÙÌÒȮɯ'ÈÙÐÛÈɯ,ĹÏÌÕËÐÚÓÐĀÐɯÛÈÉÈÕÓċȮɯàĹÒÚÌÒɯÊÖĀÙÈÍÐɯËÖĀÙÜÓÜĀÈɯÚÈÏÐ×ɯËÖÒÜÕÚÈÓɯ

ÌĀÐÛÐÔɯÔÈÛÌÙàÈÓÓÌÙÐɯÎÌÓÐıÛÐÙÔÌàÐɯÏÌËÌÍÓÌÔÌÒÛÌËÐÙ. 

2. Materyal ve Metot  

2.1. Materyal  

IÈÓċıÔÈËÈɯÔÌÒäÕÚÈÓɯËÖĀÙÜÓÜÒɯÐñÐÕɯ34"!2ɯÚÛÈÕËÈÙÛÓÈÙċÕËÈÒÐɯ'&,ɯÝÌÙÐÓÌÙÐȮɯÛÖ×ÖÎÙÈÍÐÒɯÈÕÈÓÐáÓÌÙËÌɯ

- 2 ɯ213,ɯÝÌɯÒÌÕÛÚÌÓɯÔÖËÌÓÓÌÔÌÓÌÙËÌɯ.×ÌÕ2ÛÙÌÌÛ,È×ɯȹ.2,ȺɯÝÌÙÐÓÌÙÐɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯ&ÌÓÐıÛÐÙÐÓÌÕɯÉÜɯ

ÈÓÛàÈ×ċȰɯ 3*&,Ȯɯ  ÍÌÛɯ ÝÌɯ  ÊÐÓɯ #ÜÙÜÔɯ 8ġÕÌÛÐÔÐɯ !ÈıÒÈÕÓċĀċɯ ȹ % #Ⱥɯ ÝÌɯ !elediye CBS verilerinin 

ÌÕÛÌÎÙÈÚàÖÕÜÕÈɯËÈɯÐÔÒäÕɯÛÈÕċÔÈÒÛÈËċÙȭɯ5ÌÙÐÓÌÙÐÕɯÐıÓÌÕÔÌÚÐɯÝÌɯÔÖËÌÓÓÌÕÔÌÚÐɯÐñÐÕɯ0&(2Ȯɯ.×ÌÕ2" #Ȯɯ

!ÓÌÕËÌÙɯÝÌɯ"ÙÌÈÓÐÛàɯ2ÓÐÊÌÙɯàÈáċÓċÔÓÈÙċȰɯÍÐáÐÒÚÌÓɯĹÙÌÛÐÔɯÐñÐÕɯÐÚÌɯ/ÖÓÐÓÈÒÛÐÒɯ ÚÐÛɯȹ/+ ȺɯÏÈÔÔÈËËÌɯÒÜÓÓÈÕÈÕɯ

FDM teknolojili Creality K1C 3B àÈáċÊċɯÛÌÙÊÐÏɯÌËÐÓÔÐıÛÐÙȭ 

2.2. Metot 

,ÌÒäÕÚÈÓɯÝÌÙÐÓÌÙÐÕɯËÖÒÜÕÜÓÈÉÐÓÐÙɯÔÈÛÌÙàÈÓÌɯËġÕĹıĹÔɯÚĹÙÌÊÐȰɯÝÌÙÐɯÛÌÔÐÕÐȮɯÐıÓÌÔÌȮɯƗ!ɯÔÖËÌÓÓÌÔÌȮɯ

ËÐÓÐÔÓÌÔÌɯÝÌɯĹÙÌÛÐÔɯÖÓÔÈÒɯĹáÌÙÌɯƙɯÈıÈÔÈËÈɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȭɯ,ÖËÌÓÓÌÙÐÕɯÛÈÚÈÙċÔċÕËÈȮɯàĹÒÚÌÒÓÐÒɯ

kademelendirmelerinde ve Braille sembolojilerinde Kuzey Amerika Braille Otoritesi [8] ÚÛÈÕËÈÙÛÓÈÙċɯ

ÙÌÍÌÙÈÕÚɯÈÓċÕÔċıÛċÙȭ 

Ɨȭɯ ÙÈıÛċÙÔÈɯ!ÜÓÎÜÓÈÙċɯve Uygulama  

Ɨȭƕȭɯ&ÌÓÌÕÌÒÚÌÓɯÝÌɯ#ÐÑÐÛÈÓɯ²ÙÌÛÐÔɯ8ġÕÛÌÔÓÌÙÐÕÐÕɯ*ċàÈÚÓÈÔÈÚċɯ 

%#,ɯÛÌÒÕÖÓÖÑÐÚÐÕÐÕɯÝÌÙÐÔÓÐÓÐĀÐÕÐɯËÌĀÌÙÓÌÕËÐÙÔÌÒɯÈÔÈÊċàÓÈȮɯÌÓɯÐıñÐÓÐĀÐÕÌɯËÈàÈÓċɯÛÖ×ÖÎÙÈÍÐÒɯÉÐÙɯÔÈÒÌÛɯ

ÐÓÌɯÚÈàċÚÈÓɯÝÌÙÐÓÌÙÌɯËÈàÈÓċɯƗ!ɯÉÈÚÒċɯÔÖËÌÓÐɯÍÐáÐÒÚÌÓɯÖÓÈÙÈÒɯÒÈÙıċÓÈıÛċÙċÓÔċıÛċÙɯȹ©ÌÒÐÓɯƕȺȭɯdÕÊÌÓÌÔÌÓÌÙȮɯƗ!ɯÉÈÚÒċɯ

ÛÌÒÕÖÓÖÑÐÚÐÕÐÕɯÔÐÒÙÖÕɯÚÌÝÐàÌÚÐÕËÌɯËÖĀÙÜÓÜÒɯÚÈĀÓÈËċĀċÕċɯÎġÚÛÌÙÔÐıÛÐÙȭɯ&ÌÓÌÕÌÒÚÌÓɯÔÈÒÌÛÓÌÙËÌÒÐɯÒċÙċÓÔÈɯ

ÙÐÚÒÐɯÝÌɯÒÈÙÎÖɯÔÈÓÐàÌÛÓÌÙÐÕÌɯÒÈÙıċÕȮɯƗ!ɯÛÈÚÈÙċÔÓÈÙċÕɯËÐÑÐÛÈÓɯËÖÚàÈÓÈÙɯȹ23+ȺɯÏÈÓÐÕËÌɯÈÕċÕËÈɯÈÒÛÈÙċÓċ×ɯ

àÌÙÌÓËÌɯÉÈÚċÓÈÉÐÓÔÌÚÐɯÉĹàĹÒɯÉÐÙɯÓÖÑÐÚÛÐÒɯÈÝÈÕÛÈÑɯÚÜÕÔÈÒÛÈËċÙ. 



*ċàÈÒÓċɯÝÌɯ8ċÓÔÈáȮɯ&ġÙÔÌɯ$ÕÎÌÓÓÐÓÌÙɯdñÐÕɯƗɯ!ÖàÜÛÓÜɯ#ÖÒÜÕÚÈÓɯ'ÈÙÐÛÈɯ3ÈÚÈÙċÔċɯÝÌɯ²ÙÌÛÐÔÐ 

Ɯƙ 
 

ɯ  

©ÌÒÐÓɯƕȭ &ÌÓÌÕÌÒÚÌÓɯ8ġÕÛÌÔÓÌɯ²ÙÌÛÐÓÌÕɯ,ÈÒÌÛɯÝÌɯƗ!ɯ!ÈÚÒċɯ,ÖËÌÓÐÕÐÕɯ*ÈÙıċÓÈıÛċÙÔÈÚċ 

ƗȭƖȭɯ*È×ÚÈàċÊċɯ*ÈÙÛÖÎÙÈÍÐÒɯ²ÙÌÛÐÔÓÌÙɯ 

3ĹÙÒÐàÌɯÚċÕċÙÓÈÙċɯ0&(2ɯÖÙÛÈÔċÕËÈɯÚÈàċÚÈÓÓÈıÛċÙċÓÈÙÈÒɯȹ©ÌÒÐÓɯƖȺȮɯÈáɯÎġÙÌÕɯÝÌɯÛÈÔɯÎġÙÔÌɯÌÕÎÌÓÓÐɯ

ÉÐÙÌàÓÌÙÐÕɯÈàÕċɯÔÈÛÌÙàÈÓËÌÕɯÍÈàËÈÓÈÕÈÉÐÓÌÊÌĀÐɯÌÝÙÌÕÚÌÓɯÉÐÙɯÛÈÚÈÙċÔɯÒÜÙÎÜÓÈÕÔċıÛċÙȭɯ"ÖĀÙÈÍÐɯÉġÓÎÌɯ

ÏÈÙÐÛÈÓÈÙċÕËÈȮɯÈáɯÎġÙÌÕɯÉÐÙÌàÓÌÙɯÐñÐÕɯàĹÒÚÌÒɯÎġÙÚÌÓɯÒÖÕÛÙÈÚÛɯÚÈĀÓÈàÈÕɯÙÌÕÒÓÐɯÍÐÓÈÔÌÕÛÓÌÙɯÒÜÓÓÈÕċÓÔċıÛċÙɯ

ȹ©ÌÒÐÓɯƗȺȭɯdÓɯÉÈáÓċɯÛÈÚÈÙċÔÓÈÙËÈɯÐÚÌɯ.×ÌÕ2" #ɯÒÜÓÓÈÕċÓÈÙÈÒɯ!ÙÈÐÓÓÌɯÌÛÐÒÌÛÓÌÙɯ×ÈÙÈÔÌÛÙÐÒɯÖÓÈÙÈÒɯÌÒÓÌÕÔÐıÛÐÙɯ

ȹ©ÌÒÐÓɯƘȺȭɯ*È×ÚÈàċÊċÓċĀċɯÈÙÛċÙÔÈÒɯÈËċÕÈɯÈáɯÎġÙÌÕÓÌÙɯÐñÐÕɯÙÌÕÒÓÐɯȹ©ÌÒÐÓɯƙȺȮɯÛÈÔɯÎġÙÔÌɯÌÕÎÌÓÓÐÓÌÙɯÐñÐÕɯÐÚÌɯ

ÚċÕċÙÓÈÙċÕɯ×ÈÙÔÈÒÓÈɯÏÐÚÚÌËÐÓÌÉÐÓËÐĀÐɯÍÐáÐÒÚÌÓɯàĹÒÚÌÓÛÐÓÐɯȹÉÈÚÈÔÈÒɯÌÛÒÐÓÐȺɯÏÈÙÐÛÈÓÈÙɯÉÈÚċÓÔċıÛċÙɯȹ©ÌÒÐÓɯƚȺȭ 

 

 

©ÌÒÐÓɯƖȭ 0&(2ɯ.ÙÛÈÔċÕËÈɯ²ÓÒÌȮɯdÓɯÝÌɯdÓñÌɯ2ċÕċÙÓÈÙċÕċÕɯ5ÌÒÛġÙÌÓɯ ÕÈÓÐáÐ 

 

©ÌÒÐÓɯƗȭ &ġÙÔÌɯ$ÕÎÌÓÓÐɯ!ÐÙÌàÓÌÙɯdñÐÕɯƗ!ɯ!ÈÚċÓÔċıɯ3ĹÙÒÐàÌɯ"ÖĀÙÈÍÐɯ!ġÓÎÌÓÌÙɯ'ÈÙÐÛÈÚċ 

 

©ÌÒÐÓɯƘȭ !ÙÈÐÓÓÌɯ*ÖËÓÈÔÈɯȹ.×ÌÕ2" #ȺɯÝÌɯ#ÐÓÐÔÓÌÔÌɯ8ÈáċÓċÔċɯȹ"ÙÌÈÓÐÛàɯ2ÓÐÊÌÙȺɯ ÙÈàĹáĹ 



*ċàÈÒÓċɯÝÌɯ8ċÓÔÈáȮɯ&ġÙÔÌɯ$ÕÎÌÓÓÐÓÌÙɯdñÐÕɯƗɯ!ÖàÜÛÓÜɯ#ÖÒÜÕÚÈÓɯ'ÈÙÐÛÈɯ3ÈÚÈÙċÔċɯÝÌɯ²ÙÌÛÐÔÐ 

Ɯƚ 
 

 

©ÌÒÐÓɯƙȭ  áɯ&ġÙÌÕɯ!ÐÙÌàÓÌÙɯdñÐÕɯ8ĹÒÚÌÒɯ*ÖÕÛÙÈÚÛÓċɯ1ÌÕÒÓÐɯdËÈÙÐɯ2ċÕċÙɯ'ÈÙÐÛÈÚċ 

 

©ÌÒÐÓɯƚȭ 3ÈÔɯ&ġÙÔÌɯ$ÕÎÌÓÓÐɯ!ÐÙÌàÓÌÙɯdñÐÕɯ!ÈÚÈÔÈÒÓċɯȹ%ÐáÐÒÚÌÓɯ8ĹÒÚÌÓÛÐÓÐȺɯdËÈÙÐɯ2ċÕċÙɯ'ÈÙÐÛÈÚċ 

ƗȭƗȭɯ3Ö×ÖÎÙÈÍÐÒɯ$ĀÐÛÐÔɯ,ÖËÌÓÓÌÙÐɯ 

$ıɯàĹÒÚÌÓÛÐɯÌĀÙÐÚÐɯȹÐáÖÏÐ×ÚȺɯÒÈÝÙÈÔċÕċÕɯÒÈÝÙÈÕÔÈÚċɯÐñÐÕɯ ĀÙċɯ#ÈĀċɯÐÒÐɯÍÈÙÒÓċɯàÈÒÓÈıċÔÓÈɯÔÖËÌÓÓÌÕÔÐıÛÐÙɯ

ȹ3ÈÉÓÖɯƕȺȭɯ!ÜɯÚÈàÌËÌɯġĀÙÌÕÊÐÓÌÙȮɯÈÙÈáÐÕÐÕɯËÖĀÈÓɯÍÖÙÔÜÕÜɯÝÌɯàĹÒÚÌÓÛÐɯÉÈÚÈÔÈÒÓÈÙċÕċɯ×ÈÙÔÈÒɯÜñÓÈÙċàÓÈɯ

ËÖĀÙÜËÈÕɯÒċàÈÚÓÈàÈÙÈÒɯġĀÙÌÕÌÉÐÓÔÌÒÛÌËÐÙȭ 

 

Tablo 1. 3ÈÕċÔÓÈàċÊċɯÝÌɯ ÕÈÓÐÛÐÒɯ,ÖËÌÓÓÌÙÐÕɯ3ÌÒÕÐÒɯxáÌÓÓÐÒÓÌÙÐɯÝÌɯ$ĀÐÛÐÔɯ ÔÈñÓÈÙċ 

x9$++d* ƕȭɯ,.#$+ȯɯ3 -(,+ 8("(ɯȹ&$1I$*IdȺ Ɩȭɯ,.#$+ȯɯ - +d3d*ɯȹ* 51 ,2 +Ⱥ 

Teknik 

8ġÕÛÌÔ 

 16-!ÐÛɯdıÓÌÔÌɯȹƚƙȭƙƗƚɯ3ÖÕɯ'ÈÚÚÈÚÐàÌÛȺ  2ÛÈÕËÈÙÛɯ#ÐÓÐÔÓÌÔÌɯȹdáÖÏÐ×Úɯ3ÈÉÈÕÓċȺ 

8ĹáÌàɯ

&ġÙĹÕĹÔĹ 

 /ĹÙĹáÚĹáȮɯÒÌÚÐÕÛÐÚÐáɯÝÌɯÉĹÛĹÕÊĹÓɯàĹáÌàȭ  !ÈÚÈÔÈÒÓċȮɯÒÈÛÔÈÕÓċɯȹÔÌÙËÐÝÌÕɯÉÌÕáÌÙÐȺɯàÈ×ċȭ 

3ÌÔÚÐÓɯ$ÛÛÐĀÐ  #ÈĀċÕɯÉÐÙÌÉÐÙɯËÖĀÈÓɯÛÖ×ÖÎÙÈÍÐÒɯÍÖÙÔÜȭ  'ÈÙÐÛÈÊċÓċÒÛÈÒÐɯɆ$ıɯ8ĹÒÚÌÓÛÐɯ$ĀÙÐÚÐɆɯȹdáÖÏÐ×ÚȺɯ   

 ÔÈÕÛċĀċȭ 

$ĀÐÛÐÔɯ ÔÈÊċ  &ġÙÔÌɯÌÕÎÌÓÓÐɯÉÐÙÌàÌɯarazinin  

 ÎÌÙñÌÒɯÌĀÐÔÐÕÐɯÏÐÚÚÌÛÛÐÙÔÌÒȭ 

 2ÖàÜÛɯÉÐÙɯÒÈÝÙÈÔɯÖÓÈÕɯɆàĹÒÚÌÓÛÐɯ 

 ÉÈÚÈÔÈÒÓÈÙċÕċɆɯġĀÙÌÛÔÌÒȭ 

&ġÙĹÕĹÔ 

  

ƗȭƘȭɯ*ÈÔ×ĹÚɯdñÐɯ-ÈÝÐÎÈÚàÖÕɯÝÌɯ*ÌÕÛÚÌÓɯ3ÈÚÈÙċÔ 

ɯ *²ɯ,ĹÏÌÕËÐÚÓÐÒɯ%ÈÒĹÓÛÌÚÐɯÒÈÔ×ĹÚĹɯ!ÓÌÕËÌÙɅËÈɯÔÖËÌÓÓÌÕÔÐıɯÝÌɯÕÈÝÐÎÈÚàÖÕɯÈÔÈñÓċɯËÖÒÜÕÚÈÓɯÉÐÙɯ

ÏÈÙÐÛÈɯÖÓÈÙÈÒɯÉÈÚċÓÔċıÛċÙɯȹ©ÌÒÐÓɯƛȺȭɯ*ÌÕÛÚÌÓɯÍÈÙÒċÕËÈÓċĀċɯÈÙÛċÙÔÈÒɯÈÔÈÊċàÓÈɯÛÈÙÐÏÐɯ ÍàÖÕɯ*ÈÓÌÚÐɯÝÌɯñÌÝÙÌÚÐɯ

ËÌɯ!ÓÌÕËÌÙ&(2ɯÐÓÌɯÔÖËÌÓÓÌÕÔÐıÛÐÙɯȹ©ÌÒÐÓɯƜȺȭɯ.2,ɯÝÌÙÐÓÌÙÐÕËÌÒÐɯàÈ×ċɯÚÛÖÒÜɯÌÒÚÐÒÓÐÒÓÌÙÐÕÐɯÎÐËÌÙÔÌÒɯÐñÐÕɯ

ñÈÓċıÔÈËÈȰɯÔÈÕÜÌÓɯÚÈàċÚÈÓÓÈıÛċÙÔÈȮɯÒÜÙÜÔÚÈÓɯÝÌÙÐɯÌÕÛÌÎÙÈÚàÖÕÜɯÝÌɯàÈ×ÈàɯáÌÒÈɯȹġÙȭɯ,ÐÊÙÖÚÖÍÛɯ&ÓÖÉÈÓɯ



*ċàÈÒÓċɯÝÌɯ8ċÓÔÈáȮɯ&ġÙÔÌɯ$ÕÎÌÓÓÐÓÌÙɯdñÐÕɯƗɯ!ÖàÜÛÓÜɯ#ÖÒÜÕÚÈÓɯ'ÈÙÐÛÈɯ3ÈÚÈÙċÔċɯÝÌɯ²ÙÌÛÐÔÐ 

Ɯƛ 
 

!ÜÐÓËÐÕÎɯ %ÖÖÛ×ÙÐÕÛÚȺɯ ÈÓÎÖÙÐÛÔÈÓÈÙċÕċɯ ÐñÌÙÌÕɯ Ĺñɯ ÈıÈÔÈÓċɯ Ɇ'ÐÉÙÐÛɯ 5ÌÙÐɯ 3ÈÔÈÔÓÈÔÈɯ 2ÛÙÈÛÌÑÐÚÐɆɯ

ÜàÎÜÓÈÕÔċıÛċÙȭ 

   

©ÌÒÐÓɯ ƛȭ  *²ɯ *ÈÔ×ĹÚɯ  ÓÈÕċɯ 2ÈàċÚÈÓɯ ,ÖËÌÓÐɯ

(Blender) ve Dokunsal Harita Prototipi  

©ÌÒÐÓɯ Ɯȭ  ÍàÖÕɯ *ÈÓÌÚÐɯ ÝÌɯ IÌÝÙÌÚÐÕÐÕɯ

.×ÌÕ2ÛÙÌÌÛ,È×ɯ 5ÌÙÐÓÌÙÐɯ *ÜÓÓÈÕċÓÈÙÈÒɯ

.ÓÜıÛÜÙÜÓÈÕɯƗ!ɯ*ÌÕÛÚÌÓɯ,ÖËÌÓ 

Ƙȭ2ÖÕÜñÓÈÙɯÝÌɯxÕÌÙÐÓÌÙ 

!ÜɯñÈÓċıÔÈȮɯ%#,ɯÛÈÉÈÕÓċɯƗ!ɯàÈáċÊċɯÛÌÒÕÖÓÖÑÐÓÌÙÐÕÐÕɯ$ÕÎÌÓÚÐáɯ*ÈÙÛÖÎÙÈÍàÈɯÈÓÈÕċÕËÈɯÚÜÕËÜĀÜɯÌÝÙÌÕÚÌÓɯ

×ÖÛÈÕÚÐàÌÓÐɯÖÙÛÈàÈɯÒÖàÔÈÒÛÈËċÙȭɯ2ÐÚÛÌÔÐÕɯÚÈĀÓÈËċĀċɯÌÕɯÉĹàĹÒɯÈÝÈÕÛÈÑÓÈÙËÈÕɯÉÐÙÐɯÚĹÙËĹÙĹÓÌÉÐÓÐÙÓÐÒÛÐÙȰɯ

ÎĹÕÊÌÓÓÐĀÐÕÐɯàÐÛÐÙÌÕɯÝÌàÈɯÏÈÛÈÓċɯÉÈÚċÓÈÕɯÔÖËÌÓÓÌÙɯÎÌÙÐɯËġÕĹıÛĹÙĹÓÌÙÌÒɯàÌÕÐËÌÕɯÏÈÔÔÈËËÌɯȹ/+ ȺɯÖÓÈÙÈÒɯ

ÒÜÓÓÈÕċÓÈÉÐÓÔÌÒÛÌËÐÙȭɯ  àÙċÊÈȮɯ ÏÈáċÙÓÈÕÈÕɯ ËÐÑÐÛÈÓɯ ÛÈÚÈÙċÔÓÈÙċÕɯ ȹ23+ɯ ÍÖÙÔÈÛċȺɯ ËÐÑÐÛÈÓɯ ÈĀÓÈÙɯ ĹáÌÙÐÕËÌÕɯ

×ÈàÓÈıċÓÈÉÐÓÐÙɯÖÓÔÈÚċȮɯÔÈÛÌÙàÈÓɯÌÙÐıÐÔÐÕËÌɯÚċÕċÙÓÈÙċɯÖÙÛÈËÈÕɯÒÈÓËċÙÔÈÒÛÈËċÙ. 

 

IÈÓċıÔÈÕċÕɯÚÜÕËÜĀÜɯÔÌÛÖËÖÓÖÑÐȮɯÒÜÙÜÔÚÈÓɯÛÈÓÌ×ÓÌÙɯËÖĀÙÜÓÛÜÚÜÕËÈɯÌĀÐÛÐÔɯÒÈÔ×ĹÚÓÌÙÐÕÐÕɯÝÌàÈɯ
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Enrichment of Meat, Poultry and Fish Products with Bioactive 

Components  

Abstract  

Meat and fish products naturally possess a rich matrix naturally compounds that support human health, 

such as vitamins, minerals, bioactive peptides, and essential fatty acids. In recent years, enriching these 

products with functional ingredients including  polyphenols, plant extracts, essential oils, and natural 

antioxidants has become a significant research trend in food science. The fundamental concept of 
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functional food production is based on strengthening original products with health -promoting 

components. This study aims to present contemporary research investigating the contributions of 

bioactive components to preserving sensory properties, slowing physicochemical  degradation, and 

extending shelf life of meat and fish products. Findings in the literature indicate that natural antioxidant 

and antimicrobial substances serve as alternative to synthetic additives. These substances improve 

product quality by suppressing oxidative reactions and inhibiting microbial growth. Furthermore, 

edible film and coating technologies stand out as effective method for delivering these components. It 

is observed that enrichment processes can improve the functional properties of products while also 

positively impacting consumer acceptance. Consequently meat and fish products enriched with 

bioactive components allow for the development of next generation functional foods that carry health -

promoting properties beyond ensuring fo od safety. This approach holds the potential to strengthen the 

position of traditional animal products in the healthy food market.  

 

Keywords:  bioactive components; meat and fish products, functional food , shelf life, antioxidant 

activity  
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%ÖÕÒÚÐàÖÕÌÓɯÎċËÈɯĹÙÌÛÐÔÐÕËÌÒÐɯÛÌÔÌÓɯ×ÙÌÕÚÐ×ȮɯĹÙĹÕĹÕɯ ÖÙÐÑÐÕÈÓɯ àÈ×ċÚċÕċɯÉÖáÔÈËÈÕɯÉÌÚÐÕɯËÌĀÌÙÐÕÐɯ

ÈÙÛċÙÔÈÒȮɯÖÒÚÐËÈÛÐÍɯÉÖáÜÓÔÈÓÈÙċɯġÕÓÌàÌÙÌÒɯÙÈÍɯġÔÙĹÕĹɯÜáÈÛÔÈÒɯÝÌɯÒÈÛÔÈɯËÌĀÌÙÓÐɯĹÙĹÕÓÌÙɯÎÌÓÐıÛÐÙÔÌÒÛÐÙȭɯ

9ÌÕÎÐÕÓÌıÛÐÙÔÌɯÐıÓÌÔÐÕÐÕɯÉÈıÈÙċÚċȮɯÐÓÈÝÌɯÌËÐÓÌÕɯÉÐàÖÈÒÛÐÍɯÉÐÓÌıÌÕÐÕɯÎċËÈɯÔÈÛÙÐÚÐàÓÌɯÒÜÙËÜĀÜɯàÈ×ċÚÈÓɯ

ÌÛÒÐÓÌıÐÔÌɯ ÉÈĀÓċËċÙȭɯ 2ÜȮɯ ×ÙÖÛÌÐÕɯ ÝÌɯ àÈĀɯ ÒÖÔ×ÖáÐÚàÖÕÜÕÜÕɯ ÉÐàÖÈÒÛÐÍɯ ÉÐÓÌıÌÕÐÕɯ ÚÛÈÉÐÓÐÛÌÚÐɯ ÝÌɯ

ÉÐàÖàÈÙÈÙÓÈÕċÔċɯ ĹáÌÙÐÕËÌÒÐɯ ÙÖÓĹÕĹɯ ÐÍÈËÌɯ ÌËÌÕɯ ɆÔÈÛÙÐÚɯ ÌÛÒÐÚÐɆȮɯ áÌÕÎÐÕÓÌıÛÐÙÔÌɯ ÚÛÙÈÛÌÑÐÓÌÙÐÕÐÕɯ

ÔÌÛÖËÖÓÖÑÐÚÐÕÐɯÉÌÓÐÙÓÌÙȭɯ-ÐÛÌÒÐÔɯÚċĀċÙɯÌÛÐÕËÌÒÐɯÚÜɯȹǔƛƙȺȮɯ×ÙÖÛÌÐÕɯȹǔƖƖȺɯÝÌɯàÈĀɯȹǔƗȺɯÖÙÈÕÓÈÙċÕċÕȮɯÉÈÓċÒɯ

ĹÙĹÕÓÌÙÐÕËÌÒÐɯ ȹǔƚƔɯ ÚÜȮɯ ǔƕƙɯ ×ÙÖÛÌÐÕȮɯ ǔƖƙɯ àÈĀȺɯ ËÈĀċÓċÔËÈÕɯ ÍÈÙÒÓċÓċÒɯ ÎġÚÛÌÙÔÌÚÐɯ ȻƖȼȮɯ ÒÜÓÓÈÕċÓÈÊÈÒɯ

àġÕÛÌÔÐÕɯÉÜɯÚ×ÌÚÐÍÐÒɯÉÐÓÌıÐÔÓÌÙÌɯÎġÙÌɯÛÈÚÈÙÓÈÕÔÈÚċÕċɯÎÌÙÌÒÛÐÙÐÙȭɯ 

 

!Üɯ ñÈÓċıÔÈÕċÕɯ ÈÔÈÊċȰɯ ÉÐàÖÈÒÛÐÍɯ ÉÐÓÌıÌÕÓÌÙÐÕɯ ÌÛɯ ÝÌɯ ÉÈÓċÒɯ ĹÙĹÕÓÌÙÐÕËÌɯ ËÜàÜÚÈÓɯ ġáÌÓÓÐÒÓÌÙÐÕɯ

ÒÖÙÜÕÔÈÚċÕÈȮɯ ÍÐáÐÒÖÒÐÔàÈÚÈÓɯ ÉÖáÜÓÔÈÓÈÙċÕɯ àÈÝÈıÓÈÛċÓÔÈÚċÕÈɯ ÝÌɯ ÙÈÍɯ ġÔÙĹÕĹÕɯ ÜáÈÛċÓÔÈÚċÕÈɯ ÖÓÈÕɯ

ÒÈÛÒċÓÈÙċÕċɯ ÎĹÕÊÌÓɯ ÓÐÛÌÙÈÛĹÙɯ ċıċĀċÕËÈɯ ÐÕÊÌÓÌÔÌÒÛÐÙȭɯ #ÌÙÓÌÔÌɯ ÒÈ×ÚÈÔċÕËÈȰɯ ÉÐàÖÈÒÛÐÍɯ ÉÐÓÌıÕÌÓÌÙÓÌɯ

áÌÕÎÐÕÓÌıÛÐÙÔÌËÌɯÜàÎÜÕɯÎċËÈɯÔÈÛÙÐÚÐȮɯÌÕÒÈ×ÚÐÓÈÚàÖÕɯÛÌÒÕÖÓÖÑÐÚÐȮɯÖÒÚÐËÈÛÐÍɯÙÌÈÒÚÐàÖÕÓÈÙċÕɯÉÈÚÒċÓÈÕÔÈÚċɯ

ÝÌɯàÌÕÐÓÌÉÐÓÐÙɯÍÐÓÔɤÒÈ×ÓÈÔÈɯÛÌÒÕÖÓÖÑÐÓÌÙÐÕÌɯÛĹÒÌÛÐÊÐɯàÈÒÓÈıċÔÓÈÙċɯÝÌɯÔÌÝáÜÈÛÛÈÒÐɯàÌÙÐɯÒÖÕÜÚÜÕËÈɯñÌıÐÛÓÐɯ

àÈÒÓÈıċÔÓÈÙɯÌÓÌɯÈÓċÕÈÙÈÒȮɯàÌÕÐɯÕÌÚÐÓɯÍÖÕÒÚÐàÖÕÌÓɯÎċËÈÓÈÙċÕɯ×ÖÛÈÕÚÐàÌÓÐɯÉÜɯÒÈ×ÚÈÔËÈɯËÌĀÌÙÓÌÕËÐÙÐÓÔÐıÛÐÙȭ 

Ɩȭɯ9ÌÕÎÐÕÓÌıÛÐÙÔÌËÌɯ*ÜÓÓÈÕċÓÈÕɯ!ÐàÖÈÒÛÐÍɯ!ÐÓÌıÌÕÓÌÙɯÝÌɯ,ÈÛÙÐÚɯ$ÛÒÐÓÌıÐÔÐɯ 

$ÛɯÝÌɯÉÈÓċÒɯĹÙĹÕÓÌÙÐÕÐÕɯÍÖÕÒÚÐàÖÕÌÓɯġáÌÓÓÐÒÓÌÙÐÕÐɯÈÙÛċÙÔÈÒɯÐñÐÕɯÒÜÓÓÈÕċÓÈÕɯÝÐÛÈÔÐÕȮɯÔÐÕÌÙÈÓȮɯÖÔÌÎÈ-

Ɨɯ àÈĀɯ ÈÚÐÛÓÌÙÐȮɯ ÈÕÛÐÖÒÚÐËÈÕɯ ÝÌɯ ËÐàÌÛɯ ÓÐÍÓÌÙÐɯ ÎÐÉÐɯ ÉÐÓÌıÌÕÓÌÙȮɯ ÎċËÈɯ ÔÈÛÙÐÚÐàÓÌɯ ÒÈÙÔÈıċÒɯ ÔÖÓÌÒĹÓÌÙɯ

ÌÛÒÐÓÌıÐÔÓÌÙÌɯÎÐÙÔÌÒÛÌËÐÙȭɯ!ÜɯÌÛÒÐÓÌıÐÔÓÌÙɯÏÌÔɯĹÙĹÕĹÕɯÉÐàÖÓÖÑÐÒɯÌÛÒÐÕÓÐĀÐɯÏÌÔɯËÌɯËÜàÜÚÈÓɯÒÈÓÐÛÌÚÐɯ

ĹáÌÙÐÕËÌɯÉÌÓÐÙÓÌàÐÊÐɯÙÖÓɯÖàÕÈÙȭɯ!ÐàÖÈÒÛÐÍɯÉÐÓÌıÌÕÓÌÙÐÕɯÔÈÛÙÐÚɯÐÓÌɯÒÜÙËÜĀÜɯÌÛÒÐÓÌıÐÔÓÌÙɯÖÓÜÔÓÜɯÝÌàÈɯ

ÖÓÜÔÚÜáɯÚÖÕÜñÓÈÙɯËÖĀÜÙÈÉÐÓÐÙȭɯ.ÓÜÔÓÜɯÌÒÐÓÌıÐÔÓÌÙɯÈñċÚċÕËÈÕȮɯGardenia jasminoides ÝÌɯÌ×ÐÎÈÓÓÖÒÈÛÌıÐÕɯ

galat gibi antioksiËÈÕÓÈÙȮɯÒÈÙÉÖÕÏÐËÙÈÛɯÔÌÛÈÉÖÓÐáÔÈÚċÕċɯËĹáÌÕÓÌàÌÙÌÒɯ×ÖÚÛ×ÙÈÕËÐàÈÓɯÒÈÕɯıÌÒÌÙÐɯÈÙÛċıċÕċɯ

ÉÈÚÒċÓÈàÈÉÐÓÔÌÒÛÌËÐÙɯȻƗȼɯ!ÜɯÚÐÕÌÙÑÐÒɯÌÛÒÐÓÌÙȮɯÎċËÈÕċÕɯÍÖÕÒÚÐàÖÕÌÓɯËÌĀÌÙÐÕÐɯÈÙÛċÙÈÙÈÒɯÒÙÖÕÐÒɯÏÈÚÛÈÓċÒɯ

àġÕÌÛÐÔÐÕÌɯÒÈÛÒċɯÚÈĀÓÈÙȭɯ*ċÚċÛÓÈàċÊċɯÌÛÒÐÓÌıÐÔÓÌÙÌɯġÙÕÌÒɯÖÓÈÙÈÒɯÐÚÌɯÉÐàÖÈÒÛÐÍɯÔÈËËÌÓÌÙÐÕɯ×ÙÖÛÌÐÕɯÝÌàÈɯàÈĀɯ

ÔÖÓÌÒĹÓÓÌÙÐàÓÌɯÐÚÛÌÕÔÌàÌÕɯÉÈĀÓÈÙɯÒÜÙÔÈÚċȮɯÉÜɯÉÐÓÌıÌÕÓÌÙÐÕɯÉÐàÖàÈÙÈÙÓÈÕċÔċÕċɯËĹıĹÙÌÉÐÓÐÙȭɯxÙÕÌĀÐÕȮɯ

ÛÈÕÌÕÓÌÙÐÕɯ×ÙÖÛÌÐÕÓÌÙÓÌɯÒÖÔ×ÓÌÒÚɯÖÓÜıÛÜÙÔÈÚċɯÏÌÔɯÉÌÚÐÕɯÌÔÐÓÐÔÐÕÐɯáÖÙÓÈıÛċÙÔÈÒÛÈɯÏÌÔɯËÌɯĹÙĹÕËÌɯÈÊċɯ

bir tat (astringency) gelÐıÛÐÙÌÙÌÒɯÛĹÒÌÛÐÊÐɯÒÈÉÜÓĹÕĹɯÖÓÜÔÚÜáɯÌÛÒÐÓÌÔÌÒÛÌËÐÙɯȻƕƘȼ. 

  



 ÒËÈıɯÝËȭɯ$ÛȮɯ3ÈÝÜÒɯÝÌɯ!ÈÓċÒɯ²ÙĹÕÓÌÙÐÕÐÕɯ!ÐàÖÈÒÛÐÍɯ!ÐÓÌıÌÕÓÌÙÓÌɯ9ÌÕÎÐÕÓÌıÛÐÙÐÓÔÌÚÐ 

Ɲƕ 
 

Ɨȭɯ$Ûɯ²ÙĹÕÓÌÙÐÕËÌɯ!ÐàÖÈÒÛÐÍɯ!ÐÓÌıÌÕÓÌÙÐÕɯ*ÖÙÜÕÔÈÚċȯɯ$ÕÒÈ×ÚĹÓÈÚàÖÕɯ3ÌÒÕÖÓÖÑÐÚÐ 

!ÐàÖÈÒÛÐÍɯÉÐÓÌıÌÕÓÌÙÐÕɯÚÛÈÉÐÓÐÛÌÚÐÕÐɯÝÌɯñÌÝÙÌÚÌÓɯËÐÙÌÕÊÐÕÐɯÈÙÛċÙÔÈËÈɯÌÕÒÈ×ÚĹÓÈÚàÖÕɯÚÛÙÈÛÌÑÐÒɯÉÐÙɯ

àġÕÛÌÔËÐÙȭɯ!ÜɯÐıÓÌÔȮɯÈÒÛÐÍɯÉÐÓÌıÐÒÓÌÙÐÕɯÜàÎÜÕɯËÜÝÈÙɯÔÈÛÌÙàÈÓÓÌÙÐàÓÌɯÐáÖÓÌɯÌËÐÓÌÙÌÒɯÏÌËÌÍÓÌÕÌÕɯÕÖÒÛÈËÈɯ

ÒÖÕÛÙÖÓÓĹɯÚÈÓċÕċÔċÕċɯÚÈĀÓÈÙɯȻƙȼȭɯ$ÛɯĹÙĹÕÓÌÙÐÕËÌɯÉÌÚÐÕÚÌÓɯÒÈÓÐÛÌàÐɯÒÖÙÜàÈÙÈÒɯÍÖÕÒÚÐàÖÕÌÓɯĹÙĹÕɯÎÌÓÐıÛÐÙÔÌàÐɯ

ÈÔÈñÓÈàÈÕɯÉÜɯÛÌÒÕÖÓÖÑÐɯȻƚȼȮɯÚÌÕÛÌÛÐÒɯÒÈÛÒċÓÈÙÈɯÎĹñÓĹɯÉÐÙɯÈÓÛÌÙÕÈÛÐÍÛÐÙȭɯ-ÐÛÌÒÐÔɯ"ÖÔÜÕÐÈÕɯÝÌɯÈÙÒȭɯȻƛȼȮɯÛÈÝÜÒɯ

ÚÖÚÐÚÓÌÙÐÕËÌɯÌÕÒÈ×ÚĹÓÌɯÈÚÒÖÙÉÐÒɯÈÚÐÛɯÒÜÓÓÈÕċÔċÕċÕɯËÜàÜÚÈÓɯ×ÙÖÍÐÓÐɯÒÖÙÜÙÒÌÕɯÉÌÚÐÕɯËÌĀÌÙÐÕÐɯÈÙÛċÙËċĀċÕċɯÝÌɯ

ÚÜɯÈÒÛÐÝÐÛÌÚÐÕÐɯÚÛÈÉÐÓÐáÌɯÌÛÛÐĀÐÕÐɯÙÈ×ÖÙɯÌÛÔÐıÛÐÙȭɯ$ÕÒÈ×ÚÐÓÈÚàÖÕɯÚÐÚÛÌÔÐɯɆñÌÒÐÙËÌÒɆɯÔÈÛÌÙàÈÓÐÕɯÔÐÒÙÖɯÝÌàÈɯ

ÕÈÕÖɯġÓñÌÒÛÌɯÒÖÙÜàÜÊÜɯÉÐÙɯÍÈáÈɯÏÈ×ÚÌËÐÓÔÌÚÐÕÌɯËÈàÈÕċÙɯÝÌɯÉÜɯËÜÙÜÔɯÏÈÚÚÈÚɯÉÐÓÌıÌÕÓÌÙÐÕɯÙÈÍɯġÔÙĹɯÐÓÌɯ

ÍÖÕÒÚÐàÖÕÌÓÓÐĀÐÕÐɯËÖĀÙÜËÈÕɯÐàÐÓÌıÛÐÙÐÙɯȻƙȼȭɯxÙÕÌĀÐÕȮɯÚċĀċÙɯÌÛÐɯÒġÍÛÌÓÌÙÐÕÌɯËÈÏÐÓɯÌËÐÓÌÕɯÌÕÒÈ×ÚĹÓÌɯÕÈÙɯ

ÒÈÉÜĀÜɯÕÈÕÖ×ÈÙÛÐÒĹÓÓÌÙÐÕÐÕɯÙÈÍɯġÔÙĹÕĹɯƕƙɯÎĹÕÌɯñċÒÈÙËċĀċȮɯÚÜɯÛÜÛÔÈɯÝÌɯ×ÐıÐÙÔÌɯÝÌÙÐÔÐÕÐɯÈÙÛċÙËċĀċɯ

ÚÈ×ÛÈÕÔċıÛċÙɯȻƜȼȭɯ$ÕËĹÚÛÙÐËÌɯ×ĹÚÒĹÙÛÌÙÌÒɯÒÜÙÜÛÔÈȮɯÒÖÈÚÌÙÝÈÚàÖÕȮɯÌÔĹÓÚÐÍÐÒÈÚàÖÕɯÝÌɯÓÐ×ÖáÖÔɯÛÌÒÕÐÒÓÌÙÐɯ

yaàÎċÕɯÖÓÈÙÈÒɯÛÌÙÊÐÏɯÌËÐÓÔÌÒÛÌËÐÙɯȻƕƙȼȭɯ9ÌàÛÐÕɯàÈ×ÙÈĀċɯġáĹÛĹÕĹÕɯñÐÍÛɯÌÔĹÓÚÐàÖÕÓÈɯÒÈ×ÚĹÓÓÌÕÌÙÌÒɯàÈĀɯ

ÐÒÈÔÌÚÐɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÔċɯËÈɯÖÒÚÐËÈÛÐÍɯÚÛÈÉÐÓÐÛÌàÐɯÝÌɯËÜàÜÚÈÓɯÒÈÓÐÛÌàÐɯÎÌÓÐıÛÐÙÔÌÒÛÌËÐÙɯȻƝȼ. 

Ƙȭɯ#ÜàÜÚÈÓɯ*ÈÓÐÛÌɯÝÌɯ3ĹÒÌÛÐÊÐɯ*ÈÉÜÓĹ 

#ÜàÜÚÈÓɯÈÕÈÓÐáȰɯĹÙĹÕÓÌÙÐÕɯÛÈÛȮɯÈÙÖÔÈȮɯÙÌÕÒȮɯÛÌÒÚÛĹÙɯÝÌɯÎġÙĹÕĹÔɯÎÐÉÐɯÒÈÙÈÒÛÌÙÐÚÛÐÒɯġáÌÓÓÐÒÓÌÙÐÕÐÕɯ

ÐÕÚÈÕɯËÜàÜÓÈÙċɯÈÙÈÊċÓċĀċàÓÈɯÒÈÕÛÐÛÈÛÐÍɯÝÌɯÒÈÓÐÛÈÛÐÍɯÖÓÈÙÈÒɯËÌĀÌÙÓÌÕËÐÙÐÓËÐĀÐɯÉÐÓÐÔÚÌÓɯÉÐÙɯÔÌÛÖËÖÓÖÑÐËÐÙȭɯ

!ÐàÖÈÒÛÐÍɯÉÐÓÌıÌÕÓÌÙÐÕɯÌÛɯĹÙĹÕÓÌÙÐÕÌɯÌÕÛÌÎÙÈÚàÖÕÜÕËÈȮɯÍÖÕÒÚÐàÖÕÌÓɯÒÈáÈÕċÔÓÈÙċÕɯàÈÕċɯÚċÙÈɯËÜàÜÚÈÓɯ

ÒÈÓÐÛÌÕÐÕɯÒÖÙÜÕÔÈÚċɯÉÐÙÐÕÊÐÓɯġÕÊÌÓÐÒÛÐÙȭɯ+ÐÛÌÙÈÛĹÙËÌȮɯÌÕÒÈ×ÚĹÓÌɯÌËÐÓÔÐıɯÉÈÓċÒɯàÈĀċÕċÕɯÚċĀċÙɯÉÜÙÎÌÙÓÌÙÐÕËÌɯ

×ÐıÐÙÔÌɯÒÈàÉċÕċɯÔÐÕÐÔÐáÌɯÌÛÛÐĀÐȮɯÛÌÒÚÛĹÙÌÓɯ×ÙÖÍÐÓÐɯÐàÐÓÌıÛÐÙËÐĀÐɯÝÌɯÖÒÚÐËÈÚàÖÕÈɯÉÈĀÓċɯÛÈÛɯÉÖáÜÓÔÈÓÈÙċÕċɯ

ġÕÓÌàÌÙÌÒɯËÜàÜÚÈÓɯÒÈÓÐÛÌàÐɯÈÙÛċÙËċĀċɯÙÈ×ÖÙɯÌËÐÓÔÐıÛÐÙɯȻƕƔȼȭɯ!ÌÕáÌÙɯıÌÒÐÓËÌȮɯÚÈáÈÕɯÌÛÐɯÐÓÌɯáÌÕÎÐÕÓÌıÛÐÙÐÓÌÕɯ

ÌÒÔÌÒɯñÜÉÜÒÓÈÙċÕËÈɯǔƕƔ-ƕƙɯÖÙÈÕċÕËÈÒÐɯÉÈÓċÒɯÐÓÈÝÌÚÐÕÐÕȮɯĹÙĹÕĹÕɯËÜàÜÚÈÓɯÒÈÙÈÒÛÌÙÐÚÛÐÒÓÌÙÐɯĹáÌÙÐÕËÌɯ

×ÖáÐÛÐÍɯÉÐÙɯÌÛÒÐɯàÈÙÈÛÛċĀċɯÚÈ×ÛÈÕÔċıÛċÙɯȻƕƕȼ. 

ƙȭɯ/ÙÖÚÌÚɯ3ÈÚÈÙċÔċɯÝÌɯ4àÎÜÓÈÔÈɯ8ġÕÛÌÔÓÌÙÐ 

!ÐàÖÈÒÛÐÍɯÉÐÓÌıÌÕÓÌÙÓÌɯáÌÕÎÐÕÓÌıÛÐÙÐÓÔÐıɯĹÙĹÕÓÌÙÐÕɯĹÙÌÛÐÔÐÕËÌȰɯÒÈÓÐÛÌȮɯÔÈÓÐàÌÛɯÌÛÒÐÕÓÐĀÐɯÝÌɯÉÐàÖÎĹÝÌÕÓÐÒɯ

ÒÙÐÛÌÙÓÌÙÐɯÛÌÔÌÓɯÈÓċÕÈÙÈÒɯÉÐÙɯ×ÙÖÚÌÚɯÛÈÚÈÙċÔċɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÌÓÐËÐÙȭɯ!ÐàÖÈÒÛÐÍɯÉÐÓÌıÌÕÓÌÙÐÕɯÌÛȮɯÛÈÝÜÒɯÝÌɯÉÈÓċÒɯ

matrisine dahil edilmesinde; enjeksiyon,  ËÈÓËċÙÔÈȮɯÛÈÔÉÜÙÓÈÔÈɯȹÛÜÔÉÓÐÕÎȺȮɯÒÈ×ÓÈÔÈɯÝÌɯËÖĀÙÜËÈÕɯ

ÒÈÙċıÛċÙÔÈɯÛÌÒÕÐÒÓÌÙÐÕËÌÕɯàÈÙÈÙÓÈÕċÓÔÈÒÛÈËċÙɯȻƕƖȼȭɯ!ÜɯàġÕÛÌÔÓÌÙȮɯÍÖÕÒÚÐàÖÕÌÓɯÉÐÓÌıÌÕÐÕɯĹÙĹÕɯÔÈÛÙÐÚÐÕËÌɯ

ÏÖÔÖÑÌÕɯÉÐÙɯıÌÒÐÓËÌɯËÈĀċÓÔÈÚċÕċɯÚÈĀÓÈÙȭɯ/ÙÖÚÌÚɯÚĹÙÌÊÐÕËÌɯÚċÊÈÒÓċÒȮɯ×'ȮɯÖÒÚÐÑÌÕɯÝÈÙÓċĀċȮɯċıċÒɯıÐËËÌÛi ve su 

ÈÒÛÐÝÐÛÌÚÐɯÎÐÉÐɯ×ÈÙÈÔÌÛÙÌÓÌÙȮɯÉÐàÖÈÒÛÐÍɯÉÐÓÌıÐÒÓÌÙÐÕɯÒÈÙÈÙÓċÓċĀċÕċɯËÖĀÙÜËÈÕɯÌÛÒÐÓÌÔÌÒÛÌËÐÙɯȻƕƗȼȭɯxáÌÓÓÐÒÓÌɯ

ÖÒÚÐËÈÚàÖÕÈɯ ËÜàÈÙÓċɯ ÉÐÓÌıÌÕÓÌÙÐÕɯ ÒÖÙÜÕÔÈÚċɯ ÈÔÈÊċàÓÈɯ àÌÕÌÉÐÓÐÙɯ ÍÐÓÔɯ ÒÈ×ÓÈÔÈɯ ÐÓÌɯ ÉÐÙÓÐÒÛÌɯ ÝÈÒÜÔɯ

paketleme ve modifiye atmosfer paketleme (MAP) ÎÐÉÐɯàġÕÛÌÔÓÌÙɯàÈàÎċÕɯÖÓÈÙÈÒɯÛÌÙÊÐÏɯÌËÐÓÔÌÒÛÌËÐÙȭ 

ƚȭɯ,ÌÝáÜÈÛɯÝÌɯ$ÛÐÒÌÛÓÌÔÌɯ$ÚÈÚÓÈÙċ 

9ÌÕÎÐÕÓÌıÛÐÙÐÓÔÐıɯ ÎċËÈÓÈÙȮɯ ÜÓÜÚÈÓɯ ÝÌɯ ÜÓÜÚÓÈÙÈÙÈÚċɯ ÎċËÈɯ ÖÛÖÙÐÛÌÓÌÙÐÕÐÕɯ ËĹáÌÕÓÌÔÌÓÌÙÐÕÌɯ ÛÈÉÐËÐÙȭɯ

3ĹÙÒÐàÌɀËÌɯÉÜɯÚĹÙÌñȮɯ3ĹÙÒɯ&ċËÈɯ*ÖËÌÒÚÐɯȹ3&*ȺɯñÌÙñÌÝÌÚÐÕËÌɯàĹÙĹÛĹÓÔÌÒÛÌËÐÙȭɯɆ&ċËÈÓÈÙÈɯ5ÐÛÈÔÐÕÓÌÙȮɯ

,ÐÕÌÙÈÓÓÌÙɯÝÌɯ!ÌÓÐÙÓÐɯ#ÐĀÌÙɯxĀÌÓÌÙÐÕɯ$ÒÓÌÕÔÌÚÐɯ'ÈÒÒċÕËÈɯ8ġÕÌÛÔÌÓÐÒɆɯȻƕƘȼȮɯÎċËÈÓÈÙÈɯÌÒÓÌÕÌÉÐÓÌÊÌÒɯ

ÉÐÓÌıÌÕÓÌÙÐÕɯ ÒÐÔàÈÚÈÓɯ ÍÖÙÔÓÈÙċɯ ÝÌɯ ÔÈÒÚÐÔÜÔɯ ÒÜÓÓÈÕċÔɯ ÓÐÔÐÛÓÌÙÐɯ ÒÌÚÐÕɯ ñÐáÎÐÓÌÙÓÌɯ ÛÈÕċÔÓÈÕÔċıÛċÙȭɯ

3ĹÒÌÛÐÊÐÕÐÕɯËÖĀÙÜɯÉÐÓÎÐÓÌÕËÐÙÐÓÔÌÚÐɯÈËċÕÈȮɯÉÜɯĹÙĹÕÓÌÙÐÕɯÌÛÐÒÌÛÓÌÔÌɯÐıÓÌÔÓÌÙÐɯɆ3&*ɯ&ċËÈɯ$ÛÐÒÌÛÓÌÔÌɯÝÌɯ

3ĹÒÌÛÐÊÐÓÌÙÐɯ!ÐÓÎÐÓÌÕËÐÙÔÌɯ8ġÕÌÛÔÌÓÐĀÐɆɯÌÚÈÚÓÈÙċÕÈɯÛÈÔɯÜàÜÔɯÚÈĀÓÈÔÈÓċËċÙȭ 

ƛȭɯ$ÛȮɯ!ÈÓċÒɯÝÌɯ3ÈÝÜÒɯ²ÙĹÕÓÌÙÐÕËÌɯ9ÌÕÎÐÕÓÌıÛÐÙÔÌɯ4àÎÜÓÈÔÈÓÈÙċȯɯ+ÐÛÌÙÈÛĹÙɯ!ÜÓÎÜÓÈÙċ 

&ĹÕÊÌÓɯñÈÓċıÔÈÓÈÙȮɯÏÈàÝÈÕÚÈÓɯÔÈÛÙÐÚÓÌÙÐÕɯÉÐàÖÈÒÛÐÍɯÉÐÓÌıÌÕÓÌÙÓÌɯáÌÕÎÐÕÓÌıÛÐÙÐÓÔÌÚÐÕÐÕɯĹÙĹÕɯÒÈÓÐÛÌÚÐɯ

ÝÌɯ ÎĹÝÌÕÓÐĀÐɯ ĹáÌÙÐÕËÌɯ ñÖÒɯ àġÕÓĹɯ ÈÝÈÕÛÈÑÓÈÙɯ ÚÈĀÓÈËċĀċÕċɯ ÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ $Ûɯ ĹÙĹÕÓÌÙÐÕËÌɯ ËÖĀÈÓɯ

ÈÕÛÐÖÒÚÐËÈÕÝÌɯÓÐÍɯÒÜÓÓÈÕċÔċɯġÕÌɯñċÒÔÈÒÛÈËċÙȰɯġÙÕÌĀÐÕɯÎĹÓɯàÈ×ÙÈĀċ ġáĹÛĹɯÐÓÈÝÌɯÌËÐÓÌÕɯ×ÈÚÛċÙÔÈÓÈÙËÈɯÕÐÛÙÐÛɯ

ÐÏÛÐàÈÊċÕċÕɯÈáÈÓËċĀċȮɯÓÐ×ÐËɯÖÒÚÐËÈÚàÖÕÜÕÜÕɯÉÈÚÒċÓÈÕËċĀċɯÝÌɯÙÈÍɯġÔÙĹÕĹÕɯÜáÈËċĀċɯÉÐÓËÐÙÐÓÔÐıÛÐÙɯȻƕƙȼȭɯ

!ÌÕáÌÙɯıÌÒÐÓËÌȮɯÚċĀċÙɯÉÜÙÎÌÙÓÌÙÐÕËÌɯÉÌáÌÓàÌɯÝÌɯÉÜĀËÈàɯÓÐÍÐɯÒÜÓÓÈÕċÔċÕċÕɯÚÜɯÛÜÛÔÈɯÒÈ×ÈÚÐÛÌÚÐɯÐÓÌɯ×ÐıÐÙÔÌɯ

verimini ar ÛċÙËċĀċɯÚÈ×ÛÈÕÔċıÛċÙɯȻƕƚȼȭɯ!ÈÓċÒɯĹÙĹÕÓÌÙÐÕËÌɯÐÚÌɯáÌÕÎÐÕÓÌıÛÐÙÔÌɯÚÛÙÈÛÌÑÐÓÌÙÐɯÎÌÕÌÓÓÐÒÓÌɯÔÜÏÈÍÈáÈɯ



 ÒËÈıɯÝËȭɯ$ÛȮɯ3ÈÝÜÒɯÝÌɯ!ÈÓċÒɯ²ÙĹÕÓÌÙÐÕÐÕɯ!ÐàÖÈÒÛÐÍɯ!ÐÓÌıÌÕÓÌÙÓÌɯ9ÌÕÎÐÕÓÌıÛÐÙÐÓÔÌÚÐ 

ƝƖ 
 

ÛÌÒÕÖÓÖÑÐÓÌÙÐɯÖËÈÒÓċËċÙȭɯ8ÌÕÐÓÌÉÐÓÐÙɯÒÈ×ÓÈÔÈɯÜàÎÜÓÈÔÈÓÈÙċȮɯÔÐÒÙÖÉÐàÈÓɯ×ÙÖÓÐÍÌÙÈÚàÖÕÜɯÐÕÏÐÉÌɯÌËÌÙÌÒɯ

ĹÙĹÕĹÕɯ ÙÈÍɯ ġÔÙĹÕĹɯ ÝÌɯ ÔÐÒÙÖÉÐàÖÓÖÑÐÒɯ ÎĹÝÌÕÓÐĀÐÕÐɯ Ö×ÛÐÔÐáÌɯ ÌÛÔÌÒÛÌȮɯ ÏÈÚÚÈÚɯ ÉÈÓċÒɯ ÔÈÛÙÐÚÐɯ ÐñÐÕɯ

ÍÖÕÒÚÐàÖÕÌÓɯ ÉÐÙɯ ÉÈÙÐàÌÙɯ ÖÓÜıÛÜÙÔÈÒÛÈËċÙɯ ȻƕƛȮƕƜȼȭɯ 3ÈÝÜÒɯ ĹÙĹÕÓÌÙÐÕËÌɯ ÐÚÌɯ ,ÖÙÐÕÎÈɯ ñÐñÌĀÐɯ ÌÒÚÛÙÈÒÛċɯ

ÒÜÓÓÈÕċÔċÕċÕɯÛÌÒÕÐÒɯÝÌɯÉÐàÖÒÐÔàÈÚÈÓɯÒÈáÈÕċÔÓÈÙċɯËÐÒÒÈÛɯñÌÒÐÊÐËÐÙȭɯ!ÜɯÌÒÚÛÙÈÒÛċÕɯËÈÏÐÓɯÌËÐÓËÐĀÐɯÛÈÝÜÒɯ

ÕÜÎÎÌÛÓÈÙËÈɯ ×ÐıÐÙÔÌɯ ÒÈàċ×ÓÈÙċɯ ÈáÈÓÔċıȰɯ àĹÒÚÌÒɯ ÈÕÛÐÖÒÚÐËÈÕɯ ÒÈ×ÈÚÐÛÌɯ ÚÈàÌÚÐÕËÌɯ ÚÖĀÜÒɯ ËÌ×ÖÓÈÔÈɯ

ÚĹÙÌÊÐÕËÌɯȹƖƔɯÎĹÕȮɯƘɯǷɯƕɯȘ"ȺɯÓÐ×ÐËɯÖÒÚÐËÈÚàÖÕÜɯÝÌɯÔÐÒÙÖÉÐàÈÓɯÎÌÓÐıÐÔɯÒÙÐÛÐÒɯËĹáÌàËÌɯÚċÕċÙÓÈÕËċÙċÓÔċıÛċÙɯ

ȻƕƝȼȭɯ xáÌÛÓÌɯ ÓÐÛÌÙÈÛĹÙɯ ÉÜÓÎÜÓÈÙċȮɯ ÉÐàÖÈÒÛÐÍɯ ÉÐÓÌıÌÕÓÌÙÐÕɯ ÏÈàÝÈÕÚÈÓɯ ĹÙĹÕÓÌÙÐÕɯ ÛÌÒÕÖÓÖÑÐÒɯ ġáÌÓÓÐÒÓÌÙÐÕÐɯ

ÐàÐÓÌıÛÐÙÐÙÒÌÕɯÖÒÚÐËÈÛÐÍɯÝÌɯÔÐÒÙÖÉÐàÖÓÖÑÐÒɯÚÛÈÉÐÓÐÛÌàÐɯÉÈıÈÙċàÓÈɯÚÈĀÓÈËċĀċÕċɯËÖĀÙÜÓÈÔÈÒÛÈËċÙ. 

Ɯȭɯ2ÖÕÜñ 

$ÛȮɯÛÈÝÜÒɯÝÌɯÉÈÓċÒɯĹÙĹÕÓÌÙÐÕÐÕɯÉÐàÖÈÒÛÐÍɯÉÐÓÌıÌÕÓÌÙÓÌɯáÌÕÎÐÕÓÌıÛÐÙÐÓÔÌÚÐȮɯÎċËÈɯÉÐÓÐÔÐÕËÌɯÒÈÛÔÈɯ

ËÌĀÌÙÓÐɯĹÙĹÕɯÎÌÓÐıÛÐÙÔÌɯÚÛÙÈÛÌÑÐÓÌÙÐÕÐÕɯÔÌÙÒÌáÐÕËÌɯàÌÙɯÈÓÔÈÒÛÈËċÙȭɯ!ÜɯÜàÎÜÓÈÔÈÓÈÙɯĹÙĹÕÓÌÙÐÕɯÚÈËÌÊÌɯ

ÉÌÚÓÌàÐÊÐɯËÌĀÌÙÐÕÐɯÈÙÛċÙÔÈÒÓÈɯÒÈÓÔÈàċ×ȮɯÖÒÚÐËÈÛÐÍɯÚÛÈÉÐÓÐÛÌàÐɯÎĹñÓÌÕËÐÙÌÙÌÒɯÙÈÍɯġÔÙĹÕĹɯÜáÈÛÔÈÒÛÈËċÙȭɯ

 ÕÊÈÒȮɯÉÐàÖÈÒÛÐÍɯÉÐÓÌıÌÕÓÌÙÐÕɯÉÐàÖàÈÙÈÙÓÈÕċÔċÕċÕɯÒÖÙÜÕÔÈÚċȮɯËÜàÜÚÈÓɯÕÐÛÌÓÐÒÓÌÙÐÕɯÚĹÙËĹÙĹÓÌÉÐÓÐÙÓÐĀÐɯÝÌɯ

×ÙÖÚÌÚɯ ×ÈÙÈÔÌÛÙÌÓÌÙÐÕÐÕɯ Ö×ÛÐÔÐáÈÚàÖÕÜɯ ÌÕËĹÚÛÙÐàÌÓɯ ÉÈıÈÙċɯ ÐñÐÕɯ ÒÙÐÛÐÒɯ ÌıÐÒÓÌÙËÐÙȭɯ !Üɯ ÕÖÒÛÈËÈɯ

ÌÕÒÈ×ÚĹÓÈÚàÖÕɯÛÌÒÕÖÓÖÑÐÓÌÙÐȮɯÚÛÈÉÐÓÐÛÌàÐɯÈÙÛċÙÈÕɯÝÌɯÍÖÕÒÚÐàÖÕÌÓɯġáÌÓÓÐÒÓÌÙÐɯÖ×ÛÐÔÐáÌɯÌËÌÕɯÈÕÈÏÛÈÙɯÉÐÙɯ

àġÕÛÌÔɯÖÓÈÙÈÒɯġÕÌɯñċÒÔÈÒÛÈËċÙȭɯ2ÖÕÜñɯÖÓÈÙÈÒȮɯÉÐàÖÈÒÛÐÍɯÉÐÓÌıÌÕÓÌÙÓÌɯáÌÕÎÐÕÓÌıÛÐÙÐÓÔÐıɯÌÛɯÝÌɯÌÛɯĹÙĹÕÓÌÙÐȮɯ

ÛÌÔÌÓɯÉÌÚÓÌÕÔÌɯÐıÓÌÝÐÕÐÕɯġÛÌÚÐÕÌɯÎÌñÌÙÌÒɯÒÙÖÕÐÒɯÏÈÚÛÈÓċÒÓÈÙċÕɯġÕÓÌÕÔÌÚÐne destek olan yeni nesil 

ÍÖÕÒÚÐàÖÕÌÓɯÎċËÈÓÈÙɯÒÈÛÌÎÖÙÐÚÐÕËÌɯÎĹñÓĹɯÉÐÙɯ×ÖÛÈÕÚÐàÌÓɯÛÈıċÔÈÒÛÈËċÙȭ 
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Analysis and Measurement System for Posture and Gait 

Disorders  

Abstract  

Objective assessment of gait and posture disorders is an important requirement for monitoring 

musculoskeletal problems, neurological impairments, rehabilitation processes and fall risk in older 

adults. Conventional motion analysis systems provide high accuracy; however, their use is generally 

limited by expensive equipment, laboratory dependency, c omplicated installation and the need for 

trained operators. This study presents a low-cost, portable and wearable measurement architecture 

designed to analyze posture and gait abnormalities under conditions that are not restricted to clinical 

laboratories. The proposed system consists of three MPU6050 inertial measurement units, an ESP32 
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microcontroller, serial communication -based data transfer, an 18650 Li-ion battery -supported power 

unit, a printed circuit board design, an initial MATLAB -based signal processing workflow and a 

subsequently developed Python/PyQt6-based analysis interface. The sensors are positioned on the left 

upper trunk, right upper trunk and L4/central trunk region in order to collect motion -related signals 

synchronously. The revised method section defines the sampling frequency, filtering strategy, 

complementary -filter -based orientation estimation and preliminary pilot measurement protocol. In the 

pilot records, selected windows from healthy gait, right leg short and left leg short scenarios were 

evaluated. Preliminary findings indicate that parameters such as shoulder r oll difference and L4 roll 

variation may reflect gait asymmetry. The proposed architecture may support rehabilitation followup, 

home-based patient monitoring and preventive healthcare applications after further validation . 

 

Keywords:  Gait analysis, posture analysis, wearable sensor, IMU , ESP32, MATLAB , Python, PyQt6 
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ÐÝÔÌġÓñÌÙɯ ÝÌɯ ÑÐÙÖÚÒÖ×ɯ ÚÐÕàÈÓÓÌÙÐÕÐÕɯ ÛÌÒɯ ÉÈıċÕÈɯ ÒÜÓÓÈÕċÔċÕÈɯ ÎġÙÌɯ ËÈÏÈɯ ÒÈÙÈÙÓċɯ Èñċɯ ÒÌÚÛÐÙÐÔÓÌÙÐɯ

ÚÈĀÓÈàÈÉÐÓÔÌÒÛÌËÐÙɯȻƙȼȭɯ!ÜɯñÈÓċıÔÈÕċÕɯÛÌÔÌÓɯÈÔÈÊċȮɯÎÐàÐÓÌÉÐÓÐÙɯ(,4ɯÚÌÕÚġÙÓÌÙÐɯÐÓÌɯ×ÖÚÛĹÙɯÝÌɯàĹÙĹÔÌɯ

ÉÖáÜÒÓÜÒÓÈÙċÕċÕɯ ÈÕÈÓÐáɯ ÌËÐÓÔÌÚÐÕÌɯ àġÕÌÓÐÒɯ ËĹıĹÒɯ ÔÈÓÐàÌÛÓÐɯ ÝÌɯ ÛÈıċÕÈÉilir bir sistem mimarisi 

ÎÌÓÐıÛÐÙÔÌÒÛÐÙȭɯxÕÌÙÐÓÌÕɯàÈ×ċȮɯ$2/ƗƖɯÔÐÒÙÖËÌÕÌÛÓÌàÐÊÐɯĹáÌÙÐÕËÌÕɯñÖÒÓÜɯÚÌÕÚġÙɯÝÌÙÐÓÌÙÐÕÐɯÛÖ×ÓÈÔÈàċȮɯ

ÉÈıÓÈÕÎċñɯÈıÈÔÈÚċÕËÈɯ, 3+ !ɯÖÙÛÈÔċÕËÈɯÍÐÓÛÙÌÓÌÔÌɯÝÌɯÛÌÔÌÓɯÒÐÕÌÔÈÛÐÒɯÈÕÈÓÐáÓÌÙÐɯÎÌÙñÌÒÓÌıÛÐÙÔÌàÐȮɯ

ÚÖÕÙÈÒÐɯÎÌÓÐıÛÐÙÔÌɯÈıÈÔÈÚċÕËÈɯÐÚÌɯ/àÛÏÖÕɤ/à0ÛƚɯÛÈÉÈÕÓċɯÈÙÈàĹáɯÐÓÌɯÎÌÙñÌÒɯáÈÔÈÕÓċɯÎġÙÚÌÓÓÌıÛÐÙÔÌȮɯ"25ɯ

ÒÈàċÛɯÝÌɯÖÛÜÙÜÔɯÚÖÕÜɯÙÈ×ÖÙÓÈÔÈɯÐıÓÌÔÓÌÙÐÕÐɯËÌÚÛÌÒÓÌÔÌàÐɯÏÌËÌÍÓÌÔÌÒÛÌËÐÙȭɯIÈÓċıÔÈÕċÕɯÙÌÝÐáÌɯÌËÐÓÌÕɯ

ÏÈÓÐÕËÌȮɯÚÐÚÛÌÔÐÕɯàÈÓÕċáÊÈɯÛÈÚÈÙċÔɯËĹáÌàÐÕËÌɯÒÈÓÔÈÔÈÚċɯÐñÐÕɯġÕɯ×ÐÓÖÛɯġÓñĹÔËÌÕɯÌÓËÌɯÌËÐÓÌÕɯÚÌñÐÓÔÐıɯ

ÒÈàċÛɯ×ÌÕÊÌÙÌÓÌÙÐɯËÌɯÉÜÓÎÜÓÈÙɯÉġÓĹÔĹÕÌɯÌÒÓÌÕÔÐıÛÐÙȭɯ!ġàÓÌÊÌɯÚÐÚÛÌÔÐÕɯÝÌÙÐɯÛÖ×ÓÈÔÈɯÝÌɯÛÌÔÌÓɯàĹÙĹàĹı-

×ÖÚÛĹÙɯ×ÈÙÈÔÌÛÙÌÓÌÙÐÕÐɯñċÒÈÙÔÈɯÈñċÚċÕËÈÕɯÜàÎÜÓÈÕÈÉÐÓÐÙÓÐĀÐɯËÈÏÈɯÚÖÔÜÛɯÉÐñÐÔËÌɯÎġÚÛÌÙÐÓÔÐıÛÐÙ. 

2. Materyal ve Metot  

Ɩȭƕȭɯ2ÐÚÛÌÔɯÔÐÔÈÙÐÚÐɯÝÌɯËÖÕÈÕċÔɯÉÐÓÌıÌÕÓÌÙÐ 

&ÌÓÐıÛÐÙÐÓÌÕɯ ÚÐÚÛÌÔȮɯ ÝĹÊÜËÈɯ àÌÙÓÌıÛÐÙÐÓÌÕɯ ñÖÒÓÜɯ ÚÌÕÚġÙɯ ËĹĀĹÔÓÌÙÐÕËÌÕɯ ÌÓËÌɯ ÌËÐÓÌÕɯ ÏÈÙÌÒÌÛɯ

ÝÌÙÐÓÌÙÐÕÐÕɯÒÈÉÓÖÚÜáɯÖÓÈÙÈÒɯÉÐÓÎÐÚÈàÈÙÈɯÈÒÛÈÙċÓÔÈÚċɯÝÌɯàÈáċÓċÔɯÖÙÛÈÔċÕËÈɯÈÕÈÓÐáɯÌËÐÓÔÌÚÐɯ×ÙÌÕÚÐÉÐÕÌɯ

ËÈàÈÕÔÈÒÛÈËċÙȭ #ÖÕÈÕċÔɯ àÈ×ċÚċÕËÈɯ ÛÌÔÌÓɯ ġÓñĹÔɯ ÉÐÙÐÔÐɯ ÖÓÈÙÈÒɯ ,/4ƚƔƙƔɯ ÚÌÕÚġÙĹɯ ÒÜÓÓÈÕċÓÔċıÛċÙȭɯ

,/4ƚƔƙƔȮɯĹñɯÌÒÚÌÕÓÐɯÐÝÔÌġÓñÌÙɯÝÌɯĹñɯÌÒÚÌÕÓÐɯÑÐÙÖÚÒÖ×ɯÐñÌÙÌÕɯÉÐÙɯ(,4ɯÚÌÕÚġÙĹɯÖÓÜ×ɯËÖĀÙÜÚÈÓɯÐÝÔÌɯÐÓÌɯ



(ÚÔÈÈÌÓɯÝËȭɯ/ÖÚÛĹÙɯÝÌɯ8ĹÙĹÔÌɯ!ÖáÜÒÓÜÒÓÈÙċɯ ÕÈÓÐáɯÝÌɯxÓñĹÔɯ2ÐÚÛÌÔÐ 

Ɲƚ 
 

ÈñċÚÈÓɯÏċáɯÝÌÙÐÓÌÙÐÕÐɯ(Ɩ"ɯÏÈÉÌÙÓÌıÔÌɯ×ÙÖÛÖÒÖÓĹɯĹáÌÙÐÕËÌÕɯÔÐÒÙÖËÌÕÌÛÓÌàÐÊÐàÌɯÐÓÌÛÔÌÒÛÌËÐÙȭɯ2ÌÕÚġÙÓÌÙÐÕɯ

ÚÖÓɯĹÚÛɯÎġÝËÌȮɯÚÈĀɯĹÚÛɯÎġÝËÌɯÝÌɯ+ƘɤÔÌÙÒÌáɯÎġÝËÌɯÉġÓÎÌÓÌÙÐÕÌɯÒÖÕÜÔÓÈÕËċÙċÓÔÈÚċàÓÈɯ×ÖÚÛĹÙÈÓɯËÜÙÜıɯÝÌɯ

àĹÙĹàĹıɯÚċÙÈÚċÕËÈɯÖÓÜıÈÕɯÎġÝËÌɯÏÈÙÌÒÌÛÓÌÙÐÕÐÕɯÌıɯáÈÔÈÕÓċɯÐáÓÌÕÔÌÚÐɯ×ÓÈÕÓÈÕÔċıÛċÙȭɯ2ÐÚÛÌÔÐÕɯÔÌÙÒÌáÐɯ

ÒÖÕÛÙÖÓɯÉÐÙÐÔÐɯÖÓÈÙÈÒɯ$2/ƗƖɯÎÌÓÐıÛÐÙÔÌɯÒÈÙÛċɯÛÌÙÊÐÏɯÌËÐÓÔÐıÛÐÙȭɯ$2/ƗƖȮɯÌÕÛÌÎÙÌɯ!ÓÜÌÛÖÖÛÏɯËÌÚÛÌĀÐȮɯàÌÛÌÙÓÐɯ

ÐıÓÌÔɯ ÒÈ×ÈÚÐÛÌÚÐȮɯ ËĹıĹÒɯ ÎĹñɯ ÛĹÒÌÛÐÔÐɯ ÝÌɯ ñÖÒÓÜɯ ñÌÝÙÌÚÌÓɯ ÉÐÙÐÔɯ ÈÙÈàĹáÓÌÙÐɯ ÕÌËÌÕÐàÓÌɯ ÎÐàÐÓÌÉÐÓÐÙɯ

biyomedikal ġÓñĹÔɯ ÚÐÚÛÌÔÓÌÙÐɯ ÐñÐÕɯ ÜàÎÜÕɯ ÉÐÙɯ ×ÓÈÛÍÖÙÔËÜÙȭɯ 2ÌÕÚġÙÓÌÙËÌÕɯ ÖÒÜÕÈÕɯ ÝÌÙÐÓÌÙɯ

ÔÐÒÙÖËÌÕÌÛÓÌàÐÊÐɯÛÈÙÈÍċÕËÈÕɯÉÌÓÐÙÓÌÕÌÕɯġÙÕÌÒÓÌÔÌɯÍÙÌÒÈÕÚċÕËÈɯÛÖ×ÓÈÕÔÈÒÛÈȮɯÛÌÔÌÓɯÝÌÙÐɯËĹáÌÕÓÌÔÌɯ

ÐıÓÌÔÓÌÙÐÕËÌÕɯ ÎÌñÐÙÐÓÔÌÒÛÌɯ ÝÌɯ ƕƕƙƖƔƔɯ ÉÈÜËɯ ÏċáċÕËÈɯ !ÓÜÌÛÖÖÛÏɯ ÉÈĀÓÈÕÛċÚċɯ ĹáÌÙÐÕËÌÕɯ ÉÐÓÎÐÚÈyara 

ÈÒÛÈÙċÓÔÈÒÛÈËċÙȭɯ*ÈÉÓÖɯÉÈĀÓÈÕÛċÚċÕċÕɯÖÙÛÈËÈÕɯÒÈÓËċÙċÓÔÈÚċȮɯġÓñĹÔɯÚċÙÈÚċÕËÈɯÒÜÓÓÈÕċÊċÕċÕɯËÖĀÈÓɯÏÈÙÌÒÌÛÐÕÐɯ

ÒċÚċÛÓÈÔÈËÈÕɯÝÌÙÐɯÈÓċÕÔÈÚċÕÈɯÒÈÛÒċɯÚÈĀÓÈÔÈÒÛÈËċÙ. 

 

3ÈÉÓÖɯƕȭɯ2ÐÚÛÌÔɯÉÐÓÌıÌÕÓÌÙÐɯÝÌɯÒÜÓÓÈÕċÔɯÈÔÈñÓÈÙċ 

!ÐÓÌıÌÕ &ġÙÌÝ 2ÌñÐÔɯÎÌÙÌÒñÌÚÐ 

MPU6050 IMU dÝÔÌɯÝÌɯÈñċÚÈÓɯÏċáɯġÓñĹÔĹ 
#ĹıĹÒɯÔÈÓÐàÌÛÓÐȮɯÒĹñĹÒɯÉÖàÜÛÓÜȮɯ(Ɩ"ɯ

destekli 

ESP32 5ÌÙÐɯÛÖ×ÓÈÔÈɯÝÌɯÒÈÉÓÖÚÜáɯÈÒÛÈÙċÔ 
Bluetooth/Wi -%ÐɯËÌÚÛÌĀÐȮɯËĹıĹÒɯÎĹñɯ

ÛĹÒÌÛÐÔÐ 

Li -/Öɯ×ÐÓɯÝÌɯıÈÙÑɯËÌÝÙÌÚÐ 3ÈıċÕÈÉÐÓÐÙɯÌÕÌÙÑÐɯÉÌÚÓÌÔÌÚÐ 
*ÈÉÓÖɯÉÈĀċÔÓċÓċĀċÕċɯÈáÈÓÛÔÈɯÝÌɯÎĹÝÌÕÓÐɯ

ıÈÙÑ 

#"ɤ#"ɯËġÕĹıÛĹÙĹÊĹ *ÈÙÈÙÓċɯÉÌÚÓÌÔÌɯÎÌÙÐÓÐÔÐ 
/ÐÓɯÎÌÙÐÓÐÔÐÕËÌÒÐɯËÌĀÐıÐÔÓÌÙÌɯÒÈÙıċɯ

ÚĹÙÌÒÓÐÓÐÒ 

PCB ve muhafaza $ÓÌÒÛÙÖÕÐÒɯàÌÙÓÌıÐÔɯÝÌɯÒÖÙÜÔÈ 
&ÐàÐÓÌÉÐÓÐÙÓÐÒȮɯÔÌÒÈÕÐÒɯËÈàÈÕċÔɯÝÌɯ

ËĹáÌÕÓÐɯÉÈĀÓÈÕÛċ 

, 3+ !ɯÈÙÈàĹáĹ *ÈàċÛȮɯÍÐÓÛÙÌÓÌÔÌȮɯÈÕÈÓÐáɯÝÌɯÙÈ×ÖÙÓÈÔÈ 
2ÐÕàÈÓɯÐıÓÌÔÌɯÝÌɯÎġÙÚÌÓÓÌıÛÐÙÔÌɯ

ÒÖÓÈàÓċĀċ 

Enerji biriminde Li -/Öɯ×ÐÓȮɯıÈÙÑɯËÌÝÙÌÚÐɯÒÜÓÓÈÕċÓÈÙÈÒɯÚÐÚÛÌÔÐÕɯÉÈÛÈÙàÈɯÐÓÌɯñÈÓċıÔÈÚċɯÏÌËÌÍÓÌÕÔÐıÛÐÙȭɯ

!ÜɯàÈ×ċȮɯÒÓÐÕÐÒɯËċıċɯġÓñĹÔÓÌÙËÌɯÛÈıċÕÈÉÐÓÐÙÓÐĀÐɯÈÙÛċÙÔÈÒÛÈɯÝÌɯÒċÚÈɯÚĹÙÌÓÐɯÚÈÏÈɯÜàÎÜÓÈÔÈÓÈÙċÕËÈɯÒÌÚÐÕÛÐÚÐáɯ

ÝÌÙÐɯÛÖ×ÓÈÕÔÈÚċÕÈɯÖÓÈÕÈÒɯÝÌÙÔÌÒÛÌËÐÙȭɯ$ÓÌÒÛÙÖÕÐÒɯÉÐÓÌıÌÕÓÌÙÐÕɯËĹáÌÕÓÐɯÝÌɯÎĹÝÌÕÓÐɯÉÐñÐÔËÌɯÉÐÙɯÈÙÈàÈɯ

ÎÌÛÐÙÐÓÔÌÚÐɯ ÐñÐÕɯ ÉÈÚÒċɯ ËÌÝÙÌɯ ÒÈÙÛċɯ ÛÈÚÈÙċÔċɯ àÈ×ċÓÔÈÒÛÈȰɯ ÚÌÕÚġÙɯ ÝÌɯ ÒÖÕÛÙÖÓɯ ÉÐÙÐÔÓÌÙÐÕÐÕɯ Ëċıɯ ÖÙÛÈÔɯ

ÌÛÒÐÓÌÙÐÕËÌÕɯÒÖÙÜÕÔÈÚċɯÈÔÈÊċàÓÈɯ2ÖÓÐË6ÖÙÒÚɯÖÙÛÈÔċÕËÈɯÉÐÙɯÔÜÏÈÍÈáÈɯÔÖËÌÓÐɯÖÓÜıÛÜÙÜÓÔÈÒÛÈËċÙȭ 

 

©ÌÒÐÓɯƕȭ #ÌÝÙÌɯÝÌɯÚÌÕÚġÙɯÒÜÛÜÓÈÙċÕċÕɯÛÈÚÈÙċÔċ 



(ÚÔÈÈÌÓɯÝËȭɯ/ÖÚÛĹÙɯÝÌɯ8ĹÙĹÔÌɯ!ÖáÜÒÓÜÒÓÈÙċɯ ÕÈÓÐáɯÝÌɯxÓñĹÔɯ2ÐÚÛÌÔÐ 

Ɲƛ 
 

 

©ÌÒÐÓɯƖȭ ÚÐÚÛÌÔÐÕɯÉÓÖÒɯËÐàÈÎÙÈÔċ 

ƖȭƖȭɯ5ÌÙÐɯÛÖ×ÓÈÔÈɯÝÌɯàÈáċÓċÔɯÈÒċıċ 

xÓñĹÔɯÚĹÙÌÊÐɯÒÜÓÓÈÕċÊċËÈÕɯËÌÕÌĀÌɯÈÐÛɯÛÌÔÌÓɯÉÐÓÎÐÓÌÙÐÕɯÈÓċÕÔÈÚċàÓÈɯÉÈıÓÈÛċÓÔÈÒÛÈËċÙȭɯ ÙËċÕËÈÕɯ

àÈáċÓċÔɯÈÙÈàĹáĹɯñÌÝÙÌËÌÒÐɯ!ÓÜÌÛÖÖÛÏɯÊÐÏÈáÓÈÙċÕċɯÛÈÙÈÔÈÒÛÈȮɯÜàÎÜÕɯ$2/ƗƖɯÊÐÏÈáċɯÚÌñÐÓÔÌÒÛÌɯÝÌɯÉÈĀÓÈÕÛċɯ

ËÜÙÜÔÜɯ ÒÖÕÛÙÖÓɯ ÌËÐÓÔÌÒÛÌËÐÙȭɯ !ÈĀÓÈÕÛċɯ ÉÈıÈÙċÚċáɯ ÖÓËÜĀÜÕËÈɯ ÒÜÓÓÈÕċÊċàÈɯ ÜàÈÙċɯ ÝÌÙÐÓÌÙÌÒɯ àÌÕÐËÌÕɯ

ÉÈĀÓÈÕÛċɯÒÜÙÜÓÔÈÚċɯÚÈĀÓÈÕÔÈÒÛÈËċÙȭɯ!ÈĀÓÈÕÛċÕċÕɯÉÈıÈÙċÓċɯÖÓÔÈÚċɯËÜÙÜÔÜÕËÈɯ23 13ɯÒÖÔÜÛÜɯÐÓÌɯÒÈàċÛɯ

ÚĹÙÌÊÐɯÉÈıÓÈÛċÓÔÈÒÛÈȮɯ23./ɯÒÖÔÜÛÜɯÝÌÙÐÓÌÕÌɯÒÈËÈÙɯÚÌÕÚġÙÓÌÙËÌÕɯÎÌÓÌÕɯÐÝÔÌɯÝÌɯÈñċÚÈÓɯÏċáɯÝÌÙÐÓÌÙÐɯáÈÔÈÕɯ

etiketli olarak bilgisayar ÈɯÈÒÛÈÙċÓÔÈÒÛÈËċÙȭɯIÈÓċıÔÈÕċÕɯÐÓÒɯÎÌÓÐıÛÐÙÔÌɯÈıÈÔÈÚċÕËÈɯÚÌÕÚġÙÓÌÙËÌÕɯÈÓċÕÈÕɯ

ÝÌÙÐÓÌÙɯ , 3+ !ɯ ÖÙÛÈÔċÕËÈɯ ÒÈàËÌËÐÓÔÐıȮɯ ÍÐÓÛÙÌÓÌÕÔÐıɯ ÝÌɯ ×ÐÛÊÏ-ÙÖÓÓɯ ËÌĀÐıÐÔÓÌÙÐɯ ÎÙÈÍÐÒÚÌÓɯ ÖÓÈÙÈÒɯ

ÐÕÊÌÓÌÕÔÐıÛÐÙȭɯ!ÜɯÈıÈÔÈȮɯÚÐÚÛÌÔÐÕɯÛÌÔÌÓɯÚÐÕàÈÓɯÐıÓÌÔÌɯÈÒċıċÕċÕɯËÖĀÙÜÓÈÕÔÈÚċɯÝÌɯ×ÐÓÖÛɯġÓñĹÔɯÝÌÙÐÓÌÙÐÕÐÕɯ

ËÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐɯÐñÐÕɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯ#ÈÏÈɯÚÖÕÙÈÒÐɯÈıÈÔÈËÈɯÐÚÌɯġÓñĹÔɯÚĹÙÌÊÐÕÐɯËÈÏÈɯÒÜÓÓÈÕċÊċɯËÖÚÛÜɯÝÌɯ

ÎÌÙñÌÒɯáÈÔÈÕÓċɯÏÈÓÌɯÎÌÛÐÙÔÌÒɯÈÔÈÊċàÓÈɯ/àÛÏÖÕɤ/à0ÛƚɯÛÈÉÈÕÓċɯÉÐÙɯÔÈÚÈĹÚÛĹɯÈÙÈàĹáɯÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙȭɯ

$2/ƗƖɀËÌÕɯÎÌÓÌÕɯÝÌÙÐÓÌÙɯÚÌÙÐɯ×ÖÙÛɯĹáÌÙÐÕËÌÕɯƕƕƙƖƔƔɯÉÈÜËɯÏċáċÕËÈɯÈÓċÕÔċıɯÝÌɯÏÌÙɯÚÌÕÚġÙɯÐñÐÕɯ×ÐÛÊÏɯÝÌɯÙÖÓÓɯ

ÈñċÓÈÙċɯÈàÙċɯÈàÙċɯÐáÓÌÕÔÐıÛÐÙȭɯ ÙÈàĹáËÌɯÚÈĀɯÖÔÜáȮɯÚÖÓɯÖÔÜáɯÝÌɯÉÖàÜÕɤÌÕÚÌɯÚÌÕÚġÙÓÌÙÐÕÌɯÈÐÛɯ×ÐÛÊÏ-roll 
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ÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÔÈÚċÕÈɯÖÓÈÕÈÒɯÚÈĀÓÈÔÈÒÛÈËċÙȭɯdÓÌÙÓÌàÌÕɯñÈÓċıÔÈÓÈÙËÈɯÉÜɯàÈ×ċȮɯÎÌÙñÌÒɯáÈÔÈÕÓċɯÜàÈÙċɯ

mekanizmalÈÙċɯÝÌɯÒÐıÐàÌɯġáÌÓɯÙÌÏÈÉÐÓÐÛÈÚàÖÕɯÛÈÒÐÉÐɯÐÓÌɯÎÌÕÐıÓÌÛÐÓÌÉÐÓÐÙ. 
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L4/meÙÒÌáɯ ÎġÝËÌɯ ÚÌÕÚġÙÓÌÙÐÕËÌÕɯ ÌÓËÌɯ ÌËÐÓÌÕɯ ×ÐÛÊÏɯ ÝÌɯ ÙÖÓÓɯ ÈñċÓÈÙċɯ ÐÕÊÌÓÌÕÔÐıÛÐÙȭɯ 2ÌñÐÓÌÕɯ ÛÌÔÌÓɯ

×ÈÙÈÔÌÛÙÌÓÌÙȰɯÚÈĀ-ÚÖÓɯÖÔÜáɯÙÖÓÓɯÍÈÙÒċȮɯÚÈĀ-ÚÖÓɯÖÔÜáɯ×ÐÛÊÏɯÍÈÙÒċȮɯ+ƘɯÙÖÓÓɯÖÙÛÈÓÈÔÈÚċȮɯ+ƘɯÙÖÓÓɯÏÈÙÌÒÌÛɯÈñċÒÓċĀċɯ

ÝÌɯ +Ƙɯ ×ÐÛÊÏɯ ÏÈÙÌÒÌÛɯ ÈñċÒÓċĀċËċÙȭɯ 2ÈĀ-ÚÖÓɯ ÖÔÜáɯ ÍÈÙÒÓÈÙċȮɯ ÎġÝËÌɯ ÚÐÔÌÛÙÐÚÐÕÐɯ ÝÌɯ àĹÙĹàĹıɯ ÚċÙÈÚċÕËÈɯ

ÖÓÜıÈÉÐÓÌÊÌÒɯÈÚÐÔÌÛÙÐÒɯÚÈÓċÕċÔÓÈÙċɯËÌĀÌÙÓÌÕËÐÙÔÌÒɯÐñÐÕɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯ+ƘɯÉġÓÎÌÚÐɯÐÚÌɯÎġÝËÌÕÐÕɯÔÌÙÒÌáÐɯ

ÏÈÙÌÒÌÛÐÕÐɯÛÌÔÚÐÓɯÌÛÛÐĀÐɯÐñÐÕɯ×ÖÚÛĹÙÈÓɯËÌĀÐıÐÔÐÕɯÐáÓÌÕÔÌÚÐÕËÌɯÛÌÔÌÓɯÙÌÍÌÙÈÕÚɯÕÖÒÛÈÚċɯÖÓÈÙÈÒɯÒÈÉÜÓɯ

ÌËÐÓÔÐıÛÐÙ. 

Ɨȭɯ!ÜÓÎÜÓÈÙɯÝÌɯ3ÈÙÛċıÔÈ 

Ɨȭƕȭɯ2ÐÚÛÌÔɯÛÈÚÈÙċÔċÕÈɯÐÓÐıÒÐÕɯÉÜÓÎÜÓÈÙɯ 

!ÜɯñÈÓċıÔÈɯÒÈ×ÚÈÔċÕËÈɯ×ÖÚÛĹÙɯÝÌɯàĹÙĹàĹıɯÈÕÈÓÐáÐÕÌɯàġÕÌÓÐÒɯËĹıĹÒɯÔÈÓÐàÌÛÓÐȮɯÒÈÉÓÖÚÜáɯÝÌɯÔÖËĹÓÌÙɯ

ÉÐÙɯÚÐÚÛÌÔɯÛÈÚÈÙċÔċɯÖÙÛÈàÈɯÒÖÕÜÓÔÜıÛÜÙȭɯxÕÌÙÐÓÌÕɯÚÐÚÛÌÔȮɯġÓñĹÔɯÚĹÙÌÊÐÕÐɯÓÈÉÖÙÈÛÜÝÈÙɯÖÙÛÈÔċÕÈɯÉÈĀċÔÓċɯ

ÖÓÔÈÒÛÈÕɯñċÒÈÙÈÙÈÒɯÒÜÓÓÈÕċÊċÕċÕɯËÖĀÈÓɯÏÈÙÌÒÌÛɯÒÖıÜÓÓÈÙċÕËÈɯÝÌÙÐɯÛÖ×ÓÈÕÔÈÚċÕÈɯÐÔÒäÕɯÚÈĀÓÈÔÈÒÛÈËċÙȭɯ

²ñɯ ÍÈÙÒÓċɯ ÎġÝËÌɯ ÉġÓÎÌÚÐÕËÌÕɯ ÝÌÙÐɯ ÈÓċÕÔÈÚċȮɯ ÚÈĀ-ÚÖÓɯ ÖÔÜáɯ ÈÚÐÔÌÛÙÐÚÐȮɯ ÎġÝËÌɯ ÚÈÓċÕċÔċɯ ÝÌɯ ËÜÙÜıɯ

ËÌĀÐıÐÔÓÌÙÐÕÐÕɯ ÉÐÙÓÐÒÛÌɯ ËÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐÕÐɯ ÔĹÔÒĹÕɯ ÒċÓÔÈÒÛÈËċÙȭɯ 2ÐÚÛÌÔɯ ÛÈÚÈÙċÔċÕËÈɯ $2/ƗƖɯ ÝÌɯ

,/4ƚƔƙƔɯÎÐÉÐɯËĹıĹÒɯÔÈÓÐàÌÛÓÐɯÝÌɯÌÙÐıÐÓÌÉÐÓÐÙɯÉÐÓÌıÌÕÓÌÙÐÕɯÒÜÓÓÈÕċÓÔÈÚċȮɯ×ÙÖÛÖÛÐ×ÐÕɯÌÒÖÕÖÔÐÒɯÝÌɯàÌÕÐËÌÕɯ

ĹÙÌÛÐÓÌÉÐÓÐÙɯÖÓÔÈÚċÕċɯÚÈĀÓÈÔÈÒÛÈËċÙȭɯ8ÈÒÓÈıċÒɯƕƙƔƔɯ3+ɯËĹáÌàÐÕËÌɯÏÌËÌÍÓÌÕÌÕɯ×ÙÖÛÖÛÐ×ɯÔÈÓÐàÌÛÐȮɯÚÐÚÛÌÔÐÕɯ

ÌĀÐÛÐÔȮɯ ġÕɯ ÛÈÙÈÔÈȮɯ ÙÌÏÈÉÐÓÐÛÈÚàÖÕɯ ÛÈÒÐÉÐɯ ÝÌɯ ÚÈÏÈɯ ÜàÎÜÓÈÔÈÓÈÙċɯ ÐñÐÕɯ ÜàÎÜÓÈÕÈÉÐÓÐÙɯ ÉÐÙ alternatif 

ÖÓÈÉÐÓÌÊÌĀÐÕÐɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ2ÐÕàÈÓɯÐıÓÌÔÌɯÈñċÚċÕËÈÕɯÐÓÒɯġÓñĹÔɯÝÌɯËÌĀÌÙÓÌÕËÐÙÔÌɯÈËċÔÓÈÙċɯ, 3+ !ɯ

ÖÙÛÈÔċÕËÈɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıȰɯÉÜɯÚĹÙÌñÛÌɯ×ÐÛÊÏɯÝÌɯÙÖÓÓɯÝÌÙÐÓÌÙÐɯÍÐÓÛÙÌÓÌÕÌÙÌÒɯÎÙÈÍÐÒÚÌÓɯÖÓÈÙÈÒɯÐÕÊÌÓÌÕÔÐıÛÐÙȭɯ

#ÈÏÈɯÚÖÕÙÈɯÎÌÓÐıÛÐÙÐÓÌÕɯ/àÛÏÖÕɤ/à0ÛƚɯÛÈÉÈÕÓċɯÈÙÈàĹáȮɯÚÌÕÚġÙɯÝÌÙÐÓÌÙÐÕÐÕɯÎÌÙñÌÒɯáÈÔÈÕÓċɯÐáÓÌÕÔÌÚÐÕÌȮɯ

×ÐÛÊÏɯÝÌɯÙÖÓÓɯÌĀÙÐÓÌÙÐÕÐÕɯÎġÙÚÌÓÓÌıÛÐÙÐÓÔÌÚÐÕÌȮɯÝÌÙÐÓÌÙÐÕɯ"25ɯÍÖÙÔÈÛċÕËÈɯÒÈàËÌËÐÓÔÌÚÐÕÌɯÝÌɯÖÛÜÙÜÔɯ

ÚÖÕÜÕËÈɯÙÈ×ÖÙÓÈÕÔÈÚċÕÈɯÖÓÈÕÈÒɯÚÈĀÓÈÔċıÛċÙȭɯ!ÜɯàġÕĹàÓÌɯÚÐÚÛÌÔɯàÈÓÕċáÊÈɯÝÌÙÐɯÛÖ×ÓÈàÈÕɯÉÐÙɯËĹáÌÕÌÒɯ

ËÌĀÐÓȮɯÈàÕċɯáÈÔÈÕËÈɯ×ÖÚÛĹÙɯÝÌɯàĹÙĹàĹıɯËÌĀÐıÐÔÓÌÙÐÕÐɯġÕɯËÌĀÌÙÓÌÕËÐÙÔÌɯËĹáÌàÐÕËÌɯàÖÙÜÔÓÈàÈÉÐÓÌÕɯÉÐÙɯ

ÈÕÈÓÐáɯÈÓÛàÈ×ċÚċɯÚÜÕÔÈÒÛÈËċÙȭɯ 

ƗȭƖȭɯxÕɯ×ÐÓÖÛɯġÓñĹÔɯÉÜÓÎÜÓÈÙċɯ 

xÕɯ×ÐÓÖÛɯġÓñĹÔËÌɯÚÈĀÓċÒÓċɯàĹÙĹàĹıȮɯÚÈĀɯÈàÈÒɯÒċÚÈɯÚÌÕÈÙàÖÚÜɯÝÌɯÚÖÓɯÈàÈÒɯÒċÚÈɯÚÌÕÈÙàÖÚÜɯÐñÐÕɯÚÌñÐÓÌÕɯ

ÒÈàċÛɯ×ÌÕÊÌÙÌÓÌÙÐɯÒÈÙıċÓÈıÛċÙċÓÔċıÛċÙȭɯ!ÜÓÎÜÓÈÙċÕɯÈÔÈÊċɯÒÓÐÕÐÒɯÚċÕċÍÓÈÕËċÙÔÈɯàÈ×ÔÈÒɯËÌĀÐÓȮɯÚÐÚÛÌÔÐÕɯÍÈÙÒÓċɯ

àĹÙĹàĹıɯÒÖıÜÓÓÈÙċÕËÈɯËÌĀÐıÌÕɯÎġÝËÌɯÝÌɯÖÔÜáɯÏÈÙÌÒÌÛÓÌÙÐÕÐɯÈÓÎċÓÈàÈÉÐÓËÐĀÐÕÐɯÎġÚÛÌÙÔÌÒÛÐÙȭɯ2ÌñÐÓÌÕɯ

ÝÌÙÐÓÌÙËÌÕɯÌÓËÌɯÌËÐÓÌÕɯġáÌÛɯËÌĀÌÙÓÌÙɯ3ÈÉÓÖɯƖɀËÌɯÝÌÙÐÓÔÐıÛÐÙ. 

3ÈÉÓÖɯƖȭɯxÕɯ×ÐÓÖÛɯġÓñĹÔËÌÕɯÚÌñÐÓÌÕɯġáÌÛɯËÌĀÌÙÓÌÙ 

xÓñĹÔɯÒÖıÜÓÜ 
*ÈàċÛɯ×ÌÕÊÌÙÌÚÐɯ

ÚÈàċÚċ 

Ortalama omuz 

ÙÖÓÓɯÍÈÙÒċɯȹȘȺ 

+ƘɯÙÖÓÓɯÖÙÛÈÓÈÔÈÚċɯ

Ƿɯ22ɯȹȘȺ 

L4 roll hareket 

ÈñċÒÓċĀċɯȹȘȺ 

2ÈĀÓċÒÓċɯàĹÙĹàĹı 10 31,11 -ƖƝȮƔƘɯǷɯƕƔȮƛƖ 32,31 

2ÈĀɯÈàÈÒɯÒċÚÈɯ

senaryosu 
10 26,94 -ƖƛȮƛƛɯǷɯƚȮƛƛ 26,08 

2ÖÓɯÈàÈÒɯÒċÚÈɯ

senaryosu 
10 53,15 -ƗƔȮƘƘɯǷɯƜȮƖƜ 28,43 

 

3ÈÉÓÖɯƖɀËÌɯÎġÙĹÓËĹĀĹɯÎÐÉÐɯÚÖÓɯÈàÈÒɯÒċÚÈɯÚÌÕÈÙàÖÚÜÕËÈɯÖÙÛÈÓÈÔÈɯÖÔÜáɯÙÖÓÓɯÍÈÙÒċɯƙƗȮƕƙȘɯÖÓÈÙÈÒɯ

ÏÌÚÈ×ÓÈÕÔċıɯÝÌɯÉÜɯËÌĀÌÙɯËÐĀÌÙɯġÓñĹÔɯÒÖıÜÓÓÈÙċÕÈɯÎġÙÌɯËÈÏÈɯàĹÒÚÌÒɯÉÜÓÜÕÔÜıÛÜÙȭɯ!ÜɯÚÖÕÜñȮɯÚÐÚÛÌÔÐÕɯ

ÚÈĀ-ÚÖÓɯÖÔÜáɯÏÈÙÌÒÌÛÓÌÙÐɯÈÙÈÚċÕËÈÒÐɯÍÈÙÒċɯÈÓÎċÓÈàÈÉÐÓËÐĀÐÕÐɯÝÌɯÈÚÐÔÌÛÙÐÒɯàĹÙĹàĹıɯËÜÙÜÔÓÈÙċÕËÈɯÖÔÜáɯ

ÙÖÓÓɯÍÈÙÒċÕċÕɯÈàċÙÛɯÌËÐÊÐɯÉÐÙɯġÕɯ×ÈÙÈÔÌÛÙÌɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÈÉÐÓÌÊÌĀÐÕÐɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ!ÜɯġÕɯÉÜÓÎÜÓÈÙȮɯ



(ÚÔÈÈÌÓɯÝËȭɯ/ÖÚÛĹÙɯÝÌɯ8ĹÙĹÔÌɯ!ÖáÜÒÓÜÒÓÈÙċɯ ÕÈÓÐáɯÝÌɯxÓñĹÔɯ2ÐÚÛÌÔÐ 

ƕƔƔ 
 

ÚÐÚÛÌÔÐÕɯÏÈÔɯÚÌÕÚġÙɯÝÌÙÐÓÌÙÐÕËÌÕɯÈÕÓÈÔÓċɯ×ÖÚÛĹÙɯÝÌɯàĹÙĹàĹıɯ×ÈÙÈÔÌÛÙÌÓÌÙÐɯĹÙÌÛÌÉÐÓËÐĀÐÕÐɯÎġÚÛÌÙÔÌÚÐɯ

ÈñċÚċÕËÈÕɯġÕÌÔÓÐËÐÙȭɯ!ÜÕÜÕÓÈɯÉÐÙÓÐÒÛÌɯġÓñĹÔÓÌÙɯÚċÕċÙÓċɯÒÈàċÛɯ×ÌÕÊÌÙÌÓÌÙÐÕÌɯËÈàÈÕËċĀċÕËÈÕɯÚÖÕÜñÓÈÙɯ

ÒÓÐÕÐÒɯÛÈÕċɯÝÌàÈɯÒÌÚÐÕɯÚċÕċÍÓÈÕËċÙÔÈɯÈÔÈÊċàÓÈɯÒÜÓÓÈÕċÓÔÈÔÈÓċËċÙȭɯ#ÈÏÈɯÎĹÝÌÕÐÓÐÙɯËÌĀÌÙÓÌÕËÐÙÔÌɯÐñÐÕɯ

ÍÈÙÒÓċɯÎġÕĹÓÓĹÓÌÙÓÌɯÛÌÒÙÈÙɯġÓñĹÔÓÌÙÐɯàÈ×ċÓÔÈÓċɯÝÌɯÚÐÚÛÌÔɯÙÌÍÌÙÈÕÚɯġÓñĹÔɯàġÕÛÌÔÓÌÙÐàÓÌɯÒÈÙıċÓÈıÛċÙċÓÔÈÓċËċÙɯ

ȻƜȼȭɯ  àÙċÊÈɯ ÜáÜÕɯ ÚĹÙÌÓÐɯ ÎÐàÐÓÌÉÐÓÐÙɯ ÚÌÕÚġÙɯ ñÈÓċıÔÈÓÈÙċÕËÈɯ ÖÓËÜĀÜɯ ÎÐÉÐȮɯ ÚÐÚÛÌÔÐÕɯ ÍÈÙÒÓċɯ ÒÜÓÓÈÕċÊċɯ

ÎÙÜ×ÓÈÙċÕËÈɯÝÌɯÚÈÏÈɯÒÖıÜÓÓÈÙċÕËÈɯÛÌÚÛɯÌËÐÓÔÌÚÐɯÎÌÙÌÒÔÌÒÛÌËÐÙɯȻƘȮƚȮƛȼ 

Ƙȭɯ2ÖÕÜñ 

!ÜɯñÈÓċıÔÈËÈɯ×ÖÚÛĹÙɯÝÌɯàĹÙĹÔÌɯÉÖáÜÒÓÜÒÓÈÙċÕċÕɯËÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐÕÌɯàġÕÌÓÐÒȮɯ(,4ɯÛÈÉÈÕÓċȮɯËĹıĹÒɯ

ÔÈÓÐàÌÛÓÐɯ ÝÌɯ ÛÈıċÕÈÉÐÓÐÙɯ ÉÐÙɯ ġÓñĹÔɯ ÚÐÚÛÌÔÐɯ ġÕÌÙÐÓÔÐıÛÐÙȭɯ 2ÐÚÛÌÔȰɯ ,/4ƚƔƙƔɯ ÚÌÕÚġÙÓÌÙÐȮɯ $2/ƗƖɯ

ÔÐÒÙÖËÌÕÌÛÓÌàÐÊÐȮɯÚÌÙÐɯÏÈÉÌÙÓÌıÔÌɯÈÓÛàÈ×ċÚċȮɯƕƜƚƙƔɯÉÈÛÈÙàÈɯËÌÚÛÌÒÓÐɯÌÕÌÙÑÐɯÉÐÙÐÔÐȮɯÉÈıÓÈÕÎċñɯÈıÈÔÈÚċÕËÈɯ

ÒÜÓÓÈÕċÓÈÕɯ, 3+ !ɯÛÈÉÈÕÓċɯÚÐÕàÈÓɯÐıÓÌÔÌɯÚĹÙÌÊÐɯÝÌɯËÈÏÈɯÚÖÕÙÈɯÎÌÓÐıÛÐÙÐÓÌÕɯ/àÛÏÖÕɤ/à0ÛƚɯÛÈÉÈÕÓċɯÈÕÈÓÐáɯ

ÈÙÈàĹáĹÕĹÕɯ ÉÐÙÓÐÒÛÌɯ ñÈÓċıÔÈÚċàÓÈɯ ÒÜÙÎÜÓÈÕÔċıÛċÙȭ1ÌÝÐáÌɯ ÌËÐÓÌÕɯ ñÈÓċıÔÈËÈɯ àġÕÛÌÔɯ ÉġÓĹÔĹÕÌɯ

ÖÙàÈÕÛÈÚàÖÕɯ ÏÌÚÈÉċȮɯ ÛÈÔÈÔÓÈàċÊċɯ ÍÐÓÛÙÌɯ àÈÒÓÈıċÔċȮɯ ġÙÕÌÒÓÌÔÌɯ ÍÙÌÒÈÕÚċɯ ÝÌɯ ÍÐÓÛÙÌÓÌÔÌɯ ×ÈÙÈÔÌÛÙÌÓÌÙÐɯ

ÌÒÓÌÕÔÐıȰɯÉÜÓÎÜÓÈÙɯÉġÓĹÔĹÕÌɯÐÚÌɯġÕɯ×ÐÓÖÛɯġÓñĹÔËÌÕɯÌÓËÌɯÌËÐÓÌÕɯÚÌñÐÓÔÐıɯÚÖÕÜñÓÈÙɯËÈÏÐÓɯÌËÐÓÔÐıÛÐÙȭɯxÕɯ

×ÐÓÖÛɯËÌĀÌÙÓÌÕËÐÙÔÌȮɯÚÐÚÛÌÔÐÕɯÚÈĀÓċÒÓċɯàĹÙĹàĹıɯÝÌɯÈàÈÒɯÜáÜÕÓÜĀÜɤÈÚÐÔÌÛÙÐɯÚÌÕÈÙàÖÓÈÙċÕËÈɯÎġÝde ve 

ÖÔÜáɯÏÈÙÌÒÌÛÓÌÙÐÕËÌÒÐɯËÌĀÐıÐÔÓÌÙÐɯÒÈàËÌËÌÉÐÓËÐĀÐÕÐɯÎġÚÛÌÙÔÐıÛÐÙȭɯxáÌÓÓÐÒÓÌɯÖÔÜáɯÙÖÓÓɯÍÈÙÒċɯÝÌɯ+ƘɯÙÖÓÓɯ

ÏÈÙÌÒÌÛɯÈñċÒÓċĀċɯÎÐÉÐɯ×ÈÙÈÔÌÛÙÌÓÌÙÐÕɯàĹÙĹàĹıɯÈÚÐÔÌÛÙÐÚÐÕÌɯÐÓÐıÒÐÕɯġÕɯËÌĀÌÙÓÌÕËÐÙÔÌËÌɯÒÜÓÓÈÕċÓÈÉÐÓÌÊÌÒɯ

ÎġÚÛÌÙÎÌÓÌÙɯÖÓËÜĀÜɯÎġÙĹÓÔĹıÛĹÙȭɯ ÕÊÈÒɯÉÜɯÚÖÕÜñÓÈÙɯÚċÕċÙÓċɯÚÈàċËÈɯÒÈàċÛɯ×ÌÕÊÌÙÌÚÐÕÌɯËÈàÈÕËċĀċÕËÈÕɯ
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Solar-Powered Autonomous Surface Aerator for Dissolved 

Oxygen Augmentation in Stagnant Waters  

Abstract  

In this study, the design of a solar-powered autonomous surface aeration system is addressed to resolve 

the dissolved oxygen (DO) deficiency frequently encountered in stagnant and artificial water bodies. In 

ponds fed by rainwater with insufficient circulation, increasing organic load and temperature lead to  

eutrophication; this situation drops dissolved oxygen levels to critical values, causing serious 

environmental problems such as fish kills and foul odors. Therefore, the need for low -cost and 

sustainable solutions is increasing every day. 
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2ÐÚÛÌÔÐ 

ƕƔƗ 
 

The proposed system features an LDR sensor-based control mechanism sensitive to ambient light levels. 

During daylight hours, the energy obtained through solar panels is stored in Li -ion batteries under the 

supervision of a Battery Management System (BMS), which ensures system safety and protects battery 

life. During nighttime, when photosynthesis stops and oxygen levels decrease, the system activates 

autonomously to circulate water via internal water pumps and perform surface aeration.  

The mechanical structure of the system was modeled in Solidworks in a catamaran form to provide 

maximum stability on water and reduce hydrodynamic resistance, while 3D printing technology was 

utilized in prototype production to ensure modularity. This mobi le platform with a catamaran structure 

moves across the water surface, providing a homogeneous oxygen distribution over wide areas, unlike 

stationary systems. This proposed approach presents an innovative solution that minimizes operating 

costs by running entirely on renewable energy, requires no chemical intervention, and contributes to 

sustainable water management. 

 

Keywords:  Unmanned Surface Vehicle (USV), Catamaran, Solar Energy, Dissolved Oxygen (DO) , 

Surface Aeration, Sustainable Water Management 

ƕȭɯ&ÐÙÐı 

2ÜɯÒÈàÕÈÒÓÈÙċÕċÕɯÒÖÙÜÕÔÈÚċɯÝÌɯÚĹÙËĹÙĹÓÌÉÐÓÐÙɯÚÜɯàġÕÌÛÐÔÐȮɯÎĹÕĹÔĹáËÌɯÈÙÛÈÕɯñÌÝÙÌÚÌÓɯ×ÙÖÉÓÌÔÓÌÙɯ

ÝÌɯÐÒÓÐÔɯËÌĀÐıÐÒÓÐĀÐÕÐÕɯÌÛÒÐÓÌÙÐɯÕÌËÌÕÐàÓÌɯġÕÌÔÓÐɯÉÐÙɯÈÙÈıÛċÙÔÈɯÈÓÈÕċɯÏÈÓÐÕÌɯÎÌÓÔÐıÛÐÙȭɯxáÌÓÓÐÒÓÌɯàÈ×Èàɯ

ÎġÓÌÛÓÌÙȮɯËÜÙÎÜÕɯÚÜɯÒĹÛÓÌÓÌÙÐɯÝÌɯÉÈÓċÒɯàÌÛÐıÛÐÙÐÊÐÓÐĀÐÕËÌɯÒÜÓÓÈÕċÓÈÕɯÙÌáÌÙÝÜÈÙÓÈÙËÈɯñġáĹÕÔĹıɯÖÒÚÐÑÌÕɯȹ#.Ⱥɯ

ÚÌÝÐàÌÚÐÕÐÕɯÈáÈÓÔÈÚċȰɯÉÈÓċÒɯġÓĹÔÓÌÙÐȮɯÒġÛĹɯÒÖÒÜɯÖÓÜıÜÔÜȮɯàÖÚÜÕÓÈıÔÈɯȹġÛÙÖÍÐÒÈÚàÖÕȺɯÝÌɯÌÒÖÚÐÚÛÌÔɯ

ËÌÕÎÌÚÐÕÐÕɯÉÖáÜÓÔÈÚċɯÎÐÉÐɯÊÐËËÐɯñÌÝÙÌÚÌÓɯ×ÙÖÉÓÌÔÓÌÙÌɯàÖÓɯÈñÔÈÒÛÈËċÙȭɯɯ 

 

#ÜÙÎÜÕɯÚÜÓÈÙËÈɯÔÌàËÈÕÈɯÎÌÓÌÕɯÖÒÚÐÑÌÕɯàÌÛÌÙÚÐáÓÐĀÐɯ×ÙÖÉÓÌÔÐɯÒĹÙÌÚÌÓɯġÓñÌÒÛÌɯġÕÌÔÓÐɯÉÐÙɯñÌÝÙÌÚÌÓɯ

ÛÌÏËÐÛɯÖÓÈÙÈÒɯËÌĀÌÙÓÌÕËÐÙÐÓÔÌÒÛÌËÐÙȭɯxáÌÓÓÐÒÓÌɯÚċÊÈÒÓċÒɯÈÙÛċıċȮɯÖÙÎÈÕÐÒɯÔÈËËÌɯÉÐÙÐÒÐÔÐɯÝÌɯàÌÛÌÙÚÐáɯÚÜɯ

ÚÐÙÒĹÓÈÚàÖÕÜȰɯÎġÓɯÝÌɯÎġÓÌÛÓÌÙËÌɯñġáĹÕÔĹıɯÖÒÚÐÑÌÕɯÚÌÝÐàÌÚÐÕÐÕɯËĹıÔÌÚÐÕÌɯÕÌËÌÕɯÖÓÔÈÒÛÈËċÙȭɯ ÔÌÙÐÒÈɯ

!ÐÙÓÌıÐÒɯ#ÌÝÓÌÛÓÌÙÐɀÕËÌɯɁ#ÌÈËɯ9ÖÕÌɂɯÖÓÈÙÈÒɯÈËÓÈÕËċÙċÓÈÕɯËĹıĹÒɯÖÒÚÐÑÌÕɯÉġÓÎÌÓÌÙÐȮɯ-ÖÙÝÌñɀÛÌɯÉÈÓċÒɯ

ñÐÍÛÓÐÒÓÌÙÐÕËÌɯÎġÙĹÓÌÕɯġÛÙÖÍÐÒÈÚàÖÕɯ×ÙÖÉÓÌÔÓÌÙÐɯÝÌɯdÙÓÈÕËÈɀËÈɯÙÈ×ÖÙɯÌËÐÓÌÕɯÛÖ×ÓÜɯÉÈÓċÒɯġÓĹÔÓÌÙÐɯÉÜɯ

ËÜÙÜÔÜÕɯġÕÌÔÓÐɯġÙÕÌÒÓÌÙÐɯÈÙÈÚċÕËÈɯàÌÙɯÈÓÔÈÒÛÈËċÙȭ 

 

3ĹÙÒÐàÌɀËÌɯ ËÌɯ ÉÌÕáÌÙɯ ×ÙÖÉÓÌÔÓÌÙɯ ÚÖÕɯ àċÓÓÈÙËÈɯ ËÈÏÈɯ ÚċÒɯ ÎġÙĹÓÔÌÒÛÌËÐÙȭɯ 3ÌÒÐÙËÈĀɀËÈɯ ÖÒÚÐÑÌÕɯ

ÈáÈÓÔÈÚċÕÈɯÉÈĀÓċɯÛÖ×ÓÜɯÉÈÓċÒɯġÓĹÔÓÌÙÐɯàÈıÈÕċÙÒÌÕȮɯ!ÜÙÚÈɤ&ÌÔÓÐÒɯÉġÓÎÌÚÐÕËÌɯËÜÙÎÜÕɯÚÜÓÈÙËÈɯÖÒÚÐÑÌÕɯ

àÌÛÌÙÚÐáÓÐĀÐɯ ÝÌɯ ÒÐÙÓÐÓÐÒɯ ×ÙÖÉÓÌÔÓÌÙÐɯ ÎġáÓÌÔÓÌÕÔÐıÛÐÙȭɯ  àÙċÊÈɯ dÚÛÈÕÉÜÓɀËÈÒÐɯ ÉÈáċɯ ×ÌàáÈÑɯ ÎġÓÌÛÓÌÙÐÕËÌɯ

àÖÚÜÕÓÈıÔÈɯÝÌɯÒÐÙÓÐÓÐÒɯÒÈàÕÈÒÓċɯÖÒÚÐÑÌÕɯÒÈàÉċɯÔÌàËÈÕÈɯÎÌÓÔÐıÛÐÙȭɯ!ÜɯËÜÙÜÔȮɯËĹıĹÒɯÔÈÓÐàÌÛÓÐȮɯñÌÝÙÌɯ

ËÖÚÛÜɯÝÌɯÚĹÙËĹÙĹÓÌÉÐÓÐÙɯÏÈÝÈÓÈÕËċÙÔÈɯÚÐÚÛÌÔÓÌÙÐÕÌɯËÜàÜÓÈÕɯÐÏÛÐàÈÊċɯÈÙÛċÙÔÈÒÛÈËċÙȭ 

 

!ÜɯÕÌËÌÕÓÌɯàÌÕÐÓÌÕÌÉÐÓÐÙɯÌÕÌÙÑÐɯËÌÚÛÌÒÓÐȮɯÌÕÌÙÑÐɯÝÌÙÐÔÓÐÓÐĀÐɯàĹÒÚÌÒɯÝÌɯÖÛÖÕÖÔɯñÈÓċıÔÈɯàÌÛÌÕÌĀÐÕÌɯ

ÚÈÏÐ×ɯÚÐÚÛÌÔÓÌÙÐÕɯÎÌÓÐıÛÐÙÐÓÔÌÚÐɯÉĹàĹÒɯġÕÌÔɯÛÈıċÔÈÒÛÈËċÙȭɯ2ÖÕɯàċÓÓÈÙËÈɯÎĹÕÌıɯÌÕÌÙÑÐÚÐɯËÌÚÛÌÒÓÐɯÖÛÖÕÖÔɯ

àĹáÌàɯÈÙÈñÓÈÙċɯȹ425ȺȮɯñÌÝÙÌÚÌÓɯÐáÓÌÔÌɯÝÌɯÚÜɯÒÈÓÐÛÌÚÐÕÐÕɯÐàÐÓÌıÛÐÙÐÓÔÌÚÐɯÈÔÈÊċàÓÈɯÎÌÓÐıÛÐÙÐÓÌÕɯàÌÕÐÓÐÒñÐɯ

ÛÌÒÕÖÓÖÑÐÓÌÙɯÈÙÈÚċÕËÈɯàÌÙɯÈÓÔÈÒÛÈËċÙȭ 

2. Materyal ve Metot  

2.1. Materyal  

!ÜɯñÈÓċıÔÈËÈɯÎÌÓÐıÛÐÙÐÓÌÕɯÚÐÚÛÌÔËÌɯÎĹÕÌıɯ×ÈÕÌÓÐȮɯ+Ð-ÐÖÕɯÉÈÛÈÙàÈȮɯÔÐÒÙÖÐıÓÌÔÊÐɯÛÈÉÈÕÓċɯÒÖÕÛÙÖÓɯÒÈÙÛċȮɯ

ÜÓÛÙÈÚÖÕÐÒɯÚÌÕÚġÙÓÌÙȮɯ+#1ɯÚÌÕÚġÙĹȮɯ,.2%$3ɯÚĹÙĹÊĹɯËÌÝÙÌÚÐȮɯÚÜɯ×ÖÔ×ÈÓÈÙċȮɯÏÈÝÈɯÐÓÌÛÐÔɯÉÖÙÜÓÈÙċɯÝÌɯƗ#ɯ

ÉÈÚÒċɯàġÕÛÌÔÐàÓÌɯĹÙÌÛÐÓÔÐıɯÒÈÛÈÔÈÙÈÕɯÎġÝËÌÚÐɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯ2ÐÚÛÌÔɯÉÐÓÌıÌÕÓÌÙÐɯÖÛÖÕÖÔɯÏÈÙÌÒÌÛȮɯÌÕÌÙÑÐɯ

àġÕÌÛÐÔÐɯÝÌɯÏÈÝÈÓÈÕËċÙÔÈɯÐıÓÌÔÓÌÙÐÕÐɯÎÌÙñÌÒÓÌıÛÐÙÌÊÌÒɯıÌÒÐÓËÌɯÌÕÛÌÎÙÌɯÌËÐÓÔÐıÛÐÙȭ 

  



8ÖáÎÈÛÓċɯÝËȭɯ#ÜÙÎÜÕɯ2Üɯ*ĹÛÓÌÓÌÙÐɯÐñÐÕɯIġáĹÕÔĹıɯ.ÒÚÐÑÌÕÐɯ ÙŲċÙÈÕɯ.ÛÖÕÖÔɯ8ĹáÌàɯ'ÈÝÈÓÈÕËċÙÔÈɯ

2ÐÚÛÌÔÐ 

ƕƔƘ 
 

2.2. Metot 

!ÜɯñÈÓċıÔÈËÈȮɯËÜÙÎÜÕɯÚÜɯÒĹÛÓÌÓÌÙÐÕËÌɯÔÌàËÈÕÈɯÎÌÓÌÕɯñġáĹÕÔĹıɯÖÒÚÐÑÌÕɯÌÒÚÐÒÓÐĀÐÕÐÕɯÎÐËÌÙÐÓÔÌÚÐɯ

ÈÔÈÊċàÓÈɯÎĹÕÌıɯÌÕÌÙÑÐÚÐɯËÌÚÛÌÒÓÐɯÖÛÖÕÖÔɯÉÐÙɯàĹáÌàɯÚÐÚÛÌÔÐɯÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙȭɯ&ÌÓÐıÛÐÙÐÓÌÕɯ×ÓÈÛÍÖÙÔȮɯÚÜɯ

àĹáÌàÐÕËÌɯ ÏÈÙÌÒÌÛɯ ÌËÌÙÌÒɯ ÏÈÝÈÓÈÕËċÙÔÈɯ ÐıÓÌÔÐÕÐɯ ÎÌÙñÌÒÓÌıÛÐÙÔÌÒÛÌɯ ÝÌɯ ÚÜɯ ÚÐÙÒĹÓÈÚàÖÕÜÕÈɯ ÒÈÛÒċɯ

ÚÈĀÓÈÔÈÒÛÈËċÙȭ 

 

2ÐÚÛÌÔɯÐñÌÙÐÚÐÕËÌɯÒÜÓÓÈÕċÓÈÕɯÏÈÝÈÓÈÕËċÙÔÈɯÔÌÒÈÕÐáÔÈÚċɯÚÈàÌÚÐÕËÌɯÈÛÔÖÚÍÌÙɯÏÈÝÈÚċɯÚÜɯÈÓÛċÕÈɯ

ÐÓÌÛÐÓÔÌÒÛÌȮɯ ÖÓÜıÈÕɯ ÏÈÝÈɯ ÒÈÉÈÙÊċÒÓÈÙċɯ ÐÓÌɯ ÖÒÚÐÑÌÕɯ ÛÙÈÕÚÍÌÙÐɯ ÎÌÙñÌÒÓÌıÛÐÙÐÓÔÌÒÛÌËÐÙȭɯ !ġàÓÌÊÌɯ ÚÜËÈÒÐɯ

ñġáĹÕÔĹıɯÖÒÚÐÑÌÕɯÔÐÒÛÈÙċÕċÕɯÈÙÛċÙċÓÔÈÚċɯÏÌËÌÍÓÌÕÔÌÒÛÌËÐÙȭɯIġáĹÕÔĹıɯÖÒÚÐÑÌÕɯÛÙÈÕÚÍÌÙÐɯÈıÈĀċËÈÒÐɯÌıÐÛÓÐÒɯ

ile ifade edilmektedir:  
▀╒

▀◄
▓╛╪╬

ᶻ ╒ 

 

!ÜÙÈËÈɯ"ɯÚÜËÈÒÐɯÔÌÝÊÜÛɯñġáĹÕÔĹıɯÖÒÚÐÑÌÕɯÒÖÕÚÈÕÛÙÈÚàÖÕÜÕÜȮɯὅᶻ ËÖàÎÜÕɯñġáĹÕÔĹıɯÖÒÚÐÑÌÕɯ

konsantrasyonunu ve ὯÈɯÖÒÚÐÑÌÕɯÛÙÈÕÚÍÌÙɯÒÈÛÚÈàċÚċÕċɯÐÍÈËÌɯÌÛÔÌÒÛÌËÐÙȭ 

 

2ÐÚÛÌÔȮɯÉÌÓÐÙÓÌÕÌÕɯÉġÓÎÌɯĹáÌÙÐÕËÌɯÖÛÖÕÖÔɯÏÈÙÌÒÌÛɯÒÈÉÐÓÐàÌÛÐɯÚÈàÌÚÐÕËÌɯÎÌÕÐıɯÈÓÈÕÓÈÙËÈɯÏÖÔÖÑÌÕɯ

ÖÒÚÐÑÌÕɯ ËÈĀċÓċÔċɯ ÚÈĀÓÈÔÈàċɯ ÈÔÈñÓÈÔÈÒÛÈËċÙȭɯ  àÙċÊÈɯ ÚÐÚÛÌÔÐÕɯ ÌÕÌÙÑÐɯ ÐÏÛÐàÈÊċɯ àÌÕÐÓÌÕÌÉÐÓÐÙɯ ÌÕÌÙÑÐɯ

ÒÈàÕÈÒÓÈÙċÕËÈÕɯÒÈÙıċÓÈÕÈÙÈÒɯÚĹÙËĹÙĹÓÌÉÐÓÐÙɯÉÐÙɯñÈÓċıÔÈɯÔÖËÌÓÐɯÏÌËÌÍÓÌÕÔÐıÛÐÙȭ  

 

Ɨȭɯ2ÖÕÜñÓÈÙɯÝÌɯ3ÈÙÛċıÔÈ 

Ɨȭƕȭɯ%ÐáÐÒÚÌÓɯxáÌÓÓÐÒÓÌÙ 

&ÌÓÐıÛÐÙÐÓÌÕɯÚÐÚÛÌÔȮɯÚÜɯàĹáÌàÐÕËÌɯËÌÕÎÌÓÐɯÏÈÙÌÒÌÛɯÚÈĀÓÈàÈÉÐÓÔÌÒɯÈÔÈÊċàÓÈɯñÐÍÛɯÎġÝËÌÓÐɯÒÈÛÈÔÈÙÈÕɯ

àÈ×ċÚċÕËÈɯÛÈÚÈÙÓÈÕÔċıÛċÙȭɯ&ġÝËÌɯàÈ×ċÚċɯÏÈÍÐÍȮɯÔÖËĹÓÌÙɯÝÌɯÛÈıċÕÈÉÐÓÐÙɯÖÓÈÊÈÒɯıÌÒÐÓËÌɯÔÖËÌÓÓÌÕÔÐıɯÖÓÜ×ɯ

Ɨ#ɯÉÈÚÒċɯÛÌÒÕÖÓÖÑÐÚÐɯÒÜÓÓÈÕċÓÈÙÈÒɯĹÙÌÛÐÓÔÐıÛÐÙȭɯ2ÐÚÛÌÔɯĹáÌÙÐÕËÌɯÎĹÕÌıɯ×ÈÕÌÓÐȮɯÚÌÕÚġÙÓÌÙȮɯÌÓÌÒÛÙÖÕÐÒɯÒÖÕÛÙÖÓɯ

ÉÐÙÐÔÓÌÙÐɯÝÌɯÏÈÝÈÓÈÕËċÙÔÈɯÔÌÒÈÕÐáÔÈÚċɯÌÕÛÌÎÙÌɯıÌÒÐÓËÌɯÒÖÕÜÔÓÈÕËċÙċÓÔċıÛċÙȭ 

 

$ÕÌÙÑÐɯÐÏÛÐàÈÊċɯÎĹÕÌıɯ×ÈÕÌÓÐɯÝÌɯ+Ð-ÐÖÕɯÉÈÛÈÙàÈɯÚÐÚÛÌÔÐɯÐÓÌɯÒÈÙıċÓÈÕÔÈÒÛÈËċÙȭɯ/ÓÈÛÍÖÙÔȮɯÚÜɯàĹáÌàÐÕËÌɯ

ËĹıĹÒɯÌÕÌÙÑÐɯÛĹÒÌÛÐÔÐɯÐÓÌɯÏÈÙÌÒÌÛɯÌËÌÉÐÓÌÊÌÒɯıÌÒÐÓËÌɯÛÈÚÈÙÓÈÕÔċıɯÖÓÜ×ɯÎÌÕÐıɯÈÓÈÕÓÈÙËÈɯÎġÙÌÝɯàÈ×ÈÉÐÓÌÊÌÒɯ

àÈ×ċàÈɯÚÈÏÐ×ÛÐÙȭ 

Ƙȭɯ2ÖÕÜñ 

!Üɯ ñÈÓċıÔÈËÈȮɯ ËÜÙÎÜÕɯ ÚÜɯ ÒĹÛÓÌÓÌÙÐÕËÌɯ ÔÌàËÈÕÈɯ ÎÌÓÌÕɯ ñġáĹÕÔĹıɯ ÖÒÚÐÑÌÕɯ àÌÛÌÙÚÐáÓÐĀÐÕÐÕɯ

ÎÐËÌÙÐÓÔÌÚÐÕÌɯàġÕÌÓÐÒɯÎĹÕÌıɯÌÕÌÙÑÐÚÐɯËÌÚÛÌÒÓÐɯÖÛÖÕÖÔɯÉÐÙɯàĹáÌàɯÏÈÝÈÓÈÕËċÙÔÈɯÚÐÚÛÌÔÐɯÛÈÚÈÙÓÈÕÔċıɯÝÌɯ

×ÙÖÛÖÛÐ×ɯ ÜàÎÜÓÈÔÈÚċɯ ÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȭɯ &ÌÓÐıÛÐÙÐÓÌÕɯ ÚÐÚÛÌÔɯ ÚÈàÌÚÐÕËÌɯ ÚÜɯ àĹáÌàÐÕËÌɯ ÏÈÙÌÒÌÛÓÐɯ

ÏÈÝÈÓÈÕËċÙÔÈɯÚÈĀÓÈÕÈÙÈÒɯÚÜɯÚÐÙÒĹÓÈÚàÖÕÜɯÈÙÛċÙċÓÔċıɯÝÌɯñġáĹÕÔĹıɯÖÒÚÐÑÌÕɯÚÌÝÐàÌÚÐÕÐÕɯÐàÐÓÌıÛÐÙÐÓÔÌÚÐÕÌɯ

àġÕÌÓÐÒɯÚĹÙËĹÙĹÓÌÉÐÓÐÙɯÉÐÙɯàÈÒÓÈıċÔɯÖÙÛÈàÈɯÒÖÕÜÓÔÜıÛÜÙȭ 

 

2ÐÚÛÌÔËÌɯÒÜÓÓÈÕċÓÈÕɯÎĹÕÌıɯ×ÈÕÌÓÐȮɯ+Ð-ÐÖÕɯÉÈÛÈÙàÈɯÝÌɯ!,2ɯÛÈÉÈÕÓċɯÌÕÌÙÑÐɯàġÕÌÛÐÔɯàÈ×ċÚċɯÚÈàÌÚÐÕËÌɯ

ıÌÉÌÒÌɯÌÓÌÒÛÙÐĀÐÕÌɯÐÏÛÐàÈñɯËÜàÜÓÔÈËÈÕɯñÈÓċıÈÉÐÓÌÕɯÌÕÌÙÑÐɯÝÌÙÐÔÓÐɯÉÐÙɯàÈ×ċɯÌÓËÌɯÌËÐÓÔÐıÛÐÙȭɯ àÙċÊÈɯ+#1ɯ

ÚÌÕÚġÙĹɯÐÓÌɯÎÌÙñÌÒÓÌıÛÐÙÐÓÌÕɯÎÌÊÌɯÖËÈÒÓċɯÖÛÖÕÖÔɯñÈÓċıÔÈɯÔÈÕÛċĀċɯÚÈàÌÚÐÕËÌɯÚÐÚÛÌÔÐÕȮɯñġáĹÕÔĹıɯÖÒÚÐÑÌÕɯ

ÚÌÝÐàÌÚÐÕÐÕɯÒÙÐÛÐÒɯÚÌÝÐàÌÓÌÙÌɯËĹıÛĹĀĹɯáÈÔÈÕɯÈÙÈÓċĀċÕËÈɯÖÛÖÔÈÛÐÒɯÖÓÈÙÈÒɯËÌÝÙÌàÌɯÎÐÙÔÌÚÐɯÚÈĀÓÈÕÔċıÛċÙȭɯ

*ÈÛÈÔÈÙÈÕɯÍÖÙÔÜÕËÈÒÐɯÏÈÙÌÒÌÛÓÐɯàÈ×ċɯÐÚÌɯÖÒÚÐÑÌÕÐÕɯàÈÓÕċáÊÈɯÉÌÓÐÙÓÐɯÉÐÙɯÉġÓÎÌËÌɯËÌĀÐÓȮɯËÈÏÈɯÎÌÕÐıɯÈÓÈÕÓÈÙÈɯ

homojeÕɯÉÐñÐÔËÌɯËÈĀċÛċÓÔÈÚċÕÈɯÒÈÛÒċɯÚÈĀÓÈÔċıÛċÙȭ 

 

$ÓËÌɯÌËÐÓÌÕɯÚÖÕÜñÓÈÙȮɯÎÌÓÐıÛÐÙÐÓÌÕɯÚÐÚÛÌÔÐÕɯàÈ×ÈàɯÎġÓÌÛÓÌÙȮɯÉÈÓċÒɯñÐÍÛÓÐÒÓÌÙÐȮɯ×ÌàáÈÑɯÈÓÈÕÓÈÙċɯÝÌɯËĹıĹÒɯ

ÚÐÙÒĹÓÈÚàÖÕÓÜɯ ÚÜɯ ÒĹÛÓÌÓÌÙÐÕËÌɯ ÜàÎÜÓÈÕÈÉÐÓÐÙɯ ñÌÝÙÌÊÐɯ ÉÐÙɯ ñġáĹÔɯ ×ÖÛÈÕÚÐàÌÓÐÕÌɯ ÚÈÏÐ×ɯ ÖÓËÜĀÜÕÜɯ

ÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ!ÜÕÜÕÓÈɯÉÐÙÓÐÒÛÌɯÚÐÚÛÌÔÐÕɯÎÌÓÌÊÌÒÛÌɯñġáĹÕÔĹıɯÖÒÚÐÑÌÕɯÚÌÕÚġÙÓÌÙÐȮɯÒÈÉÓÖÚÜáɯÏÈÉÌÙÓÌıÔÌɯ
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ÔÖËĹÓÓÌÙÐɯÝÌɯÎÌÓÐıÔÐıɯÖÛÖÕÖÔɯÒÖÕÛÙÖÓɯÈÓÎÖÙÐÛÔÈÓÈÙċɯÐÓÌɯËÌÚÛÌÒÓÌÕÔÌÚÐȰɯËÈÏÈɯàĹÒÚÌÒɯÝÌÙÐÔÓÐÓÐÒȮɯÜáÈÒÛÈÕɯ

ÐáÓÌÔÌɯÝÌɯÈÒċÓÓċɯÚÜɯàġÕÌÛÐÔÐɯÜàÎÜÓÈÔÈÓÈÙċÕÈɯÖÓÈÕÈÒɯÚÈĀÓÈàÈÊÈÒÛċÙȭ  
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%ÐáÐÒÚÌÓɯxáÌÓÓÐÒÓÌÙÐ 
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1 ÍàÖÕɯ*ÖÊÈÛÌ×Ìɯ²ÕÐÝÌÙÚÐÛÌÚÐȮɯ%ÌÕɯ!ÐÓÐÔÓÌÙÐɯ$ÕÚÛÐÛĹÚĹȮɯ&ċËÈɯ,ĹÏÌÕËÐÚÓÐĀÐȮɯ ÍàÖÕÒÈÙÈÏÐÚÈÙɯɯ 

2 ÍàÖÕɯ*ÖÊÈÛÌ×Ìɯ²ÕÐÝÌÙÚÐÛÌÚÐȮɯ,ĹÏÌÕËÐÚÓÐÒɯ%ÈÒĹÓÛÌÚÐȮɯ&ċËÈɯ,ĹÏÌÕËÐÚÓÐĀÐȮɯ ÍàÖÕÒÈÙÈÏÐÚÈÙɯɯ 
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xáÌÛɯ 

3ĹÙÒɯÛÖ×ÓÜÔÜÕÜÕɯÎĹÕÓĹÒɯËÐàÌÛÐÕËÌɯñÖÒɯġÕÌÔÓÐɯÉÐÙɯàÌÙÌɯÚÈÏÐ×ɯÖÓÈÕɯÌÒÔÌÒȮɯÌÕËĹÚÛÙÐàÌÓɯÖÓÈÙÈÒɯÎĹÕÓĹÒɯ

ÛĹÒÌÛÐÔɯÐñÐÕɯñÌıÐÛÓÐɯÛÐ×ÓÌÙËÌɯĹÙÌÛÐÓÔÌÒÛÌËÐÙȭɯ'ÈáċÙɯàÌÔÌÒɯȹÊÈÛÌÙÐÕÎȺɯÌÕËĹÚÛÙÐÚÐɯÐÓÌɯÓÖÒÈÕÛÈɯÝÌɯÙÌÚÛÖÙÈÕÓÈÙɯ

ÛÈÙÈÍċÕËÈÕɯÌÒÔÌÒɯÐÚÙÈÍċÕċɯÔÐÕÐÔÐáÌɯÌÛÔÌÒɯÐñÐÕɯÛÖ×ɯȹÙÖÓÓȺɯÌÒÔÌÒɯÛÌÙÊÐÏɯÌËÐÓÔÌÒÛÌËÐÙȭɯ!ÜɯñÈÓċıÔÈËÈɯ

 ÍàÖÕÒÈÙÈÏÐÚÈÙɀËÈɯ ÛÖ×ɯ ÌÒÔÌÒɯ ĹÙÌÛÐÔÐɯ àÈ×ÈÕɯ ËġÙÛɯ ÍÈÙÒÓċɯ ÐıÓÌÛÔÌàÌɯ ÈÐÛɯ ġÙÕÌÒÓÌÙÐÕɯ ÉÈáċɯ ÍÐáÐÒÚÌÓɯ

ġáÌÓÓÐÒÓÌÙÐÕÐÕɯËÌĀÐıÐÔɯÈÓÛɯÈàɯÚĹÙÌÚÐÕÊÌɯÐáÓÌÕÔÐıÛÐÙȭɯ8È×ċÓÈÕɯÈÕÈÓÐáÓÌÙÌɯÎġÙÌɯÛĹÔɯġÙÕÌÒÓÌÙËÌɯƚɯÈàɯÚĹÙÌÚÐÕÊÌɯ

ÌÒÔÌÒɯÈĀċÙÓċĀċɯƘƜȭƙɯ-53.9 g, ; ekmek hacmi 298.72 ɬ ƗƗƕȭƝƕɯÔÓȰɯÌÒÔÌÒɯàÖĀÜÕÓÜĀÜɯƔȭƕƘɯ-0.17 g/ml; ekmek 

àĹÒÚÌÒÓÐĀÐɯƜƙȭƛƛ-ƝƜȭƝƘɯÔÔȰɯÌÒÔÌÒɯñÈ×ċɯƘƕȭƜƘɯɬ ƙƛȭƕƙɯÔÔɯÝÌɯÌÒÔÌÒɯÐñÐɯÎġáÌÕÌÒɯñÈ×ċɯƗȭƔƘ-6.78 mm 

ÈÙÈÚċÕËÈɯÉÐÙɯËÌĀÐıÐÔɯÉÌÓÐÙÓÌÕÔÐıÛÐÙȭɯ àÙċÊÈɯÛÖ×ɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌɯÎĹÕÊÌÓɯÉÐÙɯÌÕÚÛÙĹÔÌÕÛÈÓɯÛÌÒÕÐÒɯÖÓÈÕɯ

ÙÌÕÒɯÈÕÈÓÐáɯÉÜÓÎÜÓÈÙċÕËÈÒÐɯËÌĀÐıÐÔÓÌÙɯÐÚÌɯ"ÏÖÙÖÔÈɯÝÌɯ'ÜÌɯÈñċÚċɯÊÐÕÚÐÕËÌÕɯÏÌÚÈ×ÓÈÕÔċıÛċÙȭɯxÙÕÌÒÓÌÙÐÕɯ

ÌÒÔÌÒɯËċıɯÒÈÉÜÒɯĹÚÛĹȮɯËċıɯÒÈÉÜÒɯÈÓÛċɯÝÌɯÌÒÔÌÒɯÐñÐɯàĹáÌàɯÙÌÕÒɯËÌĀÐıÐÔÓÌÙÐɯÚċÙÈÚċàÓÈɯÊÏÖÙÔÈɯȹ"ɖȺɯ

cinsinden 9.440 -25.490 ; 20.080- 38.170 ve 7.86 0ɬ ƕƖȭƝƖƔɯÈÙÈÚċÕËÈɯÉÜÓÜÕÔÜıɯÖÓÜ×Ȯɯ'ÜÌɯÈñċÚċɯȹÏƔȺɯ

ÊÐÕÚÐÕËÌÕɯÐÚÌɯÚċÙÈÚċàÓÈɯƙƙȭƗƚƔ- 70.310; 57.04 0ɬ 74.090 ve 63.050 ɬ ƛƝȭƛƝƔɯÈÙÈÚċÕËÈɯÉÐÙɯËÌĀÐıÐÔɯÛÌÚ×ÐÛɯ

ÌËÐÓÔÐıÛÐÙȭɯ3ĹÙÒɯ&ċËÈɯ*ÖËÌÒÚÐɯÈñċÕËÈÕɯàÈ×ċÓÔÈÚċɯáÖÙÜÕÓÜɯÖÓÈÕɯÒÜÙÜɯÔÈËËÌɯËÌĀÌÙÓÌÙÐɯËÌĀÐıÐÔÐɯËÌɯÛĹÔɯ

ÌÒÔÌÒɯġÙÕÌÒÓÌÙÐɯÐñÐÕɯǔɯƚƛȭƚƚɯ-ƛƚȭƖƕɯÖÓÔÜıÛÜÙȭɯ ÙÈıÛċÙÔÈɯÉÜÓÎÜÓÈÙċɯÙÌÚÔÐɯÕÖÙÔɯÝÌɯÓÐÛÌÙÈÛĹÙɯÉÐÓÎÐÚÐɯ

ċıċĀċÕËÈɯÛÈÙÛċıċÓÔċıÛċÙȭ 

 

Anahtar kelimeler:  top (roll ekmek),  ÈĀċÙÓċÒȮɯÏÈÊÐÔȮɯÙÌÕÒɯÈÕÈÓÐáÐȮɯÊÏÖÙÖÔÈȮɯÏÜÌɯÈñċÚċ 

Some Physical Characteristics of Roll Breads Produced in 

Afyonkarahisar   

Abstract  

Bread, which holds a very important place in the daily diet of Turkish society, is produced industrially 

in various types for daily consumption. To minimize bread waste, the catering industry and restaurants 

prefer roll bread. In this study, changes in some physical properties of samples from four different 

businesses producing roll bread in Afyonkarahisar were monitored over a six -month period. According 

to the analyses, in all samples, a change was determined in bread weight between 48.5 and 53.9 g; bread 

volume between 298.72 and 331.91 ml; bread density between 0.14 and 0.17 g/ml; bread height between 

85.77 and 98.94 mm; bread diameter between 41.84 and 57.15 mm; and bread internal pore diameter 

between 3.04 and 6.78 mm over the 6-month period. Furthermo re, changes in color analysis findings, a 

current instrumental technique, were calculated in terms of Chroma and Hue angles (h0) in the roll 
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ƕƔƛ 
 

bread samples. The color changes on the outer crust, under crust, and inner surface of the bread samples 

were found to be between 9.440 - 25.490, 20.08 0-38.170, and 7.860-12.920, respectively, in terms of 

chroma, while the hue angle change was between 55.36 0-70.310, 57.040-74.090, and 63.050-79.790, 

respectively. The change in dry matter values, which is mandatory according to the Turkish Food 

Codex, was 67.66-76.21% for all bread samples. The research findings were discussed in light of official 

norms and literature information.  

 

*ÌàÞÖÙËÚȯɯÙÖÓÓɯÉÙÌÈËȮɯÞÌÐÎÏÛȮɯÝÖÓÜÔÌȮɯÊÖÓÖÙɯÈÕÈÓàÚÐÚȮɯÊÏÙÖÔÈȮɯÏÜÌɯÈÕÎÓÌ 

ƕȭɯ&ÐÙÐı 

3ĹÙÒɯÛÖ×ÓÜÔÜÕÜÕɯÎĹÕÓĹÒɯËÐàÌÛÐÕËÌɯñÖÒɯġÕÌÔÓÐɯÉÐÙɯàÌÙÌɯÚÈÏÐ×ɯÖÓÈÕɯÌÒÔÌÒȮɯÌÕËĹÚÛÙÐàÌÓɯÖÓÈÙÈÒɯ

ÎĹÕÓĹÒɯÛĹÒÌÛÐÔɯÐñÐÕɯñÌıÐÛÓÐɯÛÐ×ÓÌÙËÌɯĹÙÌÛÐÓÔÌÒÛÌËÐÙȭɯ'ÈáċÙɯàÌÔÌÒɯȹÊÈÛÌÙÐÕÎȺɯÌÕËĹÚÛÙÐÚÐɯÐÓÌɯÓÖÒÈÕÛÈɯÝÌɯ

ÙÌÚÛÖÙÈÕÓÈÙɯÛÈÙÈÍċÕËÈÕɯÌÒÔÌÒɯÐÚÙÈÍċÕċɯÔÐÕÐÔÐáÌɯÌÛÔÌÒɯÐñÐÕɯÛÖ×ɯȹÙÖÓÓȺɯÌÒÔÌÒɯÛÌÙÊÐÏɯÌËÐÓÔÌÒÛÌËÐÙȭɯ ĀċÙÓċĀċɯ

ƙƔɯÐÓÈɯƕƔƔÎÙȭɯÈÙÈÚċÕËÈɯËÌĀÐıÌÕɯÌÒÔÌÒÓÌÙɯÐÚÙÈÍÈɯÒÈÙıċɯËÈɯġÕÌÔÓÐɯÉÐÙɯñġáĹÔËĹÙȭɯxáÌÓÓÐÒÓÌɯËÌɯƙƔɯÎÙȭɯÈÓÛċÕËÈÒÐɯ

ÌÒÔÌÒÓÌÙɯÛÌÒɯÚÌÍÌÙËÌɯÐÕÚÈÕɯÚÈĀÓċĀċɯÐñÐÕɯàÌÛÌÙÓÐɯÌÕÌÙÑÐàÐɯÉÈÙċÕËċÙċÙȭɯ*Ì×ÌÒÓÐȮɯÛÈÔɯÉÜĀËÈàȮɯÉÜĀËÈàɯÜÕÜÕËÈÕɯ

yapċÓÈÕɯÙÖÓɯÌÒÔÌÒÓÌÙÐÕɯĹáÌÙÐÕÌɯñÈÝËÈÙȮɯñÌÒÐÙËÌÒȮɯÚÜÚÈÔɯÎÐÉÐɯÍÈÙÒÓċɯÈÙÖÔÈɯÝÌÙÐÊÐɯÝÌɯÛÈÛÓÈÕËċÙċÊċÓÈÙɯ

ÒÜÓÓÈÕċÓÈÉÐÓÐÙȭ -ÌËÌÕɯȿ1ÖÓÓɯ$ÒÔÌÒɀɯÛÌÙÊÐÏɯÌÛÔÌÓÐàÐáȳɯ*Ðıiye ġzeldir, el deĀÔÌËÌÕɯÏÈáċÙÓÈÕċÙȮɯÛÈáÌÓÐĀini 

ÒÖÙÜàÈÕɯÛÌÒÓÐɯÈÔÉÈÓÈÑċÕËÈËċÙȭɯ#ÌÙÐÕɯËÖÕËÜÙÜÊàÈɯÒÖÕÜÓÈÉÐÓÐÙȮɯÌÒÔÌÒɯÔÈÒÐÕÈÚċÕËÈɯċÚċÛċÓËċĀċÕËÈɯÛÈÛɯÒÈàÉċɯ

olmaz. En ġÕÌÔÓÐÚÐɯÌÒÔÌÒɯÐÚÙÈÍċÕċɯġnler, neyi ne kadar yediĀÐÕÐáÐɯÉÐÓÐÙɯÝÌɯÒÈÓÖÙÐɯÔÐÒÛÈÙċÕċɯËÌÕÎÌÓÌÙÚÐÕÐáȭɯ

xáÌÓÓÐÒÓÌɯÌÒÔÌÒɯÐÚÙÈÍċÕċÕɯÔÐÕÐÔÐáÌɯÌÛÔÌÚÐÕËÌÕɯËÖÓÈàċɯÛÖ×ÓÜɯÉÌÚÓÌÕÔÌɯÜàÎÜÓÈÔÈÓÈÙċÕËÈɯȹÒċıÓÈÓÈÙȮɯÏÈáċÙɯ

àÌÔÌÒɯÍÈÉÙÐÒÈÓÈÙċȮɯÏÈÚÛÈÕÌÓÌÙɯÝÉȺɯàÈàÎċÕɯÉÐÙɯıÌÒÐÓËÌɯàċÓÓÈÙËċÙɯÙÖÓÓɯÌÒÔÌÒɯÛĹÒÌÛÐÓÔÌÒÛÌËÐÙɯ[1]. 

 

$ÒÔÌĀÐÕɯÍÐáÐÒÚÌÓɯÎġÙĹÕĹÔĹɯÖÕÜÕɯÛĹÒÌÛÐÊÐɯÛÈÙÈÍċÕËÈÕɯÚÈÛċÕɯÈÓċÕÔÈÚċɯÝÌɯÛĹÒÌÛÐÓÔÌÚÐɯÒÈÙÈÙċɯÐÓÌɯ

ËÖĀÙÜËÈÕɯÐÓÎÐÓÐɯÖÓÜ×ȮɯÌÒÔÌĀÐÕɯÒÈÓÐÛÌÚÐÕÐÕɯÐàÐÓÌıÛÐÙÔÌÚÐɯÝÌɯĹÙÌÛÐÔɯÚĹÙÌÊÐÕÐÕɯËÌɯÚÛÈÕËÈÙÛÓÈıÛċÙċÓÔÈÚċɯ

ÈñċÚċÕËÈÕɯ ÐÕÊÌÓÌÕÔÌÚÐɯ ÎÌÙÌÒÌÕɯ ġÕÌÔÓÐɯ ÉÐÙɯ ×ÈÙÈÔÌÛÙÌÓÌÙÐɯ ÖÓÜıÛÜÙÔÈÒÛÈËċÙɯ[2]ȭɯ!Üɯ ÕÌËÌÕÓÌȮɯ ĹÙÌÛÐÔɯ

×ÈÙÈÔÌÛÙÌÓÌÙÐÕÌɯÉÈĀÓċɯÖÓÈÙÈÒɯÌÒÔÌÒɯÒÈÉÜĀÜÕÜÕɯÙÌÕÎÐÕÐÕɯÎÌÓÐıÐÔÐÕÐɯÉÌÓÐÙÓÌÔÌÒȮɯÛÈÏÔÐÕɯÌÛÔÌÒɯÝÌɯ

ÒÖÕÛÙÖÓɯÌÛÔÌÒȮɯÌÒÔÌÒɯàÈ×ċÔɯÌÕËĹÚÛÙÐÚÐÕËÌɯÏÈàÈÛÐɯÉÐÙɯÙÖÓɯÖàÕÈÙɯ[3,4,5]. 

 

!ÜɯñÈÓċıÔÈËÈɯ ÍàÖÕÒÈÙÈÏÐÚÈÙɀËÈɯÛÖ×ɯȹÙÖÓÓȺɯÌÒÔÌÒɯĹÙÌÛÐÔÐɯàÈ×ÈÕɯËġÙÛɯÍÈÒÓċɯÐıÓÌÛÔÌàÌɯÈÐÛɯÌÒÔÌÒɯ

ġÙÕÌÒÓÌÙÐÕËÌɯÛĹÒÌÛÐÊÐɯÛÌÙÊÐÏÓÌÙÐɯĹáÌÙÐÕËÌɯÌÛÒÐÓÐɯÖÓËÜĀÜɯÉÐÓÐÕÌÕɯÉÈáċɯÍÐáÐÒÚÌÓɯġáÌÓÓÐÒÓÌÙÐÕÐÕɯËÌĀÐıÐÔÐɯƚɯȹÈÓÛċȺɯ

ÈàɯÚĹÙÌÚÐÕÊÌɯÐáÓÌÕÔÐıÛÐÙȭɯ 

2.Materyal ve M etod 

2.1.Materyal  

$ÒÔÌÒɯxÙÕÌÒÓÌÙÐÕÐÕɯÚÈĀÓÈÕÔÈÚċȯɯ!ÜɯñÈÓċıÔÈËÈɯ ÍàÖÕÒÈÙÈÏÐÚÈÙɀËÈɯȹÔÌÙÒÌáɯƗɯÝÌɯƕɯÐÓñÌȺɯÏÈáċÙɯàÌÔÌÒɯ

ÍÐÙÔÈÓÈÙċɯÐñÐÕɯÈÔÉÈÓÈÑÓċɯÙÖÓÓɯȹÛÖ×ȺɯÌÒÔÌÒɯĹÙÌÛÐÔÐɯàÈ×ÈÕɯĹÙÌÛÐÔɯàÈ×ÈÕɯƘɯÍÈÙÒÓċɯÐıÓÌÛÔÌËÌÕɯƗƔɯÈÙɯÎĹÕɯÈÙÈɯ

ÐÓÌɯƚɯÈàɯÚĹÙÌÚÐÕÊÌɯȹ-ÐÚÈÕȮɯ,ÈàċÚȮɯ3ÌÔÔÜáȮɯ ĀÜÚÛÖÚȮɯ$àÓĹÓɯÝÌɯ$ÒÐÔɯÈàÓÈÙċÕËÈȺɯÙÖÓÓɯȹÛÖ×ȺɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐɯ

ÚÈĀÓÈÕÔċıÛċÙȭɯ$ÒÔÌÒɯĹÙÌÛÐÔÐÕËÌɯĹÓÒÌÔÐáËÌɯàÈàÎċÕɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÈÕɯËÖĀÙÜËÈÕɯÍÌÙÔÌÕÛÈÚàÖÕɯàġÕÛÌÔÐɯ

ÒÜÓÓÈÕċÓÔċıÛċÙȭɯ2ÖÕɯĹÙĹÕɯÖÓÈÕɯÛÖ×ɯÌÒÔÌÒÓÌÙɯÖÙÐÑÐÕÈÓɯ/ÖÓÐÌÛÐÓÌÕɯÈÔÉÈÓÈÑɯÐñÌÙÐÚÐÕËÌɯÈÔÉÈÓÈÑÓċɯÛĹÒÌÛÐÔÌɯ

ÚÜÕÜÓÔÈÒÛÈËċÙȭ 3Ö×ɯÌÒÔÌÒÓÌÙɯËÈÏÈɯñÖÒɯÏÈáċÙɯàÌÔÌÒɯÍÐÙÔÈÓÈÙċÕÈɯÎġÕËÌÙÐÓÔÌÒÛÌËÐÙȭɯ 

 

$ÒÔÌÒɯ8È×ċÔɯ/ÙÖÚÌÚÐȯɯ$ÒÔÌÒɯĹÙÌÛÐÔÐÕËÌɯÜÕȮɯÛÜáɯÝÌɯÔÈàÈɯȹÌÕËĹÚÛÙÐàÌÓɯÝÌɯÉÈáÌÕɯÌÒɯÖÓÈÙÈÒɯÌÒıÐɯ

ÔÈàÈɯËÈȺɯÒÜÓÓÈÕċÓÔÈÒÛÈËċÙȭ(ȭɯàÖĀÜÙÔÈȯɯ4ÕɯÝÌɯÚÜɯġÕÊÌɯÏÈÔÜÙɯÏÈÓÐÕÌɯËġÕĹıÛĹÙĹÓÔÌÒÛÌɯȹƜɯËÒȺȮɯ((ȭɯ

8ÖĀÜÙÔÈȯ 3ÜáɯÝÌɯÔÈàÈɯÐÓÈÝÌÚÐɯàÈ×ċÓÔÈÒÛÈËċÙȭ (8 dk) [Toplam 16 -ƕƜɯËÒȼȮɯ(ȭÝÌɯ((ȭɯ8ÖĀÜÙÔÈËÈɯ*ÐÛÓÌɯ

ÍÌÙÔÌÕÛÈÚàÖÕÜɯÛÈÔÈÔÓÈÕċÙȭɯ3ÌıÒÐÓɯÖÓÜÕÈÕɯÏÈÔÜÙɯÒÌÚ-ÛÈÙÛɯÔÈÒÐÕÈÚċÕËÈɯƚƙɯ-ƛƔɯÎÙÈÔɯÊÐÝÈÙċÕËÈɯÛÈÙÛċÓċ×Ȯɯ

ıÌÒÐÓɯȹÙÖÓÓȺɯÝÌÙÐÓÐÙȭɯ,ÌÛÈÓɯÛÌ×ÚÐÓÌÙÌɯËÐáÐÓÐ×Ȯɯƕȭƙɯ-ƖɯÚÈÈÛɯÈÕÈɯÍÌÙÔÈÕÛÈÚàÖÕɯÖËÈÚċÕËÈ ȹƗƜɯŵ"ɯËÌɯÝÌɯǔƛƜ-80 

ÕÌÔËÌȺɯÉÌÒÓÌÛÐÓÐÙȭɯƗƖƔɯŵ"ɯËÌÒÐɯÍċÙċÕËÈɯƕƚɯËÒɀËÈɯ×ÐıÐÙÐÓÐÙȭɯɯ!ÐÙɯÚÈÈÛɯÖËÈɯÚċÊÈÒÓċĀċÕËÈɯÚÖĀÜÛÜÓÜÙȭɯ2ÖĀÜÒɯÙÖÓÓɯ

ÌÒÔÌÒɯƖƙɯÔÐÒÙÖÕɯÒÈÓċÕÓċĀċÕËÈɯƗƘɯÊÔɯÌÕÐÕËÌȮɯÎÌÙËÐÙÐÓÔÐıɯ//ɯȹ×ÖÓÐɯ×ÙÖ×ÐÓÌÕȺɯÈÔÉÈÓÈÑɯÐÓÌɯÈÔÉÈÓÈÑɯ



,ÌËÌÛÖĀÓÜɯÝËȭɯ ÍàÖÕÒÈÙÈÏÐÚÈÙɀËÈɯ²ÙÌÛÐÓÌÕɯ3Ö×ɯȹ1ÖÓÓȺɯ$ÒÔÌÒÓÌÙÐÕɯ!Èáċɯ%ÐáÐÒÚÌÓɯxáÌÓÓÐÒÓÌÙÐ 

ƕƔƜ 
 

ÔÈÒÐÕÈÚċÕËÈɯ×ÈÒÌÛÓÌÕÐÙȭɯ'ÈÔÜÙÜÕɯàÈ×ċıÔÈÔÈÚċɯÐñÐÕɯÒÌÚÛɯÛÈÙÛɯÔÈÒÐÕÈÚċÕËÈɯàÈĀȮɯ×ÈÚÈÓÈÙËÈɯÙÖÓɯÏÈÔÜÙɯ

×ÈÙñÈÓÈÙċÕċÕɯàÈ×ċıÔÈÔÈÚċɯÐñÐÕɯËÌɯÜÕɯÒÜÓÓÈÕċÓċÙȭɯ 

2.2.Metod 

2.2.1ȭɯ$ÒÔÌÒɯxÙÕÌÒÓÌÙÐÕËÌɯ%ÐáÐÒÚÌÓɯ ÕÈÓÐáɯ8ġÕÛÌÔÓÌÙi 

$ÒÔÌÒɯÈĀċÙÓċĀċɯȹÎÙÈÔÈÑȺȯ $ÒÔÌÒɯÐıÓÌÛÔÌÚÐÕËÌÕɯÈÓċÕÈÕɯÈÔÉÈÓÈÑÓċɯÙÖÓÓɯÌÒÔÌÒÓÌÙɯÉÌÒÓÌÛÐÓÔÌËÌÕɯɬ 1 

ÚÈÈÛɯÐñÐÕËÌ- ÓÈÉÖÙÈÛÜÝÈÙËÈɯÓÈÉÖÙÈÛÜÝÈÙɯÛÐ×ÐɯÛÌÙÈáÐɯÐÓÌɯÛÈÙÛċÓÈÙÈÒɯÈĀċÙÓċÒÓÈÙċɯÛÌÚ×ÐÛɯÌËÐÓÔÐıÛÐÙɯ[6]. 

Ekmek Hacmi (ml):  'ÌÙɯÉÐÙɯÙÖ×ɯȹÙÖÓÓȺɯÌÒÔÌĀÐÕÐÕɯÏÈÊÔÐɯÉÌàÈáɯÏÈıÏÈıɯÛÖÏÜÔÜɯÐÓÌɯàÌÙɯËÌĀÐıÛÐÙÔÌɯ

×ÙÌÕÚÐÉÐÕÌɯÎġÙÌɯÉÌÓÐÙÓÌÕÔÐıɯÖÓÜ×ȮɯġÙÕÌÒÓÌÙÐÕɯÏÈÊÔÐÕɯÉÌÓÐÙÓÌÕÔÌÚÐÕËÌɯƕȭƙɯÓÐÛÙÌÓÐÒɯÒÈ×ɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯɯ

$ÒÔÌÒɯÏÈÊÔÐɯÚÖÕÜñÓÈÙċɯȹÔÓȺɯÊÐÕÚÐÕËÌÕɯÝÌÙÐÓÔÐıÛÐÙɯ[6]. 

Ekmek Boyutu (Kumpas):  Top (rollȺɯÌÒÔÌĀÐÕɯËċıɯàÜÝÈÙÓÈÒɯÒċÚÔċɯàÈÕÐɯàÈÛÈàËÈÒÐɯñÈ×ċɯÐÓÌɯàÌÙËÌÕɯ

àĹÒÚÌÒÓÐĀÐɯÉÐÙɯÒÜÔ×ÈÚɯàÈÙËċÔċàÓÈɯġÓñĹÓÔĹıÛĹÙɯ[6]. 

&ġáÌÕÌÒɯ IÈ×ċɯ ȹÔÔȺ &ġáÌÕÌÒɯ ÉÖàÜÛÜɯ ÏÈÔÜÙÜÕɯ ×ÐıÔÌÚÐÕÌɯ ÉÈĀÓċɯ ÖÓÈÙÈÒɯ ÍÈÙÒÓċÓċÒɯ

ÎġÚÛÌÙÌÉÐÓÌÊÌĀÐÕËÌÕɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌɯÉÜɯ×ÈÙÈÔÌÛÙÌɯÒÜÔ×ÈÚɯÐÓÌɯġÓñĹÓÔĹıÛĹÙɯ[6]. 

Renk Analizi ȯɯ1ÖÓÓɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕÐÕɯÙÌÕÒɯÈÕÈÓÐáÐɯÐñÐÕɯ ÍàÖÕɯ*ÖÊÈÛÌ×Ìɯ²ÕÐÝÌÙÚÐÛÌÚÐɯ,ĹÏÌÕËÐÚÓÐÒɯ

%ÈÒĹÓÛÌÚÐȮɯ&ċËÈɯ,ĹÏÌÕËÐÚÓÐĀÐɯ ÕÈɯ!ÐÓÐÔɯ#ÈÓċɯ+ÈÉÖÙÈÛÜÝÈÙċÕÈɯÈÐÛɯ*ÖÕÐÊÈɯ,ÐÕÖÓÛÈɯÔÈÙÒÈɯÙÌÕÒɯÛÈàÐÕɯÊÐÏÈáċɯ

ÒÜÓÓÈÕċÓÔċıÛċÙȭɯ3Ö×ɯȹ1ÖÓÓȺɯÌÒÔÌĀÐÕɯĹÚÛɯËċıɯÒÈÉÜÒȮɯÈÓÛɯËċıɯÒÈÉÜÒɯÝÌɯÐñɯàĹáÌàɯġÓñĹÓÔĹıÛĹÙȭɯ"ÐÏÈáËÈɯġÓñĹÓÌÕɯɯɯ

'ÜÕÛÌÙɯÙÌÕÒɯËÌĀÌÙÓÌÙÐɯȹ+ɖȮ ÈȮɖȮɯÉɖȺɯÖÓÜıÈÕɯĹñÓĹɯÚÒÈÓÈɯÉÜÓÎÜÓÈÙċÕÈɯËÈàÈÓċɯÖÓÈÙÈÒȰɯÛÖ×ɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌɯ

ÙÌÕÒɯÈÕÈÓÐáɯÉÜÓÎÜÓÈÙċɯÙÌÕÒɯàÖĀÜÕÓÜĀÜÕÜɤÚÈÍÓċĀċÕċɯÐÍÈËÌɯÌËÌÕɯ"ÏÙÖÔÈɯȹ"ȺɯÝÌɯÙÌÕÎÐÕɯÛÖÕÜÕÜɯÐÍÈËÌɯÌËÌÕɯ

Hue ÈñċÚċɯȹÏȺɯÊÐÕÚÐÕËÌÕɯÝÌÙÐÓÔÐıÛÐÙ [7]ȭɯ1ÖÓÓɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌɯ"ɯÝÌɯȹÏȺɯËÌĀÌÙÓÌÙÐɯÈɯÝÌɯÉɯÝÌÙÐÓÌÙÐɯ

ÒÜÓÓÈÕċÓÈÙÈÒɯÐÓÎÓÐɯÍÖÙÔĹÓÓÌÙɯàÈÙËċÔċɯÐÓÌɯÌßÊÌÓɯ×ÈÒÌÛɯ×ÙÖÎÙÈÔċɯÐÓÌɯÏÌÚÈ×ÓÈÕÔċıÛċÙȰ 

 

"ÏÙÖÔÈǻȄȹЍὥ ὦ 

'ÜÌɯȹÏƔȺǻɯȹƕƜƔɤƗȮƕƘƕƙƝƖƚƙƘȺɖ ÙÊɯ3ÈÕɯȹÉɖɤÈɖȺ 

 

2.2.2Kimyasal Analiz 

-ÌÔɯ3ÈàÐÕÐȯɯ3Ö×ɯȹ1ÖÓÓȺɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌɯÕÌÔɯÔÐÒÛÈÙċɯÛÈàÐÕÐɯÐñÐÕɯ(""ɯ2ÛÈÕËÈÙËɯ-ÖɯƕƕƔɤƕɯÐÓÌɯ32ɪɯ

$ÒÔÌÒɯÚÛÈÕËÈÙËċɯȹ32ɪƙƔƔƔȺɯÝÌÙÐÓÌÕɯÎÙÈÝÐÔÌÛÙÐÒɯàġÕÛÌÔɯȹƕƔƙɯÖ"ɯȿËÌɯÚċÊÈÒÓċÒÛÈÒÐɯÌÛĹÝËÌɯƘɯÚÈÈÛɯÒÜÙÜÛÔÈȺɯ

ÜàÎÜÓÈÕÔċıÛċÙȭ 

Ɨȭ2ÖÕÜñÓÈÙɯÝÌɯ3ÈÙÛċıÔÈɯ 

3.1.Fiziksel Bulgular  

 ÍàÖÕÒÈÙÈÏÐÚÈÙɀËÈɯÛÖ×ɯȹÙÖÓÓȺɯÌÒÔÌÒɯĹÙÌÛÐÔÐɯàÈ×ÈÕɯËġÙÛɯÍÈÙÒÓċɯÐıÓÌÛÔÌàÌɯÈÐÛɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌɯƚɯ

ÈàɯÚĹÙÌÚÐÕÊÌɯàÈ×ċÓÈÕɯġÓñĹÔÓÌÙɯÐÓÌɯÌÒÔÌÒɯÈĀċÙÓċĀċɯƘƜȭƙɯÎɯÐÓÌɯƙƗȭƝɯÎɯÈÙÈÚċÕËÈɯÖÓÔÜıÛÜÙɯȹ©ÌÒÐÓɯƕȺȭ Top (roll) 

ÌÒÔÌÒɯÈĀċÙÓċĀċÕÈɯÐÓÐıÒÐÕɯËÖĀÙÜËÈÕɯÙÌÚÔÐɯÉÐÙɯÕÖÙÔɯÖÓÔÈÔÈÚċÕÈɯÒÈÙıċÕȮɯ3&*ɯ$ÒÔÌÒɯÛÌÉÓÐĀÐÕËÌɯ[8] ekmek 

ÎÙÈÔÈÑċÕċÕɯÌÓÓÐıÌÙɯÎÙÈÔɯÖÓÈÙÈÒɯÈÙÛÛċÙċÓÈÉÐÓÌÊÌĀÐɯÏÜÚÜÚÜɯËÐÒÒÈÛÌɯÈÓċÕËċĀċÕËÈɯÛÖ×ɯÌÒÔÌĀÐɯġÙÕÌÒÓÌÙÐÔÐáÐÕɯ

ÈĀċÙÓċÒÓÈÙċÕċÕɯÉÜɯÈñċËÈÕɯÜàÎÜÕɯÖÓËÜĀÜɯÒÈÉÜÓɯÌËÐÓÌÉÐÓÐÙȭ 

 

 ÍàÖÕÒÈÙÈÏÐÚÈÙɀËÈɯÛÖ×ɯȹÙÖÓÓȺɯÌÒÔÌÒɯĹÙÌÛÐÔÐɯàÈ×ÈÕɯËġÙÛɯÍÈÙÒÓċɯÐıÓÌÛÔÌàÌɯÈÐÛɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌɯƚɯ

ÈàɯÚĹÙÌÚÐÕÊÌɯàÈ×ċÓÈÕɯġÓñĹÔÓÌÙɯÐÓÌɯÌÒÔÌÒɯÈĀċÙÓċĀċɯƘƜȭƙɯÎɯÐÓÌɯƙƗȭƝɯÎɯÈÙÈÚċÕËÈɯÖÓÔÜıÛÜÙɯȹ©ÌÒÐÓɯƕȺȭ Top (roll) 

ÌÒÔÌÒɯÈĀċÙÓċĀċÕÈɯÐÓÐıÒÐÕɯËÖĀÙÜËÈÕɯÙÌÚÔÐɯÉÐÙɯÕÖÙÔɯÖÓÔÈÔÈÚċÕÈɯÒÈÙıċÕȮɯ3&*ɯ$ÒÔÌÒɯÛÌÉÓÐĀÐÕËÌɯÌÒÔÌÒɯ

ÎÙÈÔÈÑċÕċÕɯÌÓÓÐıÌÙɯÎÙÈÔɯÖÓÈÙÈÒɯÈÙÛÛċÙċÓÈÉÐÓÌÊÌĀÐɯÏÜÚÜÚÜɯËÐÒÒÈÛÌɯÈÓċÕËċĀċÕËÈɯÛÖ×ɯÌÒÔÌĀÐɯġÙÕÌÒÓÌÙÐÔÐáÐÕɯ

ÈĀċÙÓċÒÓÈÙċÕċÕɯÉÜɯÈñċËÈÕɯÜàÎÜÕɯÖÓËÜĀÜɯÒÈÉÜÓɯÌËÐÓebilir.  

 



,ÌËÌÛÖĀÓÜɯÝËȭɯ ÍàÖÕÒÈÙÈÏÐÚÈÙɀËÈɯ²ÙÌÛÐÓÌÕɯ3Ö×ɯȹ1ÖÓÓȺɯ$ÒÔÌÒÓÌÙÐÕɯ!Èáċɯ%ÐáÐÒÚÌÓɯxáÌÓÓÐÒÓÌÙÐ 

ƕƔƝ 
 

 
 

©ÌÒÐÓɯƕȭɯ ÍàÖÕÒÈÙÈÏÐÚÈÙɅËÈɯ²ÙÌÛÐÓÔÐıɯ3Ö×ɯ$ÒÔÌÒÓÌÙËÌɯ ÓÛċɯ àɯ2ĹÙÌÚÐÕÊÌɯ$ÒÔÌÒɯ ĀċÙÓċĀċ #ÌĀÐıÐÔÓÌÙÐɯ

(g) 

 ÍàÖÕÒÈÙÈÏÐÚÈÙɀËÈɯÛÖ×ɯȹÙÖÓÓȺɯÌÒÔÌÒɯĹÙÌÛÐÔÐɯàÈ×ÈÕɯËġÙÛɯÍÈÙÒÓċɯÐıÓÌÛÔÌàÌɯÈÐÛɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌɯƚɯ

ÈàɯÚĹÙÌÚÐÕÊÌɯàÈ×ċÓÈÕɯġÓñĹÔÓÌÙɯÐÓÌɯÌÒÔÌÒɯÏÈÊÔÐɯƖƝƜȭƛƖɯɬ ƗƗƕȭƝƕɯÊÔƗɯɤɯÔÓɯɤÊÊɯÈÙÈÚċÕËÈɯÉÜÓÜÕÔÜıÛÜÙɯȹ©ÌÒÐÓɯ

ƖȺȭɯ$ÒÔÌÒÛÌɯÏÈÊÐÔȮɯÌÒÔÌĀÐÕɯÕÌɯÒÈËÈÙɯÚĹÕÎÌÙÐÔÚÐȮɯÎġáÌÕÌÒÓÐ ÝÌɯÏÈÍÐÍɯÖÓËÜĀÜÕÜɯÎġÚÛÌÙÌÕɯÛÌÔÌÓɯÉÐÙɯÒÈÓÐÛÌɯ

ÒÙÐÛÌÙÐËÐÙȭɯ$ÒÔÌÒɯÏÈÊÔÐɯÜÕÜÕɯ×ÙÖÛÌÐÕɯÔÐÒÛÈÙċÕËÈÕɯÝÌɯÒÈÓÐÛÌÚÐÕËÌÕɯÌÛÒÐÓÌÕÐÙȭɯɯdàÐɯÉÐÙɯÌÒÔÌÒÛÌɯàĹÒÚÌÒɯ

ÏÈÊÐÔɯÐÚÛÌÕÐÙȭɯ$ÒÔÌÒɯÏÈÊÔÐɯ×ÜÈÕÓÈÔÈÚċɯËÖĀÙÜËÈÕɯÉÜɯËÌĀÌÙÌɯÎġÙÌɯàÈ×ċÓċÙȭɯ8ĹÒÚÌÒɯÏÈÊÐÔÌɯÚÈÏÐ×ɯÖÓÈÕɯ

ÌÒÔÌÒɯËÌĀÌÙÐȮɯġÙÕÌÒÓÌÙÐÕɯËÈÏÈɯÏÈÊÐÔÓÐȮɯÏÈÍÐÍȮɯÎġáÌÕÌÒÓÐɯÝÌɯÐàÐɯÒÈÉÈÙÔċıɯÖÓËÜĀÜÕÜɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ

 ÕÊÈÒɯËĹıĹÒɯÏÈÊÐÔɯÐÚÌɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕÐÕɯÚċÒċȮɯÈĀċÙɯÝÌɯÉÈÚċÒɯȹÏÈÊÐÔÚÐáȺɯÖÓËÜĀÜÕÜɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭ 

 

 
 

©ÌÒÐÓɯƖȭ  ÍàÖÕÒÈÙÈÏÐÚÈÙËÈɯ²ÙÌÛÐÓÔÐıɯ3Ö×ɯ$ÒÔÌÒÓÌÙËÌɯ ÓÛċɯ àɯ2ĹÙÌÚÐÕÊÌɯ$ÒÔÌÒɯ'ÈÊÔÐɯ#ÌĀÐıÐÔÓÌÙÐɯ

(ml)  

 ÍàÖÕÒÈÙÈÏÐÚÈÙɀËÈɯÛÖ×ɯȹÙÖÓÓȺɯÌÒÔÌÒɯĹÙÌÛÐÔÐɯàÈ×ÈÕɯËġÙÛɯÍÈÙÒÓċɯÐıÓÌÛÔÌàÌɯÈÐÛɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌɯƚɯ

ÈàɯÚĹÙÌÚÐÕÊÌɯàÈ×ċÓÈÕɯġÓñĹÔÓÌÙÌɯËÈàÈÓċɯàÈ×ċÓÈÕɯÏÌÚÈ×ÓÈÔÈÓÈÙɯÐÓÌɯÌÒÔÌÒɯàÖĀÜÕÓÜĀÜɯƔȭƕƘɯ-0.17 g/ml 

ÈÙÈÚċÕËÈɯ ÖÓËÜĀÜɯ ÉÌÓÐÙÓÌÕÔÐıÛÐÙɯ ȹ©ÌÒÐÓɯ ƗȺȭɯ $ÒÔÌÒɯ àÖĀÜÕÓÜĀÜȮɯ ÌÒÔÌĀÐÕɯ ÏÈÊÔÐÕÌɯ ÎġÙÌɯ ÈĀċÙÓċĀċÕċÕɯ

ȹÒĹÛÓÌÚÐÕÐÕȺɯÕÌɯÒÈËÈÙɯÖÓËÜĀÜÕÜɯÐÍÈËÌɯÌËÌÕɯÍÐáÐÒÚÌÓɯÉÐÙɯġáÌÓÓÐÒÛÐÙȭɯ3ÌÒÕÐÒɯÖÓÈÙÈÒȮɯÌÒÔÌÒɯÏÈÔÜÙÜÕÜÕɯ

àÖĀÙÜÓÔÈɯÈıÈÔÈÚċÕËÈɯÒÈáÈÕËċĀċɯàÈ×ċÚÈÓɯÉĹÛĹÕÓĹÒȮɯÌÓÈÚÛÐÒÐàÌÛɯÝÌɯÎġáÌÕÌÒɯàÈ×ċÚċÕċÕɯ×ÐıÔÌɯÚÖÕÙÈÚċɯÈÓËċĀċɯ

ÕÐÏÈÐɯ ÏÈÓËÐÙȭɯ 3Ð×ÐÒɯ ÔÈàÈÓċɯ ÌÒÔÌÒÓÌÙÐÕɯ àÖĀÜÕÓÜĀÜɯ ÎÌÕÌÓÓÐÒÓÌɯ ƔȮƖƖɬƔȮƖƝɯ ÎɤÊÔƵɯ ȹÝÌàÈɯ ƖƝƔɯ ÒÎɤÔƵȺɯ

ÊÐÝÈÙċÕËÈËċÙȭɯ !Üɯ ÉÈÒċÔËÈÕɯ ñÈÓċıÔÈɯ ġÙÕÌÒÓÌÙÐÔÐáÐÕɯ àÖĀÜÕÓÜÒɯ ËÌĀÌÙÓÌÙÐɯ ÉÐÙÈáɯ ËĹıĹÒÛĹÙȭɯ ɯ $ÒÔÌÒɯ

àÖĀÜÕÓÜĀÜÕÜɯÌÛÒÐÓÌàÌÕɯÍÈÒÛġÙÓÌÙɯàÖĀÜÙÔÈȮɯÒÜÓÓÈÕċÓÈÕɯÔÈàÈɯÔÐÒÛÈÙċȮɯÏÈÔÜÙËÈÒÐɯÚÜɯÔÐÒÛÈÙċɯÝÌɯÌÒÔÌĀÐÕɯ

ÎġáÌÕÌÒɯàÈ×ċÚċɯȹġáÌÓÓÐÒÓÌɯÐàÐɯ×ÐıÔÐıɯÉÐÙɯÌÒÔÌÒÛÌɯÎġáÌÕÌÒÓÌÙÐÕɯÏÖÔÖÑÌÕɯËÈĀċÓÔÈÚċȮɯÐËÌÈÓɯàÖĀÜÕÓÜĀÜɯ

ÚÈĀÓÈÔÈÒÛÈËċÙȺɯ[6,9]. 



,ÌËÌÛÖĀÓÜɯÝËȭɯ ÍàÖÕÒÈÙÈÏÐÚÈÙɀËÈɯ²ÙÌÛÐÓÌÕɯ3Ö×ɯȹ1ÖÓÓȺɯ$ÒÔÌÒÓÌÙÐÕɯ!Èáċɯ%ÐáÐÒÚÌÓɯxáÌÓÓÐÒÓÌÙÐ 

ƕƕƔ 
 

 

 

©ÌÒÐÓɯƗȭɯ ÍàÖÕÒÈÙÈÏÐÚÈÙËÈɯ²ÙÌÛÐÓÔÐıɯ3Ö×ɯ$ÒÔÌÒÓÌÙËÌɯ ÓÛċɯ àɯ2ĹÙÌÚÐÕÊÌɯ$ÒÔÌÒɯ8ÖĀÜÕÓÜĀÜɯ#ÌĀÐıÐÔÓÌÙÐ 

(g/ml)  

 ÍàÖÕÒÈÙÈÏÐÚÈÙɀËÈɯÛÖ×ɯȹÙÖÓÓȺɯÌÒÔÌÒɯĹÙÌÛÐÔÐɯàÈ×ÈÕɯËġÙÛɯÍÈÙÒÓċɯÐıÓÌÛÔÌàÌɯÈÐÛɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌɯƚɯ

ÈàɯÚĹÙÌÚÐÕÊÌɯàÈ×ċÓÈÕɯġÓñĹÔÓÌÙɯÚÖÕÜÊÜɯÌÒÔÌÒɯàĹÒÚÌÒÓÐĀÐɯËÌĀÐıÐÔÐɯƜƙȭƛƛ-ƝƜȭƝƘɯÔÔȰɯÈÙÈÚċÕËÈɯÖÓËÜĀÜɯ

ÉÌÓÐÙÓÌÕÔÐıÛÐÙɯȹ©ÌÒÐÓɯƘȺȭ 

 

 

©ÌÒÐÓɯƘȭ  ÍàÖÕÒÈÙÈÏÐÚÈÙËÈɯ²ÙÌÛÐÓÔÐıɯ3Ö×ɯ$ÒÔÌÒÓÌÙËÌɯ ÓÛċɯ àɯ2ĹÙÌÚÐÕÊÌɯ$ÒÔÌÒɯ8ĹÒÚÌÒÓÐĀÐɯ#ÌĀÐıÐÔÓÌÙÐ 

(mm)  

 ÍàÖÕÒÈÙÈÏÐÚÈÙɀËÈɯÛÖ×ɯȹÙÖÓÓȺɯÌÒÔÌÒɯĹÙÌÛÐÔÐɯàÈ×ÈÕɯËġÙÛɯÍÈÙÒÓċɯÐıÓÌÛÔÌàÌɯÈÐÛɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌɯƚɯ

ÈàɯÚĹÙÌÚÐÕÊÌɯàÈ×ċÓÈÕɯġÓñĹÔÓÌÙɯÐÓÌɯÌÒÔÌÒɯñÈ×ċÕċÕɯƘƕȭƜƘɯÐÓÌɯƙƛȭƕƙɯÔÔɯÈÙÈÚċÕËÈɯÉÐÙɯËÌĀÐıÐÔɯÎġÚÛÌÙËÐĀÐɯ

ÉÌÓÐÙÓÌÕÔÐıÛÐÙȭɯȹ©ÌÒÐÓɯƙȺȭ 

 



,ÌËÌÛÖĀÓÜɯÝËȭɯ ÍàÖÕÒÈÙÈÏÐÚÈÙɀËÈɯ²ÙÌÛÐÓÌÕɯ3Ö×ɯȹ1ÖÓÓȺɯ$ÒÔÌÒÓÌÙÐÕɯ!Èáċɯ%ÐáÐÒÚÌÓɯxáÌÓÓÐÒÓÌÙÐ 

ƕƕƕ 
 

 

©ÌÒÐÓɯƙȭɯAfyonkarahisarda  ²ÙÌÛÐÓÔÐıɯ3Ö×ɯ$ÒÔÌÒÓÌÙËÌɯ ÓÛċɯ àɯ2ĹÙÌÚÐÕÊÌɯ$ÒÔÌÒɯIÈ×ċɯ#ÌĀÐıÐÔÓÌÙÐɯȹÔÔȺ 

 ÍàÖÕÒÈÙÈÏÐÚÈÙɀËÈɯÛÖ×ɯȹÙÖÓÓȺɯÌÒÔÌÒɯĹÙÌÛÐÔÐɯàÈ×ÈÕɯËġÙÛɯÍÈÙÒÓċɯÐıÓÌÛÔÌàÌɯÈÐÛɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌɯƚɯ

ÈàɯÚĹÙÌÚÐÕÊÌɯàÈ×ċÓÈÕɯġÓñĹÔÓÌÙɯÐÓÌɯÌÒÔÌÒɯÐñÐɯÎġáÌÕÌÒɯñÈ×ċÕċÕɯƗȭƔƘɯÐÓÌɯƚȭƛƜɯÔÔɯÈÙÈÚċÕËÈɯÉÐÙɯËÌĀÐıÐÔɯ

ÉÌÓÐÙÓÌÕÔÐıÛÐÙɯȹ©ÌÒÐÓɯƚȺȭ 

 

ɯ  

©ÌÒÐÓɯƚȭ  ÍàÖÕÒÈÙÈÏÐÚÈÙËÈɯ²ÙÌÛÐÓÔÐıɯ3Ö×ɯ$ÒÔÌÒÓÌÙËÌɯ ÓÛċɯ àɯ2ĹÙÌÚÐÕÊÌɯ$ÒÔÌÒɯdñÐɯ&ġáÌÕÌÒɯIÈ×ċɯ

#ÌĀÐıÐÔÓÌÙÐɯȹÔÔ) 

$ÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌÒÐɯÏÈÊÐÔɯÝÌɯÉÖàÜÛɯȹàĹÒÚÌÒÓÐÒȮɯÌÒÔÌÒɯñÈ×ċɯÝÌɯÐñɯÎġáÌÕÌÒɯñÈ×ċȺɯÉÜĀËÈàɯÜÕÜÕɯ

ÚÈÏÐ×ɯÖÓËÜĀÜɯÎÓÜÛÌÕɯȹġáȺɯ×ÙÖÛÌÐÕÐÕɯÌÕɯġÕÌÔÓÐɯÍÐáÐÒÚÌÓɯÎġÚÛÌÙÎÌÚÐËÐÙȭɯ$ÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌÒÐɯÏÈÊÐÔɯÝÌɯ

ÉÖàÜÛɯȹàĹÒÚÌÒÓÐÒȮɯÌÒÔÌÒɯñÈ×ċɯÝÌɯÐñɯÎġáÌÕÌÒɯñÈ×ċȺɯÈÙÈÚċÕËÈÒÐɯÍÈÙÒÓċÓċÒÓÈÙɯÏÈÔÔÈËËÌàÌɯȹġáÌÓÓÐÒÓÌɯÜÕÜÕɯ

ÐñÌÙËÐĀÐɯ×ÙÖÛÌÐÕɯȻàÈıɯÎÓÜÛÌÕɯÔÐÒÛÈÙċɤɯÎÓÜÛÌÕɯÐÕËÌÒÚÐɤɯÚÌËÐÔÌÕÛÈÚàÖÕɯËĹáÌàÐȼɯÝÌɯÒĹÓɯÔÐÒÛÈÙċȺɯÉÈĀÓċɯÖÓÈÙÈÒɯ

ĹÙÌÛÐÔɯ ȹġáÌÓÓÐÒÓÌɯ ÍÌÙÔÌÕÛÈÚàÖÕȺɯ ıÈÙÛÓÈÙċÕËÈÒÐɯ ȹÚċÊÈÒÓċÒȮɯ ÒÜÓÓÈÕċÓÈÕɯ ÛÜáɯ ÝÌɯ ÚÜȮɯ ÖÙÛÈÔɯ ×'ɀÚċȺɯ ÉÈáċɯ

ËÌĀÐıÐÔÓÌÙËÌÕɯÒÈàÕÈÒÓÈÕÔċıɯÖÓÔÈÚċɯÒÜÝÝÌÛÓÌɯÔÜÏÛÌÔÌÓËÐÙ [9]ȭɯdàÐɯÉÐÙɯÌÒÔÌÒÛÌɯÎġáÌÕÌÒÓÌÙɯÒĹñĹÒȮɯ

ÏÖÔÖÑÌÕȮɯÒÌÕÈÙÓÈÙċɯÐÕÊÌɯÝÌɯÈàÕċɯÒÈÓċÕÓċÒÛÈɯÖÓÔÈÚċɯÎÌÙÌÒÛÐĀÐɯÉÐÓËÐÙÐÓÔÐıÛÐÙɯ[6]. 

 

 ÙÈıÛċÙÔÈËÈɯÒÜÓÓÈÕċÓÈÕɯÛÖ×ɯȹÙÖÓÓȺɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌÒÐɯÌÒÔÌÒɯËċıɯÒÈÉÜÒɯĹÚÛĹɯÙÌÕÒɯËÌĀÐıÐÔÓÌÙÐɯ

chorma cinsinden 25.490 ɬ ƗƝȭƘƘƔɯȹ ÓÛċÕɯ2ÈÙċÚċɯɤɯ2ÈÙċÔÚċɯ3ÜÙÜÕÊÜȺɯÈÙÈÚċÕËÈɯÖÓÜ×Ȯɯ'ÜÌɯÈñċÚċɯȹÏȺɯÊÐÕÚÐÕËÌÕɯ

ÐÚÌɯÚċÙÈÚċàÓÈɯƙƙȭƗƚƔ- ƛƔȭƗƕƔɯȹ*ÖàÜɯ*ċáċÓɯ*ÈÏÝÌɯɤɯ8ÈÕċĀÈɯ8ÈÒċÕȺɯËÌĀÐıÐÔɯÛÌÚ×ÐÛɯÌËÐÓÔÐıÛÐÙɯȹ©ÌÒÐÓɯƛȺȭ 
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ƕƕƖ 
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.ÓÈÙÈÒɯxÓñĹÓÌÕɯ1ÌÕÒɯ#ÌĀÌÙÓÌÙÐɯ#ÌĀÐıÐÔÓÌÙÐɯȹ"ÏÖÙÖÔÈɯÝÌɯ'ÜÌɯÈñċÚċȺ 

 ÍàÖÕÒÈÙÈÏÐÚÈÙɀËÈɯÛÖ×ɯȹÙÖÓÓȺɯÌÒÔÌÒɯĹÙÌÛÐÔÐɯàÈ×ÈÕɯËġÙÛɯÍÈÙÒÓċɯÐıÓÌÛÔÌàÌɯÈÐÛɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌɯƚɯ

ÈàɯÚĹÙÌÚÐÕÊÌɯàÈ×ċÓÈÕɯġÓñĹÔÓÌÙɯÐÓÌɯÌÒÔÌÒɯËċıɯÒÈÉÜÒɯÈÓÛċɯÙÌÕÒɯËÌĀÐıÐÔÓÌÙÐɯÚċÙÈÚċàÓÈɯÊÏÖÙÔÈɯÊÐÕÚÐÕËÌÕȰɯ

20.080- ƗƜȭƕƛƔɯȹ ÓÛċÕɯ2ÈÙċÚċɯɤɯ2ÈÙċÔÚċɯ3ÜÙÜÕÊÜȺɯÈÙÈÚċÕËÈɯÉÜÓÜÕÔÜıɯÖÓÜ×ȮɯÈàÕċɯÛÖ×ɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐɯÐñÐÕɯ

'ÜÌɯ ÈñċÚċɯ ȹÏȺɯ ÊÐÕÚÐÕËÌÕɯ ÐÚÌɯ ƙƛȭƔƘƔɬƛƘȭƝƔƔɯ ȹ*ÈÙÈÒÛÌÙÐÚÛÐÒɯ *ÈÏÝÌÙÌÕÎÐȺɯ ÈÙÈÚċÕËÈɯ ÉÐÙɯ ËÌĀÐıÐÔɯ ÛÌÚ×ÐÛɯ

ÌËÐÓÔÐıÛÐÙɯȹ©ÌÒÐÓɯƜȺȭ 

 

 
 

©ÌÒÐÓɯƜȭ  ÍàÖÕÒÈÙÈÏÐÚÈÙËÈɯ²ÙÌÛÐÓÔÐıɯ3Ö×ɯ$ÒÔÌÒÓÌÙÐÕɯ#ċıɯ*ÈÉÜÒɯ ÓÛċɯdñÐÕɯ ÓÛċɯ àɯ2ĹÙÌÚÐÕÊÌɯ$ÕÚÛÙĹÔÌÕÛÈÓɯ

.ÓÈÙÈÒɯxÓñĹÓÌÕɯ1ÌÕÒɯ#ÌĀÌÙÓÌÙÐɯ#ÌĀÐıÐÔÓÌÙÐɯȹ"ÏÖÙÖÔÈɯÝÌɯ'ÜÌɯÈñċÚċȺ 

 ÍàÖÕÒÈÙÈÏÐÚÈÙɀËÈɯÛÖ×ɯȹÙÖÓÓȺɯÌÒÔÌÒɯĹÙÌÛÐÔÐɯàÈ×ÈÕɯËġÙÛɯÍÈÙÒÓċɯÐıÓÌÛÔÌàÌɯÈÐÛɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌɯƚɯ

ÈàɯÚĹÙÌÚÐÕÊÌɯàÈ×ċÓÈÕɯġÓñĹÔÓÌÙɯÐÓÌɯÌÒÔÌÒɯÐñÐɯàĹáÌàɯÙÌÕÒɯËÌĀÐıÐÔÓÌÙÐɯÚċÙÈÚċàÓÈɯÊÏÖÙÔÈɯÊÐÕÚÐÕËÌÕɯƛȭƜƚƔɯɬ 

ƕƖȭƝƖƔɯȹ*ÙÌÔÚÐɯ!ÌàÈáɯɤɯ2ÖÓÜÒɯ2ÈÙċȺɯÈÙÈÚċÕËÈɯÉÜÓÜÕÔÜıɯÖÓÜ×Ȯ ÈàÕċɯġÙÕÌÒÓÌÙËÌɯ'ÜÌɯÈñċÚċɯȹÏƔȺɯÊÐÕÚÐÕËÌÕɯ

ise 63.050 ɬ ƛƝȭƛƝƔɯȹ*ÈÙÈÒÛÌÙÐÚÛÐÒɯ*ÈÏÝÌÙÌÕÎÐȺɯÈÙÈÚċÕËÈɯÉÐÙɯËÌĀÐıÐÔɯÛÌÚ×ÐÛɯÌËÐÓÔÐıÛÐÙɯȹ©ÌÒÐÓɯƝȺȭ 
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ƕƕƗ 
 

 

©ÌÒÐÓɯƝȭ  ÍàÖÕÒÈÙÈÏÐÚÈÙËÈɯ²ÙÌÛÐÓÔÐıɯ3Ö×ɯ$ÒÔÌÒÓÌÙÐÕɯdñɯ8ĹáÌàÐɯdñÐÕɯ ÓÛċɯ àɯ2ĹÙÌÚÐÕÊÌɯ$ÕÚÛÙĹÔÌÕÛÈÓɯ.ÓÈÙÈÒɯ

xÓñĹÓÌÕɯ1ÌÕÒɯ#ÌĀÌÙÓÌÙÐɯ#ÌĀÐıÐÔÓÌÙÐɯȹ"ÏÖÙÖÔÈɯÝÌɯ'ÜÌɯÈñċÚċȺ 

$ÕËĹÚÛÙÐàÌÓɯÍċÙċÕÊċÓċÒÛÈɯÌÒÔÌÒɯÙÌÕÎÐȮɯ"($+ !ɯÚÐÚÛÌÔÐÕÌɯÎġÙÌɯÙÌÕÒɯÖÒÜÔÈɯÊÐÏÈáċÕËÈɯġÓñĹÓÌÕɯȹ+ɖȮɯÈɖȮɯ

ÉɖȺɯÙÌÕÒɯġÓñĹÛÓÌÙÐɯÒÜÓÓÈÕċÓÈÙÈÒɯàÈ×ċÓÈÕɯÈÓÌÛÌɯËÈàÈÓċɯÖÉÑÌÒÛÐÍɯÉÐÙɯġÓñĹÔËĹÙȭɯ!ÜɯÝÌÙÐÓÌÙɯÐÓÌɯġáÌÓÓÐÒÓÌ ÌÒÔÌĀÐÕɯ

ÎġÙÚÌÓɯÒÈÓÐÛÌÚÐȮɯ×ÐıÔÌɯËÌÙÌÊÌÚÐɯÝÌɯÌÚÔÌÙÓÌıÔÌɯȹ,ÈÐÓÓÈÙËɯÙÌÈÒÚÐàÖÕÜȺɯÚÌÝÐàÌÚÐɯÉÌÓÐÙÓÌÕÌÉÐÓÔÌÒÛÌËÐÙȭɯ 

 

1ÌÕÒɯÜáÈàċÕËÈÕɯÚÈĀÓÈÕÈÕɯËÌĀÌÙÓÌÙÐÕɯȹ+ɖȮɯÈɖȮɯÉɖȺɯÍÖÙÔĹÓÓÌÙɯÛÌÔÌÓÐÕËÌɯ3ÖÕɯ ñċÚċɯȹ'ÜÌɯ ÕÎÓÌȮɯȹÏƔȺȺɯ

ÝÌɯ*ÙÖÔÈɯȹ"ÏÙÖÔÈȮɯ"ɖȺɯËÌĀÌÙÓÌÙÐÕÌɯËġÕĹıÛĹÙĹÓÌÙÌÒɯÕÌÚÕÌÓɯÉÐÙɯıÌÒÐÓËÌɯÈÕÈÓÐáɯÌËÐÓÔÌÒÛÌËÐÙȭɯ"ÏÙÖÔÈɯȹ"ɖȺɯ

ËÌĀÌÙÐȮɯÛÖ×ɯȹÙÖÓÓȺɯÌÒÔÌĀÐÕɯÙÌÕÎÐÕɯàÖĀÜÕÓÜĀÜÕÜɯȹËÖàÎÜÕÓÜĀÜÕÜȺɯɤÊÈÕÓċÓċĀċÕċɯÝÌàÈɯÚÈÍÓċĀċÕċɯȹÎÙÐËÌÕɯÕÌɯ

ÒÈËÈÙɯÜáÈÒɯÖÓËÜĀÜÕÜȺɯÐÍÈËÌɯÌËÌÙȭɯ$ÒÔÌÒɯÈÕÈÓÐáÐÕËÌȮɯġáÌÓÓÐÒÓÌɯÌÒÔÌÒɯÒÈÉÜĀÜÕÜÕɯÙÌÕÒɯËÖàÎÜÕÓÜĀÜÕÜɯ

ÝÌàÈɯÌÒÔÌÒɯÐñÐÕÐÕɯÚÈÙċÔÚċɯÛÖÕÓÈÙċÕċɯġÓñÔÌÒɯÐñÐÕɯÒÜÓÓÈÕċÓċÙȭɯ"ÏÙÖÔÈȮɯÙÌÕÎÐÕɯÊÈÕÓċÓċÒɯÝÌàÈɯÔÈÛÓċÒɯġáÌÓÓÐĀÐÕÐɯ

tarif eder. RÌÕÎÐÕɯÎÙÐàÌɯÝÌàÈɯÚÈÍɯÙÌÕÎÌɯÕÌɯÒÈËÈÙɯÜáÈÒÓċÒÛÈɯÖÓËÜĀÜÕÜɯÎġÚÛÌÙÐÙȭɯ'ÜÌɯËÌÕɯÉÈĀċÔÚċáËċÙȭɯ 

 

!ÌàÈáɯÌÒÔÌÒÓÌÙËÌɯ"ɖɯËÌĀÌÙÓÌÙÐÕÐÕɯÎÌÕÌÓÓÐÒÓÌɯƗƔɯƔ- 45 0 ve Hue ÈñċÚċɯËÌĀÌÙÓÌÙÐÕÐÕɯËÌɯƛƙƔ-ƜƔƔɯȹÚÈÙċɯ

ÈñċÒɯÛÜÙÜÕÊÜɯÙÌÕÒȺɯÈÙÈÚċÕËÈɯÖÓËÜĀÜȮɯÉÜɯÛÐ×ɯÌÒÔÌÒÓÌÙÐÕȭɯKÈÉÜÒÓÈÙċɯ×ÈÙÓÈÒɯÈÓÛċÕɯÚÈÙċÚċɯÝÌɯÊÈÕÓċɯÛÜÙÜÕÊÜɯ

ÛÖÕÓÈÙċÕÈɯÜÓÈıÛċĀċɯÐñÐÕɯËÖàÎÜÕÓÜÒɯàĹÒÚÌÒÛÐÙȭɯɯ&ÌÕÌÓɯÉÐÙɯÒÜÙÈÓɯÖÓÈÙÈÒȮɯÜÕÜÕɯÐñÐÕËÌÒÐɯÒÌ×ÌÒɯÝÌɯ×ÙÖÛÌÐÕɯ

ÖÙÈÕċɯÈÙÛÛċÒñÈɯÉÈıÓÈÕÎċñÛÈÒÐɯÙÌÕÒɯËÖàÎÜÕÓÜĀÜɯËÌĀÐıÐÙȮɯÈÕÊÈÒɯ×ÐıÔÌɯÚÖÕÙÈÚċɯÌÕɯàĹÒÚÌÒɯËÖàÎÜÕÓÜÒɯ

genellikle beyaáɯÌÒÔÌÒÛÌɯȹ×ÈÙÓÈÒɯÚÈÙċ-ÛÜÙÜÕÊÜɯÛÖÕÓÈÙċɯÕÌËÌÕÐàÓÌȺɯÎġÙĹÓÔÌÒÛÌËÐÙȭɯ/ÐıÐÙÔÌÕÐÕɯÐÓÒɯƕƔɯ

ËÈÒÐÒÈÚċÕËÈɯÉÜÏÈÙɯÝÌÙÔÌÒȮɯÒÈÉÜÒÛÈÒÐɯıÌÒÌÙÓÌÙÐÕɯÒÈÙÈÔÌÓÐáÌɯÖÓÔÈÚċÕċɯÚÈĀÓÈÙ [3,4,5]. Bu uygulama, 

"ÏÙÖÔÈɯȹÊÈÕÓċÓċÒȺɯËÌĀÌÙÐÕÐɯÈÙÛċÙċÙɯ3Ö×ɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐɯÐñÐÕɯËÌɯÉÜɯËÜÙÜÔÜÕɯÎÌÕÌÓɯÖÓÈÙÈÒɯÉÌÕáÌÙɯÖÓËÜĀÜɯ

ÎġÙĹÓÔĹıÛĹÙȭ 

 

!ÜɯñÈÓċıÔÈËÈɯ"ÏÙÖÔÈɯÝÌɯ'ÜÌɯÈñċÚċɯËÌĀÌÙÓÌÙÐɯ ÍàÖÕÒÈÙÈÏÐÚÈÙËÈɯĹÙÌÛÐÓÔÐıɯÙÖÓɯÌÒÔÌÒÓÌÙÐÕɯÙÌÕÒɯ

ÈÕÈÓÐáÓÌÙÐÕËÌɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯ!ÜɯËÌĀÌÙÓÌÙÌɯȹ"ÏÙÖÔÈɯÝÌɯ'ÜÌɯÈñċÚċȺɯÐÓÐıÒÐÕɯÖÓÈÙÈÒɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌɯñÖÒɯ

ÚċÕċÙÓċɯÚÈàċËÈɯÝÌÙÐɯÉÜÓÜÕÔÈÒÛÈËċÙȭɯ#ÌÕÐáÓÐɅÕÐÕɯ Êċ×ÈàÈÔɯdÓñÌÚÐÕËÌɯÎÌÓÌÕÌÒÚÌÓɯàġÕÛÌÔɯÐÓÌɯĹÙÌÛÐÓÌÕɯàÌÙÌÓɯ

ÌÒÔÌÒɯñÌıÐËÐɯ*ÈÙÈÏġàĹÒɯÌÒÔÌĀÐɯȹ9ċĀċÙȺɯÙÌÕÒɯËÌĀÌÙÓÌÙÐɯ#ÌÔÐÙÈàɯÝËɯȹƖƔƕƙȺɯÛÈÙÈÍċÕËÈÕɯÌÓÌɯÈÓċÕÔċıÛċÙȭ Taze 

áċĀċÙɯÌÒÔÌĀÐɯġÙÕÌÒÓÌÙÐÕËÌɯÒÈÉÜÒɯÐñÐÕɯ*ÙÖÔÈɯƕƜȭƙƚɯÝÌɯ'ÜÌɯÈñċÚċɯƙƕȭƕƙɯÌÒÔÌÒɯÐñÐɯÐñÐÕɯÐÚÌȮɯ*ÙÖÔÈɯƖƔȮƔƜɯÝÌɯ

'ÜÌɯÈñċÚċɯƜƕȮƘƕɯÖÓÈÙÈÒɯÉÌÓÐÙÓÌÕÔÐıÛÐÙȭɯ3Ö×ɯȹÙÖÓÓȺɯÌÒÔÌĀÐɯġÙÕÌÒÓÌÙÐÕÌɯÈÐÛɯÙÌÕÒɯÉÜÓÎÜÓÈÙċɯÉÌÕáÌÙɯÝÌɯÜàÜÔÓÜɯ

ÉÜÓÜÕÔÜıÛÜÙȭɯ!ÜɯñÈÓċıÔÈɯÐÓÌɯÛÖ×ɯȹÙÖÓÓȺɯÌÒÔÌÒÓÌÙÐɯÛÌÔÌÓÐÕËÌɯÌÒÔÌÒɯÉÐÓÐÔɯÝÌɯÛÌÒÕÖÓÖÑÐÚÐɯÈÓÈÕċÕËÈɯÉÐÓÐÔÚÌÓɯ

ÉÐÙɯÒÈÛÒċɯÚÈĀÓÈÔÈÒɯÈÔÈñÓÈÕÔċıÛċÙȭɯ 

 

'ÈÕÎÐɯÛÐ×ɯÝÌɯñÌıÐÛɯÖÓÜÙÚÈɯÖÓÚÜÕɯÉÌàÈáɯÌÒÔÌÒÓÌÙȮɯÍċÙċÕËÈɯ×ÐıÐÙÔÌɯÌÚÕÈÚċÕËÈɯËÌĀÐıÌÕɯÚċÊÈÒÓċĀċÕɯÌÛÒÐÚÐɯ

ile, ÔÌàËÈÕÈɯÎÌÓÌÕɯÖÓÈàÓÈÙɯƕȭɯ×ÙÖÛÌÐÕÓÌÙÐÕɯÖÓÜıÛÜÙËÜĀÜɯ,ÈÐÓÓÈÙËɯÙÌÈÒÚÐàÖÕÜɯÝÌɯƖȭɯÒÈÉÜÒÛÈÒÐɯıÌÒÌÙÓÌÙÐÕɯ

ÒÈÙÈÔÌÓÐáÈÚàÖÕÜɯÕÌËÌÕÐàÓÌɯÎġÙÚÌÓɯÝÌɯÈÓÌÛÚÌÓɯġÓñĹÔɯÖÓÈÙÈÒɯÌÒÔÌĀÐÕɯÐñɯÒċÚċÔɯÐÓÌɯËċıɯÒÈÉÜĀÜÕÜÕɯÙÌÕÒɯ

verileri (C* ve h0) ÉÐÙÉÐÙÐÕËÌÕɯÉÌÓÐÙÎÐÕɯıÌÒÐÓËÌɯÈàÙċÓÔÈÒÛÈËċÙȭɯ!ÜɯñÈÓċıÔÈËÈɯÙÌÕÒɯȹ'ÜÌɯÈñċÚċɯÝÌɯ"ÏÙÖÔÈȺɯ

ËÌĀÌÙÓÌÙÐÕÌɯ ÐÓÐıÒÐÕɯ ÉÜÓÜÕÈÕɯ ÚÖÕÜñÓÈÙɯ ÝÌɯ àÈ×ċÓÈÕɯ àÖÙÜÔÓÈÙɯ ÓÐÛÌÙÈÛĹÙɯ ÉÜÓÎÜÓÈÙċɯ ÐÓÌɯ ÉÌÕáÌÙɯ ÜàÜÔÓÜɯ

ÖÓÔÜıÛÜÙɯ[3,4,5,11,12,13,14]. 



,ÌËÌÛÖĀÓÜɯÝËȭɯ ÍàÖÕÒÈÙÈÏÐÚÈÙɀËÈɯ²ÙÌÛÐÓÌÕɯ3Ö×ɯȹ1ÖÓÓȺɯ$ÒÔÌÒÓÌÙÐÕɯ!Èáċɯ%ÐáÐÒÚÌÓɯxáÌÓÓÐÒÓÌÙÐ 

ƕƕƘ 
 

3.2.Kimysal Bulgular  

3.2.1 3Ö×ɯ$ÒÔÌÒɯxÙÕÌÒÓÌÙÐÕËÌɯ*ÜÙÜɯ,ÈËËÌɯ,ÐÒÛÈÙċ 

3ĹÙÒɯ&ċËÈɯ*ÖËÌÒÚÐɯÈñċÕËÈÕɯàÈ×ċÓÔÈÚċɯáÖÙÜÕÓÜɯÖÓÈÕɯÒÜÙÜɯÔÈËËÌɯËÌĀÌÙÓÌÙÐɯËÌĀÐıÐÔÐɯËÌɯÛĹÔɯÛÖ×ɯ

ȹÙÖÓÓȺɯÌÒÔÌÒɯġÙÕÌÒÓÌÙÐɯÐñÐÕɯǔɯƚƛȭƚƚɯÐÓÌɯǔɯƛƚȭƖƕɯÈÙÈÚċÕËÈɯÉÐÙɯËÌĀÐıÐÔɯÎġÚÛÌÙÔÐıÛÐÙɯȹ©ÌÒÐÓɯƕƔȺȭ 

 

 

 

©ÌÒÐÓɯƕƔȭ Afyonkarahisarda  ²ÙÌÛÐÓÔÐıɯ3Ö×ɯ$ÒÔÌÒÓÌÙÐÕɯ ÓÛċɯ àɯ2ĹÙÌÚÐÕÊÌɯ*ÜÙÜɯ,ÈËËÌɯ,ÐÒÛÈÙċɯ

#ÌĀÐıÐÔÓÌÙÐɯȹǔȺ 

$ÒÔÌĀÐÕɯÒÜÙÜɯÔÈËËÌÚÐɯÖÕÜÕɯÚÈÏÐ×ɯÖÓËÜĀÜɯÛÌÔÌÓɯÒÐÔàÈÚÈÓɯÉÐÓÌıÌÕÓÌÙɯÖÓÈÕȰɯÒÈÙÉÖÕÏÐËÙÈÛɯȹÕÐıÈÚÛÈȮɯ

ÛÖ×ÓÈÔɯ×ÙÖÛÌÐÕɯÝÌɯÔÐÕÌÙÈÓɯÔÈËËÌɯȹ3ÜáɯÝÌɯËÐĀÌÙɯÔÐÕÌÙÈÓÓÌÙȺɯÔÐÒÛÈÙÓÈÙċɯÏÈÒÒċÕËÈɯÌÕɯÚÈĀÓÈÔɯÝÌɯËÖĀÙÜɯ

ÉÐÓÎÐɯÒÈàÕÈĀċËċÙȭɯ3Ö×ɯȹÙÖÓÓȺɯÌÒÔÌÒɯÕÌÔɯÝÌàÈɯÒÜÙÜɯÔÈËËÌɯÔÐÒÛÈÙċÕÈɯÐÓÐıÒÐÕɯËÖĀÙÜËÈÕɯÙÌÚÔÐɯÉÐÙɯÕÖÙÔɯ

ÖÓÔÈÔÈÚċÕÈɯÒÈÙıċÕȮɯ3&*ɯ$ÒÔÌÒɯÛÌÉÓÐĀÐÕËÌ [8] ÌÒÔÌÒÓÌÙɯÐñÐÕɯÔÈÒÚÐÔÜÕɯÕÌÔɯÔÐÒÛÈÙċÕċÕɯǔɯƗƜɯËÐĀÌÙɯÉÐÙɯ

ÐÍÈËÌɯÐÓÌɯËÌɯÔÐÕÐÔÜÔɯǔƚƖɯ*ÜÙÜɯ,ÈËËÌɯÐñÌÙÔÌÚÐɯÎÌÙÌÒÛÐĀÐɯÉÐÓËÐÙÐÓÔÐıÛÐÙȭɯ!ÜɯÏÜÚÜÚɯËÐÒÒÈÛÌɯÈÓċÕËċĀċÕËÈɯ

ÛÖ×ɯ ÌÒÔÌĀÐɯ ġÙÕÌÒÓÌÙÐÔÐáÐÕɯ *ÜÙÜɯ ÔÈËËÌɯ ÔÐÒÛÈÙÓÈÙċÕċÕɯ 3&*ɯ $ÒÔÌÒɯ 3ÌÉÓÐĀÐÕÌɯ ÜàÎÜÕɯ ÖÓËÜĀÜɯ

ÎġÙĹÓÔÌÒÛÌËÐÙȭɯ$ÒÔÌÒɯġÙÕÌÒÓÌÙÐÕËÌÒÐɯÒÜÙÜɯÔÈËËÌɯÔÐÒÛÈÙÓÈÙċɯÈÙÈÚċÕËÈÒÐɯÍÈÙÒÓċÓċÒÓÈÙɯġáÌÓÓÐÒÓÌɯĹÙÌÛÐÔɯ

ȹġáÌÓÓÐÒÓÌɯ ×ÐıÐÙÔÌȺɯ ıÈÙÛÓÈÙċÕËÈÒÐɯ ȹÚċÊÈÒÓċÒȺɯ ÉÈáċɯ ËÌĀÐıÐÔÓÌÙËÌÕɯ ÒÈàÕÈÒÓÈÕÔċıɯ ÖÓÔÈÚċɯ ÒÜÝÝÌÛÓÌɯ

muhtemeldir [9]. 

Ƙȭ2ÖÕÜñ 

$ÒÔÌÒɯÐÚÙÈÍċɯàċÓÓÈÙËÈÕɯÉÌÙÐɯĹÓÒÌÔÐáËÌɯÎĹÕÊÌÓɯÉÐÙɯÒÖÕÜËÜÙȭɯ3Ö×ɯȹ1ÖÓÓȺɯÌÒÔÌÒɯĹÙÌÛÐÔÐɯÉÜÕÜÕɯ

ÈáÈÓÛċÓÔÈÚċÕËÈɯÌÕɯġÕÌÔÓÐɯÜàÎÜÓÈÔÈÓÈÙËÈÕɯÉÐÙÐËÐÙȭɯ3Ö×ɯÌÒÔÌÒɯĹáÌÙÐÕÌɯàÈ×ċÓÔċıɯÉÐÓÐÔÚÌÓɯñÈÓċıÔÈÓÈÙċÕɯ

ÈáÓċĀċɯÝÌɯàÌÛÌÙÚÐáÓÐĀÐɯËÐÒÒÈÛÌɯÈÓċÕËċĀċÕËÈȰɯÛÖ×ɯÌÒÔÌÒÓÌÙɯÐñÐÕɯËÐĀÌÙɯÒimyasal ve mikrobiyolojik kriterleri 

ËÌɯÒÈ×ÚÈàÈÊÈÒɯıÌÒÐÓËÌɯÒÖÕÜÕɯÎÌÕÐıɯÉÐÙɯıÌÒÐÓËÌɯÌÓÌɯÈÓċÕÔÈÚċɯÐÓÌɯÎċËÈɯÎĹÝÌÕÓÐĀÐɯÒÈ×ÚÈÔċÕËÈɯĹÓÒÌÔÐáËÌɯ

ÌÒÔÌÒɯÚÌÒÛġÙĹÕĹÕɯÎÌÓÐıÔÌÚÐɯÝÌɯÛĹÒÌÛÐÊÐÓÌÙÌɯÚÈĀÓċÒÓċɯÝÌɯÛÌÙÊÐÏÐɯÒÈÓÐÛÌÚÐɯàĹÒÚÌÒɯÎĹÝÌÕÐÓÐÙɯÉÐÙɯĹÙĹÕɯ

ÚÈĀÓÈÕÔÈÚċɯÏÜÚÜÚÜÕËÈɯÍÈàËÈÓÈÙɯÚÈĀÓÈàÈÊÈĀċɯÒÜıÒÜÚÜáËÜÙȭɯ 
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Investigation of the Accuracy of the Real -Time Precise Point 
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 ÉÚÛÙÈÊÛɯ 
¢ƻŘŀȅΣ ƻōǘŀƛƴƛƴƎ ǊŀǇƛŘ ǊŜǎǳƭǘǎ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ƘƛƎƘ ŀŎŎǳǊŀŎȅ Ƙŀǎ ōŜŎƻƳŜ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ǊŜǉǳƛǊŜƳŜƴǘ ƛƴ 
Db{{πōŀǎŜŘ ǇƻǎƛǝƻƴƛƴƎ ŀǇǇƭƛŎŀǝƻƴǎΦ !ƭǘƘƻǳƎƘ w¢Y όwŜŀƭπ¢ƛƳŜ YƛƴŜƳŀǝŎύ ŀƴŘ bŜǘǿƻǊƪ w¢YΣ ǿƘƛŎƘ ŀǊŜ 
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///Ⱥɯ#ÖĀÙÜÓÜĀÜÕÜÕɯ ÙÈıÛċÙċÓÔÈÚċ 

ƕƕƛ 
 

ŎƭŀǎǎƛŎŀƭ ƘƛƎƘπǇǊŜŎƛǎƛƻƴ ǇƻǎƛǝƻƴƛƴƎ ǘŜŎƘƴƛǉǳŜǎΣ Ŏŀƴ ǇǊƻǾƛŘŜ ŎŜƴǝƳŜǘǊŜπƭŜǾŜƭ ŀŎŎǳǊŀŎȅΣ ǘƘŜǎŜ ǎȅǎǘŜƳǎ 
ǊŜǉǳƛǊŜ ǘǿƻ ƻǊ ƳƻǊŜ Db{{ ǊŜŎŜƛǾŜǊǎ ŀƴŘ ŘŜǇŜƴŘ ƻƴ D{a ƻǊ ǊŀŘƛƻπƳƻŘŜƳ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŦƻǊ  
(ÕɯÛÏÐÚɯÚÛÜËàȮɯ13ɪ///ȮɯÖÕÌɯÖÍɯÛÏÌɯÙÌÈÓɪÛÐÔÌɯ&-22ɯ×ÖÚÐÛÐÖÕÐÕÎɯÛÌÊÏÕÐØÜÌÚȮɯÞÈÚɯÌÝÈÓÜÈÛÌËɯÐÕɯÛÌÙÔÚɯÖÍɯ

×ÖÚÐÛÐÖÕÐÕÎɯÈÊÊÜÙÈÊàɯÈÕËɯÊÖÕÝÌÙÎÌÕÊÌɯÛÐÔÌȭɯ13ɪ///ɯÖÉÚÌÙÝÈÛÐÖÕÚɯÞÌÙÌɯÊÖÕËÜÊÛÌËɯÖÕɯÈɯÛÌÚÛɯÕÌÛÞÖÙÒɯ

ÌÚÛÈÉÓÐÚÏÌËɯÐÕɯÛÏÌɯ(Ú×ÈÙÛÈɬ!ÜÙËÜÙɯÙÌÎÐÖÕȭɯ ÛɯÈɯÛÖÛÈÓɯÖÍɯƕƔɯ×ÐÓÓÈÙɯ×ÖÐÕÛÚȮɯÊÖÖÙËÐÕÈÛÌÚɯÖÉÛÈÐÕÌËɯÜÚÐÕÎɯÈɯ

ÔÜÓÛÐɪ&-22ɯÙÌÊÌÐÝÌÙɯÞÌÙÌɯÊÖÔ×ÈÙÌËɯÞÐÛÏɯÛÏÖÚÌɯËÌÙÐÝÌËɯÍÙÖÔɯÚÛÈÛÐÊɯ&-22ɯÖÉÚÌÙÝÈÛÐÖÕÚȭɯ3ÏÌɯÙÌÚÜÓÛÚɯ

ÐÕËÐÊÈÛÌɯÛÏÈÛɯÛÏÌɯÊÖÖÙËÐÕÈÛÌÚɯËÌÛÌÙÔÐÕÌËɯÉàɯ13ɪ///ɯËÐřÌÙɯÍÙÖÔɯÛÏÖÚÌɯÖÉÛÈÐÕÌËɯÉàɯÚÛÈÛÐÊɯ &-22ɯ

ÖÉÚÌÙÝÈÛÐÖÕÚɯÉàɯÈ××ÙÖßÐÔÈÛÌÓàɯƙɬƚɯÊÔȭɯ.ÝÌÙÈÓÓȮɯ13ɪ///ɯÞÈÚɯÍÖÜÕËɯÛÖɯ×ÙÖËÜÊÌɯÙÌÓÐÈÉÓÌɯÙÌÚÜÓÛÚɯÞÐÛÏɯÈÕɯ

ÈÊÊÜÙÈÊàɯÊÖÔ×ÈÙÈÉÓÌɯÛÖɯÛÏÈÛɯÖÍɯÛÏÌɯ-ÌÛÞÖÙÒɯ13*ɯÔÌÛÏÖËȭɯ'ÖÞÌÝÌÙȮɯÐÕɯÛÌÙÔÚɯÖÍɯÊÖÕÝÌÙÎÌÕÊÌɯÛÐÔÌȮɯÐÛɯ

ÚÏÖÞÌËɯÚÓÖÞÌÙɯ×ÌÙÍÖÙÔÈÕÊÌɯÛÏÈÕɯÖÛÏÌÙɯÙÌÈÓɪÛÐÔÌɯ×ÖÚÐÛÐÖÕÐÕÎɯÔÌÛÏÖËÚɯÚÜÊÏɯÈÚɯ13*ɯÈÕËɯ-ÌÛÞÖÙÒɯ13*ȭɯ 

 

*ÌàÞÖÙËÚȯɯ&-22Ȯɯ///Ȯɯ-ÌÛÞÖÙÒɪ13*Ȯɯ2! 2 

ƕȭɯ&ÐÙÐı 

*ĹÙÌÚÌÓɯ-ÈÝÐÎÈÚàÖÕɯ4àËÜɯ2ÐÚÛÌÔÓÌÙÐɯȹ&-22ȺɯÐÓÌɯÎÌÙñÌÒÓÌıÛÐÙÐÓÌÕɯÒÖÕÜÔɯÉÌÓÐÙÓÌÔÌɯàġÕÛÌÔÓÌÙÐȮɯ

ÛÌÔÌÓɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÈÕɯÈÓċÊċɯÚÈàċÚċȮɯġÓñĹɯÚÛÙÈÛÌÑÐÚÐɯÝÌɯÎġáÓÌÔÓÌÙÐÕɯËÌĀÌÙÓÌÕËÐÙÐÓÔÌɯÉÐñÐÔÐÕÌɯÉÈĀÓċɯÖÓÈÙÈÒɯ

ÐÒÐɯÈÕÈɯÎÙÜ×ÛÈɯÚċÕċÍÓÈÕËċÙċÓÔÈÒÛÈËċÙȯɯ,ÜÛÓÈÒɯ*ÖÕÜÔɯ!ÌÓÐÙÓÌÔÌɯÝÌɯ&ġÙÌÓÐɯ*ÖÕÜÔɯ!ÌÓÐÙÓÌÔÌɯàġÕÛÌÔÓÌÙÐȭɯ

,ÜÛÓÈÒɯÒÖÕÜÔɯÉÌÓÐÙÓÌÔÌɯàġÕÛÌÔÓÌÙÐÕËÌɯÛÌÒɯÉÐÙɯ&-22ɯÈÓċÊċÚċɯÒÜÓÓÈÕċÓÈÙÈÒȮɯÜàËÜɯàġÙĹÕÎÌɯÝÌɯÚÈÈÛɯÉÐÓÎÐÓÌÙÐɯ

àÈÙËċÔċàÓÈɯ ËÖĀÙÜËÈÕɯ ÕÖÒÛÈɯ ÒÖÖÙËÐÕÈÛÓÈÙċɯ ÌÓËÌɯ ÌËÐÓÔÌÒÛÌËÐÙɯ Ȼƕȼȭɯ !Üɯ àÈÒÓÈıċÔċÕɯ ÌÕɯ ÎÌÓÐıÔÐıɯ

ÜàÎÜÓÈÔÈÓÈÙċÕËÈÕɯÉÐÙÐɯÖÓÈÕɯ'ÈÚÚÈÚɯ-ÖÒÛÈɯ*ÖÕÜÔÓÈÔÈɯȹ///ȺɯÝÌɯÎÌÙñÌÒɯáÈÔÈÕÓċɯÝÌÙÚÐàÖÕÜɯÖÓÈÕɯ13-PPP 

ÛÌÒÕÐÒÓÌÙÐȮɯÏÈÙÐÊÐɯÉÐÙɯÙÌÍÌÙÈÕÚɯÐÚÛÈÚàÖÕÜÕÈɯÐÏÛÐàÈñɯËÜàÔÈËÈÕɯÒĹÙÌÚÌÓɯġÓñÌÒÛÌɯàĹÒÚÌÒɯËÖĀÙÜÓÜÒÓÜɯÒÖÕÜÔɯ

ĹÙÌÛÔÌɯ×ÖÛÈÕÚÐàÌÓÐɯÚÜÕÔÈÒÛÈËċÙɯȹ©ÌÒÐÓɯƕȺȭ 

 

 

©ÌÒÐÓɯƕȭ *ÖÕÜÔɯÉÌÓÐÙÓÌÔÌɯàġÕÛÌÔÓÌÙÐɯȻƖȼȭ 

&ġÙÌÓÐɯÒÖÕÜÔɯÉÌÓÐÙÓÌÔÌɯàġÕÛÌÔÓÌÙÐÕËÌɯÐÚÌɯÐÒÐɯÝÌàÈɯËÈÏÈɯÍÈáÓÈɯ&-22ɯÈÓċÊċÚċÕËÈÕɯÌÓËÌɯÌËÐÓÌÕɯÌıɯ

áÈÔÈÕÓċɯ ÎġáÓÌÔÓÌÙɯ ÉÐÙÓÐÒÛÌɯ ËÌĀÌÙÓÌÕËÐÙÐÓÔÌÒÛÌɯ ÝÌɯ ÒÖÖÙËÐÕÈÛÓÈÙɯ ÙÌÍÌÙÈÕÚɯ ÐÚÛÈÚàÖÕÓÈÙċÕÈɯ ÎġÙÌɯ

ÏÌÚÈ×ÓÈÕÔÈÒÛÈËċÙȭɯ2ÛÈÛÐÒɯ&-22Ȯɯ'ċáÓċɯ2ÛÈÛÐÒȮɯ13*ɯÝÌɯ Āɯ13*ɯȹ".12ȺɯàġÕÛÌÔleri bu grupta yer almakta 

ÖÓÜ×ȮɯġáÌÓÓÐÒÓÌɯÒċÚÈɯÝÌɯÖÙÛÈɯÉÈáɯÜáÜÕÓÜÒÓÈÙċÕËÈɯÚÈÕÛÐÔÌÛÙÌɯÚÌÝÐàÌÚÐÕËÌɯËÖĀÙÜÓÜÒɯÚÈĀÓÈÔÈÒÛÈËċÙɯȻƖȼȭɯ

 ÕÊÈÒɯÉÜɯàġÕÛÌÔÓÌÙȮɯÚÈÉÐÛɯÙÌÍÌÙÈÕÚɯÐÚÛÈÚàÖÕÓÈÙċÕÈȮɯÝÌÙÐɯÐÓÌÛÐıÐÔɯÈÓÛàÈ×ċÚċÕÈɯÝÌɯñÖĀÜɯáÈÔÈÕɯ&2,ɤÙÈËàÖɯ

ÔÖËÌÔɯ ÉÈĀÓÈÕÛċÓÈÙċÕÈɯ ÉÈĀċÔÓċɯñÈÓċıÔÈÒÛÈËċÙȭɯ 2ÖÕɯ àċÓÓÈÙËÈɯ ÜàËÜɯ ÛÈÉÈÕÓċɯ ËĹáÌÓÛÔÌɯ ÚÌÙÝÐÚÓÌÙÐÕÐÕɯ

ÎÌÓÐıÔÌÚÐàÓÌɯÉÐÙÓÐÒÛÌɯ13-///ɯàġÕÛÌÔÐȮɯÛÌÒɯÈÓċÊċɯÐÓÌɯÎÌÙñÌÒɯáÈÔÈÕÓċɯÝÌɯàĹÒÚÌÒɯËÖĀÙÜÓÜÒÓÈɯÒÖÕÜÔɯ

ÉÌÓÐÙÓÌÔÌɯÐÔÒäÕċɯÚÜÕÈÙÈÒɯÒÓÈÚÐÒɯÎġÙÌÓÐɯàġÕÛÌÔÓÌÙÌɯġÕÌÔÓÐɯÉÐÙɯÈÓÛÌÙÕÈÛÐÍɯÏäÓÐÕÌɯÎÌÓÔÐıÛÐÙȭɯ!ÜɯàġÕĹàle RT-

///ȮɯġáÌÓÓÐÒÓÌɯÈÓÛàÈ×ċɯÉÈĀċÔÓċÓċĀċÕċÕɯÚċÕċÙÓċɯÖÓËÜĀÜɯÎÌÕÐıɯÈÓÈÕɯÜàÎÜÓÈÔÈÓÈÙċȮɯÈÍÌÛɯàġÕÌÛÐÔÐȮɯÏÈÚÚÈÚɯ

ÕÈÝÐÎÈÚàÖÕɯÝÌɯÔĹÏÌÕËÐÚÓÐÒɯġÓñÔÌÓÌÙÐɯÈñċÚċÕËÈÕɯËÐÒÒÈÛɯñÌÒÐÊÐɯÉÐÙɯñġáĹÔɯÖÓÈÙÈÒɯġÕÌɯñċÒÔÈÒÛÈËċÙɯȻƗȼȭɯ 

 



*ċÙÓċɯÝËȭɯ&ÌÙñÌÒɯ9ÈÔÈÕÓċɯ'ÈÚÚÈÚɯ-ÖÒÛÈɯ*ÖÕÜÔÓÈÔÈɯ3ÌÒÕÐĀÐÕÐÕɯȹ1ÌÈÓɯ3ÐÔÌɯ/ÙÌÊÐÚÌɯ/ÖÐÕÛɯ/ÖÚÐÛÐÖÕÐÕÎɪɯ

///Ⱥɯ#ÖĀÙÜÓÜĀÜÕÜÕɯ ÙÈıÛċÙċÓÔÈÚċ 

ƕƕƜ 
 

!ÜɯñÈÓċıÔÈɯÒÈ×ÚÈÔċÕËÈȮɯ!ÜÙËÜÙɯÐÓÐɯÝÌɯñÌÝÙÌÚÐÕËÌɯÒÜÙÜÓÈÕɯ&-22ɯÈĀċÕËÈɯÎÌÙñÌÒÓÌıÛÐÙÐÓÌÕɯÚÛÈÛÐÒɯ

&-22Ȯɯ Āɯ13*ɯÝÌɯ13-///ɯġÓñĹɯàġÕÛÌÔÓÌÙÐÕËÌÕɯÌÓËÌɯÌËÐÓÌÕɯÒÖÖÙËÐÕÈÛɯÚÖÕÜñÓÈÙċɯÒÈÙıċÓÈıÛċÙċÓÔċıÛċÙȭɯ

IÈÓċıÔÈÕċÕɯÛÌÔÌÓɯÈÔÈÊċȮɯ13-///ɯàġÕÛÌÔÐÕÐÕɯËÖĀÙÜÓÜÒȮɯÜàÎÜÓÈÕÈÉÐÓÐÙÓÐÒ ve operasyonel performans 

ÈñċÚċÕËÈÕɯ ËÌĀÌÙÓÌÕËÐÙÐÓÌÙÌÒɯ ĹÓÒÌÔÐáËÌɯ ÔĹÏÌÕËÐÚÓÐÒɯ ġÓñÔÌÓÌÙÐɯ ÝÌɯ ÏÈÙÐÛÈÊċÓċÒɯ ÜàÎÜÓÈÔÈÓÈÙċÕËÈɯ

ÒÜÓÓÈÕċÓÈÉÐÓÐÙÓÐĀÐÕÐÕɯÈÙÈıÛċÙċÓÔÈÚċËċÙȭɯ!ÜɯËÖĀÙÜÓÛÜËÈɯÍÈÙÒÓċɯÒÖÕÜÔɯÉÌÓÐÙÓÌÔÌɯÛÌÒÕÐÒÓÌÙÐÕËÌÕɯÌÓËÌɯÌËÐÓÌÕɯ

ÚÖÕÜñÓÈÙɯÖÙÛÈÒɯÉÐÙɯÙÌÍÌÙÈÕÚɯÚÐÚÛÌÔÐÕËÌɯÈÕÈÓÐáɯÌËÐÓÔÐıɯÝÌɯàġÕÛÌÔÓÌÙɯÈÙÈÚċÕËÈÒÐɯËÖĀÙÜÓÜÒɯÍÈÙÒÓċÓċÒÓÈÙċɯ

ÐÚÛÈÛÐÚÛÐÒÚÌÓɯÖÓÈÙÈÒɯÐÕÊÌÓÌÕÔÐıÛÐÙȭ 

2. Materyal ve Metot  

IÈÓċıÔÈɯÒÈ×ÚÈÔċÕËÈɯ!ÜÙËÜÙɯÐÓÐɯÝÌɯñÌÝÙÌÚÐÕËÌɯÖÓÜıÛÜÙÜÓÈÕɯ&-22ɯÈĀċÕËÈɯÚÛÈÛÐÒɯ&-22Ȯɯ Āɯ13*ɯ

(CORS-TR) ve RT-///ɯġÓñĹÓÌÙÐɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıɯÝÌɯÌÓËÌɯÌËÐÓÌÕɯÒÖÖÙËÐÕÈÛɯÚÖÕÜñÓÈÙċɯÒÈÙıċÓÈıÛċÙċÓÔÈÒɯ

ÈÔÈÊċàÓÈɯÛÖ×ÓÈÔɯƕƔɯÈËÌÛɯ×ÐÓàÌɯÕÖÒÛÈÚċÕËÈÕɯÖÓÜıÈÕɯÉÐÙɯ&-22ɯÈĀċɯÒÜÙÜÓÔÜıÛÜÙɯȹ©ÌÒÐÓɯƖȺȭ 

 

 
 

©ÌÒÐÓɯƖȭɯ*ÜÙÜÓÈÕɯ&-22ɯ Āċ 

 ĀËÈɯġÕÊÌɯ2ÛÈÛÐÒɯ&-22ɯġÓñĹÓÌÙÐɯàÈ×ċÓÔċıÛċÙȭɯxÓñĹÓÌÙËÌɯ 23$"'-3' +$2ɯÔÈÙÒÈɯñÐÍÛɯÍÙÌÒÈÕÚÓċɯ

&-22ɯÈÓċÊċÓÈÙċɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯxÓñĹÓÌÙȮɯƕƙɯÚÈÕÐàÌɯÝÌÙÐɯÒÈàċÛɯÈÙÈÓċĀċÕËÈȮɯƙȘɯÜàËÜɯàĹÒÚÌÒÓÐÒɯÈñċÚċɯÐÓÌɯ

ÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȭɯ 'ÌÙɯÕÖÒÛÈËÈɯÐÒÐɯÎĹÕɯÛÌÒÙÈÙÓċɯÖÓÈÊÈÒɯıÌÒÐÓËÌɯÝÌɯ ÎĹÕÓĹÒɯÌÕɯÈáɯƜɯÚÈÈÛɯÎġáÓÌÔɯ

àÈ×ċÓÔċıÛċÙɯȹ©ÌÒÐÓɯƗ-ÈȺȭɯ$ÓËÌɯÌËÐÓÌÕɯÚÛÈÛÐÒɯ&-22ɯÝÌÙÐÓÌÙÐȮɯ& ,(3ɤ&+.!*ɯàÈáċÓċÔċÕËÈɯËÌĀÌÙÓÌÕËÐÙÐÓÔÐıɯ

ÝÌɯÒÖÖÙËÐÕÈÛÓÈÙɯ(31%ƖƔƕƘɯËÈÛÜÔÜÕËÈɯġÓñĹɯÌ×ÖĀÜÕËÈɯÏÌÚÈ×ÓÈÕÔċıÛċÙɯȻƘȼȭɯ 

 

 Āɯ13*ɯġÓñĹÓÌÙÐÕËÌɯ3$1242ɯ&-22ɯÈÓċÊċÓÈÙċɯÒÜÓÓÈÕċÓÔċıɯÝÌɯġÓñĹÓÌÙɯ342 & -Aktif (CORS-TR) 

ËĹáÌÓÛÔÌɯÚÌÙÝÐÚÓÌÙÐɯĹáÌÙÐÕËÌÕɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙɯȹ©ÌÒÐÓɯƗ-b) [5-ƚȼȭɯxÓñĹɯÚċÙÈÚċÕËÈɯ13",ɯÝÌÙÐɯÈÒċıċɯ

ÈÓċÕÔċıɯÝÌɯ512ɯȹ5ÐÙÛÜÈÓɯ1ÌÍÌÙÌÕÊÌɯ2ÛÈÛÐÖÕȺɯÔÖËÌÓÐɯÒÜÓÓÈÕċÓÈÙÈÒɯÎÌÙñÌÒɯáÈÔÈÕÓċɯÒÖÕÜÔɯñġáĹÔĹɯÌÓËÌɯ

ÌËÐÓÔÐıÛÐÙȭɯ'ÌÙɯÕÖÒÛÈËÈɯƕɯÚÈÕÐàÌɯÈÙÈÓċÒÓÈɯÛÖ×ÓÈÔɯƕƔƔɯÌ×ÖÒɯÎġáÓÌÔɯàÈ×ċÓÔċıɯÝÌɯÌÓËÌɯÌËÐÓÌÕɯÒÖÖÙËÐÕÈÛÓÈÙċÕɯ

ÖÙÛÈÓÈÔÈɯËÌĀÌÙÓÌÙÐɯËÌĀÌÙÓÌÕËÐÙÔÌÓÌÙËÌɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯ Āɯ13*ɯġÓñĹÓÌÙÐɯËÖĀÙÜËÈÕɯ(31%ƝƚɯËÈÛÜÔÜÕËÈɯ

ÝÌɯƖƔƔƙȭƔɯÌ×ÖĀÜÕËÈɯÌÓËÌɯÌËÐÓÔÐıÛÐÙȭɯ13-///ɯġÓñĹÓÌÙÐÕËÌɯàÐÕÌɯ3$1242ɯ&-22ɯÈÓċÊċÓÈÙċɯÒÜÓÓÈÕċÓÔċıÛċÙȭɯ



*ċÙÓċɯÝËȭɯ&ÌÙñÌÒɯ9ÈÔÈÕÓċɯ'ÈÚÚÈÚɯ-ÖÒÛÈɯ*ÖÕÜÔÓÈÔÈɯ3ÌÒÕÐĀÐÕÐÕɯȹ1ÌÈÓɯ3ÐÔÌɯ/ÙÌÊÐÚÌɯ/ÖÐÕÛɯ/ÖÚÐÛÐÖÕÐÕÎɪɯ

///Ⱥɯ#ÖĀÙÜÓÜĀÜÕÜÕɯ ÙÈıÛċÙċÓÔÈÚċ 

ƕƕƝ 
 

xÓñĹÓÌÙɯÚċÙÈÚċÕËÈɯ///-13*ɯÈÓÛàÈ×ċÚċÕËÈÕɯàÈÙÈÙÓÈÕċÓÔċıɯÝÌɯÜàËÜɯÛÈÉÈÕÓċɯËĹáÌÓÛÔÌÓÌÙɯÐÓÌɯÏÈÚÚÈÚɯàġÙĹÕÎÌ-

ÚÈÈÛɯÉÐÓÎÐÓÌÙÐɯÎÌÙñÌÒɯáÈÔÈÕÓċɯÖÓÈÙÈÒɯËÌĀÌÙÓÌÕËÐÙÐÓÔÐıÛÐÙȭɯxÓñĹɯàġÕÛÌÔÐɯËÌĀÐıÛÐÙÐÓÐÙÒÌÕɯÊÐÏÈáɯàÌÙÐÕËÌÕɯ

ÖàÕÈÛċÓÔÈÔċıɯÝÌɯÈàÕċɯÕÖÒÛÈɯĹáÌÙÐÕËÌɯġÓñĹɯÈÓċÕÔÈÚċÕÈɯËÐÒÒÈÛɯÌËÐÓÔÐıÛÐÙȭɯ'ÌÙɯÕÖÒÛÈËÈɯƕɯÚÈÕÐàÌÓÐÒɯÝÌÙÐɯ

ÈÙÈÓċĀċÕËÈɯ ÛÖ×ÓÈÔɯ ƕƔƔɯ Ì×ÖÒɯ ÎġáÓÌÔɯ àÈ×ċÓÔċıȮɯ ÌÓËÌɯ ÌËÐÓÌÕɯ ÒÖÖÙËÐÕÈÛÓÈÙċÕɯ ÖÙÛÈÓÈÔÈɯ ËÌĀÌÙÓÌÙÐɯ

ÒÜÓÓÈÕċÓÔċıÛċÙȭɯ///ɯñġáĹÔÓÌÙÐɯ(31%ƖƔƖƔɯËÈÛÜÔÜÕËÈɯÝÌɯġÓñĹɯÌ×ÖĀÜÕËÈɯÌÓËÌɯÌËÐÓÔÐıÛÐÙɯȹ©ÌÒÐÓɯƗ-c).  

 

%ÈÙÒÓċɯàġÕÛÌÔÓÌÙËÌÕɯÌÓËÌɯÌËÐÓÌÕɯÒÖÖÙËÐÕÈÛÓÈÙċÕɯÒÈÙıċÓÈıÛċÙċÓÈÉÐÓÔÌÚÐɯÈÔÈÊċàÓÈɯÛĹÔɯÝÌÙÐÓÌÙɯÖÙÛÈÒɯÉÐÙɯ

ÙÌÍÌÙÈÕÚɯÚÐÚÛÌÔÐÕÌɯËġÕĹıÛĹÙĹÓÔĹıÛĹÙȭɯIÈÓċıÔÈËÈɯÖÙÛÈÒɯËÈÛÜÔɯÝÌɯÌ×ÖÒɯÖÓÈÙÈÒɯ(31%ƝƚɯËÈÛÜÔÜÕËÈɯ

ƖƔƔƙȭƔɯ Ì×ÖĀÜɯ ÛÌÙÊÐÏɯ ÌËÐÓÔÐıÛÐÙȭɯ 2ÛÈÛÐÒɯ &-22ɯ ÝÌɯ ///ɯ ÝÌÙÐÓÌÙÐɯ ÐñÐÕɯġÕÊÌɯ ÒÖÖÙËÐÕÈÛɯ ËġÕĹıĹÔÓÌÙÐɯ

ÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıȮɯÈÙËċÕËÈÕɯÌ×ÖÒɯÒÈàËċÙÔÈɯÐıÓÌÔÓÌÙÐɯÜàÎÜÓÈÕÔċıÛċÙȭɯ*ÖÖÙËÐÕÈÛɯËġÕĹıĹÔÓÌÙÐÕËÌɯ341$%ɯ

ÏċáɯÈÓÈÕċɯÒÜÓÓÈÕċÓÈÙÈÒɯÕÖÒÛÈÓÈÙÈɯÈÐÛɯÏċáɯËÌĀÌÙÓÌÙÐɯÌÓËÌɯÌËÐÓÔÐıȮɯÊÖĀÙÈÍÐɯÒÖÖÙËÐÕÈÛÓÈÙɯÒÈÙÛÌáàÌÕɯÒÖÖÙËÐÕÈÛɯ

ÚÐÚÛÌÔÐÕÌɯËġÕĹıÛĹÙĹÓÔĹıɯÝÌɯ(31%ɯËġÕĹıĹÔÓÌÙÐɯɁ(31%ɯ *ÖÖÙËÐÕÈÛɯ #ġÕĹıĹÔɯ ÝÌɯ$×ÖÒɯ *ÈàËċÙÔÈɂɯ

àÈáċÓċÔċɯÐÓÌɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙɯȻƛȼȭ 

 

 

©ÌÒÐÓɯƗȭɯ &-22ɯ ĀċÕËÈɯàÈ×ċÓÈÕɯÈȺɯÚÛÈÛÐÒȮɯÉȺɯ Āɯ13*ɯÝÌɯÊȺɯ13-///ɯġÓñĹÓÌÙÐ 

2ÖÕɯÈıÈÔÈËÈɯÚÛÈÛÐÒɯ&-22ɯġÓñĹÓÌÙÐÕËÌÕɯÌÓËÌɯÌËÐÓÌÕɯÒÖÖÙËÐÕÈÛÓÈÙɯÙÌÍÌÙÈÕÚɯÒÈÉÜÓɯÌËÐÓÌÙÌÒɯ Āɯ13*ɯÝÌɯ

RT-///ɯñġáĹÔÓÌÙÐɯÐÓÌɯÈÙÈÚċÕËÈÒÐɯÍÈÙÒÓÈÙɯ7Ȯɯ8ɯÝÌɯ9ɯÉÐÓÌıÌÕÓÌÙÐÕËÌɯÈÕÈÓÐáɯÌËÐÓÔÐıÛÐÙȭ 

Ɨȭɯ2ÖÕÜñÓÈÙɯÝÌɯ3ÈÙÛċıÔÈ 

!ÜɯñÈÓċıÔÈËÈȮɯ(Ú×ÈÙÛÈɬ!ÜÙËÜÙɯÉġÓÎÌÚÐÕËÌɯÖÓÜıÛÜÙÜÓÈÕɯ&-22ɯÛÌÚÛɯÈĀċɯĹáÌÙÐÕËÌɯÎÌÙñÌÒÓÌıÛÐÙÐÓÌÕɯ

ġÓñĹÓÌÙɯÒÜÓÓÈÕċÓÈÙÈÒɯ2ÛÈÛÐÒɯ&-22Ȯɯ Ā-13*ɯÝÌɯ*ÐÕÌÔÈÛÐÒɯ///ɯàġÕÛÌÔÓÌÙÐÕÐÕɯËÖĀÙÜÓÜÒɯÝÌɯÜàÎÜÓÈÔÈɯ

×ÌÙÍÖÙÔÈÕÚÓÈÙċɯ ÒÈÙıċÓÈıÛċÙċÓÔċıÛċÙȭɯ IÈÓċıÔÈËÈȮɯ ÚÛÈÛÐÒɯ &-22ɯ ġÓñĹÓÌÙÐÕËÌÕ elde edilen koordinatlar 

ÙÌÍÌÙÈÕÚɯÒÈÉÜÓɯÌËÐÓÌÙÌÒɯËÐĀÌÙɯÎÌÙñÌÒɯáÈÔÈÕÓċɯÒÖÕÜÔÓÈÔÈɯÛÌÒÕÐÒÓÌÙÐÕÐÕɯÚÖÕÜñÓÈÙċɯËÌĀÌÙÓÌÕËÐÙÐÓÔÐıÛÐÙȭɯ 

 

2ÛÈÛÐÒɯġÓñĹÓÌÙȮɯ(&2-%ɯÏÈÚÚÈÚɯàġÙĹÕÎÌɯĹÙĹÕÓÌÙÐɯÒÜÓÓÈÕċÓÈÙÈÒɯËÌĀÌÙÓÌÕËÐÙÐÓËÐĀÐÕËÌÕɯÒÌÚÐÕɯÒÖÖÙËÐÕÈÛÓÈÙɯ

ġÓñĹɯÎĹÕĹÕËÌÕɯàÈÒÓÈıċÒɯƖƕɯÎĹÕɯÚÖÕÙÈɯÌÓËÌɯÌËÐÓÔÐıÛÐÙȭɯ!ÜÕÈɯÒÈÙıċÕȮɯ Ā-13*ɯàġÕÛÌÔÐÕËÌɯ342 & -Aktif 

ÚÐÚÛÌÔÐÕÌɯÉÈĀÓÈÕÛċɯÚÈĀÓÈÕËċÒÛÈÕɯÚÖÕÙÈɯàÈÒÓÈıċÒɯƙɬ10 saniye ÐñÌÙÐÚÐÕËÌɯÒÖÕÜÔɯñġáĹÔĹɯÌÓËÌɯÌËÐÓÐÙÒÌÕȮɯ

*ÐÕÌÔÈÛÐÒɯ///ɯàġÕÛÌÔÐÕËÌɯËĹáÌÓÛÔÌɯÜàËÜÓÈÙċÕÈɯÉÈĀÓÈÕċÓÔÈÚċɯÝÌɯñġáĹÔĹÕɯàÈÒċÕÚÈÔÈÚċɯÐñÐÕɯàÈÒÓÈıċÒɯ

5ɬƛɯËÈÒÐÒÈÓċÒɯÉÐÙɯÚĹÙÌɯÎÌÙÌÒÛÐĀÐɯÉÌÓÐÙÓÌÕÔÐıÛÐÙȭ 

2ÛÈÛÐÒɯġÓñĹÓÌÙɯÐÓÌɯÒÈÙıċÓÈıÛċÙċÓËċĀċÕËÈȮɯ Ā-13*ɯàġÕÛÌÔÐÕËÌɯ7Ȯɯ8ɯÝÌɯ9ɯÉÐÓÌıÌÕÓÌÙÐÕËÌɯƜ-10 santimetre 

ËĹáÌàÐÕËÌɯÒÖÖÙËÐÕÈÛɯÍÈÙÒÓÈÙċɯÎġáÓÌÕÔÐıÛÐÙȭɯxáÌÓÓÐÒÓÌɯËĹıÌàɯÉÐÓÌıÌÕËÌɯÔÌàËÈÕÈɯÎÌÓÌÕɯÍÈÙÒÓÈÙċÕɯàÈÛÈàɯ

ÉÐÓÌıÌÕÓÌÙÌɯÎġÙÌɯËÈÏÈɯÉĹàĹÒɯÖÓËÜĀÜɯÝÌɯÉÜɯËÜÙÜÔÜÕɯÈÛÔÖÚÍÌÙÐÒɯÌÛÒÐÓÌÙɯÐÓÌɯ&-22ɯÚÐÕàÈÓɯÏÈÛÈÓÈÙċÕËÈÕɯ

ÒÈàÕÈÒÓÈÕËċĀċɯËÌĀÌÙÓÌÕËÐÙÐÓÔÐıÛÐÙȭɯ 

ŀ Ŏ ō 



*ċÙÓċɯÝËȭɯ&ÌÙñÌÒɯ9ÈÔÈÕÓċɯ'ÈÚÚÈÚɯ-ÖÒÛÈɯ*ÖÕÜÔÓÈÔÈɯ3ÌÒÕÐĀÐÕÐÕɯȹ1ÌÈÓɯ3ÐÔÌɯ/ÙÌÊÐÚÌɯ/ÖÐÕÛɯ/ÖÚÐÛÐÖÕÐÕÎɪɯ

///Ⱥɯ#ÖĀÙÜÓÜĀÜÕÜÕɯ ÙÈıÛċÙċÓÔÈÚċ 

ƕƖƔ 
 

*ÐÕÌÔÈÛÐÒɯ///ɯàġÕÛÌÔÐɯÐÓÌɯÚÛÈÛÐÒɯġÓñĹÓÌÙɯÈÙÈÚċÕËÈÒÐɯÒÈÙıċÓÈıÛċÙÔÈËÈɯÐÚÌɯÒÖÖÙËÐÕÈÛɯÍÈÙÒÓÈÙċÕċÕɯËÈÏÈɯ

ËĹáÌÕÓÐɯËÈĀċÓċÔɯÎġÚÛÌÙËÐĀÐɯÝÌɯñÖĀÜɯÕÖÒÛÈËÈɯƙ-ƚɯÚÈÕÛÐÔÌÛÙÌɯÚÌÝÐàÌÚÐÕËÌɯÒÈÓËċĀċɯÉÌÓÐÙÓÌÕÔÐıÛÐÙȭɯ'ÈÚÚÈÚɯ

àġÙĹÕÎÌɯÝÌɯÜàËÜɯÚÈÈÛɯËĹáÌÓÛÔÌÓÌÙÐÕÐÕɯÒÜÓÓÈÕċÓÔÈÚċɯÚÈàÌÚÐÕËÌɯ///ɯàġÕÛÌÔÐÕÐÕɯàĹÒÚÌÒɯËÖĀÙÜÓÜÒɯ

ĹÙÌÛÌÉÐÓËÐĀÐɯ ÎġÙĹÓÔĹıÛĹÙȭɯ  ÕÊÈÒɯ ÉÈáċɯ ÕÖÒÛÈÓÈÙËÈɯ ÖÙÛÈàÈɯ ñċÒÈÕɯ àÈÛÈàɯ ÒÖÖÙËÐÕÈÛɯ ÍÈÙÒÓÈÙċÕċÕȮɯ ÜàËÜɯ

ÎÌÖÔÌÛÙÐÚÐȮɯ ÎġáÓÌÔɯ ÚĹÙÌÚÐɯ ÝÌɯ ñġáĹÔĹÕɯ àÈÒċÕÚÈÔÈɯ ÚĹÙÌÊÐÕÌɯ ÉÈĀÓċɯ ÖÓÈÙÈÒɯ ËÌĀÐıÌÉÐÓÌÊÌĀÐɯ

ËÌĀÌÙÓÌÕËÐÙÐÓÔÐıÛÐÙȭ 

 

&ÌÕÌÓɯÖÓÈÙÈÒɯËÌĀÌÙÓÌÕËÐÙÐÓËÐĀÐÕËÌȮɯ*ÐÕÌÔÈÛÐÒɯ///ɯàġÕÛÌÔÐÕÐÕɯġáÌÓÓÐÒÓÌɯÛÌÒɯÈÓċÊċɯÐÓÌɯñÈÓċıÈÉÐÓÔÌÚÐɯ

ÝÌɯÌÒɯÉÐÙɯÙÌÍÌÙÈÕÚɯÐÚÛÈÚàÖÕÜÕÈɯÐÏÛÐàÈñɯËÜàÔÈÔÈÚċɯÕÌËÌÕÐàÓÌɯġÕÌÔÓÐɯÈÝÈÕÛÈÑÓÈÙɯÚÜÕËÜĀÜɯÉÌÓÐÙÓÌÕÔÐıÛÐÙȭɯ

!ÜÕÈɯÒÈÙıċÓċÒȮɯñġáĹÔɯàÈÒċÕÚÈÔÈɯÚĹÙÌÚÐÕÐÕɯÜáÜÕɯÖÓÔÈÚċɯàġÕÛÌÔÐÕɯÛÌÔÌÓɯÚċÕċÙÓÈàċÊċɯÜÕÚÜÙÜɯÖÓÈÙÈÒɯġÕÌɯ

ñċÒÔÈÒÛÈËċÙȭɯ$ÓËÌɯÌËÐÓÌÕɯÉÜÓÎÜÓÈÙȮɯ13-///ɯàġÕÛÌÔÐÕÐÕɯÜàÎÜÕɯÎġáÓÌÔɯÒÖıÜÓÓÈÙċɯÈÓÛċÕËÈɯÚÈÕÛÐÔÌÛÙÌɯ

ÚÌÝÐàÌÚÐÕËÌɯ ÎĹÝÌÕÐÓÐÙɯ ÚÖÕÜñÓÈÙɯ ĹÙÌÛÌÉÐÓËÐĀÐÕÐɯ ÝÌɯ ÎÌÓÌÊÌÒÛÌɯ ÎÌÙñÌÒɯ áÈÔÈÕÓċɯ ÏÈÚÚÈÚɯ ÒÖÕÜÔÓÈÔÈɯ

ÜàÎÜÓÈÔÈÓÈÙċÕËÈɯġÕÌÔÓÐɯÉÐÙɯÈÓÛÌÙÕÈÛÐÍɯÖÓÈÉÐÓÌÊÌĀÐÕÐɯÎġÚÛÌÙÔÌÒÛÌËÐÙȭ  
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Development of an Adaptive Platform Supporting Cognitive 

Development Using Virtual Reality and Sensor -Based 

Technologies   

Abstract  

Current digital approaches aimed at supporting cognitive development often keep the user in a passive 

role and do not sufficiently consider the integrated nature of cognitive processes with the motor system. 

The aim of this study is to design an adaptive hardware-software platform that supports cognitive 
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development using virtual reality (VR) and embedded sensor technologies, while providing real -time 

feedback and quantitatively evaluating its cognitive effects. In the proposed system, two distinct 

physical platforms were designed according to different me asurement objectives: a static platform 

performs postural balance analysis using strain gauge-based load cells, whereas a dynamic platform 

tracks trunk orientation and motion dynamics using a three -axis accelerometer. Sensor data from both 

platforms are tr ansmitted in real time to the Unity game engine via an ESP32 microcontroller using 

wireless communication, integrating user movements with cognitive game designs under a dual -task 

paradigm. The adaptive architecture of the system relies on performance-based progressive game level 

transitions. To validate the impact of the developed platform on cognitive flexibility and interference 

management, the Stroop Test was administered to a sample group of n=30 healthy participants. As a 

result of the Wilcoxon Signed-Ranks Test analysis applied to pre-test and post-test data, reaction 

completion times decreased for 100% of the participants, and a statistically highly significant 

improvement (p=0.000) was observed across all three test stages. The findings demonstrate that this 

embodied cognition model, which integrates physical movement data and the virtual reality 

environment, minimizes individual performance differences and provides a homogenous cognitive 

acceleration compared to traditional passive methods. 

 

Keywords:  Virtual Reality, Cognitive Development, Sensor -Based Systems, Adaptive Learning, 

Gamification  
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2. Materyal ve Metot  
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ÐıÓÌÔÌɯÝÌɯÒÜÓÓÈÕċÊċɯÌÛÒÐÓÌıÐÔɯÒÈÛÔÈÕÓÈÙċÕËÈÕɯÖÓÜıÈÕȮɯÔÖËĹÓÌÙɯÉÐÙɯàÈ×ċàÈɯÚÈÏÐ×ÛÐÙȭɯ!ÜɯàÈ×ċȮɯÍÐáÐÒÚÌÓɯ

ÖÙÛÈÔÓÈÙËÈÕɯÌÓËÌɯÌËÐÓÌÕɯÝÌÙÐÓÌÙÐÕɯÎÌÙñÌÒɯáÈÔÈÕÓċɯÐıÓÌÕÔÌÚÐÕÐɯÝÌɯÚÈÕÈÓɯÎÌÙñÌÒÓÐÒɯÖÙÛÈÔċÕËÈɯÈÕÓÈÔÓċɯ

ÒÖÕÛÙÖÓɯÎÐÙËÐÓÌÙÐÕÌɯËġÕĹıÛĹÙĹÓÔÌÚÐÕÐɯÚÈĀÓÈàÈÊÈÒɯıÌÒÐÓËÌɯÖ×ÛÐÔÐáÌɯÌËÐÓÔÐıÛÐÙȭ 

2.1. Materyal  

2ÐÚÛÌÔÐÕɯËÖÕÈÕċÔɯÈÓÛàÈ×ċÚċȮɯÝÌÙÐÓÌÙÐÕɯàĹÒÚÌÒɯËÖĀÙÜÓÜÒȮɯËĹıĹÒɯÎÌÊÐÒÔÌɯÝÌɯÒÈÙÈÙÓċɯñÈÓċıÔÈɯÒÖıÜÓÓÈÙċɯ

ÈÓÛċÕËÈɯ ÛÖ×ÓÈÕÔÈÚċÕċɯ ÚÈĀÓÈàÈÕɯ ÉÐÓÌıÌÕÓÌÙËÌÕɯ ÖÓÜıÔÈÒÛÈËċÙȭɯ 5ÌÙÐɯ ÛÖ×ÓÈÔÈɯ ÝÌɯ ÐıÓÌÔÌɯ ÚĹÙÌñÓÌÙÐÕÐÕɯ

ÔÌÙÒÌáÐÕËÌȮɯ ñÐÍÛɯ ñÌÒÐÙËÌÒÓÐɯ ÐıÓÌÔÊÐɯ ÔÐÔÈÙÐÚÐÕÌɯ ÝÌɯ ÌÕÛÌÎÙÌɯ !ÓÜÌÛÖÖÛÏɯ ġáÌÓÓÐĀÐÕÌɯ ÚÈÏÐ×ɯ $2/ƗƖɯ

ÔÐÒÙÖËÌÕÌÛÓÌàÐÊÐɯ àÌÙɯ ÈÓÔÈÒÛÈËċÙȭɯ IÈÓċıÔÈËÈɯ ÝÌÙÐɯ ÛÖ×ÓÈÔÈɯ àÈÒÓÈıċÔċɯ ÐÒÐɯ ÍÈÙÒÓċɯ ÍÐáÐÒÚÌÓɯ ×ÓÈÛÍÖÙÔɯ

ĹáÌÙÐÕËÌÕɯàĹÙĹÛĹÓÔÌÒÛÌËÐÙȯ 

 

Statik Platform:  *ÜÓÓÈÕċÊċÕċÕɯáÌÔÐÕÓÌɯÌÛÒÐÓÌıÐÔÐɯÚċÙÈÚċÕËÈÒÐɯÈĀċÙÓċÒɯËÈĀċÓċÔċÕċɯÝÌɯ×ÖÚÛĹÙÈÓɯËÌÕÎÌɯ

ÚÈÓċÕċÔÓÈÙċÕċɯġÓñÔÌÒɯÈÔÈÊċàÓÈɯÛÈÚÈÙÓÈÕÔċıÛċÙȭɯ/ÓÈÛÍÖÙÔÜÕɯËġÙÛɯÒġıÌÚÐÕÌȮɯ+ƚ$ɯÔÖËÌÓɯàĹÒɯÏĹÊÙÌÓÌÙÐɯ

àÌÙÓÌıÛÐÙÐÓÔÐıɯÝÌɯÌÓËÌɯÌËÐÓÌÕɯÚÐÕàÈÓÓÌÙɯƖƘ-ÉÐÛɯñġáĹÕĹÙÓĹÒÓĹɯ'7ƛƕƕɯ #"ɯÌÕÛÌÎÙÌÚÐàÓÌɯÚÈàċÚÈÓÓÈıÛċÙċÓÔċıÛċÙ.  

 

Dinamik Platform:  *ÜÓÓÈÕċÊċÕċÕɯËÖĀÙÜÚÈÓɯÐÝÔÌȮɯÈñċÚÈÓɯÏċáɯÝÌɯÎġÝËÌɯàġÕÌÓÐÔɯÉÐÓÎÐÓÌÙÐÕÐɯËÖĀÈÓɯ

ÏÈÙÌÒÌÛɯÒÖıÜÓÓÈÙċÕËÈɯÌÓËÌɯÌÛÔÌÒɯÈÔÈÊċàÓÈɯÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙȭɯ!ÜɯàÈ×ċËÈȮɯĹñɯÌÒÚÌÕËÌɯÏÈÙÌÒÌÛɯËÌĀÐıÐÔÓÌÙÐÕÐɯ

tespit edebilen Ĺñɯ ÌÒÚÌÕÓÐɯ  #7+ƗƘƙɯ ËÐÑÐÛÈÓɯ ÐÝÔÌġÓñÌÙɯ ÒÜÓÓÈÕċÓÔċıȮɯ ÚÌÕÚġÙɯ ÐÓÌɯ ÔÐÒÙÖËÌÕÌÛÓÌàÐÊÐɯ

ÏÈÉÌÙÓÌıÔÌÚÐɯ(Ɩ"ɯ×ÙÖÛÖÒÖÓĹɯĹáÌÙÐÕËÌÕɯÚÈĀÓÈÕÔċıÛċÙ. 

 

 

©ÌÒÐÓɯƕȭ Sistemin genel mimarisi  

2.2. Metot 

2ÌÕÚġÙÓÌÙËÌÕɯÚĹÙÌÒÓÐɯġÙÕÌÒÓÌÔÌɯ×ÙÌÕÚÐÉÐàÓÌɯÈÓċÕÈÕɯÏÈÔɯÝÌÙÐÓÌÙȮɯËÖĀÙÜËÈÕɯàÖÙÜÔÓÈÕÈÉÐÓÐÙɯÕÐÛÌÓÐÒÛÌɯ

ÖÓÔÈËċĀċÕËÈÕɯÔÈÛÌÔÈÛÐÒÚÌÓɯÔÖËÌÓÓÌÔÌɯÚĹÙÌñÓÌÙÐÕËÌÕɯÎÌñÐÙÐÓÔÌÒÛÌËÐÙȭɯ#ÐÕÈÔÐÒɯ×ÓÈÛÍÖÙÔËÈÒÐɯÐÝÔÌɯ

ÚÌÕÚġÙĹÕËÌÕɯÌÓËÌɯÌËÐÓÌÕɯĹñɯÌÒÚÌÕÓÐɯÝÌÙÐÓÌÙɯÒÜÓÓÈÕċÓÈÙÈÒȮɯÒÜÓÓÈÕċÊċÕċÕɯÌĀÐÔɯÈñċÓÈÙċɯȹ×ÐÛÊÏȮɯÙÖÓÓȮɯàÈÞȺɯ

ÛÙÐÎÖÕÖÔÌÛÙÐÒɯËġÕĹıĹÔÓÌÙÓÌɯÏÌÚÈ×ÓÈÕÔÈÒÛÈËċÙȭ 

 








