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Bir Ortam Havası Soğutma Süreçlerindeki Tersinmezliklerin Üfleme 

Havası Ekserji Değeri Limitlerine Etkileri 

Betül Saraç1*+, Erhan Aksu1 ve Teoman Ayhan2 

1Gemi İnşaatı ve Gemi Makineleri Mühendisliği Bölümü, Karadeniz Teknik Üniversitesi, Trabzon, Türkiye 
2Soğanlı sokak No 18/12 61080 Ortahisar, Trabzon, Türkiye 

*Sorumlu Yazar: bsarac@ktu.edu.tr 
*Sunucu: bsarac@ktu.edu.tr 

Sunum/Makale Tipi: Sözlü / Tam Metin 

 

Özet –Bir ortam havasının yaz şartlarına göre soğutulmasında, hava karışım bağlantısı, evaparatör, ısıtıcı ve bir fandan oluşan 

iklimlendirme ünitesini içeren model göz önüne alınmıştır. Bu uygulamayla bilinen ekserji analizi ile birlikte ileri ekserji analizi 

metotlarının iklimlendirme konularındaki uygulanabilirliğinin gösterilmesi amaçlanmıştır. Tasarlanan modelde iklimlendirme 

ünitesini oluşturan her bir bileşende oluşan ekserji kaybı ve ekserji tahribatı hesaplanmaktadır. Bu amaçla, ele alınan model, 

üfleme havası, taze hava ve geri dönüş havasının %20’lik kısmıyla karışımından oluştuğu düşünülmüştür. İklimlendirme 

ünitesindeki ekserji tahribatı kullanılamaz-endojen, kaçınılma-eksojen, kaçınılmaz-endojen ve önlenebilir-eksojen olarak 

parçalara ayrılmıştır. Üfleme havasının ekserji değerleri atmosferik hava şartlarına göre belirlenmiştir  
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I. GİRİŞ 

Ülkelerin gelişmesiyle birlikte insanların yaşam termal 

konforunu sağlamak amacıyla kullanılan elektrik enerji 

sarfiyatı artmaktadır. Bu nedenle iklimlendirme (HVAC) 

sektöründe kullanılan enerji tasarrufunun sağlanması ve 

enerjinin verimli kullanılması günümüz en önemli araştırma 

konuları oluşturmaktadır. İklimlendirme sektöründe ısıtma, 

havalandırma ve iklimlendirme süreçleri önde gelmektedir.  

HVAC sistemlerinin termodinamik analizinde sistemde 

kullanılan enerji dönüşümü, enerji dönüşümünü sağlayan 

bileşenlere göre iki grupta ele alınabilir. Birinci grupta iş 

tüketen makinelere olarak fanlar, pompalar ve kompresörler 

ortaya çıkmaktadır. Bu elemanlarda elektrik enerjisi akışkanda 

kinetik ve potansiyel enerjiye dönüşürken süreçlerde ısıya 

dönüşen enerji miktarı da iş akışkanının iç enerjisine dönüşür. 

İkinci gruptaki elemanlar olarak ısı eşanjörleri 

gösterilmektedir. Bu iki grupta tanımlanan enerji dönüşüm 

elemanları birbirleriyle irtibatlandırıldıklarında ortaya çıkan 

sistem klima santrali (AHU) olarak tanımlanır. Günümüzde 

ülkemiz için ısıtma, soğutma ve havalandırma HVAC 

sistemlerinde kullanılan enerjinin toplam enerji sarfiyatındaki 

payı yaklaşık olarak %20 olarak tespit edilmiştir [1]. 

Bu sektörde kullanılan enerjinin yaklaşık %50’lik kısmı 

evlerde kullanılan sistemlerde kullanılmaktadır. Literatürde 

soğutma amaçlı çalışan HVAC sistemlerinde kullanılan 

soğutma ünitelerinin yaklaşık %80’nini buhar sıkıştırmalı 

soğutma sistemleri teşkil eder [2]. Bu nedenle HVAC 

sistemlerinde verimliliğin arttırılmasında mümkün olabilecek 

enerji tasarrufu görüldüğünde bu ünitenin araştırılması 

gerekmektedir. HVAC sistemlerinin enerji kullanım 

performansları genellikle termodinamiğin birinci kanuna göre, 

nicel olarak değerlendirilmesinin dışında daha yeterli fikirler 

elde etmek için enerjinin nitel değerlendirilmesinin 

yapılmasında ekserji metodu kullanılmaktadır. İleri ekserji 

metodu ile bu çalışmada tanıtılan sistemin her bir elemanda 

oluşan tersinmezliklerin tespitinin yanında, sistem 

bileşenlerinin çalışma koşullarında her bir elamanda oluşan 

tersinmezliklerinin birbirlerine göre etkileşimlerinin 

belirlenmesinde kullanılır. Bu çalışmanın literatürdeki yeri 

ileri ekserji metodunun HVAC sistemine uygulanmasının 

tanıtımıdır.  

Paralel sıkıştırmalı market tipi buzdolabının performansının 

optimizasyonuna dayalı bir araştırmayı Gullo vd. ileri ekserji 

analizi metodu kullanarak gerçekleştirmişlerdir [3]. İleri 

ekserji metodu sonucunda kondansörün, yüksek basınç 

kompresörünün ve alçak basınç kompresörlerinin en yüksek 

geliştirme potansiyeline sahip olduklarını belirtmişlerdir.  

İleri ekserji metodunun soğutucu sisteme uygulandığı bir 

çalışma da Kelly vd. tarafından ele alınmıştır [4]. 

Araştırmacılar, soğutucu sistemin performansının 

ulaşabileceği en yüksek potansiyeli hesaplayarak sistemde 

evaparatörde oluşan tersinmezliklerin giderilmesiyle sistem 

performansının iyileşebileceğini belirtmişlerdir. 

Ekserji, ileri ekserji analizi ve ekserji ekonomiklik metodu 

kullanılarak gerçek bir endüstriyel tesisin değerlendirmesi 

Vuckovic vd. tarafından ele alınmıştır [5]. Endüstriyel tesisin 

bileşenlerinde ekserji tahribatının kaçınılmaz ve teknolojik, 

fiziksel ve ekonomik sınırlamalarla sınırlandırıldığı 

belirlenmiştir.  

İleri ekserji metodunda ekserji tahribatının matematiksel 

olarak belirlenmesinde ait bir çalışma Tsatsaronis G vd 

tarafından gerçekleştirilmiştir [6]. Bu çalışmada, bir buhar 

sıkıştırmalı soğutma sistemi ve basit gaz türbini sistemi 

örneklenerek matematiksel ileri ekserji analiz metodu 

açıklanmıştır. 
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Literatürde ekserji değerlendirilmesinde yakıt-ürün ekserji 

ilişkisi kullanılarak hesaplamalarda kolaylık sağlanmıştır. 

Yakıt-ürün ekserji analizi, ekserji tahribatı hakkında bir 

termodinamik çevrimi oluşturan süreçlerdeki ünitelere ait 

kendi performanslarının sistem performansına nasıl 

etkilediğini belirler. Ayrıca çevrim performansını nasıl 

etkilediği ve çevrimin performansının ne kadar arttırılacağı ve 

sistemdeki hangi ünitenin veya ünitelerin iyileştirilmesinin 

belirlenmesine imkân sağlar [3,5,6]. 

HFC-134a ile HFO-1234yf soğutucu akışkan kullanan buhar 

sıkıştırmalı soğutma çevriminde termodinamiğin birinci ve 

ikinci yasasının analiz çalışmaları gerçekleştirilmiştir [7]. Her 

iki soğutucu akışkan için de çevrim verimleri arasında önemli 

farklılıklar olduğunu gözlemlemişlerdir. Elde edilen ekserji ve 

enerji analiz sonuçlarına göre HFO-1234yf, R-134a'ya iyi bir 

alternatif soğutucu akışkanı olarak değerlendirmişlerdir.  

Bu çalışmanın amacı, tanıtılan sistemde ekserji ve ileri 

ekserji metotları uygulanarak sistemin bileşenleri arasında 

tersinmezliğin dağılımını saptamak, genel tesis verimliliğinin 

düşük olmasına neden olan veya olumsuzluğa en fazla katkıda 

bulunan bileşenleri tespit etmek, sistemi iyileştirilmede 

fikirlere ulaşmaktır.  

II.  YAZ KLİMASI VE HVAC SİSTEMİ TANITIMI 

Bir oda havası şartlandırılmasında, oda havasının duyulur 

ısı ve gizli ısı yükleri hesaplandıktan sonra, oda hava konfor 

şartlarını sağlayacak projede kullanılacak cihazın enerji 

sarfiyatının en az olması, projenin önemli kriterlerinden 

biridir. En genel şekliyle basit bir yaz kliması cihazı ana 

elemanları olarak, bir evaparatör (soğutucu), bir ısıtıcı ve bir 

fandan oluşmaktadır. Soğutma yükünün karşılanmasında 

uygulamada değişik soğutma sistemleri kullanılmaktadır. Bu 

çalışmada evaparatördeki soğutma yükünün karşılanmasında, 

buhar sıkıştırmalı soğutma çevrimi ele alınmıştır. Şekil 1.’ de 

ele alınan sistem görülmektedir.  

 

 
Şekil 1. Oda havası için yaz kliması tesisat şeması 

Isıtıcıda, ısıtma elektrik enerjisi ile sağlanmaktadır. 

Sistemde havanın akışı bir fan ile sağlanmıştır. Ele alınan 

model çalışma için, oda havasının gizli ısı kazancı  Q̇gizli ısı =

4.1 kW, duyulur ısı kazancı Q̇duyulur ısı = 23.4 kW, oda 

havası konfor şartları için Ṫkt = 25o C, Ṫyt = 23.5o C 

seçilmiştir. (Yaz şartlarında atmosfer havasının bağıl nemi  

ϕ = %40, sıcaklığı Ṫkt = 35o C dir.) HVAC tesisatında, proje 

değerleri olarak, odaya üflenen hava sıcaklığı Ṫ6,kt = 16o C ile 

taze ve geri dönüş hava akımlarının karışımının %20 taze hava 

miktarı öngörülmüştür. Fan nedeniyle üfleme havası 

sıcaklığının 1o C kadar yükselebileceği de göz önüne 

alınmıştır.  

A. HVAC Sistemindeki Termodinamik Süreçler 

Ele alınan model tesisat şemasında oluşturulan 

termodinamik süreçler hava akımları karışımı, hava akımı 

soğutulması, hava ısıtılması ve fan ısıtma etkileri, 1 atm 

basınçta SI birimine göre hazırlanmış psikometrik diyagram 

üzerinde Şekil 2.’ de gösterilmiştir. 

 

 

Şekil 2. Yaz klimasının psikometrik diyagramda gösterilmesi. 

Soğutma sisteminde soğutucu akışkan olarak R134a 

seçilmiştir. Soğutma sisteminde hava soğutmalı kondansör 

kullanılmıştır. Soğutma sisteminde evaparatör buharlaşma 

sıcaklığı 2oC ve kondansörde yoğuşma sıcaklığı 40oC 

seçilmiştir. Buhar sıkıştırmalı soğutma sisteminin 

termodinamik çevriminin T-s diyagramı Şekil 3.’ de 

verilmiştir. Bu çevrimde aşırı kızdırma ve aşırı soğutma 

etkileri göz önüne alınmıştır.  

 

 
Şekil 3. Buhar sıkıştırmalı soğutma çevrimi: 

      a)1R,2R,3R,4R Gerçek çevrim 

                          b)1UN,2UN,3UN,4UN Kaçınılmaz çevrim 

       c) 1T,2T,3T,4T Teorik çevrim. 

Şekil 3.’ de soğutma sisteminin gerçek, kaçınılmaz ve teorik 

çevrimleri T-s diyagramında gösterilmiştir. Ekserji ve ileri 

ekserji hesaplamalarında bu çevrimler ele alınarak, teorik 

çevrim referans olarak kullanılmıştır. Ele alınan HVAC 

sisteminde yapılan termodinamik kabuller: 
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1. Hava ideal gaz olarak ele alınmıştır ve kanalındaki 

hava akışı kayıpsız olup, basınç 1 atm basıncında 

tutulmuştur.   

2. Her bir termodinamik sürecin kararlı rejimde (zaman 

bağımsız) gerçekleşmektedir. 

3. Su buharı ve hava karışımı ideal gaz karışımı olarak 

ele alınmıştır.  

4. Ekserji analizlerde, nemli hava ve R134a için ölü 

durum sıcaklığı 𝑇𝑜 = 15𝑜  𝐶 ve basıncı  𝑃𝑜 = 1 𝑎𝑡𝑚 

ve nemli havanın bağıl nemi ∅𝑜 = %50 olarak 

alınmıştır. 

5. Oda havası ısı kazancının zamanla değişmediği göz 

önüne alınmıştır ve yaz kliması projesinde yılın en 

sıcak ayına dayalı sıcaklık ortalamasına göre ısı 

kazancı değerlendirilmiştir. 

6. Soğutma sisteminde kullanılan kompresörün iç 

verimi =0.8.  

7. Hava kanalında kullanılan fanın iç verimi =0.85 

alınmıştır. 

8. Soğutma sisteminde basınç kayıpları göz önüne 

alınmamıştır.  

B. Ekserji Analizi 

Havalandırma tesisatı ile soğutma sistemini içeren kontrol 

hacminde soğutma kompresörüne, hava üfleme fanına ve de 

elektrik ısıtıcısına elektrik enerjisi harcanarak oda havası 

soğutulmaktadır. Bu enerjinin diğer kısmı süreçlerdeki 

tersinmezliklerde ortaya çıkmaktadır. Ekserji analizi 

süreçlerin gerçekleştiği sistem bileşenlerindeki 

tersinmezliklerin bilinmesiyle sistemin COP soğutma tesir 

katsayısının iyileştirilmesinde alınacak önlemler için fikirler 

verir. Soğutma sisteminde çevreye çok büyük miktarda ısı 

atılır. Sonlu sıcaklık farklarında çevreye atılan ısı miktarı, 

ekserji tahribatının en büyük kısmını oluşturur. Bu nedenle 

soğutma ünitesinin ileri ekserji analizi önemli olmaktadır. 

Termodinamikte kontrol hacmi için ekserji eşitliği Denklem 1. 

ile verilmiştir. 

 

𝐸̇𝑔 − 𝐸̇ç + 𝐸̇𝑄 + 𝐸̇𝑊 = 𝐸̇𝐷 + 𝐸̇𝑘𝑎𝑦𝚤𝑝                                      (1) 

 

Ele alınan sistem bileşenlerinin her biri için ekserji yakıtı 

𝐸̇𝐹  ve ekserji ürünü 𝐸̇𝑃, cinsinden bileşende oluşan ekserji 

tahribatı 𝐸̇𝐷  aşağıdaki eşitlikte verilmiştir [8].  

 

𝐸̇𝐷 = 𝐸̇𝐹 − 𝐸̇𝑃                                                      (2) 

 

Literatürde tanıtılan değişik ekserji verim tanımlarından 

oransal ekserji erimi bu çalışmada kullanılmıştır. Ekserji 

verimi    =
𝐸̇𝑃

𝐸̇𝐹
  ifadesi ile hesaplanmıştır.  Atmosfer havasının 

özgül ekserji değeri Denklem 3 ile hesaplanmıştır. 

 

      𝑒 = (𝐶𝑝,ℎ + 𝑤𝐶𝑝,𝑠𝑢𝑏)𝑇𝑜 (
𝑇

𝑇𝑜
− 1 − 𝑙𝑛

𝑇

𝑇𝑜
) 

         +(1 + 1.6078𝑤)𝑅ℎ𝑇𝑜𝑙𝑛
𝑃

𝑃𝑜
  

        +𝑅ℎ𝑇𝑜 ((1 + 1.6078𝑤)𝑙𝑛
1+1.6078𝑤𝑜

1+1.6078𝑤
+ 1.6078𝑤

𝑤

𝑤𝑜
) 

                                                       (3) 

 

Bu eşitlikte birinci terimde hava sıcaklığının ekserjiye etkisi 

ile ilgili, ikinci terimin hava basıncının ekserjiye etkisi ve 

üçüncü terimin havanın özgül neminin ekserjiye etkisi ile ilgili 

olduğu görülmektedir. Soğutucu sistemde kullanılan 

R134a’nın soğutma çevrimi noktalarındaki ekserji değerleri 

 

𝑒 = ℎ − ℎ𝑜 − 𝑇𝑜(𝑠 − 𝑠𝑜)                               (4) 

 

bağıntısıyla hesaplanır. R134a için ölü durum sıcaklığı To, 

basıncı Po olup, To sıcaklığındaki doymuş değerleri 

kullanılarak ekserji hesapları yapılır. Kontrol hacmi içerisinde 

bulunan HVAC tesisatının oluşturduğu ekserji tahribatı 

aşağıda belirtilmiştir. 

 

𝐸̇𝐷,𝑡𝑜𝑝𝑙𝑎𝑚 = 𝐸̇𝐷,𝐶𝑀 + 𝐸̇𝐷,𝐸𝑉 + 𝐸̇𝐷,𝑇𝑉 + 𝐸̇𝐷,𝐶𝐷 + 𝐸̇𝐷,𝐼𝑠𝚤𝑡𝑐𝚤 

            +𝐸̇𝐷,𝐹𝑎𝑛                               (5) 

 

Bu çalışmada hava kanalında hava şartlandırması 

süreçlerinde soğutma ünitesinde harcanan elektrik miktarı 

ısıtıcıda ve fanda kullanılan elektrik enerjilerine göre daha 

fazla olduğundan sistem performansının iyileştirilmesinde 

soğutma ünitesindeki tersinmezliklerin en aza indirilmesi 

amacıyla soğutma sisteminin ileri ekserji analizine ağırlık 

verilmiştir. 

C. Ekserji Tahribat Tipleri 

Ekserji analizinde her bir eleman için hesaplanan ekserji 

tahribatı ileri ekserji metodunda iki gruba ayrılır. Her bir 

grupta kendi içinde iki alt parçalara ayrılır.  Ekserji tahribatının 

iki ana parçasından, birinci grubu, 𝐸̇𝐷,𝑘
𝐸𝑁  endojen (içsel) ve 𝐸̇𝐷,𝑘

𝐸𝑋  

eksojen (dışsal) olarak parçalarından oluşmaktadır. 

 

𝐸̇𝐷,𝑘 = 𝐸̇𝐷,𝑘
𝐸𝑋 + 𝐸̇𝐷,𝑘

𝐸𝑁                                    (6) 

 

Ekserji tahribatının iki ana parçasından, ikinci ana grubu  

𝐸̇𝐷,𝑘
𝑈𝑁 kaçılmaz (unavoidable) ve 𝐸̇𝐷,𝑘

𝐴𝑉  kullanılabilir (avoiidable) 

parçaları oluşturmaktadır. 

 

𝐸̇𝐷,𝑘 = 𝐸̇𝐷,𝑘
𝐴𝑉 + 𝐸̇𝐷,𝑘

𝑈𝑁                                 (7) 

 

Bu ekserji tahribatı parçaları kendi aralarında birleştirilerek 

literatürde aşağıdaki tanımlar yapılmıştır.  

Kaçınılmaz-Endojen-Ekserji-tahribatı; 𝐸̇𝐷,𝑘
𝑈𝑁,𝐸𝑁

, Sistemdeki 

herbir bileşendeki teknik sınırlamalar nedeniyle giderilemez. 

Kaçınılmaz-eksojen-ekserji-tahribatı𝐸̇𝐷,𝑘
𝑈𝑁,𝐸𝑋

, Sistemdeki 

herbir bileşen dışındaki sistemin (çevrimin) diğer ünitelerinde 

teknik sınırlamalar nedeniyle giderilemez. 

Önlenebilir-endojen-ekserji-tahribatı: 𝐸̇𝐷,𝑘
𝐴𝑉,𝐸𝑁

, Sistemdeki 

her bir bileşenin verimi iyileştirilmesiyle giderilebilir. 

Önlenebilir-eksojen-ekserji-tahribatı:𝐸̇𝐷,𝑘
𝐴𝑉,𝐸𝑋

, Sistemdeki 

her bir bileşenin dışında kalan diğer ünitelerin yapısal 

iyileştirilmesi ve verimlerinin arttırılmasıyla 𝐸̇𝐷,𝑘
𝐴𝑉,𝐸𝑋

 

azaltılabilir. 

Her bir bileşenin ekserji tahribatı parçaları aşağıdaki 

denklemde verilmiştir.  

 

𝐸̇𝐷,𝑘 = 𝐸̇𝐷,𝑘
𝑈𝑁,𝐸𝑁, +𝐸̇𝐷,𝑘

𝑈𝑁,𝐸𝑋 + 𝐸̇𝐷,𝑘
𝐴𝑉,𝐸𝑁 , +𝐸̇𝐷,𝑘

𝐴𝑉,𝐸𝑋
                        (8) 

 

Bu eşitlikteki ifadeler aşağıdaki gibi hesaplanmıştır [4].  
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𝐸̇𝐷,𝑘
𝑈𝑁,𝐸𝑁 =

𝐸̇𝐷
𝑈𝑁𝐸̇𝐷

𝐸𝑁

𝐸̇𝐷,𝑔𝑒𝑟ç𝑒𝑘
                  (9) 

 

𝐸̇𝐷,𝑘
𝐴𝑉,𝐸𝑁 =

𝐸̇𝐷
𝐴𝑉𝐸̇𝐷

𝐸𝑁

𝐸̇𝐷,𝑔𝑒𝑟ç𝑒𝑘
                            (10) 

 

𝐸̇𝐷,𝑘
𝑈𝑁,𝐸𝑋 =

𝐸̇𝐷
𝑈𝑁𝐸̇𝐷

𝐸𝑋

𝐸̇𝐷,𝑔𝑒𝑟ç𝑒𝑘
                                         (11)  

         

𝐸̇𝐷,𝑘
𝐴𝑉,𝐸𝑋 =

𝐸̇𝐷
𝐴𝑉𝐸̇𝐷

𝐸𝑋

𝐸̇𝐷,𝑔𝑒𝑟ç𝑒𝑘
                             (12)                            

   

III. HESAPLAMALAR 

Tüm istemin ve her bir sistem bileşeni için ekserji yakıtı, 

ekserji ürünü, ekserji tahribatı ve ekserji verim ifadeleri Tablo 

1.’ de verilmiştir. Genleşme valfinde mekanik-termal ekserji 

ve verim ifadeleri Tablo 1’ de verilmiştir [9]. 

Tablo 1.Ekserji yakıtı ve ekserji ürünü tanımlarına dayalı ekserji tahribatı 

ve ekserji verimi 

Bileşen 𝑬̇𝑭 𝑬̇𝑷 𝑬̇𝑫 Ekserji 

verimi 

CM 𝑊̇𝐶𝑀         
𝐸̇𝑏 −
𝐸̇𝑎  

𝑊̇𝐶𝑀 − (𝐸̇𝑏 − 𝐸̇𝑎)  𝜀𝐶𝑀 =
𝐸̇𝑏−𝐸̇𝑎

𝑊̇𝐶𝑀
  

EV 𝐸̇𝑎 − 𝐸̇𝑑  
𝐸̇4 −
𝐸̇3  

(𝐸̇𝑎 − 𝐸̇𝑑) − (𝐸̇4 −

𝐸̇3)  
𝜀𝐸𝑉 =

𝐸̇4−𝐸̇3 

𝐸̇𝑎−𝐸̇𝑑
  

CD 
𝐸̇ℎ𝑎𝑣𝑎,ç −

𝐸̇ℎ𝑎𝑣𝑎,𝑔  

𝐸̇𝑏 −

𝐸̇𝑐     

𝐸̇ℎ𝑎𝑣𝑎,ç − 𝐸̇ℎ𝑎𝑣𝑎,𝑔  −

(𝐸̇𝑏 − 𝐸̇𝑐 ) − 𝐸̇𝑠𝑢 

𝜀𝐶𝐷 =
𝐸̇𝑏−𝐸̇𝑐

𝐸̇ℎ𝑎𝑣𝑎,ç−𝐸̇ℎ𝑎𝑣𝑎,𝑔
  

TV 
(𝐸̇𝑐 −

𝐸̇𝑑)
𝑀𝑒𝑘

  

(𝐸̇𝑑 −

𝐸̇𝑐)
𝑇𝑒𝑟

  

(𝐸̇𝑐 − 𝐸̇𝑑)
𝑀𝑒𝑘

−

(𝐸̇𝑑 − 𝐸̇𝑐)
𝑇𝑒𝑟

  

𝜀𝑇𝑉 =
(𝐸̇𝑑−𝐸̇𝑐)𝑇𝑒𝑟

(𝐸̇𝑐−𝐸̇𝑑)𝑀𝑒𝑘
  

FAN 𝑊̇𝐹𝐴𝑁   
𝐸̇6 −
𝐸̇5  

𝑊̇𝐹𝐴𝑁 − (𝐸̇6 − 𝐸̇5)    𝜀𝐶𝑀 =
𝐸̇6−𝐸̇5

𝑊̇𝐹𝐴𝑁
  

H 𝐸̇𝐻  
𝐸̇5 −
𝐸̇4  

𝐸̇𝐻 − (𝐸̇5 − 𝐸̇4)  𝜀𝐻 =
𝐸̇5−𝐸̇4

𝐸̇𝐻
  

MKS 𝐸̇1 − 𝐸̇3  
𝐸̇3 −
𝐸̇2  

(𝐸̇1 − 𝐸̇3) − (𝐸̇3 −

𝐸̇2)  
𝜀𝑀𝐾𝑆 =

𝐸̇3−𝐸̇2

𝐸̇1−𝐸̇3 
  

TOPL 
𝑊̇𝐶𝑀 +

𝑊̇𝐹𝐴𝑁 

+𝐸̇𝐻 

𝐸̇2 −
𝐸̇6  

𝐸̇𝐷,𝐶𝑀 + 𝐸̇𝐷,𝐶𝐷 +

𝐸̇𝐷,𝑇𝑉 + 𝐸̇𝐷,𝐸𝑉 +

𝐸̇𝐷,𝐹𝐴𝑁 + 𝐸̇𝐷,𝐻  +

𝐸̇𝐷,𝑀𝐾𝑆  

𝜀𝑇𝑂𝑃𝐿 =
𝐸̇2−𝐸̇6

𝑊̇𝐶𝑀+𝑊̇𝐹𝐴𝑁 +𝐸̇𝐻
  

 

Şekil 3.’de verilen soğutma sisteminin gerçek, kaçınılmaz 

ve teorik çevrimleri için proje parametreler Tablo 2.’de 

verilmiştir. 

Tablo 2. Soğutma ünitesinin gerçek ve teorik çevrimler için çalışma 

şartları 

Parametreler Gerçek 

çevrim 

şartları 

Kaçınılmaz 

(UN ) çevrim 

şartları 

Teorik 

çevrim 

şartları 

Basınç düşüleri  

P 
0 0 0 

Kondansör 

çıkışındaki min. 

Sıcaklık farkı, 

T[o]  

7 0.5 0  

Evaporatör 

çıkışındaki min. 

Sıcaklık farkı, T 
[o] 

5 0.5 0 

Kompresörün 

izantropik verimi, 

Kompresör % 

75 95 100 

Kondansördeki 
R134aa’ nın 

yoğuşma sıcaklığı 

[oC] 

40 35 32 

Kısılma süreci 3-4  Tersinmez Tersinmez Tersinir 

Kondansördeki soğutma havası: 

Soğutma havası giriş sıcaklığı ve basıncı :    

 Thava,g=35 oC,    Phava,g =101.325 kPa 

Soğutma havası çıkış sıcaklığı ve basıncı :    
 Thava,ç=38 oC,     Phava,ç=101.325 kPa 

Evaporatördeki şartlandırılmış hava akımı: 
Hava girişi:    Thava,g=9 oC,      Phava,g=101.325 kPa 

Hava çıkışı :   Thava,ç=14 oC,     Phava,ç=101.325 kPa 

 

Şekil 1.’de verilen havalandırma ve soğutma sisteminin 

gerçek, teorik ve kaçınılmaz süreçlerine ait termodinamik 

değerleri Tablo. 3, Tablo 4. ve Tablo 5.’ de verilmiştir. 

Tablo 3.  Havalandırma tesisatında ve soğutma sistemindeki gerçek 

süreçlere ait termodinamik değerler 

 

Evaparatörün çiğ noktası sıcaklığı 8.66oC olup baypas 

faktörü 0.1 alınmıştır. 

Tablo 4. Havalandırma tesisatında ve soğutma sistemindeki kaçınılmaz 

süreçlere ait termodinamik değerler 

 

Tablo 5.Havalandırma tesisatında ve soğutma sistemindeki teorik 

süreçlere ait termodinamik değerler 
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IV. BULGULAR VE TARTIŞMA  

Ekserji ve ileri ekserji metoduna göre sadece soğutma 

sistemi için elde edilen gerçek çevrim verilerine göre yapılan 

çalışmadan elde edilen sonuçlar Tablo 6’ da verilmiştir. Tablo 

6. incelendiğinde soğutma sistemindeki ekserji verimi %5.378 

olarak elde edilmiştir. Soğutma sisteminin düşük performansta 

çalıştığı görülmektedir. 

Tablo 6.  Gerçek çevrime ait ekserji ve ekserji tahribatları 

Sistem 

bileşenleri 

𝑬̇𝑬𝒙,𝒚𝒂𝒌𝚤𝒕 

[kW] 

𝑬̇𝑬𝒙,ü𝒓ü𝒏 

[kW] 

𝑬̇𝑫,𝒌 

[kW] 
  

Toplam 

ekserji 

yakıtı 

tahribatı 

[kW] 

Toplam 

ekserji 

ürününün 

tahribatı 

[kW] 

CM 15,42 12,02 3,398 77,97 22,03 35,87 

CD 7,708 5,121 2,587 66,44 16,77 27,31 

TV 3,327 0,829 2,106 36,7 13,65 22,23 

EV 2,211 1,221 2,106 37,51 8,959 14,59 

TOT 15,42 0,829 9,472 5,378 61,42 100 

 

Soğutma çevriminde, gerçek, teorik ve kaçınılmaz 

modellerden elde edilen verilere göre yapılan çalışmadan elde 

edilen sonuçlar Tablo 7’ de verilmiştir. Bu tabloda soğutma 

sisteminin her bir elemanında meydana gelen ekserji tahribat 

parçalarının değerleri görülmektedir. 

Tablo 7.  İleri ekserji analizi-ekserji tahribatları 

Sistem 

bileşenleri 

𝑬̇𝑫,𝑮𝒆𝒓ç𝒆𝒌 

[kW] 

𝑬̇𝑫,𝑻𝒆𝒐𝒓𝒊𝒌 

[kW] 

𝑬̇𝑫,𝒌
𝑼𝑵 

[kW] 

𝑬̇𝑫,𝒌
𝑨𝑽  

[kW] 

𝑬̇𝑫,𝒌
𝑬𝑵  

[kW] 

𝑬̇𝑫,𝒌
𝑬𝑿  

[kW] 

CM 3,398 0 0,369 3,028 2,2 0,369 

%  0 10,88 0,893 64,74 10,88 

CD 2,587 1,262 0,746 1,840 1,262 0,746 

%  0,487 28,84 0,711 48,78 28,84 

TV 2,106 0,197 1,049 1,057 0,974 1,049 

%  0,142 49,81 0,501 46,27 49,81 

EV 2,106 0,197 0,313 1,792 1,868 0,313 

%  0,142 22,69 1,296 88.31 22,69 

TOT 9,472 2,638 2,478 6,994 6,304 2,478 

% 100 27.8 26,16 73.8 66,56 26,16 

 
𝐸̇𝐷,𝑘

𝐸𝑋  parçası incelendiğinde evaparatör % 22.69 değerini 

aldığı Tablo 7.’ den görülmektedir. Bu veriye göre diğer 

bileşenlerin evaparatöre tersinmezlik uygulamadığı sonucu 

çıkmaktadır. Bu elemanın iyileştirilmesi sistem 

performansının iyileşmesine neden olacaktır. Bu durum 

evaparatörün 𝐸̇𝐷,𝑘
𝐸𝑁 parçasının % 88.31 değeri ile de kendini 

göstermektedir. Soğutma sistemi için toplam ekserji tahribatı 

yüzdeleri karşılaştırıldığında, 𝐸̇𝐷,𝐺𝑒𝑟ç𝑒𝑘 % 100 değeri baz 

alındığında diğerlerinde hesaplanan değerler 𝐸̇𝐷,𝑇𝑒𝑜𝑟𝑖𝑘 %27.8 

ve 𝐸̇𝐷,𝑘
𝑈𝑁  % 26.16 olarak Tablo 7.’ de görülmektedir. Böylelikle 

gerçek çevrimin ele alınan termodinamik modellerle uzaklığı 

belirlenebilmektedir. 

İleri ekserji metodunda alt bölümlerine ayrılan ekserji 

tahribatı parçalarının, birleştirilmesi ile tanımlanan diğer 

ekserji tahribat parçalarının değerleri Tablo 8.’ de verilmiştir. 

Tablo 8. incelendiğinde, genleşme valfi hariç diğer 

bileşenlerin  𝐸̇𝐷,𝑘
𝐴𝑉,𝐸𝑁

 parçalarının değerlerinin 𝐸̇𝐷,𝑘
𝑈𝑁,𝐸𝑁

 

parçalarının değerlerinden büyük olduğu görülmektedir. 

𝐸̇𝐷,𝑘
𝐴𝑉,𝐸𝑁

parçasının büyük değer alması, o bileşenin veriminin 

arttırılmasıyla tersinmezlikleri düşürülebilmektedir.  

Tablo 8.  İleri ekserji analizi metodunda birleştirilmiş yaklaşımı 

Sistem 

bileşenleri 

𝑬̇𝑫,𝑮𝒆𝒓ç𝒆𝒌 

[kW] 

𝑬̇𝑫,𝒌
𝑼𝑵,𝑬𝑵

 

[kW] 

𝑬̇𝑫,𝒌
𝑼𝑵,𝑬𝑿

 

[kW] 

𝑬̇𝑫,𝒌
𝑨𝑽,𝑬𝑵

 

[kW] 

𝑬̇𝑫,𝒌
𝑨𝑽,𝑬𝑿

 

[kW] 

CM 3,398 0,358 0,011 2,188 1,186 

%  10,53 0,348 64,39 34,90 

CD 2,587 0,735 0,011 1,250 1,313 

%  28,41 0,428 48,35 50,78 

TV 2,106 0,884 0,164 0,810 0,967 

%  42,01 7,790 38,48 45,93 

EV 2,106 0,313 0 1,868 0 

%  22,69 0 99 0 

TOT 9,472 2,357 0,120 6,117 3,467 

%  24,89 1,269 64,58 36,60 

 

Şekil 4.’ de havalandırma sisteminin ekserji, ekserji 

tahribatı, ekserji kaybı akış diyagramı verilmiştir. 

Diyagramdan görüldüğü gibi tersinmezliklerin kaynağı 

sırasıyla soğutma sisteminde, ısıtmada sonra yoğuşuk ve egzoz 

havasında görülmektedir.  

 

Şekil 4. Ekserji, ekserji tahribatı, ekserji kaybı akış 

diyagramı 
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V. SONUÇLAR 

Çalışmada HVAC iklimlendirme sisteminde bir ortam 

havası soğutma süreçlerindeki tersinmezliklerin üfleme 

havasının ekserji değeri limitlerine etkileri belirlenmiştir. 

Havalandırma sisteminde toplam ekserji tahribatının %59.1 

kısmı soğutma sisteminde oluştuğu bulunmuştur. Bu nedenle 

ileri ekserji metodunu soğutma sistemine uygulanarak ekserji 

tahribat tiplerinin değerleri belirlenmiştir.  
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Abstract – Information becomes one of the most important assets of an enterprise and determines its competitiveness. One of 

the challenge of  IT managers face is the huge amount of distributed data circulating in the information system. The inability to 

effectively manage them can negatively affect the profitability of the enterprise and limit its ability to grow. Therefore, nowadays, 

transfer, storage, protection and management of data in the context of the steady increase of the structure volume and complexity 

have become the major problems for business. Thus, the actual problems of network and cloud storage of data have been 

investigated. 
Keywords ₋ network, clouds, storage, information, data 

 

I. INTRODUCTION 

Computer information technology has enormously changed 

humanity. However, every year electronics is increasingly 

being integrated into our daily lives; the role of computer 

technology is indispensable. It is fact that with the advent of 

the Internet, most people on the planet have access to a huge 

database of information. Additionally, each year the number 

of participants and information is greatly increasing. 

Information can be accumulated on data carriers that can be 

easily transported through floppy disks, compact disks, flash 

media, hard disks. Nevertheless, there are cases when it is not 

impossible to take a certain medium with you or lack of 

amount of memory not allow to record the necessary 

information. 

Many users think that information should be stored on the 

PC’s hard drive, and if there is necessity to take it away, it can 

be copied to portable media. Meanwhile, with the advent of 

network and cloud storages, this approach is not considered 

useful: it is more convenient to place files in the cloud and 

change a location, knowing that at any time there is an access 

to them via a channel on the Internet. 

Using the cloud is rather convenient to store backups and 

exchange information with other people as well. It is  

sufficiently to send certain link to the addressee, and he will 

receiver could upload these files at any suitable time. 

Finally, in order to avoid the loss of important information 

(archiving issue) for instance, a hard disk fails, the requirement 

is coping it to the cloud and updating periodically.  

Network storage system architectures were developed in 

the 1990s, and their task was to address the main shortcomings 

of DAS systems. In generally, in the field of storage systems 

network solutions have to implement three tasks: reduce costs 

and complexity of data management, decrease local network 

traffic, increase data availability and overall performance. At 

the same time, NAS and SAN architectures solve various 

aspects of a common problem. The result was the simultaneous 

coexistence of two network architectures, each of which has 

its own advantages and functionality. 

 

 

 

A. NAS Attached Storage Devices  

The primary goal of NAS systems is to simplify a file 

sharing. At a basic level, NAS devices are equipment that 

connects directly to the local network. This is their main 

difference from systems with individual servers with direct 

connection of isolated drives. NAS devices, often referred to 

as filers, consist of a single head unit that performs data 

processing and network connectivity to a disk chain. NAS 

devices allow to use storage systems on Ethernet networks, the 

TCP / IP protocol to organize file sharing. These devices admit 

clients to share files, even if the client systems are running 

various OSs. Unlike DAS architecture, there is not necessity 

for NAS systems to take servers offline to increase overall 

capacity; disks can be added to the NAS structure by simply 

connecting the device to the network. 

B. NAS Storage Area Networks (SAN) 

These solutions were the answer to the shortcomings of 

the DAS and NAS systems, and essentially, to the problems of 

communication channel overload and delays in local IP 

networks (10/100-Mbit/s) as well. The SAN concept was first 

proposed in 1998. Like many other modern computer 

technologies, it was borrowed from the mainframe world, that 

was used, for example, in data centers to connect computers to 

storage systems and distributed networks. The major 

difference between a SAN and a NAS is the way data is 

exchanged between storage devices and servers. In general, the 

SAN architecture is aimed at resolving problems caused by 

intensive backup and data exchange procedures by moving the 

entire system to a dedicated subnet. Fiber Channel protocol-

based SANs allow to broadly vary storage capacity and 

guarantee higher bandwidth within a dedicated subnet (disk 

arrays and tape libraries not equipped with Fiber Channel 

interfaces can be connected to the SAN using Fiber Channel-

SCSI routers) 

C. Cloud data storage 

Cloud data storage - an online storage model in which data 

is stored on numerous servers distributed on the network and 

provided for use by customers, mainly by a third party. In 

https://doi.org/10.36287/setsci.4.6.008
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contrast to the model for storing data on its own, dedicated 

servers, purchased or leased specifically for such purposes, the 

number or any internal structure of the servers is generally not 

visible to the client. Data is stored, as well as processed, in the 

so-called cloud, which represents, from the point of view of 

the client, one large, virtual server. Physically, such servers 

can be located remotely from each other geographically, up to 

a location on different continents. For active users that are 

constantly on the move, cloud storage is becoming an 

indispensable service. The very concept of cloud storage 

suggests that the user does not need to know exactly where his 

data is located: physically, they can be located not only on 

various servers, but the servers themselves can be on different 

continents. Nevertheless, the user sees the storage as a regular 

drive (the volume is determined by the service provision 

policy), and in some cases it can even include a cloud disk in 

the system and watch it as a local volume [1]. 

D. Cloud Storage Benefits 

The advantages over local drives are obvious. The first one 

is its economic feasibility. Placing data in the clouds is 

significantly cheaper compared to standard storage. The 

second issue is its data availability. Since, the data is generally 

available to customers regardless of their location, however, it 

may depend on users Internet channel. Third aspect is the 

speed of content delivery. Almost all cloud storage providers 

offer to their customers CDN (Content Delivery Network or 

Content Distribution Network - a geographically distributed 

network infrastructure that allows optimizing the delivery and 

distribution of content to end users on the Internet). The fourth 

and very relevant advantage is the reduction in server load. 

However, the processes of the web server are not busy with the 

return of static, the load on the disk is reduced [2]. 

Data loss protection issue have always been very 

relevant, especially in contrast with the past. Files will never 

be lost if you be chosen a tariff plan with the appropriate 

guarantee and protection system. The client pays only for the 

storage space that he actually be in using, but not for renting a 

server, in other words, all the resources. There is not necessity 

for client to engage in the acquisition, support and 

maintenance of its own data storage infrastructure, which 

ultimately reduces the overall cost of production. All 

procedures for backing up and maintaining data integrity are 

performed by the cloud center provider and not involve the 

client in this process. It is feasible to work with cloud storages 

both for a company and an individual, anyone can start 

working, even not particularly versed in information 

technology [3]. 

E. Potential issues 

Despite the many advantages, there are malfunctions in 

such a complex network. In most cases, this is due to a 

disconnection in a certain area, that leads to delays in work and 

loss of time and resources. Moreover, in addition to this, topics 

related to information security are remained as actual issues. 

Security in the process of storing and sending data is one 

of the most basic issue when working with the cloud, in 

relation to confidential, private data, especially with the 

current level of cybercrime. 

The reliability and timeliness of receiving and accessing 

data in the cloud significantly depends on many various 

intermediate parameters, mainly such as data transmission 

channels on the way from the client to the cloud, the last mile 

question, the question of the proper quality of the client’s 

Internet service provider, the question of the cloud’s 

availability in given point in time. 

Building a large “cloud”, on which all the company's 

business systems work, it is necessary to ensure high fault 

tolerance, constantly back up data so that when the server 

crashes, instead of the clouds simultaneously disconnection, 

“moving” to another server, or (within a reasonable time) 

restoring from backups is emerged. All these leads to higher 

costs for creating of a fault-tolerant architecture. Investments 

in maintaining and backing up "clouds" are increasing. 

Compared to traditional data warehouses, “cloud” requires 

highly qualified employees - for the correct administration, 

installation, configuration and support of these solutions. 

Therefore this increases the cost of ownership of data 

warehouses on the "cloud". 

F. Theoretical part 

Currently, there are many Internet services that provide 

the maintenance of "Cloud storage" with the various 

capabilities. The only thing that is observed in the way of 

information processing is similarity. It is important to 

emphasize that modern “repositories” require mandatory 

registration (there are exceptions) and there is not   matter if 

the services are used for a fee or not. 

There are various criterias through user is able can and 

should choose a storage - the quantity of allocated memory, 

the bandwidth of the channel (both incoming and outgoing 

traffic). The paid service, the convenience and availability of 

them could be implemented via  the web interface  and mobile 

platforms with special applications. The feature like streaming 

work with files, for example, listening to a music online from 

personal “cloud” is also a privilege. Morover, the ability of 

working with files through a proxy could be rather beneficial 

for IT companies. 

G. Practical part 

In this part of the study, the most popular existing solutions 

on a global scale are considered. Some services can be 

classified as for domestic use, and others for large enterprises 

as well. 

Dropbox will be considered as one of the leaders amongst 

cloud data storages that allows users to retain their data on 

servers in the cloud. The service has not newly become popular 

and it has several advantages, for instance, such as: 

• Online synchronization of files of any size and type in 

automatic mode between PCs, work is possible on Windows, 

Mac and Linux, and these are the most popular computer 

systems in present time. 

• Invite friends to the system allows users to obtain more 

space. 

• Users̕  files will remain with them even in the absence of 

Internet connection. 

• Ability of manually setting the Internet connection speed, 

etc. 
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Abstract – In recent years there has been an increasing interest in the study of various mathematical problems with variable 

exponent Lebesgue spaces. There are also a lot of published papers in these spaces. Spaces of weakly differentiable functions, 

so called Sobolev spaces, play an important role in modern Analysis. The theory of variable exponent Sobolev spaces is useful 

theoretical tool to study the variable exponent problems, such as solutions of elliptic and parabolic partial differentiable 

equations, calculus of variations, nonlinear analysis, capacity theory and compact embeddings. Moreover, several authors studied 

some continuous embeddings from Sobolev spaces to Lorentz spaces. These kinds of embedding results are very interesting and 

valuable in analysis, and there are many applications of them in various fields. In this paper we define variable exponent Lorentz-

Sobolev spaces and prove the boundedness of maximal function in these spaces. Also we will show that there is a continuous 

embedding between variable exponent Lorentz-Sobolev and Lorentz spaces under some conditions. 

Keywords – Variable exponent Lorentz and Sobolev spaces, Maximal function, embedding 

I. INTRODUCTION 

It is well-known that the Sobolev spaces 𝑊𝑘,𝑝(ℝ𝑛) is 

continuously embedded into 𝐿
𝑛𝑝

𝑛−𝑘𝑝(ℝ𝑛) for integer 𝑘 ≥ 1, 𝑛 ≥

1 and real number 𝑝 ≥ 1, such that 𝑛 ≥ 𝑘𝑝. This kinds of 

embedding results are very important in analysis and there are 

many important applications of them in various fields. The 

embedding of Sobolev spaces into Lorentz spaces was first 

considered by Alvino ([2], [3]), Brezis and Waigner [4], O'neil 

[21]. In the work of Helein [16], using the following 

embedding 

𝑊𝑙𝑜𝑐
1,1(ℝ2) ↪ 𝐿𝑙𝑜𝑐

2,1 (ℝ2), 

he proved the regularity of weakly harmonic mapping from 

surfaces to Riemann manifolds. 

In recent years there has been an increasing interest in the 

study of various mathematical problems with variable 

exponent Lebesgue spaces (see [5],[6],[9],[11],[8], [13]). The 

theory of variable exponent Sobolev spaces is an important 

theoretical tool to study the variable exponent problems. The 

Sobolev embeddings theorems in the variable exponent 

Sobolev space 𝑊1,𝑝(.)(Ω) have been studied by many authors. 

Also Diening [10] proved the optimal Sobolev embedding 

𝑊𝑘,𝑝(.)(ℝ𝑛) ↪ 𝐿𝑝∗(.)(ℝ𝑛) with 
1

𝑝∗(.)
=

1

𝑝(.)
−

𝑘

𝑛
 and 

𝑊1,𝑝(.)(Ω) ↪ 𝐿𝑝∗(.)(Ω) for 𝑘 = 1, where Ω ⊂ ℝ𝑛 be an open, 

bounded set with Lipschitz boundary. In 1994 M. Jiang [17] 

proved that 𝑊𝑠,𝑝(ℝ𝑛) ↪ 𝐿
𝑛𝑝

𝑛−𝑠𝑝
,𝑝

(ℝ𝑛) for 𝑛 ≥ 1, 𝑠 > 0, 𝑝 ≥ 1 

and 𝑛 > 𝑠𝑝. In this paper, we discuss that the embedding 

𝑊1,𝑝(.),𝑞(.)(Ω) ↪ 𝐿
𝑛𝑝(.)

𝑛−𝑝(.)
,𝑞(.)

(Ω) is satisfied under which 

conditions for 1 < 𝑝(. ) ≤ 𝑝+ < 𝑛 and 1 < 𝑞(. ) ≤ 𝑞+ < ∞. 

We also prove that the boundedness of the maximal operator 

in 𝑊1,𝑝(.),𝑞(.)(Ω) under the some conditions. 

 

II. PRELIMINARIES 

Throughout this paper all sets and functions are Lebesgue 

measurable. The Lebesgue measure and the characteristic 

function of a subset 𝐴 ⊂ ℝ𝑛 will be denoted by 𝜇(𝐴) = |𝐴| 
and 𝜒𝐴 respectively. The space 𝐿𝑙𝑜𝑐

1 (ℝ𝑛) consists of all 

(classes of ) measurable functions f on ℝⁿ such that  

𝑓𝜒𝐾 ∈ 𝐿1(ℝ𝑛) for any compact subset 𝐾 ⊂ ℝ𝑛. It is a 

topological vector space with the family of seminorms 𝑓 ↦
‖𝑓𝜒𝐾‖1. A Banach function space (shortly BF-space) on ℝ𝑛 is 

a Banach space (𝐵, ‖. ‖𝐵) of measurable functions which is 

continously embedded into 𝐿𝑙𝑜𝑐
1 (ℝ𝑛), i.e. for any compact 

subset 𝐾 ⊂ ℝ𝑛 there exists some constant 𝐶𝐾 > 0 such that 
‖𝑓𝜒𝐾‖1 ≤ 𝐶𝐾‖𝑓‖𝐵 for all 𝑓 ∈ 𝐵. We denote it by 𝐵 ↪
𝐿𝑙𝑜𝑐

1 (ℝ𝑛). The class 𝐶0
∞(ℝ𝑛) is defined as set of infinitely 

differentiable functions with compact support in ℝ𝑛. 

Definition 1. Let (G, Σ, 𝜇) be a measure space and let 𝑓 be a 

measurable function on G. For each 𝑦 > 0 let 

𝜆𝑓(𝑦) = 𝜇{𝑥 ∈ 𝐺: |𝑓(𝑥)| > 𝑦}. 

The function 𝜆𝑓 is called the distribution function of 𝑓. The 

rearrangement of 𝑓 is defined by 

𝑓∗(𝑡) = 𝑖𝑛𝑓{𝑦 > 0: 𝜆𝑓(𝑦) ≤ 𝑡} 

                      = 𝑠𝑢𝑝{𝑦 > 0: 𝜆𝑓(𝑦) > 𝑡}, 𝑡 > 0, 

with the conventions 𝑖𝑛𝑓∅ = ∞ and 𝑠𝑢𝑝∅ = 0. Also, the 

average function of 𝑓 is defined by 

𝑓∗∗(𝑡) =
1

𝑡
∫ 𝑓∗(𝑥)𝑑𝑥

𝑡

0
, 𝑓∗(𝑡) ≤ 𝑓∗∗(𝑡). 

It is easy to see that 𝜆𝑓, 𝑓∗ and 𝑓∗∗ are nonincreasing and right 

continuous on (0, ∞). 

 

Definition 2. For a measurable function 𝑝: ℝ𝑛 → [1, ∞) 

(called a variable exponent on ℝ𝑛), we put  

𝑝− = 𝑖𝑛𝑓𝑥∈ℝ𝑛𝑝(𝑥),       𝑝+ = 𝑠𝑢𝑝𝑥∈ℝ𝑛𝑝(𝑥). 

https://doi.org/10.36287/setsci.4.6.009
mailto:iaydin@sinop.edu.tr
mailto:iaydin@xxxx.com
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The variable exponent Lebesgue spaces 𝐿𝑝(.)(ℝ𝑛) consist of 

all measurable functions 𝑓 such that 𝜌𝑝(.)(𝛾𝑓) < ∞ for some 

𝛾 > 0, equipped with the Luxemburg norm 

‖𝑓‖𝑝(.) = 𝑖𝑛𝑓 {𝛾 > 0: 𝜌𝑝(.) (
𝑓

𝛾
) ≤ 1}, 

where  

𝜌𝑝(.)(𝑓) = ∫ |𝑓(𝑥)|𝑝(𝑥)𝑑𝑥
ℝ𝑛 . 

If 𝑝+ < ∞, then 𝑓 ∈ 𝐿𝑝(.)(ℝ𝑛) iff 𝜌𝑝(.)(𝑓) < ∞. The space 

(𝐿𝑝(.)(ℝ𝑛), ‖. ‖𝑝(.)) is a Banach space. If 𝑝(. ) = 𝑝 is a constant 

function, then the norm ‖. ‖𝑝(.) coincides with the usual 

Lebesgue norm ‖. ‖𝑝 [18]. In this paper we assume that 𝑝+ <

∞. 

In the one-dimensional case 𝑛 = 1 we deal with the interval 

[0, 𝑙], 0 < 𝑙 ≤ ∞ and the standart Lebesgue measure. Let 

𝑝− = 𝑖𝑛𝑓𝑥∈[0,𝑙]𝑝(𝑥),       𝑝+ = 𝑠𝑢𝑝[0,𝑙]𝑝(𝑥). 

We will use the notation 

𝒫𝑎 = {𝑝: 𝑎 < 𝑝− ≤ 𝑝+ < ∞}, 𝑎 ∈ ℝ 

and will be interested in the special cases of the classes 𝒫𝑎 with 

𝑎 = 0,1. 

By 𝒫([0, 𝑙]) we denote the class of functions 𝑝 ∈ 𝐿∞([0, 𝑙]) 

such that there exist the limits 

𝑝(0) = lim
𝑥→0

𝑝(𝑥) and 𝑝(∞) = lim
𝑥→∞

𝑝(𝑥), 

the conditions at infinity being only needed in the case 𝑙 = ∞. 

We also denote 

ℙ𝑎([0, 𝑙]) = 𝒫([0, 𝑙]) ∩ 𝒫𝑎([0, 𝑙]). 

Definition 3. Let 𝛺 be an open set in ℝ𝑛. We denote 𝑙 = 𝜇(𝛺) 

for brevity. Let 𝑝(. ), 𝑞(. ) ∈ 𝒫0([0, 𝑙]). By 𝐿𝑝(.),𝑞(.)(𝛺) we 

denote the space of functions 𝑓 on 𝛺 such that 𝑡
1

𝑝(𝑡)
−

1

𝑞(𝑡)𝑓∗(𝑡) ∈
𝐿𝑞(.)([0, 𝑙]), i.e., 

𝜌𝑝(.),𝑞(.)(𝑓): = ∫ 𝑡
𝑞(𝑡)
𝑝(𝑡)

−1
|𝑓∗(𝑡)|𝑞(𝑡)𝑑𝑡

𝑙

0

< ∞ 

for 𝑙 < ∞, and we use the notation 

‖𝑓‖𝑝(.),𝑞(.) = 𝑖𝑛𝑓 {𝛾 > 0: 𝜌𝑝(.),𝑞(.) (
𝑓

𝛾
) ≤ 1} 

           = ‖𝑡
1

𝑝(𝑡)
−

1

𝑞(𝑡)𝑓∗(𝑡)‖
𝐿𝑞(.)([0,𝑙])

. 

The following properties were proved by several authors [14] 

and [19]: 

1. Let 𝑝(. ), 𝑞(. ) ∈ 𝒫1([0, 𝑙]) and 𝑝(0), 𝑝(∞) > 1. Then 

𝐿𝑝(.),𝑞(.)(𝛺) is a Banach function spaces. Hence we have 

𝐿𝑝(.),𝑞(.)(𝛺) ↪ 𝐿𝑙𝑜𝑐
1 (Ω) and the Sobolev spaces of 𝐿𝑝(.),𝑞(.)(𝛺) 

is well defined. 

2. Let 𝑝(. ), 𝑞(. ) ∈ 𝒫1. Then the dual space (𝐿𝑝(.),𝑞(.)(𝛺))
∗

 is 

𝐿𝑟(.),𝑡(.)(𝛺), where 
1

p(.)
+

1

r(.)
= 1and 

1

q(.)
+

1

t(.)
= 1. 

Definition 4. For 𝑥 ∈ 𝛺 and 𝑟 > 0 we denote an open ball with 

center 𝑥 and radius 𝑟 by 𝐵(𝑥, 𝑟). For 𝑓 ∈ 𝐿𝑙𝑜𝑐
1 (Ω), we denote 

the (centered) Hardy-Littlewood maximal operator 𝑀𝑓 of 𝑓 by 

𝑀𝑓(𝑥) = 𝑠𝑢𝑝𝑟>0
1

|𝐵(𝑥,𝑟)|
∫ |𝑓(𝑥)|

𝐵(𝑥,𝑟)
𝑑𝑥, 

where the supremum is taken over all balls 𝐵(𝑥, 𝑟). 

The boundedness of the maximal operator in 𝐿𝑝(.) was first 

proved by L. Diening [9] over bounded domains, under the 

assumption that 𝑝(. ) is locally log-Hölder continuous, that is, 

   |𝑝(𝑥) − 𝑝(𝑦) | ≤
𝐶

−𝑙𝑛|𝑥−𝑦|
, 𝑥, 𝑦 ∈  𝛺, |𝑥 − 𝑦| ≤ 1 2⁄ .      (1) 

In the case of unbounded sets in 𝛺, it is also supposed that the 

log-Hölder decay condition (at infinity) 

|𝑝(𝑥) − 𝑝∞ | ≤
𝐶

𝑙𝑜𝑔(𝑒+|𝑥|)
  

is satisfied for some 𝑝∞ > 1, 𝐶 > 0 and all 𝑥 ∈  𝛺. The locally 

log-Hölder condition (1) is no more needed for the 

boundedness of the maximal operator in 𝐿𝑝(.),𝑞(.)(𝛺) [14]. 

3. Let 𝑝(. ), 𝑞(. ) ∈ 𝒫1([0, 𝑙]) and 𝑝(0), 𝑝(∞) > 1. Then the 

maximal operator is bounded in 𝐿𝑝(.),𝑞(.)(𝛺) [14]. 

Definition 5. Let 𝜑: 𝛺 → ℝ be a nonnegative, radial, 

decreasing function belonging to 𝐶0
∞(𝛺) and having the 

properties: 

(i)  𝜑(𝑥) = 0 if |𝑥| ≥ 1, and 

(ii) ∫ 𝜑(𝑥)
𝛺

𝑑𝑥 = 1. 

For 𝑘 > 0, if the function 𝜑𝑘(𝑥) = 𝑘−𝑛𝜑 (
𝑥

𝑘
) is nonnegative, 

belongs to 𝐶0
∞(𝛺), and satisfies 

(i)  𝜑𝑘(𝑥) = 0 if |𝑥| ≥ 𝑘, and 

(ii) ∫ 𝜑𝑘(𝑥)
𝛺

𝑑𝑥 = 1, 

where 𝛺 is an open set in ℝ𝑛, then 𝜑𝑘 is called a mollifier. 

The following Proposition was proved in [12]. 

Proposition 6. Let 𝜑𝑘 be a mollifier and 𝑓 ∈ 𝐿𝑙𝑜𝑐
1 (Ω). Then 

𝑠𝑢𝑝𝑘>0|(𝜑𝑘 ∗ 𝑓)(𝑥)| ≤  𝑀𝑓(𝑥). 

Proposition 7. Let 𝑝(. ), 𝑞(. ) ∈ ℙ1([0, ∞]), 𝑞(∞) ≤ 𝑝(∞) 

and 𝑝(0) = 𝑞(0). If 𝑓 ∈ 𝐿𝑝(.),𝑞(.)(𝛺), then 𝜑𝑘 ∗ 𝑓 → 𝑓 in 

𝐿𝑝(.),𝑞(.)(𝛺) as 𝑘 → 0+. 

Proof. Let 𝑓 ∈ 𝐿𝑝(.),𝑞(.)(𝛺) and 0 < 𝜀 < 1 be given. By 

Proposition 6, we have 

‖𝜑𝑘 ∗ 𝑓‖𝑝(.),𝑞(.) ≤ ‖𝑀𝑓‖𝑝(.),𝑞(.) 

                          ≤ 𝐶‖𝑓‖𝑝(.),𝑞(.), 

and 𝜑𝑘 ∗ 𝑓 ∈ 𝐿𝑝(.),𝑞(.)(𝛺) for all 𝑘 > 0 by Theorem 3.12 in 

[14]. It is also known that 𝐶𝑐(𝛺) is dense in 𝐿𝑝(.),𝑞(.)(𝛺). Hence 

there is a function 𝑔 ∈ 𝐶𝑐(𝛺) such that 

                            ‖𝑓 − 𝑔‖𝑝(.),𝑞(.) ≤ 𝜀
2(𝑐 + 1)⁄ ,                  (2) 

and 𝜑𝑘 ∗ 𝑔 ∈ 𝐶0
∞(𝛺) for all 𝑘 > 0 by Theorem 2.29 in [1]. 

Using the technique in 3.1 Lemma in [19] we obtain 

𝜌𝑝(.),𝑞(.)(𝑓) ≤ ‖𝑓‖
𝑞+
𝑞+

+ ‖𝑓‖
𝑞−
𝑞−

. 

So we can write 

𝜌𝑝(.),𝑞(.)(𝑔 − 𝜑𝑘 ∗ 𝑔) ≤ ‖𝑔 − 𝜑𝑘 ∗ 𝑔‖
𝑞+
𝑞+

+ ‖𝑔 − 𝜑𝑘 ∗ 𝑔‖
𝑞−
𝑞−

 

     <
1

2
(

𝜀

2
)

𝑞+

+
1

2
(

𝜀

2
)

𝑞−

 

                                    <
1

2

𝜀

2
+

1

2

𝜀

2
=

𝜀

2
 

as 𝑘 → 0+ by Theorem 5.4 in [7]. Since 𝜌𝑝(.),𝑞(.)(𝑔 − 𝜑𝑘 ∗

𝑔) < 1, then we find 

𝜌𝑝(.),𝑞(.) ((𝑔 − 𝜑𝑘 ∗ 𝑔)𝜌𝑝(.),𝑞(.)(𝑔 − 𝜑𝑘 ∗ 𝑔)
−

1

𝑞+) ≤ 1. 

By the definition of ‖. ‖𝑝(.),𝑞(.) we have 

‖𝑔 − 𝜑𝑘 ∗ 𝑔‖𝑝(.),𝑞(.) ≤ 𝜌𝑝(.),𝑞(.)(𝑔 − 𝜑𝑘 ∗ 𝑔)
−

1
𝑞+

 

                                            < (
𝜀

2
)

𝑞+

<
𝜀

2
.                             (3) 

Finally using the inequalities (2) and (3), we obtain 
‖𝑓 − 𝜑𝑘 ∗ 𝑓‖𝑝(.),𝑞(.) < 𝜀. 

The proof is complete. 

Corollary 8. 𝐶0
∞(𝛺) is dense in 𝐿𝑝(.),𝑞(.)(𝛺).  

 

III. RESULTS 
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Definition 9. Variable exponent Lorentz-Sobolev space 

𝑊𝑘,𝑝(.),𝑞(.)(𝛺) is defined by 

𝑊𝑘,𝑝(.),𝑞(.)(𝛺) = {𝑓 ∈ 𝐿𝑝(.),𝑞(.)(𝛺): 𝐷𝛼𝑓𝜖𝐿𝑝(.),𝑞(.)(𝛺), 0 ≤

|𝛼| ≤ 𝑘, 𝑘𝜖ℕ}  

equipped with the norm 
‖𝑓‖𝑘,𝑝(.),𝑞(.) = ∑ ‖𝐷𝛼𝑓‖𝑝(.),𝑞(.)0≤|𝛼|≤𝑘 , 

where 𝛼 ∈ ℕ0
𝑛 is a multi-index, |𝛼| = 𝛼1 + 𝛼2 + ⋯ + 𝛼𝑛 and 

𝐷𝛼 =
𝜕|𝛼|

𝜕𝑥1

𝛼1…𝜕𝑥𝑛
𝛼𝑛. Note that 𝐿𝑝(.),𝑞(.)(𝛺) ↪ 𝐿𝑙𝑜𝑐

1 (Ω), so that 

𝐿𝑝(.),𝑞(.)(𝛺) functions are in 𝐷′(𝛺). Thus 𝐷𝛼𝑓 makes sense as 

a distribution. It can be show that 𝑊𝑘,𝑝(.),𝑞(.)(𝛺) is a reflexive 

Banach space. 

The space 𝑊1,𝑝(.),𝑞(.)(𝛺) is defined by  

𝑊1,𝑝(.),𝑞(.)(𝛺) = {𝑓 ∈ 𝐿𝑝(.),𝑞(.)(𝛺): |∇𝑓|𝜖𝐿𝑝(.),𝑞(.)(𝛺)}. 

The norm ‖𝑓‖1,𝑝(.),𝑞(.) = ‖𝑓‖𝑝(.),𝑞(.) + ‖∇𝑓‖𝑝(.),𝑞(.). 

Proposition 10. Let 𝑝(. ), 𝑞(. ) ∈ 𝒫1([0, 𝑙]) and 𝑝(0), 𝑝(∞) >

1. If 𝑓𝜖𝑊1,𝑝(.),𝑞(.)(𝛺), then 𝑀𝑓 ∈ 𝑊1,𝑝(.),𝑞(.)(𝛺) and 
|∇M𝑓(𝑥)| ≤ 𝑀|∇𝑓(𝑥)| for almost everywhere. 

Proof. Since 𝐿𝑝(.),𝑞(.)(𝛺) ↪ 𝐿𝑙𝑜𝑐
1 (Ω), then we can write 

𝐿𝑝(.),𝑞(.)(𝛺) ↪ 𝐿𝑙𝑜𝑐
𝑝(.),𝑞(.)(Ω) ↪ 𝐿𝑙𝑜𝑐

1 (Ω) and 𝑊1,𝑝(.),𝑞(.)(𝛺) ↪

𝑊𝑙𝑜𝑐
1,𝑝(.),𝑞(.)(Ω) ↪ 𝑊𝑙𝑜𝑐

1,1(Ω). Since 𝑓 ∈ 𝑊𝑙𝑜𝑐
1,1(Ω), then we have 

|∇M𝑓(𝑥)| ≤ 𝑀|∇𝑓(𝑥)| for almost everywhere in 𝛺 by [15]. 

Since 𝑓, |∇𝑓|𝜖𝐿𝑝(.),𝑞(.)(𝛺), then 𝑀𝑓, ∇M𝑓𝜖𝐿𝑝(.),𝑞(.)(𝛺). Hence 

𝑀𝑓 ∈ 𝑊1,𝑝(.),𝑞(.)(𝛺). 

Definition 11. For 𝑓 ∈ 𝐿𝑙𝑜𝑐
1 (Ω), we denote 

𝑀𝐵(𝑥,𝑟)
# 𝑓 =

1

|𝐵(𝑥,𝑟)|
∫ |𝑓(𝑦) − 𝑓𝐵(𝑥,𝑟)|

𝐵(𝑥,𝑟)
𝑑𝑦. 

The sharp maximal function 𝑀#𝑓 of 𝑓 is defined by 

𝑀#𝑓 (x) = 𝑠𝑢𝑝𝑟>0
1

|𝐵(𝑥,𝑟)|
∫ |𝑓(𝑦) − 𝑓𝐵(𝑥,𝑟)|

𝐵(𝑥,𝑟)
𝑑𝑦, 𝑥𝜖Ω, 

where 𝑓𝐵(𝑥,𝑟) =
1

|𝐵(𝑥,𝑟)|
∫ 𝑓(𝑧)

𝐵(𝑥,𝑟)
𝑑𝑧. 

Let 0<α<n. The fractional maximal function is defined by 

𝑀α𝑓(𝑥) = 𝑠𝑢𝑝𝑟>0
1

|𝐵(𝑥,𝑟)|
1−

α
𝑛

∫ |𝑓(𝑦)|
𝐵(𝑥,𝑟)

𝑑𝑦, 𝑥𝜖Ω. 

For 𝑓 ∈ 𝐶0
∞(𝛺) or 𝑓 measurable with 𝑓 ≥ 0, we define the 

Riesz potentials 𝐼𝛼𝑓: Ω → [0, ∞] by 

𝐼𝛼𝑓(𝑥) = ∫
𝑓(𝑦)

|𝑥−𝑦|𝑛−𝛼𝛺
𝑑𝑦. 

Since 𝑀α𝑓(𝑥) ≤ 𝑐𝐼𝛼(𝑓)(𝑥), then the fractional maximal 

function 𝑀α is bounded on 𝐿𝑝(.),𝑞(.)(𝛺) [14]. 

Proposition 12. Let 𝑝(. ), 𝑞(. ) ∈ 𝒫1([0, 𝑙]) and 𝑝(0), 𝑝(∞) >

1. Then 𝑀# is bounded on 𝐿𝑝(.),𝑞(.)(𝛺), i.e. there exists a 𝐶 >
0 such that 

‖𝑀#𝑓‖𝑝(.),𝑞(.) ≤ 𝐶‖𝑓‖𝑝(.),𝑞(.) 

for all 𝑓 ∈ 𝐿𝑝(.),𝑞(.)(𝛺). 

Proof. If we use the inequality |𝑀#𝑓| ≤ 2𝑀𝑓 and the 

boundedness of 𝑀𝑓 on 𝐿𝑝(.),𝑞(.)(𝛺), 

‖𝑀#𝑓‖𝑝(.),𝑞(.) ≤ 2‖𝑀𝑓‖𝑝(.),𝑞(.) ≤ 𝐶‖𝑓‖𝑝(.),𝑞(.). 

Proposition 13. Let 𝑝(. ), 𝑞(. ) ∈ ℙ1([0, ∞]), 𝑞(∞) ≤ 𝑝(∞) 

and 𝑝(0) = 𝑞(0). Then 𝐶0
∞(𝛺) is dense in 𝑊𝑘,𝑝(.),𝑞(.)(𝛺). 

Proof. Using Proposition 7 and the definition of 𝑊𝑘,𝑝(.),𝑞(.)(𝛺) 

we have the desired result. 

The following theorem was proved similarly to Theorem 5.2 

in [10]. 

Theorem 13. Let 𝑝(. ), 𝑞(. ) ∈ ℙ1([0, ∞]), 𝑞(∞) ≤ 𝑝(∞) and 

𝑝(0) = 𝑞(0), 
1

𝑝∗(.)
=

1

𝑝(.)
−

1

𝑛
, 1 < 𝑝(. ) ≤ 𝑝+ < 𝑛 and 1 <

𝑞(. ) ≤ 𝑞+ < ∞. Also assume that for all 𝑓 ∈ 𝐿𝑝(.),𝑞(.)(𝛺) there 

holds  

                           ‖𝑓‖𝑝(.),𝑞(.) ≤ ‖𝑀#𝑓‖𝑝(.),𝑞(.)                       (4) 

for 𝐶 > 0. Then 𝑊1,𝑝(.),𝑞(.)(Ω) ↪ 𝐿
𝑛𝑝(.)

𝑛−𝑝(.)
,𝑞(.)

(Ω).  

Proof. Let 𝑓𝜖𝑊1,𝑝(.),𝑞(.)(𝛺) and ‖𝑓‖1,𝑝(.),𝑞(.) ≤ 1. We will 

show ‖𝑓‖𝑝∗(.),𝑞(.) ≤ 𝐶. Since 𝐶0
∞(𝛺) is dense in 𝑊1,𝑝(.),𝑞(.)(Ω) 

and 𝐿𝑝(.),𝑞(.)(𝛺), then we can assume without loss of generality 

𝑓 ∈ 𝐶0
∞(𝛺). Due to Theorem 3.15 in [14] there holds 

‖𝐼1(|∇𝑓|)‖𝑝∗(.),𝑞(.) ≤ 𝐶. From Corollary 1.64 of [20] we 

deduce that for all 𝐵(𝑥, 𝑟) there holds 

𝑀𝐵(𝑥,𝑟)
# 𝑓 ≤ 𝐶𝑟

1

|𝐵(𝑥,𝑟)|
∫ |∇𝑓(𝑦)|

𝐵(𝑥,𝑟)
𝑑𝑦  

                                 ≤ 𝐶 ∫
|∇𝑓(𝑦)|

|𝑥−𝑦|𝑛−1𝐵(𝑥,𝑟)
𝑑𝑦 

                                 ≤ 𝐶𝐼1(|∇𝑓|)(𝑥). 
By taking the supremum over all balls 𝐵(𝑥, 𝑟) we deduce that 

for all 𝑥 there holds 

𝑀#𝑓 (x) ≤ 𝐶𝐼1(|∇𝑓|)(𝑥). 
This and ‖𝐼1(|∇𝑓|)‖𝑝∗(.),𝑞(.) ≤ 𝐶 imply ‖𝑀#𝑓 ‖𝑝∗(.),𝑞(.) ≤ 𝐶. 

From (4) there follows ‖𝑓‖𝑝∗(.),𝑞(.) ≤ 𝐶. Since 𝐶0
∞(𝛺) is dense 

in 𝑊1,𝑝(.),𝑞(.)(Ω) and 𝐿𝑝∗(.),𝑞(.)(Ω), this proves ‖𝑓‖𝑝∗(.),𝑞(.) ≤ 𝐶 

for all f with ‖𝑓‖1,𝑝(.),𝑞(.) ≤ 1. This proves the theorem. 
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Özet –Bu çalışmada, endokrin bozucu kimyasallar arasında yer alan naproksenin giderilmesi amacıyla adsorban olarak aktif 

karbon /aljinat boncuklarının (AC/ALG) fizibilitesi incelenmiştir. Bu kompozitler AC içeriği %1,0- 3,0 (a/h) olacak şekilde 

sentezlenmiştir. AC/ALG kompozitleri FT-IR ve SEM ile karakterize edilmiştir. AC/ALG kompozitlerinin adsorpsiyon 

performansları adsorban miktarı, pH ve sıcaklık parametrelerine bağlı olarak incelenmiştir. Adsorpsiyon uygulamaları 

sonucunda naproksenin giderimi % 34-98 arasında değişmektedir. Maksimum adsorpsiyonlarda belirlenen optimum pH değeri 

5,03’tür. İncelenen adsorpsiyon izoterm modellerinde, Freundlich ve Temkin izotermleri, Langmuir ve D-R izotermlerine göre 

adsorpsiyon mekanizmasını daha iyi açıklamaktadır. Termodinamik çalışmalar sonucunda sentezlenen aktif karbon-aljinat 

boncukları (AC/ALG) ile gerçekleştirilen adsorpsiyonun uygulanabilir, spontan olduğu ve endotermik olduğu teşpit edilmiştir.  

Anahtar Kelimeler – naproksen, aktif karbon, aljinat, izoterm, kinetik 

 

I. GIRIŞ 

   Modern yaşamın ayrılmaz bir parçası olan farmasotik 

ürünler insan ve hayvan hastalıklarının tedavisinde kullanılır. 

Bununla birlikte, farmasötikler sucul ortamlardaki kalıcı 

varlığı nedeniyle ortaya çıkan endişenin kirletici maddeleri 

olarak kabul edilmiştir [1]. İz seviyelerindeki bu ilaç aktif 

maddeler, insanda için olumsuz etkilere yol açma 

potansiyeline sahiptir ve bu maddelerin uzaklaştırılması 

büyük kaygı yaratmaktadır [2].  

   Naproksen, hastalıkları ve ağrıları tedavi etmek için 

kullanılan en yaygın nonsteroid antiinflamatuar (NSAID) 

ilaçlardan biridir ve son zamanlarda mühendislik ve doğal su 

ortamlarında tespit edilmiştir. Naproksen,  atık sularda 0,1 – 

2,6 μg/L aralığında ve yüzey suyunda 0,01-0,1 μg/L 

aralığında bulunmaktadır [3]. 

  Kuagülasyon, biyobozunma, fotobozunma ve klorlama gibi 

çeşitli geleneksel yöntemler benimsenmiş olmasına rağmen, 

bu yöntemler farmasötiklerin gideriminde etkili bir yöntem 

olarak kabul görmemiştir. Bu maddelerin % 98'ini 

giderebilen adsorpsiyon prosesleri en iyi yöntem olarak 

belirlenmiştir [4]. Son yıllarda, farmasötiklerin adsorpsiyonu 

esas olarak aktif operasyonel koşullar altında aktif karbon ve 

topraklar, killer, nanokompozitler, sulu oksitler, alümina ve 

silika gibi diğer adsorbanlar kullanılarak çalışılmıştır . Aktif 

yüzey, yüksek yüzey alanı ve gözenek büyüklüğü dağılımı 

nedeniyle ilgi çekmektedir. Ayrıca, son on yılda, yüksek 

adsorpsiyon kapasitesine sahip aktif karbon bazlı polimerik 

kompozitler yeni adsorbanların aranmasında öncüdür [4]. 

Bu çalışmada, nonsteroid antiinflamatuar (NSAID) ilaçlardan 

biri olan naproksenin, aktif karbon ile modifiye edilmiş 

sodyum aljinat boncuklarını (AC/ALG) kullanarak sulu 

ortamdan adsorpsiyon yöntemiyle giderilmesi, adsorpsiyon 

mekanizmasının belirlenmesi ve termodinamik özelliklerin 

değerlendirilmesi amaçlanmaktadır. 

II. MALZEME VE YÖNTEM 

A. Aljinat (ALG) boncuklarının hazırlanması 

  % 2’lik (a / h) sodyum aljinat çözeltisi, 100 mL, 0.1 M NaCl 

ile tam karışım sağlanacak şekilde hazırlanmıştır. Çözelti 

hazırlanmasının ardından, 1 ml plastik bir şırınga kullanarak 

0,1 M CaCl2 çözeltisine damlalar halinde eklenmiş ve 

boncukların sertleştirmesi için 25 ° C'de 24 saat boyunca bir 

manyetik karıştırıcıyla karıştırılarak bekletilmiştir. Oluşan 

ıslak kalsiyum aljinat boncuklar jelleşme ortamından nazikçe 

alınmış ve distile su ile yıkanmıştır. Son olarak, bu boncuklar 

24 saat boyunca 60 ° C'de bir etüvde kurutulmuştur. 

B. Aktif karbon-aljinat (AC/ALG) boncuklarının 

hazırlanması 

  Sodyum aljinatın % 1’lik (a/h) çözeltisi 100 mL, 0,1 M 

NaCl çözeltisi ile hazırlanmıştır. Toz halindeki aktif karbon 

(%1,0-3,0 (a/h) olacak şekilde) çözeltiye eklenmiş ve 

çözeltinin her yerine eşit dağılana kadar karıştırılmıştır. Elde 

edilen karışım 1 ml plastik bir şırınga ile  0,1 M CaCl2 

çözeltisine damlatılmıştır. Sertleşmenin gerçekleşmesi için 24 

saat boyunca oda koşullarında bir manyetik karıştırıcıyla 

karıştırılarak bekletilmiş, distile su ile yıkamanmış ve 60 

°C'ye ayarlanmış bir etüvde 24 saat boyunca kurutulurmuştur. 

C. Aktif karbon-aljinat (AC/ALG) boncuklarının 

karakterizasyonu 

   AC, ALG ve AC/ALG boncuklarının mevcut fonksiyonel 

grupların belirlenmesinde Fourier Tranform Infrared  

spektrofotometresi (FTIR) (Perkin Elmer Spectrum 100 FT-

IR Spectrometer) kullanılmıştır. 

   Numunelerin nötral yük noktasındaki pH'ının (pHpzc) 

belirlenmesi için 50 cm3, 0,01 M NaCl çözeltisi, kapalı bir 

erlenmeyer şişesine konulmuştur. 0,1 M HCI veya 0,1 M 

https://doi.org/10.36287/setsci.4.6.010
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NaOH çözeltileri ilave edilerek pH değeri 2,0-12,0 arasında 

bir değere ayarlanmıştır. Daha sonra her bir numuneden 0,15 

g eklenmiştir ve nihai pH, oda sıcaklığında çalkalama altında 

48 saat sonra ölçülmüştür. Başlangıç pH ve denge pH 

değerlerinin kesiştiği nokta pHpzc olarak belirlenmiştir. 

   ALG ve AC/ALG boncuklarının yüzey morfolojisi 

Taramalı Elektron Mikroskobu (Philips XL-30) ile 

incelenmiştir. 

  Naproksen konsantrasyonları, 1 cm kuvars küvetler 

kullanılarak 230 nm dalga boyunda UV-vis spektrofotometre 

(Shimadzu UV 1800) kullanılarak analiz edilmiştir. 

D. Adsorpsiyon Çalışması 

  Naproksen gideriminde adsorban miktarının optimize 

edilmesi için AC, ALG ve AC/ALG:(1-3) boncuklarının 100-

500 mg miktarı ile doğal pH değerinde (pH 5,03), 50 mg/L 

naproksen başlangıç konsantrasyonunda, 25°C sıcaklıkta ve 

140 rpm çalkalama hızında 24 saat adsorpsiyon deneyleri 

yürütülmüştür. Elde edilen sonuçlar Langmuir, Freundlich, 

Temkin ve Dubinin-Radushkevic izotermlerine uygulanarak 

model parametreleri hesaplanmış ve adsorpsiyon 

mekanizması değerlendirilmiştir. Kullanılan izoterm 

modellerine ait denklemler ve model parametreleri Tablo 

1’de gösterilmektedir. 

   Farklı pH koşullarında adsorpsiyon olayını incelemek 

amacı ile de 350 mg adsorban miktarı kullanılarak, 50 mg/L 

naproksen başlangıç konsantrasyonunda, 25°C sıcaklıkta ve 

140 rpm çalkalama hızında,  24 saat boyunca deneyler 

gerçekleştirilmiştir.  

III. BULGULAR VE TARTIŞMA 

A. Aktif karbon-aljinat (AC/ALG) boncuklarının 

karakterizasyonunun değerlendirilmesi 

   AC, ALG ve ALG/AC numunelerinin FT-IR analizi 650 ve 

3650 cm-1 aralığında gerçekleştirilmiş ve spektrumları Şekil 

1’de gösterilmiştir. ALG boncuklarına ait spektumda, 

yaklaşık olarak 3300 cm-1’de hidroksil gruplarının –OH 

gerilme titreşimlerine ait bir absorpsiyon piki ve 2950 cm-

1’de alifatik C–H gerilmesi piki görülmüştür. 1610 ve 1450 

cm-1'deki karakteristik pikler, sırasıyla asimetrik ve simetrik 

C = O bağlarına (COO-‘dan) aittir. 1095, 1075 ve 1035 cm-1 

civarındaki ana bantlar aljinat tanelerinin C-O bandının 

titreşimini, C-C germe titreşimini ve C-C bükülmesini 

göstermektedir. AC-ALG boncukların FTIR spektrumları 

incelendiğinde ise (Şekil 1), AC ve ALG boncuklarına 

kıyasla anlamlı farklar belirlenmiştir.   AC/ALG 

taneciklerinde O-H bağlarının (3300 cm-1) ve asimetrik ve 

simetrik C = O bağlarının (1610 ve 1450 cm-l'de) gerilme 

titreşiminin adsorpsiyon bölgesi, ALG boncuklarınınkine 

kıyasla önemli ölçüde daha düşük yoğunlukta görülmüştür. 

Bu farklılıklar AC’nin –OH ve COO- alginat gruplarına 

katılımından kaynaklanmaktadır. Bantlardaki değişim, AC ve 

ALG arasındaki etkileşimin bir kanıtıdır ve AC-ALG 

boncuklarının başarılı bir şekilde sentezlendiği güvenle 

belirtilebilir. 

ALG ve AC/ALG boncukları için SEM görüntüleri Şekil 

2’de gösterilmiştir. Şekil 2’ye göre, ALG boncuklarının 

yüzeyi uzun mikro çatlaklarla doludur. Açıkça görüldüğü 

gibi, tek biçimli bir alan sağlayan ve tamamen polimerin 
 

Tablo 1. Adsorpsiyon izoterm modelleri[4]. 

Langmuir  

 

Q (mg/g);maksimum 

adsorplama kapasitesi 

b (L/mg); Lagmuir 

sabiti 

RL;adsorpsiyon 

verimliliğinin 

bulunmasında 

kullanılan bir sabit 

Freundlich 
 

KF (L/g) ;adsorpsiyon 

kapasite sabiti 

n; adsorpsiyon 

şiddetini gösteren 

sabit  

Temkin 

 

At;Temkin sabiti 

B; ısı adsorplama 

kapasitesi 

Dubinin 

Radushkevic 

 

Ɛ; Adsorpsiyon 

enerjisi 

Q (mg/g);maksimum 

adsorplama kapasitesi 

 

yüzeyini kaplayacak şekilde yüzey üzerinde sayısız mikro 

çatlak (yaklaşık 500 µm) tespit edilmiştir. Bu morfoloji ALG 

boncuklarının mikro yapısına AC’nu yerleştirmek için 

yapının çok uygun olduğunu göstermektedir. AC-ALG 

taneciklerinin yüzeyine odaklanıldığında ise, AC yapısının 

ALG boncuklarının yüzeyinde toplandığı ve uniform bir alan 

sağladığı görülmektedir. Bu yapı AC ve ALG moleküler 

yapısı arasındaki etkileşimin bir kanıtıdır. Ayrıca, AC-ALG 

boncukları üzerindeki AC'nun varlığı, çok sayıda potansiyel 

aktif bölge ve alıcı bölgeler oluşmasına neden olmuş ve bu 

nedenle naproksen adsorpsiyonunu arttırmıştır. ALG ve 

AC/ALG boncuklarının SEM görüntüleri arasındaki 

karşılaştırmaya dayanarak, AC/ALG üzerine yerleştirilen AC 

tarafından oluşturulan yeni yüzey morfolojisinin kompozit 

yüzeyini naproksen adsorpsiyonu için çekici hale getirdiği 

güvenle ifade edilebilir.  

   Bir adsorbanın izoelektrik noktadaki pH değeri pH'ı (pHpzc) 

adsorbanın net yüzey yükünün sıfır olduğu noktada ölçülen 

değerdir. pH'nın pHpzc'den büyük olduğu şartlarda, adsorban 

neğatif yükleneceğinden dolayı katyonik adsorbatın adsorban 

üzerine tutunması kolaylaşmaktadır. Anyonik türlerin 

adsorban üzerine tutunması ise benzer şekilde pH'nin 

pHpzc'den küçük olduğu şartlarda daha kolay olmaktadır. 

Başlangıç pH ve denge pH değerlerinin kesiştiği nokta olan 

pHpzc’ye ait grafik Şekil 3’te gösterilmiştir.   

 
Şekil 1. ALG ve AC/ALG boncuklarının FT-IR spektrumları. 
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Şekil 2. ALG ve AC/ALG boncuklarının 100 µm ve 50000 µm’deki SEM 

görüntüleri. 

  Şekil 3 incelendiğinde ALG, ALG/AC:1, ALG/AC:2 ve 

ALG/AC:3 numunelerinin izoelektirik noktadaki pH değeri 

sırasıyla, 5,66, 5,98, 6,14 ve 6,27 olarak hesaplanmıştır. Bu 

sonuçlardan, adsorbanın pHpzc değerlerinin hafif asidik 

bölgede olduğu görülmektedir. Bu durum ALG ve ALG/AC 

taneciklerinin yüzeyinde asidik grupların bazik gruplara göre 

daha baskın olduğuna işaret eder. Dolayısıyla bu değerin 

bilinmesi, adsorpsiyon çalışmalarında hangi pH'da 

çalışılacağına karar vermede yardımcı olur. 

B. Aktif karbon-aljinat (AC/ALG) boncuklarının 

adsorpsiyonu etkileyen parametrelerin optimizasyonu 

Adsorpsiyonu etkileyen parametrelerin başında 

adsorpsiyon miktarının ve pH gelmektedir. Bu parametrelerin 

optimizasyon sonuçları Şekil 4’te gösterilmektedir. 

Şekil 4 incelendiğinde her bir numune için adsorban 

miktarının 350 mg’a kadar artırılmasıyla denge durumunda 

birim adsorban üzerine adsorplanan miktarın azaldığı, 350 

mg’dan sonraki adsorban değerleri için ise yaklaşık sabit 

kaldığı görülmektedir. Bununla beraber her bir numune için 

350 mg’a kadar attırılan adsorban miktarı ile yüzde giderim 

maksimum düzeye ulaşmış, sonraki değerlerde ise sabit 

kalmıştır. Bu sonuçlardan dolayı her bir numune için 

optimum adsorban miktarı 350 mg olarak belirlenmiştir. 

Şekil 3: ALG ve AC/ALG boncuklarının izolektrik nokta analizi.

Şekil 4: ALG ve AC/ALG boncuklarının adsorban miktarı ve pH analizi. 

 
Şekil 4 incelendiğinde genel olarak, naprokseni uzaklaştırma 

performansı asidik pH'larda daha yüksek olduğu 

belirlenmiştir. ALG, ALG/AC:1, ALG/AC:2 ve ALG/AC:3 

numunelerinin izoelektirik noktadaki pH değerinin altında 

adsorpsiyon kapasiteleri en yüksek iken, daha bazik 

koşullarda ise giderek azalan bir grafik görülmektedir. 

ALG/AC:3 boncuklarının pH 3,0, pH 5,0, pH 7,0, pH 9,0 ve 

pH 11,0 da adsorpsiyon kapasiteleri sırasıyla 3,49 mg/g, 3,50 

mg/g, 3,40 mg/g, 2,37 mg/g ve 2,36 mg/g’dır. Bu 

sonuçlardan dolayı optimum pH değeri 50 mg/L naproksen 

çözeltisinin doğal pH’ı 5,03 olarak belirlenmiştir. 

C. Aktif karbon-aljinat (AC/ALG) boncuklarının adsorpsiyon 

izotermleri 

   ALG, AC/ALG:1, AC/ALG:2, AC/ALG:3 ve AC 

numunelerinin naproksen iyonlarını içeren pH 5,03’te 

yürütülen adsorpsiyon deneylerine ait adsorpsiyon izotermleri 

Şekil 6‘da gösterilmiştir. Numunelerin Freundlich, Langmuir, 

Temkin ve Dubinin-Radushkevich izotermleri ile 

uyumluluğu incelenmiştir. 

Şekil 6: Naproksen gideriminde adsorpsiyon analizleri. 
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Tablo 2: Adsorpsiyon izoterm model parametreleri. 

 

Deneysel verilerin adsorpsiyon izoterm modellerine 

uygulanması sonucunda her bir numune için elde edilen 

izoterm model parametreleri Tablo 2‘de gösterilmiştir. Tablo 

2 incelendiğinde tüm izoterm modeller arasında en yüksek 

regresyon katsayısına Temkin izoterm modeli sahiptir. ALG, 

AC/ALG:1, AC/ALG:2, AC/ALG:3 ve AC numunelerinin At 

değerleri sırasıyla; 0,132 L/mg, 5,803 L/mg, 4,076 L/mg, 

3,545 L/mg, 8,889 L/mg olarak bulunmuştur. Ayrıca B yüzey 

bağlanma enerjisi değerleri sırasıyla; 0,659, 0,520, 0,792, 

0,995, 6,423 olarak bulunmuştur. İzotermin R2 değerlerine 

bakıldığında da 0,82-0,99 arasında değiştiği görülmektedir. 

Bu değerlerin 1,0’e yakın olması naproksen gideriminde 

Temkin adsorpsiyon modelini elverişli yapmaktadır. Bu 

izoterm maddeler arasındaki etkileşimleri değerlendiren bir 

izotermdir. Etkileşimlerden dolayı adsorpsiyon ısısının 

yüzeyin kaplanmasıyla lineer olarak azalacağını varsayar. 

   Temkin modelinden sonra da 0,82-0,97 arasında değişen R2 

değerleri ile Freundlich izoterm modeli adsorpsiyon 

mekanizmasını açıklamak için uygun olduğu belirlenmiştir. 

Freundlich modeline göre adsorbentin yüzey üzerinde 

bulunan adsorpsiyon alanları heterojendir yani farklı türdeki 

adsorpsiyon alanlarından teşkil edilmiştir. Aktif karbon 

yüzeyinin heterojen bir yüzey olması bu durumu 

açıklamaktadır. AC/ALG:1, AC/ALG:2 ve AC/ALG:3 

boncuklarının 1/n değerleri sırasıyla; 0,524, 0,491, 0,129’dur. 
Artan karbon oranı ile 1/n değerinin azaldığı tespit edilmiştir. 
Freundlich izoterminde hesaplanan 1/ndeğerinin sıfıra 

yaklaşması yüzey heterojenitesinin artığını göstermektedir. 

Bu bilgilerden yola çıkarak modifikasyon oranının artması ile 

yüzeyin heterojen özelliğinin de arttığı söylenebilir.  

Dubinin Radushkevich izoterm modelini inceleyecek olursak 

AC, ALG, AC/ALG:1, AC/ALG:2 ve AC/ALG:3 numuneleri  

 
Tablo 3: Adsorpsiyon termodinamiği.  

Adsorbent ∆H0 

(kJ/mol) 

∆S0(J/mo

l K) 

∆G0(kJ/mol) 

298 K 313K 328K 

AC 2,770 70,73 -17,828 -19,368 -20,429 

ALG 5,768 13,95 1,6125 1,4034 1,1942 

ALG/AC:1 1,087 28,14 -7,2952 -7,7289 -8,1385 
ALG/AC:2 1,692 35,99 -9,0264 -9,5910 -10,104 
ALG/AC:3 3,257 43,54 -9,7245 -10,358 -20,417 

   

için ortalama serbest enerji E değerleri sırasıyla 3,313 kJ/mol, 

0,069 kJ/mol, 0,833 kJ/mol, 1,435 kJ/mol, 1,758 kJ/mol 

olarak hesaplanmıştır. Ortalama serbest enerji değerleri 8 

kJ/mol’ün altında olduğunda fiziksel adsorpsiyon olarak 

kabul edilmektedir. Tüm numuneler için modelden 

hesaplanan ortalama serbest enerji E değerleri 8 kJ/mol’ün 

altında olduğundan adsorpsiyon çeşidi fiziksel olarak tespit 

edilmiştir.   

D. Aktif karbon-aljinat (AC/ALG) boncuklarının adsorpsiyon 

termodinamiği 

   Adsorpsiyon termodinamiği, adsorpsiyonla ilişkili enerji 

değişiklikleri hakkında derinlemesine bilgi sağlar. AC, ALG 

ve ALG/AC numunelerinin naproksen iyonlarını içeren pH 

5.03’te yürütülen adsorpsiyon deneylerine ait adsorpsiyon 

termodinamik Tablo 3’te gösterilmiştir. 

   Tablo 3 incelendiğinde AC/ALG:1, AC/ALG:2, AC/ALG:3 

ve AC numunelerinin ∆G0 değerlerinin negatif olması 

naproksen adsorpsiyonunun uygulanabilir, spontan olduğunu 

ve prosesin kendiliğinden gerçekleşebileceğini 

göstermektedir. Yükselen sıcaklıkla birlikte, ΔG ° değerleri 

daha büyük bir itici gücü yansıtarak daha negatif olarak 

hesaplanmıştır. Aksine ALG numunesi için ∆G0 değerlerinin 

pozitif olması adsorpsiyonun uygulanabilirliğinin elverişsiz 

olduğunu göstermektedir.  Adsorpsiyon entalpisi ∆H0 pozitif 

olması adsorpsiyonun endotermik olduğunu göstermektedir. 

Serbest entropi ∆S0 değişiminin ise pozitif işaretli olması, 

naproksen adsorpsiyonu esnasında katı ile çözelti ara yüzeyi 

arasındaki düzensizliğin arttığı anlamına gelmektedir.   

IV. SONUÇ 

   Bu çalışmada, endokrin bozucu kimyasallar arasında yer 

alan ve doğal yaşamı tehtit eden farmasötik ilaçlardan biri 

olan  naproksenin aktif karbon-aljinat boncukları ile giderim 

etkinliği incelenmiştir. Yapılan deneysel çalışmalar 

sonucunda adsorpsiyon izotermleri oluşturularak, sistemin 

fiziksel ve kimyasal özellikleri ile adsorpsiyon 

mekanizmasının karakteristiği belirlenmiştir. Naproksenin 

AC/ALG boncukları üzerine çok tabakalı heterojen yüzeyde 

fiziksel bağlanma ile adsorplandığı belirlenmiştir. 

Boncukların yapısındaki AC oranı arttıkça naproksenin 

bağlanma enerjisinin arttığı ve adsorpsiyon kapasitesinin de 

buna paralel olarak yükseldiği izlenmiştir. Bu sonuçlara 

göre sentezlenen AC/ALG boncukları yenilikçi bir 

yaklaşımla adsorpsiyon uygulamalarında kullanılabilir. 
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 AC ALG AC/ALG:1 AC/ALG:2 AC/ALG:3 

Langmuir    

Q (mg/g) 36,76 2,706 4,822 6,277 7,813 

b 0,613 0,017 0,966 0,880 0,753 

RL 0,032 0,541 0,020 0,022 0,026 

R2 0,945 0,935 0,908 0,804 0,841 

Freundlich    

KF (mg/g) 12,57 8,247 3,102 3,097 3,341 

1/n 0,485 0,597 0,524 0,491 0,129 

R2 0,886 0,906 0,826 0,930 0,972 

Temkin    

At (L/mg) 8,889 0,132 5,803 4,076 3,545 

B 6,423 0,659 0,520 0,792 0,995 

R2 0,976 0,973 0,817 0,988 0,999 

Dubinin 

Radushkevi

ch 

   

Q (mol/g) 22,41 1,488 4,548 6,412 7,870 

β E-07 8E-05 5E-07 9E-07 6E-07 

E(kJ/mol) 3,313 0,069 0,833 1,435 1,758 

R2 0,985 0,964 0,849 0,700 0,725 
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Abstract – The study of various mathematical problems (such as elasticity, non-Newtonian fluids and electrorheological fluids) 

with variable exponent growth condition has been received considerable attention in recent years. These problems are 

interesting in applications and raise many difficult mathematical problems. There are also a lot of published papers in these 

spaces. Vector-valued Lebesgue spaces are widely used in analysis, abstract evolution equations and in the theory of integral 

operators. In this paper we recall the weighted vector-valued classical and variable exponent Lebesgue spaces. We define a 

intersection space of vector-valued weighted classical Lebesgue and variable exponent Lebesgue spaces. We discuss some 

basic properties, such as, Banach space, dense subspaces and Hölder type inequalities of these spaces. We will also show that 

every elements of vector-valued these spaces are locally integrable. Moreover, we investigate several embeddings and 

continuous embeddings properties of these spaces under some conditions with respect to exponents and two weight functions.   

 

Keywords – Vector-valued weighted classical and variable exponent Lebesgue spaces, locally integrable, continuous 

embedding 

 

I. INTRODUCTION 

The variable exponent Lebesgue space 𝐿𝑝(.)(ℝ𝑛) and 

Sobolev space 𝑊𝑘,𝑝(.)(ℝ𝑛) were introduced by Kováčik and 

Rákosník [10] In 1991. Since 1991, variable exponent 

Lebesgue, Sobolev, Besov, Triebel-Lizorkin, Lorentz, 

amalgam and Morrey spaces, have attracted many attentions 

(see [10], [5], [7], [6]). Vector-valued variable exponent 

Bochner-Lebesgue spaces 𝐿𝑝(.)(ℝ𝑛, 𝐸) defined by Cheng and 

Xu [4] in 2013. They proved dual space, the reflexivity, 

uniformly convexity and uniformly smoothness of 

𝐿𝑝(.)(ℝ𝑛, 𝐸). Furthermore, they gave some properties of the 

Banach valued Bochner-Sobolev spaces with variable 

exponent.  

II. PRELIMINARIES 

Definition 1. For a measurable function 𝑝: ℝ𝑛 → [1, ∞) 

(called a variable exponent on ℝ𝑛), we put  

𝑝− = 𝑒𝑠𝑠𝑖𝑛𝑓𝑥∈ℝ𝑛𝑝(𝑥),       𝑝+ = 𝑒𝑠𝑠𝑠𝑢𝑝𝑥∈ℝ𝑛𝑝(𝑥). 

The variable exponent Lebesgue spaces 𝐿𝑝(.)(ℝ𝑛) consist of 

all measurable functions 𝑓 such that 𝜌𝑝(.)(𝛾𝑓) < ∞ for some 

𝛾 > 0, equipped with the Luxemburg norm 

‖𝑓‖𝑝(.) = 𝑖𝑛𝑓 {𝛾 > 0: 𝜌𝑝(.) (
𝑓

𝛾
) ≤ 1}, 

where  

𝜌𝑝(.)(𝑓) = ∫ |𝑓(𝑥)|𝑝(𝑥)𝑑𝑥
ℝ𝑛 . 

If 𝑝+ < ∞, then 𝑓 ∈ 𝐿𝑝(.)(ℝ𝑛) iff 𝜌𝑝(.)(𝑓) < ∞. The space 

(𝐿𝑝(.)(ℝ𝑛), ‖. ‖𝑝(.)) is a Banach space. If 𝑝(. ) = 𝑝 is a 

constant function, then the norm ‖. ‖𝑝(.) coincides with the 

usual Lebesgue norm ‖. ‖𝑝 [10]. In this paper we assume that 

𝑝+ < ∞. 

A positive, measurable and locally integrable function  

ϑ: ℝn → (0, ∞) is called a weight function. The weighted 

modular is defined by 

𝜌𝑝(.),𝜗(𝑓) = ∫ |𝑓(𝑥)|𝑝(𝑥)𝜗(𝑥)𝑑𝑥
ℝ𝑛 . 

The weighted variable exponent Lebesgue space 𝐿𝜗
𝑝(.)(ℝ𝑛) 

consists of all measurable functions 𝑓 on ℝ𝑛 for which 

‖𝑓‖𝑝(.),𝜗 = ‖𝑓𝜗
1

𝑝(.)‖
𝑝(.)

< ∞.  

Theorem 2. Let 
1

𝑝(.)
+

1

𝑞(.)
= 1 and 𝜗∗ = 𝜗1−𝑞(.). Then for  

𝑓 ∈ 𝐿𝜗
𝑝(.)(ℝ𝑛) and 𝑔 ∈ 𝐿𝜗∗

𝑝(.)(ℝ𝑛), we have 𝑓𝑔 ∈ 𝐿1(ℝ𝑛) and  

∫ |𝑓(𝑥)𝑔(𝑥)|𝑑𝑥
ℝ𝑛 ≤ 𝐶‖𝑓‖𝑝(.),𝜗‖𝑔‖𝑝(.),𝜗∗  

for some 𝐶 > 0. 

Proof. By the Hölder inequality for variable exponent 

Lebesgue spaces, we get 

∫ |𝑓(𝑥)𝑔(𝑥)|𝑑𝑥
ℝ𝑛 = ∫ |𝑓(𝑥)𝑔(𝑥)|𝜗

1

𝑝(.)
−

1

𝑝(.)𝑑𝑥
ℝ𝑛   

                       ≤ 𝐶 ‖𝑓𝜗
1

𝑝(.)‖
𝑝(.)

‖𝑔𝜗
−

1

𝑝(.)‖
𝑞(.)

   

for some 𝐶 > 0. That is the desired result. 

So the dual space of 𝐿𝜗
𝑝(.)(ℝ𝑛) is 𝐿𝜗∗

𝑝(.)(ℝ𝑛), where 
1

𝑝(.)
+

1

q(.)
=

1 and 𝜗∗ = ϑ1−q(.). 

Let (𝐸, ‖. ‖𝐸) be a Banach space and 𝐸∗ its dual space and 
(Ω, Σ, 𝜇) be a measure space. 
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Definition 3. A function 𝑓: 𝛺 → 𝐸 Bochner (or strongly) 𝜇-

measurable if there exists a sequence {𝑓𝑛} of simple functions 

𝑓𝑛: 𝛺 → 𝐸 such that 𝑓𝑛(𝑥) → 𝑓(𝑥) (in 𝐸) as n→∞ for almost 

all 𝑥 ∈ Ω [8]. 

 

Theorem 4. A 𝜇-measurable function 𝑓: 𝛺 → 𝐸 is Bochner 

integrable if and only if ∫ ‖𝑓‖𝐸𝑑𝜇
ℝ𝑛 < ∞ [8].  

Definition 5. A function 𝐹: 𝛴 → 𝐸 is called a vector measure, 

if for all sequences {𝐴𝑛} of pairwise disjoint members of 𝛴 

such that ⋃ 𝐴𝑛
∞
𝑛=1 ∈ 𝛴 and 𝐹(⋃ 𝐴𝑛

∞
𝑛=1 ) = ∑ 𝐹(𝐴𝑛)∞

𝑛=1 , 

where the series converges in the norm topology of 𝐸. 

Let 𝐹: 𝛴 → 𝐸 be a vector measure. The variation of 𝐹 is the 

function ‖𝐹‖: 𝛴 → [0, ∞] defined by 
‖𝐹‖(𝐴) = 𝑠𝑢𝑝𝜋 ∑ ‖𝐹(𝐵)‖𝐸

∞
𝐵∈𝜋 ,  

where the supremum is taken over all finite disjoint partitions 

𝜋 of 𝐴. If ‖𝐹‖(𝛺) < ∞, then 𝐹 is called a measure of 

bounded variation [8]. 

Definition 6. A Banach space E has the Radon-Nikodym 

property (RNP) with respect to (Ω, Σ, 𝜇) if for each vector 

measure 𝐹: 𝛴 → 𝐸 of bounded variation, which is absolutely 

continuous with respect to 𝜇, there exists a function 𝑔 ∈
𝐿1(Ω, E) such that 

𝐹(𝐴) = ∫ 𝑔𝑑𝜇
𝐴

  

for all 𝐴 ∈ 𝛴 [8]. 

Definition 7. Let ϑ be a weight function and 1 < 𝑝− ≤
𝑝(. ) ≤ 𝑝+ < ∞. The weighted variable exponent Bochner- 

Lebesgue space 𝐿𝜗
𝑝(.)(ℝ𝑛, 𝐸) stands for all (equivalence 

classes of) 𝐸 -valued Bochner integrable functions 𝑓 on ℝ𝑛 

such that 

𝐿𝜗
𝑝(.)(ℝ𝑛 , 𝐸) = {𝑓: ‖𝑓‖𝑝(.),𝜗,𝐸 < ∞}, 

where ‖𝑓‖𝑝(.),𝜗,𝐸 = ‖𝑓𝜗
1

𝑝(.)‖
𝑝(.),𝐸

. 

The following properties proved by Cheng and Xu [4]; 

(i)   𝑓 ∈ 𝐿𝜗
𝑝(.)(ℝ𝑛, 𝐸) ⇔ ‖𝑓(. )‖

𝐸
𝑝(.)

∈ 𝐿𝜗
1 (ℝ𝑛).  

(ii) 𝐿𝜗
𝑝(.)(ℝ𝑛, 𝐸) is a generalization of the 𝐿𝜗

𝑝(.)(ℝ𝑛, 𝐸) spaces. 

(iii) If 𝐸 = ℝ 𝑜𝑟 ℂ, then 𝐿𝜗
𝑝(.)(ℝ𝑛 , 𝐸) = 𝐿𝜗

𝑝(.)(ℝ𝑛). 

Theorem 8. 𝐿𝜗
𝑝(.)(ℝ𝑛 , 𝐸) is a Banach space with respect to 

‖. ‖𝑝(.),𝜗,𝐸. 

Proof. Let {𝑢𝑗} be a Cauchy sequence in 𝐿𝜗
𝑝(.)(ℝ𝑛, 𝐸). Then, 

{𝑢𝑗𝜗
1

𝑝(.)} is a Cauchy sequence in the Banach space 

𝐿𝑝(.)(ℝ𝑛, 𝐸) in [7] due to 

‖𝑢𝑗 − 𝑢𝑘‖
𝑝(.),𝜗,𝐸

= ‖(𝑢𝑗 − 𝑢𝑘)𝜗
1

𝑝(.)‖
𝑝(.),𝐸

→ 0, 

so it converges to some 𝑢 in 𝐿𝑝(.)(ℝ𝑛 , 𝐸). Consequently, {𝑢𝑗} 

converges to 𝑢𝜗
−

1

𝑝(.) in 𝐿𝜗
𝑝(.)(ℝ𝑛, 𝐸). 

It is known that every weight function is equivalent to a 

continuous weight function. So we assume that the weight 

function ϑ is continuous (see [13]). Let 𝐶𝑐(ℝ𝑛 , 𝐸) denote the 

space of all 𝐸 -valued continuous functions on ℝ𝑛 with 

compact support. 

Theorem 9. 𝐶𝑐(ℝ𝑛 , 𝐸) is dense in 𝐿𝜗
𝑝(.)(ℝ𝑛, 𝐸).with respect 

to ‖. ‖𝑝(.),𝜗,𝐸. 

Proof. Let 𝑓 ∈ 𝐿𝜗
𝑝(.)(ℝ𝑛, 𝐸). Then 𝑓𝜗

1

𝑝(.) ∈ 𝐿𝑝(.)(ℝ𝑛, 𝐸). 

Since 𝐶𝑐(ℝ𝑛 , 𝐸) is dense in 𝐿𝑝(.)(ℝ𝑛 , 𝐸), then there exists a 

function 𝑓𝑐 ∈ 𝐶𝑐(ℝ𝑛 , 𝐸) such that 

‖𝑓 − 𝑓𝑐𝜗
−

1

𝑝(.)‖
𝑝(.),𝜗,𝐸

= ‖𝑓𝜗
1

𝑝(.) − 𝑓𝑐‖
𝑝(.),𝐸

→ 0,  

where 𝑢𝜗
−

1

𝑝(.) ∈ 𝐶𝑐(ℝ𝑛 , 𝐸) . This completes the proof. 

 

III. RESULTS 

We define the space 𝐴𝜗1,𝜗2

1,𝑝(.) (ℝ𝑛 , 𝐸) = 𝐿𝜗1

1 (ℝ𝑛 , 𝐸) ∩

𝐿𝜗2

𝑝(.)(ℝ𝑛 , 𝐸) is a Banach space with the sum norm 

‖𝑓‖
𝜗1,𝜗2,𝐸
1,𝑝(.)

= ‖𝑓‖1,𝜗1,𝐸 + ‖𝑓‖𝑝(.),𝜗2,𝐸, 

where 𝑓 ∈ 𝐴𝜗1,𝜗2

1,𝑝(.) (ℝ𝑛 , 𝐸). 

We say that 𝜗1 ≺ 𝜗2 if and only if there exists a 𝐶 > 0 such 

that 𝜗1(𝑥) ≤ 𝐶𝜗2(𝑥)  for all 𝑥 ∈ ℝ𝑛. Two weight functions 

are called equivalent and written 𝜗1~𝜗2, if 𝜗1 ≺ 𝜗2 and 𝜗2 ≺
𝜗1. 

Proposition 10. Let 𝜗1, 𝜗2, 𝜗3 and 𝜗4 be weight functions on 

ℝ𝑛. If 𝜗1 ≺ 𝜗3 and 𝜗2 ≺ 𝜗4, then the embedding 

𝐴𝜗3,𝜗4

1,𝑝(.) (ℝ𝑛, 𝐸) ↪ 𝐴𝜗1,𝜗2

1,𝑝(.) (ℝ𝑛, 𝐸) holds. 

Proof. Let 𝑓 ∈ 𝐴𝜗3,𝜗4

1,𝑝(.) (ℝ𝑛 , 𝐸). Since 𝜗1 ≺ 𝜗3 and 𝜗2 ≺ 𝜗4, 

then there exist 𝐶1, 𝐶2 > 0 such that 𝜗1(𝑥) ≤ 𝐶1𝜗3(𝑥) and 

𝜗2(𝑥) ≤ 𝐶2𝜗4(𝑥) for all 𝑥 ∈ ℝ𝑛. Hence we have 

𝐿𝜗3

1 (ℝ𝑛 , 𝐸) ↪ 𝐿𝜗1

1 (ℝ𝑛 , 𝐸) and 𝐿𝜗4

𝑝(.)(ℝ𝑛, 𝐸) ↪ 𝐿𝜗2

𝑝(.)(ℝ𝑛 , 𝐸). 

Using definition of the norm ‖. ‖
𝜗1,𝜗2,𝐸
1,𝑝(.)

 we can write 

 ‖𝑓‖
𝜗1,𝜗2,𝐸
1,𝑝(.)

= ‖𝑓‖1,𝜗1,𝐸 + ‖𝑓‖𝑝(.),𝜗2,𝐸 

                           ≤ 𝐶1‖𝑓‖1,𝜗3,𝐸 + 𝐶2‖𝑓‖𝑝(.),𝜗4,𝐸 

≤ 𝐶‖𝑓‖
𝜗3,𝜗4,𝐸
1,𝑝(.)

, 

where 𝐶 = 𝑚𝑎𝑘𝑠{𝐶1, 𝐶2}. 

Corollary 11. If 𝜗1~𝜗3 and 𝜗2~𝜗4, then the embedding 

𝐴𝜗1,𝜗2

1,𝑝(.) (ℝ𝑛, 𝐸) = 𝐴𝜗3,𝜗4

1,𝑝(.) (ℝ𝑛 , 𝐸) holds. 

Definition 12. Let 𝑝1(. ) and 𝑝2(. ) be exponents on ℝ𝑛. We 

say that 𝑝2(. ) is non-weaker than 𝑝1(. ) if and only if 

Φ𝑝1
(𝑥, 𝑡) = 𝑡𝑝1(𝑥) is non-weaker than Φ𝑝2

(𝑥, 𝑡) = 𝑡𝑝2(𝑥) in 

the sense of Musielak [12], i.e. there exist constants 𝐾1, 𝐾2 >
0 and ℎ ∈ 𝐿1(ℝ𝑛), ℎ ≥ 0, such that for a.e. 𝑥 ∈ ℝ𝑛 and all 

𝑡 ≥ 0 

Φ𝑝1
(𝑥, 𝑡) ≤ 𝐾1Φ𝑝2

(𝑥, 𝐾2𝑡) + ℎ(𝑥). 

We write 𝑝1 ≼ 𝑝2 [6]. 

Proposition 13. If 𝑝1 ≼ 𝑝2 and 𝜗1 ≺ 𝜗2, then 

𝐿𝜗2

𝑝2(.) (ℝ𝑛, 𝐸) ↪ 𝐿𝜗1

𝑝1(.) (ℝ𝑛, 𝐸). 

Proof. Since 𝑝1 ≼ 𝑝2, then 𝐿𝜗2

𝑝2(.) (ℝ𝑛, 𝐸) ↪ 𝐿𝜗2

𝑝1(.) (ℝ𝑛, 𝐸) by 

Theorem 8.5 of [12]. Also by using Proposition 2.6 in [2], we 

have 𝐿𝜗2

𝑝1(.) (ℝ𝑛, 𝐸) ↪ 𝐿𝜗1

𝑝1(.) (ℝ𝑛, 𝐸). 

Corollary 14. If 𝜗1 ≺ 𝜗3, 𝜗2 ≺ 𝜗4 and 𝑝1 ≼ 𝑝2, then the 

embedding 𝐴𝜗3,𝜗4

1,𝑝2(.)(ℝ𝑛, 𝐸) ↪ 𝐴𝜗1,𝜗2

1,𝑝1(.)(ℝ𝑛, 𝐸) holds. 

Theorem 15. Let 𝑝1(. ) and 𝑝2(. ) be variable exponents 

satisfying 1 < 𝑝1
− ≤ 𝑝1(. ) ≤ 𝑝2(. ) ≤ 𝑝2

+ < ∞ and 

‖
𝜗1

𝜗2
‖

𝑝2(.)

𝑝2(.)−𝑝1(.)
,𝜗2

< ∞. Then the embedding 𝐿𝜗2

𝑝2(.) (ℝ𝑛 , 𝐸) ↪

𝐿𝜗1

𝑝1(.) (ℝ𝑛, 𝐸) holds. 
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Proof. Suppose that 𝑓 ∈ 𝐿𝜗2

𝑝2(.) (ℝ𝑛 , 𝐸). It is known that 

𝐿𝜗2

𝑝2(.) (ℝ𝑛, 𝐸) ↪ 𝐿𝜗1

𝑝1(.) (ℝ𝑛, 𝐸) with ‖
𝜗1

𝜗2
‖

𝑝2(.)

𝑝2(.)−𝑝1(.)
,𝜗2

< ∞ 

(Theorem 5.1, [9]). This completes the proof. 

Theorem 16. Let 𝑝1(. ) and 𝑝2(. ) be variable exponents on 

ℝ𝑛. If the inclusion 𝐴𝜗3,𝜗4

1,𝑝2(.)(ℝ𝑛, 𝐸) ⊂ 𝐴𝜗1,𝜗2

1,𝑝1(.)(ℝ𝑛 , 𝐸) holds 

for the weights 𝜗1, 𝜗2, 𝜗3 and 𝜗4 if and only if the embedding 

𝐴𝜗3,𝜗4

1,𝑝2(.)(ℝ𝑛, 𝐸) ↪ 𝐴𝜗1,𝜗2

1,𝑝1(.)(ℝ𝑛 , 𝐸) is satisfied. 

 

 

 

Proof. The sufficient condition of the theorem is clear by the 

definition of continuous embedding. Now, assume that the 

inclusion 𝐴𝜗3,𝜗4

1,𝑝2(.)(ℝ𝑛, 𝐸) ⊂ 𝐴𝜗1,𝜗2

1,𝑝1(.)(ℝ𝑛 , 𝐸) is valid. Moreover, 

we define the sum norm ‖|𝑓|‖ = ‖𝑓‖
𝜗1,𝜗2,𝐸
1,𝑝1(.)

+ ‖𝑓‖
𝜗3,𝜗4,𝐸
1,𝑝2(.)

. It 

is easy to see that (𝐴𝜗3,𝜗4

1,𝑝2(.)(ℝ𝑛, 𝐸), ‖|. |‖) is a Banach space. 

If we define the unit function 𝐼 from (𝐴𝜗3,𝜗4

1,𝑝2(.)(ℝ𝑛 , 𝐸), ‖|. |‖) 

to (𝐴𝜗3,𝜗4

1,𝑝2(.)(ℝ𝑛, 𝐸), ‖. ‖
𝜗3,𝜗4,𝐸
1,𝑝2(.)

), then the function 𝐼 is 

continuous. Because we can obtain the inequality 

‖𝐼(𝑓)‖
𝜗3,𝜗4,𝐸
1,𝑝2(.)

= ‖𝑓‖
𝜗3,𝜗4,𝐸
1,𝑝2(.)

≤ ‖|𝑓|‖. By Banach's theorem 𝐼 

is a homeomorphism, see [3]. So the norms ‖|. |‖ and 

‖. ‖
𝜗3,𝜗4,𝐸
1,𝑝2(.)

 are equivalent. Thus, for every 𝑓 ∈ 𝐴𝜗3,𝜗4

1,𝑝2(.)(ℝ𝑛 , 𝐸) 

there exists a 𝑘 > 0 such that  

‖|𝑓|‖ ≤ 𝑘‖𝑓‖
𝜗3,𝜗4,𝐸
1,𝑝2(.)

. 

By the definition of the norm ‖|. |‖ we have 

‖𝑓‖
𝜗1,𝜗2,𝐸
1,𝑝1(.)

≤ ‖|𝑓|‖ ≤ 𝑘‖𝑓‖
𝜗3,𝜗4,𝐸
1,𝑝2(.)

. 

Let 1 < 𝑠 < ∞. Consider the mapping Φ from 𝐴𝜗1,𝜗2

𝑠,𝑝(.) (ℝ𝑛 , 𝐸) 

into 𝐿𝜗1

𝑠 (ℝ𝑛 , 𝐸) × 𝐿𝜗2

𝑝(.)(ℝ𝑛, 𝐸) defined by Φ(f) = (𝑓, 𝑓). 

This is a linear isometry of 𝐴𝜗1,𝜗2

𝑠,𝑝(.) (ℝ𝑛, 𝐸) into 𝐿𝜗1

𝑠 (ℝ𝑛 , 𝐸) ×

𝐿𝜗2

𝑝(.)(ℝ𝑛 , 𝐸) with the norm 

‖|(𝑓, 𝑓)|‖ = ‖𝑓‖𝑠,𝜗1,𝐸 + ‖𝑓‖𝑝(.),𝜗2,𝐸 

for 𝑓 ∈ 𝐴𝜗1,𝜗2

𝑠,𝑝(.) (ℝ𝑛 , 𝐸). Hence it is easy to see that 

𝐴𝜗1,𝜗2

𝑠,𝑝(.) (ℝ𝑛, 𝐸) is a closed subspace of the Banach space 

𝐿𝜗1

𝑠 (ℝ𝑛 , 𝐸) × 𝐿𝜗2

𝑝(.)(ℝ𝑛 , 𝐸). Let  

𝐻 = {(𝑓, 𝑓): 𝑓 ∈ 𝐴𝜗1,𝜗2

𝑠,𝑝(.) (ℝ𝑛 , 𝐸)} 

and 

𝐾 =

{
(𝜑, Ψ): (𝜑, Ψ) ∈ 𝐿𝜗1

∗
𝑡 (ℝ𝑛 , 𝐸∗) × 𝐿

𝜗2
∗

𝑞(.)(ℝ𝑛 , 𝐸∗),

∫ 𝑓(𝑥)𝜑(𝑥)𝑑𝑥
ℝ𝑛 + ∫ 𝑓(𝑦)Ψ(𝑦)𝑑𝑦 = 0,

ℝ𝑛  𝑓𝑜𝑟 𝑎𝑙𝑙 (𝑓, 𝑓) ∈ 𝐻
}

where, 
1

s
+

1

t
= 1 and 

1

p(.)
+

1

q(.)
= 1. 

The following Proposition is easily proved by Duality 

Theorem 1.7 in [11]. 

Proposition 17. The dual space (𝐴𝜗1,𝜗2

𝑠,𝑝(.) (ℝ𝑛 , 𝐸))
∗

 of 

𝐴𝜗1,𝜗2

𝑠,𝑝(.) (ℝ𝑛, 𝐸) is isomorphic to 𝐿𝜗1
∗

𝑡 (ℝ𝑛 , 𝐸∗) × 𝐿
𝜗2

∗
𝑞(.)(ℝ𝑛 , 𝐸∗). 

REFERENCES 

[1] I. Aydın, Weighted variable Sobolev spaces and capacity, J Funct 

Space Appl, Volume 2012, Article ID 132690, 17 pages, 

doi:10.1155/2012/132690. 

[2] I. Aydın, On variable exponent amalgam spaces, Analele Stiint Univ, 

Vol.20(3), 5-20, 2012. 

[3] H. Cartan, Differential calculus, Hermann, Paris-France, 1971. 

[4] C. Cheng and J. Xu, Geometric properties of Banach space valued 

Bochner-Lebesgue spaces with variable exponent, J Math Inequal, 

Vol.7(3), 461-475, 2013. 

[5] D. Cruz-Uribe and A. Fiorenza, Variable Lebesgue Spaces: 

Foundations and Harmonic Analysis (Applied and Numerical 

Harmonic Analysis), Birkhäuser/Springer, Heidelberg, 2013. 

[6] L. Diening, Maximal function on generalized Lebesgue spaces Lp(.), 

Math. Inequal. Appl. 7, no.2, 245-253, 2004. 

[7] L. Diening, P. Harjulehto, P. Hästö, and M. Ruzicka, Lebesgue and 

Sobolev spaces with variable exponents, Lecture Notes in 

Mathematics, vol. 2017, Springer, Heidelberg, 2011. 

[8] J. Diestel and J.J. UHL, Vector measures, Amer Math Soc, 1977. 

[9] E. Edmunds, A. Fiorenza and A. Meskhi, On a measure of non-

compactness for some classical operators, Acta Math. Sin. 22, no.6, 

1847-1862, 2006. 

[10] O. Kovacik and J. Rakosnik, On spaces Lp(x) and Wk,p(x), Czech Math 

J. 41(116), 592-618, 1991. 

[11] T. S. Liu and A. Van Rooij, Sums and intersections of normed linear 

spaces, Math. Nach. 42, 29-42, 1969. 

[12] J. Musielak, Orlicz spaces and modular spaces, Springer-Verlag, 

Lecture Notes in Math., 1983. 

[13] R. Spector, Sur la structure locale des groupes abéliens localement 

compacts, Bull. Soc. Math. France Suppl. Mém. 24, 94. MR 44#729. 

Zbl 215.18603, 1970. 



 

SETSCI Conference 

Proceedings 
4 (6), 19-22, 2019 

4th International Symposium on Innovative 

Approaches in Engineering and Natural Sciences 
 

November 22-24, 2019, Samsun, Turkey  

 

https://doi.org/10.36287/setsci.4.6.012 
2618-6446/ © 2019 The Authors. Published by SETSCI 

                      

19 

 

High Technology Export Of Countries 

Comparison With Data Envelopment Analysis 

Feyza Gürbüz 1*, Merva Dinc 2+  

1 Industrial Engineering Department, Erciyes University, Kayseri, Turkey 
*Corresponding author: feyza@erciyes.edu.tr 

+Speaker: mervaozdemir07@gmail.com  

Presentation/Paper Type: Oral / Full Paper 

 

 

Abstract – As an example of data envelopment analysis; this study focuses on the comparison of high technology exports of 

countries with data envelopment analysis. High-tech exports (HTEX) are the outputs of multiple inputs for the countries under 

consideration. Since a small number of inputs and a large number of outputs were used in the study, data envelopment analysis 

was considered appropriate. According to data envelopment analysis, it was aimed to compare the relative efficacy of the 

variables. CCR and BCC models will be used in this study. For this reason, HTEX data envelopment analysis was solved with 

the help of Excel-Solver plugin and the results were evaluated. 
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I. INTRODUCTION 

Systems have their own specific objectives. These 

objectives can be listed as; high efficiency, efficiency, profit 

maximization, cost minimization, customer satisfaction, 

growth and respectability. To measure whether the system 

has achieved its goals, it is necessary to calculate 

performance measures. One of the methods used to measure 

system performance is efficiency analysis. Three methods are 

used in the measurement of efficiency analysis [1]. 

These are ratio analysis, parametric methods and non-

parametric methods. 

Although each method has both positive and negative 

aspects, ratio analysis is a commonly used type of analysis. It 

is based on monitoring the result of the ratio of a single input 

and a single output over time. In this analysis, the scale is the 

ratio scale. The starting point is zero on the ratio scale, and 

the points on the scale move in multiples of each other. 

Therefore, all mathematical methods can be easily applied to 

the data measured using this scale. 

In parametric methods, there is an observation set and the 

best performance within the set is assumed to be above the 

efficiency limit. According to this assumption, observations 

deviating from the activity limit line are called active. 

Observations that do not show success are called ineffective. 

The most preferred parametric efficiency measurement 

method is regression analysis. Regression analysis helps to 

examine the causal structure of the relationships between 

dependent and independent variables.  

Nonparametric methods are used in the analysis where 

there are multiple output and multiple input variables and 

these variables are measured with different measurement 

units. 

The distances of the systems to the production limits can be 

measured by non-parametric methods. Commonly used 

methods are free-throw envelope method and data 

envelopment analysis (DEA). In the free-throw envelope  

 

method, which is a special case of data envelopment analysis, 

DEA model does not accept the points on the lines joining 

the corners on the active boundary. The model cluster takes 

the DEA corners and points within the area covered by the 

corners [2]. 

 

II. DATA ENVELOPMENT ANALYSIS 

It was first developed by Cooper, Charnes and Rhodes to 

measure the relative effectiveness of systems that produce 

similar products or services. It is called decision-making unit 

(DMU). This method has multiple input and output variables 

in different units of measurement. In addition, these variables 

are a linear programming-based approach to measure the 

relative total factor effectiveness of decision-making units 

when they cannot be reduced to a common criterion. A DMU 

is determined as best and the other DMUs are compared to 

the best DMUs. Effectivity is measured according to the best 

defined limit. According to the method, the best named 

DMUs above the activity limit are considered to be relatively 

effective and are referred to as reference sets. Other DMUs 

that cannot exceed the activity limit are relatively inactive. 

DEA at this point sheds light on the decision makers about 

the improvements that need to be made for relatively inactive 

units. DEA methods are given below: 

• Multiple input and output variables can be used. 

• It does not require a functional relationship between 

inputs and outputs other than linear form. 

• Multiple different units of measurement can be used 

simultaneously for input and output variables. For example, 

weight, quantity, monetary or proportional size and so on. 

• Since it is a deterministic method, it does not include 

random error and therefore data-centered errors are not 

selected. 

https://doi.org/10.36287/setsci.4.6.012
mailto:mervaozdemir07@gmail.com
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• In DEA, because we calculate events based on the 

extremes they interact with these extremes. Therefore, it is 

more accurate to evaluate the calculated results within the 

scope of relativity rather than absolute. 

• DEA is a non-parametric method, so it is difficult to 

evaluate the results statistically. 

• DEA is a static method, so it analyzes data with a single 

point of time. 

• In DEA, the number of input and output variables should 

be low and they should be able to give the production stages 

of the DMUs completely. The opposite makes it difficult to 

distinguish between relatively effective and inactive DMUs. 

• DEA often requires a small number of inputs and a large 

number of output variables [3]. 

 

Literature Review on Data Envelopment Analysis  

Kılıç et al. For G-8 countries, panel data analysis was 

applied to the data obtained between 1996 and 2011. Its aim 

is to find the relationship between R & D (ARGE) 

expenditures and high technology exports. According to the 

results of the research, it is determined that R & D 

expenditures are a two-way causality on high technology 

exports [4].  

Yücel has recreated the portfolio with real data and found 

that it is necessary to work with low risk in order to make the 

portfolio effective. The fact that 100% portfolio efficiency 

does not make the portfolio good and reliable does not 

directly affect the portfolio. The event is complementary to 

the portfolio [5]. 

Avsar, were investigated between 2016 and 2006, high-

tech application performance conducted between the BRIC 

countries and Turkey. As a result, local innovative capacity 

has been found to have a high impact [6]. 

Taşköprü has found the energy efficiency of 28 states, 

which is a member of the European Union and Turkey is a 

candidate country, with the classic data envelopment analysis 

and categorical data envelopment analysis [7]. 

 

Data Envelopment Analysis Models 

Three methods are used in data envelopment analysis. 

• CCR (Charnes-Cooper-Rhodes) Method 

• BCC (Banker-Charnes-Cooper) Method 

• Additive Methods 

In all of these methods, fractional programming-linear 

programming transformation can be used provided that input 

or output centeredness is considered [3]. 

 

CCR Method 

This method is based on the constant return hypothesis on 

the scale. If the efficiency of the decision unit of j is jh
, the 

objective should be the maximization of this value. In this 

case, the objective function can be expressed as in formula 

(2.1) under the assumption of input focus. 


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Constraints can be shown as in formula (2.2). 
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The formulas given in Figure (2.1) and (2.2) are formulated 

according to fractional programming. The solution of these 

formulas is more difficult than linear programming. 

Therefore (2.1) and (2.2) formulas expressed in linear 

programming logic (2.3) and (2.4) formulas can be obtained. 
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(2.3) and (2.4) formulas are given for input-oriented state. 

If the CCR method is to be used for output focusing, then the 

linear programming model will be as in (2.5) and (2.6) 

formulas. 
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Whether a decision maker wants to decide the effectiveness 

of decision points through the CCR method, both input and 

output oriented, the model described above should be applied 

to all decision points. 

When the established model is solved for each decision 

point, total effectiveness criteria will be obtained for each 

decision point. The fact that these criteria are equal to 1 

indicates the effectiveness of the decision points and the fact 

that they are less than 1 indicates that the decision points are 

not effective [3]. 

 

BCC Method 

This model developed by Banker-Charnes-Cooper, was 

obtained by changing the assumptions of the CCR model. 

Basically, it is based on the assumption of variable returns to 

scale. The assumption is that the sum of λ values to be 

obtained from the results of the linear programming to be 

solved for each decision unit is 1 [3]. The BBC's limit is 

below the CCR limit. The BBC activity score is therefore 

greater than or equal to the CCR activity score. 

The method of BCC is given in (2.7) formula. 

The objective function, 
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kMin  

Constraints, 
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Additive Method 

CCR and BCC models evaluate inputs and outputs 

separately. The additive method evaluates the input and 

output together. The main purpose of the additive method is 

to handle the input surplus (s^+) and the output minus (s^-) 

together and try to reach the maximum distance remaining on 

the activity limit [3]. 

III. DATA ENVELOPMENT ANALYSIS AND 

APPLICATION 

The aim of this application is to compare the high tech 

exports of the countries with data envelopment analysis. A 

model based on CCR method is discussed. The relative 

effectiveness of the decision points that present one or more 

outputs will be evaluated using similar inputs. The 

application is the problem where the efficiency of each 

decision variable is maximum. The constraints are that the 

effectiveness of any decision-making unit should not be 

greater than 1.  

Data envelopment analysis was performed using 69 

decision units, one output and nine inputs. In order to 

implement DEA, decision variables were selected, inputs and 

outputs were determined, input and output values were 

normalized, data envelopment analysis was performed with 

Excel-Solver plugin and the results obtained were evaluated. 

The decision-making units used in this study are countries. 

The research was conducted with 69 countries considering 

2016 data. 

Accurate determination of inputs and outputs is very 

important in data envelopment analysis. The input variables 

used in the application are selected according to the purpose 

of the application. The inputs and outputs of the application 

are shown in Table 1. 

Table 1. Outputs and Inputs 

 Output Unit 

1 High-tech exports [9] US $ 

 Input  

1 Internet users [10] % of population 

2 Quality of mathematics and 

science [11] 

Global competiton index 

3 R & D expenditures of 

companies [12] 

Global competiton index 

4 Available scientist and 

engineers [13] 

Global competiton index 

5 Patents granted [14] Patent applications, 

residents 

6  Foreign direct investment % of gdp 

[15] 

7 Gross domestic product [16] US $ 

8 Inflation consumer price [17] Annual % 

9 Domestic loans to the private 

sector 

 

 

The data used in the application were normalized. The 

purpose of normalizing is that the data are very large and 

different from each other. Data were normalized to keep the 

values in the range of (0.1). Normalized data are given in 

Table 2. 
 

Table 2. Outputs and Inputs Normalized 

 

IV. DISCUSSION 

Stages of the Application in Excel-Solver Solution 

Table 3.3 data is placed in the excel table. 

At the stage of creating the model, we use the Vlookup 

formula instead of installing each model separately, since we 

will evaluate each country separately. 

First, we will do input and output calculations based on 

weights. For the output calculation, each output value is 

multiplied by the output weight coefficient. The same 

procedure is used for the input account. Output - 

Input ’operation was performed for difference calculation. 

When we come to the mathematical expression part of the 

model, we make use of Vlookup formula to make the input 

and output values for each country from our excel table and 

then to solve the model with a single operation. We have 

created a new table of countries, output and input cells. 

The part of ‘arrange target’ shows the output cell. Since our 

model is maximization, the target was chosen as the largest.  

ÜLKELER Yüksek Teknoloji İhracatıİnternet Kullanan KişilerMatematik ve Bilimin KalitesiŞirketlerin Arge HarcamalarıMevcut Bilim Adamı ve MühendislerVerilen Patentler Doğrudan Yabancı YatırımGayri Safi Yurtiçi HasılaEnflasyon Tüketici FiyatıÖzel Sektöre Yurtiçi Krediler

Arnavutluk 0,100012491 0,627336132 0,572727273 0,242408377 0,203225806 0,100013278 0,299175403 0,100228278 0,240632504 0,180589353

Arjantin 0,102097141 0,659731875 0,287559809 0,267539267 0,36953405 0,100586234 0,185890907 0,123157247 0,176686987 0,103087854

Ermenistan 0,100033003 0,590012366 0,563157895 0,267539267 0,530107527 0,100082325 0,220268952 0,10017278 0,113319133 0,233011274

Avustralya 0,107373125 0,814450994 0,622488038 0,569109948 0,753763441 0,101738784 0,224136658 0,151480076 0,24034299 0,584747431

Belçika 0,161397577 0,799720103 0,829186603 0,705235602 0,682078853 0,100699099 0,282554261 0,119826246 0,275000555 0,291562661

Bulgaristan 0,101911706 0,571412668 0,43492823 0,368062827 0,438351254 0,100152036 0,207267575 0,102006092 0,136881861 0,247993506

Bahreyn 0,100033327 0,897946798 0,591866029 0,351308901 0,570250896 0,10000332 0,189571475 0,101101209 0,316188836 0,33371865

Bosna Hersek 0,100149698 0,652719873 0,381339713 0,198429319 0,237634409 0,100039171 0,199294683 0,100445119 0,114304441 0,249531876

Brezilya 0,115765345 0,570191192 0,174641148 0,309424084 0,300716846 0,103451676 0,235521179 0,176899458 0,612336332 0,283206523

Botsvana 0,100042723 0,396381358 0,398564593 0,282198953 0,317921147 0,1 0,178878518 0,100388007 0,36458093 0,169219504

İsviçre 0,188524966 0,824432437 0,806220096 0,9 0,770967742 0,100969975 0,142971305 0,128458598 0,155021233 0,705531473

Şili 0,100999314 0,624312858 0,297129187 0,231937173 0,676344086 0,100255606 0,243415701 0,110333123 0,365446158 0,469700721

Çin 0,9 0,514739464 0,544019139 0,562827225 0,656272401 0,9 0,198122997 0,580938435 0,276383861 0,636214226

Kolombiya 0,101191887 0,556964941 0,287559809 0,248691099 0,429749104 0,100361168 0,242233194 0,111855726 0,55142026 0,226885381

Kosta Rika 0,101517746 0,624472923 0,51722488 0,359685864 0,670609319 0,100005311 0,245547685 0,102186462 0,176478303 0,273880966

Kıbrıs 0,100048022 0,708912416 0,471291866 0,231937173 0,527240143 0,100001328 0,349917418 0,100579902 0,105445263 0,9

Çek Cumhuriyeti 0,132722785 0,71388078 0,522966507 0,489528796 0,389605735 0,100525154 0,221969614 0,108110627 0,208557726 0,242561446

Almanya 0,405875374 0,826498443 0,676076555 0,795287958 0,756630824 0,132185762 0,197936493 0,249157126 0,2007815 0,339349704

Danimarka 0,115003306 0,889117668 0,679904306 0,669633508 0,613261649 0,101029727 0,205589099 0,112905773 0,189149097 0,687743352

Cezayir 0,100006577 0,427025379 0,343062201 0,217277487 0,403942652 0,100069711 0,191599344 0,106552731 0,495603036 0,136881734

Ekvador 0,10016654 0,522120697 0,388995215 0,22565445 0,283512545 0,100029212 0,188105909 0,103955873 0,262647139 0,159794001

Mısır, Arap Cumhuriyeti0,100082921 0,395105271 0,166985646 0,129319372 0,547311828 0,100608807 0,21019369 0,114018309 0,865325118 0,178457383

İspanya 0,122904244 0,74878116 0,440669856 0,355497382 0,644802867 0,101821773 0,212306063 0,152882534 0,166584118 0,466768213

Estonya 0,101577651 0,805885913 0,702870813 0,44973822 0,550179211 0,10001859 0,219999677 0,10072131 0,184119837 0,319589742

Fransa 0,267480093 0,792070494 0,69138756 0,719895288 0,667741935 0,109430862 0,196975668 0,20565744 0,185825944 0,415467896

Birleşik Krallık 0,210126169 0,870368004 0,566985646 0,667539267 0,716487455 0,109211771 0,32427094 0,213496968 0,208670402 0,552919504

Gürcistan 0,10003085 0,487381506 0,341148325 0,190052356 0,269175627 0,100063072 0,324042237 0,100336309 0,283109768 0,281932248

Yunanistan 0,101917379 0,650640543 0,503827751 0,27591623 0,816845878 0,100401666 0,198988928 0,107998294 0,135529248 0,457216971

Hong Kong SAR, Çin 0,100679186 0,806424894 0,735406699 0,481151832 0,561648746 0,100154027 0,660428136 0,113507795 0,2956097 0,812052336

Hırvatistan 0,101701688 0,681514328 0,566985646 0,30104712 0,381003584 0,100115521 0,22658753 0,101897684 0,121853707 0,279760575

Macaristan 0,120069911 0,737644777 0,413875598 0,259162304 0,401075269 0,100408306 0,9 0,105124754 0,196663361 0,17836005

Hindistan 0,121508103 0,312419273 0,553588517 0,543979058 0,624731183 0,108762303 0,203952443 0,196992178 0,423010408 0,236817417

İrlanda 0,154480055 0,762538712 0,66076555 0,636125654 0,796774194 0,100133446 0,521321969 0,112816369 0,176686987 0,228137395

İzlanda 0,10021819 0,9 0,632057416 0,590052356 0,759498208 0,100022573 0,1 0,10057992 0,261165182 0,377057564

İsrail 0,116577548 0,742087503 0,576555024 0,82460733 0,834050179 0,100862421 0,227511397 0,113371781 0,149522765 0,295863156

İtalya 0,145007208 0,5842322 0,549760766 0,44973822 0,656272401 0,105873624 0,191041074 0,179594778 0,170538911 0,371072655

Jamaika 0,100002351 0,444598806 0,392822967 0,315706806 0,352329749 0,10001195 0,265262631 0,100322512 0,293801903 0,17067102

Ürdün 0,100135823 0,592597242 0,511483254 0,361780105 0,791039427 0,100013942 0,230619578 0,101379464 0,13743063 0,331449153

Japonya 0,249808358 0,84662453 0,674162679 0,803664921 0,894265233 0,272778303 0,187330274 0,311993886 0,170871336 0,738609849

Kazakistan 0,103317668 0,7166077 0,457894737 0,340837696 0,47562724 0,1006586 0,341461362 0,105617255 0,9 0,175517081

Kırgız Cumhuriyeti 0,100100433 0,354784548 0,256937799 0,152356021 0,249103943 0,100055105 0,272100246 0,1 0,197707049 0,128512163

Kore 0,29090728 0,852753672 0,574641148 0,571204188 0,584587814 0,208498398 0,188131611 0,160358795 0,225039971 0,58627787

Sri Lanka 0,100096056 0,333836465 0,591866029 0,422513089 0,653405018 0,100185231 0,192589284 0,103212843 0,375477402 0,222610918

Litvanya 0,10291685 0,695878959 0,601435407 0,441361257 0,481362007 0,100062408 0,207755533 0,101554957 0,221825821 0,211400275

Lüksemburg 0,101247282 0,893618174 0,54784689 0,717801047 0,501433692 0,100094275 0,783562366 0,102237845 0,191599978 0,433330178

Letonya 0,101401024 0,743033376 0,522966507 0,317801047 0,335125448 0,100062408 0,18966471 0,100903276 0,183373565 0,303536646

Fas 0,100952999 0,558117496 0,446411483 0,263350785 0,461290323 0,100156683 0,207570589 0,104170391 0,258204692 0,289315195

Moldova 0,100021135 0,666996007 0,446411483 0,1 0,137275986 0,100059752 0,195807614 0,100008518 0,494924311 0,165041636

Madagaskar 0,100005858 0,1 0,413875598 0,292670157 0,378136201 0,10000332 0,249480714 0,10014824 0,508418459 0,1

Meksika 0,175497223 0,568973983 0,233971292 0,307329843 0,501433692 0,10086906 0,220835115 0,144704079 0,317344708 0,181660713

Malta 0,10093177 0,720793856 0,639712919 0,401570681 0,458422939 0,100001328 0,471073556 0,100191117 0,20545226 0,374592028

Mauritius 0,1 0,514963385 0,563157895 0,353403141 0,392473118 0,100000664 0,215951179 0,100241365 0,227725033 0,410833791

Malezya 0,189656142 0,733615184 0,674162679 0,728272251 0,839784946 0,100735614 0,238245173 0,11246045 0,282747492 0,513708641

Norveç 0,106311596 0,891943981 0,611004785 0,661256545 0,805376344 0,100813955 0,11946334 0,115663397 0,353648939 0,591749195

Pakistan 0,100488955 0,192388034 0,350717703 0,32617801 0,461290323 0,100134774 0,189005024 0,111703221 0,363748025 0,11257509

Peru 0,100264609 0,448548415 0,155502392 0,194240838 0,280645161 0,100047138 0,225192672 0,107977519 0,355928121 0,186156871

Filipinler 0,142159088 0,534413063 0,417703349 0,397382199 0,412544803 0,100216435 0,212587311 0,112820081 0,264758431 0,217920919

Polonya 0,121480618 0,686675602 0,51722488 0,334554974 0,53297491 0,102828263 0,224989659 0,119972716 0,146295582 0,254693669

Portekiz 0,103629943 0,662065358 0,553588517 0,407853403 0,636200717 0,100480008 0,237457236 0,10852019 0,206964782 0,46934604

Romanya 0,106930512 0,568661817 0,582296651 0,223560209 0,484229391 0,100666567 0,215854117 0,107779203 0,1 0,156269134

Rusya Federasyonu 0,11070776 0,713263917 0,540191388 0,328272251 0,498566308 0,117788843 0,211513476 0,154855169 0,528106818 0,25049275

Ruanda 0,100006778 0,230755335 0,524880383 0,328272251 0,455555556 0,100000664 0,218150106 0,100078409 0,462092154 0,129989278

Singapur 0,30374256 0,752533403 0,9 0,690575916 0,819713262 0,101062258 0,452191363 0,112479346 0,151637522 0,547349994

El Salvador 0,100307587 0,307713948 0,1784689 0,208900524 0,1 0,100001992 0,201989152 0,100869965 0,206792386 0,221119545

Slovak Cumhuriyeti 0,111048913 0,748050389 0,427272727 0,328272251 0,349462366 0,100145397 0,230247263 0,103575793 0,150765292 0,263804573

İsveç 0,124161615 0,842406068 0,542105263 0,789005236 0,713620072 0,101348404 0,217387199 0,121824504 0,225751271 0,532042015

Türkiye 0,103519447 0,558771836 0,310526316 0,317801047 0,535842294 0,104135504 0,19682683 0,136831623 0,564265272 0,31181312

Amerika Birleşik Devletleri0,347071268 0,711276471 0,580382775 0,828795812 0,9 0,296070308 0,212019506 0,9 0,239574938 0,768656634

Güney Afrika 0,10307314 0,521582455 0,1 0,508376963 0,289247312 0,101847002 0,188058008 0,112414055 0,49204135 0,590319749
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Mathematical model: 

Maximization 

Objective function: xç 

Constraints 

(xç-(∑ x9
i=1 i)) * ∑ wi10

i=1  <= 0 

∑ xi9
i=1  = 1 

xç, xi, wi > 0 

 

Notations: 

xç =  Output variable, 

xi =  Input variable, 

wi = Weights of output and input variable. 

 

Since our application is a linear model, simple LP is selected 

from the options. 

We write the value we find in the table of countries and 

effectivity levels by finding the percentage. We repeat this 

process for all countries. Effectivity levels of the countries 

are given in Table 3. 

Table 3. Effectivity Levels of Countries 

Countries Effectivity 

level 
Countries Effectivity 

level 
Albania 65% Israel 51% 

Argentina 75% Italy 57% 

Armenia 57% Jamaica 58% 

Australia 38% Jordan 49% 

Belgium 69% Japan 59% 

Bulgaria 51% Kazakhistan 57% 

Bahrain 50% Kyrgyz Republic 74% 

Bosnia and 
Herzegovina 

66% Korea 100% 

Brazil 75% Sri lanka 53% 

Botswana 58% Lithuania 55% 

Switzerland 84% Luxembourg 45% 

Chile 61% Latvia 54% 

China 100% Morocco 58% 

Colombia 59% Moldova 87% 

Costa Rica 50% Madagascar 87% 

Cyprus 61% Mexican 97% 

Czech 
Republic 

65% Malta 47% 

Germany 100% Mauritius 50% 

Denmark 51% Malaysia 81% 

Algeria 63% Norway 53% 

Ecuador 62% Pakistan 69% 

Egypt, Arab 

Republic 

79% Peru 70% 

Spain 57% Philippines 70% 

Estonia 48% Poland 60% 

France 80% Portugal 47% 

United 

Kingdom 

63% Romania 66% 

Georgia 67% Russian Federation 51% 

Greece 57% Rwanda 62% 

Hong Kong 42% Singapore 100% 

Croatia 55% El Salvador 90% 

Hungary 69% Slovak Republic 58% 

India 61% Swedish 52% 

Ireland 75% Turkey 51% 

Iceland 58% America US 72% 

  South Africa 86% 

 

  

 

 

 

 

 

V. CONCLUSION 

Data envelopment analysis was used to compare countries' 

high-tech exports. Our data are from 2016 year. High-tech 

exports were determined as output variables. Input variables 

were the users of the Internet, the quality of mathematics and 

science, R & D spending of companies, existing scientists 

and engineers, patents granted, foreign direct investment, 

gross domestic product, inflation consumer price and 

domestic loans to the private sector. 

Data envelopment analysis methods were applied and 

efficiency levels were calculated. Countries were compared 

according to the activity levels found. According to the 

results, countries such as China, Korea, Germany and 

Singapore have a higher level of high technology exports 

compared to other countries. As a result, we find that these 

countries are effective. These countries, which have increased 

their performance in high-tech exports in recent years and 

have made a big increase in the economy, prove the result. 
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Abstract – In this study, a PID controller with fractional order derivative filter (PIDFF) is designed for automatic voltage 

regulation (AVR) in power systems. In order to ensure maximum transient and steady state performance from the designed 

controller, the controller parameters and fractional order and gain of the derivative filter are tuned by particle swarm optimization 

(PSO) algorithm. The PSO algorithm searches the optimum solution in the specified search space for the controller and filter 

parameters to minimize integral of time-weighted squared error (ITSE) performance metric. The obtained results are compared 

to reported studies in the literature. As a result, superiority of the PIDFF controller in terms of transient and steady state 

characteristics is demonstrated. The robustness test of the designed PIDFF controller is also considered. 

 

Keywords –Fractional calculus, PID controller, Fractional order derivative filter, PSO algorithm, Time domain and 

robustness analyses 

 

I. INTRODUCTION 

It is aimed to provide the user more reliable, stable and fixed 

nominal voltage value with automatic voltage regulation 

(AVR) in power systems. In addition, the actual line losses are 

minimized by keeping the nominal voltage constant at the 

scheduled value. The controller in the AVR system adjusts the 

output voltage of the synchronous generator via the exciter 

voltage. Thus, the problems that may arise with the change of 

voltage amplitude level in the connected power systems and 

the equipment connected to these systems are eliminated. The 

change in the reference voltage level due to the variable 

electrical loads and the high inductance effect of the generator 

windings should be smoothed as quickly as possible [1]. 

Literature survey shows that PID controller is the most 

preferred controller structure for AVR system. The design 

simplicity of PID controller and its strong robustness to 

changes in system parameters are two important 

characteristics to prefer this controller type [2]. Some of the 

studies used PID controller in AVR system are given in [3-8]. 

A more detailed literature survey of AVR systems designed for 

PID controller is also available in [8]. In addition, the control 

methods based on PID controller such as PID plus second 

order derivative controller (PIDD2) [9], fractional order PID 

(FOPID) [10, 11], fuzzy logic tuned PID controller (FPID) [12, 

13], fuzzy tuned FOPID [14] controllers are also frequently 

studied in the AVR system.  

In controller design process, since the controller parameters 

have a direct impact on the system dynamic, these parameters 

should be selected optimally. In recent years, meta-heuristic 

optimization algorithms have been used generally instead of 

classical methods which requires high mathematical 

computations. Some of the algorithms used for the AVR 

system in the design process of PID and PID-based controllers 

are: hybrid genetic algorithm and bacterial foraging (GA-

BBO) structure [4], artificial bee colony algorithm (ABC) [5], 

differential evolution algorithm (DEA) [5], biogeography-

based optimization (BBO) [6], sine-cosine algorithm (SCA) 

[7], kidney-inspired algorithm (KIA) [8], chaotic ant swarm 

algorithm (CAS) [ 9,10] and the PSO algorithm [5, 9, 11, 13, 

15]. 

Determination of the objective function (OF) is also as 

important as performances of the above-mentioned 

optimization algorithms in order to obtain desired dynamic 

system response. Designers are generally considering integral 

of error based and user defined objective functions. The 

integral of the squared error (ISE), integral of the time 

weighted squared error (ITSE), integral of the absolute error 

(IAE) and integral of the time weighted absolute error (ITAE) 

performance metrics are commonly used error-based objective 

functions. On the other hand, user defined objective functions 

generally consists of transient response parameters such as 

maximum overshoot (Mp), rise time (Tr), settling time (Ts), 

peak time (Tt), and etc.  

In PID controller design, the design process is generally 

performed without considering the derivative kick effect 

(DKE). DKE, which plays an important role in the efficient 

operation of the controller, should be taken into consideration 

especially in real-time applications. As a controller input 

signal, a sudden change in the error signal results DKE. The 

instantaneous change of the error causes the derivative value 

of the error to be too large which causes it to reach the upper 

limit of the controller signal. To prevent this situation, a first 

order low pass filter (LPF) is generally used with derivative 

action of the PID controller. 

In most of the PID controller design studies in literature, 

derivative filter consideration can be found easily. However, 

in this study, we propose a PID controller with fractional order 

low pass filter (PIDFF) for derivative action. In literature 

review, it has been observed that performance of a fractional 

mailto:esahin@ktu.edu.tr
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filter is not investigated for the derivative effect of classical 

PID controller in AVR system.  

In this study, a PID controller with fractional order 

derivative filter is designed for AVR system. Improvements in 

dynamic system response of an AVR system is aimed by using 

flexible structure of a fractional order filter.     

PID controller parameters: proportional coefficient (KP), 

integral coefficient (KI), derivative coefficient (KD) and 

fractional filter parameters of derivative action: filter gain 

(NN) and fractional order (λ) are tuned in the bounded search 

space with the optimization algorithm used in the design 

process. In some studies, in the literature, ITSE function has 

been used as an objective function for controller design in 

AVR system. In this study, we also consider ITSE function as 

performance criterion for a fair comparison. The proposed 

controller is compared to PID controllers designed with 

different meta-heuristic algorithms reported in literature in 

terms of transient response characteristics. In addition, 

robustness test of the designed controller is considered. 

In this study, the AVR system model, proposed controller 

scheme, fractional order filter design and basics of the PSO 

algorithm are introduced in Section 2. Section 3 presents the 

simulation results and discussion. Finally, in Section 4, the 

conclusion is stated. 

II. MATERIALS AND METHOD 

Under this title, AVR system model, proposed controller 

structure with fractional order derivative action filter and 

optimization algorithm are introduced. 

A. AVR System Modelling 

The AVR system, which is used to keep the output voltage 

of the synchronous generator at the desired level, consists of 

four basic components: amplifier, exciter, generator and 

sensor. The sensor is used for continuous measurement of the 

output voltage. After the measurement, the error signal is 

obtained by comparing the desired reference value and 

measured output signal. The controller uses error signal as an 

input and generates an appropriate control signal based on 

error. This control signal is amplified by the amplifier and 

applied to the generator windings with the help of exciter. 

Thus, the output voltage of the generator is fixed at the desired 

level. The schematic representation of the AVR system with 

the subcomponents consisting of first order transfer functions 

is shown in Fig. 1. 

 

Controller

Amplifier Exciter Generator

VgKa

1+τas

Ke

1+τes

Kg

1+τgs
+-
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Ks

1+τss

Vref

Vs
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Fig. 1 Schematic representation of the AVR system with controller. 

The gain and time constants of the transfer functions of the 

system components are given in Table 1. In the studies 

reported in the literature, the parameter values given in Table 

1 are mostly taken into consideration. 

 

 

Table 1. Parameters of subsystems of AVR. 

AVR subsystem Gain  Time constant 

Amplifier Ka=10 τa=0.1 

Exciter Ke=1 τe=0.4 

Generator Kg=1 τg=1 

Sensor Ks=1 τs=0.01 

B. Controller Structure 

As mentioned in the introduction part, PID controller is 

preferred in many control applications due to its easy design, 

elimination of disturbance effect and robustness to change of 

system parameters. A conventional PID controller has three 

control parameters that must be optimally adjusted. Each of 

these control parameters have separate effects on the system 

dynamic. In addition, LPF is used together with derivative 

action to remove DKE. The parameters of LPF such as gain 

(NN) may also vary in different type frequency range 

applications. Whereas, the value of NN is considered as 100 in 

many studies. Optimization of the NN value will also increase 

the system dynamics satisfactorily. In this study, a PID 

controller with fractional order derivative filter is proposed. 

So, there are two extra parameters of which are filter gain (NN) 

and fractional order of the LPF (λ) to be optimized in the 

proposed structure. The block diagram representation of the 

aforementioned controller structures is shown in Fig. 2 where 

(a), (b), and (c) represents the conventional PID, PID 

controller with filter (PIDF), and the proposed PID controller 

with fractional filter (PIDFF). The transfer functions of these 

controllers are also given below.  

I
PID P D

U(s) K
G s K K s

E(s) s
  ( ) =  (1) 

I
PIDF P D

U(s) K NN
G s K K s

E(s) s s NN
  


( ) =  (2) 

I
PIDFF P D

U(s) K NN
G s K K s

E(s) s s NN
  


( ) =  (3) 
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+
+

+
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+

+

+

E(s) U(s)
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KI

KD

1/s
+

+

+

E(s) U(s)

(a)

(b)

(c)
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s+NN

NN

sλ +NN

 
Fig. 2 Block diagram representation of (a) classical PID controller, (b) PIDF 

controller, and (c) PIDFF controller. 
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C. Fractional Order Filter Design for Derivative Action 

More accurate system modelling or control can be achieved 

by using the advantage of the flexibility provided by fractional 

order. In literature, there are many approaches used to compute 

fractional order of the derivative and integral actions. 

Grunwald-Letkinov, Riemann-Liouville and Caputo methods 

are frequently reported in most of the studies in literature [16]. 

Since, it is complex to calculate fractional order numerically, 

approximation methods are generally preferred. In this study, 

we also perform Oustaloup approximation method which 

converges to a fractional order transfer function with integer 

transfer functions [17, 18].  This method proposes a band pass 

filter (BPF) design in the desired frequency range to converge 

a fractional order derivative (sλ) or integral (s-λ) operators. 

Designed BPF is an integer transfer function with zeros, poles 

and gain. The parameters of this transfer function are given by 

the following equations.  
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where N, wb and wh represent the approximation order of the 

considered method, lower and upper bounds of the frequency 

operating range, respectively. p

kw  and z

kw  are the poles and 

zeros of the sequence (k). In this study, N and frequency range 

are considered as 5 and (10-3, 103) r/s, respectively.  

D. PSO Algorithm 

The PSO algorithm is an iterative and population-based 

evolutionary algorithm inspired by the social behaviour of 

flocks of birds and fish [19]. The PSO algorithm has been 

successfully applied in many engineering fields such as 

equality optimization, classification, machine learning, 

artificial neural networks, control systems, signal processing 

for many years [20]. In the PSO algorithm, the particles are 

first randomly placed in the search space and the objective 

function is calculated at the current position of each particle. 

The position and objective function value of each particle is 

stored in the memory. Among these values, local best solution 

(pbest) is selected. Then, the global solution (gbest) is obtained 

from (pbest) values.  At each iteration, the new position of the 

particles is updated with the velocity (v) and position (x) 

equations given below. 

 k k k k k k

i i i i i iv w v c r (p x ) c r (g x )     1
1 1 2 2  (8) 

k k k

i i ix x v  1 1
 (9) 

where k is the iteration number, i is the particle number, c1-c2 

are the acceleration constants of which are selected as 2, w is 

the inertia constant of which value changes linearly from 0.9 

to 0.4 based on iteration number. In addition, for this study, 

population size and iteration number are adjusted as 10 and 50, 

respectively. Also, repeating the algorithm more than 

once would be meaningful, and thus optimization algorithm is 

run 10 times. 

It is mentioned in the introduction that ITSE function is 

employed as the performance metric. There is no special 

reason for selecting this function as a performance metric. 

Since, ITSE is preferred in the comparative studies reported in 

literature, we also consider ITSE function for this study. The 

mathematical expression of the considered performance index 

is given in (10) where t, tsim, and e(t) are the time, simulation 

time and error signal, respectively.  

 
simt

2

t 0

ITSE te(t) dt


   (10) 

III. RESULTS AND DISCUSSION 

The aim of the optimization process is to minimize objective 

function ITSE with respect to bounded search space for 

controller and filter parameters. The PSO algorithm is 

employed to solve following constrained optimization 

problem: 
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 (11) 

The schematic representation of the optimization process is 

depicted in Fig. 3. Five parameters of the proposed controller 

are searched by PSO algorithm within the given limits in (11) 

to make the value of the ITSE function minimum. 
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Fig. 3 Schematic presentation of the optimization process. 

Graphs showing the change of objective function for each of 

10 trials in the optimization process are illustrated in Fig. 4. In 

addition, the system responses with the controller parameters 
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obtained from optimization trials on the AVR system are 

shown in Fig. 5. 

 
Fig. 4 The change of the objective function for 10 trials. 

 

 
Fig. 5 AVR system step responses with PIDFF controller parameters 

obtained from 10 trials. 

In Fig. 4, the minimum objective function value is obtained 

as 0.006801 in the 8th trial. The proposed controller 

(PIDFF8.trial) parameters that provide minimum ITSE value are 

tabulated in Table 2.  

Considering the system responses given in Fig. 5, although 

the ITSE value is 0.009461, the lowest over shoot is achieved 

by the second trial. The controller parameters of this trial 

(PIDFF2.trial) are also investigated in comparison and the 

controller parameters are presented in Table 2. 

Table 2. Optimized controller and filter parameters with ITSE values 

Controller, filter 

and minimized 

ITSE values 

Trial number 

2. Trial 8. Trial 

KP 0.7813 1.3837 

KI 0.7374 0.9702 

KD 0.3748 0.6159 

NN 112.1 167.88 

λ 0.1351 0.4900 

ITSE 0.009461 0.006801 

 

The system responses with control parameters obtained in 

the 2nd and 8th trials for AVR system are compared to some 

reported results in the literature. The illustration of this 

comparison is presented in Fig. 6. The maximum over shoot 

(Mp), settling time (Ts), rising time (Tr), peak time (Tt) and 

ITSE values of the transient responses of the examined 

controllers are given in Table 3. 

 

 
Fig. 6 Step responses of the AVR system controlled by proposed controller 

and different PID controllers. 

Table 3. Transient response characteristics of the controllers.  

Controller  

type 
Mp 

Ts 

(%5) 

Tr 

(0.1-0.9) 
Tt ITSE 

PIDFF2. Trial 1.048 0.750 0.191 0.37 0.0094 

PIDFF8. Trial 1.211 0.657 0.120 0.27 0.0068 

BBO-PID [6] 1.160 0.766 0.149 0.31 0.0077 

SCA-PID [7] 1.114 0.724 0.148 0.30 0.0064 

 

It is clear from Fig. 6 and Table 3 that although the minimum 

ITSE value is provided by SCA-PID, PIDFF8.Trial has the best 

values of Tt, Tr and Ts parameters among the considered 

controllers. Furthermore, the minimum over shoot value is 

obtained with PIDFF2.Trial. These results show the superiority 

of the proposed controller structure. On the other hand, we can 

say that ITSE function is insufficient to provide desired 

transient response characteristics. Therefore, a user-defined 

objective function or other error-based objective functions are 

recommended for optimization procedure. 

The results of the robustness test with proposed controllers 

are given in Table 4. The time constants of the transfer 

functions of constituting AVR system are changed by ±50% 

and the ITSE, Ts, and Mp results are observed. As a results of 

this analysis, we can say that both of the controllers 

(PIDFF2.Trial and PIDFF8.Trial) react insignificant changes 

under this scenario. 

IV. CONCLUSION 

In this study, design of a PID controller with fractional order 

derivative filter structure is proposed for the control of the 

AVR system studied frequently in the literature. In controller 

and filter optimization process, PSO algorithm is employed to 

minimize ITSE function of which also considered in compared 
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studies. In conclusion, transient response analysis and 

robustness test show the superiority and applicability of the 

proposed PIDFF structure. Also, considering recently 

introduced meta-heuristic algorithms instead of PSO may 

provide better PIDFF response in terms of transient response 

characteristics.  

Table 4. Results of robustness analysis of the AVR system controlled by PIDFF2.Trial/PIDFF8.Trial 

Parameter 
Rate of 

change 
ITSE Mp Ts (%5) 

Nominal - 0.00946 / 0.00680 1.0480 / 1.2110 0.75 / 0.66 

τa 
+50% 0.01304 / 0.01161 1.1105 / 1.2719 0.86 / 0.79 

-50% 0.00709 / 0.00338 1.0170 / 1.0985 0.65 / 0.49 

τe 
+50% 0.01474 / 0.00867 1.0479 / 1.1766 0.35 / 0.50 

-50% 0.00717 / 0.00563 1.0727 / 1.2712 0.70 / 0.77 

τg 
+50% 0.01828 / 0.00837 1.0437 / 1.1296 0.39 / 0.47 

-50% 0.00690 / 0.00748 1.1653 / 1.3613 0.64 / 0.80 

τs 
+50% 0.01000 / 0.00799 1.0658 / 1.2450 0.76 / 0.66 

-50% 0.00900 / 0.00585 1.0329 / 1.1794 0.73 / 0.65 
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Abstract �± The U-shaped assembly line balancing (UALB) problem has been extensively investigated in the existing academic 
literature. However, only a limited number of studies consider the uncertainty in the assembly lines. In this research, a robust 
formulation is developed for the addressed problem under task time uncertainty by focusing on the heterogeneity inherent of 
workers. The worker resources are not the same in terms of either skills or skill levels. Therefore, it is plausible to investigate 
the manufacturing system from this perspective to provide managerial insights regarding the performance metrics, such as the 
total cost, number of stations. Besides, the uncertainty of processes in a manufacturing system must be considered to improve 
system performance. Since robust optimization is a powerful technique to overcome uncertainty, the robust approach is 
employed in this study. First, the UALB problem is presented and followed by that the robust counterpart of this model is 
provided. The optimal results are obtained for different parameter levels after solving the model. The analysis of the results is 
made through real data provided by a water-meter assembly line. 
 
Keywords �± U-shaped assembly line balancing; Robust optimization; Worker skills, Worker proficiencies, Optimization models 
 

I. INTRODUCTION 

Today’s intricate market environment necessitates focusing 

on assembly line problems from different perspectives. 
Assembly line balancing problem (ALBP) is one of the most 
important problems that give a path to increase the 
manufacturing system performance in terms of several 
factors, such as manufacturing lead-time, overall cost, and 
utilization of resources. While balancing an assembly line, 
the tasks are assigned to stations in such a way that the 
precedence and cycle time constraints are not violated. In this 
study, a U-shaped assembly line balancing problem with 
heterogeneity inherent of workers under uncertain 
environment is addressed. The U-shaped assembly lines pave 
the way for many advantages compared to traditional straight 
assembly lines, such as accepting new product types, 
improving workers’ skill levels, allowing one-piece flow, less 
space requirement, and more flexibility to assign tasks to the 
stations [1]. The U-shaped assembly line balancing problem 
has been investigated in many studies [2], [3], [4], and [5].  
When these studies are examined, it is revealed that most of 
them do not consider the uncertainty caused by the processes. 
However, some studies have employed several methods, such 
as fuzzy optimization, robust optimization, and stochastic 
optimization. Uncertainty issue was examined for both 
straight and U-shaped assembly lines by [6]. While 
uncertainty was handled, both the precedence and phantom 
networks were considered. These networks were introduced 
by [7]. The fuzzy assembly line balancing problem has been 
investigated by [8], [9], [10], and [11]. Besides, the U-shaped 
assembly line balancing problem was investigated by 

employing the stochastic optimization in [12], [13], [14], and 
[15].  

The robust optimization is a powerful technique and 
superior to fuzzy and stochastic optimization in several ways. 
For instance, stochastic optimization is based on scenarios 
preventing to handle all cases. On the other hand, the robust 
optimization covers all cases simultaneously and does not 
require probability distribution information to find a solution 
for the worst-case. The robust optimization has been 
employed for the assembly line balancing problem in [16], 
[17], [18], and [19]. In this study, first, the nominal 
optimization model is formulated. Following by that, a robust 
counterpart of this model is constructed to overcome the 
uncertainty. The employed robust approach is first introduced 
by [18] and modified by [19]. There are important features 
for robust optimization: (i) tractability of the model, and (ii) 
conservatism. The first feature is important to get optimal 
solutions within reasonable computational time. The second 
feature is important to decrease the price of robustness. The 
robust method proposed by [20] is employed to ease the 
tractability of the optimization model and not to have over-
conservative solutions. In this study, each aspect of robust 
optimization is investigated in the context of the addressed 
problem. 

The rest of the paper is organized as follows. The 
optimization model is presented in Section 2. The 
computational results are given in Section 3. Conclusion and 
future research directions are provided in Section 4. 

II. OPTIMIZATION MODELS 
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In the following, the proposed robust optimization model 
for the U-shaped assembly line balancing problem with 
heterogeneity inherent of workers is formulated. The 
proposed model is extended by [3] to include uncertainty.  
Indices 
i: Index for tasks (i���������«��I) 
j: Index for stations (j���������«��J) 
w: Index for workers (w���������«��W) 
Parameters 
n : number of tasks 
ti : standard time for task i  
mmax : number of stations to be opened (mmax�”n) 
C : cycle time   
Wj : tasks for station j 
||Wj|| : number of tasks in Wj 
 L(r,s) : a set for tasks that preceding task s 
pwi : skill level of worker w for task i 
Costj : cost for opening station j 
�=����number of uncertain task time 
Variables 
Ajw: if worker w is assigned to station j, 1; otherwise, 0 
xij : if task i is assigned to station j for original network, 1; 
otherwise, 0  
yij : if task i is assigned to station j for phantom network, 1; 
otherwise, 0  
zj : if station j is opened, 1; otherwise 0 
 
Objective function 
Min                                                      (1) 

                                                           (2) 

                                                        (3) 

                     (4) 

                                              (5) 

                                                      (6) 

                                                      (7) 

                  (8) 

                 (9) 

                                           (10) 

                                                         (11) 

                                                          (12) 

                                                  (13) 

                                                (14) 

                                             (15) 

                                       (16) 

The objective function (1) aims to minimize total cost 
regarding the station utilization. Constraints (2) and (3) imply 
that each task must be assigned to the back or front of the U-
shaped assembly line. Constraints (4), (5), and (6) are 
included in the model to obtain a robust counterpart. In this 

equation, the number of uncertain task time (�=) is directly 
related to the probability of constraint violation (PoV). The 
parameter �= can take the values between 0 and I that equals 
the number of tasks. As the parameter �= increases, PoV value 
decreases. The reason behind this fact is that when the 
considering number of uncertain task time increase, it means 
that the constraints are more protected against the violation.  
Constraints (8) and (9) ensure the precedence constraint for 
both precedence and phantom networks. Constraint (10) 
states that if a task assigned to a station, the station must be 
opened. Constraints (11), (12), and (13) indicate that a station 
is operated by one worker. In other words, multi-manned 
stations are not allowed. Constraints (14) and (15) protect the 
linearity of the proposed model.  Constraint (16) defines 0-1 
binary variables.   

III.  COMPUTATIONAL RESULTS 
In the following, the addressed problem is investigated 

from a scenario-based perspective. Three different scenarios 
�D�U�H�� �F�R�Q�V�L�G�H�U�H�G�� �Z�L�W�K�� �U�H�V�S�H�F�W�� �W�R�� �Z�R�U�N�H�U�V�¶�� �K�H�W�H�U�R�J�H�Q�H�L�W�\�� The 
scenarios are as follows: 

Scenario-1: There is a worker pool in which 33% of total 
workers have high-skill level. 33% of total workers have 
moderate skill level, and 33% of total workers are low skill 
level.  

Scenario-2: There is a worker pool in which 66% of total 
workers have high-skill level. 33% of total workers have low 
skill level. 

Scenario-3: There is a worker pool in which 66% of total 
workers have low-skill level. 33% of total workers have high 
skill level. 

Table 1. The results with respect to scenarios 

UL-0.5 WS-Scenario1 WS-Scenario2 WS-Scenario3 
�= PoV Cost Cost Cost 
0 1,00 400 400 400 
1 1,00 400 400 400 
2 1,00 500 400 500 
3 1,00 600 400 600 
4 1,00 600 500 600 
5 1,00 600 500 600 
6 1,00 700 500 700 
7 1,00 700 600 700 
8 1,00 700 600 700 
9 1,00 700 600 700 

UL-0.25 WS-Scenario1 WS-Scenario2 WS-Scenario3 
�= PoV Cost Cost Cost 
0 1,00 400 400 400 
1 1,00 400 400 400 
2 1,00 400 400 500 
3 1,00 400 400 500 
4 1,00 500 400 600 
5 1,00 600 500 600 
6 1,00 600 500 600 
7 1,00 600 500 700 
8 1,00 700 600 700 
9 1,00 700 600 700 

UL-0.1 WS-Scenario1 WS-Scenario2 WS-Scenario3 
�= PoV Cost Cost Cost 
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0 1,00 400 400 400 
1 1,00 400 400 400 
2 1,00 400 400 500 
3 1,00 400 400 500 
4 1,00 500 400 500 
5 1,00 600 400 600 

6 1,00 600 400 600 

7 1,00 600 400 700 

8 1,00 700 400 700 

9 1,00 700 500 700 
UL: uncertainty level; PoV: probability of constraint violation; WS: worker 
skill; HLS: high-level skill; MLS: moderate-level skill; LLS: low-level skill; 
Scenario-1:33%HLS; 33%MLS;33%LLS ; Scenario-2: 66%HLS;33%LLS; 
Scneario-3:33%HLS;66%LLS. 

Each scenario corresponds to a specific problem. Each 
problem is solved with the parameter �= taking values 0 to 9. 
The PoV limit is set to 0.01 reflecting that only 1% chance 
the constraints can be violated. Besides, three different 
uncertainty coefficients (0.1, 0.2, and 0.5) are taking into 
account for each problem. Thus, total number of instances 
equals to 30.  

Table 1 represents the results obtained for each instances. 
The parameter values are determined in accordance with the 
assembly line of a company producing water-meters. 

To visualize the results given in Table 1, Figures 1, 2, and 
3 are provided in this section.  

 

 

Fig. 1. Price of robustness for uncertainty level is 0.5 

The price of robustness represents the value to protect a 
solution against the uncertainty with a pre-determined PoV 
value. Figure 1 represents the price of robustness value along 
with the change in the parameter �=�� According to this figure, 
the price of robustness is larger for scenario-3 in which 66% 
of total workers have low-skill levels.  

 

Fig. 2. Price of robustness for uncertainty level is 0.25 

Figure 2 shows the change of price of robustness values 
along with the values of parameter �=�� �I�R�U�� ���������� �X�Q�F�H�U�W�D�L�Q�W�\��
level. The degree of uncertainty level determines how much 
the task times deviate. According to this figure, the best 
results are obtained when there are high-skill workers in the 
system. On the other hand, worse values are obtained for 
scenario-3 as in Figure 1. 

 

Fig. 3. Price of robustness for uncertainty level is 0.1 

Figure 3 represents the price of robustness values along 
with the values of parameter �=���I�R�U�����������X�Q�F�H�U�W�D�L�Q�W�\���O�H�Y�H�O���Z�K�L�F�K��
is the lower than other levels. According to this figure, better 
results are obtained for scenario-2. It is interesting to state 
�W�K�D�W���3�R�9���Y�D�O�X�H���H�T�X�D�O�V�������������Z�K�H�Q���W�K�H���S�D�U�D�P�H�W�H�U���=���H�T�X�D�O�V���W�R��������
At this point, in Figure 3, the price of robustness has occurred 
for scenario 3, in other words, the system performance 
enhances as the number of high-skill workers increases in the 
system. 

IV. CONCLUSION 

In this paper, the robust U-shaped assembly line balancing 
problem is examined with the task time uncertainty by 
�F�R�Q�V�L�G�H�U�L�Q�J�� �W�K�H�� �Z�R�U�N�H�U�V�¶�� �K�H�W�H�U�R�J�H�Q�H�L�W�\�� The robust 
optimization model is proposed for the addressed problem 
with the minimization objective of station utilization cost. To 
�D�Q�D�O�\�]�H�� �W�K�H�� �V�\�V�W�H�P�� �S�H�U�I�R�U�P�D�Q�F�H�� �L�Q�� �W�H�U�P�V�� �R�I�� �W�K�H�� �Z�R�U�N�H�U�V�¶��
proficiencies, three different scenarios are designed. Based on 
the scenarios, the uncertainty levels, and the robust 
parameters, 30 different problem instances are solved. The 
results are analyzed from the price of robustness perspective 
which is obtained for 0.01 PoV limit. The following 
managerial insights are revealed from the computational 
results. 

When the results are examined with respect to the price of 
robustness, it is revealed that the best results are obtained for 
scenario-2  As the number of high-skill workers increases in 
the system, the resistance against the violation is higher.  

The resistance against the violation reduces for scenario-3. 
Therefore, it is necessary to train the workers in the system to 
have robust solutions at lower prices. 

As the degree of uncertainty (uncertainty level) decreases, 
better solutions are obtained especially for higher skill levels. 

The solutions are obtained within reasonable computation 
time which means that the solutions are tractable.  

Conservative solutions are achieved for less-skill levels.  
Overall, it can be easily stated that the existence of high-

skilled workers boosts system performance.  
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This study can be extended following directions: (i) 
different objective functions, such as operational cost, can be 
considered, (ii) other parameter uncertainties can be 
formulated,  and (iii) last but not least, workers�¶ proficiencies 
can be examined in detail.  
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�W�H�N�H�O�L�Q�L�� �Y�H�� �J�•�F�•�Q�•�� �N�D�\�E�H�W�P�H�\�H�� �E�D�ú�O�D�P�Õ�ú�W�Õ�U�� �(�W�N�L�O�H�ú�L�P�L�Q�� �E�|�\�O�H�V�L�Q�H�� �|�Q�H�P�O�L�� �E�L�U�� �X�Q�V�X�U�X�� �R�O�D�Q�� �V�S�R�U���� �J�•�Q�•�P�•�]�G�H�� �S�D�]�D�U�O�D�P�D��
�V�W�U�D�W�H�M�L�O�H�U�L�� �D�o�Õ�V�Õ�Q�G�D�Q���V�R�V�\�D�O�� �P�H�G�\�D�V�Õ�]�� �P�•�P�N�•�Q���R�O�P�D�P�D�N�W�D�G�Õ�U�����7�H�O�H�Y�L�]�\�R�Q�� �L�]�O�H�Q�P�H�V�L�Q�L�Q�� �Y�H���J�D�]�H�W�H���R�N�X�Q�P�D���V�D�\�Õ�V�Õ�Q�Õ�Q�� �E�•�\�•�N�� �E�L�U��
�K�Õ�]�O�D�� �G�•�ú�W�•�÷�•�� �V�R�Q�� �\�Õ�O�O�D�U�G�D�� �V�R�V�\�D�O�� �P�H�G�\�D�Q�Õ�Q�� �W�D�U�W�Õ�ú�P�D�V�Õ�]�� �\�•�N�V�H�O�L�ú�L�� �R�Q�X �N�X�U�X�P�V�D�O�� �L�O�H�W�L�ú�L�P�� �V�W�U�D�W�H�M�L�O�H�U�L�� �D�U�D�V�Õ�Q�G�D�� �E�L�U�L�Q�F�L�� �V�Õ�U�D�\�D��
�J�H�W�L�U�P�L�ú�W�L�U�����6�D�G�H�F�H�� �P�D�U�N�D�O�D�U�� �L�o�L�Q���G�H�÷�L�O�����V�S�R�U���N�X�O�•�S�O�H�U�L�Q�L�Q���G�H�� �E�X�� �\�R�O�O�D���W�D�U�D�I�W�D�U�O�D�U�Õ�Q�D���Y�H���W�D�N�L�S�o�L�O�H�U�L�Q�H���X�O�D�ú�P�D���D�P�D�F�Õ�����R�O�X�P�O�X���J�H�U�L��
�G�|�Q�•�ú�O�H�U�H�� �Q�H�G�H�Q�� �R�O�P�D�N�W�D�G�Õ�U���� �%�X�� �\�R�O�O�D�� �W�D�U�D�I�W�D�U�Õ�Q�D�� �o�R�N�� �K�Õ�]�O�Õ�� �Y�H�� �D�Q�O�Õ�N�� �R�O�D�U�D�N�� �X�O�D�ú�D�E�L�O�H�Q�� �N�X�O�•�S�O�H�U���� �\�D�S�W�Õ�N�O�D�U�Õ�� �S�D�\�O�D�ú�Õ�P�O�D�U�O�D�� �G�D��
�W�D�N�Õ�P�O�D�U�Õ�\�O�D���L�O�J�L�O�L���E�L�O�J�L�O�H�U�L���H�Q���K�Õ�]�O�Õ���Y�H���G�R�÷�U�X���ú�H�N�L�O�G�H���S�D�\�O�D�ú�P�D�N�W�D�G�Õ�U�����%�X���Q�H�G�H�Q�O�H���G�H���D�N�W�L�I���R�O�D�U�D�N���V�R�V�\�D�O���P�H�G�\�D���S�D�\�O�D�ú�Õ�P�Õ���\�D�S�D�Q��
�V�S�R�U�� �N�X�O�•�S�O�H�U�L�� �W�D�N�L�S�o�L�O�H�U�L�\�O�H�� �H�W�N�L�O�H�ú�L�P�� �K�D�O�L�Q�G�H�� �R�O�D�U�D�N�� �R�Q�O�D�U�Õ�Q�� �V�D�G�D�N�D�W�L�Q�L�� �G�D�K�D�� �G�D�� �D�U�W�Õ�U�P�D�N�W�D�G�Õ�U�� �%�X�� �E�D�÷�O�D�P�G�D�� �D�U�D�ú�W�Õ�U�P�D�Q�Õ�Q��
�N�R�Q�X�V�X�Q�X�����7�•�U�N�L�\�H�¶�G�H�N�L���E�D�V�N�H�W�E�R�O���V�S�R�U���N�X�O�•�S�O�H�U�L�Q�L�Q���V�R�V�\�D�O���P�H�G�\�D���N�X�O�O�D�Q�Õ�P�O�D�U�Õ���R�O�X�ú�W�X�U�P�D�N�W�D�G�Õ�U�����d�D�O�Õ�ú�P�D�Q�Õ�Q���\�|�Q�W�H�P�L���L�V�H���L�o�H�U�L�N��
analizidir. 
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I. �*�ø�5�ø�ù 
�.�L�W�O�H�� �L�O�H�W�L�ú�L�P�� �D�U�D�o�O�D�U�Õ�Q�Õ�Q�� �N�X�O�O�D�Q�Õ�P�Õ�Q�G�D�� �\�D�ú�D�Q�Õ�Q�� �G�H�÷�L�ú�L�N�O�L�O�H�U��

�Y�H�� �W�H�N�Q�R�O�R�M�L�N�� �J�H�O�L�ú�L�P�L�Q�� �K�Õ�]�O�Õ�� �ú�H�N�L�O�G�H�� �J�H�U�o�H�N�O�H�ú�P�H�V�L�� �L�Q�W�H�U�Q�H�W��
�R�U�W�D�P�Õ�Q�G�D�� �E�D�]�Õ�� �G�H�÷�L�ú�L�P�O�H�U�L�Q�� �\�D�ú�D�Q�P�D�V�Õ�Q�D�� �G�D�� �R�O�D�Q�D�N��
�V�D�÷�O�D�P�Õ�ú�W�Õ�U�����ø�Q�V�D�Q�O�D�U�Õ�Q���J�•�Q�O�•�N���K�D�\�D�W�W�D�N�L���W�H�F�U�•�E�H�O�H�U�L�\�O�H���E�L�U�O�L�N�W�H��
�G�•�ú�•�Q�F�H�O�H�U�L�Q�L�� �D�Q�O�Õ�N�� �R�O�D�U�D�N�� �I�D�U�N�O�Õ�� �N�L�W�O�H�O�H�U�O�H�� �S�D�\�O�D�ú�D�E�L�O�H�F�H�÷�L�� �E�L�U��
�R�U�W�D�P�� �R�O�D�Q�� �V�R�V�\�D�O�� �P�H�G�\�D���� �K�Õ�]�O�Õ�� �E�L�U�� �ú�H�N�L�O�G�H�� �\�D�\�Õ�O�P�D�N�W�D�G�Õ�U����
�+�Õ�]�O�Õ�� �E�L�U�� �ú�H�N�L�O�G�H�� �\�D�\�Õ�O�D�Q�� �E�X�� �V�R�V�\�D�O�� �P�H�G�\�D�� �\�H�U�L�Q�L�� �J�L�G�H�U�H�N��
�V�D�÷�O�D�P�O�D�ú�W�Õ�U�P�D�N�W�D�� �Y�H�� �Y�D�]�J�H�o�L�O�P�H�]�� �R�O�P�D�N�W�D�G�Õ�U���� �+�D�E�H�U��
�S�D�\�O�D�ú�Õ�P�Õ�����Y�L�G�H�R���Y�H���U�H�V�L�P���J�|�U�•�Q�W�•�O�H�P�H�O�H�U�L�Q�L�Q���G�H���\�D�S�Õ�O�D�E�L�O�G�L�÷�L��
�V�R�V�\�D�O�� �P�H�G�\�D�� �V�D�\�H�V�L�Q�G�H�� �L�Q�V�D�Q�O�D�U�� �D�U�W�Õ�N�� �E�L�O�J�L�\�L�� �\�D�Q�O�D�U�Õ�Q�G�D��
�W�D�ú�Õ�P�D�N�W�D�G�Õ�U�����%�L�O�J�L���W�H�N�Q�R�O�R�M�L�O�H�U�L�Q�L�Q���G�H���K�D�\�D�W�O�D�U�Õ�P�Õ�]�G�D�N�L���\�H�U�L�Q�L��
�G�•�ú�•�Q�G�•�÷�•�P�•�]�G�H�� �E�X�� �J�H�U�H�N�O�L�O�L�N�� �K�D�O�L�Q�H�� �J�H�O�P�L�ú�W�L�U���� �$�N�Õ�O�O�Õ��
�W�H�O�H�I�R�Q�O�D�U�O�D�� �E�L�U�O�L�N�W�H�� �K�H�U�N�H�V�L�Q�� �H�W�N�L�O�H�ú�L�P�� �K�D�O�L�Q�G�H�� �R�O�G�X�÷�X�� �E�X��
�V�R�V�\�D�O�� �P�H�G�\�D�� �D�U�D�o�O�D�U�Õ�� �N�L�W�O�H�� �L�O�H�W�L�ú�L�P�� �D�U�D�o�O�D�U�Õ�Q�D�� �R�O�D�Q�� �V�D�G�D�N�D�W�L��
�D�]�D�O�W�P�Õ�ú�W�Õ�U�� 

�'�L�O���� �G�L�Q���� �Õ�U�N���� �F�L�Q�V�L�\�H�W�� �I�D�U�N�� �H�W�P�H�N�V�L�]�L�Q�� �o�R�N�� �J�H�Q�L�ú��
�W�R�S�O�X�O�X�N�O�D�U�Õ�Q�� �Y�D�]�J�H�o�L�O�P�H�]�� �S�D�U�o�D�O�D�U�Õ�� �D�U�D�V�Õ�Q�G�D�� �R�O�D�Q�� �V�S�R�U����
bireyseler a�U�D�V�Õ�Q�G�D�� �R�O�X�ú�D�F�D�N�� �R�O�D�Q�� �W�R�S�O�X�P�V�D�O�� �E�D�÷�O�D�U�Õ��
�J�•�o�O�H�Q�G�L�U�L�F�L�� �|�]�H�O�O�L�÷�L�\�O�H�� �G�H�� �L�Q�V�D�Q�O�D�U�� �L�o�L�Q�� �|�Q�H�P�O�L�� �E�L�U�� �K�D�O��
�D�O�P�Õ�ú�W�Õ�U���� �6�S�R�U�X�Q�� �\�D�W�D�\�� �Y�H�� �G�L�N�H�\�� �E�•�\�•�P�H�V�L���� �W�H�N�Q�R�O�R�M�L�Q�L�Q��
�\�D�U�G�Õ�P�Õ���� �V�S�R�Q�V�R�U�O�X�÷�X�Q�� �J�H�O�L�ú�P�H�V�L�� �V�S�R�U�X�Q�� �\�D�S�Õ�V�Õ�Q�Õ�� �Y�H�� �N�X�U�D�O�O�D�U�Õ��
�G�D�K�D�� �G�H�÷�L�ú�H�U�H�N�� �V�S�R�U�X�� �E�L�U�� �H�N�R�Q�R�P�L�N�� �P�H�W�D�� �K�D�O�L�Q�H�� �J�H�W�L�U�P�L�ú�� �Y�H��
�G�•�Q�\�D�� �•�]�H�U�L�Q�G�H�� �V�S�R�U�� �V�H�N�W�|�U�•�� �G�L�÷�H�U�� �V�H�N�W�|�U�O�H�U�� �N�D�G�D�U�� �|�Q�H�P�O�L��
�R�O�P�D�\�D�� �E�D�ú�O�D�P�Õ�ú�W�Õ�U�����.�D�U�D�N�X�ú���� ������������������ �g�Q�H�P�O�L�� �E�L�U�� �H�Q�G�•�V�W�U�L��
�K�D�O�L�Q�H�� �J�H�O�H�Q�� �V�S�R�U���� �W�Õ�S�N�Õ�� �V�R�V�\�D�O�� �P�H�G�\�D�� �J�L�E�L�� �L�Q�V�D�Q�O�D�U�� �L�o�L�Q��
�Y�D�]�J�H�o�L�O�P�H�]�� �Y�H�� �K�D�\�D�W�O�D�U�Õ�P�Õ�]�G�D�Q�� �N�R�S�D�U�Õ�O�P�D�V�Õ�� �J�•�o�W�•�U���� �.�H�Q�G�L��
kitlesine sa�K�L�S�� �R�O�D�Q�� �V�S�R�U���� �R�� �N�L�W�O�H�O�H�U�L�� �\�|�Q�H�W�L�P�L�\�O�H�� �G�H�� �R�O�G�X�N�o�D��
�|�Q�H�P�O�L�� �E�L�U�� �S�D�]�D�U�O�D�P�D�� �D�U�D�F�Õ�G�Õ�U���� �3�D�]�D�U�O�D�P�D�� �V�W�U�D�W�H�M�L�O�H�U�L�� �R�O�D�U�D�N��

�W�D�U�D�I�W�D�U�� �N�L�W�O�H�O�H�U�L�Q�L�� �L�\�L�� �N�X�O�O�D�Q�D�Q�� �N�X�O�•�S�O�H�U�� �E�X�� �D�U�D�o�� �\�R�O�X�\�O�D�� �D�U�W�Õ�N��
�E�L�O�J�L�O�H�Q�G�L�U�P�H�O�H�U�L�Q�L�� �V�R�V�\�D�O�� �P�H�G�\�D�� �•�]�H�U�L�Q�G�H�Q��
�J�H�U�o�H�N�O�H�ú�W�L�U�P�H�N�W�H�G�L�U���� �*�H�O�L�ú�H�Q�� �W�H�N�Q�R�O�Rji spor ekonomisini de 
�R�O�X�P�O�X���\�|�Q�G�H���H�W�N�L�O�H�P�H�\�H���E�D�ú�O�D�P�Õ�ú�W�Õ�U�����g�]�H�O�O�L�N�O�H���V�D�Q�D�O���R�U�W�D�P�G�D��
�P�H�\�G�D�Q�D�� �J�H�O�H�Q�� �\�H�Q�L�O�L�N�O�H�U���� �V�S�R�U�� �H�N�R�Q�R�P�L�V�L�Q�L�Q�� �\�D�Q�Õ�Q�G�D�� �V�S�R�U��
�S�D�]�D�U�O�D�P�D�V�Õ�Q�Õ�Q�� �G�D�� �E�R�\�X�W�O�D�U�Õ�Q�Õ�� �J�H�O�L�ú�W�L�U�P�L�ú�W�L�U���� �%�X�� �G�H�÷�L�ú�L�P�� �V�S�R�U��
�S�D�]�D�U�O�D�P�D�F�Õ�O�D�U�Õ�Q�D�� �N�X�O�O�D�Q�D�E�L�O�H�F�H�N�O�H�U�L�� �\�H�Q�L�� �H�Q�V�W�U�•�P�D�Q�O�Dr 
�R�O�X�ú�W�X�U�P�D�� �I�Õ�U�V�D�W�Õ�� �Y�H�U�P�L�ú�W�L�U���� �%�L�O�J�L�V�D�\�D�U�� �W�H�N�Q�R�O�R�M�L�V�L�� �Y�H�� �L�O�H�W�L�ú�L�P��
�W�H�N�Q�R�O�R�M�L�V�L�Q�G�H�� �E�L�U�E�L�U�L�Q�L�� �W�D�N�L�S�� �H�G�H�Q�� �J�H�O�L�ú�P�H�O�H�U�� �N�O�D�V�L�N�� �P�D�U�N�D��
�W�D�Q�Õ�P�Õ�Q�Õ�� �Y�H�� �P�D�U�N�D�� �V�D�G�D�N�D�W�L�� �•�]�H�U�L�Q�H�� �\�D�S�Õ�O�D�Q�� �o�D�O�Õ�ú�P�D�O�D�U�Õ�� �G�D��
�H�W�N�L�O�H�P�L�ú�W�L�U���� �2�U�W�D�\�D�� �o�Õ�N�D�Q�� �\�H�Q�L�� �G�X�U�X�P�� �P�D�U�N�D�� �\�|�Q�H�W�L�P�L�Q�L�� �Y�H��
�V�D�G�D�N�D�W�L���o�D�O�Õ�ú�P�D�O�D�U�Õ�Q�Õ���N�D�U�P�D�ú�Õ�N�O�D�ú�W�Õ�U�P�Õ�ú�W�Õ�U ���.�D�U�D�N�X�ú��������������3). 

�%�|�\�O�H�F�H�� �K�H�U�� �\�D�ú�W�D�Q�� �N�L�W�O�H�\�H�� �L�V�W�H�G�L�N�O�H�U�L�� �D�Q�G�D�� �Y�H�� �o�H�Y�U�L�P�L�o�L��
�R�O�D�U�D�N�� �X�O�D�ú�D�E�L�O�P�H�N�W�H���� �R�Q�O�D�U�G�D�Q�� �G�D�K�D�� �K�Õ�]�O�Õ�� �Y�H�� �J�H�U�o�H�N�o�L�� �J�H�U�L��
�G�|�Q�•�ú�O�H�U���D�O�D�E�L�O�P�H�N�W�H�G�L�U�O�H�U�����%�X���S�D�]�D�U�O�D�P�D���V�Õ�U�D�V�Õ�Q�G�D���W�D�U�D�I�W�D�U�O�D�U��
�Y�H���G�H�V�W�H�N�o�L�O�H�U���W�D�U�D�I�Õ�Q�G�D�Q���V�H�Y�L�O�H�Q�� �Y�H���U�R�O�� �P�R�G�H�O���R�O�D�U�D�N���J�|�U�•�O�H�Q��
�V�S�R�U�F�X�O�D�U�Õ�Q�� �N�X�O�O�D�Q�Õ�O�P�D�V�Õ�� �G�D�� �R�� �N�L�W�O�H�O�H�U�L�Q�� �G�D�K�D�� �K�Õ�]�O�Õ�� �Y�H�� �R�O�X�P�O�X��
�\�|�Q�G�H�� �\�|�Q�O�H�Q�G�L�U�L�O�P�H�V�L�Q�L�� �V�D�÷�O�D�P�D�N�W�D�G�Õ�U���� �6�R�V�\�D�O�� �P�H�G�\�D��
�D�U�D�o�O�D�U�Õ�� �V�S�R�U�� �N�X�O�•�S�O�H�U�L�Q�L�Q�� �W�D�U�D�I�W�D�U�Õ�Q�D�� �\�|�Q�H�O�L�N�� �S�D�]�D�U�O�D�P�D����
�K�D�O�N�O�D�� �L�O�L�ú�N�L�O�H�U�� �Y�H�� �G�L�÷�H�U�� �\�|�Q�H�W�L�P�� �X�\�J�X�O�D�P�D�O�D�U�Õ�� �L�o�L�Q�� �E�L�U�� �I�Õ�U�V�D�W��
�R�O�D�U�D�N�� �R�U�W�D�G�D�� �G�X�U�P�D�N�W�D�G�Õ�U���� �%�X�� �I�Õ�U�V�D�W�Õ�� �L�\�L�� �G�H�÷�H�U�O�H�Q�G�L�U�H�E�L�O�H�Q��
�N�X�O�•�S�O�H�U�L�Q�� �E�L�U�� �D�G�Õ�P�� �|�Q�H�� �o�Õ�N�P�D�V�Õ�� �E�H�N�O�H�Q�P�H�N�W�H�G�L�U�����$�W�D�O�Õ�� �Y�H��
�d�R�N�Q�D�]���� ����������137). �<�H�Q�L�� �L�O�H�W�L�ú�L�P�� �W�H�N�Q�R�O�R�M�L�O�H�U�L�� �V�S�R�U��
�N�X�O�•�S�O�H�U�L�Q�H���� �K�L�]�P�H�W�O�H�U�L�Q�L�� �Y�H�� �K�H�G�H�I�O�H�U�L�Q�L�� �S�D�\�O�D�ú�D�F�D�N�O�D�U�Õ��
�L�P�N�k�Q�O�D�U�� �R�O�X�ú�W�X�U�D�Q���� �S�D�\�O�D�ú�Õ�P�� �Y�H�� �W�D�U�W�Õ�ú�P�D�Q�Õ�Q�� �H�V�D�V�� �R�O�G�X�÷�X�� �E�L�U��
�P�H�G�\�D�� �V�X�Q�P�D�N�W�D�G�Õ�U���� �6�R�V�\�D�O�� �P�H�G�\�D�� �R�O�D�U�D�N�� �D�G�O�D�Q�G�Õ�U�Õ�O�D�Q�� �E�X��
�V�D�Q�D�O�� �R�U�W�D�P���� �N�X�O�O�D�Q�Õ�F�Õ�� �W�D�E�D�Q�O�Õ�� �R�O�P�D�V�Õ�Q�Õ�Q�� �\�D�Q�Õ�Q�G�D�� �W�D�U�D�I�W�D�U�O�D�U�Õ����
�N�L�W�O�H�O�H�U�L�� �Y�H�� �N�X�U�X�P�O�D�U�Õ�� �E�L�U�� �D�U�D�\�D�� �J�H�W�L�U�P�H�V�L�� �Y�H�� �D�U�D�O�D�U�Õ�Q�G�D�N�L��
�H�W�N�L�O�H�ú�L�P�L�� �D�U�W�W�Õ�U�P�D�V�Õ�� �E�D�N�Õ�P�Õ�Q�G�D�Q�� �|�Q�H�P �W�D�ú�Õ�P�D�N�W�D�G�Õ�U���� �<�D�S�Õ�O�D�Q��
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�D�U�D�ú�W�Õ�U�P�D�O�D�U�� �W�D�U�D�I�W�D�U�O�D�U�Õ�Q���� �E�X�� �V�D�Q�D�O�� �J�H�U�o�H�N�O�L�N�� �L�o�L�Q�G�H�� �J�•�Q��
�J�H�o�W�L�N�o�H�� �G�D�K�D�� �I�D�]�O�D�� �Y�D�N�L�W�� �K�D�U�F�D�G�Õ�N�O�D�U�Õ�Q�Õ���� �E�X�� �V�D�Q�D�O�� �J�H�U�o�H�N�O�L�N��
�L�o�L�Q�G�H���J�H�U�o�H�N���\�D�ú�D�P���L�K�W�L�\�D�o�O�D�U�Õ�Q�Õ���N�D�U�ú�Õ�O�D�P�D�\�D���o�D�O�Õ�ú�W�Õ�N�O�D�U�Õ�Q�Õ���Y�H��
�\�L�Q�H�� �E�X�� �V�D�Q�D�O�� �J�H�U�o�H�N�O�L�N�� �L�o�L�Q�G�H�� �\�H�Q�L�� �E�L�U�� �G�•�Q�\�D�� �N�X�U�Drak 
�\�D�ú�D�G�Õ�N�O�D�U�Õ�Q�Õ�� �J�|�V�W�H�U�P�H�N�W�H�G�L�U�� ���.�D�U�D�N�X�ú���� ������������ �������� �$�U�W�Õ�N�� �V�S�R�U��
�N�X�O�•�S�O�H�U�L�� �E�X�� �E�L�O�J�L�O�H�Q�G�L�U�P�H�� �ú�H�N�O�L�Q�L�� �N�X�O�O�D�Q�D�U�D�N�� �N�L�W�O�H�O�H�U�L�Q�L��
�\�|�Q�O�H�Q�G�L�U�L�S�� �E�L�O�J�L�O�H�Q�G�L�U�P�H�N�W�H�G�L�U���� �%�|�\�O�H�F�H�� �K�H�P�� �W�D�U�D�I�W�D�U�O�D�U�Õ�Q��
�N�X�O�•�S�O�H�U�L�Q�H�� �R�O�D�Q�� �V�D�G�D�N�D�W�O�H�U�L�Q�L�� �D�U�W�Õ�U�P�D�N�W�D�� �K�H�P�� �G�H��
�E�L�O�J�L�O�H�Q�G�L�U�P�H�� �\�D�S�D�U�D�N�� �W�D�N�Õ�P�O�D�� �L�O�J�L�O�L�� �K�H�U�� �ú�H�\�H�� �D�Q�O�Õ�N��
�X�O�D�ú�P�D�O�D�U�Õ�Q�Õ���V�D�÷�O�D�P�D�N�W�D�G�Õ�U�� 

�%�D�V�N�H�W�E�R�O�� �N�X�O�•�S�O�H�U�L�� �G�L�÷�H�U�� �V�S�R�U�O�D�U�O�D�� �N�D�U�ú�Õ�O�D�ú�W�Õ�U�Õ�O�G�Õ�÷�Õ�Q�G�D��
�V�R�V�\�D�O�� �P�H�G�\�D�� �N�X�O�O�D�Q�Õ�P�Õ�Q�Õ�� �G�D�K�D�� �V�Õ�N�� �\�D�S�P�D�N�W�D�G�Õ�U�� �Y�H�� �E�|�\�O�H�F�H��
�I�X�W�E�R�O�X�Q�� �D�U�N�D�V�Õ�Q�G�D�� �L�N�L�Q�F�L�� �V�S�R�U�� �R�O�P�D�V�Õ�Q�D�� �U�D�÷�P�H�Q�� �J�H�U�H�N�O�L��
�V�H�\�L�U�F�L�� �N�L�W�O�H�V�L�Q�L�� �R�O�X�ú�W�X�U�P�D�N���D�G�Õ�Q�D�� �D�G�Õ�P�O�D�U�� �D�W�P�D�N�W�D�G�Õ�U���� �%�X��
�o�D�O�Õ�ú�P�D�G�D�� �%�D�V�N�H�W�E�R�O�� �6�•�S�H�U�� �/�L�J�L�¶�Q�G�H�� �P�•�F�D�G�H�O�H�� �H�G�H�Q�� �Y�H�� �G�D�K�D��
�|�Q�F�H�� �O�L�J�G�H�� �ú�D�P�S�L�\�R�Q�O�X�N�� �G�D�� �\�D�ú�D�P�Õ�ú�� �R�O�D�Q�� �$�Q�D�G�R�O�X�� �(�I�H�V����
�)�H�Q�H�U�E�D�K�o�H�� �%�H�N�R�� �Y�H�� �7�R�I�D�ú�� �E�D�V�N�H�W�E�R�O�� �N�X�O�•�S�O�H�U�L�Q�L�Q�� �V�R�V�\�D�O��
�P�H�G�\�D�\�Õ�� �Q�D�V�Õ�O�� �N�X�O�O�D�Q�G�Õ�N�O�D�U�Õ�� �Y�H�� �Q�D�V�Õ�O�� �S�D�\�O�D�ú�Õ�P�O�D�U�� �\�D�S�Õ�O�G�Õ�÷�Õ�Q�D��
b�D�N�Õ�O�D�F�D�N���Y�H���E�X�Q�X�Q�O�D���L�O�J�L�O�L���D�Q�D�O�L�]���J�H�U�o�H�N�O�H�ú�W�L�U�L�O�H�F�H�N�W�L�U�����$�Q�D�O�L�]��
�D�\�U�Õ�F�D�� ����-������ �1�L�V�D�Q�� ���������� �W�D�U�L�K�O�H�U�L�� �D�U�D�V�Õ�Q�G�D�� �V�D�G�H�F�H�� �U�H�V�P�L��
�,�Q�V�W�D�J�U�D�P���K�H�V�D�S�O�D�U�Õ���L�o�L�Q�G�H���\�D�S�Õ�O�D�F�D�N�W�Õ�U�� 

II. SOSYAL MEDYA 
�%�X�J�•�Q���D�U�W�Õ�N���L�Q�V�D�Q�O�Õ�÷�Õ�Q���\�D�U�Õ�V�Õ�Q�G�D�Q���I�D�]�O�D�V�Õ�����Õ�U�N�����G�L�Q�����G�L�O�����U�H�Q�N����

�F�L�Q�V�L�\�H�W�� �I�D�U�N�Õ���J�|�]�H�W�P�H�G�H�Q�� �o�H�ú�L�W�O�L�� �ú�H�N�L�O�O�H�U�G�H�� �L�Q�W�H�U�Q�H�W�H��
�E�D�÷�O�D�Q�P�Õ�ú�� �G�X�U�X�P�G�D���� �G�•�Q�\�D�Q�Õ�Q�� �H�Q�� �•�F�U�D�� �N�|�ú�H�O�H�U�L�Q�G�H�� �E�L�O�H��
�L�Q�W�H�U�Q�H�W�H�� �H�U�L�ú�L�O�H�E�L�O�L�\�R�U���� �%�D�ú�N�D�� �E�L�U�� �G�H�\�L�ú�O�H�� �L�Q�V�D�Q�O�Õ�÷�Õ�Q�� �\�D�U�Õ�V�Õ����
�F�R�÷�U�D�I�L�� �N�D�\�J�Õ�� �R�O�P�D�G�D�Q�� �E�L�U�� �W�Õ�N�O�D�� �E�L�U�E�L�U�L�Q�H�� �E�D�÷�O�D�Q�D�E�L�O�L�\�R�U��
���(�F�]�D�F�Õ�E�D�ú�Õ���������������������� 

�6�R�V�\�D�O�� �P�H�G�\�D�Q�Õ�Q���N�X�O�O�D�Q�Õ�P�Õ�Q�Õ�Q�� �E�X���N�D�G�D�U���K�Õ�]�O�Õ�� �\�D�\�Õ�O�P�D�V�Õ�� �Y�H��
�N�X�O�O�D�Q�Õ�F�Õ�O�D�U�Õ�Q�� �E�H�N�O�H�Q�W�L�V�L�Q�L�Q�� �V�•�U�H�N�O�L�� �D�U�W�P�D�V�Õ�\�O�D�� �E�L�U�O�L�N�W�H�� �V�R�V�\�D�O��
�P�H�G�\�D�� �•�]�H�U�L�Q�G�H�Q�� �K�D�E�H�U�� �D�O�P�D�� �L�V�W�H�÷�L�� �D�U�W�P�Õ�ú�W�Õ�U���� �%�X�� �L�V�W�H�N�O�H��
�E�L�U�O�L�N�W�H���W�D�N�L�S���H�W�W�L�N�O�H�U�L�� �V�D�\�I�D�O�D�U���D�U�D�V�Õ�Q�D�� �L�O�J�L�O�H�Q�G�L�N�O�H�U�L���N�R�Q�X�O�D�U�O�D��
�L�O�J�L�O�L�� �S�D�\�O�D�ú�Õ�P�� �\�D�S�D�Q�� �K�H�V�D�S�O�D�U�� �J�L�U�P�L�ú�W�L�U���� �*�D�]�H�W�H�O�H�U�� �J�L�E�L��
�K�H�V�D�S�O�D�U�G�D�Q�� �J�•�Q�G�H�P�O�H�� �L�O�J�L�O�L�� �K�H�U�� �W�•�U�O�•�� �E�L�O�J�L�\�L�� �D�Q�O�Õ�N�� �R�O�D�U�D�N��
�W�D�N�L�S�� �H�G�H�E�L�O�G�L�N�O�H�U�L�� �J�L�E�L�� �D�\�U�Õ�F�D�� �W�H�P�D�W�L�N�� �R�O�D�U�D�N�� �G�D�� �S�D�\�O�D�ú�Õ�P��
�\�D�S�D�Q���V�D�\�I�D�O�D�U�D���\�|�Q�H�O�P�H�N�W�H�G�L�U�O�H�U�� 

�ø�O�N�� �R�O�D�U�D�N�� �D�V�N�H�U�L�� �D�P�D�o�O�Õ�� �N�X�O�O�D�Q�Õ�O�P�D�\�D�� �E�D�ú�O�D�Q�D�Q�� �D�Q�F�D�N��
zamanla ceplerimize kadar �J�L�U�L�ú�L�\�O�H�� �J�•�Q�•�Q�� �K�H�U�� �D�Q�Õ�Q�G�D��
�\�D�Q�Õ�P�Õ�]�G�D�� �R�O�D�Q�� �L�Q�W�H�U�Q�H�W�� �W�H�N�Q�R�O�R�M�L�V�L�� �K�H�U�� �W�•�U�O�•�� �E�L�O�J�L�\�H��
�X�O�D�ú�D�E�L�O�H�F�H�÷�L�P�L�]�� �E�L�U�� �D�U�D�o�� �R�O�P�X�ú�W�X�U���� �6�R�V�\�D�O�� �P�H�G�\�D�� �D�Q�O�D�\�Õ�ú�Õ��
�|�]�H�O�O�L�N�O�H�� �Z�H�E�� ���������W�H�P�H�O�� �N�D�Y�U�D�P�Õ�Q�Õ�Q�� �R�O�X�ú�W�X�U�X�O�P�D�V�Õ�� �L�O�H�� �J�H�O�L�ú�L�P��
�J�|�V�W�H�U�P�L�ú�W�L�U���� �%�X�� �|�]�H�O�O�L�÷�L�� �L�W�L�E�D�U�L�� �L�O�H�� �V�R�V�\�D�O�� �P�H�G�\�D�Q�Õ�Q��
bi�O�H�ú�H�Q�O�H�U�L�� �D�U�D�V�Õ�Q�G�D�� �³�K�D�O�N���� �N�L�W�O�H�� �Y�H�\�D�� �W�R�S�O�X�P�´�� �L�O�H�� �E�L�U�O�L�N�W�H�� �³�L�ú��
�E�L�U�O�L�÷�L�´�� �N�D�Y�U�D�P�O�D�U�Õ�� �J�H�O�P�H�N�W�H�G�L�U���� �%�X�� �E�D�N�Õ�P�G�D�Q�� �L�Q�W�H�U�Q�H�W��
�V�D�\�I�D�O�D�U�Õ�Q�Õ�Q�� �V�R�V�\�D�O�� �P�H�G�\�D�� �|�]�H�O�O�L�÷�L�Q�G�H�� �W�D�V�D�U�O�D�Q�D�E�L�O�P�H�V�L�� �L�o�L�Q��
�W�R�S�O�X�O�X�N�O�D�U�Õ�Q�� �L�ú�E�L�U�O�L�N�O�H�U�L�Q�H�� �L�P�N�k�Q�� �Y�H�U�H�Q�� �Q�L�W�H�O�L�N�W�H�� �R�O�P�D�O�D�U�Õ��
�J�H�U�H�N�P�H�N�W�H�G�L�U���� �%�|�\�O�H�F�H�� �³�P�•�ú�W�H�U�H�N�� �•�\�H�O�H�U�� �\�D�S�Õ�P�Õ�´�� �R�O�D�U�D�N�� �G�D��
�D�Q�Õ�O�P�D�N�W�D�G�Õ�U�O�D�U�����.�D�U�D�N�X�ú�����������������������(�W�N�L�O�H�ú�L�P�L�Q���D�U�W�P�D�V�Õ���V�R�V�\�D�O��
�P�H�G�\�D�\�Õ�� �L�Q�V�D�Q�O�D�U�Õ�Q�� �G�•�ú�•�Q�F�H�O�H�U�L�Q�L�� �U�D�K�D�W�O�Õ�N�O�D�� �S�D�\�O�D�ú�D�E�L�O�G�L�N�O�H�U�L��
�E�L�U�� �S�O�D�W�I�R�U�P�� �K�D�O�L�Q�H�� �J�H�W�L�U�P�L�ú�W�L�U���� �7�H�O�H�I�R�Q�O�D�U���� �W�D�E�O�H�W�O�H�U����
�E�L�O�J�L�V�D�\�D�U�O�D�U�� �W�D�ú�Õ�Q�D�E�L�O�L�U�� �Y�H�� �K�D�W�W�D�� �F�H�E�H�� �V�Õ�÷�D�F�D�N�� �E�R�\�X�W�O�D�U�D��
�J�H�O�G�L�÷�L�Q�G�H�Q�� �E�H�U�L�� �N�X�O�O�D�Q�Õ�P�Õ�� �J�L�G�H�U�H�N�� �D�U�W�P�Õ�ú�� �Y�H�� �N�X�O�O�D�Q�Õ�F�Õ�O�D�U��
�K�D�E�H�U�� �D�O�P�D�� �L�V�W�H�N�O�H�U�L�Q�L�� �R�� �S�O�D�W�I�R�U�P�� �•�]�H�U�L�Q�H��
�\�R�÷�X�Q�O�D�ú�W�Õ�U�P�Õ�ú�O�D�U�G�Õ�U���� �*�•�Q�•�P�•�]�G�H�� �V�D�Q�D�O�� �R�U�W�D�P�� �N�X�O�O�D�Q�Õ�F�Õ�O�D�U�Õ��
�W�D�U�D�I�Õ�Q�G�D�Q���E�L�U���D�O�Õ�ú�N�D�Q�O�Õ�N���K�D�O�L�Q�H���J�H�O�H�Q���V�R�V�\�D�O���P�H�G�\�D���N�X�O�O�D�Q�Õ�P�Õ����
�K�H�U�� �N�•�O�W�•�U�G�H�Q�� �Y�H�� �K�H�U�� �N�H�V�L�P�G�H�Q�� �J�H�Q�L�ú�� �N�L�W�O�H�O�H�U�L�Q���� �V�R�V�\�D�O��
�W�D�O�H�S�O�H�U�L�Q�H�� �\�D�Q�Õ�W�� �Y�H�U�L�U�N�H�Q���� �D�\�Q�Õ�� �]�D�P�D�Q�G�D�� �E�X�� �R�U�W�D�P�Õ��
�H�O�H�ú�W�L�U�H�Q�O�H�U�L�� �R�G�D�N�� �Q�R�N�W�D�V�Õ�Q�G�D�� �E�X�O�X�Q�P�D�N�W�D�G�Õ�U���� �<�H�Q�L�� �L�O�H�W�L�ú�L�P��

�R�U�W�D�P�O�D�U�Õ�Q�Õ�Q�� �J�H�O�L�ú�P�H�V�L���� �K�H�U�� �N�H�V�L�P�G�H�Q�� �E�L�O�J�L�� �L�O�H�W�L�ú�L�P��
�W�H�N�Q�R�O�R�M�L�O�H�U�L�Q�H�� �R�O�D�Q�� �L�O�J�L�Q�L�Q�� �D�U�W�P�D�V�Õ���� �V�R�V�\�D�O�� �P�H�G�\�D�Q�Õ�Q���J�•�F�•�Q�•��
�D�U�W�W�Õ�U�P�D�N�W�D���� �V�R�V�\�D�O�O�H�ú�P�H�� �N�D�Y�U�D�P�Õ�Q�D�� �G�D�� �\�H�Q�L�� �E�L�U�� �E�R�\�X�W��
�N�D�]�D�Q�G�Õ�U�P�D�N�W�D�G�Õ�U ���+�D�P�D�P�F�Õ���� �������������������� �6�R�V�\�D�O�O�H�ú�P�H�\�L�� �D�U�W�Õ�N��
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III.  SOSYAL MEDYA 
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�\�D�G�V�Õ�Q�D�P�D�]�� �E�L�U�� �J�H�U�o�H�N�W�L�U���� �2�U�D�G�D�� �J�|�U�H�F�H�N�O�H�U�L�� �K�H�U�K�D�Q�J�L�� �E�L�U��
�S�D�\�O�D�ú�Õ�P�O�D�� �R�\�X�Q�F�X�O�D�U�Õ�� �\�D�N�Õ�Q�G�D�Q�� �J�|�U�P�H���� �P�D�o�� �L�]�O�H�P�H���� �I�R�U�P�D��
�D�O�P�D�� �Y�H�\�D�� �N�H�Q�G�L�� �K�H�V�D�S�O�D�U�Õ�Q�G�D�Q�� �R�� �W�D�N�Õ�P�O�D�� �L�O�J�L�O�L�� �S�D�\�O�D�ú�Õ�P��
�\�D�S�P�D�� �L�V�W�H�÷�L�� �R�U�W�D�\�D�� �o�Õ�N�D�E�L�O�P�H�N�W�H�G�L�U���� �%�X�Q�X�Q�� �V�R�Q�X�F�X�Q�G�D�� �G�D��
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�V�D�\�Õ�V�Õ�\�O�D�� �E�D�V�N�H�W�E�R�O�G�D�� �D�o�Õ�N�� �D�U�D�� �|�Q�G�H���� �$�Q�D�O�L�]�L�P�G�H�N�L�� �G�L�÷�H�U�� �E�L�U��
�W�D�N�Õ�P�� �R�O�D�Q�� �Y�H�� �J�H�o�P�L�ú�W�H�N�L�� �E�D�ú�D�U�Õ�O�D�U�Õ�\�O�D�� �7�•�U�N�� �%�D�V�N�H�W�E�R�O�X�Q�X�Q��
Lokomotifi denilen Anad�R�O�X���(�I�H�V���L�V�H�������������E�L�Q���W�D�N�L�S�o�L���V�D�\�Õ�V�Õ�Q�D��
�V�D�K�L�S���� �*�H�o�P�L�ú�W�H�� �\�L�Q�H�� �N�X�S�D�O�D�U�� �N�D�]�D�Q�P�Õ�ú�� �%�X�U�V�D�� �W�H�P�V�L�O�F�L��
�7�R�I�D�ú�¶�Õ�Q�� �L�V�H�� ���������� �E�L�Q�� �W�D�N�L�S�o�L�V�L�� �\�H�U�� �D�O�P�D�N�W�D���� �7�D�N�L�S�o�L��
�V�D�\�Õ�O�D�U�Õ�\�O�D�� �G�R�÷�U�X�� �R�U�D�Q�W�Õ�O�Õ�� �R�O�D�U�D�N�� �G�D�� �L�O�H�U�O�H�\�H�Q�� �H�W�N�L�O�H�ú�L�P��
�V�D�\�Õ�O�D�U�Õ�Q�G�D���)�H�Q�H�U�E�D�K�o�H���%�H�N�R���P�L�O�\�R�Q�O�D�U�D���X�O�D�ú�D�E�L�O�P�H�N�W�H�G�Lr.  

Tablo 1. �%�D�V�N�H�W�E�R�O���.�X�O�•�S�O�H�U�L���7�D�N�L�S�o�L���6�D�\�Õ�O�D�U�Õ���Y�H������-30 Nisan 2019 Tarihleri 
�$�U�D�V�Õ���3�D�\�O�D�ú�Õ�P���6�D�\�Õ�O�D�U�Õ 

 Anadolu  
Efes 

�)�H�Q�H�U�E�D�K�o�H�� 
Beko 

�7�R�I�D�ú 

�7�D�N�L�S�o�L���6�D�\�Õ�V�Õ 88.400 836.000 14.700 
�3�D�\�O�D�ú�Õ�P���6�D�\�Õ�V�Õ 25 38 43 
�<�D�S�Õ�O�D�Q���<�R�U�X�P���6�D�\�Õ�V�Õ 1.323 5.917 207 
�3�D�\�O�D�ú�Õ�O�D�Q���9�L�G�H�R���6�D�\�Õ�V�Õ 12 16 8 
�9�L�G�H�R���*�|�U�•�Q�W�•�O�H�P�H��
�6�D�\�Õ�V�Õ 

177.598 1.252.716 12.843 

 
�7�D�E�O�R�� ���¶�G�H�N�L�� �V�D�\�Õ�O�D�U�D�� �E�D�N�Õ�O�G�Õ�÷�Õ�� �]�D�P�D�Q�� ���� �J�•�Q�O�•�N�� �V�•�U�H�o�W�H��

�$�Q�D�G�R�O�X���(�I�H�V�����������)�H�Q�H�U�E�D�K�o�H���%�H�N�R�����������7�R�I�D�ú���L�V�H���������S�D�\�O�D�ú�Õ�P��
�\�D�S�P�Õ�ú�W�Õ�U���� �$�Q�F�D�N�� �W�D�N�L�S�o�L�� �V�D�\�Õ�O�D�U�Õ�\�O�D�� �E�L�U�O�L�N�W�H�� �D�O�G�Õ�N�O�D�U�Õ�� �\�R�U�X�P��
�Y�H�� �Y�L�G�H�R�� �J�|�U�•�Q�W�•�O�H�P�H�� �V�D�\�Õ�O�D�U�Õ�� �G�D�� �G�R�÷�U�X�� �R�U�D�Q�W�Õ�O�Õ�� �R�O�D�U�D�N��
�J�|�]�•�N�P�H�N�W�H�G�L�U���� �$�Q�D�G�R�O�X�� �(�I�H�V�� ������ �S�D�\�O�D�ú�Õ�P�G�D�� �E�L�Q�� �������� �\�R�U�X�P��
�D�O�Õ�U�N�H�Q���� �7�R�I�D�ú�� ������ �S�D�\�O�D�ú�Õ�P�G�D�� �V�D�G�H�F�H�� �������� �\�R�U�X�P�G�D�� �N�D�O�P�Õ�ú�W�Õ�U����
�)�H�Q�H�U�E�D�K�o�H�� �L�V�H�� �\�L�Q�H�� �W�D�N�L�S�o�L�V�L�� �V�D�\�Õ�V�Õ�Q�Õ�Q�� �D�Y�D�Q�W�D�M�Õ�\�O�D�� ������
�S�D�\�O�D�ú�Õ�P�G�D�������E�L�Q�����������\�R�U�X�P���D�O�P�Õ�ú�W�Õ�U���S�D�\�O�D�ú�Õ�P�O�D�U�Õ�Q�D���� 

�,�Q�V�W�D�J�U�D�P�� �•�]�H�U�L�Q�G�H�Q�� �Y�L�G�H�R�O�X�� �S�D�\�O�D�ú�Õ�P�� �\�D�S�D�U�D�N�� �G�D��
�W�D�N�L�S�o�L�O�H�U�L�\�O�H�� �Y�H�� �W�D�U�D�I�W�D�U�O�D�U�Õ�\�O�D�� �H�W�N�L�O�H�ú�L�P�G�H�� �R�O�P�D�\�D�� �o�D�O�Õ�ú�D�Q��
�E�D�V�N�H�W�E�R�O�� �N�X�O�•�S�O�H�U�L���� �E�X�� �Q�R�N�W�D�G�D�� �G�D�� �|�Q�H�P�O�L�� �V�D�\�Õ�O�D�U�D��
�X�O�D�ú�P�D�N�W�D�G�Õ�U���� �$�Q�D�G�R�O�X�� �(�I�H�V�� ������ �Y�L�G�H�R�� �S�D�\�O�D�ú�Õ�P�Õ�\�O�D�� �������� �E�L�Q��
�������� �J�|�U�•�Q�W�•�O�H�P�H���� �)�H�Q�H�U�E�D�K�o�H�� �%�H�N�R�� �L�V�H�� ������ �S�D�\�O�D�ú�Õ�P�G�D�� ����
�P�L�O�\�R�Q�� �������� �E�L�Q�� �������� �J�|�U�•�Q�W�•�O�H�P�H�\�H�� �V�D�K�L�S�W�L�U���� �7�R�I�D�ú�� �L�V�H�� �E�X��
�L�V�W�D�W�L�V�W�L�N�W�H�� �\�L�Q�H�� �J�H�U�L�G�H�� �N�D�O�D�U�D�N�� ���� �S�D�\�O�D�ú�Õ�P�G�D�� ������ �E�L�Q�� ��������
�J�|�U�•�Q�W�•�O�H�P�H�G�H���N�D�O�P�Õ�ú�W�Õ�U�� 

�'�D�K�D�� �|�Q�F�H�� �ú�D�P�S�L�\�R�Q�� �R�O�P�X�ú�� �E�X�� �•�o�� �N�X�O�•�E�•�Q�� �S�D�\�O�D�ú�Õ�P��
�V�D�\�Õ�O�D�U�Õ�� �E�X�� �N�D�G�D�U�� �I�D�]�O�D�\�N�H�Q�� �\�D�S�W�Õ�N�O�D�U�Õ�� �S�D�\�O�D�ú�Õ�P�O�D�U�� �J�H�Q�H�O�O�L�N�O�H��

�G�X�\�X�U�X���� �P�D�o�� �Y�L�G�H�R�O�D�U�Õ���� �D�Q�W�U�H�Q�P�D�Q�� �I�R�W�R�÷�U�D�I�O�D�U�Õ�� �R�O�P�D�N�Wa. 
�%�X�Q�X�Q�O�D�� �E�L�U�O�L�N�W�H�� �D�O�W�\�D�S�Õ�O�D�U�Õ�\�O�D�� �L�O�J�L�O�L�� �G�H�� �S�D�\�O�D�ú�Õ�P��
�\�D�S�P�D�N�W�D�G�Õ�U�O�D�U���� �$�ú�D�÷�Õ�G�D�� �S�D�\�O�D�ú�Õ�P�O�D�U�O�D�� �L�O�J�L�O�L�� �J�|�U�V�H�O�O�H�U�� �\�H�U��
�D�O�P�D�N�W�D�G�Õ�U�� 
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�ù�H�N�L�O ���¶�G�H�� �$�Q�D�G�R�O�X�� �(�I�H�V�¶�L�Q�� �7�X�U�N�L�V�K�� �$�L�U�O�L�Q�H�V�� �(�X�U�R�O�H�D�J�X�H��
�d�H�\�U�H�N�� �)�L�Q�D�O�L�Q�G�H�� �R�\�Q�D�\�D�F�D�÷�Õ�� �%�D�U�F�H�O�R�Q�D�� �N�D�U�ú�Õ�O�D�ú�P�D�V�Õ��
�|�Q�F�H�V�L�Q�G�H�� �\�D�S�Õ�O�D�Q�� �S�D�\�O�D�ú�Õ�P�� �\�H�U�� �D�O�P�D�N�W�D�G�Õ�U���� �%�X�� �S�D�\�O�D�ú�Õ�P�Õ��
�Y�L�G�H�R�� �R�O�D�U�D�N�� �\�D�S�D�Q�� �$�Q�D�G�R�O�X�� �(�I�H�V���� ������������ �J�|�U�•�Q�W�•�O�H�P�H�� �Y�H�� ������
�\�R�U�X�P�� �D�O�P�Õ�ú�W�Õ�U���� �6�D�G�H�F�H�� �I�R�W�R�÷�U�D�I�� �R�O�D�U�D�N�� �G�D���\�D�S�Õ�O�D�Q�� �P�D�o��
�G�X�\�X�U�X�O�D�U�Õ�� �N�X�O�•�S�O�H�U�L�Q�� �V�R�V�\�D�O�� �P�H�G�\�D�� �V�W�U�D�W�H�M�L�O�H�U�L�Q�L�Q��
�J�H�O�L�ú�P�H�V�L�\�O�H�� �E�L�U�O�L�N�W�H�� �]�D�P�D�Q�O�D�� �Y�L�G�H�R�O�X�� �Y�H�� �K�D�U�H�N�H�W�O�L�� �J�|�U�V�H�O�O�H�U�H��
�G�|�Q�P�•�ú�W�•�U���� �%�X�� �\�R�O�O�D�� �I�R�W�R�÷�U�D�I�Õ�� �E�H�÷�H�Q�P�H�V�H�O�H�U�� �E�L�O�H��
�J�|�U�•�Q�W�•�O�H�\�H�Q�� �N�L�ú�L�� �V�D�\�Õ�V�Õ�Q�Õ�Q�� �L�V�W�D�W�L�V�W�L�÷�L�Q�L�� �G�D�K�D�� �Q�H�W�� �ú�H�N�L�O�G�H��
�J�|�U�P�H�N�W�H�G�L�U�O�H�U���� �d�•�Q�N�•�� �Y�L�G�H�R�O�X�� �S�D�\�O�D�ú�Õ�P�O�D�U�G�D�� �J�|�U�•�Q�W�•�O�H�Q�P�H��
�L�V�W�D�W�L�V�W�L�N�O�H�U�L�Q�L�� �G�D�K�D�� �U�D�K�D�W�� �J�|�U�H�E�L�O�L�\�R�U�N�H�Q���� �I�R�W�R�÷�U�D�I��
�L�o�H�U�L�N�O�H�U�L�Q�G�H�� �\�D�O�Q�Õ�]�F�D�� �I�R�W�R�÷�U�D�I�Õ�� �E�H�÷�H�Q�H�Q�� �N�L�ú�L�O�H�U�L�Q�� �V�D�\�Õ�V�Õ�Q�D��
�X�O�D�ú�Õ�O�D�E�L�O�P�H�N�W�H�G�L�U�� 

 
�ù�H�N�L�O. �����$�Q�D�G�R�O�X���(�I�H�V���'�X�\�X�U�X���3�D�\�O�D�ú�Õ�P�Õ 

 

�ù�H�N�L�O ���¶�G�H�� �J�|�]�•�N�H�Q�� �S�D�\�O�D�ú�Õ�P�G�D�� �\�D�S�Õ�O�D�Q�� �G�X�\�X�U�X�\�O�D�� �\�L�Q�H��
�7�X�U�N�L�V�K�� �$�L�U�O�L�Q�H�V�� �(�X�U�R�O�H�D�J�X�H�� �d�H�\�U�H�N�� �)�L�Q�D�O�� �L�o�� �V�D�K�D�� �P�D�o�Õ�Q�G�D�N�L��
�N�D�U�ú�Õ�O�D�ú�P�D�Q�Õ�Q�� �E�L�O�H�W�O�H�U�L�\�O�H�� �L�O�J�L�O�L�� �G�X�\�X�U�X�\�X�� �V�R�V�\�D�O�� �P�H�G�\�D�G�D�Q��
�W�D�N�L�S�o�L�O�H�U�L�Q�H�� �G�X�\�X�U�P�X�ú�O�D�U�G�Õ�U���� �%�L�O�H�W�O�H�U�L�Q�� �W�D�P�D�P�H�Q�� �E�L�W�W�L�÷�L��
�G�X�\�X�U�X�V�X�\�O�D�� �P�D�o�D�� �J�H�O�H�F�H�N�� �W�D�U�D�I�O�D�U�Õ�Q�Õ�� �G�D�K�D�� �G�D�� �P�R�W�L�Y�H�� �H�W�P�H�\�H��
�o�D�O�Õ�ú�D�Q�� �$�Q�D�G�R�O�X�� �(�I�H�V���� �D�\�U�Õ�F�D�� �³�.�$�=�$�1�$�&�$�ö�,�=�´�� �\�D�]�Õ�V�Õ�\�O�D��
�G�D�� �P�D�o�� �L�o�L�Q�� �K�H�G�H�I�L�Q�L�� �Y�H�� �E�H�N�O�H�Q�W�L�\�L�� �D�U�W�Õ�U�P�D�N�W�D�G�Õ�U���� ������������
�E�H�÷�H�Q�L�Q�L�Q���\�D�Q�Õ���V�Õ�U�D�����������\�R�U�X�P���\�D�S�Õ�O�P�Õ�ú�W�Õ�U���E�X���S�D�\�O�D�ú�Õ�P�O�D�� 



�%�H�U�N���Y�H���d�H�O�L�N, �7�•�U�N�L�\�H�¶�G�H�N�L���%�D�V�N�H�W�E�R�O���.�X�O�•�S�O�H�U�L�Q�L�Q���6�R�V�\�D�O���0�H�G�\�D���.�X�O�O�D�Q�Õ�P�O�D�U�Õ, ISAS WINTER-2019, Samsun, Turkey 
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�ù�H�N�L�O�� 3 �$�Q�D�G�R�O�X���(�I�H�V���9�L�G�H�R�O�X���3�D�\�O�D�ú�Õ�P 

 

 

�ù�H�N�L�O ���¶�W�H�� �\�D�S�Õ�O�D�Q�� �S�D�\�O�D�ú�Õ�P�O�D�� �P�D�o�� �L�o�L�Q�G�H�N�L�� �E�L�U�� �S�R�]�L�V�\�R�Q��
�J�|�U�•�Q�W�•�V�•�� �Y�L�G�H�R�� �R�O�D�U�D�N�� �S�D�\�O�D�ú�Õ�O�P�Õ�ú�W�Õ�U���� �%�X�� �S�D�\�O�D�ú�Õ�P�G�D�� �K�H�P��
�R�\�X�Q�F�X�� �H�W�L�N�H�W�O�H�Q�P�L�ú�� �K�H�P�� �G�H�� �R�O�X�ú�W�X�U�X�O�D�Q�� �H�W�L�N�H�W�O�H�� �R�\�X�Q�F�X�Q�X�Q��
�S�R�]�L�V�\�R�Q�X�� �W�D�N�L�S�o�L�O�H�U�H�� �X�O�D�ú�W�Õ�U�Õ�O�P�Õ�ú�W�Õ�U���� �������������� �J�|�U�•�Q�W�•�O�H�P�H�� �Y�H��
�������� �\�R�U�X�P�� �D�O�P�Õ�ú�W�Õ�U���� �2�� �N�D�U�ú�Õ�O�D�ú�P�D�G�D�� �J�|�V�W�H�U�P�L�ú���R�O�G�X�÷�X��
�S�H�U�I�R�U�P�D�Q�V�� �Y�H�� �K�H�P�� �$�Y�U�X�S�D�¶�Q�Õ�Q�� �|�Q�H�P�O�L�� �R�\�X�Q�F�X�O�D�U�Õ�Q�G�D�Q�� �R�O�X�S��
�K�H�P���G�H���1�%�$�¶�G�H���R�\�Q�D�P�Õ�ú���E�L�U���R�\�X�Q�F�X���R�O�D�U�D�N���L�o�H�U�L�N�O�H�U�L�Q�G�H���R�Q�X��
�G�D�K�D�� �G�D�� �|�Q�H�� �o�Õ�N�D�U�W�P�D�\�D�� �o�D�O�Õ�ú�D�Q�� �$�Q�D�G�R�O�X�� �(�I�H�V���� �H�Q�� �I�D�]�O�D�� �J�H�U�L��
�G�|�Q�•�ú�•���R�Q�X�Q���S�D�\�O�D�ú�Õ�P�O�D�U�Õ�Q�G�D���\�D�N�D�O�D�P�Õ�ú�W�Õ�U�� 

 
�ù�H�N�L�O���������)�H�Q�H�U�E�D�K�o�H���%�H�N�R���0�D�o���ø�o�L �9�L�G�H�R���3�D�\�O�D�ú�Õ�P�Õ 

�ù�H�N�L�O ���¶�W�H�� �L�V�H�� �\�L�Q�H�� �7�X�U�N�L�V�K�� �$�L�U�O�L�Q�H�V�� �(�X�U�R�O�H�D�J�X�H�¶�G�H��
�P�•�F�D�G�H�O�H�� �H�G�H�Q�� �)�H�Q�H�U�E�D�K�o�H�� �%�H�N�R�¶�Q�X�Q�� �G�H�S�O�D�V�P�D�Q�G�D�� �R�\�Q�D�G�Õ�÷�Õ��
Zalgiris �.�D�X�Q�D�V�� �P�D�o�Õ�Q�G�D�Q�� �S�D�\�O�D�ú�Õ�O�D�Q�� �E�L�U�� �Y�L�G�H�R�� �\�H�U�� �D�O�P�D�N�W�D����
�%�X���S�D�\�O�D�ú�Õ�P�O�D�����������E�L�Q�����������J�|�U�•�Q�W�•�O�H�P�H�\�H���X�O�D�ú�D�Q���)�H�Q�H�U�E�D�K�o�H��
Beko resmi hesab�Õ���W�R�S�O�D�P�G�D���������\�R�U�X�P���D�O�P�Õ�ú�W�Õ�U�� 
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�)�H�Q�H�U�E�D�K�o�H�� �%�H�N�R�¶�Q�X�Q���ú�H�N�L�O�����¶�W�H�� �J�|�]�•�N�H�Q�� �S�D�\�O�D�ú�Õ�P�Õ�Q�G�D��
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Abstract �± In the manufacturing sector, as in other sectors, it is very important to be able to calculate the cost of the product and 
therefore to work towards reducing the cost. When calculating the cost of the product, perhaps one of the most important items 
is the cost of raw materials. One of the most important goals of the companies is to provide cheap and fast material supply in a 
way that does not impair the quality, productability, warranty period, etc. of the product. One of the best ways to achieve this 
objective is to make the right supplier selection and supplier evaluation. Analytical Hierarchy Process (AHP), which is one of 
the multi-criteria decision making techniques for supplier selection / evaluation, is frequently used. In this study, fuzzy AHP 
method will be used to eliminate some of the shortcomings of classical AHP method. The manufacturing company where the 
application is made is a medium-�V�L�]�H�G���F�R�P�S�D�Q�\���P�D�Q�X�I�D�F�W�X�U�L�Q�J���L�Q�G�X�V�W�U�L�D�O���P�D�F�K�L�Q�H�U�\���L�Q���.�R�F�D�H�O�L�������ø�]�P�L�W�����7�K�H���E�L�J�J�H�V�W���L�W�H�P���R�I���W�K�H��
company's input costs is electrical materials (20% of all raw materials). For this reason, it is important to select electrical 
equipment suppliers and therefore to establish long-term cooperation with suppliers. In the study, instead of selecting new 
suppliers, a study based on the win-win principle with the existing suppliers and requiring less investment was emphasized. 
Decision criteria to be used for evaluation will be determined by heuristic algorithm. Then, using these decision criteria, supplier 
evaluation will be made with fuzzy AHP method. In supplier selection, integer programming will be used. 
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I. G�ø�5�ø�ù�� 
 
�ø�P�D�O�D�W�� �V�H�N�W�|�U�•�Q�G�H�� �G�H�� �G�L�÷�H�U�� �V�H�N�W�|�U�O�H�U�G�H�� �R�O�G�X�÷�X�� �J�L�E�L�� �•�U�•�Q��

�P�D�O�L�\�H�W�L�Q�L���K�H�V�D�S�O�D�\�D�E�L�O�P�H���Y�H���G�R�O�D�\�Õ�V�Õ�\�O�D���G�D���P�D�O�L�\�H�W�L���G�•�ú�•�U�P�H��
�\�|�Q�•�Q�G�H�� �o�D�O�Õ�ú�P�D�O�D�U�� �\�D�S�D�E�L�O�P�H�� �R�O�G�X�N�o�D�� �|�Q�H�P�O�L�G�L�U�����h�U�•�Q�•�Q��
�P�D�O�L�\�H�W�L�Q�L�� �K�H�V�D�S�O�D�U�N�H�Q�� �E�H�O�N�L�� �G�H�� �H�Q�� �|�Q�H�P�O�L�� �N�D�O�H�P�O�H�U�G�H�Q�� �E�L�U�L�V�L��
�K�D�P�P�D�G�G�H���P�D�O�]�H�P�H�� �P�D�O�L�\�H�W�L�G�L�U���� �h�U�•�Q�•�Q�� �N�D�O�L�W�H�V�L�Q�L����
�•�U�H�W�L�O�H�E�L�O�L�U�O�L�÷�L�Q�L���� �J�D�U�D�Q�W�L�� �V�•�U�H�V�L�Q�L�� �Y�E�� �E�R�]�P�D�\�D�F�D�N�� �ú�H�N�L�O�G�H��
�P�D�O�]�H�P�H�� �W�H�P�L�Q�L�Q�L�Q�� �X�F�X�]�� �Y�H�� �K�Õ�]�O�Õ�� �E�L�U�� �ú�H�N�L�O�G�H�� �\�D�S�Õ�O�D�E�L�O�P�H�V�L��
�I�L�U�P�D�O�D�U�Õ�Q�� �H�Q�� �|�Q�H�P�O�L�� �D�P�D�o�O�D�U�Õ�Q�G�D�Q�� �V�D�\�Õ�O�D�E�L�O�L�U�� Bu amaca 

�X�O�D�ú�P�D�G�D�� �H�Q�� �|�Q�H�P�O�L�� �N�U�L�W�H�U�O�H�U�G�H�Q�� �E�L�U�L�V�L�G�H�� �X�\�J�X�Q�� �W�H�G�D�U�L�N�o�L��
�V�H�o�L�P�L�G�L�U���� 

 
�7�H�G�D�U�L�N�o�L���V�H�o�L�P�L�Q�G�H���G�L�N�N�D�W���H�G�L�O�P�H�V�L���J�H�U�H�N�H�Q���o�R�N���I�D�]�O�D���N�U�L�W�H�U 

�R�O�D�E�L�O�L�U���� �%�X�� �Q�H�G�H�Q�O�H�� �G�L�÷�H�U�� �V�H�o�L�P�� �S�U�R�E�O�H�P�O�H�U�L�Q�G�H�� �R�O�G�X�÷�X�� �J�L�E�L��
�W�H�G�D�U�L�N�o�L���V�H�o�L�P���Y�H���G�H�÷�H�U�O�H�Q�G�L�U�P�H���S�U�R�E�O�H�P�L�Q�G�H���G�H���o�R�N���N�U�L�W�H�U�O�L��
�N�D�U�D�U���Y�H�U�P�H���W�H�N�Q�L�N�O�H�U�L�Q�G�H�Q���\�D�U�D�U�O�D�Q�Õ�O�P�D�N�W�D�G�Õ�U���� 

 
�/�L�W�H�U�D�W�•�U�G�H�� �W�H�G�D�U�L�N�o�L�� �V�H�o�L�P�L�� �L�O�H�� �I�D�U�N�O�Õ�� �V�H�N�W�|�U�O�H�U�G�H�� �\�D�S�Õ�O�P�Õ�ú��

�S�H�N�� �o�R�N�� �o�D�O�Õ�ú�P�D�� �E�X�O�X�Q�P�D�N�W�D�G�Õ�U���� �1�L�U�P�D�O�D�� �Y�H�� �8�W�K�U�D�� ��������������
�o�D�O�Õ�ú�P�D�O�D�U�Õ�Q�G�D���|�Q�F�H�O�L�N�O�H���H�Q�� �\�D�N�Õ�Q�� �D�÷�Õ�U�O�Õ�N�O�Õ�� �V�H�]�J�L�V�H�O�� �D�U�D�O�Õ�N��
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�\�D�N�O�D�ú�Õ�P�Õ�Q�Õ�� �N�X�O�O�D�Q�D�U�D�N���D�U�D�O�Õ�N�O�Õ�� �V�H�]�J�L�V�H�O�� �E�X�O�D�Q�Õ�N�� �V�D�\�Õ�� �H�O�G�H��
�H�W�P�L�ú�O�H�U���� �G�D�K�D�� �V�R�Q�U�D���V�H�]�J�L�V�H�O�� �E�X�O�D�Q�Õ�N�� �R�U�W�D�P�G�D�� �$�Q�D�O�L�W�L�N��
�+�L�\�H�U�D�U�ú�L�� �3�U�R�V�H�V�L�� ���$�+�3���� �L�O�H�� �W�H�G�D�U�L�N�o�L�� �V�H�o�L�P�L�� �\�D�S�P�Õ�ú�O�D�U�G�Õ�U�� 
�.�L�O�L�Q�F�F�L�� �Y�H�� �2�Q�D�O�� �������������� �o�D�O�Õ�ú�P�D�O�D�U�Õ�Q�G�D�� �7�•�U�N�L�\�H�¶�G�H�� �o�D�P�D�ú�Õ�U��
�P�D�N�L�Q�H�V�L�� �•�U�H�W�L�P�L�� �\�D�S�D�Q�� �E�L�U�� �ú�L�U�N�H�W�L�Q�� �W�H�G�D�U�L�N�o�L�� �V�H�o�L�P�L�� �L�o�L�Q��
�E�X�O�D�Q�Õ�N�� �$�+�3�� �P�H�W�R�G�X�Q�X�� �N�X�O�O�D�Q�P�Õ�ú�W�Õ�U����Chamodrakas ve 
�D�U�N�D�G�D�ú�O�D�U�Õ�� �������������� �H�O�H�N�W�U�R�Q�L�N�� �3�D�]�D�U���R�U�W�D�P�Õ�Q�G�D�� �H�W�N�L�Q�� �W�H�G�D�U�L�N�o�L��
�V�H�o�L�P�� �V�•�U�H�F�L�� �L�o�L�Q�� �E�X�O�D�Q�Õ�N�� �W�H�U�F�L�K�� �S�U�R�J�U�D�P�O�D�P�D�� ���)�X�]�]�\��
Preference Programming-�)�)�3���� �|�Q�H�U�P�H�N�W�H�G�L�U�O�H�U����
�%�H�L�N�N�K�D�N�K�L�D�Q�� �Y�H�� �D�U�N�D�G�D�ú�O�D�U�Õ�� �������������� �W�H�G�D�U�L�N�o�L�� �V�H�o�L�P�L�� �L�o�L�Q��
�N�X�O�O�D�Q�D�F�D�N�O�D�U�Õ�� �N�U�L�W�H�U�O�H�U�L�Q�� �D�÷�Õ�U�O�Õ�N�O�D�U�Õ�Q�Õ�� �$�+�3�� �\�|�Q�W�H�P�L�� �L�O�H��
�E�H�O�L�U�O�H�G�L�N�W�H�Q���V�R�Q�U�D���W�H�G�D�U�L�N�o�L�O�H�U���D�U�D�V�Õ�Q�G�D�N�L���V�Õ�U�D�O�D�P�D�\�Õ���7�2�3�6�,�6��
�W�H�N�Q�L�÷�L�� �L�O�H�� �\�D�S�P�Õ�ú�O�D�U�G�Õ�U�����6�K�D�Z�� �Y�H�� �D�U�N�D�G�D�ú�O�D�U�Õ�� ������������, karbon 
�V�D�O�Õ�Q�Õ�P�� �V�R�U�X�Q�X�Q�X�Q�� �o�|�]�•�P�•�� �L�o�L�Q�� �X�\�J�X�Q�� �W�H�G�D�U�L�N�o�L�� �V�H�o�L�P�L��
yaparken �E�X�O�D�Q�Õ�N�� �$�+�3�� �Y�H�� �E�X�O�D�Q�Õ�N�� �o�R�N�� �D�P�D�o�O�Õ�� �G�R�÷�U�X�V�D�O��
programl�D�P�D�� �W�H�N�Q�L�N�O�H�U�L�Q�L�Q�� �H�Q�W�H�J�U�H�� �H�G�L�O�G�L�÷�L�� �E�L�U�� �\�D�N�O�D�ú�Õ�P��
�|�Q�H�U�P�H�N�W�H�G�L�U�O�H�U�����*�D�O�D�Q�N�D�V�K�L�� �Y�H�� �D�U�N�D�G�D�ú�O�D�U�Õ�� ������������, otomotiv 
�H�Q�G�•�V�W�U�L�V�L�Q�G�H�� �W�H�G�D�U�L�N�o�L�� �V�H�o�L�P�L�� �L�o�L�Q�� �G�H�Q�J�H�O�L�� �S�X�D�Q�� �N�D�U�W�Õ�� �Y�H��
�E�X�O�D�Q�Õ�N�� �$�.�3�� �\�|�Q�W�H�P�O�H�U�L�Q�L�Q�� �H�Q�W�H�J�U�H�� �H�G�L�O�G�L�÷�L�� �E�L�U�� �P�R�G�H�O��
�|�Q�H�U�P�H�N�W�H�G�L�U�O�H�U�����-�X�Q�L�R�U���Y�H���D�U�N�D�G�D�ú�O�D�U�Õ�������������������R�W�R�P�R�W�L�Y���•�U�H�W�L�P��
�]�L�Q�F�L�U�L�Q�G�H�N�L���W�H�G�D�U�L�N�o�L�O�H�U�L�Q���V�H�o�L�P�L���L�o�L�Q���E�X�O�D�Q�Õ�N���$�+�3���Y�H���E�X�O�D�Q�Õ�N��
�7�2�3�6�,�6���\�|�Q�W�H�P�O�H�U�L�Q�L���E�L�U�O�H�ú�W�L�U�G�L�N�O�H�U�L���E�L�U���o�D�O�Õ�ú�P�D���\�D�S�P�Õ�ú�O�D�U�G�Õ�U���� 

 
Bu �o�D�O�Õ�ú�P�D�G�D, �W�H�G�D�U�L�N�o�L�� �V�H�o�L�P�L�Q�G�H�� �N�X�O�O�D�Q�Õ�O�D�F�D�N�� �N�U�L�W�H�U�O�H�U 

sezgisel algoritma ile belirlenecek, daha son�U�D�� �E�X�O�D�Q�Õ�N�� �$�+�3��
�\�|�Q�W�H�P�L �L�O�H���W�H�G�D�U�L�N�o�L���V�H�o�L�P�L���\�D�S�Õ�O�D�F�D�N�W�Õ�U���� 

 
 

II. Y�g�1�7�(�0�� 

 
�.�D�U�D�U�� �Y�H�U�L�F�L�O�H�U�L�Q�� �G�H�÷�H�U�O�H�Q�G�L�U�P�H�O�H�U�L�� �H�V�Q�D�V�Õ�Q�G�D�� �Q�L�F�H�O�� �R�O�D�U�D�N��

�L�I�D�G�H�� �H�G�L�O�H�P�H�\�H�Q�� �E�D�]�Õ�� �N�D�U�D�U�� �S�U�R�E�O�H�P�O�H�U�L�� �R�O�D�E�L�O�P�H�N�W�H�G�L�U�����d�R�N��
�N�U�L�W�H�U�O�L�� �N�D�U�D�U�� �Y�H�U�P�H�� �W�H�N�Q�L�N�O�H�U�L�Q�L�Q�� �N�X�O�O�D�Q�Õ�P�Õ�Q�G�D�� �N�D�U�ú�Õ�O�D�ú�Õ�O�D�Q��
�V�Õ�N�Õ�Q�W�Õ�O�D�U���� �G�L�O�V�H�O�� �G�H�÷�L�ú�N�H�Q�O�H�U�L�Q���S�U�R�E�O�H�P�L�Q�� �o�|�]�•�P�•�Q�G�H��yer 
�D�O�P�D�V�Õ�� �L�O�H��birlikte �R�U�W�D�G�D�Q�� �N�D�O�N�P�D�N�W�D�G�Õ�U�� ���8�O�X�G�D�÷�� �Y�H�� �'�R�÷�D�Q����
2016). �%�X���J�L�E�L���S�U�R�E�O�H�P�O�H�U�L�Q���o�|�]�•�P�•���L�o�L�Q���%�X�O�D�Q�Õ�N���$�+�3���V�Õ�N�O�Õ�N�O�D��
�N�X�O�O�D�Q�Õ�O�D�Q���N�D�U�D�U���Y�H�U�P�H���W�H�N�Q�L�N�O�H�U�L�Q�G�H�Q���E�L�U�L�V�L�G�L�U�� 

 
�%�X�O�D�Q�Õ�N�� �D�Q�D�O�L�W�L�N�� �+�L�\�H�U�D�U�ú�L�� �3�U�R�V�H�V�L�Q�L�Q�� �D�G�Õ�P�O�D�U�Õ�� �D�ú�D�÷�Õ�G�D��

�V�Õ�U�D�O�D�Q�P�D�N�W�D�G�Õ�U�����.�D�]�D�Q�o�R�÷�O�X���Y�H���$�G�D������������; Aslan, 2009): 
�‡ �$�+�3�� �\�|�Q�W�H�P�L�Q�G�H�� �R�O�G�X�÷�X�� �J�L�E�L���� �X�]�P�D�Q�O�D�U�G�D�Q�� �G�H�V�W�H�N��

�D�O�Õ�Q�D�U�D�N���D�Q�D���Y�H���Y�D�U�V�D���D�O�W���N�U�L�W�H�U�O�H�U�L�Q���E�H�O�L�U�O�H�Q�P�H�V�L�� 
�‡ �+�L�\�H�U�D�U�ú�L�N���P�R�G�H�O�L�Q���R�O�X�ú�W�X�U�X�O�P�D�V�Õ�� 
�‡ �$�Q�D�� �Y�H�� �D�O�W���N�U�L�W�H�U�O�H�U�L�Q�� �L�N�L�O�L�� �N�D�U�ú�Õ�O�D�ú�W�Õ�U�P�D�O�D�U�Õ�Q�Õ�Q�� �Y�H�� �E�X��

�N�D�U�ú�Õ�O�D�ú�W�Õ�U�P�D�O�D�U�D�� �G�H�Q�N�� �J�H�O�H�Q�� �E�X�O�D�Q�Õ�N�� �V�D�\�Õ�O�D�U�Õ�Q�� �E�H�O�L�U�O�H�Q�P�H�V�L��
���%�$�3�+�� �X�\�J�X�O�D�P�D�O�D�U�Õ�� �L�o�L�Q�� �E�H�O�L�U�O�H�Q�H�Q�� �E�L�U�N�D�o�� �V�N�D�O�D�� �R�O�P�D�N�O�D��
�E�L�U�O�L�N�W�H���H�Q���o�R�N���N�X�O�O�D�Q�Õ�O�D�Q�O�D�U�G�D�Q���E�L�U�L���&�K�D�Q�J�¶�L�Q���P�H�U�W�H�E�H���D�Q�D�O�L�]�L��
�\�|�Q�W�H�P�L�G�L�U���� 

�‡ �$�O�W�� �N�U�L�W�H�U�O�H�U�L�Q�� �E�X�O�D�Q�Õ�N�� �|�Q�H�P�� �D�÷�Õ�U�O�Õ�N�O�D�U�Õ�Q�Õ�Q��
�K�H�V�D�S�O�D�Q�P�D�V�Õ�� 

�‡ �$�O�W�H�U�Q�D�W�L�I�O�H�U�L�Q�� �K�H�U�� �E�L�U�� �D�O�W�� �N�U�L�W�H�U�L�Q�� �G�L�O�V�H�O�� �G�H�÷�L�ú�N�H�Q�O�H�U�L��
�N�X�O�O�D�Q�Õ�O�D�U�D�N���G�H�÷�H�U�O�H�Q�G�L�U�L�O�P�H�V�L�� 

�‡ �$�O�W�� �N�U�L�W�H�U�O�H�U�L�Q�� �E�X�O�D�Q�Õ�N�� �D�÷�Õ�U�O�Õ�N�O�D�U�Õ�� �L�O�H�� �D�O�W�H�U�Q�D�W�L�I�O�H�U�L�Q��
�E�X�O�D�Q�Õ�N���G�H�÷�H�U�O�H�Q�G�L�U�P�H�O�H�U�L�Q�L�Q���o�D�U�S�Õ�O�P�D�V�Õ���Y�H���W�R�S�O�D�Q�D�U�D�N���K�H�U���E�L�U��
�D�O�W�H�U�Q�D�W�L�I�L�Q���W�R�S�O�D�P���S�X�D�Q�Õ�Q�Õ�Q �E�X�O�X�Q�P�D�V�Õ�� 

�‡ �$�O�W�H�U�Q�D�W�L�I�O�H�U�L�Q���W�R�S�O�D�P���S�X�D�Q�O�D�U�Õ�Q�Õ�Q���G�X�U�X�O�D�ú�W�Õ�U�Õ�O�P�D�V�Õ�� 
�‡ �$�O�W�H�U�Q�D�W�L�I�O�H�U�L�Q���V�Õ�U�D�O�D�Q�P�D�V�Õ�� 
 
 
 

III.  UYGULAMA  

 
�.�R�F�D�H�O�L�¶�Q�G�H���H�Q�G�•�V�W�U�L�\�H�O�� �P�D�N�L�Q�H�� �L�P�D�O�D�W�Õ���N�R�Q�X�V�X�Q�G�D�� �I�D�D�O�L�\�H�W��

�J�|�V�W�H�U�H�Q�� �R�U�W�D�� �|�O�o�H�N�O�L�� �E�L�U�� �I�L�U�P�D�G�D���� �K�D�P�P�D�G�G�H�O�H�U�L�Q�� �\�D�N�O�D�ú�Õ�N��
�R�O�D�U�D�N�����������V�L�Q�L���R�O�X�ú�W�X�U�D�Q���H�O�H�N�Wrik malzemelerinin tedarikinde 
�S�U�R�E�O�H�P�� �\�D�ú�D�Q�P�D�N�W�D�G�Õ�U�����)�L�U�P�D���� �\�H�Q�L���W�H�G�D�U�L�N�o�L�O�H�U�� �L�O�H���o�D�O�Õ�ú�P�D�N��
�\�H�U�L�Q�H�� �P�H�Y�F�X�W�� �W�H�G�D�U�L�N�o�L�O�H�U�L���G�R�÷�U�X�� �ú�H�N�L�O�G�H�� �G�H�÷�H�U�O�H�Q�G�L�U�H�U�H�N��
�R�Q�O�D�U�O�D�� �G�H�Y�D�P�� �H�W�P�H�\�L�� �S�O�D�Q�O�D�P�D�N�W�D�G�Õ�U���� �%�X�� �o�D�O�Õ�ú�P�D�G�D�� �E�X��
�S�U�R�E�O�H�P�H���o�|�]�•�P���D�U�D�Q�P�D�N�W�D�G�Õ�U���� 

 
Firma �H�V�N�L�G�H�Q�� �H�O�H�N�W�U�L�N�� �P�D�O�]�H�P�H�O�H�U�L�� �L�o�L�Q���G�|�U�W �W�H�G�D�U�L�N�o�L�� �L�O�H��

�o�D�O�Õ�ú�Õ�U�N�H�Q���� �D�U�W�D�Q�� �•�U�•�Q�� �o�H�ú�L�W�O�L�O�L�÷�L���� �W�H�N�Q�R�O�R�M�L�N�� �J�H�O�L�ú�P�H�O�H�U���� �•�U�•�Q��
�o�H�Y�U�L�P�� �V�•�U�H�O�H�U�L�Q�L�Q�� �N�Õ�V�D�O�P�D�V�Õ�� �J�L�E�L�� �V�H�E�H�S�O�H�U�G�H�Q �G�R�O�D�\�Õ�� �H�O�H�N�W�U�L�N��
�K�D�P�P�D�G�G�H�� �W�H�G�D�U�L�N�o�L�� �V�D�\�Õ�V�Õ�� ������ �\�H�� �\�•�N�V�H�O�P�L�ú�W�L�U�����6�D�W�Õ�Q�� �D�O�P�D��
�G�H�S�D�U�W�P�D�Q�Õ �W�H�G�D�U�L�N�o�L�O�H�U�L�Q�L�Q�� �P�•�ú�W�H�U�L�� �W�D�W�P�L�Q�L�� �•�]�H�U�L�Q�G�H�� �|�Q�H�P�O�L��
�E�L�U�� �U�R�O�•�� �R�O�G�X�÷�X�Q�X�Q�� �Y�H�� �G�R�÷�U�X�� �N�D�O�L�W�H�G�H���� �G�R�÷�U�X�� �P�L�N�W�D�U�G�D���� �G�R�÷�U�X��
zamanda malzemenin �G�R�÷�U�X�� �N�D�\�Q�D�N�W�D�Q�� �W�H�P�L�Q�� �Hdilmesi 
�J�H�U�H�N�W�L�÷�L�Q�L�Q�� �I�D�U�N�Õ�Q�D�� �Y�D�U�P�Õ�ú�W�Õ�U���� �'�R�O�D�\�Õ�V�Õ�\�O�D���� �I�L�U�P�D�� �|�Q�F�H�O�L�N�O�H��
�W�H�G�D�U�L�N�o�L�O�H�U�L�� �L�O�H�� �H�Q�W�H�J�U�D�V�\�R�Q�� �V�H�Y�L�\esini belirlemeye, 
sonra�V�Õ�Q�G�D �X�\�J�X�Q�� �V�H�o�L�P�� �N�U�L�W�H�U�O�H�U�L�� �L�O�H�� �W�H�G�D�U�L�N�o�L��
�S�H�U�I�R�U�P�D�Q�V�O�D�U�Õ�Q�Õ�� �E�H�O�L�U�O�H�\�H�U�H�N�� �G�R�÷�U�X�� �W�H�G�D�U�L�N�o�L�\�L�� �V�H�o�P�H�\�H��
ihtiya�o���G�X�\�P�D�N�W�D�G�Õ�U�� �%�X�Q�X�Q�� �L�o�L�Q�������D�Q�D���N�U�L�W�H�U�����P�D�O�L�\�H�W�����N�D�O�L�W�H����
�K�L�]�P�H�W���� �J�•�Y�H�Q�L�O�L�U�O�L�N�� �Y�H�� �W�H�N�Q�R�O�R�M�L����ve on yedi alt kriter 
�E�H�O�L�U�O�H�Q�P�L�ú�W�Lr. �ù�H�N�L�O�����¶�G�H���D�Q�D���Y�H���D�O�W���N�U�L�W�H�U�O�H�U���J�|�V�W�H�U�L�O�P�H�N�W�H�G�L�U���� 

 

 
�ù�H�N�L�O������ Ana ve alt kriterler 
 
�g�Q�F�H�O�L�N�O�H���� �E�X�� �V�H�o�L�P�� �V�•�U�H�F�L�� �L�o�L�Q�� �I�L�U�P�D�G�D�� �E�H�ú�� �N�L�ú�L�O�L�N�� �E�L�U��

�G�H�÷�H�U�O�H�Q�G�L�U�P�H�� �J�U�X�E�X�� �R�O�X�ú�W�X�U�X�O�P�X�ú�W�X�U���� �%�X�� �N�L�ú�L�O�H�U�� �L�ú�O�H�Wmenin 
�V�D�W�Õ�Q�� �D�O�P�D�� �V�•�U�H�o�O�H�U�L�Q�G�H�� �D�N�W�L�I�� �ú�H�N�L�O�G�H�� �\�H�U�� �D�O�D�Q�� �N�L�ú�L�O�Hrden 
�R�O�X�ú�P�D�N�W�D�G�Õ�U���� �%�X���N�L�ú�L�O�H�U�G�H�Q�� �L�N�L�V�L�� �V�D�W�Õ�Q�� �D�O�P�D�� �P�•�G�•�U�•�� �Y�H�� �V�D�W�Õ�ú��
�V�R�Q�U�D�V�Õ���V�R�U�X�P�O�X�V�X�Q�G�D�Q���R�O�X�ú�P�D�N�W�D�G�Õ�U���Y�H �W�H�G�D�U�L�N���N�R�Q�X�V�X�Q�G�D���D�O�W�Õ��
�\�Õ�O�� �G�H�Q�H�\�L�Plidirler. �%�H�ú��karar vericiden, karar kriterlerini 
�|�Q�H�P�� �G�H�U�H�F�H�O�H�U�L�Q�H�� �J�|�U�H�� �S�X�D�Q�O�D�Q�G�Õ�U�P�D�O�D�U�Õ�� �L�V�W�H�Q�P�L�ú�W�L�U���� �.�D�U�D�U��
vericiler �E�H�ú�� �D�Q�D�� �N�U�L�W�H�U�L�� �Y�H�� �E�X�Q�O�D�U�D�� �E�D�÷�O�Õ�� �D�O�W�� �N�U�L�W�H�U�O�H�U�L��
�G�H�÷�H�U�O�H�Q�G�L�U�P�L�ú�W�L�U�����7�D�E�O�R�������G�H���N�D�O�L�W�H���D�Q�D���N�U�L�W�H�U�L�Q�L�Q���Y�H���E�D�÷�O�Õ���D�O�W��
�N�U�L�W�H�U�O�H�U�L�Q�� �N�D�U�D�U�� �Y�H�U�L�F�L�O�H�U�� �W�D�U�D�I�Õ�Q�G�D�Q�� �G�H�÷�H�U�O�H�Q�G�L�U�L�O�P�H�V�L��
�J�|�V�W�H�U�L�O�P�H�N�W�H�G�L�U���� �.�D�U�D�U�� �Y�H�U�L�F�L�O�H�Uin iyimserlik derecesi 0,5 
olarak belirlen�P�L�ú�W�L�U���� �%�X�� �Q�R�N�W�D�G�D�Q�� �V�R�Q�U�D���� �6���� �D�O�J�R�U�L�W�P�D�V�Õ�Q�Õ�Q��
�D�G�Õ�P�O�D�U�Õ���X�\�J�X�O�D�Q�P�D�\�D���E�D�ú�O�D�Q�P�Õ�ú�W�Õ�U�����<�L�Q�H���W�D�E�O�R�����¶�G�H���N�D�O�L�W�H���D�Q�D��
�N�U�L�W�H�U�L�Q�H�� �E�D�÷�O�Õ�� �D�O�W�� �N�U�L�W�H�U�O�H�U�� �L�o�L�Q�� �\�D�S�Õ�O�D�Q�� �6���� �D�O�J�R�U�L�W�P�D�V�Õ��
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�J�|�V�W�H�U�L�O�P�H�N�W�H�G�L�U�����W�D�E�O�R�����¶�G�H�N�L���o�D�O�Õ�ú�P�D���G�L�÷�H�U���W�•�P���D�Q�D���N�U�L�W�H�U���Y�H��
�E�D�÷�O�Õ���D�O�W���N�U�L�W�H�U�O�H�U�L���L�o�L�Q���\�D�S�Õ�O�P�Õ�ú�W�Õ�U���� 

 
Tablo 1: �.�D�O�L�W�H�� �D�Q�D�� �N�U�L�W�H�U�L�Q�H�� �E�D�÷�O�Õ�� �D�O�W�� �N�U�L�W�H�U�O�H�U�L�Q�� �|�Q�H�P��

dereceleri ve �6�����D�O�J�R�U�L�W�P�D�V�Õ�Q�Õ�Q���X�\�J�X�O�D�P�D���V�R�Q�X�o�O�D�U�Õ 

 
 
�7�D�E�O�R�����¶�G�H���J�|�V�W�H�U�L�O�H�Q���6�����D�O�J�R�U�L�W�P�D�V�Õ�Q�Õ�Q���X�\�J�X�O�D�P�D���N�Õ�V�P�Õ�Q�G�D����

a�Q�D�� �N�U�L�W�H�U�O�H�U�� �G�•�]�H�\�L�Q�G�H��E (evet), O (olabilir) ve H (�K�D�\�Õ�U) 
kullan�Õ�O�P�D�N�W�D�G�Õ�U�����.�D�U�D�U���Y�H�U�L�F�L�O�H�U���³�H�Y�H�W�´���L�o�L�Q�����������³�R�O�D�E�L�O�L�U�´���L�oin 
�������� �Y�H�� �³�K�D�\�Õ�U�´�� �L�I�D�G�H�O�H�U�L�� �L�o�L�Q�� ���� �D�÷�Õ�U�O�Õ�N�O�D�U�Õ�Q�Õ�� �N�X�O�O�D�Q�P�Õ�ú�W�Õ�U���� �%�X��
�W�R�S�O�D�P�O�D�U�G�D�Q�� �V�R�Q�U�D�� �•�V�W�� �V�H�Y�L�\�H�� �L�o�L�Q�� �H�ú�L�W�O�L�N�O�H�U�� �N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U. 
�7�h�6�*m, m. entegrasyon �V�H�Y�L�\�H�V�L�Q�G�H�Q���W�R�S�O�D�P���E�L�U���•�V�W���V�H�Y�L�\�H�\�H��
�J�H�o�P�H���S�X�D�Q�Õ���K�H�V�D�S�O�D�Q�P�Õ�ú�W�Õ�U�� 
 

�7�•�P�� �K�H�V�D�S�O�D�P�D�O�D�U�G�D�Q�� �V�R�Q�U�D�� �G�L�÷�H�U�� �E�L�U�� �D�G�Õ�P��olan S2 
�D�O�J�R�U�L�W�P�D�V�Õ�� �X�\�J�X�O�D�P�D�V�Õ�Q�D�� �J�H�o�Llmektedir. Burada karar 
�Y�H�U�L�F�L�O�H�U�� �7�h�6�*1� �������!���� �R�O�G�X�÷�X�Q�G�D�Q�� �$�� �V�H�Y�L�\�H�V�L�Q�G�H�Q�� �%��
�V�H�Y�L�\�H�V�L�Q�H�� �J�H�o�P�L�ú�O�H�U�G�L�U���� �$�\�Q�Õ�� �K�H�V�D�S�O�D�P�D�O�D�U�� �%�� �V�H�Y�L�\�H�V�L�� �L�o�L�Q��
�W�H�N�U�D�U�O�D�Q�P�Õ�ú�� �Y�H�� �7�h�6�*2� ���!���� �R�O�G�X�÷�X�Q�G�D�Q�� �&�� �H�Q�W�H�J�U�D�V�\�R�Q��
�V�H�Y�L�\�H�V�L�Q�H�� �J�H�o�L�O�P�L�ú�W�L�U���� �7�h�6�*3=���!���� �R�O�G�X�÷�X�Q�G�D�Q�� �&��
entegrasyon seviyesinden D entegrasyon seviyesine 
�J�H�o�L�O�P�L�ú�W�L�U���� �7�h�6�*4=���!���� �R�O�G�X�÷�X�Q�G�D�Q�� �'�� �H�Q�W�H�J�U�D�V�\�R�Q��
�V�H�Y�L�\�H�V�L�Q�G�H�Q�� �(�� �V�H�Y�L�\�H�V�L�Q�H�� �J�H�o�L�O�P�L�ú�W�L�U�� �7�h�6�*5� �����R�O�G�X�÷�X�Q�G�D�Q��
�D�G�Õ�P�O�D�U���G�X�U�G�X�U�X�O�P�X�ú�W�X�U�� �Y�H�� �I�L�U�P�D�Q�Õ�Q�� �H�Q�W�H�J�U�D�V�\�R�Q�� �V�H�Y�L�\�H�V�L�� �(��
�R�O�D�U�D�N�� �E�H�O�L�U�O�H�Q�P�L�ú�W�L�U���� �<�D�S�Õ�O�D�Q�� �W�•�P�� �K�H�V�D�S�O�D�P�D�O�D�U�� �W�D�E�O�R�� ���¶�G�H��
�J�|�V�W�H�U�L�O�P�H�N�W�H�G�L�U. 

 
Tablo 2: S1 v�H���6�����$�O�J�R�U�L�W�P�D�O�D�U�Õ�Q�Õ�Q���8�\�J�X�O�D�Q�P�D�V�Õ�\�O�D���(�O�G�H��

�(�G�L�O�H�Q���6�R�Q�X�o�O�D�U 

 
Tablo 3 de ana �N�U�L�W�H�U�O�H�U�� �L�o�L�Q�� �N�D�U�D�U�� �Y�H�U�L�F�L�O�H�U�O�H�� �E�L�U�O�L�N�W�H��

�K�D�]�Õ�U�O�D�Q�D�Q���E�X�O�D�Q�Õ�N���N�D�U�ú�Õ�O�D�ú�W�Õ�U�P�D���P�D�W�U�L�V�L���Y�H�U�L�O�P�H�N�W�H�G�L�U���� 
 

Tablo 3: �$�Q�D���.�U�L�W�H�U�O�H�U���ø�o�L�Q���.�D�U�ú�Õ�O�D�ú�W�Õ�U�P�D���0�D�W�U�L�V�L 

 
 

�7�D�E�O�R�� ���¶�G�H�� �D�Q�D�� �N�U�L�W�H�U�O�H�U�L�Q�� �E�X�O�D�Q�Õ�N�� �N�D�U�ú�Õ�O�D�ú�W�Õ�U�P�D�O�D�U�Õ�Q�Õ�Q��
�G�X�U�X�O�D�ú�W�Õ�U�Õ�O�P�Õ�ú���K�D�O�O�H�U�L���J�|�V�W�H�U�L�O�P�H�N�W�H�G�L�U�� 

 
Tablo 4: �$�Q�D�� �N�U�L�W�H�U�O�H�U�� �L�o�L�Q�� �N�D�U�ú�Õ�O�D�ú�W�Õ�U�P�D�� �P�D�W�U�L�V�L�Q�L�Q��
�G�X�U�X�O�D�ú�W�Õ�U�Õ�O�P�Õ�ú���K�D�O�L 

 
 
Tablo 5�¶�G�H���N�D�O�L�W�H���D�Q�D���N�U�L�W�H�U�L�Q�L�Q���D�O�W���N�U�L�W�H�U�O�H�U�L�� �L�o�L�Q�� �K�D�]�Õ�U�O�Dnan 

�E�X�O�D�Q�Õ�N�� �L�N�L�O�L�� �N�D�U�ú�Õ�O�D�ú�W�Õ�U�P�D�� �P�D�W�U�L�V�L���� �W�D�E�O�R�� ���� �G�D�� �L�V�H��
�N�D�U�ú�Õ�O�D�ú�W�Õ�U�P�D�O�D�U�Õ�Q�� �G�X�U�X�O�D�ú�W�Õ�U�Õ�O�P�Õ�ú�� �K�D�O�O�H�U�L���J�|�V�W�H�U�L�O�P�H�N�W�H�G�L�U����
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Benzer �ú�H�N�L�O�G�H�� �W�•�P�� �D�Q�D�� �N�U�L�W�H�U�O�H�U�L�Q�� �D�O�W�� �N�U�L�W�H�U�O�H�U�L�� �L�o�L�Q�� �L�N�L�O�L��
�N�D�U�ú�Õ�O�D�ú�W�Õ�U�P�D���P�D�W�U�L�V�L���K�D�]�Õ�U�O�D�Q�P�Õ�ú�W�Õ�U���� 

 
Tablo 5:Kalite Alt Kriterleri �ø�o�L�Q �ø�N�L�O�L �.�D�U�ú�Õ�O�D�ú�W�Õ�U�P�D 

Matrisleri 

 
 
Tablo 6: �.�D�O�L�W�H�� �D�O�W�� �N�U�L�W�H�U�O�H�U�L�Q�L�Q�� �N�D�U�ú�Õ�O�D�ú�W�Õ�U�P�D�� �P�D�W�U�L�V�L�Q�L�Q��
�G�X�U�X�O�D�ú�W�Õ�U�Õ�O�P�Õ�ú���K�D�O�O�H�U�L 

 
 

�7�X�W�D�U�O�Õ�O�Õk �D�Q�D�O�L�]�O�H�U�L���\�D�S�Õ�O�D�U�D�N���N�D�E�X�O���H�G�L�O�H�Q���E�X�O�D�Q�Õ�N���P�D�W�U�L�V�O�H�U��
�•�]�H�U�L�Q�G�H���&�K�D�Q�J�¶�L�Q�� �E�R�\�X�W���D�Q�D�O�L�]�L�Q�L�Q�� �D�G�Õ�P�O�D�U�Õ���X�\�J�X�O�D�Q�D�U�D�N�� �K�H�U��
�E�L�U���N�U�L�W�H�U�L�Q���D�÷�Õ�U�O�Õ�÷�Õ���E�X�O�X�Q�P�X�ú�W�X�U�� 

 
�6�H�Q�W�H�W�L�N���G�H�÷�H�U���K�H�V�D�S�O�D�P�D�O�D�U�Õ�� 
Smaliyet = (4.66,7,10)*(1/31.42,1/43.41,1/57.03) = 

(0.1483,0.1612,0.1753) 
Skalite = (0.3182,0.3225,0.3156) 
Shizmet =(0.1203,0.1170,0.1197) 
S�J�•�Y�H�Q�L�O�L�U�O�L�N =(0.3500,0.3455,0.3331) 
Steknoloji =(0.062,0.053,0.056) 
 
V(Smaliyet > =Skalite) =0.00 
V(Smaliyet > = Shizmet=1.00 
V(Smaliyet > = S�J�•�Y�H�Q�L�O�L�U�O�L�N)=1.00 
V(Smaliyet > = Steknoloji)=1.00 
V(Skalite>= Smaliyet)=1.00 
V(Skalite>= Shizmet)=1.00 
V(Skalite>= S�J�•�Y�H�Q�L�O�L�U�O�L�N)=0.00 
V(Skalite>= Steknoloji)=1.00 
V(Shizmet >= Smaliyet)=0.00 
V(Shizmet >= Skalite)=0.00 
V(Shizmet >= S�J�•�Y�H�Q�L�O�L�U�O�L�N)=0.00 
V(Shizmet >= Steknoloji)=1.00 
V(S�J�•�Y�H�Q�L�O�L�U�O�L�N >= Smaliyet)=1.00 
V(S�J�•�Y�H�Q�L�O�L�U�O�L�N >= Skalite)=1.00 
V(S�J�•�Y�H�Q�L�O�L�U�O�L�N��>= Shizmet)=1.00 
V(S�J�•�Y�H�Q�L�O�L�U�O�L�N >= Steknoloji)=1.00 

V(Stekkoloji >= Smaliyet)=0.00 
V(Steknoloji >= Skalite)=0.00 
V(Steknoloji >= Shizmet)=0.00 
V(Steknoloji >= S�J�•�Y�H�Q�L�O�L�U�O�L�N)=0.00 
Min(Smaliyet)=(0.00,1.00,1.00,1.00)=0.00 
Min(Skalite)= 1.00, 1.00,0.00,1.00=0.00 
Min(Shizmet )=0.00 
Min(S�J�•�Y�H�Q�L�O�L�U�O�L�N )=1.00 
Min(Steknoloji )=0.00 
W=(0.00,0.00,0.00,1.00,0.00) 
W=(0.00,0.00,0.00,1.00,0.00)T 
 
Snet_fiyat = (0.7692,0.8,0.8185) 
S�E�D�N�Õ�P�Bmaliyet =(0.2307, 0.2,0.1814) 
 
Sambalaj =(0.3409,0.3390,0,3388) 
Skalite_sistem =(0.1465,0.1559,0.1694) 
Shata=(0.4502,0.4220,0.443) 
Sdestek=(0.061,0.052,0.048) 
S�G�H�÷�L�ú�L�P=(0.2347,0.2459,0.2454) 
S�E�D�N�Õ�P=(0.112,0.1333,0.1435) 
Sgaranti=(0.093,0.1024,0.1172) 
Sdavr�D�Q�Õ�ú=(0.4918,0.458,0.426) 
S�G�D�÷�Õ�W�Õ�P =(0.067,0.0602,0.0677) 
Syetenek=(0.1807,0.1773,0.1724) 
Sesneklik=(0.2409,0.2661,0.0344) 
S�W�H�F�U�•�E�H=(0.265,0.2419,0.2413) 

S�X�]�P�D�Q�O�Õ�N=(0.3132,0.3145,0.3103) 
S�•�U�H�W�L�P�W�H�N�Q�R=(0.600,0.666) 
Skapasite=(0.3993,0.3333) 
 

IV. �6�2�1�8�d 
�d�D�O�Õ�ú�P�D�G�D��problem �o�|�]�•�P�•�Q�G�H�� �L�O�N�� �R�O�D�U�D�N�� �W�H�G�D�U�L�N�o�L-�V�D�W�Õ�Q��

�D�O�Õ�F�Õ�� �E�D�N�Õ�ú�� �D�o�Õ�V�Õ�Q�Õ�� �E�H�O�L�U�O�H�P�H�N���L�o�L�Q��sezgisel algoritma 
�N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U�����(�W�N�L�Q���V�H�o�L�P���N�U�L�W�H�U�O�H�U�L�Q�L�Q���E�H�O�L�U�O�H�Q�P�H�V�L�Q�L�Q���W�H�P�H�O��
�D�P�D�F�Õ�� �I�L�U�P�D�\�D�� �]�D�P�D�Q�� �N�D�]�D�Q�G�Õ�U�P�D�N�� �Y�H�� �G�H�÷�H�U�O�H�Q�G�L�U�P�H�Q�L�Q��
�Y�H�U�L�P�O�L�� �ú�H�N�L�O�G�H�� �G�H�÷�H�U�O�H�Q�G�L�U�L�O�P�H�V�L�Q�L�� �V�D�÷�O�D�P�D�N�W�D�G�Õ�U�����7�H�G�D�U�L�N�o�L��
niteliklerinin belirlenmesi �L�o�L�Q�� �G�H���E�X�O�D�Q�Õ�N�� �$�+�3�� �P�H�W�R�G�X 
�N�X�O�O�D�Q�Õ�O�P�Õ�ú�W�Õ�U���� �%�X�O�D�Q�Õ�N�� �$�+�3�� �L�O�H�� �N�U�L�W�H�U�O�H�U�L�Q���|�Q�H�P dereceleri 
�E�H�O�L�U�O�H�Q�P�H�G�L�U���� �%�X�� �P�H�W�R�G�X�Q�� �N�X�O�O�D�Q�Õ�O�P�D�� �V�H�E�H�E�L�� �V�H�o�L�P��
�V�•�U�H�V�L�Q�G�H�N�L�� �N�D�U�P�D�ú�Õ�N�O�Õ�÷�Õ�� �Y�H�� �N�D�U�D�U�� �Y�H�U�P�H�\�L�� �N�R�O�D�\�O�D�ú�W�Õ�U�P�D�N�� �Y�H��
�R�O�X�ú�D�F�D�N�� �E�H�O�L�U�V�L�]�O�L�N�O�H�U�L�� �R�U�W�D�G�D�Q�� �N�D�O�G�Õ�U�P�D�N�W�Õ�U���� �� �0�R�G�H�O�L�Q�� �V�R�Q��
�D�ú�D�P�D�V�Õ�Q�G�D�����E�L�U���|�Q�F�H�N�L���D�G�Õ�P�G�D���E�H�O�L�U�O�H�Q�H�Q���W�H�G�D�U�L�N�o�L�O�H�U���L�o�L�Q�G�H�Q��
�X�\�J�X�Q���W�H�G�D�U�L�N�o�L���V�H�o�L�P�L���J�H�U�o�H�N�O�H�ú�P�H�N�W�H�G�L�U�� 

. 
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