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Bir Ortam Havasi Sogutma Siireclerindeki Tersinmezliklerin Ufleme
Havasi Ekserji Degeri Limitlerine Etkileri
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Ozet —Bir ortam havasmin yaz sartlarma gore sogutulmasinda, hava karigim baglantisi, evaparator, 1sitici ve bir fandan olusan
iklimlendirme iinitesini igeren model g6z 6niine alinmstir. Bu uygulamayla bilinen ekserji analizi ile birlikte ileri ekserji analizi
metotlarmin iklimlendirme konularindaki uygulanabilirliginin gosterilmesi amaglanmigtir. Tasarlanan modelde iklimlendirme
iinitesini olusturan her bir bilesende olusan ekserji kayb1 ve ekserji tahribat1 hesaplanmaktadir. Bu amagla, ele alinan model,
iifleme havasi, taze hava ve geri doniis havasnin %20’lik kismiyla karisimindan olustugu diisiiniilmiistiir. Iklimlendirme
tinitesindeki ekserji tahribati kullanilamaz-endojen, kagmilma-eksojen, kagmilmaz-endojen ve Onlenebilir-eksojen olarak
parcalara ayrilmstir. Ufleme havasmin ekserji degerleri atmosferik hava sartlarma gore belirlenmistir

Anahtar Kelimeler — fleri ekserji, mahal sogutmas:, ekserji tahribati, iklimlendirme iinitesi

I. GIRIS

Ulkelerin gelismesiyle birlikte insanlarm yasam termal
konforunu saglamak amaciyla kullanilan elektrik enerji
sarfiyat1 artmaktadir. Bu nedenle iklimlendirme (HVAC)
sektoriinde kullanilan enerji tasarrufunun saglanmasi ve
enerjinin verimli kullanilmas: giiniimiiz en 6nemli arastirma
konular1 olusturmaktadir. Iklimlendirme sektdriinde 1sitma,
havalandirma ve iklimlendirme siiregleri 6nde gelmektedir.

HVAC sistemlerinin termodinamik analizinde sistemde
kullanilan enerji doniisiimii, enerji doniisiimiini saglayan
bilesenlere gore iki grupta ele alnabilir. Birinci grupta is
tilketen makinelere olarak fanlar, pompalar ve kompresorler
ortaya ¢ikmaktadir. Bu elemanlarda elektrik enerjisi akigkanda
kinetik ve potansiyel enerjiye doniisiirken siireclerde isiya
doniisen enerji miktar1 da ig akigkaninin i¢ enerjisine dontisiir.
Ikinci  gruptaki  elemanlar  olarak 1s1  esanjorleri
gosterilmektedir. Bu iki grupta tanimlanan enerji doniisim
elemanlar1 birbirleriyle irtibatlandirildiklarinda ortaya g¢ikan
sistem klima santrali (AHU) olarak tanimlanir. Giiniimiizde
tilkemiz i¢in 1sitma, sogutma ve havalandirma HVAC
sistemlerinde kullanilan enerjinin toplam enerji sarfiyatindaki
pay1 yaklasik olarak %20 olarak tespit edilmistir [1].

Bu sektorde kullanilan enerjinin yaklasik %50°lik kismi
evlerde kullanilan sistemlerde kullanilmaktadir. Literatiirde
sogutma amagli c¢alisgan HVAC sistemlerinde kullanilan
sogutma {initelerinin yaklagik %80’nini buhar sikistirmali
sogutma sistemleri teskil eder [2]. Bu nedenle HVAC
sistemlerinde verimliligin arttirilmasinda miimkiin olabilecek
enerji tasarrufu gorildiigiinde bu {initenin arastirilmasi
gerekmektedir. HVAC sistemlerinin  enerji  kullanim
performanslar1 genellikle termodinamigin birinci kanuna gore,
nicel olarak degerlendirilmesinin disinda daha yeterli fikirler
elde etmek i¢in enerjinin nitel degerlendirilmesinin

yapilmasinda ekserji metodu kullanilmaktadir. ileri ekserji
metodu ile bu ¢aligmada tanitilan sistemin her bir elemanda
olusan tersinmezliklerin  tespitinin  yaninda,  sistem
bilesenlerinin ¢alisma kosullarinda her bir elamanda olusan
tersinmezliklerinin ~ birbirlerine  gore  etkilesimlerinin
belirlenmesinde kullanilir. Bu ¢aligmanin literatiirdeki yeri
ileri ekserji metodunun HVAC sistemine uygulanmasmin
tanitimidir.

Paralel sikistirmali market tipi buzdolabinin performansmin
optimizasyonuna dayali bir arastirmayi Gullo vd. ileri ekserji
analizi metodu kullanarak gergeklestirmislerdir [3]. Ileri
ekserji metodu sonucunda kondansoriin, yiiksek basing
kompresdriiniin ve algak basing kompresorlerinin en yiiksek
gelistirme potansiyeline sahip olduklarmni belirtmislerdir.

Ileri ekserji metodunun sogutucu sisteme uygulandig1 bir
calisma da Kelly vd. tarafindan ele almmstr [4].
Aragtirmacilar, sogutucu sistemin performansiin
ulasabilecegi en yiiksek potansiyeli hesaplayarak sistemde
evaparatorde olusan tersinmezliklerin giderilmesiyle sistem
performansinin iyilesebilecegini belirtmiglerdir.

Ekserji, ileri ekserji analizi ve ekserji ekonomiklik metodu
kullanilarak gercek bir endiistriyel tesisin degerlendirmesi
Vuckovic vd. tarafindan ele alinmistir [5]. Endistriyel tesisin
bilesenlerinde ekserji tahribatinin kaginilmaz ve teknolojik,
fiziksel ve ekonomik smirlamalarla  smirlandirildigi
belirlenmistir.

Ileri ekserji metodunda ekserji tahribatmnin matematiksel
olarak belirlenmesinde ait bir c¢aligma Tsatsaronis G vd
tarafindan gergeklestirilmistir [6]. Bu ¢alismada, bir buhar
sikistirmali sogutma sistemi ve basit gaz tiirbini sistemi
orneklenerek matematiksel ileri ekserji analiz metodu
aciklanmigtir.
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Literatiirde ekserji degerlendirilmesinde yakit-iiriin ekserji
iliskisi kullanilarak hesaplamalarda kolaylik saglanmistir.
Yakit-iiriin ekserji analizi, ekserji tahribati hakkinda bir
termodinamik ¢evrimi olusturan siire¢lerdeki {initelere ait
kendi performanslarmin  sistem performansma nasil
etkiledigini belirler. Ayrica cevrim performansini nasil
etkiledigi ve gevrimin performansimin ne kadar arttirtlacagi ve
sistemdeki hangi Unitenin veya initelerin iyilestirilmesinin
belirlenmesine imkan saglar [3,5,6].

HFC-134a ile HFO-1234yf sogutucu akigkan kullanan buhar
sikigtrmali sogutma ¢evriminde termodinamigin birinci ve
ikinci yasasmin analiz ¢aligmalar1 ger¢eklestirilmistir [7]. Her
iki sogutucu akigkan igin de ¢evrim verimleri arasinda dnemli
farkliliklar oldugunu gézlemlemislerdir. Elde edilen ekserji ve
enerji analiz sonuglara gére HFO-1234yf, R-134a'ya iyi bir
alternatif sogutucu akigkani olarak degerlendirmislerdir.

Bu caligmanmn amaci, tanitilan sistemde ekserji ve ileri
ekserji metotlar1 uygulanarak sistemin bilesenleri arasinda
tersinmezligin dagilimini saptamak, genel tesis verimliliginin
diisiik olmasina neden olan veya olumsuzluga en fazla katkida
bulunan bilesenleri tespit etmek, sistemi iyilestirilmede
fikirlere ulasmaktir.

1. YAZ KLiMASI VE HVAC SiSTEMI TANITIMI

Bir oda havasi sartlandirilmasinda, oda havasmin duyulur
181 ve gizli 1s1 yiikleri hesaplandiktan sonra, oda hava konfor
sartlarin1 saglayacak projede kullanilacak cihazin enerji
sarfiyatinin en az olmasi, projenin O6nemli kriterlerinden
biridir. En genel sekliyle basit bir yaz klimasi cihazi ana
elemanlar1 olarak, bir evaparator (sogutucu), bir 1sitict ve bir
fandan olusmaktadir. Sogutma yiikiiniin karsilanmasinda
uygulamada degisik sogutma sistemleri kullanilmaktadir. Bu
calismada evaparatordeki sogutma yiikiiniin karsilanmasinda,
buhar sikistirmali sogutma ¢evrimi ele alinmigtir. Sekil 1.” de
ele alinan sistem goriilmektedir.

Thavag
c Kondansér b
R A Ay .
" | CD Mp404a
Genlesme v * f % i
valfi Su
Thava g Kompresdr
d a
1 3 4 5 6
_._._
£
Fan Oda
| Evaparatdr Elektrik (2)
i) 1s1t1c1s1
2 2
T L ]
Ttk T -

Sekil 1. Oda havasi i¢in yaz klimasi tesisat semasi

Istticida, 1sitma elektrik enerjisi ile saglanmaktadir.
Sistemde havanin akigi bir fan ile saglanmistir. Ele alinan
model ¢alisma i¢in, oda havasinin gizli 1s1 kazanci Qgizli s =
4.1 kW, duyulur 1s1 kazanci Qduyulur st = 23.4 KW, oda
havast konfor sartlari i¢in Ty, = 25°C, Tyt =23.5°C
secilmigtir. (Yaz sartlarinda atmosfer havasinin bagil nemi
¢ = %40, sicakligi Ty, = 35° C dir.) HVAC tesisatinda, proje
degerleri olarak, odaya iiflenen hava sicaklig1 T6,kt =16°Cile
taze ve geri doniis hava akimlarmin karigimmin %20 taze hava
miktar1t Ongorilmistiir. Fan nedeniyle iifleme havasi

sicakligmm 1° C kadar yiikselebilecegi de goz Oniine

almmustr.
A. HVAC Sistemindeki Termodinamik Siirecler

Ele alman model tesisat semasinda olusturulan
termodinamik siirecler hava akimlari1 karisimi, hava akimi
sogutulmasi, hava isitilmasi ve fan 1sitma etkileri, 1 atm
basimgta SI birimine gore hazirlanmig psikometrik diyagram
tizerinde Sekil 2.” de gosterilmistir.

0.03 —
Olgekli yarim daire
i ) /

z oDIO P
= 0.02 P
Y ;
=
3
-
on
=
=]
L= -
T 0.01 J
=
.s -

0.00 L

T [°C]

Sekil 2. Yaz klimasmnm psikometrik diyagramda gosterilmesi.

Sogutma sisteminde sogutucu akigkan olarak R134a
secilmistir. Sogutma sisteminde hava sogutmali kondansér
kullanilmistir. Sogutma sisteminde evaparator buharlagsma
sicakligt 2°C ve kondansorde yogusma sicakligt 40°C
secilmigtir.  Buhar  sikisgtrmali  sogutma  sisteminin
termodinamik ¢evriminin T-s diyagrami Sekil 3.” de
verilmistir. Bu ¢evrimde asir1 kizdirma ve agiri sogutma
etkileri gbz oniine alinmistir.

TA
2R
2UN
~ 12T
“3UN
3Th, °
i S
& Hava ile sogutma
e —1 AN
Sartlandiriimig hav:
A 4Th Sartlandirilmg hava lThlU'N 1R
—7 JUN— N
7 4R
x=0 x=1

»Y

Sekil 3. Buhar sikistirmali sogutma gevrimi:
a)1R,2R,3R,4R Gergek ¢evrim
b)1UN,2UN,3UN,4UN Kagmilmaz ¢evrim
¢) 1T,2T,3T,4T Teorik ¢evrim.

Sekil 3.” de sogutma sisteminin gercek, kagmnilmaz ve teorik
cevrimleri T-s diyagraminda gosterilmistir. Ekserji ve ileri
ekserji hesaplamalarinda bu cevrimler ele almarak, teorik
cevrim referans olarak kullanilmistir. Ele alinan HVAC
sisteminde yapilan termodinamik kabuller:
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1. Hava ideal gaz olarak ele alinmistir ve kanalindaki
hava akis1 kayipsiz olup, basmng 1 atm basincinda
tutulmustur.

2. Her bir termodinamik siirecin kararli rejimde (zaman
bagimsiz) ger¢eklesmektedir.

3. Su buhar1 ve hava karigimi ideal gaz karigimi olarak
ele alinmustur.

4. Ekserji analizlerde, nemli hava ve R134a i¢in 6li
durum sicakligi T, = 15° C ve basinc1 P, =1 atm
ve nemli havanin bagil nemi @, = %50 olarak
almmustir.

5. Oda havasi 1s1 kazancinin zamanla degismedigi goz
Oniine alinmistir ve yaz klimasi projesinde yilin en
sicak ayma dayali sicaklik ortalamasma gore 1s1
kazanci degerlendirilmistir.

6. Sogutma sisteminde kullanilan kompresoriin ig¢

verimi n=0.8.

7. Hava kanalinda kullanilan fanin i¢ verimi n=0.85
alinmustir.

8. Sogutma sisteminde basing kayiplar1 gbz Oniine
almmamustir.

B. Ekserji Analizi

Havalandirma tesisat ile sogutma sistemini i¢eren kontrol
hacminde sogutma kompresoriine, hava iifleme fanmna ve de
elektrik 1siticisina elektrik enerjisi harcanarak oda havasi
sogutulmaktadir. Bu enerjinin diger kismi siireglerdeki
tersinmezliklerde ortaya ¢ikmaktadir. Ekserji analizi
stireglerin gerceklestigi sistem bilesenlerindeki
tersinmezliklerin bilinmesiyle sistemin COP sogutma tesir
katsayisinin iyilestirilmesinde alinacak onlemler igin fikirler
verir. Sogutma sisteminde ¢evreye ¢ok biiyilk miktarda 1s1
atilir. Sonlu sicaklik farklarinda c¢evreye atilan 1s1 miktart,
ekserji tahribatmin en biiyiik kismini olusturur. Bu nedenle
sogutma tnitesinin ileri ekserji analizi dnemli olmaktadir.
Termodinamikte kontrol hacmi igin ekserji esitligi Denklem 1.
ile verilmistir.

Ele alman sistem bilesenlerinin her biri i¢in ekserji yakit1
Er ve ekserji iiriinii Ep, cinsinden bilesende olusan ekserji
tahribat1 £, asagidaki esitlikte verilmistir [8].

ED = EF - EP (2

Literatiirde tanitilan degisik ekserji verim tanimlarindan
oransal ekserji erimi bu c¢aligmada kullanilmistir. Ekserji
verimi ¢ = Z:—P ifadesi ile hesaplanmistir. Atmosfer havasinin

F

0zgiil ekserji degeri Denklem 3 ile hesaplanmustir.

T T
e = (Cpn +WCpsu)To (- =1 = In 1)
+(1+ 1.6078w)RhTolnPi
[

1+1.6078w,
1+1.6078w

+R,T, ((1 +1.6078w)In + 1.6078WW1)
®)

Bu esitlikte birinci terimde hava sicakliginin ekserjiye etkisi
ile ilgili, ikinci terimin hava basmcmin ekserjiye etkisi ve

tiglincii terimin havanin 6zgiil neminin ekserjiye etkisi ile ilgili
oldugu gorilmektedir. Sogutucu sistemde kullanilan
R134a’nin sogutma ¢evrimi noktalarindaki ekserji degerleri
e=h—h,—T,(s—s,) 4)
bagmtisiyla hesaplanir. R134a i¢in 6lii durum sicakligi To,
basinct Po olup, To sicakligindaki doymus degerleri
kullanilarak ekserji hesaplar1 yapilir. Kontrol hacmi igerisinde

bulunan HVAC tesisatinin olugturdugu ekserji tahribati
asagida belirtilmistir.

ED,toplam = EQ,CM + ED,EV + ED,TV + ED,CD + Ep it
+ED,Fun (5)

Bu c¢alismada hava kanalinda hava sartlandirmasi
stireglerinde sogutma {tnitesinde harcanan elektrik miktar1
isiticida ve fanda kullanilan elektrik enerjilerine gore daha
fazla oldugundan sistem performansmin iyilestirilmesinde
sogutma tinitesindeki tersinmezliklerin en aza indirilmesi
amactyla sogutma sisteminin ileri ekserji analizine agirlk
verilmistir.

C. Ekserji Tahribat Tipleri

Ekserji analizinde her bir eleman igin hesaplanan ekserji
tahribati ileri ekserji metodunda iki gruba ayrilir. Her bir
grupta kendi i¢inde iki alt parcalara ayrilir. Ekserji tahribatinin
iki ana pargasindan, birinci grubu, E, g’}i endojen (igsel) ve E g),((
eksojen (digsal) olarak pargalarindan olusmaktadir.

Epx = E5) + Epk (6)

Ekserji tahribatinin iki ana parcasindan, ikinci ana grubu
EYY kagilmaz (unavoidable) ve EY, kullamilabilir (avoiidable)
pargalar1 olusturmaktadir.

Epi = Ep) + Ef) 7

Bu ekserji tahribat1 pargalar1 kendi aralarinda birlestirilerek
literatiirde asagidaki tanimlar yapilmistir.

Kagilmaz-Endojen-Ekserji-tahribati; Ep ", Sistemdeki
herbir bilesendeki teknik sinirlamalar nedeniyle giderilemez.

Kagmilmaz-eksojen-ekserji-tahribatiEy **,  Sistemdeki

herbir bilesen disindaki sistemin (¢evrimin) diger iinitelerinde
teknik sinirlamalar nedeniyle giderilemez.

Onlenebilir-endojen-ekserji-tahribatr: £j*",  Sistemdeki
her bir bilesenin verimi iyilestirilmesiyle giderilebilir.

Onlenebilir-eksojen-ekserji-tahribati: £ **,  Sistemdeki
her bir bilesenin diginda kalan diger {nitelerin yapisal
iyilestirilmesi  ve arttirilmasiyla Eg",/c’EX
azaltilabilir.

Her bir bilesenin ekserji tahribati pargalar1 asagidaki
denklemde verilmistir.

verimlerinin

SUNEN | ~UNEX
E

- AV ,EN ~AV,EX
ED,k = D,k ) +ED,k + ED,k ] +ED,k (8)

Bu esitlikteki ifadeler asagidaki gibi hesaplanmistir [4].
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~UN.EN _ ESVEEN
EUNEN — ED Ep )
’ Ep gergek
- av,EN _ ERVEEN
EAVEN _ Eb Ep (10)
D,k E
D,gercek
~UNEx _ ESNEEX
EUNEX _ Eb Ep” 11)
D,k E
D,gercek
~av.EX _ ERVEEX
EAVEX = ED Bp” (12)
’ Ep gergek

1. HESAPLAMALAR

Tiim istemin ve her bir sistem bileseni igin ekserji yakiti,
ekserji irlinii, ekserji tahribat1 ve ekserji verim ifadeleri Tablo
1.” de verilmistir. Genlesme valfinde mekanik-termal ekserji
ve verim ifadeleri Tablo 1’ de verilmistir [9].

Tablo 1.Ekserji yakit1 ve ekserji tirlinii tanimlarina dayali ekserji tahribati
ve ekserji verimi

Bilesen Er Ep Ep Ekserji
verimi
: E, — . L. Ep—tq
CM Wem EZ Wem — (Ep — Eq) €em = V?/—CM
o | E— | (Ba—Ey) = (Ea— _ By
EV | E,—E, i £) BV = Bpmka
Ehava,g E. (Ey —Ec) —Esy Ehavac—Ehavag
(Ec- (Ea— | (Ec=Ed),,, — AR
TV E ) E ) E—E (Ea—E)Ter
4 mek ¢Jrer ( d C)Ter (Ec~Ea)Mek
. E — . .. Fe-E
FAN Wran E‘-i Wean — (B — Es) Ecm = V;FA;
. Eg— . . - Es—E,
H Ey £, EH_(ES_E4) &y = 5’5‘;14
: : Es - (E1 - E3) - (ES - _ Es-E
MKS El - E3 Ez Ez) Emks = E1—Es
. Epcu+ Epep +
Wout | N Erop, =
L — | Eppy+Eppy + ToPL
TOPL | Wy | 527 | omvtFoer BB
+Ey 6 "D FAN DH Wem+WreaN +En
Epmxs

Sekil 3.’de verilen sogutma sisteminin ger¢ek, kagmilmaz
ve teorik ¢evrimleri i¢in proje parametreler Tablo 2.’de
verilmistir.

Tablo 2. Sogutma tinitesinin gergek ve teorik ¢evrimler igin ¢calisma

sartlari
Parametreler Gercek Kag¢immlmaz Teorik
cevrim (UN) cevrim cevrim
sartlar sartlarn sartlar
Basing diisiileri
AP 0 0 0
Kondansér
¢ikisindaki min.
Stcaklik farki, ! 05 0
AT[]
Evaporator
cikisindaki ~ min.
Sicaklik farki, AT 5 0.5 0
[’]
Kompresoriin
izantropik verimi, 75 95 100
T)Kompresor %

Kondansordeki

R1§4aa nin § 40 35 32
yogusma sicakligi

[°C]

Kisilma siireci 3-4 | Tersinmez Tersinmez Tersinir

Kondansoérdeki sogutma havasi:

Sogutma havas giris sicakligi ve basinct :
Thava,g:35 °C, Phava,g =101.325 kPa

Sogutma havasi ¢ikis sicakligi ve basinct :
Thava,g:38 OC, Phava,Q:101.325 kPa
Evaporatordeki sartlandirilmis hava akimi:

Hava glrlsl Thava,g:9 OC, Phava,g:101.325 kPa
Hava ¢ikigl : Thava =14 °C,  Phava=101.325 kPa

Sekil 1.’de verilen havalandirma ve sogutma sisteminin
gercek, teorik ve kagmilmaz siireglerine ait termodinamik
degerleri Tablo. 3, Tablo 4. ve Tablo 5.” de verilmistir.

Tablo 3. Havalandirma tesisatinda ve sogutma sistemindeki ger¢ek
stirelere ait termodinamik degerler

Ter i ik analiz
Cevrim | oo | T | P h s e
nok. T e | my | RO | pepa) | kel | DkeK] | kel
a R134a 0476 278.7 - 356 233.6 0.928 2824
b R134a 0476 | 3307 - 1191 287 0954 543
c Rl34a 0476 | 3192 - 1191 117.3 0.423 37.59
_d R134a 0476 2785 - 356 1173 0.425 3287
x=0.27
1 Hava 0.605 35 0.0134 101.3 69.76 5.853 1.098
2 Hava 247 25 0.0078 101.3 4524 5.77 0.198
2 egzoz Hava 247 25 0.0078 101.3 45.24 3.77 0.198
2 déniig Hava 0.605 25 0.0078 101.3 4524 5.77 0.198
3 Hava 3.025 27 0.0089 101.3 50.14 5.787 0317
4 Hava 3.025 10.51 0.0071 101.3 28.63 5.713 0.043
5 Hava 3.025 15 0.0071 101.3 3323 5.729 0.006
6 Hava 3.025 16 0.0070 101.3 3425 3.732 0.008
Tueve e Hava 26.17 35 0.0134 101.3 69.76 3 1.098
Thava Hava 26.17 38 0.0134 101.3 72.85 3.863 1314

Evaparatoriin ¢ig noktasi sicakligi 8.66°C olup baypas
faktorii 0.1 almmustir.

Tablo 4. Havalandirma tesisatinda ve sogutma sistemindeki kaginilmaz
stireglere ait termodinamik degerler

Termodinamik analiz
Cevrim Alkaskan o T w P h s e
nak. ksl | [K] L:gf;i"‘j [kPa] | [kikg] | [kIkeK] | [kike]
a Rl34a 0426 | 2832 - 408 256.2 0926 3138
b Rl34a 0426 | 3154 - 976.8 274.8 0.929 49.21
c Rl134a 0426 | 3117 - 976.8 106 0387 36.44
d -
x=0212 Rl134a 0426 | 2832 408 106 0396 3402
9
1 Hava 0.605 35 0.0134 101.3 69.76 1.098
2 Hava 247 25 0.007 1013 4524 0.198
2 egzoz Hava 247 25 0.007 101.3 4524 0.198
2 donils Hava 0.605 25 0.007 101.3 4524 0.198
3 Hava 3.025 27 0.008 1013 50.14 0317
4 Hava 3.025 | 1051 0.007 1013 28.65 0.043
3 Hava 3.025 15 0.007 101.3 3323 0.006
6 Hava 3.025 16 0.007 1013 3425 0.008
Thever Hava 2363 35 0.0134 1013 69.76 1.098
Thavs Hava 23.63 38 0.0134 101.3 72.85 1.314

Tablo 5.Havalandirma tesisatinda ve sogutma sistemindeki teorik
stirelere ait termodinamik degerler
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Termodinamik analiz
Cevrim -m T w P h s e
wok. | A g | ® &fi“:i‘; [kPa] | [kIkg] | [I/keK] | [kiikg]
a Ri3da | 04262 | 783 710 | 2564 | 09362 | 3172
b Ri3a | 04260 | 314 9637 | 0736 | 09262 | 4884
c Ri3a | 04262 | 3112 9637 1053 | 03855 | 3638
ey | RIMa | 04262 | 2837 4219 | 1031 | 03855 | 3415
1 Hava | 06051 | 35 | 0013 [ 1013 | 6976 | 5853 | 1.098
2 Hava | 247 | 25 | 0007 [1013| 4524 | 577 | 01936
Deszoz | Hwa | 247 | 25 | 0007 [ 1013 ] 4524 | 577 | 0198
Jcontis | Hava | 06051 | 25 | 0007 | 1013 | 4524 | 577 | 01986
3 Hava | 3025 | 27 | 0008 [1013| 5004 | 5787 | 03177
2 Hava | 3005 | 1051 0007 | 1013 | 2865 | 5713 | 004346
5 Hava | 3005 | 15 | 0007 [101.3] 3323 | 5729 | 0.006886
5 Hava | 3005 | 16 | 0007 [101.3| 3425 | 5732 | 0.008674
Tow: | Haa | 2306 | 35 | 00132 [1013] 6976 | 5853 | 1098
Tuwe | Bava | 2306 | 38 | 00134 | 1013 | 7285 | 5863 | 134

IV.BULGULAR VE TARTISMA

Ekserji ve ileri ekserji metoduna goére sadece sogutma
sistemi i¢in elde edilen gergek gevrim verilerine gore yapilan
calismadan elde edilen sonuglar Tablo 6° da verilmistir. Tablo
6. incelendiginde sogutma sistemindeki ekserji verimi %5.378
olarak elde edilmistir. Sogutma sisteminin diisiik performansta
calistig1 goriilmektedir.

Tablo 6. Gergek cevrime ait ekserji ve ekserji tahribatlar

Toplam | Toplam
- ; : : ekserji ekserji
Sistem | Egxyarut | Egxirin | Epk P
. . K . . € yakiti | iiriiniiniin
bilesenleri | - [kw] (kw] | [kwW] tahribati | tahribati
[kw] [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
v 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 | 5378 | 6142 100
Sogutma ¢evriminde, gercek, teorik ve kagmilmaz

modellerden elde edilen verilere gore yapilan caligmadan elde
edilen sonuglar Tablo 7° de verilmistir. Bu tabloda sogutma
sisteminin her bir elemaninda meydana gelen ekserji tahribat
parcalarinin degerleri goriilmektedir.

Tablo 7. Tleri ekserji analizi-ekserji tahribatlari

Sistem | Ep gercer | Epreorac | Eb% | Ebh | EBX | Epk

bilesenleri | [kW] [kW] [kW] | [KW] | [kW] | [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
Eg),i parcas1 incelendiginde evaparatdr % 22.69 degerini

aldig1 Tablo 7. den goriilmektedir. Bu veriye gore diger
bilesenlerin evaparatore tersinmezlik uygulamadigi sonucu
¢ikmaktadir. Bu  elemanin iyilestirilmesi sistem

performansinin iyilesmesine neden olacaktir. Bu durum
evaparatoriin EEY pargasinin % 88.31 degeri ile de kendini
gostermektedir. Sogutma sistemi igin toplam ekserji tahribati
yiizdeleri karsilastirildiginda, E D,Gercek 7o 100 degeri baz
alindiginda digerlerinde hesaplanan degerler E D Teorik Y027.8
ve EYN % 26.16 olarak Tablo 7.” de goriilmektedir. Boylelikle
gercek cevrimin ele alman termodinamik modellerle uzakligi
belirlenebilmektedir.

fleri ekserji metodunda alt boliimlerine ayrilan ekserji
tahribat1 pargalarmimn, birlestirilmesi ile tanimlanan diger
ekserji tahribat pargalarmnin degerleri Tablo 8.” de verilmistir.

Tablo 8. incelendiginde, genlesme valfi hari¢ diger
bilesenlerin Eg",/(‘EN pargalarmnin  degerlerinin E'g, I,Z'EN

pargalarinin  degerlerinden biiyiikk oldugu goriilmektedir.
E ;‘_‘,’(‘ENpargasmln biiyiikk deger almasi, o bilegenin veriminin

arttirilmasiyla tersinmezlikleri diisiiriilebilmektedir.

Tablo 8. ileri ekserji analizi metodunda birlestirilmis yaklagim

Sistem | Epgerger | E0UEY | EULEX | BATEY | EAEX
bilesenleri [kw] [kW] [kw] [kW] [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
v 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

Sekil 4. de havalandirma sisteminin ekserji, ekserji
tahribati, ekserji kaybi akis diyagrami  verilmistir.
Diyagramdan goriildigii gibi tersinmezliklerin kaynag:
sirasiyla sogutma sisteminde, 1sitmada sonra yogusuk ve egzoz
havasinda goriilmektedir.

Eqg Ew
S I Elkserii kayb
Elcserii tahribat
— 16 KW —1 EkSEI’]l

@ Tsitma 4.8 KW - % 30

Sogutma sistemi 9.47 kW - % 59.1

Yogusuk 2.64 kW - % 16.5

Egzoz 048 kW -% 3

0574 kKW203.6

Sekil 4. Ekserji, ekserji tahribati, ekserji kayb1 akis
diyagrami
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V. SONUCLAR

Calismada HVAC iklimlendirme sisteminde bir ortam
havast sogutma siireglerindeki tersinmezliklerin iifleme
havasmin ekserji degeri limitlerine etkileri belirlenmistir.
Havalandirma sisteminde toplam ekserji tahribatinin %59.1
kism1 sogutma sisteminde olustugu bulunmustur. Bu nedenle
ileri ekserji metodunu sogutma sistemine uygulanarak ekserji
tahribat tiplerinin degerleri belirlenmistir.
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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

. 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 net
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-wiH
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 acommon 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
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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 yeu be chosen a tariff plan with the appropriate
guarantee and protection system. The client pays only for the
storage space that ke 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 wversed 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 ean 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.

* Users’ 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 WHP(R™) is

continuously embedded into Lﬁ(]l%") forintegerk > 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
Wige (R?) & Ly (R?),

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 WP (Q) have been studied by many authors.
Also Diening [10] proved the optimal Sobolev embedding

k() (R o [P0 (R7 1 _ 1 _k
w (R™) L* (R™) 0= 20 n and
wrrO(Q) o LP"O(Q) for k = 1, where Q < R™ be an open,
bounded set with Lipschitz boundary. In 1994 M. Jiang [17]

_w_
proved that WP (R") & Lr-sp”(R*) forn > 1,5 > 0,p > 1
and n > sp. In this paper, we discuss that the embedding

wiral(Q) o Lf-p—zfi)-)’q(') (Q) is satisfied under which
conditions for 1 < p(.) <p*t <nand 1<q(.) < q* < 0.
We also prove that the boundedness of the maximal operator
in w1rOa0(Q) under the some conditions.

with

Il. PRELIMINARIES

Throughout this paper all sets and functions are Lebesgue
measurable. The Lebesgue measure and the characteristic
function of a subset A ¢ R™ will be denoted by u(A4) = |A]
and x4 respectively. The space L},.(R™) consists of all
(classes of ) measurable functions f on R" such that
fxx € L*(R") for any compact subset K c R™. It is a
topological vector space with the family of seminorms f
[If xx|l1- A Banach function space (shortly BF-space) on R" is
a Banach space (B, |.|lg) of measurable functions which is
continously embedded into Ll .(R™), i.e. for any compact
subset K < R™ there exists some constant Cx > 0 such that
Ifxklls < Cklifllg for all f € B. We denote it by B &
L},.(R™). The class C5°(R™) is defined as set of infinitely
differentiable functions with compact support in R™.
Definition 1. Let (G, Z, 1) be a measure space and let f be a
measurable function on G. For each y > 0 let

() = u{x € G: |[f ()| > y}.
The function A is called the distribution function of f. The
rearrangement of f is defined by

1@ =infly > 0:4,(y) < t}

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

with the conventions inf® = o and sup® = 0. Also, the
average function of f is defined by

f1O =7 f £ @dx, f1(©) < £ ().
Itis easy to see that A¢, f* and f** are nonincreasing and right
continuous on (0, o).

Definition 2. For a measurable function p:R™ — [1,0)
(called a variable exponent on R™), we put

P~ = infregnp(x), Pt = Supxernp(x).
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The variable exponent Lebesgue spaces LPO(R™) consist of
all measurable functions f such that p,,,(yf) < oo for some
y > 0, equipped with the Luxemburg norm

1fllpy = inf {y > 0:pyy (£) < 1),
where

pp()(f) = fRnlf(x)lp(x)dx-
If p* < oo, then f € LPO(R™) iff p,()(f) < co. The space
(LPO(R™), II. Il 5y ) is @ Banach space. If p(.) = p isa constant
function, then the norm ||.||,, coincides with the usual
Lebesgue norm ||. |[,, [18]. In this paper we assume that p* <
0,
In the one-dimensional case n = 1 we deal with the interval
[0,1], 0 < I < oo and the standart Lebesgue measure. Let
P~ = infreonp(x), P = suppp(x).
We will use the notation
P, ={pia<p <p*<w}aeR
and will be interested in the special cases of the classes P, with
a=0,1.
By P([0,1]) we denote the class of functions p € L2([0,1])
such that there exist the limits
p(0) = limp(x) and p(e) = lim p(x),
the conditions at infinity being only needed in the case [ = oo.
We also denote
P, ([0,1]) = P([0,1]) N R, ([0, 1]).
Definition 3. Let 2 be an open set in R™. We denote | = u(2)
for brevity. Let p(.),q(.) € P,([0,1]). By LPOIO(Q) we
1 1

denote the space of functions f on 2 such that t»® a® f*(¢t) €
L19[0,1]), i.e.,

faw
Po(ra() ()= f tP@ ()90 dt < o0
0
for [ < o0, and we use the notation
. f
1 llpaey = inf {y > 0: Pp(ray (;) < 1}

S
tp® q(t)f*(t)

LIO((0))

The following properties were proved by several authors [14]
and [19]:

1. Let p(.),q(.) € P ([0,1]) and p(0),p() > 1. Then
LPO90(0) is a Banach function spaces. Hence we have
LPOAO(R) & L1, (Q) and the Sobolev spaces of LP(40) ()
is well defined.

2. Let p(.),q(.) € P,. Then the dual space (LPO"?(-)(Q))* is

L7OO(Q), where — + — = land — + — = 1.
@ PO + r() a®) + t()

Definition 4. For x € 2 and r > 0 we denote an open ball with
center x and radius r by B(x,r). For f € L},.(Q), we denote
the (centered) Hardy-Littlewood maximal operator Mf of f by

MF () = SUPrso it Jper f (0] d,
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-Hélder continuous, that is,

() —pO) | < o0y € A lx—yl<1/2. (1)

In the case of unbounded sets in £, it is also supposed that the
log-Holder decay condition (at infinity)

10

Cc
P =Po | < oreriap

is satisfied for some p,, > 1,C > 0 and all x € £2. The locally
log-Holder condition (1) is no more needed for the
boundedness of the maximal operator in LPO90) () [14].

3. Let p(.),q(.) € P,([0,1]) and p(0),p() > 1. Then the
maximal operator is bounded in LPO-40) () [14].

Definition 5. Let ¢:2 = R be a nonnegative, radial,
decreasing function belonging to C;°(2) and having the
properties:

(i) p(x)=0if|x| =1, and

(i) J, o(x)dx = 1.

For k > 0, if the function ¢, (x) = k"¢ (E) is nonnegative,
belongs to C¢°(£2), and satisfies

(i) @x(x) =0if|x| =k, and

(ii) J, r(x)dx =1,
where 2 is an open set in R™, then ¢, is called a mollifier.

The following Proposition was proved in [12].

Proposition 6. Let ¢, be a mollifier and f € L},.(©). Then
suprsol(@r * ()| < Mf(x).
Proposition 7. Let p(.),q(.) € P1([0,0]), q() < p(c0)
and p(0) = q(0). If f € LPOIO(Q), then @, *f = f in
LPOAO(0) as k — 0.
Proof. Let f € LPO40(Q) and 0 < e <1 be given. By
Proposition 6, we have
llgy * f”p(-).q(-) S "Mf”p(-).q(-)
< Clfllpeyq0)
and @y * f € LPOAO () for all k > 0 by Theorem 3.12 in
[14]. It is also known that C.(£2) is dense in LP$90) (). Hence
there is a function g € C,(2) such that
If = gllpoq0) < 5/2(6 +1) (2)
and ¢, * g € C;°(2) for all k > 0 by Theorem 2.29 in [1].
Using the technique in 3.1 Lemma in [19] we obtain

+ -
Pp()a()(f) < IIfIIZ+ +IfII3-.
So we can write

+ _
Pp(a)( G — Pk * ) < 1lg — @x * g||Z+ +llg — o * gIIZ—
< —

&€ q+
2 (5)
1e  1e _ ¢
22 22 2
as k — 0* by Theorem 5.4 in [7]. Since p,(yq0)(g — @k *
g) < 1, then we find

1 1

1)

2

1
Pp()a() ((9 — Pk * 9)Pprar) (G — Pk * ) ‘7+> <1

By the definition of [ ||, 4, We have

+|"‘

lg — @ * g”p(.),q(.) < pp(.),q(.)(g - Pr * g)_q
+
&€ q &
<(3) <%
Finally using the inequalities (2) and (3), we obtain
”f — Pk *f”p(),q() <e.

The proof is complete.
Corollary 8. C°(2) is dense in LPO10 ().

©)

I1l. RESULTS
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Definition 9. Variable exponent Lorentz-Sobolev space
wkrOa0) () is defined by
wkpO.a0) () = {f € LPOAO(0): D feLPD90(2),0 <
la| <k, keN}
equipped with the norm
If e pcra0) = Zosiai=kDEfllp)q0):
where a € N} is a multi-index, |a| = ¢; + @, + -+ + @, and

glal
D* = o _oT Note that LPO90(Q) o L1, .(Q), so that
LPOAO () functions are in D’ (2). Thus D*f makes sense as
a distribution. It can be show that W*?0-40 () is a reflexive
Banach space.
The space WP40 () is defined by

wir0Oa0 () = {f € LPOAO(): |Vf|ELp(-).q(-)(_Q)}_
The norm | fll1 .00 = I lpra0) + 1V llp0q0-
Proposition 10. Let p(.), q(.) € P,([0,1]) and p(0),p(0) >
1. If fewtrOa0(), then Mf e wrOa0(Q) and
|[VMf (x)| < M|Vf(x)| for almost everywhere.

Proof. Since LPW0(0Q) o L1 .(Q), then we can write
LPOA0(Q) & 1XP10(Q) o 13,,(Q) and WPOAO () o
WEPO0 Q) o Wi (@). Since f € W(Q), then we have
[VMf(x)| < M|Vf(x)| for almost everywhere in 2 by [15].
Since f, |Vf|eLPD90 (), then Mf, VMfeLP40) (2). Hence
Mf e wtraO ().

Definition 11. For f € L},.(Q), we denote

1
Minf = o senlf O = focn| dy.
The sharp maximal function M* f of f is defined by

1
M#f (X) = Supr>omf3(x_r)|f(}’) - fB(x,r)| dy, er‘x

1
where fp (. = B fB(m) f(2)dz.
Let O<a<n. The fractional maximal function is defined by

MOf (%) = supy» l(— en f O dy, xeq.

o
x,1)| 1

For f € Cg°(R2) or f measurable with f = 0, we define the
Riesz potentials I, f: Q — [0, ] by

Iof (x) = [, L2

lx—y|n-a ="

Since M*f(x) < cl,(f)(x), then the fractional maximal
function M is bounded on LPO40) () [14].

Proposition 12. Let p(.), q(.) € P,([0,1]) and p(0), p(c0) >
1. Then M* is bounded on LPO40 (), i.e. there exists a € >
0 such that

IM* fllp000 < CFNOL0
for all f € LPOAO (),
Proof. If we use the inequality |M#f| <2Mf and the
boundedness of Mf on LP(40) (),

IM* Fllpoa0 < 2IMEfllboa0 < CNFILbO.g0-
Proposition 13. Let p(.), q(.) € P,([0,]), () < p(c0)
and p(0) = q(0). Then C&°(£2) is dense in W*PO.a0) ().
Proof. Using Proposition 7 and the definition of W*?0.40) ()
we have the desired result.

The following theorem was proved similarly to Theorem 5.2
in [10].
Theorem 13. Let p(.), q(.) € P,([0, ]), q(e0) < p(o) and

p(0) = q(0), p%() ~ 2 1<p()<pt<n and 1<

0 n

11

q(.) < q* < . Also assume that for all f € LPO-90 () there
holds

W lboae < IM* Flloo.a0 4

for C > 0. Then W1P040(Q) & Lw-p070 (@),

Proof. Let feWPO40(Q) and [Ifll1p()q0 < 1. We will
show || £l ().q¢) < C. Since Cg°(12) is dense in WPL.a0) (Q)
and LPO-90) (2), then we can assume without loss of generality
feCy(2). Due to Theorem 3.15 in [14] there holds
11 (AVE DNy y,q) < €. From Corollary 1.64 of [20] we
deduce that for all B(x,r) there holds

# 1
MB(x,r)f < Crm.flg(x‘r)lvf(y)l dy

f VF I
B(x,r) |x—y|n_1

< CLUVFD .
By taking the supremum over all balls B(x, r) we deduce that
for all x there holds

M*f (x) < CLVD(x).
This and [|UVFDIp)qc) < € imply IM*£ 1+ (500 < C.
From (4) there follows || f|l,+(y,q) < C. Since C5°(12) is dense
in WPO40(Q) and LP 40 (Q), this proves ||l ,+(yq0) < C
for all f with ||fll1¢)q¢) < 1. This proves the theorem.

REFERENCES

[1] R. A. Adams, "Sobolev Spaces," Academic Press, New York, 1975.

[2] A. Alvino, “Sulla diseguaglianza di Sobolev in spazi di Lorentz Boll.un.mat.ltal.
14, 148-156, 1975.

[3] A. Alvino, "Un caso limite della diseguaglianza di Sobolev in spazi di Lorentz',
Rend. Acad. Sci. Napoli XLIV, 105-112.

[4] H. Brezis and S. Waigner, “A note on limiting cases of Sobolev embeddings and
convolution inequalities’, Commun. Partia Diff. Eq., 5, 773-789, 1980.

[5] D. Cruz Uribe and A. Fiorenza, J. M. Martell and C. Perez Moreno, The
boundedness of classical operators on variable LP spaces, Ann. Acad. Sci. Fenn.,
Math., 31(1), 239-264, 2006.

[6] D. Cruz Uribe and A. Fiorenza, LlogL results for the maximal operator in variable
LP spaces, Trans. Amer. Math. Soc., 361 (5), 2631-2647, 2009.

[7] D. Cruz-Uribe and A. Fiorenza, Variable Lebesgue Spaces: Foundations and
harmonic  analysis, Applied and Numerical Harmonic  Analysis,
Birkhauser/Springer, Heidelberg, 2013.

[8] L. Diening, P. Hast6 and S. Roudenko, Function spaces of variable smoothness
and integrability, J. Funct. Anal., 256(6), 1731-1768, 2009.

[9] L. Diening, Maximal function on generalized Lebesgue spaces LPO), Math.
Inequal. Appl. 7, No 2, 245-253, 2004.

[10] L. Diening, Riesz potential and Sobolev embeddings on generalized Lebesgue
and Sobolev spaces LPO and W*P®) Math. Nachr. 268, 31-43, 2004.

[11] L. Diening, P. Hasté and A. Nekvinda, Open problems in variable exponent
Lebesgue and Sobolev spaces. In FSDONA04 Proc. (Milovy, Czech Republic),
38-58, 2004.

[12] J. Duoandikoetxea, Fourier Analysis, Grad. Studies in Math. 29, Amer. Math.
Soc., Providence, 2000.

[13] D.E.Edmunds,J. Langand A. Nekvinda, A. On LP® norms, Proc. R. Soc. Lond.
A 455, 219-225, 1999.

[14] L. Ephremidze, V. Kokilashvili and S. Samko, Fractional, maximal and singular
operators in variable exponent Lorentz spaces, Fract. Calc. Appl. Anal. 11, 4, 1-
14, 2008.

[15] P. Hajlasz and J. Onninen: On boundedness of maximal functions in Sobolev
spaces, Ann. Acad. Sci. Fenn. Math. 29, 167-176, 2004.

[16] F. Helein, Regularite des appications faiblement harmoniques entre une surface
et une variete riemannienne, C. R. Acad. Sci, series I.

np

[17] M. Jiang, A theorem on embedding W*? into Lo (R™) , Acta Mathematica
Scientia, VVol.14, No.3, pp. 313-317, 1994.

[18]  O.Kovacik and J. Rakosnik, On spaces LP®) and WKP®) Czech Math J. 41(116),
592-618, 1991.

[19] O. Kulak and A. T. Gurkanli, Bilinear Multipliers of Weighted Lorentz Spaces
and Variable Exponent Lorentz Spaces, Math. and Statis. 5(1), 5-18, 2017.

[20] J.Maly and W.P. Ziemer, Fine regularity of solutions of elliptic partial differential
equations, Amer. Math. Soc. (Providence, R1), 1997.

[21] R. O'Neil, *Convolution inequalities and L(p; q) spaces', Duke. math. J. 80, 129-

142, 1980.



S=TSCI

SETSCI Conference

4" International Symposium on Innovative
Approaches in Engineering and Natural Sciences

November 22-24, 2019, Samsun, Turkey

<

w
=

Proceedings

https://doi.org/10.36287/setsci.4.6.010

ISAS

w

4 (6), 12-15, 2019

2618-6446/ © 2019 The Authors. Published by SETSCI

WINTER - 2019

Sulu Cozeltilerden Naproksen Gideriminde Aktif Karbon i¢ceren Aljinat
Kompozitleri

Nazli Ozcan*?™, Didem Saloglu®

Kimya Teknolojileri Bolimii/Yesilyurt Demir Celik Meslek Yiiksek Okulu,On Dokuz Mayis Universitesi, Samsun, Tiirkiye
2 Kimya ve Siire¢ Miihendisligi EABD/Fen Bilimleri Enstitiisii, Yalova Universitesi, Yalova, Tiirkiye
3 Kimya ve Siire¢c Miihendisligi/Miihendislik Fakiiltesi, Yalova Universitesi, Yalova, Tiirkiye
*Sorumlu yazar: nazli.ozcancoken@omu.edu.tr

*Sunucu: nazli.ozcancoken@omu.edu.tr

Sunum/Bildiri Tiiri: Sozlil Tam Metin

Ozet —Bu ¢alismada, endokrin bozucu kimyasallar arasinda yer alan naproksenin giderilmesi amactyla adsorban olarak aktif
karbon /aljinat boncuklarmmn (AC/ALG) fizibilitesi incelenmistir. Bu kompozitler AC igerigi %1,0- 3,0 (a/h) olacak sekilde
sentezlenmistir. AC/ALG kompozitleri FT-IR ve SEM ile karakterize edilmistir. AC/ALG kompozitlerinin adsorpsiyon
performanslar1 adsorban miktari, pH ve sicaklik parametrelerine bagli olarak incelenmistir. Adsorpsiyon uygulamalari
sonucunda naproksenin giderimi % 34-98 arasinda degismektedir. Maksimum adsorpsiyonlarda belirlenen optimum pH degeri
5,03’tiir. Incelenen adsorpsiyon izoterm modellerinde, Freundlich ve Temkin izotermleri, Langmuir ve D-R izotermlerine gore
adsorpsiyon mekanizmasim daha iyi agiklamaktadir. Termodinamik ¢aligmalar sonucunda sentezlenen aktif karbon-aljinat
boncuklar1 (AC/ALG) ile gergeklestirilen adsorpsiyonun uygulanabilir, spontan oldugu ve endotermik oldugu tespit edilmistir.
Anahtar Kelimeler — naproksen, aktif karbon, aljinat, izoterm, kinetik

I. GIRIS

Modern yasamin ayrilmaz bir parg¢asi olan farmasotik
iiriinler insan ve hayvan hastaliklarmin tedavisinde kullanilir.
Bununla birlikte, farmasotikler sucul ortamlardaki kalici
varlig1 nedeniyle ortaya ¢ikan endisenin kirletici maddeleri
olarak kabul edilmistir [1]. 1z seviyelerindeki bu ilag aktif
maddeler, insanda i¢in olumsuz etkilere yol ag¢ma
potansiyeline sahiptir ve bu maddelerin uzaklastirilmasi
bityiik kaygi yaratmaktadir [2].

Naproksen, hastaliklar1 ve agrilar1 tedavi etmek igin
kullanilan en yaygin nonsteroid antiinflamatuar (NSAID)
ilaglardan biridir ve son zamanlarda miihendislik ve dogal su
ortamlarida tespit edilmistir. Naproksen, atik sularda 0,1 —
2,6 pg/L araliginda ve ylizey suyunda 0,01-0,1 pg/L
araliginda bulunmaktadir [3].

Kuagiilasyon, biyobozunma, fotobozunma ve klorlama gibi

cesitli geleneksel yontemler benimsenmis olmasina ragmen,
bu yontemler farmasétiklerin gideriminde etkili bir yontem
olarak kabul gormemistir. Bu maddelerin % 98'ini
giderebilen adsorpsiyon prosesleri en iyi yontem olarak
belirlenmistir [4]. Son yillarda, farmasétiklerin adsorpsiyonu
esas olarak aktif operasyonel kosullar altinda aktif karbon ve
topraklar, killer, nanokompozitler, sulu oksitler, aliimina ve
silika gibi diger adsorbanlar kullanilarak ¢ahisilmistir . Aktif
yiizey, yliksek yiizey alani ve gbdzenek biiyiikligi dagilimi
nedeniyle ilgi ¢ekmektedir. Ayrica, son on yilda, yiiksek
adsorpsiyon kapasitesine sahip aktif karbon bazli polimerik
kompozitler yeni adsorbanlarin aranmasinda onciidiir [4].
Bu ¢alismada, nonsteroid antiinflamatuar (NSAID) ilaglardan
biri olan naproksenin, aktif karbon ile modifiye edilmis
sodyum aljinat boncuklarmi (AC/ALG) kullanarak sulu
ortamdan adsorpsiyon yontemiyle giderilmesi, adsorpsiyon
mekanizmasmimn belirlenmesi ve termodinamik ozelliklerin
degerlendirilmesi amaglanmaktadir.

12

Il. MALZEME VE YONTEM

A. Aljinat (ALG) boncuklarimin hazirlanmasi

% 2’lik (a / h) sodyum aljinat ¢6zeltisi, 100 mL, 0.1 M NaCl
ile tam karigim saglanacak sekilde hazirlanmistir. Cozelti
hazirlanmasinin ardindan, 1 ml plastik bir siringa kullanarak
0,1 M CaCl, ¢o6zeltisine damlalar halinde eklenmis ve
boncuklarin sertlestirmesi i¢in 25 °© C'de 24 saat boyunca bir
manyetik karistirictyla karigtirtlarak bekletilmistir. Olusan
islak kalsiyum aljinat boncuklar jellesme ortamindan nazikce
alinmis ve distile su ile yikanmistir. Son olarak, bu boncuklar
24 saat boyunca 60 ° C'de bir etiivde kurutulmustur.

B. Aktif karbon-aljinat (AC/ALG) boncuklarinin
hazirlanmast

Sodyum aljinatin % 1’lik (a/h) ¢ozeltisi 100 mL, 0,1 M
NaCl ¢ozeltisi ile hazirlanmigtir. Toz halindeki aktif karbon
(%1,0-3,0 (ash) olacak sekilde) ¢ozeltiye eklenmis ve
¢ozeltinin her yerine esit dagilana kadar karistirilmigtir. Elde
edilen karigim 1 ml plastik bir sirmga ile 0,1 M CaCl
¢ozeltisine damlatilmigtir. Sertlesmenin gergeklesmesi igin 24
saat boyunca oda kosullarinda bir manyetik karistiricryla
karistirilarak bekletilmis, distile su ile yikamanmis ve 60
°C'ye ayarlanmus bir etiivde 24 saat boyunca kurutulurmustur.

C. Aktif karbon-aljinat (AC/ALG) boncuklarinin
karakterizasyonu

AC, ALG ve AC/ALG boncuklarmm mevcut fonksiyonel
gruplarm  belirlenmesinde  Fourier Tranform Infrared
spektrofotometresi (FTIR) (Perkin Elmer Spectrum 100 FT-
IR Spectrometer) kullanilmastir.

Numunelerin nétral ylik noktasimdaki pH'min (pHpzc)
belirlenmesi icin 50 cm® 0,01 M NaCl ¢dzeltisi, kapali bir
erlenmeyer sisesine konulmustur. 0,1 M HCI veya 0,1 M
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NaOH ¢ozeltileri ilave edilerek pH degeri 2,0-12,0 arasinda
bir degere ayarlanmigtir. Daha sonra her bir numuneden 0,15
g eklenmistir ve nihai pH, oda sicakliginda galkalama altinda
48 saat sonra Olciilmiistiir. Baslangic pH ve denge pH
degerlerinin kesistigi nokta pHpzc olarak belirlenmistir.

ALG ve AC/ALG boncuklarinin yilizey morfolojisi

Taramali Elektron Mikroskobu (Philips XL-30) ile
incelenmistir.
Naproksen konsantrasyonlari, 1 cm kuvars kiivetler

kullanilarak 230 nm dalga boyunda UV-vis spektrofotometre
(Shimadzu UV 1800) kullanilarak analiz edilmistir.

D. Adsorpsiyon Calismast

Naproksen gideriminde adsorban miktarmin optimize
edilmesi i¢in AC, ALG ve AC/ALG:(1-3) boncuklarinin 100-
500 mg miktar1 ile dogal pH degerinde (pH 5,03), 50 mg/L
naproksen baslangic konsantrasyonunda, 25°C sicaklikta ve
140 rpm calkalama hizinda 24 saat adsorpsiyon deneyleri
yiritiilmistiir. Elde edilen sonuglar Langmuir, Freundlich,
Temkin ve Dubinin-Radushkevic izotermlerine uygulanarak
model  parametreleri  hesaplanmis  ve  adsorpsiyon
mekanizmast  degerlendirilmistir. ~ Kullanilan  izoterm
modellerine ait denklemler ve model parametreleri Tablo
1’de gosterilmektedir.

Farkli pH kosullarinda adsorpsiyon olaymni incelemek
amaci ile de 350 mg adsorban miktar1 kullanilarak, 50 mg/L
naproksen baslangi¢ konsantrasyonunda, 25°C sicaklikta ve
140 rpm calkalama hizinda, 24 saat boyunca deneyler
gergeklestirilmistir.

I1l. BULGULAR VE TARTISMA

A. Aktif karbon-aljinat (AC/ALG) boncuklarinin
karakterizasyonunun degerlendirilmesi

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

3650 cm? araliginda gergeklestirilmis ve spektrumlar1 Sekil
1’de gosterilmisti. ALG boncuklarina ait spektumda,
yaklagik olarak 3300 cm™de hidroksil gruplarmin —OH
gerilme titresimlerine ait bir absorpsiyon piki ve 2950 cm”
L de alifatik C-H gerilmesi piki goriilmiistiir. 1610 ve 1450
cm'deki karakteristik pikler, sirasiyla asimetrik ve simetrik
C = O baglarina (COO-‘dan) aittir. 1095, 1075 ve 1035 cm*
civarindaki ana bantlar aljinat tanelerinin C-O bandinin
titresimini, C-C germe titresimini ve C-C biikiilmesini
gostermektedir. AC-ALG boncuklarin FTIR spektrumlari
incelendiginde ise (Sekil 1), AC ve ALG boncuklarina
kiyasla anlamli farklar belirlenmistir. AC/ALG
taneciklerinde O-H baglarinin (3300 cm™) ve asimetrik ve
simetrik C = O baglarmm (1610 ve 1450 cm™de) gerilme
titresiminin adsorpsiyon bolgesi, ALG boncuklarmimkine
kiyasla 6nemli 6lgiide daha diisiikk yogunlukta goriilmiistiir.
Bu farkliliklar AC’nin —OH ve COO- alginat gruplarina
katilimindan kaynaklanmaktadir. Bantlardaki degisim, AC ve
ALG arasindaki etkilesimin bir kanitidir ve AC-ALG
boncuklarinin basarilt bir sekilde sentezlendigi giivenle
belirtilebilir.
ALG ve AC/ALG boncuklart icin SEM goriintiileri Sekil
2°de gosterilmistir. Sekil 2’ye gore, ALG boncuklarinin
yiizeyi uzun mikro catlaklarla doludur. Acgik¢a gorildiigi
gibi, tek bi¢imli bir alan saglayan ve tamamen polimerin

Tablo 1. Adsorpsiyon izoterm modelleri[4].

Q-b Q (mg/g);maksimum

Langmuir _
%=1 B-C, adsorplama kapasitesi

b (L/mg); Lagmuir
sabiti

Ri;adsorpsiyon
verimliliginin
bulunmasinda
kullanilan bir sabit

Freundlich Ke (L/g) ;adsorpsiyon

kapasite sabiti

n; adsorpsiyon
siddetini gosteren
sabit

Temkin A; Temkin sabiti

“RTIn(A, C)
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yiizeyini kaplayacak sekilde yiizey iizerinde sayisiz mikro
catlak (yaklasik 500 pum) tespit edilmistir. Bu morfoloji ALG
boncuklarinin mikro yapisma AC’nu yerlestirmek igin
yapmin ¢ok uygun oldugunu gostermektedir. AC-ALG
taneciklerinin yiizeyine odaklanildiginda ise, AC yapisinin
ALG boncuklarinin yiizeyinde toplandig1 ve uniform bir alan
sagladigi goriilmektedir. Bu yapt AC ve ALG molekiiler
yapisi arasindaki etkilesimin bir kanitidir. Ayrica, AC-ALG
boncuklar1 iizerindeki AC'nun varligi, ¢ok sayida potansiyel
aktif bolge ve alic1 bolgeler olusmasina neden olmus ve bu
nedenle naproksen adsorpsiyonunu arttrmistir. ALG  ve
AC/ALG boncuklarinin  SEM  goriintiileri  arasindaki
karsilastrmaya dayanarak, AC/ALG {izerine yerlestirilen AC
tarafindan olusturulan yeni yiizey morfolojisinin kompozit
yiizeyini naproksen adsorpsiyonu i¢in ¢ekici hale getirdigi
giivenle ifade edilebilir.

Bir adsorbanin izoelektrik noktadaki pH degeri pH't (pHpzc)
adsorbanin net ylizey yiikiiniin sifir oldugu noktada 6lgiilen
degerdir. pH'nin pHpzc'den biiylik oldugu sartlarda, adsorban
negatif yiikleneceginden dolay1 katyonik adsorbatin adsorban
lizerine tutunmast kolaylagsmaktadir. Anyonik tiirlerin
adsorban {izerine tutunmasi ise benzer sekilde pH'nin
PHpc'den kiigiik oldugu sartlarda daha kolay olmaktadir.
Baslangic pH ve denge pH degerlerinin kesistigi nokta olan
PHpzc’ye ait grafik Sekil 3’°te gosterilmistir.
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Sekil 1. ALG ve AC/ALG boncuklarinin FT-IR spektrumlari.
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Sekil 2. ALG ve AC/ALG boncuklarmm 100 pm ve 50000 pm’deki SEM

goriintiileri.

Sekil 3 incelendiginde ALG, ALG/AC:1, ALG/AC:2 ve
ALG/AC:3 numunelerinin izoelektirik noktadaki pH degeri
swrasiyla, 5,66, 5,98, 6,14 ve 6,27 olarak hesaplanmistir. Bu
sonuglardan, adsorbanin pHp,c degerlerinin hafif asidik
bolgede oldugu goriilmektedir. Bu durum ALG ve ALG/AC
taneciklerinin ylizeyinde asidik gruplarin bazik gruplara gore
daha baskin olduguna isaret eder. Dolayisiyla bu degerin
bilinmesi, adsorpsiyon c¢alismalarnda hangi pH'da
calisilacagina karar vermede yardime1 olur.

B. Aktif karbon-aljinat (AC/ALG) boncuklarinmin
adsorpsiyonu etkileyen parametrelerin optimizasyonu

Adsorpsiyonu etkileyen  parametrelerin basinda
adsorpsiyon miktarmin ve pH gelmektedir. Bu parametrelerin
optimizasyon sonuglar1 Sekil 4’te gdsterilmektedir.

Sekil 4 incelendiginde her bir numune i¢in adsorban
miktarmm 350 mg’a kadar artirilmasiyla denge durumunda
birim adsorban iizerine adsorplanan miktarin azaldigi, 350

mg’dan sonraki adsorban degerleri i¢in ise yaklasik sabit

kaldig1 goriilmektedir. Bununla beraber her bir numune i¢in
350 mg’a kadar attirilan adsorban miktari ile yiizde giderim
maksimum diizeye ulagmig, sonraki degerlerde ise sabit
kalmistir. Bu sonuglardan dolay1 her bir numune i¢in
optimum adsorban miktar1 350 mg olarak belirlenmistir.

129 _w-ALG ¥
--® - AC/IALG:1 gy
10 —*+-AcALG:2 -
1 -+v-AC/ALG:3 » s
=
o /
84 g i
£ 2 /
= o e Sk
.«3 64 '-i:';' -__-',zf. -
AP
-
44 & 4
f‘ -
. >
T v T v T v T T T
2. 4 6 8 10 12
Baslangic pH

Sekil 3: ALG ve AC/ALG boncuklarinin izolektrik nokta analizi.
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Sekil 4: ALG ve AC/ALG boncuklarinin adsorban miktar1 ve pH analizi.

Sekil 4 incelendiginde genel olarak, naprokseni uzaklastirma
performanst  asidik pH'larda daha yiiksek oldugu
belirlenmistir. ALG, ALG/AC:1, ALG/AC:2 ve ALG/AC:3
numunelerinin izoelektirik noktadaki pH degerinin altinda
adsorpsiyon kapasiteleri en yiiksek iken, daha bazik
kosullarda ise giderek azalan bir grafik goriilmektedir.
ALG/AC:3 boncuklarmm pH 3,0, pH 5,0, pH 7,0, pH 9,0 ve
pH 11,0 da adsorpsiyon kapasiteleri sirasiyla 3,49 mg/g, 3,50
mg/g, 3,40 mg/g, 2,37 mglg ve 2,36 mg/g’dr. Bu
sonuglardan dolay1 optimum pH degeri 50 mg/L naproksen
¢ozeltisinin dogal pH’1 5,03 olarak belirlenmistir.

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

ALG, AC/ALG:1, AC/ALG:2, AC/ALG:3 ve AC
numunelerinin naproksen iyonlarmi igeren pH 5,03’te
yiiriitiilen adsorpsiyon deneylerine ait adsorpsiyon izotermleri
Sekil 6°da gosterilmistir. Numunelerin Freundlich, Langmuir,
Temkin  ve  Dubinin-Radushkevich izotermleri ile
uyumlulugu incelenmistir.

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

AC ALG _ AC/ALG:L _ AC/ALG:2 _ AC/IALG:3

Langmuir

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

b 0613 0,017 0,966 0,880 0,753

R 0032 0541 0,020 0,022 0,026

R? 0,945 0,935 0,908 0,804 0,841

Freundlich

Kr (Mg/g) 12,57 8,247 3,102 3,007 3,341

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

R 0,886 0,906 0,826 0,930 0,972

Temkin

A (L/mg) 8889 0,132 5,803 4,076 3,545

B 6423 0,659 0,520 0,792 0,995

R 0976 0973 0,817 0,988 0,999

Dubinin

Radushkevi

ch

Q (mol/g) 22,41 1,488 4,548 6,412 7,870
E-07  8E-05 5E-07 9E-07 6E-07

E(kJ/mol) 3313 0,069 0,833 1,435 1,758

R? 0,985 0,964 0,849 0,700 0,725

Deneysel verilerin  adsorpsiyon izoterm  modellerine

uygulanmast sonucunda her bir numune i¢in elde edilen
izoterm model parametreleri Tablo 2°de gosterilmistir. Tablo
2 incelendiginde tiim izoterm modeller arasinda en yiiksek
regresyon katsayisina Temkin izoterm modeli sahiptir. ALG,
AC/ALG:1, AC/ALG:2, AC/ALG:3 ve AC numunelerinin A
degerleri sirasiyla; 0,132 L/mg, 5,803 L/mg, 4,076 L/mg,
3,545 L/mg, 8,889 L/mg olarak bulunmustur. Ayrica B ylizey
baglanma enerjisi degerleri sirasiyla; 0,659, 0,520, 0,792,
0,995, 6,423 olarak bulunmustur. Izotermin R? degerlerine
bakildiginda da 0,82-0,99 arasinda degistigi goriilmektedir.
Bu degerlerin 1,0’e yakin olmasi naproksen gideriminde
Temkin adsorpsiyon modelini elverisli yapmaktadir. Bu
izoterm maddeler arasindaki etkilesimleri degerlendiren bir
izotermdir. Etkilesimlerden dolayr adsorpsiyon 1sisimin
yiizeyin kaplanmastyla lineer olarak azalacagini varsayar.
Temkin modelinden sonra da 0,82-0,97 arasinda degisen R?
degerleri ile Freundlich izoterm modeli adsorpsiyon
mekanizmasini agiklamak i¢in uygun oldugu belirlenmistir.
Freundlich modeline goére adsorbentin yiizey {izerinde
bulunan adsorpsiyon alanlar1 heterojendir yani farkli tiirdeki
adsorpsiyon alanlarindan teskil edilmistir. Aktif karbon
yiizeyinin heterojen bir yiizey olmast bu durumu
aciklamaktadir. AC/ALG:1l, AC/ALG:2 ve AC/ALG:3
boncuklarinin 1/n degerleri sirastyla; 0,524, 0,491, 0,129°dur.
Artan karbon orani ile 1/n degerinin azaldig: tespit edilmistir.
Freundlich izoterminde hesaplanan 1/ndegerinin sifira
yaklagmas1 yiizey heterojenitesinin artigini gdstermektedir.
Bu bilgilerden yola ¢ikarak modifikasyon oraninin artmasi ile
yiizeyin heterojen 6zelliginin de arttig1 sdylenebilir.
Dubinin Radushkevich izoterm modelini inceleyecek olursak
AC, ALG, AC/ALG:1, AC/ALG:2 ve AC/ALG:3 numuneleri

Tablo 3: Adsorpsiyon termodinamigi.

Adsorbent AHC AS°(J/mo AG(kJ/mol)
(k3/mol) 1K)
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

icin ortalama serbest enerji E degerleri sirastyla 3,313 kJ/mol,
0,069 kJ/mol, 0,833 kJ/mol, 1,435 kJ/mol, 1,758 kJ/mol

olarak hesaplanmigtir. Ortalama serbest enerji degerleri 8
kJ/mol’iin altinda oldugunda fiziksel adsorpsiyon olarak
kabul edilmektedir. Tim numuneler i¢in modelden
hesaplanan ortalama serbest enerji E degerleri 8 kJ/mol’iin
altinda oldugundan adsorpsiyon ¢esidi fiziksel olarak tespit
edilmistir.

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

Adsorpsiyon termodinamigi, adsorpsiyonla iliskili enerji
degisiklikleri hakkinda derinlemesine bilgi saglar. AC, ALG
ve ALG/AC numunelerinin naproksen iyonlarini igeren pH
5.03’te yuritiilen adsorpsiyon deneylerine ait adsorpsiyon
termodinamik Tablo 3’te gosterilmistir.

Tablo 3 incelendiginde AC/ALG:1, AC/ALG:2, AC/ALG:3
ve AC numunelerinin AG® degerlerinin negatif olmasi
naproksen adsorpsiyonunun uygulanabilir, spontan oldugunu
ve prosesin kendiliginden gerceklesebilecegini
gostermektedir. Yiikselen sicaklikla birlikte, AG ° degerleri
daha biyilik bir itici giicii yansitarak daha negatif olarak
hesaplanmugtir. Aksine ALG numunesi igin AG® degerlerinin
pozitif olmas1 adsorpsiyonun uygulanabilirliginin elverissiz
oldugunu goéstermektedir. Adsorpsiyon entalpisi AH® pozitif
olmasi1 adsorpsiyonun endotermik oldugunu gdstermektedir.
Serbest entropi AS® degisiminin ise pozitif isaretli olmasi,
naproksen adsorpsiyonu esnasinda kati ile ¢ozelti ara yiizeyi
arasidaki diizensizligin arttig1 anlamina gelmektedir.

IV.SONUC

Bu galismada, endokrin bozucu kimyasallar arasinda yer
alan ve dogal yasami tehtit eden farmasdtik ilaglardan biri
olan naproksenin aktif karbon-aljinat boncuklari ile giderim
etkinligi  incelenmistir. ~ Yapilan deneysel caligmalar
sonucunda adsorpsiyon izotermleri olusturularak, sistemin
fiziksel ~ve  kimyasal Ozellikleri ile  adsorpsiyon
mekanizmasinin karakteristigi belirlenmistir. Naproksenin
AC/ALG boncuklari iizerine ¢ok tabakali heterojen yiizeyde
fiziksel baglanma ile adsorplandigi  belirlenmistir.
Boncuklarin yapisindaki AC orami arttikga naproksenin
baglanma enerjisinin artti§1 ve adsorpsiyon kapasitesinin de
buna paralel olarak yiikseldigi izlenmistir. Bu sonuglara
gore sentezlenen AC/ALG boncuklar1 yenilik¢i bir
yaklasimla adsorpsiyon uygulamalarinda kullanilabilir.
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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 Holder 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 usual Lebesgue norm ||. [[,, [10]. In this paper we assume that

The variable exponent Lebesgue space LPO(R™) and p* < . _ )
Sobolev space W PO (R™) were introduced by Kovacik and A positive, meaSl_JrabIe and Iocal_ly mtegrat_)le function _
Rékosnik [10] In 1991. Since 1991, variable exponent O:R" = (0,%) is called a weight function. The weighted
Lebesgue, Sobolev, Besov, Triebel-Lizorkin, Lorentz, ~modularis defined by
amalgam and Morrey spaces, have attracted many attentions P20 () = [nl fCOIPEY(x)dx.
(see [10], [5], [7], [6]). Vector-valued variable exponent
Bochner-Lebesgue spaces LPO (R™, E) defined by Cheng and
Xu [4] in 2013. They proved dual space, the reflexivity, 1
uniformly  convexity and uniformly smoothness of  [Ifll,0)0 = ||f19?’(->
LPO(R™, E). Furthermore, they gave some properties of the
Banach valued Bochner-Sobolev spaces with variable

The weighted variable exponent Lebesgue space Lg(')(IR”)
consists of all measurable functions f on R™ for which

< o0,
r()

Theorem 2. Let — + — = 1 and 9* = 9190, Then for

exponent. PO " 40
Il. PRELIMINARIES f e LY (RY) and g € L% (R™), we have fg € L'(R™) and
Definition 1. For a measurable function p:R"™ - [1,00) If C)g@)ldx < Clifllp)0llgllpe),0°
(called a variable exponent on R™), we put for some CfR> 0 POSITIPO
e e :
P = essinf xegnp (%), p-= esssupxem{np(x)_ ) Proof. By the Holder inequality for variable exponent
The variable exponent Lebesgue spaces LPO(R™) consist of Lebesgue spaces, we get
all measurable functions f such that p,,(yf) < oo for some 11
¥ > 0, equipped with the Luxemburg norm Janl f ) g () |dx = fRn|f(x)g(x)|l9”10 POdx
£ Ny = inf {Y > 0:pp0) (f—,) < 1}7 <C ||f19m ||g19_m
Q) qa()
where for some C > 0. That is the desired result.
o) () = Jgnl f ()PP dlx. So the dual space of Lf’g(')(]R{") is LZ(;)(R"), where —— + — =

) ; p() a0
If p* < oo, then f € LPO(R™) iff p,((f) < 0. The space 1and 9° = 9190

(LPO(RM), |I. ||_p(.)) is a Banach space. 'f_ p_(.) =pr IS @ et (£ |I.Il;) be a Banach space and E* its dual space and
constant function, then the norm ||. |, coincides with the  (q, 5, ;) be a measure space.
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Definition 3. A function f:02 — E Bochner (or strongly) u-
measurable if there exists a sequence {f;,} of simple functions
fni 2 = E such that f,,(x) = f(x) (in E) as n—oo for almost
allx € Q[8].

Theorem 4. A u-measurable function f:02 — E is Bochner
integrable if and only if [.Ifllzdu < oo [8].
Definition 5. A function F: 2 — E is called a vector measure,
if for all sequences {4,} of pairwise disjoint members of X
such that Up-; A4, €% and F(Up-i4,) = X F(4,),
where the series converges in the norm topology of E.
Let F: X — E be a vector measure. The variation of F is the
function ||F||: £ — [0, o] defined by

IFII(A) = supy XgellF (B)lg,
where the supremum is taken over all finite disjoint partitions
m of A. If ||F||(Q) < oo, 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 (€,Z,u) if for each vector
measure F:X — E of bounded variation, which is absolutely
continuous with respect to u, there exists a function g €
LY(Q, E) such that

F(A) =, gdu

forall A € X [8].
Definition 7. Let 9 be a weight function and 1 <p~ <

p(.) < p* < . The weighted variable exponent Bochner-
Lebesgue space Lg(')(]R”,E) stands for all (equivalence

classes of) E -valued Bochner integrable functions f on R"
such that

LR E) = {f:1If o0 < 0},
where |Ifll,)06 = fﬁ% |p(_)'E
The following properties proved by Cheng and Xu [4];

(i) feLlLP®YE) & IFOILY € Ly R

(ii) Lf;(')(]R", E) is a generalization of the L’g(') (R™, E) spaces.
(iiii) If E = R or C, then L7 (R, E) = 150 (R™).

Theorem 8. Lf;(')(]R",E) is a Banach space with respect to

Il 11,0,
Proof. Let {u;} be a Cauchy sequence in L’l’,(')(]R",E). Then,

1
{ujﬁp_(-)} is a Cauchy sequence in the Banach space
LPO(R™, E) in [7] due to

[l — ukllp(.),ﬁ,E - | |p(-).E

s0 it converges to some u in LPO(R™, E). Consequently, {u;}

-0

1
|(u]- — ;. )9P0

1
converges to ud »0 in Lg(') (RY E).
It is known that every weight function is equivalent to a
continuous weight function. So we assume that the weight
function 9 is continuous (see [13]). Let C.(R™, E) denote the
space of all E -valued continuous functions on R™ with
compact support.
Theorem 9. C.(R™ E) is dense in Lg(')(]R", E).with respect
to || llp),0,6-
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1
Proof. Let feL5”(R"E). Then f970 € LPO(R™E).
Since C.(R™,E) is dense in LPO(R™, E), then there exists a
function f. € C.(R™, E) such that

1
lr=sol, =l

1
()

- 0,
p()Y.E p().E

1
where ud »0 € C.(R™ E) . This completes the proof.

—fe

1. RESULTS
We the AP (R E) = Ly (R, E)
Lg(z') (R™,E) is a Banach space with the sum norm

A6 e = Wf o,z + 1F g,

where f € Alp()(]R",E).

We say that 191 < 9, if and only if there exists a C > 0 such

that 9, (x) < CI9,(x) for all x € R™. Two weight functions

are called equivalent and written 9, ~9,, if 9; <9, and 9, <

;.

Plroposition 10. Let 9;,9,, 93 and 9, be weight functions on

R™ If 9,<9Y; and 9, <9,, then the embedding
AGPS (R E) © 4379 (R™, E) holds.

Proof. Let f € Al”()(]R{", E). Since 9; <95 and 9, < U,,

then there exist Cl, C, > 0 such that 9; (x) < C;9;(x) and

9,(x) < C,9,(x) for al xeR" Hence we have

LY, (R%E) & LY (R%E) and LY (R™E) & L5V (R™,E).

define space

Using definition of the norm ||. ”119'1),1(92,5 we can write
IAIPS) 2 = If o,z + 1F N0,
< Cillfllo,8 + Collf lp),0,.6
< CIFIGES) 5.
where C = maks{C,, C,}.
Corollary 11. If 9;~95 and 9,~9,, then the embedding
AGPS (R E) = AGPS) (R, E) holds,

Definition 12. Let pl(.) and p,(.) be exponents on R™. We
say that p,(.) is non-weaker than p;(.) if and only if
D, (x,t) = tP1® is non-weaker than @, (x,t) = tPz™ in
the sense of Musielak [12], i.e. there exist constants K, K, >
0 and h € L*(R"),h = 0, such that for a.e. x € R" and all
t=0

@, (x,t) < K@, (x, Kyt) + h(x).
We write p; < p, [6].
Proposition 13. If p, <p,
LPz(-) (R, E) & LP1(-) (R™, E).

Proof. Since p; < p,, then L”Z() (R, E) & Lpl() (R", E) by
Theorem 8.5 of [12]. Also by usmg Proposition 2 6 in [2], we
have L5 (R", E) & L1 (R™, E).

Corollary 14. If 9; < 95,9, <9, and p, < p,, then the
embedding A% pZ()(]R{” E) o AY pl()(]R{” E) holds.

Theorem 15. Let p.(.) and pz(.) be variable exponents

and 9; <9,, then

satisfying 1<p; <p()<p()<pf <o and
91 ; p2()
e | P < o0, Then the embedding Ly (RY,E) &
p20-p1()" 2

L5 (R, E) holds.
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Proof. Suppose that f EL?Z(') (R™,E). It is known that

p2() rmn 1) rmn Y1
L192 (]R,E)‘—)Lﬁl (RY,E) N

with

0
r20) <

) p20-p10)"?
(Theorem 5.1, [9]). This completes the proof.

Theorem 16. Let p;(.) and p,(.) be variable exponents on
R™. If the inclusion AlpZO(IR{” E) c AY pl()(]R{” E) holds
for the weights 9;,9,, 95 and 9, if and onIy |f the embedding

39:39?(]1%71 E) o Al pl()(]Rn E) is satisfied.

Proof. The sufficient condition of the theorem is clear by the
definition of continuous embedding. Now, assume that the

inclusion AlpZ()(R” E) c AY pl()(IR{" E) is valid. Moreover,
we define the sum norm |||f]]l = ||f||§p119(2?5 + ||f||119”f9()5

is easy to see that ( “’2()(]12{” E) | |||) is a Banach space.
If we define the unit function I from ( 1”2()(Rn E) I |||)

to (wzi)(Rn E), |l ||119p,§i',)5), then the function I is
continuous. Because we can obtain the inequality
ICOHIET2Y = IF T2, < NIFIIl. By Banach's theorem 1
is a homeomorphism, see [3]. So the norms |||.|]| and

. IIfg'zfng are equivalent. Thus, for every f € Alpz()(]Rgn E)

there exists a k > 0 such that

I < KIFIGE2.
By the definition of the norm [||. ||| we have

IFIEP < HFII< KIFIGES.
Let 1 < s < oo. Consider the mapping @ from A3 P0) 5, (R, E)
into L3, (R™,E) x L5\’ (R™, E) defined by cp(f) =(f, ).
This is a linear isometry of Asp()(]R{" E) into Ly, (R™, E) x
Lg(z)(]Rn,E) with the norm
GO = flls0,6 + Wflp0,0,6
for fe A”’()(Rn E). Hence it is easy to see that
Sp(i(]R{” E) is a closed subspace of the Banach space
L5, (R™, E) x L5 (R™, E). Let
={(.:f € 4305, (", B

and
K =

(0, 9): (9, ¥) € Liy; (R™, E*) x L7 (R", E"),

fRnf(x)fp(x)dx + e FOI¥dy = 0, forall (f,f) € H

where, —+——1a d—+?

The foIIowmg Proposition is easily proved by Duality
Theorem 1.7 in [11].

Proposition 17. The dual space (Sp()(]R” E)) of

;fé) (R™, E) is isomorphic to Ly (R™, E*) x L‘é(;)(]R{”,E ).
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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

Keywords — High-tech exports, Data envelopment analysis (DEA), CCR model, BCC model

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

19

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].

Il. DATAENVELOPMENT 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.
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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 DMUSs.

* DEA often requires a small number of inputs and a large
number of output variables [3].

Literature Review on Data Envelopment Analysis

Kilig 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].

Yiicel 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].

Taskoprii 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 h’ , 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.

duLy,

m
Zvi X,
i=1

Constraints can be shown as in formula (2.2).

(2.1)

20

n
2 Uy,
r=1 <

=1 <1
D VX
i=1

u >0,v, >0 22)

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.

Maxh; :Zn:uryr

r=1 (2.3)
ivixi =1
i=1
Zn:u,yr —Zm:vixi >0
r=1 i=1
u,v, 20 2.4)

(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.

Ming; =ivixi
i=1

(2.5)
iuryl‘ :1
r=1
~ n m >0
;uryr +;V'X' 26)

u,v, 20

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 A 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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Min®,

Constraints,

N
Zyrj/’i’jk =
j=1
2.7)
N
O Xy — D XAy =0
j=1

N
>4, =1

j=1

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].

I11. DATAENVELOPMENT 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

High-tech exports [9] Us$

Input

[y

Internet users [10] % of population

Quality of mathematics and
science [11]

Global competiton index

R & D expenditures of
companies [12]

Global competiton index

Auvailable scientist and
engineers [13]

Global competiton index

Patent
residents

Patents granted [14] applications,

Foreign direct investment % of gdp

[15]

Gross domestic product [16] Uss$

[ee]

Inflation consumer price [17] | Annual %

Domestic loans to the private
sector
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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

ooioonnsl] oezreny] s opsisr]  ouasae] o1ovoiz]  oaeoiisios] oio0azsave] 0 2a0eizsod] 01a05e5s
0102097141 _0,659731875| __0,287559809] 0267539267 036953405 0,100586234] 0,185890907] _0,123157247|_0,176686987] __0,103087854|
0.100033003] 0590012366 0.563157695|__0.267539267] 0530107527 0,100082325] ___0.220268952] __0,10017278|_0,113315133 0233011274
0107373125(_0,814450994| 0622088038 0,569109948] 0753763441 _0,101738784| 0200136658] _0,151480076|__0,20034299] __0,584747431]
0.161397577] 0799720103 0829186603 0.705235602] __0,662078853]__0,100655099] __0,282554261] __0,115626246]_0,275000555] 0291562661
0101911706 _0,571412668 __0,43492823] 0368062827 0438351254 _0,100152036] 0207267575] _0,102006092]_0,136881861] __0,247993506|
0,100033327]_0,897946798| 0591866029 0351308901 __0,570250896| __0,10000332] 0,189571475] _0,101101205| _0316188836] __0,33371863|
0,100149698]_0,652719873| 0381339713 0,198429319] __0,237634409]__0,100039171] 0,199294683] _0,100445115| _0,114304441] __0,249531876|
0,115765345[_0,570191192] __0,174641148] 0309424084 __0,300716846| 0103451676 0235521179] _0,176899456|_0,612336332] __0,283206523]
0,100042723(_0,396381358 0398564593 0282198953 0317921147 01 0,178878518] _0,100388007| _0,36458093] __0,16921950)
0,188524966]_0,824432437]___0,80622009 03| o7m0s677a2] 0100969975 0,142971305] _0,128458598|_0,155021233] __0,705531473|
0100999314 _0,624312858] __0297109187] 0231997173 0,676344086|___0,10025560¢] 0203015701] _0,110333123] 036506158 __0,469700721]
09| _ostarsaes]  oswowons|  osesaazs|  oesezrén 09| 0,198122097] _0,580938435|_ 0276383861 0636214226
0101101887 _0,556964941] __0287559809] _0248691099] 0429749104 0100361168 021233190 o, 11g55726| 055142006 0,226885381]
0,101517746| _0,6244729%3| 051722088 _0,359685864] 0670609319 _0,100005311] 0265547685| _0,102186462| 0176478303 __0,273880966|
0100048022 _0,708912416| _0.71201866] 0231997173 0527240143 0,100001328] 0349917418] _0,100579902|_0,105045263 od|
0132722785 __0,71388078| __0522966507] 0489528796 ___0,389605735| _0,100525154| 022199614] _0,108110627| 0208557726 __0,202561046|
0405875374 082649843 o.76076555] _ 0795287958] 0756630824 0,132185767) 0107936493] 0249157126 02007815 0,33934970
015003306 _0,889117668 __0679904306] _0,669633508] __ 0613261649] __0,101029727] 0205569099] _0,112905773| _0,189149097] 0687743352
0100006577 0427025379 0,343062201] 0217277487 0,403942652] _0,100069711 0,191599344] 0106552731 0495603036 __0,136881734|
070016654 0522120697] 0388995215 022565045 0,283510505 _0,100029212] 0,188105909] _0,103955873| _0.262647139] 0159794001
{oao00s2021] 0395105271 0166985646 _0,129319372] __0547311828] _0,100608807] 021015365| _0,114018309] 086325118 0,178457383)
012290204 _07am78116| 040669856 0355497382 060802867 0,101821773] 0212308063] _0,152682534| 0166584118 __0,466768213]
0101577651 _0,805685913| 0702870813 __0,44973822] __ 0550179211 __0,10001859| 0219999677] __0,10072131] 0184119837 0319589742
0267480093 _0,792070494| __0,69138756] 0719895288 0,667741935(__0,109430867) 0.196975668] __020565744| _018582504] __0,41546785%|
0210126169] _0,67036800¢| 0566985646 _ 0667539267 __0,716487455| _0,109211771] 03227094 _0,213496968] _0,208670402 __0,552919504]
0,10003085|_0487381506] 0341148325 0,190052356|___0,269175627] __0,100063072 032002237] _0,100336306| _0283100768] __0,281932245]
0101917379| 0650640543 __ 0503827751 027591623 08168dse7a]__0,100401666) 0,198968928] _0,107998204| 0135529208 __0,457216971]
1000670186 080602894 0735406699 0481118z oseresrae o100154027] 0660428136 _0,113507795| _ 02956097] __0,81205233¢|
0101701688 _0,661514328 __0566985646] 030104712 0,381003584 _0,100115521] 020656753 __0,101897684] 0121853707 __0,279760575]
0120069911 _0,73764777 __0.413875598] 0259162304 0401075269] _0,10040830¢] 09 _o105124754] _o,196663361] 0,17836005|
012150810 _0,312019273| 0553588517 053079058 0624731183 0,108762303] 0203952043] 0196992178 _0,423010408] __0,236817417]
0150480055 0762538712 ,66076555] 03615654 0796774194 0100133416 052321969 0,112816369| 0.176686987] _0,228137395|
0,10021819] 09| oe30s716] 0590052356 0759498208 0100022573 01| o0057992] _o.26mies182| 0377057564
0.116577548| 0742087503 __0,576555024| 082460733 0,834050179] 0100862421 0.227511397] 0113371781 _0,149522765| __0,295863156|
04145007208 05842322 05a9760766] __0,44973829] 0656272401 0,105873624| 0.191041072] _0,179594778| 0170538911 __0,371072655|
0100135823]_0,592597242] __051148325] 0361780105 0791039427 0,100013942) 0230619578] 0101379464 013743063 0,331049153]
0103317668 0.7166077] 0457834737 _0,34083765%] 047562724 0,1006586| 0341461362] _0,105617255| 03] ourssisl
{_o00100033| _o35a7845¢8] __0,256937795| _ 0,150356021] __0,249103943| _0,100055105] 027210024 01 _o1o77070es] o 28512163
029090728|_085275%72] __0,57a641148| 0571204188 0564587814 _0,208498308] 0.188131611] _0,160358795| 0225039971 0,58627787]
0,100096056|_0,333836465| 0591866029 0422513089 ___0,653405018] 0100185231 0.19256928] _0,103200893|_0375477402] __0,222610913]
010291685| _0,695878959] 0601435407 0441361257 0,481362007] _0,100062408] 0207755533] _0,101554957] 0221825821 0,211400275|
0101247282 _0,g93618174 ___o0,54784689] 0717801047 0501433692 010009275 0783562366]__0,102237845| 0191599978 __0,433330173|
0101401024 _0,743033376| __0522966507] _0317801047] 0335125048 0,100062408] 018966471 0,100903276] 0183373565 __0,303536646)
0,100952999| _0,558117496| __0,446411083] _0263350785| ___0461200323] _0,100156683] 0207570589] _0,104170391] _0256204692] __0,289315155|
0,100021135(_0,666996007] __0,446411483 01| 0137275986 0100059752 0,195807614] 0100008518 _0494924311] __0,16504163¢|
0,100005858 01 osmserssos] 0202670157 0378136201 0,1000033) 0249080714] __0,10014824| _0,508418459 0]
0175497223 _0,568973983  0233971092] 0307329843 0501433692 0,10086906] 0,220835115] _0,144704079| _0,317344708|___0,181660713]
010093177 _0,720793856]__0,639712915| _0,401570681] __0,458422935| _0,100001328] 0,471073556] _0,100191117] _0,20545226] __0,374592028|
01 0514963385 0563157895 0353403141 __0,392473118] _0,100000664] 0,215951179] __0,100241365| 0227725033 __0,41083379]
0189656142 _0,733615184] 0674162679 _0,728272051] __0,4839784946|__0,100735614| 0238205173] __011206005|_0.282747492] 0513708641
0,106311596|_0,691943981] __0,611004785] _ 0661256545 0805376344 _0,100813955| 011946334 0,115663397] _0,353648939| __0,591749195]
0,100488955(_0,192388034| 0350717703 032617801 0,461200323] _0,100134774| 0,189005024] _0,111703221]_0,363748025 011257508
0,100264609] _0,448548415| __0,155502392 _0,194240838] 0280645161 _0,100047138] 0225192672] _0,107977515| _0355%28121] 0186156871
0,142150088]_0,530413063| 0417703349 0397382199 __0,412504803] _0,100216433| 0212567311] _0,112620081] 0264758431 __0,217920919|
0,121480618]_0,686675602] __0,51722488]__0,334554974 053297491] _0,102828263] 0204989659] _0,119972716|_0,146295582] __0,254693663|
0,103629943]_0,662065358| 0553588517 _0,407853403]__0,636200717] 0100480008 0237457236 __0,10852015| _0,206964782 04633460
0,106930512]_0,568661817] 0582206651 0223560209 0484229391 0100666567 0215854117] _0,107779203] 01 os6269134]
| 011070776] 0,713263917] _ 0,540191388 0328272251 0,498566308]__0,117788843] 0211513476 0,154855169| _0,528106818] 0,25049275|
0,100006778]_0,230755335]__0,52480383]__0.328272251] __0,55555556]__0,100000664]___0.218150106] __0,100078405| _0,462092154] __0,12998927
0.30374256] 0752533403 05 _ogo0s7sote| 019713262 0,101062258] 0.452191363] 0, 112479306|_0151637522] __0,547349994|
0,100307587]_0,307713948] 01784689 _0,208900524 01 0,1000015%] 0201969152] _0,100869965| _0,206792386] __0,221119545|
{_omomon3| 0746050389 0427272727 0328272251 0,349462366| _0,100145397] 0230247263] _0,103575793|_0,150765292] __0,263804573|
0,124161615] 0842406068 0,542105263| _0,789005236] 0,713620072] _0,101348404| 0217387199 0,121824504 _0,25751271] 0,532042015
0103519447 _0,558771836 0310526316 0317801047 0535842294 0, 104135504 0,19682683]_0,136831623] 056426527 031181317
{_o3worzes] 07127647 oseossars| osesress 05 o0,296070308] 0212019504 05| _0239574938] 0768656634
0,10307314] 0,521582455)] 0] 0508376963] 0,289247312 _0,101847002] 0183058008 0,112414055| _ 0,49204135] __0,500319749)

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.
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Mathematical model:
Maximization
Objective function: x,
Constraints
(xp- (=g x0)) * X2 wi <=0
Yoxi=1
X, Xj, W; >0

Notations:

x. = Output variable,

x; = Input variable,

w; = 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 Countries Effectivity
level 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 66% Korea 100%
Herzegovina
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 65% Malta 47%
Republic
Germany 100% Mauritius 50%
Denmark 51% Malaysia 81%
Algeria 63% Norway 53%
Ecuador 62% Pakistan 69%
Egypt, Arab 79% Peru 70%
Republic
Spain 57% Philippines 70%
Estonia 48% Poland 60%
France 80% Portugal 47%
United 63% Romania 66%
Kingdom
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%
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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.
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. 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 (PIDD?) [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-

23

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 (M), rise time (T;), settling time (Ts),
peak time (Ty), 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
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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 (K,), derivative coefficient (Kp) and
fractional filter parameters of derivative action: filter gain
(NN) and fractional order () 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.

I1. 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.

Amplifier  Exciter Generator
Ve
Vref Ka Ke K, Vg
Controllerf— — — >
1+1,8 1+1eS 1418
Vs
Ks
1+1S
Sensor

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.
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Table 1. Parameters of subsystems of AVR.

AVR subsystem Gain Time constant
Amplifier Ka=10 1,=0.1
Exciter Ke=1 1=0.4
Generator Kg=1 =1
Sensor Ks=1 1=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 (1) to be optimized in the
proposed structure. The block diagram representation of the
aforementioned controller structures is shown in Fig. 2 where
(@), (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.

_UE) _ K,
Gppls) = E) Ks + s +Kps (1)
U K NN
R R T @
U(s) K NN
GPIDFF(S)=%:KP+_I+KDSS)~+NN (3)

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 (s*) or integral (s*) 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.

st =K g s (4)
T NS +wWP
k+N+u
2
2N+1
w; = w{wj 5)
Wb
k-*-N-v-ﬂ
2
2N+1
WP =w, (Whj (6)
Wb
_A
w 2 N WP
K=|— k (7
)

where N, w, and wy, represent the approximation order of the
considered method, lower and upper bounds of the frequency
operating range, respectively. w{ and w; are the poles and

zeros of the sequence (k). In this study, N and frequency range
are considered as 5 and (1073, 10%) 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
(poest) is selected. Then, the global solution (grest) is obtained
from (prest) Values. At each iteration, the new position of the
particles is updated with the velocity (v) and position (x)
equations given below.

VET =W (V) e (o —X) +¢,n (g —xE) (8)

X:<+1 — X:( + Vk+1 (9)

where k is the iteration number, i is the particle number, ¢i-C;
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.

lsvm
ITSE = | te(t)’t

t=0

(10)

I1l. 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:

Minimize ITSE

Subject to

Ko (=00)<K, <K, (=2)

K, (=000 <K, <K, (=1) 11
Ko, (=0.00) <K, <K, (=)

NN, (= 0.01) < NN < NN, (= 200)

}\‘min (= 001) < Kd < kmax (= l)

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.

ITSE

PSO

Kp, Ki, Kp, NN, A

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.

3
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Fig. 4 The change of the objective function for 10 trials.
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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 8" trial. The proposed controller
(PIDFFsg wria) 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
(PIDFF2ia) 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 Trial number

aT.?.SmE'T/IgE:d 2. Trial 8. Trial
Kp 0.7813 1.3837

Ki 0.7374 0.9702

Kb 0.3748 0.6159

NN 112.1 167.88

A 0.1351 0.4900

ITSE 0.009461 0.006801
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The system responses with control parameters obtained in
the 2" and 8" 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
(M), settling time (Ts), rising time (T:), peak time (Ty) and
ITSE values of the transient responses of the examined
controllers are given in Table 3.

1.4 : :
——PIDFF
e i el ——BBO-PID [6]
1.2 - ; SCA-PID [7] |1
: — PIDFFZ. Trial

e
oo

Generator voltage
[=1
=N

<
~

0.2

Time (s)

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 Ts Tr
type Mo | (o65) | (0.0-09) | Tt | 'TSE
PIDFF2. Trial 1.048 | 0.750 0.191 0.37 | 0.0094
PIDFFs. 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

Itis clear from Fig. 6 and Table 3 that although the minimum
ITSE value is provided by SCA-PID, PIDFFg 1+ia has the best
values of Ty, T, and Ts parameters among the considered
controllers. Furthermore, the minimum over shoot value is
obtained with PIDFF; ra. 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 M, 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 PIDFF; 1ia/PIDFFg 1rial

Parameter Rate of ITSE Mp Ts (%05)

change

Nominal - 0.00946 / 0.00680 1.0480/1.2110 0.75/0.66

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

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

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

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

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

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

. +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 Ushaped assembly line balancing (UALB) probleas been extensively investigated in the existing academic
literature. However, only a limited number of studies consider the uncertainty in the assembly lines. In this reseasth, a rob
formulation is developed for the addressed problem under task tioggtainty 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 plausibligatenves

the manufacturing system from this perspective to provide manaupsigits 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 impre
system performance. Since robust optimization is a powerful techniqogetcome 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 sbingptlel. The analysis of the results is
made through real data provided by a waeter assembly line.

Keywords +U-shaped assembly line balancing; Robust optimization; Worker skills, Worker proficiencies, Optimization models

[.  INTRODUCTION employingthe stochastic optimization [i2], [13], [14], and

Today’s intricate market environment necessitates focusing [15]- N . .
on a@msembly line problems from different perspectives. |N€ robust optimization isa powerful technique and
Assembly line balancing problem (ALBP) is one of the mostuPerior to fuzzy and st_ochas_,th op@ation in several ways. .
important problems that give a path to increase tHeor |nst.ance, stochastic optimization is based on scenarios
manufacturing system performanda terms of several preventing to handle all cases. On the other hand, the robust

factors, such asnanufacturingleadtime, overall cost, and ©OPtimization covers all casesimultaneouslyand does not
utilization of resourcesWhile balancing an assembly line, requireprobability distribution information tdind a solution
the tasks are assigned to stations in such a way that {fe the worstcase The robust optnization has been
precedence and cycle time constraints are not violaatlis €MPloyed for theassembly line balancing problem 6],

study a U-shaped assembly line balancing problem witht?]: [18], and [19]. In this study, first the nominal
heterogeneity inherent of workersunder uncertain optimization model is formulated. Following by that, a robust
counterpart ofthis model is constructed tovercomethe

environments addressedlhe Ushaped assembly lines pave ! e
the way for many advantages compared to traditismalght uncertainty. Th@r_n_ployedrobust approach is first introduced
&y [18] and modified by [19]There are important featige

assembly lines, such as accepting new product types, AT i .
improving workers skill levels, allowing onepiece flow, less for robust optimization(i) tractability of the model, and (ii)

space requirement, and more flexibility to assign tasks to tR@nservatism-The first feature is important to get optimal

stations[1]. The Ushaped assembly line balancing problen§°|u“°nt°‘ v_vithin reasonable computatio_nal time. The second
has been investigated in many studigk [3], [4], and [5]. feature is important to decrease the price of robustiiégs.

When these studieare examined, it is wealed that most of roPust method proposed by [20] is employed to ease the
them do not consider thencertainty caused by the processedractability of the optimization odel and not to have over
However, some studi¢mveemployedseveral methods, such cor!sgrva_tlve_sqlutlonsn thls_study, each aspect of robust
as fuzzy optimization, robust optimization, and stochastfPtimization is investigated in the context of the addressed
optimization. Uncertainty issue was examined for bottProblem. . .

straight and Ushaped assembly lines by [6]. While 1he rest ofthe paper is organized as lols. The
uncertainty washandled,both theprecedence and phantom©Ptimization model is presented in Section 2.The
networkswere considered These networks were introducedCOmputational results are given in SectiorC8nclusionand

by [7]. The fuzzy assembly line balancing problem has bedHture research directions are provided in Section 4.
investigated by [8][9], [10], and [11].Besides, the k$haped

. . . . Il. OPTIMIZATION MODELS
assembly line balancing problem was investigated by
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In the following, the proposed robust optimization modetquation,the number of uncertaitask time (3 is directly
for the U-shaped assembly line balancing problem withelated to the probability of constraint violation (PoVhe

heterogeeity inherent of workers is formulatedThe

proposed model is extended by [3] to include uncertainty.
Indices

i: Index for tasksi( d)

j: Index for stations;j( )

w. Index for workersw W)

Parameters

n: number of tasks

ti : standardime for taski

Mmnax : NUMber of stations to @penedMmmnax’n)

C: cycle time

W, : tasks forstationj

[IWj|| : number of tasks i,

L(r,s) : a set for tasks that preceding task

puwi : skill level of workerw for taski

Cost : cost for opening station

= number of uncertaitasktime

Variables

Aw: if workerwis assigned to statignl; otherwise, 0

x;j . if taski is assigned to statiopfor original network, 1;
otherwise, 0

y; : if taski is assigned to statignfor phantom network, 1;
otherwise, 0

Z : if stationj is opened 1; otherwise 0

Obijective function
Min 1)

)
®3)

parameter=can take the values between 0 dnthat equals

the number of task#\s the parameterincreases, PoV value
decrease The reason behind this fact is that when the
considering number of uncertaiasktime increase, it means
that the constraints are moreofgcted against the violation.
Constraints (8) and (9) ensure the precedence constraint for
both precedence and phantom networ&anstraint (10)
states that if a task assigned to a station, the station must be
openedConstrains (11), (12), and (13ndicatethat a station

is operated by one workein other words, multmanned
stations are not alloweonstraints (14) an(l5) protectthe
linearity of the proposed modelConstraint (16) defines-0
binary variables.

I1l. COMPUTATIONAL RESULTS

In the following, the addressedproblem is investigated
from a scenariebased perspective. Three different scenarios
DUH FRQVLGHUHG ZLWK UHVSHFW WR
scenarios are as follows:

Scenariel: There is a worker pool in whicB3% of total
workers have higiskill level. 33% of total workers have
moderate skill level, and 33% of total workers are low skill
level.

Scenarie2: There is a worker pool in which 66% of total
workers have higiskill level. 33% of total workers have low
skill level.

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

Table 1. The results with respect to scenarios

(4)
©®)
(6)
)
(8)
9)
(10)

UL-0.5 WS-Scenariol WS-Scenario2 WS-Scenario3

(11)
12)
(13)
(14)
(15)
(16)

The obijective function (1) aims to minimize total cost
regarding the station utilizatioi€onstraints (2) and J3mply

that each task must be assigned to the back or fraheaf-
shaped assembly lineConstrains (4), (5), and (6)are
includedin the model to obtaim robust counterpart. In this

29

= 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-Scenariol 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-Scenariol WS-Scenario2 WS-Scenario3
= PoV Cost Cost Cost
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0 1,00 400 400 400 Fig. 2. Price of robustness for uncertainty level is 0.25

1 100 400 400 400 Figure 2 shows the change of price of robustness values

2 1,00 400 400 500 along with the values of parameter IR U XQFHUW
3 1,00 400 400 500 level. The degree of uncertainty level determines how much

4 1,00 500 400 500 the task times deviateAccording to this figurethe best

5 1,00 600 400 600 results are obtained when there are tsgiti workers in the

6 1.00 600 400 600 system.On the other hand, worse values are obtaifeed

7 1.00 600 400 700 scenarie3 as in Figure 1.

8 1,00 700 400 700

9 1,00 700 500 700

UL: uncertainty level; PoV: probability of constraint violation; WS: worker
skill; HLS: highlevel skill; MLS: moderatdevel skill; LLS: low-level skill;
Scenariel:33%HLS; 33%MLS;33%LLS ; Scenarh 66%HLS;33%LLS;
Scnearie3:33%HLS;66%LLS.

Each scenariccorresponds to a specific problem. Each
problem is solved with the parametetaking values O 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, 0.3nd 0.5) are tak@ into
account for each problem. Thus, total number of instances
equals to 30.
Table 1 represents the results obtained for each instance&ig. 3. Price of robustness for uncertainty level is 0.1

The parameter values are determined in accordance with thEigure 3 represents the price of robustness values along

assembly linef a company producing wer-meters. with the values of parameter |R U XQFHUWDLQW\
To visualize the results given in Table 1, Figures 1, 2, aiiglthe lower than other level&ccording to this figure, better
3 are provided in this section. results are obtained for scenafiolt is interesting to state
WKDW 3R9 YDOXH HTXDOV ZKHQ WKHF

At this point, in Figure 3, the price of robustness has occurred
for scenario 3, in other wordghe system performance
enhanceas the number of higskill workers increasein the
system.

V. CONCLUSION

In this paper, the robust-Ehaped assembly line balancing

problem is examined with the task time uncertainty by

FRQVLGHULQJ WKH Z R U NTHé&J VrfibusKk H W H

optimization model is proposed for the addressed problem

with the minimization objective of station utilization cofb

DQDO\]H WKH VA\VWHP SHUIRUPDQFH L

) , ) . proficiencies, three different scenarios are designed. Based on

Fig. 1. Price of robustness for uncertainty level is 0.5 the scenarios, the uncertainty levels, and the robust

The price of robustness represents the value to protecP@ameters30 different problem instances are solved. The
solution against the uncertainty with a {ofetermined Pov results are analyzed from the price of robustness perspective
value.Figure 1 represents the price of robustness value alowgich is obtained for 0.01 PoV limitThe following
with the change in the parameterAccording to this figure, Managerial insights are revealdbm the computational

the price of obustness is larger for scenaidn which 66% results. . . .
of total workers have lovgkill levels. When the results are examined with respect to the price of

robustness, it is revealed that the best results are obtained for
scenarie2 As the number of higiskill workers increasein
the system, the resistance against the violation is higher.

The resistance against the violation reduces for sceBario
Therefore, it is necessary to train the workers in the system to
have robust solutioret lower prices.

As the degree of uncertayn(uncertainty level) decrease
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 fordgsigH levels.

Overall, it can be easily stated thhe existence of high
skilled workers boostsystem performance.
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This study can be extended following directions: (iJ19]

different objective functions, such as operational cost, can

considered,

(i) other parameter uncertainties can be

formulated, and (iii) last but not least, workeffproficiencies
can be examined in detail.
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7*UNL\HYGHNL %DVNHWERO 6SRU . XO*SOHULC
2+-XOFDY ¢CHUND® dHOLN

Yeni MedyagVWDQEXO $\G(~3!Q/WQ}ID(W/\LH\NHVL
Medyaveg OHWLULP 0D UPDUDBMUWMKE6®LEYVLDP<2N . H PO IWGFERT NIUNWALWHV L

"<D]OGPDGDQ V RdeIRADIXI.&MI]tD U
*. R Q X U PyRdHIKI nku.edu.tr
SununBildiri 7+ U 6 |] @Fam Metin

g]JHW7HNQRORMLQLQ JHOLULPL YH DNOOOO FLKD]ODUOQ FHSOHULPL]H ND
GDYUDQOEIWDNEH GDQGH JHWLUPLGOWLU OLO\DUODUFD LQVDQD X©$aDmQ VSF
HQG*VWUL\HOOHUPHVL\OH EHUDEHU DOOQDQ KD] GD GH+=LUPHNWHGLU gQ
ELUOLNWH VRV\DO PHG\D NXOODQOPO GD VSRU |JHOLQGH ROGXNoD |QHP
izeGL+L VSRU NDUUOODUPDODUO\OD LOJLOL G*U*QFHOHULQL YH GX\JXODUO
WHNHOLQL YH JeFeQe+ ND\EWWPGINMLEDQOPROHWIOQH |QHPOL ELU XQVXUX R
VWUDWHNLIDH VR D@DV ORYG\DVO] P«PNeQ ROPDPDNWDGOU 7HOHYL]\RQ L]JOHC
KO]OD G+GtWe+e VRQ \OOODUGD VRV\DO RHEGXPYDQ@ WOMWIOULAD WVO&/]UDB WWHIQ O
JHWLUPLUOWLU 68IGH BHH PIDAJ N\DSSROUWU NXO+«SOHULQLQ GH EX \ROOD WDUDIWDU(
G|Q*UOHUH QHGHQ ROPDNWDGOU %X \ROOD WDUDIWDUOQD oRN KO]JOO YF
WDNOPODUO\OD KOJQOLYHLEOEREOMUWIHNQOGH SD\ODUPDNWDGOU %X QHGHQOI
VSRU NXO¢SOHUL WDNLSOLOHUL\OH HWNLOHULP KDOLOXHER®DDBSDRQODW
NRQXVXQX 7+¢UNL\HYGHNL EDNVMNIHNERVRYVSRO RHG\D NXOODQOPODUO ROXUW
analizidir.

Anahtar Kelimeler tYeni Medya 6 RV\DO OHG\D 6SRU .XO«SOHUL (WNLOHULP

. *g5gu WDUDIWDU NLWOHOHULQL L\L NXOODQTC

.LWOH LOHWLGLP DUD0oODUOQOQ N&Wd—%@@@%"'\%'ﬂ‘ﬂ%& GHVBLYL\RQLOH

YH WHNQRORMLN JHOLULPLQ KOJOO) JHH R

RUWDPOQGD ED]O GH=+LULPOHULQ Q%u@SPBQ@dUd*Wé\'d}O'ﬁQ% %‘W ODF??OUV\
VD-ODPOQWDUO@QA¥RO-N KD\DWWDNDHVYERYPEHBRER I VSRU HI
G*(*QFHOHULQL DQOON RODUDN 1D UNIBUYHRNPHY @@@&H LI E
RUWDP RODQ VRV\DO PHG\D KOJ]o&DEPY LPrﬁ\H_FdQﬂP rB'Rf BB@BfE'—?HF
+0]00 ELU GHNLOGH \D\OODQ EX VRYXHW XpPH\ 4O H—MRVG% t'(‘s-’ l'j WLU %LO
VD-ODPODUWOUPDNOWID] WROPPNWEG \BU V'-QGH UELU L WDNLS

NQB@@
SD\ODGUOPO YLGHR YH UHVLP J|U-QW-PRBABR L QPQHNB§\6%C&%'EBW ~1]HU
VRV\DO PHG\D VD\HVLQGH LQVDQO'EBWNﬂaQW 'L LLWFb

HQL G
WDUOPDNWDGOU %LOJL WHNQRORMYBRBUNGIRP %@%Cﬁm

GelU*QGe++Ps]GH EX JHUHNOLOLI\DO@ F\%'F'IFPJIHIQIELIJ‘ \\%IUWD I@LWOH\H LVWH'
WHOHIRQODUOD ELUOLNWH KHUNH

D UMY 5T E IKS
VRV\DO PHG\D DUDoODU® NLWOH L%wyhﬁﬁuDéJ@@@p&%ﬁ@p@ IPJGIB/OI\kD

DIDOWPOuwOU YH GHVWHNOLOMUOW Q UH OURED @ RWGH O R
'LO GLQ OUN FLQVL\HW IDUN YERPHNIA %Oc% NRROBREOPLDVO GD R N

WRSOXOXNODU®Q YD]JHOLOPH] SDU9§C‘5'DU\®Q Q/'OLbLCQDDH 69% YBRYDPDH
bireyseler &UDVOQGD ROXGDFDN ROD W% By ¥R UEDNEHPOHULQLQ WDU
JeOoOHQGLULFL |JHOOL+L\OH GH LQ B%P}SBB &%mga%wow é%_HI‘B'&%'leH?‘U-\P
DOPOGWAU B6SRUXQ \DWD\ YH GL eDNpRYW Q%&LbDF\DW ReOU %X |
\DUGOPO® VSRQVRUOX+XQ JHOLGPHWXEsRYK '—Qa§é%)o% OPH | N K uSBFEEY
GDKD GH:LGHUHN VSRUX QHUJHWFLQ&B&'I@(%]HVR‘/ JkpBRL LOHWLULP ~WHNQR
G+Q\D *]JHULQGH VSRU VHNW]|Us GL-NP P NH\H|H596'HUKNL BSHW O L YH Kt
ROPD\D EDu@ANMIOU gQHPOL ELU §§j’ QYW \ 0P QY H DUWO”PDQC
KDOLQH JHOHQ VSRU WOSN® VRVY P J L?HJ&%%\O\DOO G\D
YD]JHOLOPH] YH KD\DWODUOPO]GDQ RRE 9 6 N X OFPoWPEDQOO
kitlesine sk LS RODQ VSRU R NLWOHOHLl}lLLVIXJ%m-IQ\)"L ESH &Y @)Plx‘ﬂoob ELU DUD\
IQHPOL ELU SD]DUODPD DUDFOGOUHY ]L[ﬁfb“[#ﬁ’rb WM W HRPY Q BPONVERBR ¢
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%HUN Y,H dHOLNTJGHNL %DVNHWERO .XO+SOH ISAQNIIERROLYSanUHTakBy . X OO D QAP O

DUDuUWOUPDODU WDUDIWDUODUOQ REXVD/MGIDU0 Q& Q o HINH@ILLNI P HOALQ G KK HI, Q N
JHOWLNoOH GDKD ID]OD YDNLW KDUFWBRQROR KQ®H UEQ ¥ IRLDA® JHUeHNDL BN U
LoLQGH JHUOHN \DGDP LKW L\D o O D U OmuOwNBOULLREDONDAPD \ D VEDVQ B 0 @ 9 INF-D UNIMYAU
\LQH EX VDQDO JHUOHNOLN L oakQ GND \H@GE O B PADNGPES® UN X BRV\DOOHUGPH\L
\DGtDGONODUOQO J|VWHUPHNWHGLUEXDDBGMXJIHUOHNOHIWNLORHOSRILQGHQ
NXO+SOHUL EX ELOJLOHQGLUPH GHWNRODRRIDWXE0DQPOO N ONWPLXW O3-DOHPIENG
\|[QOHQGLULS ELOJLOHQGLUPHNWHGLU %|\OHFH KHP WDUDIWDUODUOQ
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%DVNHWERO 6¢SHU /LJLTQGH GDKDGKQRHXGDPOO\RQLEBORRD RO®DPQWaAHQPD
$QDGROX (IHV )HQHUEDKOH %HNR ¥%XQRQDDTO @ LVRLWWHPHGBOW\DSOODUO\
KHVDSODUOQD EDNWO+0OPO] |DPDQ\KSEWDNWBWO U®D RO GEXNG-IOWED JFHMMOD GO F
NLWOHOHUH WDNOPOD LOJLOL ELOOPDSNMWDOOOPO \DSDUDN V.UHNOL
WDUDIWDUODUOQO wRVODG O PRIIBYDG DoNHIN P H N
LVWHGLNOHULQL J|UHELOL\RUX] %X SD\ODuOPODUGDNL HWNLOHULP
PDoOQ YH\D sSD\ODuOPOQ \DSOOGO+O R\XQFX\D ED+0O RODUDN GD
ROGXNoD DUWPDNWDGOU $uD+OGD JJUVHOOHUL J|]*NHQ SD\ODubdbPODUOD
\DsOobQ WDNOPODU P+FDGHOH HWWLNOHUL OLJ YH R\QD\DFDNODUO
takOPD NDUUO |QFHVLQGH YH VRQUDVOQGD \DSWONODUO SD\ODuOPODUOD
IDUNOO HWNLOHuLP VvD\OVO J|VWHUPHNWHGLU $QDGROX (IHV YH
JHQHUEDKoOH “UHNBQ WDULKOHUL DUDVOQGD 7XUNLVK
$LUOLQHYV (XUROHDJXHYGH R\QDGONODUO OH\UHN ILQDO
NDUGOODUPDODUOQGDIMD UGRODWO GIP GHO\WX U X
VD\OVOQO KHP GH HWNLOHGLP vD\OoODUOQO DUWOUOUNHQ D\QO G|QHPGH
VDGHFH 7¢UNL\H /LJL PDoOQD oONDFDN RODQ 7RIDGYWD EX VD\O
GDKD GeU+sNWeU %XQXQ |QHPOL VHEHSOHULQGHQ ELULVL GH VDKLS
ROGXNODUO WDNLSoL VD\OVDO %LU IXWERO NXO<E*QH VDKLS RODQ YH
PLO\RQODUFD WDUDIWDUO RODQ )HQHUEtamqwgggé%;m(\;\l&b\/gEﬁ&x\(y)pyt,qgtglc
JHQHUEDKoH %HNR UHVPL ,QVWDJUDP KHVD
vD\OVO\OD EDVNHWEROGD DoON DUDy LQ\QJT@H$@@QQ]FQ_B§§H(I}\I|J|.V§|‘:|_LQH1JX§NQVK $
WDNOP RODQ YH JHOPLUWHNL EDuDanp\gpNO\)qr@g5OQ@GWHDVFN\FQVM@,9@<_Q§<Q%DL
Lokomotifi denilen AnalR OX (IHV LVH ELQ WVPHVH\BAGGMP \PSD®BDQ SD\ODGOP \HU DI
VDKLS *HoPLUWH \LQH NXSDODU WNDGRRPREDWXYMUBsWH ROPFTROX (IHV
7RIDGTOQ LVH ELQ WDNLSoLVIRUKP P&PFPONNRY BDG+PPD SOV R QU PID
vD\OODUO\OD GR+UX RUDQWOOO RPN D me@ogw@waw@\w\w
VD\OODUOQGD )HQHUEDKOH %HMNR PUARQPRAVYP\ & A DDA ONPWNWHEBQOD YLG
Tablo1.%DVNHWERO .XO+SO0 H U L-30 Nishb 8618 Taan@io sUlER P U W+ U %X \ROOD IRWR=UDIO

$uDvO 3D\oDudP 6D\OODUO J|UeQW.OH\HQ NLUL VD\OVOQOQ LVWD
JJUPHNWHGLUGIHR O SN>\OYRGOPODUGD

’é][‘easdo'” éskc?HUE 7RIDU | yWDWLVWLNOHULQL GDKD UDKDW
7DNLSoOL 6D\OV| 88400 | 836000 14.700 LOHULNOHULQGH \DOQO]FD IRWR=+UDIO
3D\ODUOP 6D\O| 25 38 43 XODUOODELOPHNWHGLU
<DSOODQ <RUX| 1.323 | 5.917 207
3D\ODODGBR 60 12 16 8
OLGHR *|[U-QW-+{ 177598 | 1.252.716 | 12.843
6D\OVO

7DEOR 9YGHNL vD\OODUD EDNOOGO+0O ]DPDQ JeQO*N VeUHOWH
$QDGROX (IHV JHQHUEDKOH %HNR 7RIDG LVH sp\obubP

\DSsPOuUWOU $QFDN WDNLSoL VD\OODUO\OD ELUOLNWH DOGONODUO \RUXP
YH YLGHR J|UeQW+.OHPH VD\OODUO GD GR+UX RUDQWOOO RODUDN
J|]J*NPHNWHGLUHYQDGROXDUAOPGD ELQ \RUXP

DOOUNHQ 7RIDU SD\ODUOPGD VDGHFH MRWY SFHBRoNRAT SUAWRYpropadro
JHQHUEDKoH LVH \LQH WDNLSoLVL VD\OVOQOQ DYDQWDMO\OD

SD\ODuOPGD ELQ \RUXP DoPOuwdU sp\obubPODUOQD
UHNWY@H_ J|]*NHQ SD\ODUOPGD \DSOOL

,QVWDJUDP +]JHULQGHQ YLGHROX7xYMNODIGPUORSRYDONUROHDIXH dH\UH
WDNLIS\@H HH WDUDIWDUODUO\OD HWN@D-PREH) RS PO\ H MOHUIREH LOJIL
EDVNHWERO NXO+*SOHUL EX QRNWB@DSo@@HdJQQﬁOLGxYPU‘ﬁQ@@@UGou %
XODUPDNWDGOU $QDGROX (IHV Yad- R\ Ry xSX\@bU P B ©H&H O HrBK® WEDU B RA\DLL

JJU*QW+OHPH )HQHUEDKoH %HNBRpbWBHDQ $BLIPROPGPHYV DV\UOFD 3.$=%
PLO\RQ ELQ JIU- QW+ RHP#H \HV MDEXSHOLU 01/Q KHGHILQL YH EHNOHQW

LVWDWLVWLNWH \LQH JHULGH NDOPMHDPHQLERADOHOPEPUD ELRUXP \DSOO!
JJUsQW+OHPHGH NDOPOuwOU

'DKD |QFH UDPSL\RQ ROPXU EX +*0 NXO<E«Q SD\ODuOP
vD\OODUO EX NDGDU ID]JOD\NHQ \DSWONODUO sp\obubPODU JHQHOOLNOH
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%HUN Y,H dHOLNTJGHNL %DVNHWERO .XO+SOH ISAQNIIERROLYSanUHTakBy . X OO D QAP O

UHNBLSQDGROX (IHV 9LGHROX 3D\ODUOP )RWR=+UDI JHQHUEDKOH %HNR 2\XQFX gVWI

UHNLPGD LVH WDNOPOQ R\XQ NXUX!
'LIRQTOQ PDoWDNL SHUIRUPDQVOQD G
JHUOHNOHUGPLGUWLU ELQ EH+HQL
UHNIOWH \DS\OOHmOPHD® PDo LOoLQGHRWRAWDERAXQOIRR HQ oRN HWNLOHULF
JJUsQW+Ve YLGHR RODUDN SD\ODGOBPYWBELU %% XsBPIBREPEOQkRE NDGDL
R\XQFX HWLNHWOHQPLG KHP GH R onedenetindgrolyie dewbpy HAMROHT ROx @ FkM XY W D
SRILVIRQX WDNLSOLOHUH XoDuwouBOPBRWOROL OXKPRRGEW.OMPH\GHy RIQX
\RUXP DOPOGWOU 2 NDUROGEAROEORGHVRMUPLUXVX VRQUDVOQGD 7-
SHUIRUPDQV YH KHP $YUXSDTQOQ |OPROPORKBFLHD Y BGFED ® RDX SSOL  0Xk
KHP GH 1% $1GH R\QDPOUG ELU R\XQFNDROI®WHPN RIBED LWSMAIE EREXWDWLV)
GDKD GD |QH oONDUWPD\D oD O OaD &mnpelp € ¥ X ¢ PH &\ XQF XDREOBDMUQOQ GD
G|Q+lGs RQXQ SD\ODUOPODUOQGD \DNTIUFP&RHIWOIWY

OHNLPWH LVH \LQH 7XUNLVK $LUCLEY &DIRNPROHDINB RGXO+S RODQ 7RI
P-FDGHOH HGHQ )HQHUEDKoH %HNRYBXZEBHAEBN VPP DV RYODEG @4HF\D KHV
Zalgiris .DXQDV PDo®QGDQ SD\0oDuboDesagday sesyas prdyi@y uH o PHINUED NXOODQDQ
%X SD\ODUOPOD ELQ JJU-QW-0RPYLY LEIY I DEP PNOINEDKGHVRVIDO VRU

Beko resmi hesa® WRSODPGD \RUXP DOPBAQWERSOVOQD oRN |[QHP YHUHQ NXO-S
|QH 0ONDUWPDNNMBEBIG O|JsNHQ J|UVHOGH

VRQXFXQX SD\ODUDQ 7RIDUOGRO®BUDNXE
oH\UHN VRQXFXQGD EX WDU] ELU J|QGH

UHNLYPHQHUEDKOH %HNR 0Do <RUXPX 3D\ODubPO

JHQHUEDKoOH @HNFRMB XY NHQ SD\ODuOPOQGD

IDUNOO RODUDN EDUDQWUHQ|U+Q PDo dideL oR 3k HQFHE L@ FRBWwDwLVvwL=L 3
YHULOPLUGUWLU 7RSODPGD ELQ EH+HQL DODQ EX _SD\ODUOP )
\RUXP DO®mBawdU] sp\obudPODUGD IRIPHHOROBEBRUPRHGGX+X ELU EDUND
|QFHVLQGH R\XQFX YH\D DQWUHQ|WEBNOPODPHYGPioMY LI WREEOHUHWNKEL RIX
PDoOD LOJLOL JHQHO KD]OUOON sD i&ststikedyle plgiiveed JURGHULVLGLU %X SD)
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%HUN Y,H dHOLNTJGHNL %DVNHWERO .XO+SOH ISAQNIIERROLYSanUHTakBy . X OO D QAP O

GL+HU WDNOPODUD J|UH GDKD D] EHU®HON.O M EHW\RIGIMN MHWPID HAVND. QOLN O H L
UD+PHQ 7RIDGU DNWLI RODUDN GHYDR QIMNGRHWWHGBIM YH )HQHUEDKOHah&# HNR
IDUNOOGOU %X NXO+SOHU GH JHUOHNC

VRUXPOXOXN SURMHOHULQL \D\OQODPTE

GDKD ID]JOD $ 7DNOPO JJUPHN LVWHPH)

SD\ODUOPOQOQ \DSOOPDVOQO EHNOHC

\|[QOHQBGOPHVL EX GUHNLOGH \DSOOPDN

YHULOHFHN HQ |QHPOL |UQHN )HQHUE

7DNOPO LoLQGLU 7DNLSOLOHULQ |Q SC

7DNOPOQO GDKD ID]JOD JJUPH LVWH

QHGHQOHUOH (NLP 1GH PG D@ Q6 DVWY

ELU 7ZLWWHU YH ,QVWDJUDP KHVDEO D

EDVNHWERO KHVDEOQO WDNLS HGHQ I

UHNL®RIDG .XO+E+* $OW\DSO 'X\XUX 3Dt%W|QRIO %WDVNHWERO 7DNOPO ROPDVO

UHNIYGD J|]*NHQ SD\ODUOPGD 7R|D/ﬁ[ﬁ¥5§_) Eé’LEF‘i-RJ ABNWNQEEHLAH LOJLOL \Ds
JJUH \DSW O+ &DNDDNG® CEUYPU PHNW H\LLO B &P @ )HQHUEDKOH . XO-E:
GL:HU WDNOPODU GD DOW\DSO SD\Ele]PéIéWbUOQo DUD DUD \DSVD GD EX

NRQXGD 7RIDG ROGXNoD DNWLIWLU schpQ BPOS%%QJ%CNPQ?NJ&O%%DYWWH%W—Q
DOW\DSOVOQGDQ 0ONDUGO:O R\X oforcheteN
HWWLUHQ 7RIDG EX SD\(X)DMOBO PEBH %QS,W?\&O oL s
VRQX00ODUOQO SD\ODGDUDN E%%‘I%MWHDS]

\DSPDNWDGOU
*-Q P ]GH DUWON J|]] DUGO HGLOHPH\H
V. 6218d PHG\D\D EDVNHWERO NXO<SOHUL GH

6RV\DO PHG\D YH VSRUXQ KHUNH\P @R BO08D PWBERHHORKHNRQXGD LO
XQVXUODU ROGX+X DUWON ELU JHUBDWANHNKODIGYHUBFHEWHOIW 7ORVD@Q EL
PHG\D\O LVH HQ GR+UX GHNLOGH NKQGID OHKL\GM OHYDLGEQGNDLQiI]DYHDQ ]DPD
NXUXPODU DYDQWDMOO KDOH JHWOPNEAWHIBU ULVHREXDX KHIEBHR VRVIDO
NXOODQOFOODUO DQOON RODUDN EHYUIULP B PD LY WWMHNOHULQWGHR L SROD \X
JeQ*Q KHU DQOQGD XODUOODELOLWed&BPritklegtHOPLUWLU .XOODQOFOODU
\DQobDUOQGD WwWDubGcONODUO WHOHIRQ WDEOHW YH ELOJLVD\DUODU
DUDFOOO+-0\0D \ibtethérQ@yssindeGsiedikierD Q .$<1%$.d$

ELOJL\H UDKDWoD XODUDELOPHNWH@@ LU s WhSBIRKA Q¥B QX Q& Ro Gibs NIDW @Y 65
LOHWLGLP DUDoODUOQGDQ WHNQRORMENU R@PDO DUHOQ )b NHER DD X0 6 oaH® &
DUWPOUWOU 6SRU LVH JeQ+P+]GH |\OHY®Q3414820t Je0o KDOLQH JHOGL NL
DUWON NLWOHOHUL EL@m@D@uHWZEQGSﬁW@W%ﬂ@ KDL %DUWOLEXO .Ro hQLY!
NRQXODUGDQ ELULGLU %DVNHWER

DUNDVOQGDQ HQ oRN WDNLS HGLO%@% Y@Bygag&?%}%@%@g@%\)&%q
IDJOD VSRQVRU YH WDUDIWDU UchrL\D g—d,@& b IwbuoD
GHVWHNOLOHULQL DUWOUPDN LVWHPHN(W(HW‘:X_LLPD%do@ﬁﬁ@@@blwmﬁ(lﬁbﬁdwﬂvcﬁ)mm
LAGH GH+LO VDKD GOuUOQGD BDg (JHHIUREN OH/PW 20 BW INIORHEHLESRU 0HG\D
RUJDQL]DV\RQODUOD WDNLSoLOHUL Do&¥0 % BHEH EDF Y I HBHEP WRAXD NIFOG L
WDUDIWDUODUBQO ROXUWXUPDNWDGOUY BUEX \ROODUGDQ HQ |QHPOLV
VRV\DO PHG\DGOU 6RV\DO PHG\DQOQ J*F+Q+Q IDUNOQGD RODQ YH

EX \ROOD JHUOHNDHUOWRDGLMNXMUWLX YH

ELOJLOHQGLUPHOHUOH GLNNDWOHUL <«]JHULQH OHNHQ NXO+SOHU
IDUNOQGDOO+-O6Q DUWPDVO\OD ELUOLNWH JLGHUHN GDKD SURIHV\RQHO
RODUDN HOH DOPOGODUGOU KHVDSODUOQO $QDGROX (IHV )HQHUEDKOH
%HNR YH 7RIDG NXO+SOHULQLQ VRV\DO PHG\D KHVDSODUOQO
LQFHOHGH+-LMPBEOODQ sD\OoDubPODUOQ DOGO+O EH+HQL YH

\RUXPODUOD ELUOLNWH WDNLSoL VvD\OODUO GD ROGXNoD ID]ODGOU
$QDGROX (IHV YH )HQHUEDKOH %HNRYQXQ WDUDIWDU NLWOHOHULQLQ
JHOPLOUWHQ JHOHQ N+OWeUOH 7+UNL\HYGH GDKD ID]OD NLUGL\H
\D\OOPDVOQGDQ GD ND\QDNMXDO@EQQEX GXUXP 7RIDU

GDKD \HUHO RODUDN %XUVD VvVOQOUODUO LOHULVLQGH NLWOH\H VDKLS
ROGX+XQX JJVWHUPHNWHGLU %X QHGHQOH GH 7RIDG NXO*E+*Q+Q

\DSPOU ROGX+X SD\ODuOPODU DUDVOQGD GDKD IDJOD DOW\DSO YH
VRV\DO VRUXPOXOXN SURMHOHUL\OH LOJLOL JJUVHOOHU \HU DOPDNWDGOL
%e\eN BEHKLUGH ROPDODUOQD UD+PHQ 7¢«UNL\H oDSOQGD ELU

WDUDIWDU WRSOXOX+X ROXUWXUPDVO GDKD ]JRU RODQ 7RIDG NHQGL
GHKULQGHNL LQVDQODUD \LQH NHQGL GHKLUOHULQGH
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g]JHWsPDODW VHNW|U*QGH GH GL+HU VHNW|UOHUGH ROGX=+X JLEL sU«Q PDOI
\|Q*QGH oDOOUPDODU \DSDELOPH ROGXNoD |QHPOLGLU hU+<Q+<Q PDOL\HWL
hammadde/malzeme maliy¢ LGLU hU+Q*Q NDOLWHVLQL *UHWLOHELOLUOL+LQL JDUDQ
XFX] YH KO]J0O ELU GHNLOGH \DSOODELOPHVL ILUPDODUOQ HQ |QHPOL DF
\ROODUOQGDQ ELUIMHOLBHQWHGMHULWHIGDULNoL GH+HUOHQGLUPHQLQ GRKR
VHoLPL GH+HUOHQGLUPH LoLQ oRN NULWHUOL NDUDU YHUPH WHNQLNOHUL!
NXOODQOOPDNWDGOU %X oDODHIWDGGLNO EWV]R $HA3V UQOLHNFAKUWIQQL JLGHUHEL
NXOODQOODFDNWOU 8\JIXODPDQOQ \DSO0OGO+O LPDODW ILUPDVO .RFDHO
ILUPDGOU )LUPDQOQ JLUGL PDOL\HWNOWULRLOGDABHPEOMUINDWHPLRDPRDC
ROXUWXUPDNWDGOU ROXUWXUPDNWDGOU %X QHGHQOH HOHNWULN PDO]H
YDGHOL LG ELUOLNOHUL NXUDELOPHN |QHPEL®HY FXMOW &HRDAdEY Arishpdsiii il GorHU
GD\DQDQ YH GDKD D] \DWOUOP JHUHNWLUHFHN ELU oDOOUPD «]JHULQGH GXU
VH]JLVHO DOJRULWPD LOH EHOLUOHQHFI©ONMWDWN EXKOD YAR $B 3EX QWK PIU INJH. W
\DSOODFDNWOU 7HGDULNoL VHoOLPLQGH WDPVD\OOO SURJUDPODPD NXOODC

Anahtar Kelimelert7HGDULNoL '"H+HUOHQGLUPH dRN .ULWHUOL .DUDU 9HUPH %XO

Abstract +In the manufacturing sector, as in other sectors, it is very important to be able to calculate the cost of the product an
therefore to work towards reducing the cost. When calculating the cost of the product, perhaps one of the most important iter
is the cosbf raw materials. One of the most important goals of the companies is to provide cheap and fast material supply in
way that does not impair the quality, productability, warranty period, etc. of the product. One of the best ways tchachieve t
objectiveis to make the right supplier selection and supplier evaluation. Analytical Hierarchy Process (AHP), which is one of
the multicriteria decision making techniques for supplier selection / evaluation, is frequently used. In this study, fuzzy AHP
method willbe used to eliminate some of the shortcomings of classical AHP method. The manufacturing company where the
application is made isa mediuML]HG FRPSDQ\ PDQXIDFWXULQJ LQGXVWULDO PDFKLQHU\
company's input costs ielectrical materials (20% of all raw materials). For this reason, it is important to select electrical
equipment suppliers and therefore to establish-teng cooperation with suppliers. In the study, instead of selecting new
suppliers, a study based tme wintwin 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 decisiorugitéeia, s
evaluation will be made wh fuzzy AHP method. In supplier selection, integer programming will be used.

Keywords +SupplierEvaluation, Multi Criteria Decision Making, Fuzzy Analytic Hierarchy Process

. Gg5gu XODUPDGD HQ |QHPOL NULWHUOHUGHC
VHoLPLGLU

gPDODW VHNW|U*QGH GH GL+HU VHNW|UOHUGH -
PDOL\HWLQL KHVDSOD\DELOPH YH GR%@@VM‘@E BbQ@H*\N(i'-é”\thﬁ HGLOF
\|Q*QGH oDOOGPDODU \DSDELIOWH - I1:‘\1Loc|’_)LLf HoPo H GL=HU VHolLP
PDOL\HWLQL KHVDSODUNHQ EHONL ﬁ"ﬁ%}lﬂ |4’ otHR bR X P o@itd P B REILW P H
KDPPDGGH PDO]JHPH PDOL\HwLGLUN -"b PH W&'LN/@&WP&'LULQGHQ \DUDL
*UHWLOHELOLUOL+LQL JDUDQWL VeUHVL YE ERIPDADFEDN uHNL
PDOJHPH WHPLQLQLQ XFX] YH KOJod Lt QM’NH@G‘H

ILUPDODUOQ FRo QOMBMIG DBuVamaéao 5 ENqPBN oDOOUPD EXOX QP ;
0DOOUPDMFHOARDWONOQ D+OUOONOD
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\DNODGOPOQODNROONQOUDN]IJLVHO EXODQON VIDUSGUHANGH
HWPLGOHU GUDHKDLWHR@QUBDXODQON RUWDPGD $QDOLWLN

+L\HUDUUGL 3URVHVL $+3 LOH WHGDHEMlo Vod B LH RAUABRHE PHONLQH L
.LOLQFFL YH 2QDO ODOOUPDODJLPWIQ@H% é ﬂBE)EB@féLH@IHUUFL@GI
PDNLQHVL «UHWLPL \DSDQ ELU uL H@MLLM(@\NZM%Q,&@(}&
EXODQON $+3 PHWRGX@Kmowa«%@@Q?@R'EVcﬂ-PP \DGDQPDNWDGOU )LUPD \HQl
DUNDGDGODUO HOHNWURQLN 3PgBY U W R R PRY RwiVshlfd bl 6B H LML H
VHoOLP VeUHFL LoLQ EXODQON WHW b U BYR EHHAPD v pXLI'soDQODPDN
Preference Programming) 3 | QHUPHNWG&HIGRh HOHPH OL” P DUDQPDNWDGOU
%HLNNKDNKLDQ YH DUNDGDGODUO ~ WHGDULNoL VHOLPL LoLQ
NXOODQDFDNODUO WLQLONWU(@HHQQVHMUL@/@W@%% HOHNWUL®S P PH D 6L
EHOLUOHGLNWHQ VRQUD WHGDULNo4BHE iBWRL WD\@OU@% DERYPWEB 6.6
WHNQL~= LLOH&DBPO%DDUSDGDM@@WQWULP\/UHOHUL LQ N O \GIRMMD & OH OIHEN
VDOOQOP VRUXQXQXQ o|]*Pe LoLQ xp\PEBc Wil GPld Mo NYHOLBLep & O Q \BOWR
yaparken EXODQON $+3 YH EXODQON oRfs RAPRBOO ClReIIOWYPIDQLO P-aWHUL W
programDPD WHNQLNOHULQLQ HQWHJLI’_:}IiUHLﬁRL@Gh'OlGXELXLbX\@NYQ—pE@WDXJG\IEDOGR
|IQHUPHNWBGDWQMHDW KL YH D UJMMGD i R4S malzemennGR+UX ND\ ‘dﬁlm&@ WHP
HQG*VWULVLQGH WHGDULNoL VHoLBl bl L EHEIN Qb uhdd BuWdu
EXODQON $.3 \|[QWHPOHULQLQ HQWHI&BIU HGY CHlU-LL Eb%esﬁﬁ@&ﬂaﬂrﬂ@V\RQ
|QHUPHNWHGLUOHU GXQLRURYR P B MNER%4 & %ij VHo Lp NULWHUOHU
JLQFLULQGHNL WHGDULNOLOHULQ VHahPIR ﬁ BR8N @gﬁd&b@%&p@@@u\{\]o
7236,6 \|QWHPOHULQL ELUOHuWLUGW@yL@LXEFL PolRS P @GP NG OWH U
PHW _ J- Y LOLU @é Nn Yedi 5t kNt R O R N

Bu oDOORMDHEIDULNOL VHOLPLQGH N?f—l I@@Qgﬁ PhOBL Wikl BHOMYU NULWHUOH
sezgisel algoritma ile belirlenecettaha so D EXODQON $+3

\|[QWHPH WHGDULNoL VHoLPL \DSOODFDNWOU

Il. Yg17(o0

.DUDU YHULFLOHULQ GH+HUOHQGLUPHOHUL HVQDVOQGD QLFHO RODUDN
LIDGH HGLOHPH\HQ ED]O® NDUDWMBNREOHPOHUL RODELOPHNWHGLU
NULWHUOL NDUDU YHUPH WHNQLNOHULQLQ NXOODQOPOQGD NDUuboDubo
VONOQWIO@MDHIO GHSUREOEOHQLQE*P*QGH
DOPD ikt RHUWDGDQ NDONPDNWDGOU 80OXGD+ YH 'R+DQ
2016).% X JLEL SUREOHPOHULQ 0|]*Ps LoLQ %XODQON $+3 VONOONOD
NXOODQOODQ NDUDU YHUPH WHNQLNOHULQGHQ ELULVLGLU

%XODQON DQDOLWYNVHQUWUDWIAPGDUO DuD+OGD
VOUDODQPDNWDGOU .DMBIghoMEYPX YH $GD
t $+3 \|QWHPLQGH ROGX=+X JLEL X]PDQODUGDQ GHVWHN
DOOQDUDN DQD YH YDUVD DOW NULWHUOHULQ EHOLUOHQPHVL
+ +L\HUDUUGLN PRGHOLQ ROXUWXUXOPDVO
f $QD YH DOW NU LWHIWOHIURIRO DNIGOY O D WHi GEX
NDUGOODUWOUPDODUD GHQN JHOHQ yFEAQRR Nt kB ODUOQ EHOLUOHQPHYV
%$3+ X\IJXODPDODUO LoLQ EHOLUOHQHQ ELUNDo VNDOD ROPDNOD

ELUOLNWH HQ oRN NXOODQOODQODUg@QH%LLLNLOﬁK%Q(JwOEIML\W@IﬁHLDqu_(bL]
\[QWHPLGLU HUOHQGLUPH JUXEX .RO X WexXit) X OP X
+ $OW NULWHUOHULQ EXOD@@\DJDWI(@@PDOBDO'\J/OLQ%Q)QHR GH mehw LI u

KHVDSODQPDVO 4 P DN WN\DLGIO O H YKH LNLVL VDWO
f $OWHUQDWLIOHULQ KHU ELU DQWQM%V\@I—\}.H_M%M 'x
NXOODQOODUDN GH+ HUOHQGLULOPHWlg GHlmlrldr\L%l-Jkarar vericiden karar kr|terler|n|

¥ $OW NULWHUOHULQ EXODQON |[b RNARPHOHL?

PGB el
EXODQON GH= HUOHQGLUPHOHULQLQ/eHdHéHSEOrRuPEE)\QQ) Hu\gﬁ/ﬁ‘Q@QPMDEx@b@@b
+ SOWHUQDWLIOHULQ WRSODP SMWQ&XHBQBEWQM@QEPUQU W
t $OWHUQDWLIOHULQ VOUDODQPBMAVHULOPHNW HG inJiyimsarikDderedesiQ)a. F L O H
olarak belil@PLGWLU %X QRNWDGDQ VRQUD
DGOPODUO X\UJXODQPD\D EDUODQPOUWOC
NULWHULQH ED+O0O DOW NULWHUOHU
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JIJIVWHULOPHNWHGLU WDEOR {fGHNL oDOOUPD GL+HU W+P DQD NULWHU YH
ED+OO DOW NHOWHOOWOU LoLQ \D

Tablo 1: .DOLWH DQD NU~LW~HUILQH|CEHEDF-‘OC~) DOW NULWHUOHU
derecelerive6 DOJRULWPDVOQOQ X\JXODPD VRQXoODUO

Tablo 3 deana NULWHUOHU LoLQ NDUDU 3
KDJOUPRQDIp@WNOODUWOUPD PDWULVL Y

Tablo3: $QD .ULWHUOHU goLQ .DUuOODUWZ

7DEOR fGH J|[VWHULOHQ 6 DOJRULWPDVOQOQ X\JXODPD NOVPOQGD
aQD NULWH U OH (éve; «QHOlaMip 2 H (KD)O U
kulanOOPDNWDGOU .DUDU YHULFL@®HU BHYHW  LolLQ

YH 3KD\OU” LIDGHOHUL LoLQ D-OUOONODUOQO NXOODQPOUWOU %X
WRSODPODUGDQ VRQUD VW VHWIAOH LoLQ HULWOLNOHU NXOODQOOPOU
7h6% m. entegrasyo HYL\HVLQGHQ WRSODP ELU «VW VHYL\H\H
JHoPH SXDQO KHvVDSODQPOuwOU

SRODELOLU" Lo

7P KHVDSODPDODUGDQ VB&H@UL2Z GL+HU ELU DGOP
DOJRULWPDVO X\JiXeRtBdi.D BO&@® kardiol7pEOR fGH DQD NULWHUOHULQ EXC

YHULFLOHU 17h&®ROGX+XQGDQ $ VHGCXUXOBEWOUHOPOG KDOOHUL J|VWHULC
VHYL\HVLQH JHOPLUOIRDOGDW %\W® YLHNWDISQDLQ

WHNUDUODQPOU YROGKEXQGDQ & HQW HIULYDRQULWHUOHU LoLQ NDUUGO
VHYL\HVLQH JHOLEPILUWROGXhBEREXUXODIWOUDOPOG KDOL

entegrasyon seviyesinden D entegrasyon seviyesine

JHOLOPLUWILU! 7RGGEX+XQGDQ ' HQWHJIUDV\RQ

VHYL\HVLQGHQ ( VHY [A6EL QRO 0PE DWW LU

DGOREXULG XUXOPXUWXU YH ILUPDQOQ HQWHJUDV\RQ VHYL\HVL (

RODUDN EHOLUOHQPLUWLU <OBO®BH W:.P KHVDSODPDODU WDE
JIVWHULOPHNWHGLU

Tablo 2: SIVH 6 $O0JRULWPDODUOQOQ 8\JXODQPDVO\OD (OGH
(GLOHQ 6RQX00DU

Tablo51GH NDOLWH DQD NULWHUB®LQ D
EXODQON LNLOL NDUGOODGUWOUPD P
NDUGOODGWOUPDODUOQ J BANKKDLONIRHNA
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Benzer iIHNLOGH W+P DQD NULWHUOHU V(SR W SiMHE00HUOHUL LoLQ LNLOL
NDUGOODGWOUPD PDWULVL KD]OU O D QPRWE Sait)=0.00

V(Stekroloji >= Swizmeazo-oo

Tablo 5:Kalite Alt Kriterleri o L@N LMW GO O D 4 WSkkFP>= Si-vHo)8200 LN

Matrisleri

Min(Smaiye)=(0.00,1.00,1.00,1.00)=0.00
Min(Skaiite)= 1.00, 1.00,0.00,1.00=0.00
Min(Shizmg ):OOO
Min(Sj.vyHoUFLQO N

Min(Stekrioji )=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

Shetsiyat= (0.7692,0.8,0.8185)
Sep neamrt=(0.2307, 0.2,0.1814)

Sambala=(0.3409,0.3390,0,3388)
Skalite sistem=(0.1465,0.1559,0.1694)

Tablo 6: .DOLWH DOW NULWHUOHULQ L GradN(D450X032200/443) PD PDWULVLQLQ

GXUXODuwOUOOPOU KDOOHUL

Stestei=(0.061,0.052,0.048)
SceH:E(0R2347,0.2459,0.2454)
Sepd0.112,0.1333,0.1435)
Syarant=(0.093,0.1024,0.1172)
Sdaer 5&@.4918,0.458,0.426)
Sep- 5(®067,0.0602,0.0677)
Syetenek:(o.1807,0.1773,0.1724)
Sesneklik:(O.2409,0.2661,0.0344)
SwHFH(E265,0.2419,0.2413)
Sxjpp&dbH3132,0.3145,0.3103)

S.uHwLF(P-EAHR0.666)
Skapas|[e_—(03993,03333)

IV.6218d

7XWRDQOOO]OHUL \DSOODUDN N D E X @ DHOGOLIFHNBE K| Q-PRQE H° D WN LV OB I BN QV |
*]HULQGH &KDQJTLQ ER\XW DQDOL]LDQQFHG N0 DX o OVGINEFTIseDHNgditia H P H |
ELU NULWHULQ D+0UO00+0 EXOXQPXNW®ODQGWMNAQWMWMHbLLP NULWHUOHULQLQ

DPDFO ILUPD\D ]DPDQ ND]DQGOUPDN

6HQWHWLN GH+HU KHVDSODPDODUWHULPOL GHNLO GHIV GGk MDG IDTRHEMINDIPG [

Shaliyet= (4.66,7,10)*(1/31.42,1/43.41,1/57.03)
(0.1483,0.1612,4753)

Siaiite = (0.3182,0.3225,0.3156)

Snizmet=(0.1203,0.1170,0.1197)

Ss.vHoLB(063H00,0.3455,0.3331)

Stekroloji =(0.062,0.053,0.056)

V(Smaliyet > :S(alite) =0.00
V(Smaliyet > = Sizme=1.00
V(Smaliyet> = S3-vHQ 151001 N
V(Smaliyet > = Seknoloji)=1.00
V(Skalite>= Snaliye)=1.00
V(Skalite>= Shizme)=1.00
V(Skaiite>= S3- v HQ)80.00L N
V(Skalite>= Sekroloji)=1.00
V(Shizmet>= Smaliye)=0.00
V(Shizmet>= Saiite)=0.00
V(Shizmet>= Sy.vyHQ)800OL N
V(Shizmet>= Sekroloji)=1.00
V(Ss-vHQ LT Seaipe)=1.00
V(S;.vHo LT Sarg=1.00
V(SJ.vHo i Semy=1.00
V(S3-vHo DT Serii)=1.00
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niteliklerinin belirlenmesi LoLQ EXMDDQON $+3 PH\
NXOODQOPODYON $+3 L|CHH éreckliHU OH
EHOLUOHQPHGLU %X PHWRGXQ NXO
VeUHVLQGHNL NDUPDUONOO+O YH NDUD
ROXUDFDN EHOLUVL]OLNOHUL RUWDGD
DuDPDVOQGD ELU |QFHNL DGOPGD EHO
X\JXQ WHGDULNoL VHoLPL JHUOHNOHUP!
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