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Akl ¢AMURUNUN | SIL ¥N KKLEMKNKN OPTKMK?Z

Candan U¢ARKUK
T.C EGE ! NKVERSKTESK
Fen Bilimlerdi Enstite¢se, Bi yoteknol o
ucarkuscandan@gmail.con®009000312163667
Prof. Dr. Nuri AZBAR
T.C EGE ! NKVERSKTESK
Muhendislik Fakdltesi, Biyomuhendislik Bélumu
nuri.azbar@gmail.com0000-000344630197
OZET

AK é -amuruna uygul anan °n i K| emi nanomkt i mi z e
mi kroorgani zmal arén baskél anmasé ve hidrojeli
korunmasé a-éséndan karanl ék fermantasyonl a
Bu -al ékmada, modifiye YukdUASBRékleakAlRagmob
bakl amadan ©°nce anaerobi k aké -amuruna uyg:l
belirlenmiktir. Bu kapsamda aké -amuruna 80,
°n i kKl em uygul anmeék ewnRyokinygasdd Hidrojes [Botaasiydli BKRP)ar € n
testl eri il e dejerlendirilmiktir. En uygun ©°
creti mi, net gaz ¢reti mi ve gaz Kkompozisyol
90°C'de 20 dakikauygulana ° n i kKl emin 362, 7 mL net gaz ¢r ¢
cretim performanséné sajladéjéné g°stermikt.

etkin kKkekilde inhibe ederken hidrojen ¢rete
belirlenmk t i r . Buna karkén 80AC'de wuygulanan ©°n i
i-in yetersiz kaldej e, 110AC'"de wuygul anan

etkileyerek hidrojen ¢retimini azalttéje g°
kokul u daha sonr a Fe O manyeti-t nanopart.i|
araktereldeéejé s¢rekli -alékan UASB reaktor d
°n i kKlemin uygun «kKkekilde opti mi zoeemk dlcildeme si n |
artéerdejéené ve karanl ék fermantasyonla biyoh
i Kl etme altyapésé sajladéejéné g°stermektedi:H
i Kl emin optimizasyonu, andex ledrogerb verkminih eerpmosea t a s y «
performansénén artérélmasé a-éséndan °neml.

Anahtar Kelimeler: Bi yohi dr oj en, Karanl &k Fer mantasyon
Hidrojen Potansiyeli, UASB Reaktori
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OPTIMIZATION of THERMAL PRETREATMENT of ANAEROBIC INOCULUM
SLUDGE for BIOHYDROGEN PRODUCTION VIA DARK FERMENTATION

ABSTRACT

The optimization of the pretreatment applied to the inoculum sludge is of critical importance
for dark fermentative biohydrogen production, as it suppresses hyetogeaming
methanogenic microorganisms while preserving the metabolic activity of hydpogeuacing
bacteria. In this study, the optimum thermal pretreatment conditions for anaerobic inoculum
sludge were determined prior to the operation of a modified Upflow Anaerobic Sludge Blanket
(UASB) reactor. For this purpose, the inoculum sludge wasigg to thermal pretreatment

at 80, 90, and 110°C for 20 min, and the effects of different temperatures were evaluated using
Biochemical Hydrogen Potential (BHP) tests. Total gas production, net gas production, and gas
composition were compared to detemmithe optimum pretreatment condition. The results
demonstrated that thermal pretreatment at 90°C for 20 min provided the highest biohydrogen
production performance, yielding a net gas production of 362.7 mL. This condition effectively
inhibited methanogea microorganisms while maintaining the metabolic activity of hydregen
producing bacteria. In contrast, pretreatment at 80°C was insufficient to completely suppress
methanogens, whereas pretreatment at 110°C adversely affected microbial viability,gresultin
in reduced hydrogen production. The optimum pretreatment condition was subsequently
applied in continuous modified UASB reactor
magnetite nanoparticles on biohydrogen production. The findings demonstrated tha
appropriate optimization of the thermal pretreatment significantly enhanced the performance of
the inoculum sludge and provided a reliable and reproducible operational basis for biohydrogen
production through dark fermentation. Consequently, optimizatidine thermal pretreatment
applied to inoculum sludge is an important operational parameter for improving hydrogen yield
and overall process performance in anaerobic fermentation systems.

Keywords: Biohydrogen, Dark Fermentation, Thermal Pretreatmemtchzgimical Hydrogen
Potential, UASB Reactor

1. GKRKKkK

Artan d¢gnya n¢gfusu, sanayil ekme ve teknol
yéksel mesine neden ol maktadér . G¢enegmegzde ene
karkéel anmaktaklodrugn éun ékrayéen rezervliere sahinp
nedeniyl e -evresel sorunl ar a y ol a- mase, :
araktermal aré hézlandéer méxteér . Bu kapsamda
cevredostugk et | ar , enerji arz ge¢venlijinin sajl a
a-éséendan °neml. bir alternatif olarak dejer

Hidrojen () , birim k¢gtle bakéna y¢ksek ener i
sérasénda yalam@zonadewni gl ektged mcejin temiz e
kabul edi |l mektedir. Ancak hi drojenin -evr e
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y°ntemine dojrudan bajl éedeér. Fosi | yakeét t e
emi syonédeenal urken, biyolojik y°ntemlerle ¢
d¢kek enerji gereksini mi ve -evresel et ki I
gormektedir (Albuquerque ve ark., 2024; Talapko ve ark., 2023).

Biyohidrojen Uretiminde kul | anél an biyol ojik y°nt em
fermantasyon, ékéja i htiya- duymadan ger-ek
(HRT) , cretiminde farkl é& organi k substratl a
maliyetleri gibi avantdj ar € nedeni yl e °ne -ékmaktader (Ya
2024) . Bununla birlikte karanl ék fermantasyo
°neml i sorunl ardan biri, aké -amurunda doj a
mikr oor gani zmal arén faaliyet g°stermesidir. B
do°n¢kt ¢grerek proses veri mini d¢kerebil mekted

Bu nedenl e karanl ek fermantasyon °ncesind
creten sporlu bakmetrahejeml|l e&roirrunimaslkeélvaen mas

i Kl etme basamajéedér. Fiziksel, kimyasal ve b
°n i kKl em, uygul ama kol ayl ej é, ki myasal kul I
zenginl ekmess ajnleadyeabiyllm en yaygén kull aneéel a
birlikte uygulanan sécakl ék ve s¢grenin yeter
olumsuz etkileyebilecejinden optimum °n ikl
gereknektedir (Ledakowicz ve ark., 2024; de Almeida ve ark., 2024).

| s el °n i kKl em kokull arénén dejerlendiriln
biri bi yoki myasal hi drojen potansiyel. (BH
kokul |l aréené&gmethindr kjagprasi t es i czerindeki et
karkéel akt érmaya ol anak sajlamasénén yané sé
i K|l etme parametrelerinin belirlenmesine de k
ve ark.,,2023) Gaz kromatografi si (GC) analizleri i
cretilen gaz miktaré dejil, gazén bil eki mi d
daha kapsamlé bi-imde dejerlendirilebil mekte

Bu -al ékma klkaips-aanéhidmg!l arlcea imodi fiye UASB
s¢rekl i bi yohidrojen ¢retim deneyl eri °ncesi
i Kl em kokul unun belirl enmesi ama-|l anméxkter .
uygul analhemlséd Binyoki myasal hidrojen potansi
toplam gaz ¢reti mi, net gaz ¢reti mi ve gaz |
°n i Kkl em séecakl é&jé belirlenmixtir. Ba°kyél e c e

-amurunun hi drojen cretim performanseéneén a
ol ukturul muktur.
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2. DENEYSEL ¢ALI KMALAR

2.1. Aké ¢amuru, Karbon Kaynajé ve Besiyeri

Deneyl erde kull anélan anaerobi kkoxwd | aamdar
-al ékan tam °©°1 -ekl. bir bi yogaz tesisinder
getirildikten sonra hava ile temas et meyece
deneyl er °ncesinde homojen hale getirilmixktd.i

Bu -al ékmadd ék aorlbaorna kk ayhneaz| € met abol i ze ¢
d¢KeéKk ol an gl ukoz kull anél méekteéer . BHP der
gereksinimlerini karkél amak amacéyla ger ekl

senteti k besiktdretsamé ihazérlianmlékaz &kg/L)keaiz b on k
elementler (1,25 mg/L NaHCG£0,5 mg/L NHCI; 0,25 mg/L KHPQy; 0,25 mg/L CaGl, 0,032

mg/L NiSQy; 0,32 mg/L MgS@ 7H20; 0,02 mg/L FeCt 0.0144 mg/L NeMoO4-2H-0; 0.023

mg/L ZnCb; 0.021 mg/LCoChk-6H-0; 0,01 mg/L CuG6H.0 ve 0,03 mg/L MnGH4H.O
(Abubackar vd., 20199Ak &€ - amurunun pH'sénén ayarl anmas
(HCl ) -°zeltisinden yararl anél méxkter.

2.2. Analitik Olgtimler

AK€ - amur unkuanr abkatkelrainzgaés-y onu kapsaménda to
u-ucu askeda kateé madde (UAKM) analizl eri
ger-eklexktirilmiktir. TKM tayini i -in °nced
numune al @nméabivte aljoesr 1AeQ'adeulsakéncaya kadar
el de edilen ajérl éklar kullanélarak toplam Kk
numunel er 550 AC'de k¢l férénéenda 1 saat ya
tar térl . mékakma i kKl emi sonrasénda meydana gel e
katé madde mi ktaré belirlenmicktir. Daha soni
szere uygun °n i klemlere tabi tutul muktur.

pTuOKI @HOUROCT AEOTAIA Pwmrn

Pax- " AR EIOGAEs OEDS A EOT UA

pd MO T GODFPIRAOT AEv v It®dT T GODJIRAOT A it

! - —_—— — —
PS i+ oD DT 1 BAOGAROT AEOT AR Ol 323

2.3. Anaerobi k Aké ¢Camuru ve I|Isél ¥n Kklem O

Karanl ék f er mamitdarso/joenn stéyg kaestéenrd amet anoj eni
baskél anmasé amacéeyla anaerobi k aké -amuruna
Bu kapsamda80°€,k98°C vealdi® @ c a k 12@ #dakilkasldegle otoklavda
tutul muktur sé¥dai nkbemnebdberaoda sécakl éejéna Kk

4
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hidrojen potansiyel:| deneyl er i%ildlek HEIul | ané
cozeltisik ul | a B,®Bsleavriayke si ne ayarl anméxkteéer . B°yl ece
i KI eml er iemn bkiryeahinmdr ojzeri ndeki et kil eri kar K¢

2.4. Biyokimyasal Hidrojen Potansiyeli (BHP) Deneyleri

| s él °n I Kl em kokull aréneéen bi yohi droj en
bi yoki myasal hi drojen pot an s itry BendylerlQ0BrALP ) den
hacmi ndeKki amber rewylklrict skemygrm e5I0y pnhld re4r a lk& Kke
hacmik ul  anél mekt érd.0 el éRma i RhAemi uygul anméck
camuruile 10 mL glukoz ¢ozeltisindero | ukt ur ul muk t uparalel @eeak ey | er
yeéreéeteéel mgk ve téem Ki kel er anaerobi k ®dkul |l ar
ink¢g¢basyona bérakeél mékter. ¥n i Klem uygul an
kontrol grubu ol arak dej er bregazl hacimlérintdlzenlii r . z

aral ekl arl a Ki kel erin tepe bokl ukl ar éndan
kaydedi |l mi ktir.

2.5. Gaz Kromatografisi (GC) Analizi

BHP deneyl er i sérasénda Ki kel erin i - er |
kromatografisi (GC)k ul | anél ar ak anal i z Agdenmti 6880Ngaz i r . C
kr omat ogr atérinal iletkehlia dedektdra(TCD) k ul | anél arak ger - ek
Ay ér ma Hayesépe nb (80/200 meslWol onda yapél méxk, t

olarakargonk ul | anél mék ve 2t0awmdyyddad akaayakewanmexea é
dedekt °r 1508Q a klod kolna r B8°Calkd réeglke uUuygeul anméexkt ér .

serum Kikelerinin tepe boklujundan ebommak ge- i r
cihaza enjekte edil mi kt i #),.karbAndiakkiti (2@ vemetanon uc u
(CHy) gazl arénén y¢zdesel dajel émlareée belirlen
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Otoklav

80°C/90°C/110°C — 20 dk

GC Analizi
H,, CO,, CHy bilesimi

G°rsel 1.
2.6. Kstatistiksel Anal
Té¢m deneysel parmalexklmabhar gk

ENGI NEERI NG, ARCHI T
BMP Seti
40 mL As1 + 10 mL Ornek
- -
37°C inkiibatér
21 giin
BMP Ol¢iimii
Giinliik gaz hacmi
BHP ve GC Analiz kema
iz

ger -eklexktiril

standart sapma kKeklinde ifade edil mik ve far
Uzerindeki etkileri tek yonli varyans analizi (Gweay ANOVA) il e dejerl
Kstatilsa mk&ledpkODdy lzeeryak kabul edi |l mi ktir.

3. SONUC¢LAR VE DEjERLENDKRME

3. 1. AKé C¢amurunun Karakterizasyonu

BHP deneylerinde kull anélan anaerobi k akeée - a
Anal iz sonu-I|laréenaej%re &dk&,- AWM wmwamép %6, 86
TKM'" nin %51, 2" si olarak belirlenmi«ktir. UAKN
par-al anabilir organi k madde bakéméndan zen

biyohidrojen tretimi icin uygun 6zeli k| e r

takédeéejene

g°stermekt e
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3. 2. |l sél ¥n Kklem Kokull arénén Biyoki myasal
Far k1 é sécakl ekl arda uygul anan éseéel °n
biyokimyasal hidrojen potansiyeli (BHP) deneyleridlee ] er | endi ri | mi k ol up
ve net gaz Gorselt2veB tdee jseurnluelrmukt ur . - farkl é
belirgin farkleleéeklar g°zlenmik ve uygul anar
onemlibiret ki si nin ol duju belirlenmicktir
500 -
416.0+5.3
400 4
ﬁ 300 4 279.3+12.9
N
o]
o
=
e
%200'
=
111.3%3.1
100 - =.
0 .
80°C 90°C 110°C
20 dk 20 dk 20 dk
Gorsel2BHP anal iz toplam gaz (mL) sonu-1|areée (
500 r
450
400 362.7 £ 12.7
350
3 300 |
£ 226.0 +21.1
N 250
<
en
S 200 f
z
150
el | 58.0 + 5.0
50
80°C — 20 dk 90°C — 20 dk 110°C — 20 dk
Gorsel3BHP analizi net gaz (mL) sonu-1lareée (ot
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Deney sonu-1laréna g°r e 9¥Cide P dakikaaukgulananp | a m ¢

°n i K1 em41gQ w b5\ BnmdLao | ar a k bel i r |l eblofCdet 20r . Bu
dakika uygulanan grup(279,3 £ 129 mli zI1 er ke n, en 80¢kde RO gaz (
dakika uygulanan grupt§111,3+3,1mhel de edi | mi Kkt i r . Benzer e]j
de g°z| 80ACde RO dakkau y g u |l a n a n3627nmLile ienn yaiksek net gaz
cretimini sajl améxkter.

Bu sonu-Ilar, °n iklem sécakl é&]jénén yalneéz
verimini d e dojrudan et kil 80°Cyyqul amé&séedame krhestd:
mi kroorgani zmal ar én yeterince baskeél anal
kar KBEOfC&alk gul amasénda met anojenl erin baskeél an
hidrojen Ureten sporlu baktenlel n bir késméeneé da ol umsuz

dejerlendiril mektedir. He90p°Cdek0 daldkauygulamarbon r | i k t
i Kl emin hidrojen ¢reten mikroorgani zmal ar én
et ki n bi - inmdoep thiansukné [kaoykau |l u sajl adéjé g°r ¢l mel
Song (2010) taraféendan bil diril en oApytriéntuam €
Kumar ve ark. (2016) da 90AC'de uygul anan és
dahayik ek hi drojen ¢retim performansé sajl adeéj

3. 3. Gaz Kompozisyonunun Gaz Kromatografisi
| s el °n Il Kl em wuygul amal ar énén bi yohi dr c
dejerl endirebil meé&negrmhmaeocdayl saeérBdRENnda ol ukan

kromatografi si (GC) iKekialn adtiiez wedii3l mitv e . s
incelendijinde farkd@uLwREBQa lkdkums égzakr iérkd e r el
ol ukturldmg kit ger ¢

EH2(%) ©CH4%) ©CO2(%)
100 -

| 84,39
74,9
| 78,47
| 77,37

80 A

| 73,56
| 75,33

e
o~
o\/ 60 =1
£
7
2
B
N 40
s b n S
5] :i & & < <
I3 v} 36} o a
o oo o N
20 4 &
0 | == =] ==  pre |

1.GUN 2.GUN 3. GUN 4. GUN 5. GUN 7. GUN

Gorsel480°C 20 dk °n i klemiyle hazérl anan BHP deneyl
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80°Cuygul amasénda metan gazénén deney sS¢r es
oranéneéem/ygthlr akéekéndael de] ermi Kt ioraBa@anal @ak#
d¢kéek seviyelerde kal mék ve anlamlé bir artée
met anojeni k mikroorganizmal arén aktivitesini
dretlenhi dr oj enin metan ol ukumunda t ¢ kBernzerl meye

Kekil de, l nokul uma wuygul anan yetersiz eéseél
i nhi be edemedi J i Ve bunun hidrojen cretim
-am&@karda da rapor edilmiktir (Ledakowicz ve

1 H2 (%) [ CH4 (%) [ CO2 (%)

100 -
81,24
By 73,58
‘ 70,42 69,94
Zox |
o\o |
= 60 - ‘
g ‘ 52,2 52,17
& 4531 | sam |
z | “ X
N 404 ‘ |
O \ 29,58 || 28,61
‘ 1
20 4 1687 1 1876 b | |
9,55 ‘ ‘ w
= 2,34 3,42
’ 0,00 0,00/ g 1 1,45 ;
0 | | = ‘
1. GUN 2. GUN 3. GUN 4. GUN 5. GUN 7. GUN

Gorsel5.90°C 20 dk °n i kKlemiyle hazérlanan BHP deneyl

90°Cuygul amasénda i se gaz ko mpgdzzilseynomi ukntd ar .
oraneé il k @9 Mdlerak pairlenirker ackinci gunéd629,68e ve dordincu
gunde%45,37 ye y¢ksel mi Kktdorr.anynnda sagrad -mae eGH | i mi
oranéndaki arteék, karanlekiheamadbasesnok eara
devam ettijini ve metanojeni k yolakl arén bas
H ve CO "den oluktujunu g°stermektedir (de

met anojenik aktivitendéenj eheemid il dr¢adjee n b ag¢srk
mi kroorganizmal arén sistemde ddieamtirdeto98°Cn h Ol

civarénda wuygul anan ésél °n ikl emin metanoj
Clostridiumgibi sporlu hidrojen tretidbo a kt er i | erin gel i ki mini dest
°nemli °I|-¢de artérdeje farkl é araxktérmal ard

ve ark., 2024).
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0 H2(%) [0 CH4(%) [ CO2(%)
100 -
i 89,1 . 87,96 87,34
1 \ ‘ - -
| ‘ [
80 A ‘ [
| | \ ‘ 72,2
| | | -
% | | | |
é 1 | | \i
= 60 | ‘ | |
£ | |
T | ‘ |
= \ ‘ ]
% | ||
s 40 A ‘ | ||
o | | | ||
1 | l || 25,1
|
L | | |
10,1 | 8,66 \
6.24 | 6,09 496 7,08 ‘ ? |
2,26 ‘ [_W ‘ 3,91 , ‘ 3,00 | )
; ‘ 0,80 |
0 = H | e H | [ H e ‘ ]
1. GUN 2. GUN 3. GUN 4. GUN 5. GUN 7. GUN

Gorsel6110°C 20 dk ©°n iklemiyle haerembaongnaBHP( &GE€Ehey
(%)

110°Cuy gul amascelnddkunuH b¢gy ¢k °1 -¢de baskeéel an
¢retiminin 90AC uygul amaséna g°re daha d¢keé
sécakl ején yalnezca metanojenik mikroorgani z
sporlu bakterileri de oilmsuz et kil emik ol abilecejini d¢ K,
yé¢ksek sécakl ek uygul anmasé her zaman dat
gelmemektedirF ar k| & sécakl ekl arda ger -eklexktirile
czerindeki edelkl anéen&@hemi decjap&n ¢reten mikr
metaboli k aktivitelerini ol umsuz etkileyere
bildirilmiktir (Woo ve Song, 2010; Ledakowic

Genel ol arak dej] er | erindgn elde ¢diden gar iretira yerilBiHP d €
ile GC analizleri birbirini desteklemektedir. Toplam ve net gaz dretiminin en yuksek
ol dAPGuygul amasénda aymr@éenza@amanada ed y¢s ksek d

se-il en °n i Kl em Kokué maam ém drug/jgeum  sSréectaikr
gestermektedir. Bu nedenl e s omo°@dei 20 s¢r ek
dakikauygul anan °n i kKklem kokulu tercih edil mixckt

4 . GENEL DEJERLENDKRME VE SONUC¢LAR

Bu -al ékmada, kabianpybtlekdfejemant astyiomil mde Kk
akKé -amuruna uygulanacak opti mum éseél °n ikl
ger-eklektirilen BHP testl eri sonucunda, °n

Uzerinde belirleyicibi et ki ye sahip ol duju ortaya konul n

10
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cretimi ve gaz kompozi sy®8a0hQde 20idakikauk gel dapar Es

°n i kKl emin en y¢ksek biyohidrojen ¢retim per

80AC' de uygul anan °n I Kl emin met anoj e
baskél ayamadejé ve bu nedenl e hidrojen cr e
uygul anan °n i K1 emin i se hidrojen creten b
etkileyerekbi yohi dr oj en cretiminde azal maya neden
uygul anan ©°n iklemin yalnézca metanojenl eri
creten mikroorgani zmal arén canl el eéjénén koru
gerektijini g°stermektedir.

¢tal ékma kapsaménda belirlenen optimum ©°n
modi fiye UASB reakt°r deneylerinde uygul anme
kokul u ol ukturmuxktur . Bu ikxdn¢sgysiesteanl @k ma,
optimizasyonunu ortaya koymakla kal mamécxk, €
proseslerinin ikletil mesi i -in g¢venilir bir

Sonu- ol ar ak, anaer obK'dea2@ dakikasagrue luin aé suéylg
i €« mi n, bi yohidrojen ¢retim performanséneée art
edilen bulgul ar, karanl ék fermantasyon prose
tabi tutul maséneén hidrojen verimiynilrektirt el
a-éséndan °nemli bir ikletme parametresi ol d
cretimine y°neli k gelecekte ger-eklexktirilec
sajlayacajé dejerlendirilmektedir.
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OZET

¢tal @ékmanén amacé, Chat GPT"' nin Kkitsel Kkl e ml
APD) il e DuyBoalukKu]aemll&masory Processing D
tanéml ama, karkéel aktérma ve ayeért etme konus
odyol og puanl amal aré dojTanémuasyada de] grlzér
tasarl|l anmadad,u aradktkér maceéel ar taraféndan | it ¢
taném, 7 karkélaktérma ile 3 klinik vaka dej
soru seti kullanél mékxtéer. Ayné sorudgpelto] &ha
uygul anméxkt er . KIl k akamada Chat GPT' nin yan
karkel akt érél araki2aparmwnémamace i sareafi éndan dl]j
akamada i se Chat GPT yaneéetl ar el idkoij rbualjuekmsaé-zé sot
2 puanl ama si st emi kull anél arak puanl anmécxkt ¢
analiz edil mik; odyolog puanlaré i-in beti ms
analizi wuygul anmé ditmesine gor&haGPT, éoplamae34 puandizeifinden | e n
30 puan al mek ve genel bakaré orané %88, 2
sorularénda bakarée oranée %92, 9, klinik vaka
Odyol ogl arén Chvaetr@HTk | yanétolrara€naama puan 1, 82
| CC analizinde dejerlendiriciler ar &engc uyum
olarak Chat GPT' nin APD ve SPD'ye 1i1likkin temel
sunabildijihukvear a&éndaokiukt e mel farkl el ekl a
ger ¢l megkt gr . Ayr éca, klinik vaka dejerl endi
ol duju belirlenmiktir. Chat GPT'" nin APD ve SP
bir aracol abi |l ecej i, ancak k1l ini k kar ar ver me
dejerl endirmesinin yerini alamayacajé sonucu

13
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Anahtar Kelimeler:. Chat GP T, Kkitsel Kkl eml eme Bozukl uj
Yapay Zeka, Odyoloji

1. GKRKEk

Kkitsel Kkl eml eme Bozukluju (Auditory Proce
Bozukluju (Sensory Processing Disorder, SPD
ayeéerece tanéda g¢-1 ¢k ol ukturabil ene ve ki °n
Schochat, 2022; Mapholi ve ark., 2024). APD,
ol maséna rajmen sesin zamansal czelli klerini
i ki kul aktan gelen i kitsel |Ibisligiiyi sersttegre i
meydana gelen bozuklukl aré ifade eder (ASHA,
bireyl erde czell ikl e gerel tel ¢ ortamlar da }
probl emleri, ses |l okatselasgokhkadasgetuerar &l i
takip etmede gucluk gorilebilmektedir (ASHA, 2005; Bolulu ve Elkin, 2019; Elibol ve

Pehlivanoj !l u, 2024) . Bu nedenle APD'nin dojr
yakl akém gerekticgome@b)edi SPD(Kge¢ldokalns al | ger
proprioseptif duyul ar aracel ejéeyla -evreden
sisteminde koordine edil mesi |, be¢etenl ektiril m
yaneét | arrtelnmaosléu kst¢gur eci ndeki aksakl ekl aré kaps

ark., 2007; Dunn, 1997). SPD'li bireyler duyusal modulasyon stratejilerindeki yetersizlikler
nedeniyle sese karké akKkéré hassasiyayeéeK hgipldr
davranéxklar sergileyebilirler. Bu durum ot i z
n°rogel i ki msel s¢re-te de belirgin olarak ke
ve Kose, 2023).

APD ve SPD farkl é bomakédnkl  mna] mémarla&kz & alnléimn ia
benzerlik gosterebilmektedir. Her iki gruptaki cocuklar 6zellikle gurtltali ortamlarda

zor |l anma, i Ki tsel uyaranl ara ol ajandéeké tepk
y akama veya daavreduymugbeéen gi bi " al gel anma
sergileyebilmektedir (Kriger ve ark., 2001; Mapholi ve ark., 2024). Bu benzerlikler APD ve

SPD'"nin ayérécé tanéséné g¢-lexktirebil mekte
pl anénésibreil izdrelmekt érabil mektedir (Buffone v
2024).

Yapay zeka teknolojileri géenegmegzde téep ejit

mekani zmal ar é Ve sajl ék hi zmetl erinin diji
deji ki kliklere yol a-maktadeéer (Birden, 2025

teknolojiler arasénda yer alan Chat GPT, sajl
bilgilendirme ve klinik karar destek sureclerinde giderek daha farla k anél makt adér
2023; Yijit ve ark., 2023). Odyoloji ve otol
yorumlanmaséndan Kkokl ear i mpl ant rehabilita:

kaybénén er ken t ekhnisk ngelkmalaag degeye i | bikr- i Kk
gorulmektedir (AlSamhori ve ark., 2024; Bahng, 2025; Torun, 2024). Guncel literatirde
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Chat GPT ve benzeri sistemlerin, wuluslararaseée
saf ses odyogyarmdmlré&gmmas @ mchee s(@kar a-ayl & ve a
vakal arenda (Ratuszniak ve ark., 2025) ve ko
s¢re-lerindeki (Aliyeva ve ar k., 202 4; K-°2z

-al armagli derek artmaktadeéer.

Bununla birlikte, Chat GPT gi bi yapay zek© s

ol ar ak kull anél abil mesi, cretti kl erii bil gi
tekrarl anabilirlijine (lraetles tolraenl iuaybuimuintay )d ov
(K-°9z ve Kocabay, 2025; Jedrzejczak ve ark.,
Zaman Zzaman "hal ¢sinasyon” ol ar ak adl andér

referansl ar ¢r et mea egjiiblii nkir,i ttié&kp av e nd cay alao y a
beraberinde getirmektedir (Jedrzejczak ve ark., 2026; Kochanek ve ark., 2024).

Pour hoseinghol i ve ar k. (2025) farkl & yapay
sunduju bilgel@ggvenidloijriul kkdgzeyl erinin deji
Bu nedenl e, yapay zeka sistemlerinin klinik
klinik tablolar ¢zerindeki performansl,ar @énén

2026; Gaeta, 2025; Pastucha ve ark., 2025).

Mevcut literatirdy apay zekanén odyolojik test yoruml al

konul aréndaki performanseé -exkitli -al éekmal ar
olarak benzer ozelliklr g°sterebilen i ki bozukluju ayeért
¥zelli kl e bu iKki bozukluja ait ortak ve ayeé
vaka senaryol arénén yorumlanmasénda .CBuat GPT'
dojrul tuda bu -al ekmada Chat GPT'" nin i Kitsel
i Kkl eml eme bozukluju (SPD) kavramlaréné taneénm
dojrul uk, tutarl el ék vV e kavramsal mesyr ém j
ama-|l anmextér .

2. YONTEM

2.1. ¢alékma Tasarémé ve Etik Beyan

Bu -alékma, Chat GPT'nin ikKitsel i kKl eml eme bo
(SPD) kavramlarénée ayeért etme yeterlilifjini
bramkt ér ma ol arak ger-eklexktirilmiktir. ¢cal ek
karkel aktérma ve klinik vaka sorularéna verd
kavr amsal ayrém yapabil me yetamléinldiaj] iheddédjaamgl
ki ki sel veri kull anél mamékteéer ve t¢gm arakt er
uygun ol arak ye¢regteol megkt gr . Bu nedenl e -al éxk
2. 2. Soru Setinin Olukturul mase

Araktermdada Ikolrluamséeti, APD ve SPDOoye ilikki
°zellikler ve ayért edici kriterler temel al
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hazérl anérken APD ve SPD'"'nin ortakalveayayganét

ortaya koyabilecek ve klinik muhakemeyi dej e
edi |l mi ktir.

Soru set.i é - bl ¢mden ve toplam 17 sorudan
sorusu ve 3 klinik vakdae dyeajpeérllaennddéirréniemeésd reu s
Chat GPT6nin APD ve SPD ile ilikkil:@ t emel k a
ekl ektir me becerisini dejerl endir mek amacé
Chat GPTOonin i Kki bozlukkl uke afrarsielnalakhk | abreén za+ €
czell i kl eri kull anabil me ve kavramsal ayrem
ol ukturul muktur. Klinik vaka dejerlendirme s

Ozelliklerini iceren sear yol ar czerinden Chat GPTAni n k1 i
yakl akémenée dejerlendirmek amaceéyl a hazeéerl an

Arakt érmada kull anélan soru seti akajédaki s

Taném Sorul ar é

1.KKit mesi nor mal o | an ahlamareayhdngi baxukloklal t ¢ de kon
ilikkilidir?

2.Sesl ere akéré hassasiyet hangi bozukl uju d
3. Kkitsel bilginin merkezi d¢zeyde 1 Kl enmesi
4. ¢o0kl u duyusal uyaranl ara akéreée tepki hangi
5. Duyusaluyaranaa kar kKké reg¢l asyon bozukl uju hangi
6.Kkitsel ayeéert etmede g¢-1 ¢k hangi bozukl uk
7.Duyusal akérée y¢klenme (sensory overl oad)

Karkél aktérma Sorul ar é

8. APD il e SPD aeda>séndaki temel fark

9. APD'de problem daha ¢ok hangi duzeydedir (periferik/merkezi/duyusal)? SPD ile
karkeél akt érénéz.

10. SPD hangi duyusal sistemleri kapsar ? AP
11 Kkitsel odakl é& bir sorun il eedyznel duyu:
12. Sadece ikitsel zorluk bulunmasé SPD tan
13. G¢re¢glte¢egde konukmayé anl amama hem APD hem
14 APD ve SPD'de dikkat sorunlarée nasél f a
KIl'ini k Vaka Dejerlendirme Sorul ar e

15.Vaka 1:8 yakéemda&kcujpbun ail esi, -ocujun ©°zelli
°Jretmeninin s°ylediklerini ka-érdéjeéené, u
gereltel ¢ ortamlarda konukmal aré anl amakt a
ortaméndaarlkonguemealll i k1 e anl adej é bel i rti |l mi
belirl emede zorl andéjé ve bazen ayné kel i me
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edi |l mektedir. Sessiz ortamda daha iyi perfo
godenmektedirBu bel i rtiler g%z °n¢gne al éndéejénda c
Vaka2:7 yakéndaki bir -ocujun ailesi, -o0ocujun
gesterdijini, elektrik s¢pergesi, kal abal é
huzursuaZl k yakadéjénée belirtmektedir. ¢ocuk ba:
Kekilde fark ettijini i fade etmekte ve bu d
-evresel wuyaranlarén ol duju sénef amgkacmak or t ar
istemektedirBu bel irtiler g%z ©°n¢gne al éendéejénda ol
16.Vaka3:9 yakéndaki bir -ocujun ailesi, -ocujun
hem de g¢reéeltel ¢ ortamlarda akér é rzanamat sézl o
sessiz ortamlarda bile bazé sesleri yanl éxk
-abuk yorul makta ve dikkatini s¢rdegrmekte zo
kendisine seslenildijinde duyewmegosyalgrupk veya |
etkinliklerinden ka-Buwmaeleijitilmer g§%2 er megrke
tané ne ol abilir?

2.3. Veri Toplama Sureci

Arakt érma kapsaménda olukturulan soru seti a
y°nel ril Mmiamtéeim, karkélaktéerma ve klinik vaka
yanétlar kayét alténa alénmék ve dejerlendir

e
soru seti ayréeca alanénda deneyi nmler ii kyianbeafjl
referans yanét ol arak kayeéet alténa al énméxkt é

2. 4. Dejerl endirme S¢reci ve Puanl ama

Chat GPT ve 1iKki odyol og ayné soru setini baj e
referans yanét ol ar akCltkatb@RP T 'erdiin my akrt @ trl. arkKd , k
karkel akt ér él ar alkk gruamtl éarmmaa csé stteerma f ealmdaru |l @ us

Dejerlendirmede akajédaki °1-¢tler dikkate a
T Dojru kavrama exl exktir me: v&huwmkaGdaryosunun ver il
uygun bozukluk (APD veya SPD) ile ilikkilen
T Ayéert edici ©°zelli k kull anémeée: Chat GPT' nin
°zellikleri dojru tanémlayabil me ve a-éekl an
T A-ékl amg iderYiaanléet én yalnézca dojru kavr amé

a-édan yeterli gerek-e ve a-éklama i-er mesi
T KIini k vaka yoruml ama: Vaka senaryol arénda
dejerl endirerek uygun t amebilmediyeii ay ér écé t an
Yanétlarén dojruluk dg¢zeyi &¢-1 ¢ puanl ama si s
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O puan (Yanl éxk) : Yanétén bili msel ol arak ha
tanémlanmasé veya belirgin bi-imde kareéektere
lpuan( Kés men Dojru): Yanétén genel ol arak dojr
eksi k ol masé, ayeéert edici ©°zelliklerin yeter
karékékl ek bulunmaseé.

2 puan (Dojru): Yanét eén -deoklraumak asvur nanmaés €i -veer mA
arasénda a-ék ve dojru bir ayrém yapmaseé.
KkKi nci akamada ise Chat GPT taraféndan ol ukt
dojruluk a-éséndan dejerlendirmeleri T2a2maceyl
puznl ama si st emi kull anarak bajémséz ol arak p

arase uy umun vV e Chat GPT'" ni n performanséneén
kull anél mékteéer .
2. 5. Kstatistiksel Analiz

Arakt érmacé tarafeéerndbaktigermalkeé ede] erl endikmame

dojru, késmen dojru ve yanl ek vyanétl areéen s:
sunul muktur . Chat GPT' nin taneéem, karkeéel akt ér
kategor.i bazéindavaeehaerwdredrdoranlmar é hesapl anm

Odyol oglar taraféndan Chat GPT yaneétl aréna ve
kull anélarak analiz edil miktir. Verilerin a
sapma, mi ni mum vlee rma khsei snaupnh adhenjéexrt & r . KK i bafj
uyumunu dejerlendirmek amacéyla Séneéf K- i k
Coefficient, | CC) anal i zi-WayyMixed Effattsndodeli &e . | C(

Absolute Agrelkemehanglawé ak@&meé T¢m i statisti ks
p<0, 05 olarak kabul edil mixkktir.

3. BULGULAR

3.1. Araktérmacéenén Chat GPT ve Odyolog Yaneét
Chat GPT'nin ikitsel i Kl eml ememdoboklUk] uj AP
kavraml ar éné ayeéert et me perfor manseéeé, tanéem,
sorul aréndan olukan toplam 17 soru czerind.
Chat GPT6nin yaneéetl ar é, ayhéaganui ket iodiyobaij
yanéetlaré il e araktérmaceée taraféendan karkél a
icin 0i2 puan verilmicktir. Soru bazénda el de eo

puanl aré ¢izelge 1'"de sunul muxktur .

CizelgelChat GPT ve Odyolog Yaneéetl are Karkél aktér el me
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Soru Sorular Chat GPT 1. Odyolo_g 2. Odyolo_g Ar akt e_
No Yanéti Yaneét Puanég
KkKitmesi nor mal 0
1 konukmayé a nbbzakimdam APD APD APD
il kki lidir 4
Sesl ere akéreé hass§g . . . .
2 dekender er ? Hiperakuzi SPD Hiperakuzi
Kkitsel bil ginin
3 i Kl enmesi ndeki gé - APD APD APD
il kki lidir 4
4 Coklu duyusal y a r anI ara a SPD SPD SPD
bozuklukta goéralur?
5 DuyusaIA uyaranll ar SPD SPD SPD
bozukl uju hangi d
Kkitsel ayeéert et
6 ’ : . APD APD APD
bozukl ukl a il
Du y u s ayliklemme §engory overload
7 . PD PD PD
hangi bozuklukla daha uyumludur? S S S
8 APD il e SPD arasén APD_ASPD ay[ Benzer Benzer
dojru a- &g
APDbde probl em d| APD merkezi, SPD Ké s me
9 duzeydedir (periferik / merkezi / duyusal ¢oklu duyusal Benzer
. _ . benzer
SPDi | e karkél ak i KI eml e
SPD'nin ¢oklu
. . . - . :
10 SPD hangl duyusal S|stemle_r| kaPsar.Al duyusal S|stemle[| Benzer Benzer
il e farkené a- kapsade]
a-ékl am
Kkitsel o
Kk i t s el sorordiladgeheEduylnsaly ile genel duyusal Yaneé
11 N Benzer .
d¢zenl eme sor unu g dizenleme sorunun vermedi
ayeéert et
Sadece ikKitsel Zo S_PD tang
12 A i dexkl amay Benzer Benzer
tanéséenée dexl .
belirtm
Her iki bozuklukta
G¢ereltegde konukmay o .
13 hem de SPDéde go da ¢ 'r¢,le Benzer Benzer
belirtm
APD ve SPDode di kkj| Dkkatsorunl
14 _ ) nedenl er Benzer Benzer
a-éklaneér? . :
et mi Kt
Vakali8 yakéndaki bi
-ocujun ©°zel likl
ortamlarénda °jret
15 ka-érdejéene, uzun APD APD APD
zorlandéejéené ve g
konukmal ar & anl ama
bil dirmektedir. A
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konukmal ar é gene
belirtilmiktir. Ay
belirl emede zorl a
kel imeyi farkl & z3g
anl adeéej e i fr.&edssizodgaig
daha ivyi perfor ma
di kkatini s¢rderen
Bu belirtiler g°z
tané nedir?

16

Vaka2i 7 yakéndaki b
—-ocujun g¢nl ¢k yacxk
hassasiyet g°sterd
kal abal ék ort aml
-evrelerde yojun h
belirtmektedir. ¢
bireylerin farke t me di J i Kek
i fade et mekte ve
rahatséezl ék g°ster
uyaranlarén ol duj (
surekli hareket ediyor ve ortamdan kagm
istiyor.
Bu belirtiler g°z
t anéabifirg ol

SPD APD+SPD APD 1

17

Vaka319 yakéndaki bi
-ocujun hem konuk
zorlandéjéné hem d
akéré rahatsézl ék
Cocuk zaman zaman sessiz ortamlarda
bazée sesleri yanl
et mekt e, dmiaildaide gdbuk |
yorulmakta ve dikkatini stirdirmekte APD+SPD APD+SPD SPD 1
zorl anmaktadér. Ay
kendi sine seslenil
veya il gisizmik gi
grup etkinlikIleri
gOstermektedir.
Bu belirtiler géz 6nina | énd éj é
tané ne ol abi

¢izelge 1 incelendijinde, arakteérmacé dej er|l
tam uyum (2 puan), 3 soruda ise keésmi uy um
g°esteren sorwular, bir taném sorusu (Soru 2),
sorusundan (Soru 16) olukmaktadér. Arakteér ma
puan ve kategori bazéndaki ubakareéeé oranl are ¢

¢izelge 2. Kat egori Bazénda Performans

20
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Soru Kateqorisi Soru Soru S Maksimum | Elde Edilen Bakar
g Numar a Puan Puan Yuzdesi (%)
Taném Sg 1i7 7 14 13 %92,9
Karkelal g, 7 14 13 9692,9
Sorul a
Klinik Vaka 15117 3 6 4 %66,7
Sorul a
Toplam 1717 17 34 30 %088,2
¢izelge 2 incelendijinde, ChatGPT'nin arakteée
czerinden 30 puan aldejée ve genel bakar é
bazeédnedaer |l endiril dijinde, taném ve karkel
el de edil mik ve bakar e or ané %9 2, 9 o |
sorul arénda ise 6 puan ¢zerinden 4 pwamrel de
Buna g°re en y¢ksek bakarée orané taném ve
orané ise klinik vaka sorularénda (%66, 7)
3.2. Chat GPT Yanetl arénén Odyol oglar Taraf én
Arakt érmacé dejer hemdiirkme sodnyionl ogr, d EéhhdaatnGP T
bajémsépuahlaamamkékt er . Odyol ogl arén soru
sunul muktur .
¢izelge 3. Odyologlarén Chat GPT yaneéetl aréna
Soru Sorular Chat GPT Y 1.0dyolog | 2.0dyolog
No Puanl gPuanl a
1 KkKi t mesi nor mal .olan ( APD 2 5
anl amama hangi bozu
2 Sesl ere akéré hassasiy Hiperakuzi 1 2
Kkitsel bil ginin merk
3 g¢-1 ¢k hangi bozukl APD 2 2
¢okl u duyusal uyar an
4 bozuklukta goraliir? SPD 2 2
5 Duyusal gyaranlara k a SPD 5 5
hangi dur umu dg¢ K¢
Kkitsel ayért et mede
6 ilikkilidir? APD 2 2
Duyusal akereé y¢igkl enm
! bozuklukla daha uyumludur? SPD 2 2
8 APD il e SPD araséndad APD-ASPD ay[ 2 1
dojru a-¢@e
A P D 6pdoblem daha ¢ok hangi duizeydedir APD merkezi, SPD
9 (periferik / merkezi / duyusal)? SPD ile ¢oklu duyusal 2 1
karkél aktéréene i K1 eml ern
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SPD hangi duyusal sistemleri kapsar? APD ile

SPD'nin ¢oklu duyusal

10 farkéene a-éklay sistemlerilfapsafj
a- ékl ameé
Kkitsel od
11 Kkitsel odakleée bir sor genel duyusal
sorunu araséndaki diizenleme sorununu
ayeéert et
Sadece i kitsel zorl uk S_PD tane
12 _ dékl amay a
me ? . .
bel i rt mi
13 Gere¢ltegde konukmayée an Heélglfozulklik?ﬁ
SPD6de g°o°r ¢l ebil belirtmi
APD ve SPDode dikkat| DKkasorunlg
14 _ _ nedenl eri
a-éklaneéer? . .
et mi Kt
Vakali8 yakéndaki bir -
°zellikle kal abal ek sé
syl edi kl erini ka-érd
etmekte zorl andéj éneé
konukmal aré anl amakt
bildirmektedir. Ancak evot aménda Kk
15 genel likle anl adejé b APD
gel dijJi y°n¢ belirl eme
kelimeyi farkI|l & zaman
ifade edilmektedir. Sessiz ortamda daha iyi
performans g°st eredidiéir 6
g6zlenmektedir.
Bu belirtiler g°z ©°ng¢n
Vaka2i 7 yakeéndaki bir -
genl ¢k yakamda sesl e
gesterdijini, elektrik
yéksek sesli -evrele
yakadée]éné belirtmekt ¢
16 bireylerinfarke t me di J i Kekil d SPD
etmekte ve bu durum
g°stermektedir. Yojun
sénéef gibi ortamlardasag
ortamdan kagmak istiyor.
Bu belirtiler g°z °ng
olabilir?
Vaka3-19 yakéendaki bir -
hem konukmal aré& anl am
gereltel ¢ ortamlarda
17 bildirmektedir. Cocuk zaman zaman sessiz APD+SPD

ortamlarda bile bazeée s
et mekt e, tdmiaildaide gdbuk korumakt
ve di kkatini s¢rder me
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grup aktivitelerinde

duymuyor muk veya il gi s

sosyal grup etkinlik
gOstermektedir.

Bu belirtilergéz 6nie al éndeéj énd

olabilir?
¢izelge 3 incelendijinde, birinci odyol ojJ un
puan verdiji; 1kinci odyolojun ise 13 yaneét a
odyol ogan arafsscamrduda ayné puan verilmik, d°rt
¢izelge 4. O0Odyolog puanlaréna ilikkin betimsel i
Say| Minimum Maximum Ortalama Standart sapma
oDY1 17 1 2 1,82 393
OoDY2 17 1 2 1,82 393
Sayeé 17
¢izelge 4 incelendijinde, her i Ki odyol oJ ur

1,82RN0, 39 olarak hesapl anmécxteér . Her i ki ody

¢i zel ge 5. Dejerlendiriciler arasé uyum (I CC) an
ICC 95% GA Alt 95% GA Ust p
0,190 -0,305 0,605 0,225
Kk i y°nl ¢ kar ma et ki model i ve tutarl él ek (
anal i zi sonucunda, t ekil ° | - &0n3D50/605)iotaiakn | CC

hesapl anméktedy olBuj smn@Ghat GRT yanétl aréna vel
d¢zeyde uyum ol dujunu g°stermektedir.

4. TARTI k MA

Bu -al ekxmada Chat GPT' nin I Ki tsel i Kl eml eme
bozukl uj u ( SPD) k avyetmd ralriélnie] i aydeajter eemdi r i
dejerl endir mesi sonucunda Chat GPT'" nin yaneétl
yaneéetl aréyl a uyuml u ol duj u, yal nézca é - S3No)
Chat GPT' nin °zebhktklreat anéml aeékhdakglksek pe
vaka sorularénda ise g°rece daha d¢gkegk perf
oranénén %88, 2 olarak bulunmase, Chat GPT' ni
bil gileri b ¢kywlkl @ alyidled idjoijrmriu g°ster mektedir.
alanendaki performanséné dejerlendiren ©°nce!
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Chat GPT'" nin standartl akteréel mék odyol og yete
bildirirk e n , Kara-ayl é ve ark. (2025) odyogram Yy

pediatri k odyoloji alanéenda benzer «kKkekilde vy
Bu -al ékmada arakteéermacé dejer|llzajdé msne&si oncky @
taraféendan da puanl anméxkter. I CC anali zi S0
d¢zeyde uyum saptanmécxkt er . Bununla birlikte,
ol duju g°r¢l mektedir. Nitek3 ' m,ndke aoywWyeol pygane
Puan farkleleklarénén yalnézca d°rt soruda g
puanl ama °I|l -ejinin dar ol masée | CC katsayése
bul gu, Chat GPT yaneztelrarhbin-eéinmdgee nded j eorllaernadki rbielr
SPD gi bi klinik olarak ayérécée tanéseée g¢- di
ortaya -ékabilecejini g°stermektedir.

Taném sorularénda el de edilen %92,19¢ !l iuki kil
t emel belirtilerdi ve kavramlaré dojru bozukl
birlikte, taném sorularéndan biri ol an " Ses|
sorusunda ChatGPT, beklenen ABLPD ayr éméalezii ngamépemé vern
Kekil de i ki odyol ogdan Dbiri de ayné yaneéet é
belirtisinin yalneéezca SPD ile ilikkilendiril/l
i Kitsel dur uml aen dai-réeisléenbdialndida nd e jgersit er mekt e
bazé sorularda daha genik bir klinik perspek
d¢kegndegrheapheldi rve ar k. (2024) , duyusal I K e
bozuk!| wjad méx a&es toleransé araseéndaki i1 KKk
bil dirmiktir. Bu nedenle s°z konusu soruda
ekl ektirme ol arak dejil, farkl & klilebtiri Kk yorum
Karkél aktérma sorularénda Chat GPT'"nin APD v
Kekil de a-éeklayabildifiji gor ¢l megktgr . ¥zel li
i Kl enmesiyl e, SPD'"nin ise -oklkuzuedugpumaebki gl st
ol dujunu dojru bi-imde vurgul améxkteer. Bu bt
ekl exktirmekl e kal mayép ki bozukl uk arasen
koruyabildijini g°stermektedir.

¢tal ekmada en #&¢(tkpk kbawm&amaedejanéendirme sorul
Kl'ini k vakal ar, taném ve karkél aktérma sor ul
dejerl endiril mesini ve ayeéerécé taneée yapeéel ma
vakanl arda Chat GPT il e odyologlar arasénda g°r
ayne vakalarda odyol oglar arasénda da tam g°
ve SPD araseéndaki kKl inik ayr é&meéna beletierinz a ma n
birbiriyle °rte¢kebildijini g°stermektedir. |
ol asél éjéené vurgulamék ve 1iKki odyol ogdan bir
bul gu, Chat GPT' nin kar mak éak okllasnélke] e ndairkykod
ejilim nde oldujunu g°stermektedir. Ancak kI
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temel | i dejerl endirmelerin yeterl:i ol madej e,
gerekl i ol duj BudummA RID maenad ROl ebre.l i rti |l erinin
bil diren °nceki -alékmalarla uyumluduBu (Buf f
durum, yapay zek© sistemlerinin temel kavram

klinik muhakemeger ekt i r en kar makék senaryol arda di
d¢e¢kegndegrmekt edir .

Bu -al ekmanén ©°neml. bul gul ar éndan biri, b
farkl el ékl aréenén bulunmaséder. B u rddanrhatan, Ch a
ol arak dejerlendiril memesi gerektijini gost «
semptoml arda farkl é& odyol oglarén ayné ol guyu
Dol ayéséyla Chat GPT' nin per fljoryuaan €&X ddajke alken
ziyade odyolog g°re¢kleriyle uyum d¢éegzeyi de d
¢tal ékmanén bazé séneérl él éklaré bulunmaktadér
il e ger-eklexktirilmik olup faré&l d8oondylbadongoaqg
koyabilir Gel ecekte yapeélacak -al ekmal ar da

daha genik vaka ©°rneklerinin kullanél maseée vy
sayéséenén seénérl é& ol mas éb avsealRjahk Olgdk d(z€ended n vy a |
yapél mék ol masé, dejerlendiriciler araseée uyu
5. SONUC

Bu -al ekxmada Chat GPT' nin i Ki tsel i Kl eml eme
bozukl uju (SPD) kavrambhawvenaytahémmlremd geknack
dejerl endir mesi ve bajémséz odyolog puanl am
edilen bulgular, ChatGPT'"nin APD ve SPD'ye i
bi-imde sunabil Bl pkniar ae énidkaik i b ozeune | far kil
a-éklayabildijini g°stermiktir. Bununla birl
g°rece daha d¢ke¢gk ol duju ve baze vakal arda

I

belirl enmikktir.

Buonu-1lar, Chat GPT'"nin APD ve SPD konul arénd:
amacéyla yararl é bir ara- olarak kull aneéel abi
s¢re-lerinde uzman dejerl endir mes Gelecekte yer ir
yapeél acak -al ékmalarda farkleée yapay zek®© mo
g°ré¢kenegn dejerlendirme s¢grecine dahil edi | m
kull anél masé ©°neril mektedieml eBrui nti¢gnr o-dayloé komail
potansiyel kull aném al anl arénén ve seéneéerl él é
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OZET

Pol i kistik over sendr omu (PKO8p, ydgpengaonla

karkeéel akél an hor monal ve endokrin bir bozul
hor monal d¢zenl emedeki deji ki klikler, bu dul
-ekKi tli S reme Ve met abol ik b otekubkr Ibuldulilar a vy o
tanémlanmak yerine akéré androjen aktivites
overl erde karakteristik yapésal dej i ki kl ikl e
vitamini, mi ner al me t ayarnd & zaméarsa nidnank¢g n bd ¢ z enrelne
fonksiyonl ar é, ins¢glin yanété yoluyla metahb
s¢rder el mesinde rol oynayan -ok i klevli bir
PKOS tanésé al an kii r”ehdiolksividreinD d26(DH)BR]é md a

konsantrasyonl ar énén genel |l ikl e d¢ K¢k ol du
duyarl el éejénda azal ma, menstr¢el d°ng¢de dy:
ol abil ecej i belirti IDmevktteadrirn.i Klaiknviiky esalné mim:e
met aboli k bozukl ukl ar ve ov¢latuvar fonksiy
bil dirmektedir. Ancak PKOS ile D vitamini d
farkl el ék g°stnerhmensiz, kkewi nl i kkikmizanmadé] éné
der | eme, met aboli k bozukl ukl ar, creme sajl éj
sonu-1| ar e i ncel eyerek D vitamini il e PKOS
vitamininin terapotik yaar | ar énén, opti mal dozunun ve ted
belirlenebil mesi i -in daha genik kapsamlé r
s¢relerine ihtiya- duyul maktadeéer.

Anahtar Kelimeler: polikistik over sendromu, Ditamini, insulin direnci
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THE RELATIONSHIP BETWEEN POLYCYSTIC OVARY SYNDROME AND
VITAMIN D

Ph. D. Dietician Ayb¢gke KMKK
Ataturk University, ATA TechneCity, Protek Health Services
E-posta:aybukeimik@gmaitomO R C K D htthsB/orcid.org/000@0034697812X
ABSTRACT

Polycystic ovary syndrome (PCOS) is a common hormonalkaddcrine disorder affecting
women of reproductive age. Deterioration in ovarian functions and changes in hormonal
regulation constitute the fundamental characteristics of this condition and lead to a wide range
of reproductive and metabolic disorders. Byadrome encompasses a broad clinical picture
characterized by excessive androgen activity, irregular or absent ovulation, and characteristic
structural changes in the ovaries, rather than being defined by a single finding. Vitamin D serves
as a multifuntional endocrine regulator, playing a role in immune regulation, nervous system
functions, metabolic homeostasis thru insulin response, and the maintenance of normal
reproductive processes, in addition to its known role in mineral metabolism. Circul&ting 2
hydroxyvitamin D [25(OH)D] concentrations are generally reported to be low in individuals
diagnosed with PCOS. This condition may be associated with reduced insulin sensitivity,
menstrual irregularities, and increased androgen production. Clinical stedggest that
vitamin D supplementation may have beneficial effects on metabolic disturbances and
ovulatory function in women with PCOS. However, variations in findings regarding the
relationship between PCOS and vitamin D levels indicate that this atssndias not yet been
conclusively established. This review evaluates the relationship between vitamin D and PCOS
by examining reported outcomes related to metabolic disorders, reproductive health, and
vitamin D supplementation. To more clearly deterntivgetherapeutic benefits, optimal dosage,

and treatment duration of vitamin D, more extensive randomized clinical trials and longer
follow-up periods are needed.

Keywords: polycystic ovary syndrome, vitamin D, insulin resistance

1. GKRKKk

Polikistik over sed r o mu (PKOS) , kadenl ar én Sreme d°n
hastal ékl ardan biridir. Prevelansé tané kri.
%610 6dur . PCOS hiperandrojeni zm, ovul asyon
karakete i zedi r . Hastal ék ¢reme fonksiyonlareée il
obezite, ins¢glin direnci, tip 2 diyabet gel!
D vitamini iskelet sistemi il e deetklilolupknsam b aj €
sajl éjé a-éséndan °nemli vitamindir. D viteé
vitamini resept®rlerinin over, endometrium

sajl éjé a-éséndan °ne mlunugbstemmgkbetiroZmijevski2@1B,e v | e r
Gorelova ve ark 2020). PCOS6lu kadenl arda D
yaygén ol duju bil di r-hidroksivitemiroD [@50H)YD]) dkizeWeringre r u m
insulin direnci, hiperandrojenizm,@d d¢zensi zI| i k|l er i e 111 kki
Facchinett.i 2020) . Bununla birlikte D vite
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dojrul tusunda -i ft yenl ¢ il i kki ol duju bild
metabol k ve ¢¢reme sajléeje ¢zerindeki ol uml u et
der |l emenin amacé, pol i kistik over sendr om
dejerlendirilmesi, D vitamininin PCOS patofi
Dvitamini takviyesinin metabolik ve ¢reme s
kanéetlar il e ortaya konul masédeér.

Polikistik Over Sendromu

Pol i kistik over sendr omu (PCOS) , S reme d?o°
anovulasyon, hiperandrojem, menstriel dizensizlikler, fertilitede azalma ve polikistik over
mor fol ojisi il e tanémlanan endokrin bozuklu
yumurtal ekl arén ikleyikini dejiktiren durum
ve pdikistik overlerle belirleyici faktorleri icermektedir. Etiyolojisi tam olarak
aydenl|l at €l mamasé il e birlikte geneti k, - ev|
olabilmektedir (Azziz 2018) PCOS patogenezinde luteinizan hormon (LH), prolaktin ve
androjen hormonl arénén arttéjée, buna kar kKén ¢
bildiril mektedir. S°z konusu hor monal dej i K
mellitus, hipertansiyon ve metabolik sendrom gibi metabolik bozukluklarla
ili kkilendiril mektedir ( Fu vV e ar k 2023) . P

Il nstitutes of Health) ve Rotterdam kriterler
2012). NIH kriterlerinde; kronik anovulasyon, klinik veya biyokimyasal t@pdrojenizm ve

dijer nedenlerin déklanmasé olup taneé al mak
kriterlerinde ise oligo veya anovulasyon, klinik veya biyokimyasal hiperandrojenizm, polikistik
overler ve dijer nedenéerhasdaeképamaseéslikngn

tané kriterlerinden 1iKkisi bul unmal édeéer . PCOS
bu kriterlere gore ortalama %460 ar asénda ol duju belirl enmi«kt
PCOS obezite, insili di renci , tip 2 diyabet, kar di yove
bildirilmiktir (Hossain ve ark 2022).

D Vitamini

D vitamini, yajda -°9z¢nen vitamin ol up, S
ergokal si ferol (D2) ve kolekalsiferol (D3) o
D vitamini kaynakl ar é génecx €KE]J eébesinlgraj | e
ol uktur maktader . Dovesk@akil nindbegal émmdi | mek De
2018).Bi reyl erin D vitamini d u r u nmhbidroksivitadie D er | e n
[ 25 ( OH) D] t emel bi yoki myasal g ° dikegiming20 ol ar
ng/ mLénin altéenda saptanmasé D viigGngymih i eks
aral éejéndaki dejerler D vitamini yetersizli]
D vitamini dekarédan bdgiarvifymr muylka ndlagreaéara w
7-dehidrokolesterolden sentezlenir. D vitaminin vicutta etkili olabilmesi igin aktif formuna
d°n¢Kmesi gerekir. Deri de sentezlenen veya
aktifl ekebil mediindeklkarl azi jeemrzdani25 | e 25 hi dr
bobreklerde al f a hi droksil az enzi mi Il e 2DPp5 dih
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d°n¢g¢kmektedir. D vitamini kemi k ve kalsiyum
kardiyovaskuiler stem solunum sistemi, sinir sistemi gibi bircok organ ve sistemde etkili olup
insan sajl éje a-éeéséndan °neml. bir vitamindi

PCOS ve D Vitamini Araséndaki KIi kKki

D wvitamini reseptorl eri vegcutt a dokuldrdamet rioy
bul unmaktadér. Kadéenlarda d°l 1l enme ve plesan
Ve ar k 2023) . Bu dur um i se kadénl ar da ér
g°stermektedir D vitamini e k s i khipergndropeeizmb aj | é

creme fonksiyonlarénda bozulma il e PCOS geli
kadeéenl| a8r5&6n n%6n7 serum 25(OH)D d¢zeyinin d¢gkeék

& Facchinetti, F. 2020) . PC®S btaeaegkeéer |keo nkna
-al ékmal ar, PCOS'|lu kadénlarda serum D vitam
preekl ampsi ve keéeseéerl ékla ilikkil:@ ol abil ec
kadéenl ar da D vi tami nkitle isdeksij yserume testosteion eve Vv ¢ C
dehi droepiandrosteron s¢lfat seviyeleri ar a
(Gokosmanojlu ve ark 2020). D vitamini seviy
geliken hirsutizengat ikfi didiet i karakasyan bul uni
PCOS ol an bireylerde D vitamini seviyesi gen
ol dukl arée PCOS hastasé ol an ve ol mayan bire

PCOSolanbirel erde daha d¢kegk D videasnt k| eoyf edruj uals
mevcuttur ( Nestler ve ark 2012, Lin ve ark 2012, Tsakova ve ark 20Bhdtive ark 2013).

PCOS sendromu ol an kadeénlarda bu durumu dest
ve ark 2014, Sahin ve ark 2014).

PCOS ol an bireylerde D vitamini eksi kIl i7Ji il

direnci de g°zlemlenebil mektedir. D vitamini
ekspresyonunaj laée tcele a4 ko maotacs dbr si t okinl eri b a
ise ins¢glin direnci sonucunda ins¢glin ve anc
glob¢lin azal masé il e hiperandrojeni zmi art
PCOSban bireylerde insg¢glin duyarl el éjéné art
Selimojlu ve ark 2010, Belenchia ve ark 20:
-al ekxkmada Pcos ol asviliiarma ynli e rhdaef t 5a0d.alirGadinrU kDe z
direncinde iyilexkxme olduju ve a-1¢é&k kan gl uk
meta analiz -alékmasé da bu durumu destekl er
a-l ek kan gl Rkoejuer HOMAa zian d & éijyéi lienksmgd ionl ddujru
(Lagowska ve ark 2018). PCOS6a bajlé ol arak
met aboli zmasénén d¢gzenl enmesi il e adet d¢zen
et ki g°sterdiij i ak2018Wehive ank 2011,ilrani ve drla20Bemhzerv e

Kekil de, PCOS tanésé konmuk inferti.l kadeéenl g
ins¢glin direncini azalttejéené ve bunun da e

g°% st er haowetark 2019). Z
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2.SONUC

Bu derl eme polikistik over sendromlu kadeéenl
metaboli k ve ¢(¢reme sajleje a-éséeéndan dejerle
vitamini eksi klijilnemdiyjay gveen do¢ kagrka kD gwiztl ami n
direnci, hi perandrojeni zm, adet déezensi ozl
vitamini takviyesinin ins¢glin direnci, a-1¢e
etkiler @%stadradiljai b-dldiril mi ktir. Mevcut kalt

PCOS y°netiminde destekitéeyuti bbbl gulyakémkaeé mj «
uzun 1 zlem s¢resine sahip ve metodolojik a-
mink ¢n ol acakteér .
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OZET

Bu arakteéer ma, bujday yerine farkle oranlard
antioksidan parametreler ve genk s pr esyonu ¢zerindeki et kiler
ger-eklextirildi. ¢al ek ma, 16 adet Sprague
deneysel bir mo d e | olarak tasarlandé [ kont
karabuj day +de%WZdneb ] day2;) : %24 karabujday + ¢
%36 karabujday]. EIl I i genl ¢k besl eme s¢rec

parametreler [malondialdehit (MDA), glutatyon (GSH), suiperoksit dismutaz (SOD) ve katalaz
(CAT)] ELISA yoéntemiyle CASR3, BCL-2, TNFU v el bl Lprotein ekspres

Western blot y°ntemiyle analiz edil di. MDA c
kontrol grubunda belirlenmik ol makla birlikt
f ar kbluédl luenkma mékt ér (p>0,05). GSH ve SOD d¢zeyl
(p<0O0,01), GSH en d¢k¢k D3 grubunda, SOD i se
d¢zeylerinin gruplara g°re dajeéel é@éme, en yg¢k
grubnda belirlenmik ve gruplar araséndaki bu

saptanméexktér-3(pképbéysyorc€ASEn ysksek D2, en d
2 ekspresyonu en y¢ksek Bl ,ekesmpresywoleaeD2ngryy
d¢kek D2 gIrhubaknsdpar;edyonu i se en y¢ksek D3, er

(p<0,01). Sonu- olarak, farkl & oranlarda kar
savunma sSi stemi il e i nfl amasy @nesyornuelzeandeo pt 0 z |
kull anélan orana bajlé farklé etkiler ol uxt
alténda yatan mekanizmal arén daha ayréntelé
°rnekl em grupl aréeneée i - elnes gelelmeldedim|l € ar akt ér m
Anahtar Kelimeler: k ar abuj day, antioksidan, gen ekspre
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ABSTRACT:

The present study aimed to investigate how replacing wheat withwheat at varying
proportions influences antioxidant parameters and gene expression profiles in the gastric tissue
of rats. The study was designed as an experimental model consisting of four groups of 16 female
Sprague Dawley rats [control (C): 36% whedal 1 (T1): 12% buckwheat + 24% wheat; trial

2 (T2): 24% buckwheat + 12% wheat; trial 3 (T3): 36% buckwheat]. After addtyfeeding

period, antioxidant parameters [malondialdehyde (MDA), glutathione (GSH), superoxide
dismutase (SOD), and catald§€#AT)] in the stomach tissue were analyzed using the ELISA
method; CASF3, BCL-2, TNFU, a4id® Ippkotein expressions wer
Western blot method. Although the control group exhibited the highest MDA level, no
statistically significant dierence was observed among the experimental groups (p>0,05).
While the highest levels of GSH and SOD were found in group D2 (p<0,01), the lowest GSH
levels were found in group D3, and the lowest SOD levels were found in group D1. CAT
activity differed sigificantly among the experimental groups, reaching its highest level in the

D3 group and its lowest level in the D1 group (p<0,01). CARSExpression was highest in

group D2 and lowest in the control group; BZLlexpression was highest in group D1 and
lowestingroup D2; TNFU expressi on was highest i4bgroup
expression was highest in group D3 and lowest in group D1 (p<0,01). In conclusion, it is thot
that the consumption of buckwheat in different proportions may have vasffegs on the
expression of the antioxidant defense system and proteins related to inflammation and apoptosis
in stomach tissue. To better elucidate the mechanisms of these effects, more extensive and
comprehensive studies with larger sample sizes adede

Keywords: buckwheat, antioxidant, gene expression
1.1l NTRODUCTKON

Buckwheat is a pseudocereal crop classified under the gEagepyrum within the
Polygonaceae family, with. esculentumMoench andF. tataricum being the principal
cultivated taxa (Zhu2016; Kreft, 2016). Buckwheat is a nutrigith food, high in quality
protein, dietary fiber, rutin, quercetin, B group vitamins, and minerals such as Na, K, Mg, Ca,
Fe, Zn, and Mn (Bonafaccia et al., 2003; Pongrac et al., 2013; Ji et al., 2019; Hud2021).
Additionally, it has a high antioxidant capacity due to flavonoids, phenolic acids, tannins,
fagopyrin, and other bioactive components (Kreft, 2016; Zhu, 2016; Huda et al., 2021). The
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absence of gluten in buckwheat makes it a suitable diegatign for people who need to
exclude gluten from their diet, particularly those affected by celiac disease or-iglai
sensitivity (Wanniarachchi et al., 2023).

Oxidative stress develops when cellular antioxidant mechanisms are insufficient @raciunt
excessive reactive oxygen species, a condition that can disrupt cellular integrity and contribute

to the development of various disorders, including gastrointestinal diseases and cancer. The
flavonoid and phenolic compounds contained in buckwheaibigxdntioxidant effects by
supporting the removal of free radicals (Sofi et al., 2023). Among the most common biomarkers

for assessing oxidative stress are glutathione (GSH), superoxide dismutase (SOD), and
malondialdehyde (MDA). While GSH plays a role @ellular antioxidant defense, SOD
neutralizes superoxide radicals. MDA, on the other hand, reflects oxidative cellular damage by
representing the extent of lipid peroxidation (Aslankog et al., 2019). Nutritional components

can regulate inflammation and @yosis mechanisms by affecting gene expression. In the
evaluation of these processes, CASBCL-2, IL-1 b , anl alrNeF i mportant b
(Stauffer et al., 2020). While CASP is one of the executor enzymes of apoptosis, BCL
contributes to the presvation of cell viability with its antapoptotic effect (Palabiyik, 2025).
Expression of the inflammatory mediators-1Lb andU TiINF enhanced f o
inflammatory stimulation. (Aggeletopoulou et al., 2024; Preedy et al., 2024).

Despite growing evidece regarding the antioxidant and anflammatory potential of
buckwheat, its effects on gastric tissue remain insufficiently characterized. In particular, limited
information is available regarding how different levels of dietary buckwheat influence
anioxidant defense mechanisms together with transcriptional changes in inflamnaetbn
apoptosigelated genes. Dietary buckwheat was incorporated at varying proportions to assess
changes in antioxidant parameters and CASBCL-2, IL-1 b, a rlUd gTehfssioa in

rat gastric tissue.

2.MATERIALS AND METHODS

Ethical authorization for the study was granted on February 26, 2024, by the Atattrk University
Local Ethics Committee for Animal Experiments (Decision No. 35). In the study, the stomach
tissue ofl6 female Sprague Dawley rats, which were euthanized at an average age of 50 days,
was collected and analyzed. The control group was given 36% wheat, the Test Group 1 was
given 12% buckwheat + 24% wheat, the Test Group 2 was given 24% buckwheat + 12% wheat
Test Group 3 was given 36% buckwheat. In the study, the crude protein ratios in the diets of
the groups were adjusted to 24,31; 24,16; 24 and 24 respectively.

2.1.Biochemical Analyzes
2.1.1.Analysis of MDA and GSH Levels in Gastric Tissue

Following disuption of the gastric tissue samples in the presence of liquid nitrogen, the
powdered tissue was suspended in 1.15% KCI at a {iessmution ratio of 1:10 (w/v) and
subsequently homogenizdébllowing homogenization, the samples were centrifuged for 15
min at 1,000 x g while maintained at 4 @entrifugation yielded a supernatant in which MDA
content was quantified following Placer et al. (1966).MDA content was quantified based on the
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reaction with thiobarbituric acid, and the absorbance of the reagroduct was
spectrophotometrically recorded using a wavelength of 532 nm. GSH levels were analyzed after
centrifuging the tissue homogenates at 9,000 x g, following the procedure of Sedlak and
Lindsay (1968).

2.1.2Analysis of CAT and SOD Enzyme Activitis in Gastric Tissue

Stomach tissue samples intended for the assessment of antioxidant enzyme activities were
processed using the methodology reported by Dogan T. B. (2025). The resulting supernatant
fractions were subsequently used to measure SOD anchCiVities. The assay developed by

Sun et al. (1988) was employed to measure SOD activity. This approach relies on the ability of
SOD to suppress nitroblue tetrazolium reduction induced by superoxide radicals produced
through the xanthifikanthine oxidaseeaction. Catalase activity, on the other hand, was
guantified in accordance with Aebi (1984), with the obtained values normalized to the protein
content of the tissue samples. Protein concentrations in gastric tissue homogenates were
guantified using thé&olini Ciocalteu phenol reagent, following the protocol reported by Lowry

et al. (1951)

2.1.3.Analysis of Gene Expression Levels in Stomach Tissue (HRTR)

Rat gastric tissue samples were processed with QIAzol Lysis Reagent (Qiagen, Germany) to
obtain RNA. Following RNA isolation, RNA vyield and purity were determined by
spectrophotometric analysis performed with a NanoDrop spectrophotoREi#rserved as

the template for complementary DNA synthesis, which was carried out with the EScript
cDNA Synthesis Kit (BioRad, USA).Target transcript abundance was quantified in reactions
containing QuantiTect SYBR Green PCR Master Mix, with amplification and fluorescence
acquisition performed on a Rot@ene Q platform (Qiagen, Germany). Three replicate
measurements were obtained for each anal@esne expression values from all samples were

nor mal i z eac taigra.i nsdl & changes in mMRNA abundan

framework introduced by Livak & Schmittgen (2001).

Table 1. The F and R segences of the genes

Gen Base Se3rNj)es ( 5Nj |Length(bp) Access Number

Bax F-TTTCATCCAGGATCGAGCAG | 154 NM_ 017059.2
R-AATCATCCTCTGCAGCTCCA

Bcl-2 F-GACTTTGCAGAGATGTCCAG 214 NM_ 016993.2
R-TCAGGTACTCAGTCATCCAC

Caspas8 | FFACTGGAATGTCAGCTCGCAA | 270 NM_ 012922.2
R-GCAGTAGTCGCCTCTGAAGA

TNF- U F: CTCGAGTGACAAGCCCGTAG | 139 NM_012675.3
R: ATCTGCTGGTACCACCAGTT

IL-1 b F: ATGGCAACTGTCCCTGAACT | 197 NM_031512.2
R: AGTGACACTGCCTTCCTGAA

Z-Actin F: CAGCCTTCCTTCTTGGGTATG | 360 NM_031144.3
R: AGCTCAGTAACAGTCCGCCT
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Table 2. cDNA synthesis protocol

CONGRESS ON HEALTH,

ENGI NEERI NG,

ARCHI T

Priming 5 min at 25 °C
Reverse transcription 20 min at 46 °C
RT inactivation 1 minat 95 °C
Optional step Hold at 4 °C

Table 3. RT-PCR protocol

Polymerase Denaturation Annealing/Extensiorn Melt Curve Analysis
Activation and DNA and
Denaturation Plate Read
95 °C, 30 sec 95 °C, 5 sec (40 60 °C, 30 sec (40 | 6595°C0,5°C
cycles) cycles) increments at-5
sec/step
ForPCRampl i fication, a 20 €L reaction

mi xtur e

primer pairs presented in Table 1, together with iTaqg Universal SYBR Green Supermix (Bio
Rad), cDNA template, and RNafee water. The quantities of the individual reéact
components were adjusted in accordance with the protocol provided in Table 2. The Rotor
Gene Q platform (Qiagen, Germany) was employed for the gPCR analysis under the thermal
cycling conditions detailed in Table 3. The Ct values generated duringntigsis were
subsequently used to determine relative fold changes in gene expression.

2.2. Statistical Analysis

Numerical findings are expressed as averages with the corresponding standard deviation
(SD).Grouplevel variations were examined through ewmay analysis of variance (ANOVA).

A

Duncanos

mul tiple

range

t est

wa s

empl oyed f

analysis reached statistical significance, allowing identification of the groups responsible for
the observed variation.

3.FINDINGS AND DISCUSSION

Table 4: Contents of antioxidant and gene expression parameters

PARAMETER| Control | Groupl | Group2 | Group3 | Probabilty
Antioxidant parameters
MDA 3,239+0,245 | 3,138+0,136| 3,306+0,217 | 3,211+0,066| 0,462
SOD 4,969+0,132 | 4,936+0,14%7 | 5,293+0,118 | 4,993+0,248 0,005
GSH 12,595+0,851 | 12,484+0,336| 13,705+0,918 | 11,824+0,403| 0,001
CAT 53,733+4,75% | 49,476+4,427| 55,851+4,81% | 59,853+3,227| 0,005
Gene expression parameters
Caspass 1,003+0,098 | 1,315+0,126 | 4,424+0,781 | 2,400+0,312 0,000
BCL-2 1,00+0,008 | 1,138+0,0206 | 0,510+0,022 | 0,666+0,00% 0,000
TNFU 1,003+0,088 | 0,778+0,028 | 0,221+0,03% | 0,342+0,040 0,000
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IL-1 b 1,005+0,078 | 0,998+0,086 | 1,313+0,024 | 1,523+0,171 0,000

3.1. Antioxidant System

Our findings showed marked growgependent variations in gastric SOD, GSH, and CAT
activities (p<0,01). In contrast, MDA concentrations remained statistically unchanged (p>0,05).
Especially, the diet containing 24% buckwheat reaching the highest levels ocai@DGSH
suggests that buckwheat may support the antioxidant defense sybtepeak CAT activity
observed with 36% buckwheat supplementation indicates that antioxidant responses may be
influenced by the specific biomarker examined rather than follonmumgfarm dosedependent
pattern. Accordingly, it can be said that the antioxidant effect of buckwheat in gastric tissue
creates a parametspecific response rather than being ddspendent.

The present results closely resemble those documented in pablgations.In a systematic
review examining the gastrointestinal effects of buckwheat, Valid et al. (2022) concluded that
available evidence points to a potential role for buckwheat in promoting digestive health
through mechanisms associated with otidastress reduction, modulation of inflammatory
processes, and protection against carcinogenic activity. Findings obtained mainly from
preclinical research indicate a possible contribution of buckwheat to reducing gastrointestinal
mucosal inflammation, mproving the diversity of intestinal microbiota, and stimulating
microbial production of shoithain fatty acids. Furthermore, previous research has
demonstrated a reduction in the viability of cancer cells originating from the gastrointestinal
tract following exposure to buckwhederived extracts. These findings indicate that buckwheat
possesses significant bioactive properties that may contribute to reducing oxidative stress and
inflammation in the stomach and other gastrointestinal tiss$nes.reviewfocusing on the
potential detoxifying properties of buckwheat as a functional food, Rajabboyevna and
Jomurodovich (2025) highlighted that its diverse phytochemical profile may contribute to
protecting against oxidative stress associated with toxin expo€armpounds including rutin,
guercetin, and phenolic acids are widely acknowledged for their ability to counteract oxidative
damage, regulating detoxification enzymes like glutathiorteai®sferase and cytochrome
P450, and can also activate cellular pcotee mechanisms, particularly the SIRT1 pathway.

Hur et al. (2011) reported that buckwheat extract significantly increased the antioxidant
capacity by enhancing the bioavailability of phenolic compounds such as rutin and quercetin.
Similarly, Pande et a2022) demonstrated that despite BPA exposure, the consumption of
buckwheat increased SIRTL1 levels in gastric tissue, improved catalase, glutathione reductase,
and total thiol levels, thereby providing a protective effect against oxidative &messt al.

(2012) demonstrated that buckwheat intake was associated with increased concentrations of
glutathione, glutathione peroxidase, and glutathictreuSsferase, accompanied by a reduction

in indicators of oxidative damagéhese studies support the impeovents in SOD, GSH, and

CAT levels observed in our study. In addition to eliminating reactive free radicals, these
constituents promote endogenous antioxidant defense mechanisms through activation of
antioxidant enzymes. Indeed, recent reviews publishede@ent years emphasize that
buckwheat not only increases antioxidant capacity but also serves as a functional food that
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contributes to reducing oxidative stress in the gastrointestinal system. The findings obtained
from our study also support this view.

Ko- and Cokkun (2025) noted that the | ack of
diets designed for celiac patients and people with sensitivity to gtoteiaining foods. In
addition to being naturally free of gluten, buckwheat provides cerae nutritional value
through its protein and fiber content, balanced amino acid composition, and diverse range of
biologically active constituents, while also eliciting a relatively modest glycemic response.
These nutritional characteristics suggest ks consumption may offer potential benefits for
glycemic control, cardiovascular health, and the maintenance of overalbeuad. It is
reported that especially the flavonoid components can reduce oxidative stress with their strong
antioxidant propeies, and thru their prebiotic effects, they can regulate the gut microbiota,
thereby supporting gastrointestinal health favorable nutritional profile has encouraged the
inclusion of buckwheat in a broad range of products, including baked goods feastnted
beverages, and foods intended to provide physiological benefits beyond basic nutrition. Despite
its nutritional advantages, the absence of gluten may adversely influence product texture,
making the development of suitable formulations essential

Buckwheat owes much of its antioxidant capacity to a diverse phytochemical profile, with
flavonoids such as rutin and quercetin together with phenolic acids making major contributions.
These compounds directly neutralize free radicals while simultanecststyulating
endogenous antioxidant enzyme systems. Indeed, recent reviews published in recent years
emphasize that buckwheat not only increases antioxidant capacity but also serves as a functional
food that contributes to reducing oxidative stress ingdmrointestinal system. The findings
obtained from our study also support this view.

3.2.Gene Expression and Inflammation

Our findings revealed statistically significant variations among the experimental groups in the
expression of Caspage BCL-2, TNFU, aild I(p<O0, 01) . The el evat
Caspase, particularly in the 24% and 36% buckwheat groups, suggests that high
concentrations of buckwheat may activate cellular apoptotic mechanisms. In contrast, the
highest expression of BGR in the 126 buckwheat group and the lowest in the 24% group
suggests that mechanisms related to cell survival can be regulated differently depending on the
applied buckwheat dose. Additionally, TF e x pr essi on was greatest
reached its minimm value in the group receiving 24% buckwheat, suggesting a potential
inhibitory effect of buckwheat on inflammatory activity. Meanwhile, variations observed in IL

1b expression may reflect the involvement of
process.

Current evidence suggests that the biological effects of buckwheat extend beyond its
antioxidant activity, with its components also contributing to the modulation of intracellular
signaling pathways. Ayulwvheatedntriutes to tlife 2n@irtedgncer e p o
of cellular homeostasis by modulating the PIBK/AKT/mMTOR&NB , -B, @rild Caspasg
signaling pathways. Similarly, Erbak et al
consumption increase Caspasexpres®n while decreasing the expression of PI3K, JAK2,
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STATS3, and BCE2. These findings are consistent with the changes in CaSpase BCL-2
observed in our study.

It is believed that the effects of buckwheat on cellular signaling pathways are based on the
flavonoids, phenolic compounds, and other phytochemicals it contains. It has been reported that
these compounds can particularly suppress thes NBediated inflammatory response,
regulate the interaction between oxidative stress and inflammation, andatedtiel signaling
pathways that control apoptosis mechanisms. Therefore, the different expression profiles
identified in our study suggest that the biological effects of buckwheat are not dependent on a
single molecular mechanism, but rather occur thienapdex network of interactions regulating
antioxidant defense, inflammation, and cell survival together.

4. RESULT

Overall, the present results demonstrate that buckwheat enhances antioxidant defenses in gastric
tissue while influencing cellular signalinggbways. However, the fact that this effect does not
appear in the same direction for all parameters suggests that the biological effect of buckwheat
may vary depending on the applied dose, the biomarker studied, and the physiological
characteristics of #h tissue. Therefore, future molecular and functional studies that more
thoroughly elucidate the interactions between buckwheat's antioxidant defense and
inflammation and apoptosis mechanisms will contribute to a better understanding of its
potential as aunctional food.
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OZET

Knfl amatuvar refl eks, afferent vagal i f 1
ilettiiji ve makr of-iaflamataak sitokinlars WTNFJu n-LIbLv-@ | Lpr o
saléenemené baskeél ayan ef f er-snmiindév@yitenmsiéedgr.i k - &
Bu s¢re- temel olarak U7 nikotinik asetil kol
tanémlanmaséndan bu yana, madagwolbi Yyoeyekbjoh
mer kezi bir paradigmaséna d°n¢gKmgk ve dojro
infl amasyonu mod¢l e etmek i-in farmakol oj ik
derlemede, kolinerjik aninflamatuar yolun anatomik ve mdiéer temelleri giincel literatr
ékéjeéenda sentezlenmekt e; °czelli kle tarihsel

-al ékmal arénén g°l gesinde kal mék ol an affer
pozitif (ChAT ) Halakh ginir rdeviesinini vie iomana 6zgl gaffesent

sinyall emenin (hepatik ve intestinal) b°l ges
roll eri detayl andérél maktader . Sepsi s, I nfl a
modellerinden elde ediln pr ekl ini k kaneétl ar, kalp heze
erikilebilir bir vekil bi yobelirteci ol ar ak
VNS (taVNS) <cihazlaréeéndan el de edil enir.trans|
Ayréca vagal efferentl er il e hedef baj ekekl

makrofaj aktivasyon durumlarénén redoks duya
biyolojisiyle entegrasyonu ele alénmaktader.

Anahtar Kelimeler: kolinerjik ant-i nf | amatuar yol , vagal af fere
asetil kolin resept®°r¢, biyoelektronik teéep, i
ABSTRACT

The inflammatory reflex sort of acts like a netiramune loop where the afferent vagal fibers

carry theperipheral inflammatory status upstream to the brainstem, and then from there it kind

of triggers an efferent cholinergic signal which, in a fairly direct sense, can calm the
macrophage activation and reduce the-ipflammatory cytokine outpouring throughh e U 7
nicotinic acetylcholine receptor (U7nAChR).
pathway hasn't only remained a physiological curiosity; it has basically become a central
blueprint for bioelectronic medicine, giving a route that is mogly pharmacological for tuning
whole-body inflammation using direct neural interfacing. To this end, a synthesis of anatomical
and molecular evidence will be presented that focuses on the afferent vagus instead of the
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efferent vagus, which has receivednsiderable attention thus far. In particular, we will
concentrate on the role of choline acetyltransfeppges i t i ve ( ChATsplenic T cel
nerve interactions and orgapecific vagus signalling. We consider emerging evidence that
regional immuneesponses in the liver and intestine can be quite different from the rest of the
body, as well as evidence on the importance of laryngeal afferents, vagus fibers that innervate
multiple organs, experimental models of sepsis, inflammatory bowel diseasetaiminaune

arthritis, and models of disease that both translate to clinical trial designs for implantable and
transcutaneous auricular VNS devices. Furthermore, since not all research groups have access
to the same neural readouts, heart rate variabilityrisidered a simple and accessible surrogate
readout of vagal tone.

Key words: cholinergicanti nf | ammat ory, vagal afferent sigr
receptor, bioelectronic medicine, ,nflammatory reflex.

INTRODUCTION

The inflammatory refle sort of acts like a neurainmune loop where the afferent vagal
fibers carry the peripheral inflammatory status up to the brainstem and then from there it kind
of triggers an efferent cholinergic signal which, in a fairly direct sense, can calm the
macrghage activation and reduce the-prm f | ammat ory cytokine outp
nicotinic acetylcholine receptor (U7nAChR).
physiological curiosity; it has basically become a central blueprintié@ldxtronic medicine,
giving a route that is not purely pharmacological for tuning wiboldy inflammation using
direct neural interfacing.

1.1 The Inflammatory Reflex: A Conceptual Framework

The thing sitting at the centre of this neuroimmune interfadénd of the inflammatory
reflex; it was first put forward by Kevin J. Tracey, like a hatided, realtime circuit that works
a bit like the reflex for heart rate or blood pressure (Tracey, 2002). It starts out peripherally,
meaning out in tissues, whetbe pathogefassociated molecular patterns and damage
associated molecular patterns, PAMPs and DAMPs, as people usually say, and the
proinflammatory cytokines they trigger in these local tissues, like-UNFa ndb ,| Lar e pi ck
up by sensory (afferentiplers travelling in the vagus nerve. So the early work by Niijima and
later work by Watkins and Maier and others showed that systemically administete® IL
elicited vagal afferent activation and when vagotomy or depleting vagal afferents was
performed, iwas found that these manipulations attenuated all the central nervous system and
behavioral effects of peripheral cytokines, including fever, hyperalgesia and sickness behavior
( Niiji1 ma, 1996; Ek et al ., 1998)

These afferent signals are then relayedhi® nucleus tractus solitarius NTS in the
brainstem, where the main hub, the primary relay thing for visceral sensory and iretaiee
interoceptive information is located (Andresen and Yang, 1990; Berthoud and Neuhuber, 2000).
From the NTS and the surnading dorsal vagal complex, the processing of afferent signals is
then relayed to the dorsal motor nucleus of the vagus (DMNX), from where the efferent
parasympathetic influence arises. During the activation of these efferent pathways,-the anti
inflammatoy arm of the reflex is engaged. Acetylcholine is released from vagal efferent
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terminals. In the spleen, acetylcholine release is executed by a unique, specialised subset of T
cells expressing choline acetyl tr.aMtstheser ase (
cells, the idea is that they kind of shuttle the message across the synapse region between the
splenic sympathetic nerve and the immune compartment.

Acetylcholine then binds to the U7 nicotir
macrghages and many other natural immune cells (RBa#isa et al., 2011). Genetic and
phar macol ogi cal evidence have pretty much pi
mostly not replaceable by other paAGhRe@ys i n
suppressN B dri ven transcri pt i on-infasmimatogylcyitokirees t he
TNF-U, -11bL a s6dbutindt of the aninflammatory cytokine IE10 (Wang et al., 2003;
Borovi kova et al ., 2000)

1.2 From Efferent-Centered Physiolgy to Afferent Signal Specificity

For the first three decades of the inflammataafjex literature, the dominant bias was
pretty strongly toward the efferent, cholinergic, antiammatory arm, driven in large part by
the therapeutic charm of vagus nestenulation (VNS) as a way to suppress the release of
systemic cytokines in experimental endotoxaemia and sepsis (Borovikova et al., 2000; Pavlov
et al., 2003). In that context, the afferent side was handled mostly as a kind of trigger, where its
physiolagical richness was kind of treated as secondary to the efferent output it kicks off. More
recently, however, it has been demonstrated that vagal sensory neurones in the nodose ganglion
do not have stereotypic signatures for inflammatory input, but ratfierettially map pre
and antiinflammatory cytokines and can be pharmacologically and molecularly differentiated
(and project to distinct subregions of the 1
afferent vagus is now seen as an active, signare sensory machine, rather than simply a
passive pipe in the nervous system. This encoded pattern is likely to offer further resolution of
specificity in the immune reflex, even for the specific states that are recruited in chronic low
grade inflammairy states when the signaling tinput buterent to the nodose ganglion is likely to

be dysregulated (Steinberg et al., 2016; Bon
imaging demonstrated that single nodose gaal.,on neurones are able goidistiNFU & - | L

l1ba alnda ldand this response was | ost in a mur
per se, not merely the efferent aftermath, can be one locus for distsisd dysfunction
(Huerta et al ., 2025)

1 3 The Birt hMeadicneBi oel ectroni c

The convergence of a walefined neural circuit, a druggable and genetically tractable
receptor target (U7nAChR), and an easily acc
of created the physiological rationale to begin a whole nexapleeitic model of direct electrical
or biophysical neuromodulation, rather than whuotely pharmacological manipulation, for
which the term 'bioelectronic medicine' or, historically, 'electroceuticals’ was coined in a widely
cited 2013 white paper that ¢hout a multidisciplinary research agenda that left little doubt as
to the intent of electrical modulation of the signaling properties of neural circuits to treat
diseases (Famm et al., 2013). Since then, both intrusive afdtnagive VNS studies targag
the cholinergic amntinflammatory pathway have progressed beyond pobdaoncept
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endotoxaemia models to formal clinical trials in prolonged inflammatory and autoimmune
diseases, such as rheumatoid arthritis. Over time this whole track of work basdgdlatory

approval and a licensed implantable vagus nerve stimulation device for that particular indication
(Pavl ov and Tracey 2022) So, this trajecto
licensed, nofpharmacological therapy sets up the dnstl arc of the present submission

before Section 5 turns to a lessplored corner of the intersection of this circuitry and the
immunological redox crosstalk.

2 ANATOMI CAL AND MOLECULAR FOUNDATI ONS
2 1 Afferent Vagal IRtegtatowmay and Brainstem

The vagus nerve (cranial nerve X) is a mixed nerve, and its fibore makeup is asymmetric
in a really clear way. Roughly 80% of its fibres are sensory (afferent), and only about 20% are
motor (efferent) (Berthoud and Neuhuber, 2000; Prescott aoerlés, 2022). This setup
matters functionally too; it sort of frames the vagus as more of a pathway for interoceptive
notifications coming from the viscera into the brain, not just a simple motor cable. Vagal
afferent terminations ramify through the liyéhe gastrointestinal tract, the lungs and the heart;
there are receptors there that can spot changes in cytokine levels, plus other-gigmalse
This can involve receptors tuned tollh and TMP eh!|l er et al ., 199,
The primarysensory neurones, cell bodies tend to sit mostly in the nodose ganglion, and there
is also a smaller population in the jugular ganglion, which is developmentally different in some
important way (Kupari et al., 2019). From there, the central projectiohgadh@e out of the
nodose ganglion go to the nucleus tractus so
pass it alongo kind of station. |l nstead, it
visceral sensory plus immuwtieged interocptive information. Then, from the NTS, these
secondorder pathways start to veer off toward spots like the hypothalamus, amygdala, and the
dorsal motor nucleus of the vagus (DMNX) along with other targets (Berthoud and Neuhuber,
2000; Ricardo and Koh, 19y.8

When the signals project toward the paraventricular nucleus of the hypothalamus, this
route connects vagal afferent input to the recruitment of the hypothgbéoniary-adrenal
(HPA) axis. That process helps drive corticotrepgfeasing hormone anlater, glucocorticoid
rel ease, but the overall pace is slower and
neural reflex (Sternberg, 2006). Meanwhile, projections to the amygdala and other limbic bits
are often proposed to support the emotionall &ehaviour patterns tied to peripheral
inflammation, like sickness behaviour (Dantzer and Kelley, 2007). Also, the NTS has reciprocal
connections back to the DMNX, which kind of closes the reflex circuitry. So the story is that
brainstem integration, ngast peripheral cytokine concentration, helps determine the efferent
antrinflammatory output.

2 2 TheSpMaegeuns Ci rcuit and ChAT T Cell s

One of the more obscure aspects of the efferent cholinergim#athmatory pathway
has been that vagus nertes e | f does not i nnervate spleen
Sanders 2007) This mystery was partly expl
sympathetic noradrenergic neurones in the coslig@rior mesenteric ganglion complex do
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haveinpt s from vagal preganglionic efferents ar
neurone conduit (Bellinger et al 1989) Thu
than the vagus itself that innervates the spleen (Resa$ | i n220 &) alYa@au can do
nerve cut or a chemical sympat hectomya and t
TNF-U production This essentially makes the
leftover or redundant sid@ute (Rosa®Balina et al a 2008)

Then norepinephrine released f radremergic spl e
receptora a facilitator of the production of

CD4 T cell s have b aetylchdilesyniesizing eneyme chelises t h «
acetyltransferase (ChAT ) and to release ACH
as the functional "l ast synapse”" of the refl
expressing splenic macroges (RosaBal | i na et al a&a 2011; Vi de
experi mental dataa such as that showing that
bl ocked either by denervating the spleena o
athymicnué@ mi ce)a supports that the | ymphocyte r
et al a 2011)

That saida for rigour's sakea the cellul a
Si mon et al (2023) alymphopedic ttafsgei ci s etopsai sp
nervederi ved norepi nephr i-adeenemgia yecemocston ttha splenict | y
myel oid (macrophage) cells rather than relay

And a followrup study that used systematic in situ hglis@ation plus g°PCR mapping was more
precisea and showed that neither Chat (chol
U7nAChR) tr an srepoitef tahae | readr c@HAT® or axonsa cou
spleen even aftdrhakaRI® 2lealglienged egppitdr expr e
aut hors therefore suggested that the functio
on autonomic or sensory neuronesa rather t |
(Merchago28&) al a

Table 1: Bioelectronic Medicine Vagus Nerve Stimulation (VNS) Devices, Stimulation
Parameters, and Clinical Translational Data

Device Type Clinical Stimulation Target Clinical Referen
and Name Indication Parameters Organ/ Phase and ces
Receptor Key Findings
/ Biomarkers

Celiac Phase Il / Koopma
F .
1 rqu Ganglion Approval netal,
Implantable ency: ) i _
. Splenic Stage: 2016;
VNS (iVNS) 10 Hz S
e Rheumato A Curr Nerve Significant Genove
Sé?ﬁoint id 0.25-1.5 mA Tissue reduction in se et al.,
Medical Arthritis ' A .P u| . Macropha DAS28CRP 2020
Microstimul (RA) Width: 200 ps 8673 hA sco?’rgos/; 20
ator) A Doge | R) suppres;ion of
times/day (1 plasma TNF
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Device Type
and Name

Implantable
VNS (iVNS)
(e.g.,
Cyberonics /
LivaNova)

Transcutane
ous
Auricular
VNS
(taVNS)
(e.0.,
NEMOS /
tVNS
Technologie

s)

Non-
Invasive
Cervical
VNS (nVNS)
(e.0.,
gammacCaore

)

Clinical
Indication

Crohn's
Disease /
IBD

Inflamma
tory
Bowel
Diseases
(IBD) &
Fibromya
lgia

Sepsis /
Acute
Systemic
Inflamma
tion
(Preclinic
al &
Emergenc

y)

CONGRESS ON HEALTH,
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Stimulation
Parameters

4 min)

A Frequ
10 Hz

A Curre
1.25-2.5 mA
A Pul se
Width: 500 us
A Dose:
on /5 min off
(Continuous)

A Frequ
20-30 Hz

A Curre
-2.0mA
(below pain
threshold)

A Pul se
Width: 200
300 ps

A Doge:
hours/day

A Frequ
25 Hz

A Bur st
stimulation: 5
kHz

A Curre
24V / 60 mA
max

A Dose:
stimulation

Target
Organ /
Receptor

Enteric
Neurons
Lamina
Propria
Macropha
ges

Cymba
Conchae
Vagal
Afferent
(Nodose/
NTS)
Efferent
Reflex

Cervical
Vagus
Trunk
NTS/
DMNX
Systemic
Immune
Modulatio

Clinical Referen
Phase and ces
Key Findings
/ Biomarkers
U, -6Jahd
IL-1b | e
Pilot / Phase
Il: Clinical
remission in
60-70% of Bonaz
patients and et al
endoscopic/m 2016’,
ucosal healing; D'Haéns
significant
T etal.,
reduction in 2023
serum CRP
and faecal
calprotectin
levels.
Phase I/ Il
Reduction in
systemic
inflammatory
paramete_rs, Kaniusa
increase in setal
heart rate 2019: ’
variability ’
(HF-HRV) Etoglaz
and vagal 2021"
tone, and
clinical
improvement
in pain and

fatigue scores.

Preclinical /
Phase II:
Suppression of
cytokine
storms in LPS
induced
endotoxaemia
and sepsis
mocels.

3. ORGAN-SPECIFIC AFFERENT SIGNALING: HEPATIC AND

INTESTINAL AXES
Beyond the systemic (spleemediated) effects of the cholinergic amtflammatory
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pathway, the orgaspecific sensory functions of the vagal afferent system are critical for
understanding the regional dynamics of neammune communication. These orgspecific
afferent axes demonstrate that the inflammatory reflex is not merely a "fire alarm" but rather an
active regulator of tissue homeostasis.

3.1 Hepatic Afferent Signalirg: The Metabolic-immune Interface

So basically the liver is the first organ that has to deal witldgrived PAMPSs like LPS,
plus DAMPs and also metabolic products (fatty acids and glucose) coming in through the portal
venous system. And in that same cegivagal afferent terminals seem to have this sort of
unusual sensitivity, like they react to those ligands at concentrations that are much higher than
what you typically see in systemic circulation (Niijima, 1996; Berthoud and Neuhuber, 2000).

Signal Mechanism: Hepatic vagal afferents can respond tolllb, -O,NF and
prostaglandin E2, which are released by portal endothelial cells and Kupffer cells. The effect
happens through TLR4 and cytokine receptors present on the afferent nerve endings (EK et al.,
1998; Hosoi et al., 2005). When they get hit with this, action potentials get generated in the cell
bodies of the nodose ganglion, and then those signals are carried onwards to the NTS.

Physiological Consequencesiepatic afferent stimulation is tied towdood intake gets
regulated, especially around glucose and lipid balance (Schwartz, 2000; Imai and Katagiri,
2022). During these inflammatory states, this signalling then starts talking to the brainstem and
hypothalamus, and there is this one region thally stands out, the arcuate nucleus. From
there, it ends up steering acyiease protein production in the liver, such as CRP and serum
amyloid A, though it also helps to mould whdledy energy metabolism, for example,
anorexia, and insulin resistan@@antzer and Kelley, 2007; Romanovsky et al., 2005). Overall
it acts like an early warning setup, so the liver kinda shifts its metabolic supplies toward immune
work when infection shows up.

Clinical Significance: In obesity, and even in neaicoholic faty liver disease (NAFLD),
for example, hepatic vagal afferent sensitivity appears to be weakened (Raybould, 2011). And
that weakening is thought to play a role in systemic inflammation and insulin resistance (Waise
et al.,, 2018). So it follows that the ladje afferent axis could end up being a kind of
bioelectronic target for metabolic inflammation, or at least a reasonable candidate.

3.2 Intestinal Afferent Signaling: The Microbiota Interface and Barrier Integrity

The gastrointestinal tract is one of those zones that are really heavily innervated by vagal
afferent fibres, and they sort of ramble, or wind up, across a few layers of the intestidal wall
like the mucosa, lamina propria, and also the muscle layer. Bheyibc al | y st ay al er
going on inside the lumen, microbial byproducts and even more local inflammatory cues, all
day long, every day.

Luminal sensing:l n r e al i fe, i ntestinal vagal af
nutrients and microbiainetabolites (like, showthain fatty acids) without actually touching
them directly, more like by noticing neurotransmitters and gut hormones. Stuff such as
serotonin (8HT), cholecystokinin (CCK), and GL:P is released by enteroendocrine cells, for
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exampe, L-cells and dcells, which sit inside the intestinal epithelium (Furness et al., 2013;
Kaelberer et al., 2018). And also, once the intestinal epithelial barrier starts acting a bit leaky,
PAMPs like LPS, or bacterial DNA, can engage TLRs, mostly TLRATAURY, right by the
afferent endings (Hosoi et al., 2005).

Microbiota-derived modulation: The gut microbiota can nudge vagal efferent
signalling back and forth, like steering it toward restraint or pushing it toward amplification,
pretty much either waydlepending on the context. For instance, probiotic strains such as
Lactobacillus and Bifidobacterium can adjust responses, inhibitory versus stimulatory, and
this may feed into anxietjke behaviour and visceral sensitivity through the-lgnatin loop
(Bravo et al., 2011; Bercik et al., 2011). A bunch of these effects are often hooked up to
serotonin receptors, specificalldbT , o {like teceptdrsotiat sit right on those afferent
endi ngs, so itdés really not jlikeksatmessynset ofc| e an
overlapping relays, with small switches clicking in different places.

Barrier integrity and protective reflex: Barrier integrity, along with a protective
refl ex, in the middle of i ntesti Is,ashowsanf | amm
pattern where vagal afferent signalling goes up and then sets off an efferémia@ntnatory
pathway. That pathway essentially runs through the NTS and the DMNX. The goal is to keep
the barrier firm and to curb bacterial translocation, rnyoblf increasing tight junction
constituents, for example, zonula occludén@0-1) and occludin, which end up positioned
within the intestinal epithelium (Krzyzaniak et al., 2011; Matteoli et al., 2014). Taken as one
whole system, this circuit feels likee quite persuasive way to help mend a bruised mucosal
barrier in inflammatory bowel diseases (IBD).

4. BIOELECTRONIC MEDICINE AND TRANSLATIONAL APPLICATIONS

Bioelectronic medicine is a therapeutic platform that is slowly but surely getting more
mature; ittries to get around pharmacokinetic and sffect problems we usually see with
drugs by aiming at electrical cues that are already in the body, mainly in peripheral nerves
(Famm et al., 2013). The cholinergic amflammatory pathway is often framed #se
strongest sort of Aproof of concepto, at | e
(Pavlov and Tracey, 2022).

o))

4.1 Implantable Vagus Nerve Stimulation (iVNS)

IVNS, sent via electrodes that are surgically attached to the cervical vagushasrve,
shown pretty encouraging clinical outcomes in studies. It tends to come up especially in
scenarios like drugesistant rheumatoid arthritis and some inflammatory bowel conditions.

Rheumatoid Arthritis: In randomised controlled trials, patients witA Rho received
iVNS demonstrated a notableiBD% drop in plasma TNE a n-@l Atlthe same time,
clinical indicators such as DASZBRP (Disease Activity Score) improved more clearly in the
iIVNS group vs placebo (Koopman et al., 2014; Genovese et aB).2ZlEken together, these
papers suggest iVNS is relatively safe and quite well tolerated, and that the biological effect
tracks b a cmedated ctdkmeddovimiRgulation.
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Crohn'sDiseaseEar |y pil ot work i mplies towakiS may
clinical remission and may also back mucosal repair (Bonaz et al., 2017; Manrai et al., 2024).
The working interpretation is that stimulation helpgstablish the intestinal epithelial barrier
and simultaneously tones down local inflammatiorgtimer words, it is not just symptomatic.

Afferent Limb Nodose Ganglion, NTS | Cytokine receptorgDetection of peripheral inflammati
TLR4 and transmission to CNS
Central NTS, DMNX, Paraventriculg Glutamate, GABA| Processing of reflex response a
Integration Nucleus adjustment of efferent output
Efferent Limb | DMNX, Vagus Nerve, Celia Acetylcholine, Splenic nerve stimulation and
Ganglion Norepinephrine visceral organ regulation
Immune Relay ChAT CD4 b2-Adrenergic | Acetylcholine synthesis and releg
Receptor in response toorepinephrine
stimulation
Target Cell Tissue Macrophages, U7NnAChENFaB inhibition,
Monocytes cytokine suppression
Limitations: Even s o, i V NaBdpil sarydt ogptfiplnyg pati ent

be careful since there is an invasive surgical step involved, plus there can be adverse effects
such as hoarseness, cough aradljpcardia, so clinicians have to weigh risk benefits closely.

Table 2: Key Structural and Molecular Elements of the Cholinergic Antiinflammatory Pathway

4.2 Non-Invasive Transcutaneous Auricular VNS (taVNS)

To get around the invasive part and the side effect burden usually seen with cervical
VNS, taVNS devices have been made; they focus on the auricular branch of the vagus nerve.
This happens in the cymba conchae area on the outer ear. Even though thigproaitg

needs a | ower stimulus i ntensi tgedidated ami i VNS,

inflammatory responses (Kaniusas et al., 2019; Baker et al., 2023).

Clinical Applications: taVNS has been reported as rather encouraging in inflammatory
boweldi sorder s, i ncluding wulcerative colitis
ongoing pain conditions like fiboromyalgia (Bonaz et al., 2021; Farmer et al., 2021). Because
it is noninvasive and can be used at home, it likely helps patient adhettenceost in a
practical sense.

Mechanism and Efficacy: With taVNS, afferent fibres of the auricular branch get
stimulated, and then they send signals toward the NTS, which in turn engages the efferent anti
inflammatory reflex in a way that resembles ceaViVNS. That said, it is not fully settled if
the mechanism is 100% the same as in cervical VNS, or if the best stimulation settings (for

55

t



ASERCI MTERNATI ONAL CONGRESS ON HEALTH, ENGI NEERI NG, ARCHI T
Jul y223 250126 PETERSBURG
I SBN 8IFB625879533-2

example, frequency and pulse width) are identical, or whether they should be tuned separately.

4.3 Heart Rate Variability (HRV) and Vagal Tone Biomarkers

When the goal is to estimate autonomic nervous system balance without invasive steps,
heart rate variability, or HRV, it is one of the most dependable approaches for capturing vagal
tone (Damoun et al., 2024).

HRV as a Vagal Indicator: The highfrequency band in HRV (HHRV, 0.15 0.40 Hz)
reflects respiratory sinus arrhythmia and is generally accepted as a valid readout of
parasympathetic, meaning vagal, activity. WhenH#V is low, it usually points toward
reduced agal tone, | ike a quieter fAbraked syster

Correlation with Inflammation: Some clinical work has kind of shown that lower-HF
HRV values go along with an inverse pattern toward higher systemic inflammation markers,
like CRP, IL-6 and TNFU ( A e s c hab, 20T Witliams et al., 2019). So the idea is that
reduced vagal output may be part of what pus
properly regulated, or at least not in a timely way.

Role in Treatment Monitoring: HRV can function as a kind of surrogate marker for
dosing bioelectronic interventions. This includes, for instance, personalising stimulation
intensity and duration. In closddop setups, if HRV data are available in real time, the system
could update shulation parameters automatically, allowing therapy that shifts with the patient
(Ottaviani et al ., 2022) . I n other words, [
individual (Zanos et al., 2018).

5 UN RESOLVED MECHANI SMS ANINTERACTDONT | VE ST
5 1 Anat omi eimnuneasynapticryaps r o

The vagal efferent output to peripheral immune cells directly is the key principle behind
the cholinergic artinflammatory pathway but remains a major unanswered question. It is
currently thoughthat vagal neurones indirectly access macrophages by what has been termed
"ChAT T cell relays” in the spleen and el se
There has yet to be convincing evidence that these #r@unane synapses actually sxand
are functional.

Neuro-Immune Synapses:Cell-cell contacts are increasingly reported between the
enteric nervous system and vagal terminals within the wall of the intestine and between
macrophages at the intestinal lamina propria (\\€igenandes ahMucida, 2016; Godinho
Silva et al., 2019). However, whether these contacts provide sufficient local concentrations of
ACh to engage U7nAChR signalling remains unc

Acetylcholinesterase (AChE) Barrier: Acetylcholine (ACh) is hydrolysed within
milli seconds in the synaptic cleft by acetylcholinesterase (AChE) (Soreq and Seidman, 2001).
Thus, ACh released from the vagal terminal has to act at short range to avoid being rapidly
hydrolysed before binding to the wceoghages.i nner
A question, however, arises as to how these
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enzymatic barrier and reach the target cells in organs without vagal innervation (e.g., spleen).
The studies by Simon et al. (2023) and Merchant €2@R5), described in Section 2.2 above,
raise serious questions not only about the mechanism by which this synapse is formed in the
spleen (the Tcell relay concept and targeting myeloid cells directly) but also about whether the
functional hRomauke extrdspledid (a.gh, ®n sympathetic neurones or sensory
neurones). Further work will be needed in trying to define how this synapse might be formed
outside the spleen (e.g., mesenteric lymph nodes or intestinal mucosa) (Wang et al., 2026).

5 2da@xi ve Stress and Redox Sens-Nrf2iAxisi t vy : I

Inflammation and oxidative stress are two fundamental, interconnected
pat hophysiol ogical processes in chronic dise
a common componefdr both processes, plays a role of inflammation suppressor and a strong
redox regulator of the stress response in the cell (Piovesana et al., 2021).

M1/M2 Polarization and Redox: Much like polarization of immune cells can be
modul at ed by tRepSaripation af macrmophagesdowardsipitammatory M1
or anttinflammatory M2 functional phenotypes can be modulated by redox: M1 polarization is
associated with an increased mitochondrial concentration of ROS and decreased GSH
concent r atiM8 pdarizatibneig associated with an increased concentration of
antioxidants and decreased concentration of
Oxidative stress within chronic inflammation changes this balance towards M1 and supports a
continuirg inflammatory response.

Redox regul ator yChoollien eorfg iUc7 naAcCthiRv.at i on t hr
kicks off two core routes for antioxidative, cytoprotective messaging: (i) Janus kinase 2 / Signal
transducer and activator of transcription (JAK2A3B) and (ii) phosphoinositide-Binase,

PI3K/Akt pathways, which then promote the activation plus nuclear movement of Nuclear
Factor Erythroid ZRelated Factor 2 (Nrf2) (Yu et al., 2019¥ter the Nrf2 enters the nucleus

and binds to the gene promoteARE, it regulates the transcription of other AfdEven and
antioxidant genes, such as the phase Il antioxidants heme oxygenasel), @deroxide
dismutase (SOD), catalase, and glutathione peroxidase{&&réns et al ., 2020)

Mitochondrial protection: St i mul ati on of U7nAChR signali
induce mitochondrial biogenesis, regulate mitochondrial function, inhibit mitochondrial
reactive oxygen species production, regulate oxidative phosphorylation and ep&aplam
in cells and stabilize the mitochondrial inner membrane potential (Skok, 2022; Gamage et al.,
202B)toget her , this i1s |linked with a sort of
inflammatory damage, in both cells and tissues.

Pathophysiological RelevanceThis interface may offer targets for bioelectronic medicine to

inhibit the production of pranflammatory cytokines and repair tissue damage through
restoring redox balance as an expsigaaliagtini on f o
chronic inflammation in conditions with redox imbalance and treatment variability. Future
studies may need to consider how this redox sensitivity is reflected in stimulation parameters

at different disease stages.

6 Concl usi onspextivas Fut ure Per

57



ASERCI MTERNATI ONAL CONGRESS ON HEALTH, ENGI NEERI NG, ARCHI T
Jul y223 250126 PETERSBURG
I SBN 8IFB625879533-2

The cholinergic artinflammatory pathway is a new and exciting interdisciplinary field
of research, from neurophysiology and immunology to molecular biology and biomedical
engineering. However, the cellular and molecular mechanisms underlgnafférent and
efferent (including the anatomical | ocal i sat
elucidated before bioelectronic medicine can be personalised and the relevant electrodes can be
rationally selected.

Closedloop bioelectronic systemi read in real time and automatically stimulate
peripheral nerves, HRV, cytokines (including TNF), and tissue impedance are likely to become
standard clinical practice when the questions around biomarker selection discussed in Section
5 are solved. Additinally, the redox signalling hypothesis of vagal signalling presented in
Section 4.3 as merely a plausible analogy is likely to become at some point the new mechanism
of treating diseases of inflammation (including sepsis, IBD, RA, SLE, and the
neurodegemmative diseases) when considered as a possible mechanism rather than merely a
plausible analogy.

Figure 1. Neur: ical organization of the infl y reflex
and organ-specific vagal axes 3. Brainstem integration 5. Autonomic relay to target organs Spleen
Afferent signals relay to the NTS. Efferent fibers synapse in autonomic
1. Peripheral inflammation ganglia and continue via efferent
PAMPs / DAMPs. p NTS nerves to immune organs.
i - Spleni 5
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Figure 2. a7nAChR-Nrf2 signaling axis and redox regulation in immune cells
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Figure 1 Neuroanatomical organisation of the inflamm

Peripheral inflammatory mediators activate vagal afferents within the nucéetigs solitarius (NTS) from the
nodose ganglion Brainstem processing of this signal
nucleus of the vagus (DMNX) through the coeliac ganglion and splenic nerve to influence immune acheity in t
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spleen and gut C h fedpressilig na@dphages aerathon@tiierivpartarReffector cells of the
pat hway

Fi gur e 2 :-medidted ArtHinfRmmatory and redox signaling in macrophages.

Acetylcholine bindi ndelAK2/STARRandPT3K/AKCSgRaling pathwaysainhibits the

NFFeB signaling pathway, induces the nuclear transl ocat
stressassociated genesHD, S OD, catal ase, and G®RabilitdwimhibitOkidatveact i v at
stress, induce M2 macrophage polarisation, promote the resolution of inflammation, and protect tissues.
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YARI K DAMAK VE DUDAK HASTALARI NDA AMELKYAT
TEDAVKNKN BAKARI SI NA ETKKSK
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OZET

Yar ék dda@mak,ve-ocukluk -ajénén en séek g°
anomal il eri arasénda yer almakta olup esteti
tedavi gerektiren kompleks bir klinik tabl ot
konukmaksi yonu, besl enme, i Kitme ve yakam Kk
°neml i bir faktordg¢gr Bununla birlikte, i dee
tam bir g°r¢k birl g bul unmamakt ade@cuj Em ke
besl enmesini kol-aydwuikkt BapgkEepemasdbreaegp-|l endi
destekl edi ] bildirilirken, -ok erken cerrah
ol umsuz etkileri de tart éckcéilknmaekstia d ékro. n uBkurmaa gk
bozul ma, kompansatuvar artike¢lasyon al ékkanl
yolu enfeksiyonlarée ve psikososyal probl eml e
yéllarda multidisipasaghrayhbktlakkemény glhygeaoa e
hastanén genel sajléek durumu, yareéjén morf ol
ekl i k eden sendromlarén da cerrahi zamanl| ama
Guncelliterattr uygun hasta se-imi ve deneyimli ekip
cerrahi m¢dahal enin fistgl gel i ki mi |, konukma
gereksini mi czerinde olumlu etkil ervisiode ukt ur
cerrahi zamanl amasénén tek bakéna belirli bi
g°re bireysellexktirilmik, kaneta dayal é ve |
bakaréséné arteérabilecak drjemeéminidi st d atedkjt ielo
Anahtar Kelimeler : Yar ek damak ve dudak, cerrahi Zams

komplikasyon
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HKPOTKROKDKNKN MANDKBULA ! ZERKNE ETKKSK: BEk
¢ALI kK MASI
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OZET

Amac: Hi potiroi di zmin kemi k met abol i zmaseé i ze
bilinmekle birlikte, bu etkinin mandibular t
araxkteéerél maméexter. Bu -al ékxmada h-mimarigininr oi d i
panorami k radyografiler ¢zerinden fraktal an
Yontem: ¢ al ékmaya hipotiroidi tanésée al méexk 40 h.
toplam 80 ki ki dahil edi |l di x Gt uwupl @ercibngi yne
20 erkek yer al maktadeéer. Panorami k radyograf
angulus ve ment al foramen b°l gelerinde fral
Ozelliklerine gore Angulus bélgesiicin Weldh¢, z e | t me | i b a-fediKenglizve °© r n e k
Mental Foramen bolgeleriicinMafiwh i t ney U t est i uygul anméxkt er
Bulgular: Hi pot i r oi di grubunda ¢ - b°l genin tamam

kontroll erden anl aml é d¢kzlelyges idryke ks ajull aknima k
1,189, hi potiroidi grubunda 0,977 ol arak ©°1 -

araséndaki ortalama fark 0,209 olup bu fark
foramen Db°l|l gegiurppde iogd ad ajmae KLl, & 768 , hi potiroi
edi | mi k; bu b°l ge en y¢ksek azal ma oraneénée (

a-édan da anlamleée ol duju g°r ¢l megkt gr .

Sonug:Hi potiroidizmin mandi bul art otnri &b ek ¢ Igeerd ek elr

bi -i mde bozduj u g°r ¢l mektedir. Frakt al ane
saptayabil mekte olup sistemiKk hastal ékl ar én
dejerlendirilmesinde kliygiPhtlkuw obdmémkpadeaeresi

Anahtar Kelimeler: Hipotiroidi, fraktal analiz, mandibula, trabekiler kemik, panoramik
radyografi
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KAN DOKUSUNDA ALFA-NAFTKL ASETAT (ARNSE) ERAZ
DEMONSTRASYONU

Dr . ¥Jr. l'yesi Ayhan AKG] N
ORCID ID: 00000001-65858655
e-mail :ayhanakgun7676@gmail.com
Oz
Alfa-naftil asetat esteraz (ANAE), napesifik esterazlar grubuna ait bir enzim olup

czell i kl e T |l enfositlerin tanéml anmasénda k

Sitoplazmada granuler oganma paterni ile karakterize olan bu enzim, lenfosit alt

pop¢l asyonl ar énén ayert edi |l mesinde uzun y
kull anél méxteéer . Bu -al @ékmaseénén amac e, k a
biyokimyasal temellerini, histokimyasl uygul ama sg¢re-lerini, t al
analiz y°ntemleri Il e 111 kKkisini kapsaml é& ke

ANAE boyamasé, l enf osit al t pop¢l asyonl al

uzun yeéllar kul |l anél mék kimyasg plarak befirleimedindee T |
°neml i kat kel ar sajl amexkter. Bununl a birli
mol ekg¢l er biyol oj i tekni klerinin gelikmesiy
spesifik ve duyarl & harmen sgterlarsiyko n ubnw nd Wkrud rmh a A

azal maya yol a-méexteéer.

Buna rajmen, ANAE demonstrasyonu d¢kKg¢k ma
©czel eki pman gerektir memes:i gi bi avantajl ar
hicresel morfolojinin korumaa k dej er |l endirme yapélabil mesi
analizl er arasénda ayrécal ékl e bir konuma (ge¢e
tek bakéna bir tané aracée ol maktan ziyade, m
yontemolark dej erl endiril mektedir.

Bu -al ékma, ANAE demonstrasyonunun avanta

Ozellikle dijital patoloji ve yapay zeka destekli analiz sistemleri ile entegrasyon potansiyelini
tartékmayé ama-| amakt adcéaro.ki Bilyadal] | g Mmda e mlkd ra
yakl akemlaré ile birlikte kullanél masé@, hen

kapsaml é ve g¢venilir sonu-1larén el de edil me
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Anahtar Kelimeler: ANAE, Esteraz, Histokimya, Kan Dokusu,Lenfosit.

DEMONSTRATION OF ALPHA NAPHTHYL ACETATE ESTERASE (ANAE) IN
BLOOD TISSUE

Abstract

Alpha-naphthyl acetate esterase (ANAE) is an enzyme belonging to the group-of non
specific esterases and is an important histochemical markeessecially in the identification
of T lymphocytes. Characterized by a granular staining pattern in the cytoplasm, this enzyme
has been used for many years as a reliable method for differentiating lymphocyte
subpopulations. The aim of this study is to coamgnsively examine the biochemical basis of
ANAE demonstration in blood tissue, histochemical application processes, diagnostic value,

and its relationship with modern analytical methods.

ANAE staining has been used for many years as a classic metheddiffénentiation
of lymphocyte subpopulations, and has made significant contributions, especially in the
cytochemical determination of T cells. However, with the development of flow cytometry,
immunohistochemistry, and molecular biology techniques, eglidéntification methods have
become more specific and sensitive, which has led to a decrease in the frequency of use of
ANAE demonstration. Nevertheless, ANAE demonstration retains its importance due to its
advantages such as low cost, rapid applicgbibind lack of need for special equipment.
Furthermore, the ability to evaluate cellular morphology while preserving it gives this method
a privileged position among histochemical analyses. Today, ANAE demonstration is
considered not a standalone diagrostiol, but rather a complementary method used in

conjunction with modern techniques.

This study aims to highlight the advantages and limitations of ANAE demonstration,
particularly discussing its potential for integration with digital pathology and caatifi
intelligencesupported analysis systems. In this context, the combined use of classical
histochemical methods with modern diagnostic approaches can contribute to obtaining more

comprehensive and reliable results in the evaluation of hematologicaselse

Keywords: ANAE, Blood Tissue, Histochemistry, T Lymphocyte, Esterase.
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1. Girik

Kan dokusu, bafj dokusunun ©°zell ekmik bir
h¢cresel vV e humor al bil ekenl eriol ukeé urn mank tha
(Mescher, 2021; Ross & Pawlina, 2020) . Erit
el emanl ar én yaneéeé Sér a pl azma, bu dokunun
bil ekenlerdir. ¥zellikl e | °riarakigbrévgapmaktavem¢ n s
organi zmanén enfeksiyonlara karké savunmasén
Mur phy, 2012) . Lenfositler i se bajékeéekl ek s
l enfositler kekI i ndewasyé nvéef | aarnkd.e,r €2 Omla’k)t.a dBu K
tanémlanmasé, hemat ol oji k hastal ékl arén taneé

faktordur (Prasannan ve ark. 2020; Kumar ve ark., 2020).

H¢cr esel d¢zeyde f ar k1 é Istekkngagah ywmemlerrukua y a K «
yellardér g¢venilir ara-1lar olarak kull anéeln
ve biyoki myasal °czell ikl eri ortaya koyarak
(Bancroft & Gamble, 2019; Kiernan, 2015Mistokimyasal analizler, Ozellikle htcresel
mor folojinin korunarak fonksiyonel dejerl end
°nemli avantajlar sunmaktader (Carson & HI ad

biri olan alfanaftii asetat esteraz (ANAE) demonstrasyonu, 06zellikle T lenfositlerin

belirl enmesinde yaygén olarak tercih edilen
2001).

Modern tépta akém sitometrisi, i mm¢gnohi st
yaygénl daemadsa |l i kte hg¢gcecresel analizl er daha
(Abbas ve ark., 2021; McPherson & Pincus, 2017). Bununla birlikte, klasik histokimyasal
y°ntemler, dekek maliyet| ol mal ar &, iletitekni k
d¢zey ekipman gerektirmemel eri nedeniyl e hOol

edilmektedir (Bancroft & Gamble, 2019; Kiernan, 2015; Suvarna ve ark., 2018). Ozellikle
sénérl e kaynakl ara sahip | ab oybraemlgrylenfoditalt d a , £
grupl arénén ayremenda pratik vV e eri kil ebil:i
(Knowles, 2001).

2. ANAEOGnNnin Biyokimyasal ve Histolojik Temel

ANAE, ester bajl a-spesiilestérazldrgrabuna aithizendlepn n o n
Ozellikle hematopoietik hticrelerin sitokimyasal karakterizasyonunda dnemli bir biyobelirtec
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olarak kabul edilmektedir (Johnson, 1972; Kiernan, 2015). Bu enziminaiifih asetat
Ssubstraténé hmnafwodl zel e« e me-kéakadymakal,ldbzeanyunm Or t a
e

tuzlare il reaksiyona girerek -%z¢nmeyen r
reaksiyon Sréng., he¢cre sitopl azmasénda biri
lokalizasyonunu belirgin hale getirir (Bancroft & Ghle, 2019; Carson & Hladik, 2009). Bu
nedenl e ANAE demonstrasyonu, hem morfolojik
bir histokimyasal teknik ol arak °ne -ékmakt a
Hi stoloji k a-édan dejerlendirildijinde,
farkl el ekl ar g°stermektedir. T |l enfositlerde
vV e grang¢l er boyanma odakl ar é izl enirken,

yansétmaktadeér (Knowl es, 2001; K uleroe ANAEe ar k.
0

aktivitesi -ojunlukla negatif ol up, bazeée dut
g°r¢l ebil mektedir (Janeway ve ark., 2017). M
ve yojun pozitiflik sergahekelrak|l edkfjarayemtf o

(McPherson & Pincus, 2017; Prasannan ve ark. 2020).

Bu h¢gcreler arasée boyanma farkl el ekl ar é,

fonksiyonlarla ilikkili ol dujunu mepaganiied ¢ r me k
boyanma paterni, bu h¢gcrelerin |izozomal akt
(Abbas ve ark., 2021; Murphy, 2012). ANAEOGNI
mekani zmal ar é vV e i mmg¢ n y gen dunums 8lrealesida doh ger
oynayabilecejini g°stermektedir (Mescher, 20
tanémlayéceée belirte- olmanén °tesinde, hg¢gcre

sunmaktadeéer .
3. ANAE Demonstrasyon Yontemi

ANAE demonstrasyonu, belirli akamal ardan
hemat ol oj i k h¢e¢crelerin sitoki myasal czel I il
kull anél maktadér (Bancroft & Gamble, rR019;
kandan ince yaymalar hazérl anmakta ve prepar
uygun kokul |l arda fikse edi | mesi gerekmekt e
korunmaseée a-éséndan kritik bir Intaveyaasetdna ol up,

dayale fiksatifler tercih edilmektedir (Kier
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fi ksasyon, enzim aktivitesinin kaybéna ya d
akama y°ntemin g¢venil ianchoft & Gamle, 289 ndan bel ir
Kkinci a K a ma d-aaftil apetaeiqeranr salsttatacozeltesilild beelirli stire ve
sécakl ek kokull aréenda ink¢be edil mektedir. B
afanaf t ol olukumuna yokna-drazOhvyumnt bal ara i

¢c6zinmeyen renkli bir azo boya kompleksi meydana getirir (Johnson, 1972; Kiernan, 2015).
Knk¢basyon sg¢gresi, pH ve seécakl é&k gi bi fakt
onemli parametrelerdir veéandardizasyon gerektirir (Suvarna ve ark., 2018).

Boyama I K1 e mi tamaml andeéekt an sonr a pr e
dejerlendirilir. Pozitif h ¢ ¢ r e&dheerengisgrahitemp | a z m«
boyanma gdsterirken, negatificrelerde boyanma gozlenmez ya da minimal dizeydedir
(Carson & HI adi k, 20009; Knowles, 2001). Dej e
dej il , ayné zamanda boyanmanén yojunluju, d
di kkate al éwvaakl 220er ( Kumar

Bu y°ntemin °nemld.@ bir sénérl él ej e, dej e
deneyi mine bajl é ol maséder. Boyanma paternl e
a-abilir ve bu durum sonu- (McRhéerson & Rinkus,201T).anab i
Bu nedenl e, standart protokollerin uygul anms

sistemleri ile desteklenmesi 6nerilmektedir (Litjens ve ark., 2017).
4 . Kl'inik ve Tanésal ¥nemi

ANAE demonstrasyonbarffematomlécsjeinkahagzual §le

bir rol oynamék ve °zellikle sitokimyasal seé
ol ar ak kabul edi |l mi ktir (Yam ve ar k. |, 1971
lenfositlerin  belirlenmesinde gbse r di J i yé¢ksek duyarl él ek S i
hastal ékl aren ayérécée tanésénda dejerl. bir
Pi ncus, 2017) . ANAE pozitiflifji, T h¢gcre kP°
Keklindekartwgabu °zell ik, h¢gcre alt tiplerdi
sajlar (Kumar ve ark., 2020; Abbas ve ark.,

¥zelli kl e T he¢creldi | ©°semil erde ve baze
belirgin ol masé@, dmui nyi° na etmé mma katnaédséarl (dkey mar
karkel ék, B h¢gcreli malignitelerde genell i ki
goer ¢l ¢r; b u dur um, he¢gcecroe kokeninin belirler
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kul |l anél mak t280;eJanewayKve arky,| 2@13). Bununla birlikte, monositlerin de

ANAE pozitiflik g°®sterebil mesi, baze dur ur
gerektirmektedir (McPherson & Pincus, 2017).

ANAE demonstrasyonu yalnéezcasanada gaejhialst &
zamanda i mm¢gn sistem fonksiyonlaréenén dejer|l
i mmégn yetmezli k hastaléeklarénda | enfosit al-t
belirl enmesi, hastal éjrean kattkod | syjoll apalsti aad é&r
2021; Mur phy, 2012) . Ayr éca, kemoterapi vey
yanétlarénén izlenmesinde de yardémcé bir y?©°
ark. 2020).

Her ne kadar ginimizde&akn si t ometri si ve i mm¢gnohi stol
duyarl e y°ntemler yaygén ol arak kull anél sa d
ve héezl é& sonu- ver mesi nedeniyle °zellikle s

onemli bir aternatif olarak kabul edilmektedir (Bancroft & Gamble, 2019; Kiernan, 2015). Bu
nedenl e, ANAE boyamasé modern tané y°ntemle
hastal ékl arén dejerlendiril mesinde tamamlayé

5,Avart aj |l ar ve Sénerl el ekl ar

ANAE demonstrasyonunun en °neml. avant aj |
tekni k a-édan kolay uygulanabilir bir y°ntem
Suvarna ve ark., 2018) . ¥ z s8i,l bu yoatemp atelikleé e ki
gel i kmekt e ol an ¢l kel erdeki | aboratuvarl ar
sajl amaktadeér . Ayr éca, keéesa s¢rede sonu- \

dejerl endirme yapél maseéna kBatnkuen syuvamnga kg éardad,r
mor folojinin korunarak dejerlendirme yapeéel a
avantajlaréndan biridir. Bu °zel l ik, h¢gcre it
mor folojik kriterl emre igfik@n dtea déemak tl addri r (i Can
Ross & Pawlina, 2020).

ANAE demonstrasyonu, °czellikle t emel | @
pop¢l asyonl arénén ayeért edil mesinde pratik v
ileriteknolojigee kt i ren akém sitometrisi veya i mm¢gnoh
ortamlarda °nemli bir avantaj sajlamaktadeér
Ayr éca, preparatl arén arkivlienebi |l mesi vV e
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vyntemin kullaném kol ayl é]jéné artéran fakt®©or
2019) . Bununl a birlikte, ANAE demonstrasy
bul unmaktadeér. ¥nceli kle y°ntemin spasl Bkt e:s
pozitif veya yanlék negatif sonu-Ilara yol a-
¥zellikle monositlerin de ANAE ©pozitiflik
edi |l mesinde karékékl éja nedem,olbalyianmaktyedium
paterni -evresel fakt°orl erden, kul Il anél an

etkilenebilmektedir (Suvarna ve ark., 2018).

Bir dijer °nemli sénérl éeléek ise dejerlend
ol masedema PBawernlerinin yorumlanmasé subj ek
sonu-|laréen tekrarlanabilirlijini azaltabilir
Bu nedenle, standart protokoll erin wanagul anms

sistemleri ile desteklenmesi 6nerilmektedir (Litiens ve ark., 2017). Sonuc¢ olarak, ANAE

demonstrasyonu avantajlaré ve sénérl él ekl ar e
bir y°ntem ol arak kul I an eilsdnéqya devhm etkdkiedr.i Kk a- é
6 . Modern Y°ntemlerle Karkeél akt ér ma
Génegmezde akém sitometrisi, i mm¢égnohi st ok
tekni kler, h¢gcre y¢gzey belirte-lerinin y¢gkse
hemat ol of € kl erainedes ¢° neml i bir yer edinmicktir
Pincus, 2017) . Akém sitometrisi, ayné anda

olanak tanéyarak h¢cre pope¢lasyonl arénén de
k el ndaékrt a( Br own & Wittwer, 2000) . Kmm¢n-ohi sto
anti kor etkilekimlerine dayanarak h¢gcrelerin
dejerl endiril mesini sajlar (Tayl or tekiiklel,e vensc
gen ekspresyonu ve mutasyon analizl eri yol uy

bilgiler sunmaktadér (Kumar ve ark., 2020) .

Bu 11l eri y°ntemler, yéksek spesifite ve
al gor it mal atanglartd elaraka kabué redilmsktedir. Ancak, bu tekniklerin
uygul anabil mesi I -1n il eri d¢zey ci haz al t
gereksinimi s6z konusudur (McPherson & Pincus, 2017; Abbas ve ark., 2021). Bu durum,
°czellikle k@ynoalkanar & a bsoérnaétruvar | ar da bu y°n

zorl aktérmaktadeéer .
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Buna karkén, ANAE demonstrasyonu hezl e, e
bir y°ntem ol masé nedeniyle °nemini korumakt
Ozel ¢ haz gerektirmemes:i ve késa s¢rede sonu-
| aboratuvar kokull arénda wuygulanabilir kel me
dejerlendiril mesi, hi stoki myasal y°nadcarl er i |
(Carson & Hladik, 2009).

Modern yakl akémlarda, ANAE demonstrasyonu
il eri tekni klerle birlikte tamamlayécé bir
(Knowles, 2001; Prasannan ve ark. 2020). Bu kombinagyark | a Kk € mé , hem mal i
sajl amakta hem de tanésal dojrulujun arteréel
veya il k dejerlendirme akamal arénda ANAE boy
yardémceée ol abil idemadrus tnreadseynolneuy,, AMoAdEer n t ané

destekleyici bir rol oynamaya devam etmektedir.

7. G¢ncel Arakteéermalar ve Gelecek Perspektif

Son yéllarda dijital patol oj i ve yapay z
histolojik vesi t oki my as al analizlerin daha objekti
yapél abil mesine olanak sajl améxkter (Litjens

mi kroskobi k dejerlendirme y°ntemlerinédl g°zl
ol ukturur ken, dijital geré¢nt gl eme sistemlerdi
°] -¢de akeéel maséna katkeéeda bulunmaktadeéer ( Mac
boyamasé gi bi kl asi k histoki myeaaeddnesi, hiereni k| e
senéfl andérmasénén daha standart ve kantita

(Litjens ve ark., 2017).

Yeksek -°2zegnegrl ¢kl ¢ tarayeéecel ar il e el de
al goritmal ar é arekctéd éeyéeéybayammai yojedmnl mj u,
sayeéesal veril er halinde dejerlendirilebil me

ANAE pozitif h¢gcrelerin orané ve boyanma °ze

ve insan gyamays,ac aglég éilmmce farkl él ékl ar ortay
2019).

Derin °jrenme algoritmalar é, °zell i kl e koc
histolojik g°r¢nteéelerin otomati k analij;zinde
Campanella ve ark., 2019) . Bu algoritmalar,
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sénéflandérabil mekte ve g°zlemciye bajlé hat
Lee, 2016). Ayreéeca, bu sisteml emanesydk doémiul
g¢é¢-1 ¢ karar destek ara-Ilaré haline gel mekted

Bu gelikmeler, ANAE demonstrasyonunun mooc
m¢e¢mke¢en kél makta ve klasik y°ntemlerin yeni de
Ozellikle d ¢ K ¢ k mal i yetl i hi stoki myasal y°nteml e
birlexktiril mesi, hem ekonomi k hem de y¢ksek
katke sajlayabilir (Komura & | shikawa, 201
tekniklee i nin dijital patoloji platformlareée ile e
standart ve g¢venilir sonu-1ar el de edil mesi
8. Sonug

ANAE demonstrasyonu, kl asi k bir hi stoki |
dokusunda hiicez e | analiz a-éséndan g¢n¢gmgzde de °ne
Bancroft & Gambl e, 2019) . ¥zelli kle T Il enfo
sajl adejée katkéelar, bu y°ntemin hematol oj ik
bir ara- ol arak kull anél maséna ol anak tanémeé
ne kadar g¢nh¢gmgzde akem sitometrisi, i mm¢noh
duyarl el ek vV e spesi fite sunar ak at AMAE s¢r e
demonstrasyonu hoO©len belirl:i klinik ve arackt
dejerlendiril mektedir (Abbas ve ark., 2021;

Modern tekniklerle birlikte kull aneé&l maseé,
yakl akemder . ¥zelli kle °n tarama veya deste
h¢cresel farkl él akmanén hezl é bir kekil de de
ve ark., 2020). Ayreéeca, h¢crodeolikobfadl ajm ni-
dejerl endirme yapeéelabil mesi, bu y°ntemin di]j
olarak ©°ne -ékmaktadeér (Carson & HI adi k, 20
bakéna bir taneée araceéeiotmaktgakkayadchbar eaknp
al énmal éder (Knowles, 2001).

Gel ecekte dijital patol oj i ve yapay zeka
demonstrasyonunun yeniden °nem kazanmasé bek
sistenl eri ve derin °jJrenme algoritmal areé, boya
Kekil de dejerlendirilmesine olanak sajlayara
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ark., 2017; Bera ve ark., 2019). Bu entegrasyon, klasik histokimyasak ni k|1 er i n mo d e
sisteml eri il e uyumlu hale getiril mesini S aj

yakl akéemlarénén geliktirilmesine katkeéeda bul

Sonu- ol ar ak, ANAE demonstrasitbnoi gedmj et
modern teknolojilerle desteklendijinde yeni
y°ntemdir . Bu bajlamda, klasik ve modern tek
tane v e dejerlendiril mesirndseondahar &&mapedmnleeé
sajl ayacakteér.
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UV KATKILARLA G! ¢LENDKFIREKKKKRMEOYEAN ABS/ PMMA
TEMELLK POLKMER LEVHALARIN OTOMOTKV DI k TRK
K¢KN GELKKTKRKLMESK

Talha AYDIN
Farform Ot o-G®Merkezi, A. k. Ar
E-posta: talha.aydin@farform.com.@RCID ID: 0009000312789600
Didem Elif SOYDAN
FarformOt o mot i vGe Merlkezi, Ar
E-posta:didem.yasa@farform.com4IORCID ID: 0009000888949275

OZET

Bu -al eékmada, otomotiv déxk trim rekyrgaydna mal ar
kendinden renkli, UV dayanémé y¢ksek ve ger
kat manl e polimer | evha gelixktirilmiktir. ¢ al
dojrul anan UV dayaném perfomaasrsémnanunlsQ¢0 eda
kokul |l arénda renk farké ve parl akl ek kaybeéne
alternatif yerl:. bir mal zeme -°z¢m¢ ol uktur u
°nceli kle benchmar k yglzaekalkarréark tkeati mavne ymeap ézseé
ol arak incelenmicktir. FTI R, DSC, TGA, SEM ve
dojrultusunda ABS/ PMMA esasl é& -ok katmanl é

artérmaya y°nel iak éxenaé¢tae egdlaikk ait emnenékt ér . Bu
opti k katkelar, masterbatch sistemleri ve ka
re-etel eri ol ukturul mkttur,.zydharz éhralt & reanrd ap l¢a ked
posesine uygunluk, y¢zey kalitesi, kat man by

a-éséndan karkél aktéermal & ol arak dejerlendir
Geliktirilen namsnahdar d&mMa 489r2e Xenon Arc

testlerine tabi tutulm Kk t ur . Test sonu-larénda hedefl enen
uzun sg¢greli UV maruziyeti sonrasénda renk st
3, yé¢ksek UV performansé ve tekni dperfarmangar | €1 é
dengesi a-éséndan uygulanabilir bir alternat
El de edil en sonu-1lar, geliktirilen ABS/ PMMA
par -al ar énda boya prosesine i htivya- duy mad .
ol dujunu g°stermektedir. Bu y°n¢yl e -al ékma;
azaltéelmasé, yerli ¢retim kabiliyetinin gg¢-|I
cretime uyarlanabilir s¢grdgrigtebmeésr déeée&s énd
Ar-Ge - éktésé sunmaktader.

Anahtar Kelimeler: ABS/ P MMA, dék tr iekstrizy¢¥. dayaneéemé, k o
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DEVELOPMENT OF UMVADDITIVE -REINFORCED, PAINFFREE ABS/PMMABASED
POLYMER SHEETS FOR AUTOMOTIVE EXTERIOR TRIMPPLICATIONS

Talha AYDIN
Farform Otomotiv A.Kk. R&D Center
E-mail: talha.aydin@farform.com.rORCID ID: 0009000312789600
Didem Elif SOYDAN
Farform Otomotiv A.Kk. R&D Center
E-mail: didem.yasa@farform.com1ORCID ID: 0009000888949275

ABSTRACT

In this study, a multilayer ABS/PMM#Aased polymer sheet with high UV resistance - self
colored structure, recyclability, and no need for painting was developed for use in automotive
exterior trim applications. The study was carried out to increase the Utanesiperformance,

which had been validated up to 1200 hours in previous projects, to 1500 hours and above, to
minimize color difference and gloss loss under kergn outdoor conditions, and to develop a
domestic material solution as an alternative todarted benchmark products.

Within the scope of the project, the layer structure, surface characteristics, and material
composition of benchmark sheets were first examined in detail. Based on the data obtained
from FTIR, DSC, TGA, SEM, and contact angle gsak, the ABS/PMMAased multilayer
structure was verified, and formulation development studies were initiated to improve UV
resistance. In this context, different trial formulations were prepared by varying UV stabilizers,
optical additives, masterbatclistems, and laydrased additive ratios. The prepared sheets
were produced on a @xtrusion line and comparatively evaluated in terms of thermoforming
suitability, surface quality, layer integrity, color stability, and gloss behavior.

The developed samp@vere subjected to Xenon Arc accelerated weathering tests in accordance
with 1SO 48922. The test results showed that the targeted -ba@ UV resistance was
achieved, while color stability and surface gloss were maintained aftetdondJV exposure.
Recipe 3 stood out with its high UV performance and technical stability, whereas Recipe 6 was
evaluated as an applicable alternative in terms ofmadbormance balance.

The results indicate that the developed ABS/PMbesed multilayer sheets have the techl
capability to be used in automotive exterior trim parts without the need for a painting process.
In this respect, the study presents a strong R&D output by contributing to the reduction of VOC
emissions, water and energy consumption, the strengthehdomestic production capability,

the reduction of import dependency, and the development of sustainable exterior trim materials
adaptable to mass production.

Keywords: ABS/PMMA, exterior trim, UV resistance, axtrusion.
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EXPERIMENTAL EVALUATION OF HEAT TRANSFER ENHANCEMENT IN A
PLATE HEAT EXCHANGER USING MAGNETIC NANOFLUID

Ataollah KHANLARI
Department of Mechanical Engineering, Faculty of Engineering, Tarsus University, Mersin,
Tarkiye
E-posta Adresiatahanlar@tarsus.edw-t©ORCID ID: 00060001:9691-9799

ABSTRACT

A wide range of thermal enhancement techniques has been developed to increase the heat
transfer performance of heat exchangers. One of the most effective approaches to enhance the
therma performance of heat exchangers is the use of nanofluids, which are prepared by
dispersing nanoparticles into a conventional base fluid. In the present studyOZnFe
nanoparticles were dispersed in water to prepare a . Daleater magnetic nanofluid.
Accordingly, ZnFeO4 nanoparticles were dispersed in water at a weight concentration of 1%
(wt./wt.) to prepare the magnetic nanofluid. The main aim of this study is to evaluate the thermal
performance of a platiype heat exchanger with 12 plates using ttepared ZnF€aJ/water
magnetic nanofluid and to investigate its effect on heat transfer enhancement. The thermal
performance of the plate heat exchanger was evaluated at different outlet temperature setpoints
and Reynolds numbers. The experimentally oleimnesults revealed that employing the
ZnFe O [/ water nanofluid in the plate heat ex
an average of 9.6% compared with water. Overall, the findings confirm that the prepared
ZnFeOs/water magnetic nanofluid s promising working fluid for enhancing heat transfer in

plate heat exchangers. The outcomes of this study may serve as a useful reference for future
research on magnetic nanofltbdsed heat transfer enhancement.

Keywords: Plate heat exmanger; Magnetic nanofluid; Znies/water; Thermal performance
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EXPERKMENTAL KNVESTKGATKON OF THE EFFECT OF
CONFKGURATKONS ON THE ADHESKON STRENGTH BETW
CONCRETE AND REBAR

Do - . Dr . Baréek BAYRAK
Knkaat M¢ he n HafkaslUnijedsite®° | ¢ my ,
bbayrak@kafkas.edu.10000000274381227

ABSTRACT

Bond between reinforcing steel and geopolymer concrete is one of the governing parameters
affecting the structural performance and serviceability of reinforced geopolymer concrete
membersVarious strengthening and confining approaches have been put forward to improve
the bond performance. However, whether the bonds mechanism is different with the wrapping
materials of various mesh is not yet well cleared. Hence, this research expennaxatalines

the influence of glass mesh, steel mesh and carbon mesh on bond behavior between ribbed
reinforcing bars and geopolymer concrete. Cylindrical geopolymer concrete specimens with a
10 mm diameter ribbed reinforcing bar at specimen center undeansaguence of pudiut

tests. A total of four specimen groups were prepared, including an unwrapped reference
specimen and wrapped glass mesh, steel mesh, and carbon mesh specimens. Borsliptrength
relationships, maxi mum edpandird) toshe maximgnt bbnd étréama x ) |,
(smax), ultimate slip (su) and energy dissipation capacity (E) were evaluated. The results
indicated that the maximum bond strength of the reference specimen was 12.13 MPa, whereas
using glass mesh reduced the perforoeaby about 37.5%, steel by 48.1% and carbon mesh
final resulted in a reduction of approximately 61.5%. The bond strength at peak is less than the
control specimen, but with that deformation capacity of glass mesh specimens obtained were
between 19.67 mnot40.01 mm (ultimate slip). In addition, the glass mesh design had the
greatest energy absorption ability (76.15 N/mm), which is around 34% higher than that of
reference specimen. On the other hand, steel and carbon mesh had relatively bribalpost

bond behavior with less energy absorption. Overall, the results demonstrate that while mesh
wrapping does not increase peak bond strength, glass mesh provides a significant improvement
in postpeak slag response, ductility and energy dissipation capacitgpgedr to be a viable
confinement alternative for reinforced geopolymer concrete where deformation capacity and
failure performance are a primary consideration.

Keywords: Bond strength, pubut, geopolymer
1. INTRODUCTION

Geopolymer concrete is a type of concrete based on an alternative binder system obtained by
reacting fly ash, blast furnace slag, metakaolin, silica fume, red mud, rice husk ash, and similar
Si | -roh industrial or natural aluminosilicate sourceshvatkali activators instead of
Portland cement. In this system, sodium hydroxide, sodium silicate, or different alkali/reactive
activators dissolve the silica and alumina in the raw material, enabling the formation of a three
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dimensional inorganic polymernetwork structure. The resultingMNS-H, C-S-H, or G(A)-

S-H type gel structures are the basic binder phases that determine the mechanical strength and
matrix density of the concrete. In this respect, geopolymer concrete, unlike classical hydration
basel cement concrete, has a polymerization/alkali activdimsed binder mechanism (Zhao

et al. (2024); Kishore et al. (2025); Onutai et al. (2026)). One of the most important advantages
of geopolymer concrete is that it offers a more sustainable buildingrindlahanks to the
utilization of industrial waste as binders or aggregates. The use of waste such as fly ash, slag,
red mud, and electric arc furnace slag reduces the consumption of natural resources and
prevents waste from being sent to landfills. bidiéion, geopolymer concrete can exhibit
performance advantages such as high compressive strength, low shrinkage, low creep, good
acid resistance, high temperature resistance, and improved impermeability to chloride attack.
Especially when appropriate ramaterials, activator ratios, and curing conditions are provided,

a dense microstructure is formed; this positively affects the strength and durability properties
(Manzoor et al. (2024); Shahedan et al. (2024); Kishore et al. (2025)). Another advantage of
geopolymer systems is that their performance can be improved with additives. For example,
additives such as carbon nanotubes, graphene oxide, fiberssiemoor CaO can increase
matrix density, limit crack development, and improve mechanical/duralplibperties.
However, the effectiveness of these improvements is directly related to the homogeneous
distribution of additives, their compatibility with alkaline environments, and their use at
optimum dosages (Zhao et al. (2024); Kishore et al. (2025)).

Studies (Qin et al. (2026); Zhang et al. (2026); Li et al. (2026); Guo et al. (2026)) show that
geopolymer concrete has significant potential not only as an alternative to traditional concrete
but also for specialized engineering applications. Repair aedgshening applications in
marine structures are one such area. The low permeability, resistance to chloride ions, and dense
microstructure of fly astbased geopolymer concrete provide significant advantages in reducing
corrosioninduced deterioration imeinforced concrete marine structures. Therefore, it is
considered a suitable repair/strengthening material for piers, port structures, bridge abutments,
offshore platforms, and coastal infrastructure. Geopolymer concrete also has the potential to be
usedin structures that may be exposed to high temperatures or fire. The uploaded review states
that, thanks to its thre#imensional inorganic network structure, geopolymer concrete exhibits
more stable behavior at high temperatures compared to OPC conatetaramaintain its
strength to a certain extent up to the IAMDO °C range. Therefore, it stands out as an
important alternative for tunnels, industrial structures, Hiighrisk infrastructure, and
structural elements exposed to high temperatures @btanet al. (2024)). In addition,
geopolymer-based materials have a wide range of applications, including injection/grout
applications, permeable concrete pavements, sustainable road and pavement systems,
corrosionresistant coatings, recycled aggregateccetes, precast structural elements, and
special functional building materials. For example, red +fiw@sh-based geopolymer grout
materials are developed for lewarbon soil improvement and subsurface engineering
applications; while EAF slag and fly ablased permeable geopolymer concretes are developed
for sustainable drainage and permeable pavement systems (Onutai et al. (2026)).
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The primary reason for the environmental superiority of geopolymer concrete is the significant
elimination of the energintensive clinkerization and calcination processes involved in
Portland cement production. Cement production is estimated to be responsible for
approximately 68 % o f gl obal CcO emi ssi ons,; i n cont i
significant emission reductns by using lowcarbon footprint industrial bproducts as binders

instead of cement. Some studies have reported that geopolymer systems can reduce greenhouse
gas emissions by approximatelyi$4%, and in some cases byi 35%, compared to OPC

concrete (SHaedan et al. (2024); Ye et al. (2026)).

The safe and efficient behavior of reinforced concrete structures depends on the adequate
establishment of the bond mechanism between the concrete and the reinforcement. This bond
ensures the continuity of load tedar, enabling deformation compliance in reinforced concrete
elements and guaranteeing a uniform stress distribution across thaexbsn. Insufficient

bond capacity leads to stress redistribution in reinforced concrete elements, which can result in
excessive displacements under service loads and a significant reduction -catoadg
capacity (Zhao et al. (2013); Dalalbashi et al. (2019)). The bond strength between concrete and
reinforcement consists of three main components: surface bond, mechateidatk, and

friction. Especially when using ribbed reinforcement, the greatest contribution to bond strength
comes from mechanical interlock. Therefore, in modern reinforced concrete design, accurate
modeling of bond behavior is considered a criticatameter for determining structural
performance at both service loads and ultimate load levels (Zhao et al. (2013); Das et al. (2023)).

Bond behavior is not solely dependent on material properties; it is also affected by nhumerous
parameters such as corterstrength, cover thickness, reinforcement diameter, anchor length,
stirrup presence, and environmental factors. Significant reductions in the bond capacity
between concrete and reinforcement occur, particularly under high temperatures, and even after
shat-term fire exposure, losses of up to approximately 50% in bond strength can be observed.
The primary reason for this is thermal cracking and material degradation caused by high
temperatures (Soares et al. (2020); Hutaibat et al. (2024)). Similarlg, litcles noted that the

bond performance of eargge concrete changes significantly after fire, and parameters such
as anchor length, concrete strength, and stirrup presence now play a decisive role in bond
capacity. In particular, it is stated that inciagsthe reinforcement diameter under high
temperature conditions reduces bond strength, while increasing the cover thickness has a
limiting effect on bond loss (Xue et al. (2008); Lu et al. (2019)). Bond behavior changes
significantly not only under statioads but also under repeated and cyclic loading conditions.
Under repeated loading, the widening of longitudinal cracks along the reinforcement leads to
an increase in bond shear and earlier bond failure. Therefore, considering the type of loading is
of great importance in evaluating bond behavior (Li and Lam (2018); Lindorf et al. (2019)).
With the increasing interest in sustainable building materials in recent years, the bond
performance of combinations of recycled aggregate concrete (RAC) anddiitferced
polymer (FRP) reinforcement has become a subject of research. Studies show that the bond
behavior between recycled aggregate concrete and FRP reinforcement can vary depending on
the microstructure of the aggregate, and that the reinforcement esyéaenetry plays a
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decisive role in the bond mechanism. Furthermore, it has been reported that the bond

mechanism changes at high strain rates and that the bond strength differs depending on the
dynamic loading conditions (Li et al. (2021)).

2. EXPERIMENTA L PROGRAM
2.1. Materials, mix proportions and specimen preparation

In this study, geopolymer concrete mixtures containing ground granulated blast furnace slag
(GBFS) and waste marble powder (WMP) have been prepared. GBFS was chosen due to its
high calciumand silica composition as alkaline activation products of the geopolymerization
reactions and these will produce a dense framework gelatinous binder gels. Alevastd
supplementary material (WMP) was used with the aim of exploit sustainability inxmatri
compaction and aiming to be within the circular economy. The chemical and physical
compositions of GBFS and WMP are given in Table 1. The GBFS is composed of 41.2% CaO
and 35.1% Si O , while the WMP containiked a ve
gravities of both GBFS and WMP were 2.88 and 2.76 respectively.

Table 1. Physical and chemical propertie&8FSand WMP (% by weigth)
CaO SiO; Al20:3 FeOs MgO NaO KO SO LOI  Spec.
gravity
GBFS 41,2 351 8,8 1,2 11,3 04 0,7 0,3 0,8 2,88
WMP 55,6 0,8 0,7 <0,1 <0,1 05 0,1 <0,1 41,7 2,76

The geopol ymer was prepared using sodiggm hyd
as alkali activators. It was selected in order to guarantee enough dissolution of aluminosilicate
phases and enhance the geopolymerization process. The compositions of the mixtures used in
this study are represented in Table 2. The geopolymer concipeteas clearly 800 kg/m?3 of

GBFS + 529 kg/ mj WMP + 80 kg/ mj of water, an

Table 2. Mixture design (kg/fn
GBFS WMP Water NaOH NaSiOs
800 529 80 168 432

Specimens for bond amounts were created in cylindrical molds. Bond were created at the center
of specimens by centrally embedding ribbed reinforcing steel bars. In bond tests, 10 mm
diameter ribbed reinforcement was used for all samples. Figure 1 ikbsstheg reinforcement
stressstrain behavior used in the analysis. Four different specimen groups were created with
the aim of exploring how an alternative wrapping material impacted bond performance. Table
3 summarizes the particulars of the specimens.réfeeence specimens (Ref) were produced
without a wrapping material. The-GM series used wrapping with glass mesh as the
circumferential diameter, where 5d was selected (or 5 times of a rebar diameter). Carbon mesh
wrapping of diameter 5d was employedtire SCM series, and steel mesh wrapping of
diameter 5d was used in theSM series. With a bond length of 5d, the specimens were heat
cured at 75 °C for 120 min.
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Figure 1. Stregstrain curves of rebar
Table 3. Specimen details

Sample ID Bondlength Wrapping material Curing conditions
Ref 5d - 75°C for 120 min
S-GM 5d Glass 75°C for 120 min
S-SM 5d Steel 75°C for 120 min
SCM 5d Carbon 75°C for 120 min

In case of specimen preparation, all the dry materials were foremost maintained together to
retain uniform distribution in the mixture. Then, the alkaline activators and water were
introduced to the dry mixture and mixed until a homogenous consistencgbtased. All
specimens were conducted and were compacted to reduce the air voids between aggregates
during casting, which were kept in molds for 24 h. After demolding all specimens underwent
heat curing at a temperature of 75°C for 120 min prior tesfinig.curing regime was opted to

fasten geopolymerization reactions and enhance the mechanical behavior of geopolymer
concrete at early ages. All samples were tested on day 7.

2.2. Test procedure
The bond between geopolymer concrete and reinforcing séeelested using the pudlt test

method. The test methodology was reported in literature and based on the procedures presented
by researchers. Specimens were prepared and tested in a monotonic tensile load using a
computer controlled universal testing rha®. The concrete sample was cast in a rigid steel
loading frame, and the extending rebar was held in place by the upper jaws of the testing
machine during the tests. Pollit test was conducted by applying axial tensile load to the
reinforcement and codl be used to investigate bond characteristics between rebar and
geopolymer concrete matrix.

Test setups accumulated load loss and slip were measured in the vertical direction using a
loading rate control experiment at a constant 0.2 mm/min, which woejddandslip behavior

stable during testing. The applied load and associated slip values were recorded during testing
until the occurrence of bond failure. Maximum bond stress was calculated according to
following Equation (1):
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0
L 1)

w h e risethe bBond stress (MPa), F is the applied-put force (N), d is the diameter of the
reinforcing bar (mm), and L is the bond length (mm).

Posttesting inspection of the failure modes of all tested specimens was performed to study how
different wrappingmaterials influenced crack propagation, and bond failure characteristics.
Bond stresslip relationships were determined to assess the bond performance of the
geopolymer concrete specimens based on wrapping conditions. The experimental setup is
shown in kgure 2.

210 mm @10 mm

400 mm

200 mm : 50mm

200 mm | 100 mm feomeemm e l ,,,,,, 50 mm|
mm|

75 mm

2100 mm @100 mm

B100mm 2100 mm

e

2100 mm

Figure 2. Experimental setup
3. RESULTS AND DISCUSSION

The bond strengtdisplacement graphs of the samples are presented in Figures 3 and 4. Figure
2 shows that different mesh types significantly alter the coroegt®orcement bond behavior,

not only in terms of maximum bond stress but also in terms oililuand energy dissipation
capacity. The highest bond strength as seen in the reference specimens was 12.13 MPa The
curve exhibits a relatively sharp rise until the attaining maximum load, after which there is
almost immediate reduction in bond streskhdugh the bond capacity is high so this a sign of
brittle bond fracture. While the maximum bond strength is very low in specimens using glass
mesh, this curve has a much longer tail. The adhesion does not completely vanish after the
maximum strength, buompensates by bearing very high loads (over 30 MPa) reaching nearly
40 mm of slip. This means that the glass mesh restricts crack propagation, incrementally losing
its adhesion too. Steel mesh test specimens attain a peak early as with the glassweshn, Ho

the loadcarrying capacity decreases more rapidly after the peak. Since the tail region of the
curve is shorter, ductility and energy dissipation capacity remain limited. Samples using carbon
mesh exhibit the lowest maximum bond strength. The cunitially reaches a peak quickly
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and then shows a continuously decreasing behavior. This result indicates that carbon mesh
cannot improve the bond mechanism under these experimental conditions.
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Figure 4. Bonastrength-slip curves of all specimens

The summary of the results is shown in Table 4k« Tepresents the maximum bond strength,
Smax represents the slip corresponding to the maximum bond strength, repdesents the slip

at the moment of failure. Furthermore, the energy dissipation capacity (E) was calculated from
the area under the bond strenglip graph. Table 4 shows that thghest maximum bonding

stress v@alue of 12.13

MPa was

obt aimikeadlesi n t

h €

for specimens using glass mesh@8l), steel mesh (§M), and carbon mesh {&M) were
determined as 7.58, 6.29, and 4.67 MPa, respécti@@mpared to the reference specimen,
there was a decrease in maximum bonding stress of approximately 37.5%, 48.1%, and 61.5%,
respectively. These results indicate that the mesh materials used, instead of strengthening the
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direct mechanical bonding mechsm between the concrete and the ribbed reinforcement, limit

It to a certai mavaluetobtained in sSpécimens wsiwge carbon esh, in
particular, may be due to the higher rigidity of carbon mesh, which prevents the load from being
distributed more homogeneously at the conereteforcement interface and leads to earlier

local stress concentrations. In contrast, glass mesh specimens provided a higher maximum
bonding strength compared to other mesh types, thus preserving the bonding capeeit
effectively. Significant differences were also observed in terms of the shear amguint (s
corresponding to the maximum bond stress. While the maximum bond stress occurred at a shear
value of 8.91 mm in the reference specimen, these valees ctermined as 3.57, 3.18, and

1.14 mm in the $5M, SSM, and SCM specimens, respectively. Accordingly, it is seen that

the maximum bond stress is reached at much lower shear levels in all specimens using mesh.
In particular, in the specimen using carborsmemaximum bond occurred at only 1.14 mm
shear, which is approximately 87% lower than the reference specimen. This indicates that the
bond mechanism is mobilized faster in the initial stages in specimens surrounded by mesh, but
the maximum capacity is relaed earlier. In other words, the use of mesh reduced the
deformation level at which maximum bond occurs, but this also caused a significant decrease
in the maximum bond capacity.

Table 4. Summary of results

Sample ID t Smax Su E
(MPa) (mm) (mm) (N/mm)
Ref 12,13 8,91 19,67 56,69
S-GM 7,58 3,57 40,01 76,15
S-SM 6,29 3,18 14,24 35,13
S-CM 4,67 1,14 14,39 34,43

The shear amount at fracture is an important parameter in evaluating the bond ductility of the
specimens. According to tmesults in Table 4, the highest water loss value was obtained in the
S-GM sample using glass mesh, with a value of 40.01 mm. This value corresponds to
approximately twice that of the reference sample (19.67 mm) and represents an increase of
approximately 03%. In contrast, the fracture slips in theSBl and SCM samples were
determined as 14.24 mm and 14.39 mm, respectively, and were lower than the reference sample.
Despite the reduced maximum bond strength in glass-negtorced samples, the fact that
load-carrying capacity is sustained over high slip levels indicates controlled propagation of
cracks and gradual (as opposed to sudden) loss of bond. In contrast, in the samples using steel
and carbon mesh, the loss of bond occurred at lower deformatids) ietaech indicates a more

brittle bond behavior. The energy dissipation capacity (E) was obtained by calculating the area
under the bond strestip curve and represents the total energy that the samples can absorb
during the bond behavior. When the résukere examined, the highest energy dissipation
capacity was determined in theG3 sample with 76.15 N/mm?2. This value is approximately
34.3% higher than the reference sample. Although the maximum bond stress in samples using
glass mesh was lower than tine reference sample, the fact that the bond stress could be
maintained for a long time after the maximum load and that the load transfer continued up to
high shear levels significantly increased the area under the curve. In contrast, the energy

86



ASERCI MTERNATI ONAL CONGRESS ON HEALTH, ENGI NEERI NG, ARCHI T

Jul y223 20126 PETERSBURG
| SBN 8IFB625879533-2

dissipaton capacities in-$M and SCM samples were calculated as 35.13 and 34.43 N/mmz2,
respectively, and decreased by approximately 38% and 39% compared to the reference sample.
This indicates that bond is lost more quickly after the maximum load in samplgsteshand

carbon mesh, and that the energy dissipation capacity of the system remains limited. In
conclusion, although glass mesh did not increase the maximum bond strength, it made the bond
behavior more ductile, extended the laarying time, and praded the highest energy
dissipation capacity.

4. CONCLUSION

This study experimentally investigated the bond behavior between geopolymer concrete and
ribbed reinforcing steel wrapped with different mesh materials, namely glass mesh, steel mesh,
and carbon mesh. Pubbut tests were performed to evaluate the effects of these wrapping
materials on the bond stresip response, maximum bond strength, slip characteristics, and
energy dissipation capacity. Based on the experimental findings, the folloanolysions can

be drawn:

T The reference specimen exhibited the high

MPa), whereas the incorporation of mesh materials reduced the maximum bond
capacity. Compared with the reference specimen, the bond strengtrsdddiga
approximately 37.5%, 48.1%, and 61.5% for glass, steel, and carbon mesh specimens,
respectively.

1 Glass mesh significantly improved the ppstk bond behavior despite its lower
maximum bond strength. The ultimate slip increased from 19.67 mm foefdrence
specimen to 40.01 mm for the glass mesh specimen, indicating a substantially more
ductile bond failure mechanism with a gradual loss of bond capacity.

1 Among all wrapping materials, the glass mesh provided the highest energy dissipation
capacity(76.15 N/mm), representing an increase of approximately 34% compared
with the reference specimen. In contrast, steel and carbon mesh reduced the energy
absorption capacity due to their relatively brittle ppsak bond behavior.

1 Overall, the results indita that the selection of wrapping material strongly influences
the bond mechanism between geopolymer concrete and reinforcing steel. Although
none of the investigated mesh materials enhanced the maximum bond strength, glass
mesh effectively improved the diility, deformation capacity, and energy dissipation
characteristics of the bond interface, demonstrating its potential as a confinement
material for applications where pgstak performance is more critical than peak bond
capacity.
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ABSTRACT

In this work, an Al/CuPm-GaAs metdlinterlayei semiconductor (MIS) Schottky diode was
fabricated and electrically characterized using frequelspendent capacitance il and
conductance () measurements over a broad frequency range. The influence of frequency on
the electrcal response of the device was systematically investigated to reveal the effects of the
CuPc interfacial layer on the interface properties. The series resistance (Rs) was determined
using the NicollianGoetzberger method, demonstrating a pronounced freguwapendence

with relatively high values at low frequencies and a gradual decrease toward higher frequencies.

To evaluate the interfaegtate characteristics, the parallel conductance technique was employed

by <cal cul aifchargcteristite A @hdéfimed conductance peak was observed,
indicating the interaction between interface traps and the alternating electric field. The
interfacest at e density (Nss) and carrier rel axat
conductance and its corresporglipeak frequency. The calculated values were found to be

1. 01x1071 foré¢h¥ interfacestate fensity an@ . 8 1 x foOthe relagation time,
suggesting the presence of a considerable density of interface traps and relatively fast carrier
exchangerocesses at the CuPc/GaAs interface.

The obtained results demonstrate that frequelependent admittance spectroscopy combined
with the Nicollian Goetzberger approach provides an effective and reliable method for
evaluating the series resistance, integfstate density, and carrier relaxation dynamics of
CuPcbased MIS Schottky structures. These findings contribute to a better understanding of
charge transport and interface phenomena in organic/inorganic hybrid semiconductor devices
and may support the ptmization of highperformance electronic and optoelectronic
applications.

Keywords: CuPc, Cf, G-f, interface state density, relaxation time

1. INTRODUCTION

Metali semiconductor (MS) and metalsulatoi semiconductor (MIS) Schottky barrier diodes

have #tracted considerable attention owing to their simple fabrication, low power consumption,
rapid switching capability, and compatibility with modern electronic and optoelectronic
technologies [1]. These devices are widely employed in microwave electrbighspeed
integrated circuits, photodetectors, solar cells, sensors, and communication systems because of
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their excellent rectifying characteristics and fast carrier transport [2]. The electrical
performance of Schottky diodes is primarily governed byntle¢éal semiconductor interface,

where the presence of native oxides, lattice imperfections, dangling bonds, and interface defects
significantly influences the barrier height, ideality factor, leakage current, and overall device
reliability [3]. Consequently, considerable effort has been devoted to improving interface
quality through the incorporation of thin insulating or organic interfacial layers.

Among various semiconductor materials, gallium arsenide (GaAs) occupies a unique position
due to ts direct bandgap, high electron mobility, high saturation velocity, and excellent high
frequency responsd]. Compared with silicon, GaAs exhibits superior transport properties,
making it particularly attractive for microwave devices, ratemuency eletronics, photonic
components, laser diodes, and hgpeed integrated circuits. However, the electrical
performance of GaAbased Schottky devices is frequently limited by the relatively high
density of interface states originating from native surfaceesxand surface imperfections.
These interface states act as charge trapping centers, resulting in frequency dispersion,
increased recombination, instability of the Schottky barrier, and degradation of carrier
transport. Therefore, reducing interfagtatedensity remains one of the major challenges in
improving the electrical performance of GaBased MIS structures.

One of the most effective approaches to suppress intedhated defects is the introduction of

an organic semiconductor interlayer betw#snmetal contact and the semiconductor surface
[5]. Organic materials provide several advantages, including solptamessability, low
temperature fabrication, mechanical flexibility, tunable electronic properties, and effective
surface passivation [6Among them, copper phthalocyanine (CuPc) has become one of the
most extensively investigated organic semiconductors owing to its excellent thermal and
chemical stability, hi ghcomgugatedmotecularestruttird, and ur ab
relatively high charge transport capability [7]. Owing to these properties, CuPc has found
widespread applications in organic liggmitting diodes, photovoltaic devices, tHiim
transistors, gas sensors, photodetectors, and hybrid electronic str{ictureMIS Schottky
diodes, CuPc can simultaneously modify the metal work function, reduce interface defect
density, and facilitate carrier transport across the interface, thereby improving device
performance.

Although numerous investigations have reported thieeai voltage (T V) characteristics and
rectification behavior of CuPbased Schottky diodes, studies focusing on their frequency
dependent admittance characteristics remain relatively limited. Electrical parameters extracted
solely from curreritvoltage neasurements cannot fully describe the dynamic interaction
between interface states and alternating electric fields. Freqdepeyndent capacitance and
conductance measurements provide substantially richer information concerning polarization
mechanisms, diectric relaxation, carrier trappindetrapping processes, interfestate
response, and charge transport dynamics. Consequently, admittance spectroscopy has become
one of the most powerful and reliable techniques for investigating intadéted electcal
phenomena in MIS structures.

The measured capacitance and conductance of practical MIS devices are considerably affected
by the presence of series resistance (Rs), particularly at medium and high frequencies. The
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influence of Rs distorts the intrimsadmittance response, leading to significant errors in the
determination of interface parameters if not properly corrected. Therefore, elimination of the
series resistance contribution is essential before evaluating the interface characteristics. Among
various correction techniques, the Nicolligoetzberger method is one of the most widely
accepted approaches because it enables reliable extraction of the intrinsic capacitance and
conductance from the experimentally measured admittance data [1]. Foltbisicgrrection,

the parall el conductance technique (Gp/ ¥ met
state density (Nss) and carrier relaxation t
the charge exchange kinetics between interfaps tnad the semiconductor. The characteristic
conductance peakifspécsummrelleetsthe rataxatiom behaSipr bfinterface

states and allows quantitative determination of their density and response time.

Despite the increasing interestdrganic/inorganic hybrid Schottky structures, comprehensive
investigations combining series resistance correction with intestate and relaxatietime
analyses over a broad frequency range remain scarce for Al/CGBA& MIS Schottky
diodes. Most praeus studies have focused primarily on conventional curveitge
characterization or basic capacitance analysis, whereas detailed admittance investigations
capable of revealing the intrinsic interface dynamics have received comparatively less attention.
This lack of comprehensive frequerdgpendent analysis constitutes an important gap in the
literature.

In the present study, an Al/CuPdgBaAs MIS Schottky diode was fabricated and electrically
characterized using capacitantequency (Cf) and conductacé frequency (Gf)
measurements over a wide frequency range. The series resistance was extracted using the
Nicolliani Goetzberger method, and the corrected admittance data were subsequently employed
t o o bt a ilfrchatattezisticS.prheinterfactatedensity and carrier relaxation time were
determined from the maximum conductance peak, providing quantitative information regarding
the interface quality and charge relaxation dynamics. The obtained results demonstrate the
capability of frequencylependenadmittance spectroscopy to evaluate the intrinsic electrical
properties of CuPc/GaAs interfaces and provide valuable insight into the optimization-of high
performance organic/inorganic hybrid MIS Schottky devices.

2. EXPERIMENTAL PROCEDURE

In this study, a commercially availabletype GaAs crystal with a (100) orientation and an
approximate thickness of 500 um was employed. The GaAs crystals were cleaned using the
RCA cl eaning procedur e. After t heaehapurizafni ng p
99.99% was deposited onto the unpolished side of-tBaAs crystal by thermal evaporation.
During the deposition process, the vacuum pr
Torr. To obtain a lowesistance ohmic contact, the sdwas subjected to vacuum annealing

at 500 °C for about 3 min. Subsequently, the polished surface of the-cbméaxcted sample

was coated with the organic material CuPc using the-daspng method. Finally, 99.99% pure

Al was thermally evaporated ontbe CuPecoated surface through a mask under a vacuum
pressure of 5 I 10 5 Torr, forming the Schot
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di ameter of 2 mm and a t hiTb&fabecaton pootessland0 O
electrical meagement configuration of the Al/CuPe@aAs Schottky diode was illustrated

Fig. 1.The capacitanc&equency (Gf) and conductaneequency (Gf) characteristics of the

diode were measured at room temperature under dark conditions using an HP 4192A LF
impedance analyzer. The measurements were performed over a frequency range of 100 Hz to
10 MHz.

HP 4192 A LF
impedance analyzer
(5 Hz-13 MHz)

Chemical representation
of CuPc

Al/CuPc/n-GaAs

Figure 1. Schematic diagram of prepared diode with the measurement system

3. RESULTS AND DISCUSSION
3.1. Frequencypependent Capacitance a@dnductance Characteristics

The frequencydependent capacitance i and conductance ({@& characteristics of the
fabricated Al/CuPc/iGaAs MIS Schottky diode measured over the frequency range of 100 Hz
10 MHz are presented irig. 2(a)and Fig. 2(b) regectively. These measurements provide
valuable information regarding the electrical response of the CuPc interfacial layer and the
interface states under alternating electric fields.
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Figure 2. Frequencydependent electricalcharacteristics of the Al/CuPc/rGaAs MIS Schottky
diode: (a) capacitance versus frequency {® and (b) conductance versus frequency (3)

As seen in Fig. 2(a), the capacitance decreases continuously with increasing frequency up to
approxi mately 10 Hz . This behaviour origina
to follow the applied AC signal. At low frequencies, interface teaqghange charge efficiently

with the semiconductor and contribute to the measured capacitance. However, as the frequency
increases, the response of these traps becomes progressively slower, causing a reduction in
capacitance [8].

A slight increase followe by a sudden decrease is observed in the veryfléghency region.
Such behaviour is generally associated with parasitic capacitances, resonance effects, cable
inductance, or instrumental limitations rather than intrinsic interface phenomena.

The condutance spectrum shown in Fig. 2(b) exhibits the opposite tendency. The conductance
increases monotonically with frequency because the alternating electric field facilitates carrier
transport and charge exchange through the interface states. At suffitightlfrequencies,
displacement current and series resistance contributions become increasingly dominant.

These observations clearly demonstrate that the electrical behaviour of the Al/GaR&n
MIS Schottky diode is strongly governed by frequedependat polarization and interfaee
state relaxation mechanisms.

3.2. Series Resistance Analysis

The frequency dependence of the series resistance was determined usiigothieni
Goetzberger method he series resistance was calculated using [1]
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where
1 O is the measured conductance,
1 O isthe measured capacitance,
T v=2"f

The calculated Rs values are presentdeldgn 3.

Sc+4

4et+4 4

3c+4 1

R (Q)

2et4 4

let+4 4

-5¢-3 T T T T T
le+2 L3 let+4 le+5 le+6 lety le+8

f (Hz)

Figure 3. Variation of the series resistance (Rs) with frequency calculated using the Nicollian

Goetzberger method

Figure 3 shows that the series resistancebishielatively high values at low frequencies and

ARCHI T

decreases rapidly with increasing frequency before approaching an almost constant value at

higher frequencies.
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The high Rs values at low frequencies are mainly attributed to intesfaisecharging, casr
accumulation, and polarization occurring within the CuPc interfacial layer. Since interface traps
can efficiently exchange charge at low frequencies, they contribute significantly to the
measured impedance.

As the measurement frequency increases, tilsdace states gradually lose their ability to
follow the AC signal. Consequently, the impedance associated with interface charging
decreases, resulting in a lower extracted series resistance. The obtained behaviour agrees well
with previous reports foMIS Schottky structures and confirms that correction of Rs is
necessary before evaluating the intrinsic interface parameters [9].

3.3. Parallel Conductance Analysis

After eliminating the effect of series resistance, the corrected conductancerwasted into
parallel conductance using [10]

where

1 O denotes the oxide/interfacial cajtance,
1 0 andO are the measured capacitance and conductance.

The calculatedOj] spectrum is presented Fig. 4.
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A pronounced conductance peak is clearly observed around

Q p® & 1 Hz
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nor mal i zed

The appearance of this peak is characteristic of inted&te relaxation processes.

At low frequencies, interface traps respond completely to the alternating efesdtti@and
therefore contribute significantly to the measured conductance.

ARCHI T

pai

Near the characteristic relaxation frequency, the charge exchange rate between interface states
and the semiconductor reaches its maximum, resulting in the observed conductance peak.

At frequencies higher than the peak frequency, interface traps are no longer able to follow the

AC excitation

causi

ng

a

rapi d

decrease

n

G

The presence of a single dominant conductance peak indicates that one principal relaxation

process governs thaectrical behaviour of the CuPc/GaAs interface within the investigated

frequency range.

3.4. InterfaceState Density and Relaxation Time

The interfacestate density and carrier relaxation time were determined from the maximum
value of the parallel conductance spectrum using the Nicbieatzberger equations [1, 11]
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"0j1
" T8 o °
And

p&o Y
T o) T
where

T nis the electronic charge,
1 0 is the contact area,
1 "Q isthe peak frequency.

The parametersot ai ned from the Gp/ yTablplectrum are su

Tablel.l nt erface parameters extracted from the Gp/ ¥

Parameter Value
0 3.69x10° F
Q 1.12x16 Hz
"0j 2.04x10°F
0 1.01x16%eV?!cm?
T 2.81x10" s
As listed in Table 1, the extracted interfestate density is approximately 1.01x46 Vv 7T c¢cm | ,

indicating a considerable density of electrically active interface traps at the CuPc/GaAs
interface. These traps are most likely associated with danglingspoative oxide layers,
structural imperfections, and localized defect states within the organic interlayer.

The calculated relaxation time of 2.81%1® indicates a relatively fast carrier exchange process
between the interface traps and the semiconduStech a short relaxation time suggests that
the dominant interface states can efficiently respond to alternating electric fields up to
frequencies on the order of®18z.

The combination of a relatively high interfasgate density and a suhicrosecondelaxation
time indicates that charge trapping and detrapping processes play a dominant role in
determining the electrical characteristics of the Al/Cu&éAs MIS Schottky diode.

Overall, the combined analyses of thif,G5i f, RS f a nid ch&grteristics demonstrate
that frequencydependent admittance spectroscopy, together with the Niddletzberger
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correction procedure, provides a reliable approach for investigatingntifiiesic interface

properties of CuRbased MIS Schottky diodes. The extracted valuégsoand U conf i r m
the electrical response of the fabricated device is predominantly controlled by inttdiece
relaxation processes.

4. CONCLUSION

The frequencydependent electrical behavior of the fabricated Al/Cu&aAs MIS Schottky

diode was systematically investigated using admittance spectroscopy. The obidiaed G

f characteristics revealed that the electrical response of the device isysirdhuginced by
interfacerelated polarization and charge trapping processes. The freqdepepdent
variation of the series resistance further demonstrated that correcting the measured admittance
Is essential for obtaining reliable interface parameters.

After applying the NicollianGoetzberger correction, a distinct peak was observed in the

"0Oj1 spectrum, confirming the existence of a dominant interfaate relaxation process. The

extracted interfacstate density (Nss=1.01xf®V:cm?andrelaxab n t i me (sP=2. 8 1>
indicate that electrically active interface traps play a significant role in the charge transport
dynamics of the CuPc/GaAs interface.

In conclusion, this study demonstrates that the combined use of freepepeydent
admittance spctroscopy, series resistance correction, and parallel conductance analysis
provides a reliable and effective approach for accurately characterizing interface states and
carrier relaxation phenomena in organic/inorganic MIS Schottky structures. The glopose
methodology can also be extended to similar hybrid semiconductor devices for the optimization
of their electrical performance and the development of -frigduency electronic and
optoelectronic applications.
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OZET

Artan enerji tal ebi il e birlikte dakleheek ¢r1 e
opti mal entegrasyonu, gé - sisteml er i pl anl &
gel mi ktir. Bu ¢nitelerin Kebekeye rastgel e |
profilini bozmaktadeéer . Bu - al ebekesindealc adetE EE 3
D} S6¢n ex zamanl e konum ve boyutl andérma pr
bakvuru$tangmeeh y°ntemler, stokasti k dojalar
creterek tekrarlanabilirli k opoiromaoma of akeélm
baréndér maktader . Bu durum «kKkebeke operat®©orl
neden ol maktader. Bu késétlarée akmak amacéeyl
Kkinci Der eceden M&kednintdger oorm@rdea Gonea Pna@graniming

MI SOCP) form¢glasyonu il e modell enmiktir. G¢
don¢gktegregldejé bu model | endg¢stri standar deée
-9 Z¢6Cé¢S ¢ kull anél ar askentastar Ilveen m&xlt lean Hlug o
y°ntemlerini har manl ayan hibrit mimari si s ay
daki kal ar mertebesinde hi-bir i nce ayar ger
Optimizasyon modelinde temel amat onk si yonu ol ar ak topl am
mi ni mizasyonu hedefl enirken, Kebekenin g¢- K
Kndeksi (GDlI') analizlere entegre edilmicktir.
Kebekesi czereirndé&| Wyegeldanmeaktanal i z sonu-1ar e
adet D}, S6¢n optimum entegrasyonu sayesinde

sajlandéjéné ve gerilim profilinin nominal

OnerlenM SOCP tabanl é& yakl akeéem,; Kebeke operat?©r
-al ékan ve her -al éktérmada ayné kesin son

sunmaktadeéer.
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Anahtar Kelimeler: Daj ét ek | ret i m, MI SOCP, <huBEb 83i , Ger
Bara.

GKRKK

Géenegmegzde artan ener i tal ebi ve mevcut daj ¢
Kebekelerinde g¢- kayéplarénén artmaseéna ve
sorunl arén akeél masmhdnani nidrm] EDEB) ¢ kebekeya so
boyutta entegre edil mesi en et k[1]l Literatifde ¢ ml er
DI!'S birimleri nmrians ykoenbue kperyoeb leemtieggenel | i kl e - o
karmakék bir opti mizasyoiz],[B]rBadblemi cézdrhlacma k e |
l'iteratg¢rdeki k -alogumdis@m@nnsedtlay o pti mi zasyon
odakl anmexkt ér . ¥rnejin, l'iterat¢rdekfl], - al éx
Kar eénca Asnaasneé (¥ AgAdKraiott i Kk Sin¢gs Kosi)Rlegs Alg
Par-acéek S¢re¢se Gpgiimi zreemyg®hdui S(ePISOY° nt eml er
Kebekedeki g¢- kayéplarénén minimize edil mes
adet D] S yerl exki mi il e g¢- kaydg p |Baurnéunné ny aanzéa |
- ok ama-| e Badyom Apgadarmit maseé ( BOA) tercih
profilinin iyilektdkdnamijk anrealbiuz Iserrlee ide sttee
°ne -ék[flakt adeéer

Ancak, daj étéek ¢retim birimlerini nsezgiget i mi z a
al goritmal ar;°egmeuukrakeveahamhéavantajl aréna
doj al ar é gereji t emel bazée yapésal keseéetl a
karmakék| éjée artték-a erken yakénsama ejilim
nokt abhkeenanhbif/imektedir

Dojadan il ham alan algoritmal arén baxkl ange-
hareketl eri, bu y°ntemlerin - 98 Niekinkglihcé t e si n i
-al ekxmal arda, sezgisel y°ntemlerin hi-bir za
ve el de edilen yerel bir -°9z¢m¢gn ayné zamand
mat emati ksel bir kriterin [byd,l0lmadéj e a-éek-a
Bu al goritmal aragn aene nkdraint ibk rde zdeev aretk r ar I anab
Sezgi sel optimizasyon s¢re-leri; iterasyon
kat sayélaré gibi tamamen r ast gH][#2] Budauman par
al goritmal arén her -alektereldéejénda birbir
standart sapmal ar M3.r nleoslianyeé syéoyi | aa,- nawk taaldgeorr i t
kapasitelerini iat8rgeadirekéi rolarék istatistiksela analizlere d@htiyag
duyul duj u, ancak bu testlerin dahi deter mini
ortadan kalderama[t4g]j é i fade edi |l mektedir
Sezgi sel al goritmal arén baréndérdejée bu bel
el ektri k da]j éretenmve giredneaed @érasyonehplaniaynalar gibi kritik kararlar
alan sistem operatoorl eri a-eséendan ciddi Zc
mevcut késéetl ar altenda geveniolir, ekonomi

al gor int ma lkesre&k dayaneéekl el ék M4, [16].cAn@kmdtai r | i Kk
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sezgisel y°ntemlerin zayeéf mat emat i ksel t em
sistem entegrasyonu ve planlama s¢re-lerinde
son dhem araktér mal ar é; sajlam ve kat é mat en
yorumlanmasé daha kolay olan ve her kokturul
ederek kKebeke operatorleri I -in daha y¢ksek
analitik yontemlerin meta ez gi sel | er e tercih edi | mesi g
s a Vv un m§lK]t[1a8]d[E9F.

Son yéllarda gg¢- akéke denklemlerinin konv
modelleri literattirde dikkat cekmektediB u yakl akéemeéen, ticar.i -
probl emin gl obal optimum -°2z¢:m¢gn¢g mg20le mat i k-
[21]. pstel ik, deterministik konveksezgsebdel | e
yonte ml er den daha veri mli ol duj u vV e saniyel e

vurgul arfq2Blakt adér

Sistem performansénén tam ol arak dejerlendir

profilinin 1Tyilemttiakemaelstiaddér .h akyealtd k e°dneek i g
etmek i-in 3 adet DI'S yerlekiminin doygunlu
sajl adeje t[2BppiAtyreédial, migietriid i m profi |GDhdeKk.i [
metri]Ji s &€ kI é K5]. Ancak litdrdtiede, 8 &na IOt Sdgm ek zamanl €
GDI analizini de kapsayacak kekil de el e al an
y°ntemiyle -°zen -aléxkxmalar ol duk-a sénérl éd
Belirtilen bu eksiklikler doj rul t us3uadet a, bu
D} S6¢n optimum konum ve Dboyutl andéreél masé p
amaceée, aktif ve reaktif g¢- kayéeplaréné en a
sezgisel y°ntemlerin belirsizl iejgbobaldgtimumuz ak]| a
¢cozumi elde etmektir. Onerilen matematiksel moddEEE 33 bar al @ radyal
czerinde uygulanmék ve anali z sonu-1laré deje

PROBLEMKN MATEMATKKSEL FORM; LASYONU

Radyal dajéetem kKebekela&syonmnde yYe- oktaiylniemeée ;| §
karmakék ve dojrusal ol maydpn Bli r- ad gtkimmidzaag s yp
cbziminde yik e k hassasiyet Ve k¢resel opti mum g
beni msenmi kKt ir. Probl em, 96 saatli k zaman ac
yék profildi di kkate al énarak modell enmi ktir.

Geliktirilen mat efonksiyonk, amaliz editem daenbndperiyoaurtmyunca

Kebekedeki topl am gg¢- kayéplarénén minimize
ul akeéel ér ken Kebekenin geveni b irl i Jini saj |l e
denkl eml eri, barhatdearriélni mesrémadr lakrédn t ak €é ma Kk
cretim |imitlerdi gi bi I kKl etme késeétlaré mooc
optimizasyonun sistemin g¢- kalitesine ol an
icinlit er at ¢rde yaygén ol arak kull anél an GDI ane
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Amac Fonksiyonu

¢t¢al ékxkmanén temel amaceée, yéllek bazda «kKebekec
Ama- fonksiyonu Denklem (1) ve (2)0de taneéeml
0 O
(1)
o 06 (2)

Denklemde yer alan parametrelerd@gsve QossS € r as éyl a si st emdeKki a
kayépl aréneé ljalam@xi seed eirlkgeinl;i il etkenini diren
i se sistemdeki toplam bara sayéséenée ifade et
G¢- Akéke Denkl eml eri ve Koni k Gevket me
Sistemdeki gé¢ - akeéeke, radyal Kebekel er - 0T
denkl eml er i il e iIbhadesedidimmkaktif Hgg- bireak
denkl eml erif2dku kekil dedir
0 0 YO 0 0nN!0m 3)
| N | N
0 6 0 0 on'emn (4)
| N | N
® ¢YO OO Y O 0 o m ! )
0 0
0 , (6)
()
Buradak Ust barajaltbaraj¢ zer i nde - al ekeéePkve@kbaraséhoahkh ¢2
czerindeibaalaakeé@laamiri Kk yapan ke Qflzevinde r eak't
-al eivaalraas éndghar@kamakdo] ru akan aPRstQsiif ve r
baraséndaki aktif PoQuibraeraakstéinfd agk¢i - ackrteitfijnvienir,e
kol dan akan akémén karesini i fade et mektedir
Denkl em (6nibmekKkionvélasle ol mamaseé vV e probl emi
-%z¢l ebi |l mesi amacéeyla konveks Kkinci Der ec
do°n¢kKt ¢r mek i -1 n deji kken d°n¢Kemeg ve eKI t:

ol uktur([2s],[@8l kKt ur
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5 0 wio | obm @)

Sistem Kesétlarée ve D} S Yerl eki mi

Gerilim Késétlare
Model , sistemin kararl él éejé ve kKebekenin g¢v
belirlenen alt ve ¢st séneérl ar arasénda kal m

6 e e 100 ®)
Bu - al em¥08xhaveVm¥=1,05n @ | arak al énméxktér .
Heribar aséndaki geril i m, Kebeke standartl are
kal mal édeér . MI SOCP model |l erinde bu deji kke
form¢gl asyl@8 k°yl edir

o6 6 o 1es )
DI'S g¢c¢ kéesetl aré
kebekeye entegre edilecek D} S6lerin fiziksel
bel ir i alt ve ¢st séneéerl ar dahilinde ger-ek
Bu kapsamda, aktif ve reaktif g¢- ¢retim kaj
verilmi k [29]. r

5 5 5 (10)

Uy 5 Ypi s Up:s

X it x (11)

Up:s Upi s Up;s
Kl gili exkitsDgliekllegrdded i y&'i@ batayaeitegre edilen DUS
biriminin séraséyla aktif ve realtgilefl,,g¢- ¢re
parametreleri bu birimin kKebekeye sajlayabil
BD: g ile BD: g Parametreleri ise reaktif glc¢ Uretim kapasitesinin teknik limitlerini
tanémlamaktader .
Ter mal keseéetl ar
Hatl ardan ge-en akém il etkenin [3aksi mum takeéeé

o) 0 (12)

DI'S Kapasiteleri ve Kkild:@ Karar Dejikkenl eri

Opti mi zasyon al goritmasénén D, S snitel erin
al géel ayabil mesi - 0on i[3di i karar dejikkenl er

105



ASERCI MTERNATI ONAL CONGRESS ON HEALTH, ENGI NEERI NG, ARCHI T
Jul y223 20126 PETERSBURG
| SBN 8IFB625879533-2

S (13)

Burada, “{0,1}, knumar al & baraya bir D} S yerlextiril
deji kkendi r.

DI S'"lerin sisteme yerlektirwl ippeyayoe r milélik t i r i |
deji kkenl er i Il e akti[]/[32kakti f g¢- sénérl ar é
0td .. 0. ot (14)
I (15)
Gerilim Devinim Kndeksi ( GDI)
¢tal ékmada el de edilen -°z¢im¢gn Kebeke gerilim
tanémlanan karesel GDIJ27].per f or mansé hesaplanm
0]¢ ) w Wi, (16)
Kl gil i d e n kGDEgerdire deyinent indeksina ifade ederkeifi;hesaplamaya dabhil

edilen toplam zaman periyodunu (saatf EOA OEOOAI AAEE O1 bl Al
CEOOAOI AEOKAEaBe tlddagkhelb ek esi ni n nomi Vieséd i k1| e
i . baranén t zaman adéeméndaki anl ék gerilim

¥NERKLEN METOT

Bu -al ékmada, dajétém kKebekelerinde -o0klu D]
sezgisel y°ntemlerin dojasénda bul unan yer
sorunl ar éneé ortadan kal der mak amaceéeyl a, K e :
denkl|l eml er i Pyt hon ortaménda kodl anméck vV e
entegra yonu kull anélarak -°z¢l mgktgr.

MI SOCP ve Konveksli k Avantajé

Dajéetém kebekelerinde gg¢- akexkeée denkl emleri
dekeml erini i fade eden yapeéelaré gereji dojr
matematiksel forma sahipt{d5]. Geleneksel metsezgisel algoritmalar (PSO, WOA, vb.)

b°yl esine karmakék bir -°9z¢m uzayénda rastge
ciddi tekni k keéed3t |Ramsatlgaerl eb abraéknldaétrnéar | vae par a
oranda bajéeml é olsmeazlgairsee | s eyb®enbti eynhlee, r imme tkae s i n
yokturvee k|l ékl a yer el mi ni mum noKk[4],&7],[Ad2) énda t akel
Onerilen MISOCP modelirdl i se, g¢- akéké denklemlerindeki
(Second Order Cone Programming) geM#E6l,mesi [
[33. Bu d°n¢gkem s¢grecinde, akém ve gerilim ka
ekitlikler hiperbolik bir erdekernlik kelsléamhe
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bir ke¢-¢k exkittir ekitsizlijJine dong¢gkterel dyg
akeke i1 fadelerini konveks D[3],f34]i ki nci mertebe
Bu d°n¢k¢egm sayesinde, problemin -°z¢m uzayeée
-%z¢megn gl obal optimum ol duj u mat e[Ba15], ks el (
[17], [35].

Gur obi ¢°z¢ce¢ ve Hesaplama VerimlilifJi

Gel i ktiril en nPayttehnoant iokrstealmémmoddae |k,od| anar ak vy
koni k optimizasyon problemlerinin -°z¢;m¢nde
hesaplama verimlilif§7gi ile Iliterat¢rde endgst
- %z ¢ | B88lkGuwbi'nin algoritmik mimarisindeki temel Ustinluk, kesikli optimizasyon
probl emlerinde kullanélan seéneér | egptimzasyondal | an
problemlerinin -°z¢;gm¢gnde son derece etkin ol
bir kekil de K¥dlmbine et mesi dir

Bu entegre algoritma mimari si, koni k keseéet|l
cozllebilmesini ve sistmi n gl obal opti muma kesin ol arak
gésvence al t d36]a37].Metasaekzt gai dséerl y°ntemlerin per f
parametrelerine (pop¢lasyon boyutu, mutasyon
vur gul d48h g10]k MISOCP ve Gurobi kombinasyonu herhangi bir "ince ayar"
gerektirmeksi aiayherkesil ks én[Bgjad garanti et m
Gel i ktirilen bu model , 3 adet D}, S6¢n Kebek
kar mwdweé¢ a sahip bir optimizasyon senaryosunu
Dojrusal Ol mayan Progr aml ama) -%z¢cel erini

sonu-|l and@)fddktBRdéemdet ermini sti k yakI|l akeém, K
pl anl ama akamamsiélnidral iyk k se&] lggma&kt a hem de ka
hezl e ve kesin kar di2],[6) ma i mk©né sunmaktader

UYGULANAN SENARYOLAR VE ANALKZ SONUC¢LARI

Bu -al éeékmada, ©°nerilen MISOCP tabanl é y°nter
amacéeyla nominal ger il i mi 12,66 kV olan G°r ¢
Kebekesi kullanél méxter.
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23 24 25

26 27 28 29 30 31 32 33

SS 1 2

Gorsel 1. IEEE33bar al € radyal tat e k[Ba@masiest emi t ek

Geliktirilen model , Ssisatyeme& ddratze gl &€ nead ialke dé k
altenda test edil miktir. Bu kapsamda; her hart
t emel durum ol arak al énmeéexk, Sisteme séraseéey
entegrasyonu iylaepné lveerra k eel keapesdaml &€ bir «kekil c
Analiz edilen senaryolara, her bir mevsimi temsil eden 24 saatlik gunlik yuk profillerinin
birlektirilmesiyle olukturul an 96 saatl ik y
mevsi msel ekiikl p2'ode Issurkul maktadeér. Yaz mevsi
mevsi mken kék aylarénda talep biraz daha dg¢
t¢eketiminin yél i1 -erisindeki minimum seviyel
gozlemenmektedir.

P

1.0

()

~ 0.8

_ 06

@

E 0.4 ﬂ

o 0.2

z

0.0

O 8 16 24 32 40 48 56 64 72 80 88 96
Saat

=0—=K & k=8=K | k b a-healYaz =—@=Sonbahar

Gorsel 2. Mevsimsel yiuk profili

Optimi zasyon sonu-laré toplu olarak ¢izel ge
senaryo i-in kKebekeye entegre edilen D; S"Il|er
baraya konumlandékl ar éne, a k teki Bktif veer@aktit gud k a p a
kaybe azal mal ar éne detayl andérmaktader . ¢i z
I yil exkmeyi yansétacak Kekil de GDI dejerl er
seviyelerini ve bu séneéer |l mekiédh. ger - ekl exti i
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¢izelge 1. Farklé D} S Sayeéelaréna G°re Toplam Gg-

Puant Zaman Aktif Puant Zaman Reaktif

Segcilen DUS DUS Akiif Giig Uretimi  DUS Reaktif Giig Uretimi

Senaryo G¢- Kay G¢- Kayhb
Bar al a ) (KVAD) (kW) (kVAr)

K=0 - 198,023 132,006 -

K=1 30 98,036 66,631 900 435,890
13. Bara 492,97 13. Bara 238,76

K=2 1330 60,388 40,429 30. Bara 791,09 30. Bara 383,14
14. Bara 399,84 14. Bara 193,65

K=3 14-25-30 64,144 42,693 25. Bara 240,02 25. Bara 116,25
30. Bara 659,42 30. Bara319,37

¢izel ge 2. Farklée D} S Sayélaréna G°re VDI ve Top

Puant Zaman Puant Zaman vell ek G¢en K- Gegn K G¢n K- G¢n K-
Senaryo Akti f G¢ Reakti f G Del er Minimum V Minimum  Maksimum V Maksimu

Azal masé Azal masé ! (p.u.) Bara (p.u.) Bara
K=0 - - 4,237 0,9141 18 1.0000 1
K=1 50,49% 49,52% 1,369 0,9320 18 1.0126 30
K=2 69,50% 69,37% 0,412 0,9618 18 1.0179 13
K=3 67,61% 67,66% 0,531 0,9570 18 1.0125 14
Temel Durum (K=0): B u akama®a8, blaEBRBE é radyal daj et én
ger-eklexktirilen y¢k akéxké analizleri i1ile ke
Yapélan sim¢glasyonl ar neticesinde, sistemin
aktifg¢ - kaybé 198,023 kW, toplam reaktif gg¢- |
kebekenin gerilim profili incelendijinde ise
gerilim dejerinin 0,9141 p. u. s eVigsrigs i ne k
kalitesizIlijini g°®steren yeéellek GDI dej eri [
il erl eyen b°l ¢mlerdeki DI'S yerl exki mi sonr asé
i -in referans tekkil etanle&kt eddyal GBlagpet e@OK:
entegrasyonu yapeél mayan temel durumu i-in pu
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1.025

__1.000 & -

3 A N\

50.975 A\ ~,\

= \

= 0.950 \ S

5 w \

© "l

S 0925 e, Y,

m o

0.900

1 35 7 9 11131517 192123252729 31 33
Bara no
G°rsel 3. | EEE 33 baralé radyal dajétém kKebek

Tekl i DI S YerSliekierme (tkxl)b:ir D} S ¢nitesinin
model optimum konum ol arak 30 numaral e baray
atameéexkt ér . Bu entegrasyon sonucunda puant z
kaybéend, 2eo0m@nénda i1yilekme sajlanméexteéer.
seviyesine y¢kselirken, yeéllek GDI dejeri 1,
Kkili D} S YeD]|l ®ksayeéegq&K=2")ye -ékareéel dej énda,
numar al & barauamtareonlayglunbkobirl emi ktir. Bu
kaybée %69, 50, reaktif g¢- kaybée ise %69, 37 ¢
bir rahatl ama yakamék; minimum gerilim dejer
takemmmve yéll ek GDI dejeri 0,412 ile en opti
-1 ¢ DI'S Yer lkketiethkieyeK=33)a:det DI'S yerlextiril
numar al &€ baralaré se-miktir. Bu konfig¢rasy

reaktif g ¢ - kaybée ise 42,693 KkKVATr ol arak ger-ekl
senaryosuna g°re daha y¢ksek bir performans
oranénda %67,61 ile K=2"nin (%69, 50)sé&iirl eni k
toplam aktif ve reaktif gé - kaybé araseéenda
ol madejéné g°stermektedir.

KI'k i ki D} S, kebekedeki en kritik y¢k mer kezl
blyuk oOlctde telafi etmekte ve K=2seng o sundan K=3 senaryosuna g
Kebeke kayeéplaréné azalt md3¥®lakiHaéet khi siebtkemei
cretim kapasitesinin °tesinde daha fazla D]
yerine artmasénhkht ddilre. néadrhéew!| ambmndumeandeéer el m
kapasiteld] DI S'"l er, Kebekede ters [Wr- akéke

- adet D} S ¢nitesinin kKebekeye entegrasyont
46de sunul maktader.
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> 250
@
x 200
. 150
-~
o 100
- i n =
- 0
~ - 30 13-30  14-25-30
< K=0 K=1 K=2 k=3
DI/'S sayésé
G°rsel 4. i - adet D} S entegrasyonu sonraseéen
Do adet D, S egrwiet eesnitreigmr asglmelu neti cesinde ol
oranl aré G°rsel 506de sunul maktader
S 80%
4
60%
[ITe)]
o 40%
“— o 20%
o 0%
< K=1 K=2 K=3
DI!'S sayél ar e
G°rsel 5. - adet D] S entegrasyonu sonraseénd
Anal iz sonu-1lareé genel ol arak dedgretrélreénl dmarsiél)
gerilim profilinin nominal dejerl ere yakl ackt
gorulmektedir.
1.025
= 1.000
< 0.975
o
2 0.950
= 0.925
()
> 0.900
5 1 3 5 7 9 111315171921232527293133
@ Bara no
Base K=1 K=2 K=3
G°rsel 6. i - adet D} S gerilim profil k
Gerilim Devinim Kndeksi (GDI) verileri, D, S
i yilektirmede et kil bir y°ntem ol dujunu G°r
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hem kayép azaltma oranlaré hem deengeimli | i m d
sonu-I|laré sunmuktur.

= 5

()]

— 4

()]

- 3

_ 2

a

° L

0 [ /.

K=0 K=1 K=2 K=3
D, Sayéseé

G°rsel 7. GDI deji ki mi
SONU¢LAR VE DEJERLENDKRME

Bu -al ékmada, radyal dajétem Kebekelerinde
boyutl andér el masé probl emi Kar ma Tam Sayel
(MISOCP) y°nt emi kull anél ar ak deterministik
kapsaménda, genl ¢k yek profili di kkate al énce
kaybée analizi yapél mék ve model Gurolkdgel -°z¢c

model,l EEE 33 bar al & r adgyzaelr idnadjeé tDE nE 6kl eebr e kne ski enbdec
seviyesine g°re (K=0,1,2,3) d°rt farkle sena

El de edil en optimizasyon somkweklidrde&rdan var el
1T kebekede herhangi bir D}!S ¢nitesinin bulu
zaman aktif g¢- kaybé 198,023 kW ol arak g
gerilim 0.9141 .u. dejerine kadar dg¢KmgKk

Y
1 Sisteme 3 adet D, S aknieanretsaogirien eeki lzdainjain | réi
i m s

um bajlanté noktalaré o

se-mi Ktir

1 D/'S entegrasyonu ile kKkebekenin g¢- kalite
yell ék GDI dejeri, birdenesaptmamsemada@dtan 4, 237
K=26de 0,412 seviyesine kadar geriletiler
sajl anmexteéer .

1 Kayép azaltma performansl aré incelendijin
%69, 50, reaktif g¢- nkkanydép li ayri d reckanei s d e%6ed,
performanseé sS®eamarlyors knda .i sKkKee3akti f g¢- k-
%67, 61 seviyesinde kal méxkteér .

Sonu-1lar b¢gtegn ol arak dejerlendirildijinde,
profil i ni nmenosngnnéarll airkel eit- eri sinde bakar éyl a
D} S sayéseéeneén artécke kayép azalt ma oranl a
getirmemektedir. ¥zellikle iki adet ve ¢(- ad
beliribir D} S kapasitesinden sonra doyguvbbyutj a ul a
optimizasyonunun, hat empedans yapéseé ve si
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kayéepl arséervnéd yKsPnde tutamadéj ene g°ster mekt e
plan| amasénda optimum D} S sayésénén Kebeke t oy
gerektijini vV e daha fazl a D, S' ¢n her Z ama
kanétl amaktadér .

Literatg¢rde s édezgiael yontedmleran raksinea dneriltSOG@P ve Gurobi

tabanl é yakl akeém; her hangi bir parametre i ni

ayne kesin sonucu vererek global opti mumu ma

geliktirilen model, mordienrinn vpel aankl éalmaé, diakjl éetteén

s¢re-lerinde Kebeke operatorl eri i-in son d

destek mekanizmasé sunmaktadeér.
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ABSTRACT

Zinc oxide (ZnO) is a versatile semiconductor material with diverse technological applications,
from sensors and optoelectronic devices to photocatalysis and biomedical applications, owing
to its wide band gap (3.3 eV), high optical transmittance, high electron mobility, excellent
transparency, and chemical stability. These outstanding properties make Zmghla
promising material for emerging and advanced technological applications. In particular,
nanostructured ZnO has gained significant research attention over recent years because of its
tunable physical properties. In this study, the effect of incatpay Isatis floribunda extract at
different concentrations on the structural, morphological, and optical features of nanostructured
ZnO films was investigated. With this aim, nanostructured ZnO films with and without extract
were successfully synthesized glass substrates via the successive ionic layer adsorption and
reaction (SILAR) technique. The obtained films were examined in terms of their structural and
morphological features using ther&y diffraction and the scanning electron microscopy,
respedwely, while their optical features were analyzed with the ultrawalgble-near
spectrophotometer. The analysis results indicated that Isatis floribunda plays a significant role
in the formation of nanostructured ZnO films and in the modulation afghgsical properties.

Keywords: ZnO, Isatis floribunda, Thin film, Extract, SILAR

1. INTRODUCTION

In recent years, semiconductor materials based on gréipniletal oxides, such as titanium
dioxide (Ti®), cadmium oxide (CdO), copper oxide (Cu@pnc oxide (ZnO) and magnesium
oxide (MgO) have attracted considerable attention due to their exceptional optical, electrical,
antibacterial, and photocatalytic properties. Among these metal oxide semiconductor materials,
ZnO stands out as a versatildype semiconductor due to its impressive physical, chemical,
and biological properties, its harmless and-lmst, and its technological and environmental
applications [13]. ZnO is also an enormous transition metal oxide with an exciton binding
energy of 6ameV [3] and a direabptical band gap of 3.3 eV [4]. ZnO naturally crystallizes in

a hexagonal wurtzite structure with lattice parameters of a = 3.25 A and ¢ = 5.12 A [5].

Especially nowadays, the nanostructured ZnO particles are extensively used in many
application areas including dygensitized solar cells, ligl@mitting diodes, photocatalysts,
biosensors, and pharmaceutical industry [3, 6]. The -gigtlity ZnO nanoparticles are
obtained by many production methods including sputteringgalpchemicbhvapor deposition,

spray pyrolysis, molecular beam epitaxy, hydrothermal, and successive ionic layer adsorption
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and reaction [710]. Among these methods, particularly in thin film preparation, the successive
ionic layer adsorption and reaction (SILAR) mmed is a highly preferred method due to its
simplicity, flexibility, and quite coseffective, as it does not require a complex vacuum system
[3, 5].

In recent years, with the increasing interest in environmentally friendly and sustainable
approaches in thsynthesis of nanostructured metal oxides, green synthesis methods using plant
extracts have become an important research area. Plant extracts contain biologically active
compounds, which can influence the crystal growth processes, thereby enablingukegtior

of the structural, morphological, and optical features of the resulting thin films. Compared with
chemical additives, these natural extracts offer advantages, such as low toxicity,
biodegradability, easy availability, and cadtectiveness, whilealso minimizing the
environmental impact of the synthesis process. The literature contains numerous reports on the
green synthesis of a wide range of nanostructured metal oxides usindqriartl extracts [3,

11]. Among these studieBakzad etal. [1J er f or med t he bi osynthesis
nanoparticles withEuphorbia maculataextract acting as a photocatalyst. The structural
properties of biosynthesized metal nanoparticles were investigated, and their photocatalytic
processes in MB, CR,alRlh B or gani c pollutants were studi
al. [3] investigated the effect @hymus syriacuglant extract on the antibacterial activities and
physical properties of ZnO nanoparticles. Their study demonstrated that the plantusddac

IS a promising option against plant bacterial diseases.

In the presented study, an extract obtained fromddigs floribundaplant, found in the local

flora, was used as an additive in the synthesis of nanostructured ZnO thin films produced by
the SILAR method lsatis floribundais an endemic woad species native to TurkiyeJ4R In

recent years, owing to its rich phytochemical composition, it has attracted increasing interest in
the fields of materials science and biomedicine. Studies have dhaivisatis floribunda
extracts possess antioxidant and antimicrobial propertieslamdnstrate inhibitory effects
agai nst Al z hrelateshenzyines [12,i13].eThesraots and flowers of this yellow
flowering plant have been found to contain higbncentrations of phenolic compounds,
flavonoids, and other biologically active secondary metabolites [12, 13, 15]. In particular, root
extracts have been reported to possess strong antimicrobial and antioxidant properties and to
contain various bioactivecompounds, with chlorogenic acid being one of the major
constituents. This rich phytochemical profile highlights the potentiabtis floribundaextract

as a natural additive for the green synthesis of nanostructured metal oxides. Therefore,
investigatng the effects of different plant extracts and their concentrations on the properties of
ZnO thin films is of considerable importance for enhancing material performance. Due to its
rich phytochemical contentsatis floribundainfluences the formation angrowth of ZnO
nanostructures. These phytochemicals can act as natural complexing, stabilizing, and growth
modifying agents during the deposition process, thereby affecting the crystallization behavior
and the resulting physicochemical properties of the tims. Therefore, the nanostructured
ZnO films, both with and without extract, were synthesized on glass substrates using the SILAR
technique, and the effect of different concentrationsisatis floribunda extract on the
structural, morphological, anctical features of nanostructured ZnO films was investigated.
The findings are expected to provide valuable insights into the influensataf floribunda
extract concentration on the behavior of ZnO thin films and to promote the use of sustainable,
plant extractassisted synthesis routes for optoelectronic and sensor applications.

2. EXPERIMENTAL PROCEDURE
2.1. Preparation dfatis floribundaExtract
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Isatis floribunda used in the preparation of ZnO nanostructures, is an endemic herbaceous and
medicind plant species that grows in Turkiye [12]. It was collected from its natural habitat

in Konya province, located in the Central Anatolia Region of Turkiyatié floribundaE k
834).Thelsatis floribundadried leaves intended for extraction were fivsished with distilled

water and then ground using a plant mill. Afterward, the powdered plant leaves were steeped
in boiled water for 15 minutes and left to cool to room temperature. Finally, the extract was
prepared by carefully filtering it through fitpaper (Figure 1).

! \

)
Dried leaves of Washed with Ground in a Steeped in boiled water Left to cool to Filtered through Isatis floribunda

|
|
|
|
|
|
1
I
1
|
|
|
|
|
|
|
Isatis floribunda distilled water plant mill for 15 minutes room temperature filter paper extract |
|
|
!

Figure 1. Schematic illustration of the preparation ofisatis floribunda extract

2.2. Preparation and Characterization of Nanostructured ZnO Films With and Without
Isatis floribundaExtract

In study, nanostructured ZnO thin films were prepared via SILAR method onto glass substrates
with multiple cycles. At first, Zn) ion sol
acetate dihydrate salt (C H eddOnaghet stirefuntd s ol u
a clear and homogeneous solution was obtaine
was introduced to adjust the solution pH, followed by heating the mixture to 90°C. Initially, the
substrate was | mmer s¥decands, fdlldwed by iminersiorsio puret i o n
water maintained at 90°C for another 15 seconds to eliminate weakly bound ions. After
completing rinsing step, the substrate was dried in air for 15 seconds. To investigate the
concentration effect déatis floribundaon nanostructured ZnO filmksatis floribundaextract

was added to the Zn ion solution at concentrations of 10%, 15%, and 20%. Nanostructured ZnO

thin films incorporatingsatis floribundaextract were subsequently prepared using the SILAR

method dscribed above. Figure 2 illustrates the SILAR cycle employed in the preparation of

all ZnO films. The obtained films were examined in terms of their structural and morphological
features by usingthe-K ay di ffraction (XRD; BriBkmandD8 Ad\
the scanning electron microscopy (SEM; ZEISS EVO LS10), respectively, while their optical
features were analyzed with the ultravieletible-near spectrophotometer (Jasc®¥Y0).
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Preparation of Formation of ZnO nanoparticles e Deposition of ZnO thin film Rinsing with
precursor solution using Isatis floribunda extract on glass substrate distilled water
(SILAR deposition)

Zinc acetate Ammonium
| dihydrate hydroxide Distilled . .
| (Zn(CH,CO0),2H,0)  (NH,OH) Isatis floribunda

water extract
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ZnO nanoparticles + 710 thin film
Isatis floribunda extract

Figure 2. SILAR procedure for the preparation of ZnO thin films using Isatis floribundaextract

3. RESULT AND DISCUSSIONS
3.1. Structural Properties of Nanostructured ZnO Films

The crystal structural of Zn@Ims prepared with and without different amounts|sdtis
floribundawas examined by XRD analyses. Figure 3 shows the XRD patterns of all ZnO films
grown on glass substrates. As seen from the patterns, all ZnO films have three dominant peaks
primarily in the (100), (002) and (101) crystal planes, and in addition to these three main peaks
in XRD pattern, there are four diffraction lines of (102), (110), (103) and (112) planes. The
measured XRD patterns showed similar behavior to the XRD patterns of Zropantcles
containingThymus syriacup | ant extr act presented by kahin
Figure 3, the plane densities of films change with the incorporatitsaid floribundaextract.

Also, the crystalline size of ZnO samples also vainigls the extract concentrations (Table 1).

The addition oflsatis floribundaextract to the solution may cause changes in the crystal size

of ZnO films, as it affects the growth and nucleation processes by changing the surface tension
of the growth solutio.

Table 1. Crystallite Size of ZnO Samples at Differenisatis floribunda Concentrations

Isatis Floribunda Concentration (%) Crystallite Size (nm)
0 23.87
10 24.74
15 26.39
20 23.17
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Figure 3. XRD patterns of nanostructured ZnO films prepared by varyinglsatis floribunda
extract concentrations

3.2. Surface Morphology of Nanostructured ZnO Films

The morphological characteristics of films prepared Wsttis floribundaextract (0%, 10%

15%, and 20.0%, respectively) were examined using SEM. It is seen that all films produced
from the SEM photographs in Figure 4 have a homogeneous and dense surface structure. The
surface structure of ZnO film changes drastically by adding different iiages ofisatis
floribunda to the reaction solution. The presence Isatis floribunda can change the
crystallinity quality of films. This change observed in the images may be the electrostatically
reaction between Zf and Isatis floribundaduring the spthesis process. Also, after the
nucleation]satis floribundamay affect particle growth and morphology [3, 5, 10].
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Figure 4. SEM images of nanostructured ZnO thin filmsprepared by varying Isatis floribunda
extract concentrations

3.3. Optical Properties of Nanostructured ZnO Films

The absorbance and transmittance curves of #In@3 prepared depending on their extract
concentration in the wavelength region of 4WD0 nm are presented in Figure 5 and 6,
respectively. The graphs demonstrate that increasing the extract concentration resulted in a
decrease in the absorbance valakthe films, accompanied by a corresponding increase in
their transmittance values. The spectrum change observed in films depending on the increased
extract concentration can be attributed to changes in the thickness of produced films [3, 10].
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Zn0:20% IF
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aa<la © o> B

6

Absorbance

0 1
200 400 600 800 1000 1200 1400 1600 1800 2000 2200

Wavelength (nm)

Figure 5. The absorbance spectra of nanostructured ZnO filmprepared by varying Isatis
floribunda extract concentrations
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Figure 6. The transmittance spectra of nanostructured ZnO films prepared by varyingsatis
floribunda extract concentrations

4. CONCLUSION

The present study successfully achieved the fabrication of nanostructured ZnO films via the
SILAR method using solutions with different concentrationksafis floribundaextract. XRD,

SEM, and UWVis/NIR spectroscopy were employed to charaegerthe structural,
morphological, and optical features of ZnO films, respectively. The XRD patterns demonstrated
that changes in the extract concentration had a pronounced effect on the crystallization quality
of the ZnO films. In addition, the SEM resailtevealed that the incorporation Islatis
floribundaextract contributed to the improvement of the morphological properties of the ZnO
films. These findings indicate thegatis floribundaextract has a considerable influence on the
morphology of ZnO fins. Furthermordhe UV-Vis analysis revealed that the additiorisatis
floribunda extract altered the optical spectra of ZnO films. Overall, the obtained results
demonstrate that nanostructured ZnO films incorporaksagis floribundaextract exhibit
promising potential for optoelectronic and sensor applications.
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ABSTRACT

This study considers a mulipecies, mulichemical chemotaxis model with regular sensitivity
and general logistitype interactions, given by

6 306 ?2ntonv  _ntoend Ao h oM mo  1h
0 36 ??ntong  _ntona A6 h N Mo T
m 3 0 | 6 1 Oh N Mo T
T o3 a | 6 T 0h N mp

Here, unknown functionéhb denote the densities of two species, widilel represent the
concentrations of chemical substances concentrations of chemical substaegesameters

? » and_ ; are chemotactic sensitivities (positive for attraction and negative for repulsion).
The functions4 6h) describe growth and interaction effects, typically of Lotalterra

type. The constants  and| j represent production rates of the chemicals.

Chemotaxis refers to the directed movement of cells or organisms in response to chemical
gradients. It plays a crucial role in many biological processes, including population dynamics,
tumor growth, immune respse, and embryonic development. Mathematically, key challenges

in chemotaxis systems include the study of local and global existence, boundednesisnénite
blow-up, and asymptotic behavior of solutions such as persistence, stability, coexistence, and
extinction. Over the past decades, these topics have been extensively studied, leading to
significant advances in understanding the global dynamics of such systems.

In this paper, we introduce the above system and discuss its mathematical properties. In
paticular, we aim to present a framework for analyzing global existence, boundedness, and
mass persistence of solutions under suitable assumptions on the nonlinear terms.

Key words: Chemotaxis, multspecies, mulichemical, regular sensitivity, logisticawth.
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1. INTRODUCTION

Chemotaxis models, pioneered by Keller and Segetheir seminal works, provide a
fundamental mathematical framework for describing the directed movement of cellular
organisms in response to chemical gradients. Over the past decades, these models have proven
essential in clarifying the mechanisms umglag various complex biological phenomena,
including immune system responses, embryonic development, cell population dynamics, tumor
invasion, and even gravitational collapse in astrophysics. While classicali iseltgr models

focus on a single speciegsponding to a single chemical signal, realistic biological
environments often involve multiple competing or cooperating species that secrete and react to
multiple distinct chemoattractants or chemorepellents. To capture these complex interactions,
this sudy examines a muiBpecies, mulichemical chemotaxis system derived from
fundamental conservation laws and gtgteadystate assumptions. The primary objective is to
analyze the systemdbs core dynamical mgionopert.
and longtime asymptotic behavior from both biological and mathematical perspectives. See
the research papers for more details.

1.1. MODEL FORMULATION AND PHYSICAL INTER PRETATION

We consider a twaspecies, twachemical crossliffusive chemotaxis system defined over a
bounded domain Os (¢  p) with a smooth boundaff . The spatiotemporalensities of
the two biological species are denoted dyfd and U ofp, while 0 ofd and & D
represent the concentrations of two chemical substances, respectively:

6 wo6 .ntonv  _ntoeng Qémh v ho mh
O U ..ntono  _nftog Qo h oy ho mh (1.1)
T @0 0 | 6 T Oh N ho mh '
T wa & | 6 1 Oh v ho mh

supplemented with homogeneous Neumann boundary conditions

— — — — 1 v hho mh (1.2)

and initial conditionsd ¢fit 6 @ mandL afim O & T Here,’ denotes the
outward unit normal vector oh .

The derivation of system (1.1) rests on mass conservation gleacand constitutive flux
relations. The temporal evolution of the population densitieend U is governed by the
divergence of their respective total fluxes. These fluxes consist of two components: unbiased
random motion described by Fickian diffusiondr ) and directed migration along the spatial
gradients of the chemical signals énd ). The sensitivity parametets. and_ ('Q pht)

govern the direction and strength of chemotaxis: positive valugs ( ) correspond to
chemoattracbn (movement toward higher chemical concentrations), whereas negative values
denote chemorepulsion (movement away from chemical concentrations). THecalon
reaction kineticdQ 6 and™Q 6h) describe local growth, intrspecies selfimitation, and
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inter-species interactions, typically modeled via LétKalterra competitive terms such as
Qo 16p D6 OU.

In contrast to the parabolic PDEs for cellular densities, the chemical ¢atmers0 andgare
governed by elliptic equations. This formulation originates from a epteadystate
approximation. Because molecular chemical diffusion occurs on a significantly faster time scale
than cellular movement and proliferatio@. (, |, Q. ), the temporal derivatived andd

can be formally set to zero without loss of physical accuracy. The biological speaes)

linearly produce chemical signalsandd at rates Fi n(Q plr), which undergo natural
linear degradatio at normalized unit rates.

2. BIOLOGICAL AND MATHEMATICAL PROPERTIES

2.1. BIOLOGICAL IMPLICATIONS

From a biological standpoint, systéfin1) models complex muksignal navigation and spatial
organization within cellular communities. Organisms frequently navigate environments
containing conflicting signal cudssuch & moving toward nutrient source® )( while
simultaneously avoiding toxic metabolic waste or alarm pheromaned e competition
between dispersal mechanisms (random diffusion and chemorepulsion) and aggregation
mechanisms (chemoattraction) triggersrgpaeous spatial pattern formation, traveling waves,

or phase separation. Furthermore, the inclusion of logistic reaction kif@td® prevents
unrealistic population growth, determining whether competing populations coexist within a
shared ecologid¢aiche or undergo competitive exclusion despite chemotactic pressures.

2.2. MATHEMATICAL FEATURES

Mathematically, system (1.1) is a strongly coupled,-loaal system of parabokelliptic
partial differential equations characterized by nonlinear eddgfission terms. The primary
mathematical features of the system include:

A Positivity Preservation: For any nomegative initial datd i) ¥ 6 ~ , maximum
principle arguments ensure that classical solutions remaimegative for alb T,
maintaining biological consistency.

A Mass Conservation Structure:In the absence of reaction kinatifQ "Qk ),
integration over alongside Neumann boundary conditions (1.2) yields total mass
conservation:

6 Qe 0 wNodand VWV _ L O IO ™ (2.2)

A Nonlinear Cross-Coupling: The elliptic operator maps biological densitié$n
directly to chemical gradients 0 & . Consequently, terms liket 6n0 generate
quadratielike nonlocal nonlinearities that heavily influence the analytical regularity of
solutions.
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3. DYNAMICAL PROPERTIES AND CENTRAL RESEARCH QUESTIONS

The mathematical dynamics of system (1.1) are goveryed Helicate balance between
aggregation driven by chemoattraction and stabilization induced by diffusion and quadratic
logistic dampening. The central analytical problems concerning this system encompass:

1. Global Boundedness vs. Finitdlime Blow-up: Whethe solutions remain bounded for
all time or develop singularities, particularly in higher dimensions. In rdidtensional
domains§  ¢), strong chemoattraction.fi_ | p) can cause mathematical blays in
finite time { 0 t ~ © Haso© "Y), representing localized biological aggregation.
A major question is establishing explicit parameter thresholds for i under which
quaderatic logistic dampening i 6 * 6 ) completely prevents blowp,
guaranteeing globah-time clasical bounded solutions.

2. Pattern Formation and Turing Instability: Chemotactic interactions may destabilize
homogeneous states, leading to spatially heterogeneous solutions. Whether solutions
converge to steady states and under what conditions such equaiti stable. By
linearizing the system around a spatially homogeneous equilibrium gomt o *Fo’ |
crossdiffusive terms can destabilize the homogeneous state through a cherdateets
Turing mechanism. This leads to spatial heterogeneity, asiplersistent spots, stripes,
or labyrinthine patterns.

3. Long-time behavior: Analysis of convergence to equilibria, coexistence of species, or
extinction scenarios. Another core objective is determining thetiomgbehavior ¢ ©
H) of classical solutionslhis includes analyzing asymptotic convergence toward non
constant steady states or spatial equilibria, as well as establishing conditions for
pointwise persistence, species coexistence, or competitive extinction.

These aspects make the system a rich fwariefor studying the interplay between biological
mechanisms and nonlinear PDE dynamics.
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ABSTRACT

This paper investigates a medfpecies, mulichemical chemotaxis system incorporating both
crossdiffusion and nonlinear interaction effects over a bounded domairstiitig focuses on

the local existence, unigueness, and regularity of positive classical solutions. Utilizing the
Banach fixeepoint theorem and parabolic regularity theory, it is established that the system
possesses a unique classical solution on a maxemr@tence interval. Furthermore,
nonnegativity of the solutions is verified through the maximum principle.

Keywords: Chemotaxis, Crosdiffusion, Local existence, Regularity, Mulfpecies system,
Parabolieelliptic PDEs.

1. INTRODUCTION

Chemotaxis models, originally introduced by Keller and Segel, provide a fundamental
framework for describing the directed motion of biological organisms in response to chemical
gradients. These models have been widely useskptain various phenomena such as cell
aggregation, immune response, tumor growth, and pattern formation. Classical $&mjkdr
systems typically involve a single species interacting with a single chemical signal. However,
many reaiworld biological systms consist of multiple interacting species responding to
multiple chemical cues. Motivated by this, we study a nwgécies, mulichemical
chemotaxis system incorporating both crdgfusion and nonlinear interaction effects. The
main goal is to invegyate qualitative properties such as boundedness, stability, antnang
behavior of solutions.

In this paper, we consider a tvgpecies, tweachemical crossliffusive chemotaxis system
defined over a bounded domainD s (¢ p) with a smooth boundaf

6 o .nioeww _ntoena Qo h @v ho T

0 @O0 ..nfoww  _ntong QoA  wv ho mh (1.1)
m w0 U 0h WV ho mh '
T wa & o6h v ho mh
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where the logistic growth functions are

Qo 6d w6 Uh (1.2)
Qo 6w w6 wLh '

with ©fofo  1tfor'Q plt are positive numbers. Moreover, system (1.1) supplemented with
homogeneous Neumann boundary conditions

— — — — 1 v Thho mh (1.3)

where’ denotes the outward unit normal vector Bn. Here, initial functions satisfy the
following conditions

othm o6 t wi toh manao VO h (1.4)
Offm O t wi toh mano N6 8 '

The aim of this paper is to investigate whether system (1.1) has a local solution or not for given
initial data satisfying (1.3). The main result of thaper reads as follows.

Theorem 1 For all giveno b N 6 satisfying (1.4), there existy o0 R N mitb

such that system (1.1) possesses a unique positive classical solution, which is denoted by
Gthrp o ,0thrp D ,0 thp b , atp b, on the maximal existing interval

miY o h  with initial condition ¢ thdp O ho TP M 6 b 8Moreover,

ifY 6 Hhthen

iEI’ﬁC’)C)B't'Fi)‘ S0t T atho S0t H8

u

(1.5)

The proof relies on the fixegoint argument of Banach in parabolic regularity theory. For
further details, we refer the reader to and.

1.1. EXISTENCE OF MILD SOLUTION

In this step, we prove the existence of a unique mild soluicafdP K , 0 oo I of
(1.1) with 6 cfrip h 6 ® and 0 ofrip M O @ on a maximal interval
Y 6 h | thatis,
o frrp Q 6t .. Q ntoiitno tht Qf
Q nt othrnatht Qt
Q ofift & ootht ot Qf

and
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0 thp Q ot ... Q ntothno tht Qft
Q nt oithtnatht Qf
Q ot & o tht oo tht Qf

foron THY o6 R ,whered ththo i  solves (1.1) andd thihd hy  solves (1.1) for

tv Y o6 R . Todoso,first,lety ~ 6 @” "0 wo . For given"Y
rihdefine the Banach spate d, 6 miY  equipped with the norm
o T, A6 G i ABU ofd 8

Set the closed subset
nUy o nn d o ", Y orovamiyh

and define the map

Q 6 Q .nfoeno _ntona Mo ®O  wouvQt

o &y Y
CooR D d & ~
O Q Lnfono _nfona O OO @O UQB

o :

It is not difficult to prove that mapsn “Y into itself and becomes a contractioniviY for
sufficiently smallmt YL p. Todoso! mapsinis acontraction fort  “YL p. To this end,
for givenoho N 0, we have

Do I« R T N« (

.0 T Ow Q nt othino th o thno th ° Qt

_0 T 0w Q nt othnath o thnath ° Qt

060 ° 0w Q oth ofh ®© doth oth ° Qt

o) ot - "ot of" t-ot" Tot-C Q1

_0 ot ot oft"” » w o6t” TotT Qf

Y LO Y Y  _8ssT DO oY To6 6,
forall 8 iH  “Y. It then follows that is a uniform contraction on “Y for any
Y  msatisfying
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Y ..6Y'Y _6ssTd oY~ 8
Similarly we can find

roo ot 6 o "Y LO Y Y _6ssT D coY T6 067,

forallon i Y. It then follows that is a uniform contraction on Y forany’Y Tt
satisfying

Y ..6Y''Y _6ssTd coY ™ 8

Letting "Yd, | ETYRY yields that' is a contraction formt “YL p. Therefore, by the
Banach fixed point theorem, admits a unique fixed poind ¥ n "Y. Then, defining
Gthip o Withph d o060 th ot ,weobtainamild solution of (1.1) oni'Y
with 6 thip h 6 t and0 thip O 0 f. Finally, by a standard continuation
argument, this mild solution can be extended to a maximal intef¥d o6 b . Moreover,
ifY oh Hb, then the blowup alternative (1.5) holds.

1.2. REGULARITY
In this step, we prove that
6t thh thhhatd d o thop D Wi b D o o R’ D
is a classical solution of (1.1), where thop hb h) thop b is the mild solution of (1.1)
obtained in Subsection 1 ana trp M 0 w Ot and athp 0

w o6fi.Fixm i "Y Y 0 R and consider the problem
O0dd @ 00 0GR ov R oov i FY
G0 oD @ o0 d COdh an R oo i FY
::Uoj"o 0 afO h @M h
y— — Th oM R h
where
"0 6D nfoadn 0@ 0fd  _nioddn 0@ 6t
6Gid & ©6ad ©OL D h
and
O oo .ntocdON O w O _nfocadn O w 6D

66id & GOOad LD h
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It is not difficult to see thaD oo for 'Q plt are Holder continuous I8 THY 6
with some exponent™ Tip . Then by [3, Theorem 15.1, Corollary 15.3], system (1.6) has a

unique classical solutiody ™ 6 " { Y 6 i RAY and
ot Q oti .. Q "OthtQt
and
oid Q oith .. Q otrtaQt

Thuso afd 6 afd and0 ¢ 0 afd for 68 | HY anddé~ 6 M | RY
6 i RAY 8Lettingi © mand’YO Y &6 ) , we have

ofbn & N miY .6 miy 8
1.3. NONNEGATIVITY

In this step, we establish the nonnegativity of classical solutionse SiInéip B R

P b is classical solution of (1.1), by maximum principle for parabolic equations, we
have that 6h) is nonnegative. Moreover, sincéh) is nonnegative, maximum principle for
elliptic equations yields that) X is nonnegative

1.4. UNIQUENESS

In this step, we prove the uniqueness of the solutions of (1.1). Assumelhhb iy and
O h are the solutions of (1.1) on the intervaliY withtt  “Y Y 6 R . First, set

rz N Z z

6° 6 o6h 0° O Oh 0® 0O Oh andr¥ a dah

then, 6°h) * satisfies the following system:

.'péz @o*  ..nong 6Ny _nona ona 6 M ‘E) 6 O g)c'forj N rj
R0 w0t .nong 0ng _notg o 0@ w0 U wbéh wv oh

m @’ 0° 0°h oM h
oo o 6°h WM h
(1° it mh WV h
w0* it Th N 8

Multiplying the first, second, third, and fourth equations of the above systéihbyh * hand
&, respectively, and integrating over along with straightforward simplifications, and using
the boundedness of

6hohohoho ho hahahno Ano hnghnd

in O on TH'Y to obtain that
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Q
Qo

¢

o° 0’ 0"y 6° 0°

for any fixed’Y N THiY8This shows thad® Tt 0° m0° thand® 1 which implies
the uniqueness of solutions to system (1.1).

2. PROOF OF THE MAIN RESULT

Proof of Theorem1: In lights of the results obtained in sulzses(il.1)(1.4), we can conclude
that 6 thop o ho thp I ho thp Y ha thp Y is a unique positive classical
solution of system (1.1) ontiY 6 lb  with 6 thdP f 6 & andy thHdp h

U W.
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A MODKFKED EQUATI ONS APPROACH TO PHASE AND
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Abstract

Classical local truncation error metrics establish formal convergence but often fail to predict
the longterm qualitative dynamiés such as artificial damping or phase shifinmherent to
numerical integrators. To address this limitation, this work leverages backward error analysis
to rigorously characterize the phase (dispersion) and amplitude (dissipation) errors of explicit
linear twaostep methods. By applying these schemoethe standard harmonic test problem,
03D "R 6 0 , we construct the corresponding continuous modified differential equations.
Through systematic Taylor series expansions and the algebraic elimination ofdrigretime
derivatives, we isolate the fundamental spectral errors. Our formulation explanitignstrates

that everorder derivative terms in the modified equations map directly to numerical
dissipation, whereas odutder terms govern phase dispersion. To illustrate the predictive
power of this framework, we contrast the AdaBashforth (AB2) and_eapfrog (explicit
midpoint) schemes. The analysis reveals that AB2 suffers from unphysical amplitude growth
and a phase lead, rendering it inherently unstable for purely oscillatory dynamics. In contrast,
the Leapfrog method preserves amplitude exéctiyhibiting zero numerical dissipatién

while introducing a characteristic phase lag. Ultimately, this methodology provides a robust
diagnostic tool for evaluating and selecting mstép integrators in domains such as wave
propagation, orbital mechanics, dastructural dynamics, where spectral fidelity over long
integration times is paramount.

Keywords : Phase Error, Amplitude Error, Modified Equations
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RKSKWARE REVERSE LOGKSTKCS NETWORK-LREBKGN F
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Abstract

Expansion of rooftop photoltaic systems and smaltale solar applications in Syria has
created an emerging ewd-life management challenge, especially in confiiffected regions
where formal waste systems, technical inspection capacity, and recycling infrastructure remain
limited. This study proposes a eperiod reverse logistics network design model for-efad

life photovoltaic panels in Idlib, northwest Syria. The proposed network consists of source
zones, collection centers, testing and refurbishment centers, recychpgipessing centers,

and safadisposal sites. Unlike conventional PV waste models that route panels directly to
recycling, this study explicitly includes a testing and grading stage to distinguish between
panels suitable for direct reuse, panels requinefgrbishment, and panels that must be
recycled.

A mixed-integer linear programming formulation is developed to determine faojéning
decisions and materiflow allocations across the network. The model considers four planning
objectives: minimizingotal net cost, minimizing carbon emissions, minimizing operational
risk, and minimizing environmental risk. These objectives are integrated using-a non
preemptive weighted goal programming approach. Operational risk reflects accessibility, road
reliability, security conditions, and continuity of operations, while environmental risk reflects
proximity to population centers, camps, water resources, agricultural land, and sensitive
disposal areas. Because official PV waste data are limited, the Idlib cstsectsired using
scenariebased estimates for ewndH-life panel quantities, panel weights, collection rates, facility
capacities, and processing ratios.

The proposed framework provides a practical decisigrport tool for planning circular PV
waste systemiin datascarce and unstable environments. It also highlights the importance of
integrating reuse, refurbishment, recycling, and safe disposal within one coordinated reverse
logistics network.

Keywords : photovoltaic panels, reverse logistics, @rdife management, goal programming,
facility location, recycling, conflicaffected regions, Syria, Idlib.
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OZET

Hezl & kentl ek me, artan n¢gfus yojunluju ve 'y
mek©nl ar eéneén ul ak ém, K¢l ter vV e kamusal K ul
kull anél maséné beraberi rddbg ag e téikréerki kyteitre.r sB wn
gé-1 ¢7 ¢, kapal eél ék hi ssi ve doj al -evreyl e |
olumsuz etkileyen temel tasarém sorunl aré ¢
mek©Onl arénda uyguleana&n tpaeyazragjm asthre¢atteen i | er in
kull anécé deneyimi ve psikolojik konfor ¢zer
gel ecekt eki tasarém sg¢re-lerine katke sajl e
ama-| amaktader .

Artae&r ma, nitel arakteéerma y°ntemine dayalé ol
Altée kehri, Sancakl ar Cami i, Mani sa Kurtul
Apartmanl ar é, RESO Yer Alté Kent Sénwmdsiremi °rr
dayanmaktadeér . Se-ilen °rnekl er; doj al éKeék
sistemleri, bitkisel tasarém ve y°nlendir me
mek©nsal -°9z¢;mler a-éséndan dejerlendiril mik
Ar akt élrgnal ab &, peyzajl a b¢egtenl eki kK tasar ém
g¢-lendirdijini, kullanécé y°nl enmesini kol a
konforu destekledijini ve kullanécé deneyi mi
Karkél aktérmal & analizler sonucunda doj al e |
bitkisel tasarém sistemlerinin farkl é& ©°rnel
belirl enmicktir.

Sonu- ol ar ak, peyzaj én gteet iak tkei rmeksidrar @ Inwoh;
organi zasyonu, kullanécé deneyimini ve s¢rdyg
ol duju ortaya konul muktur . Bu dojrultuda - al
s¢re-1lerinde ekywlaljanoédlaakbliél ebceetkeg npl eki k tasar ém
bir dejerlendirme ve uygul amaya y°neli k bir
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Anahtar Kelimeler: Yer al t é& mekO©Onl ar é, peyzajla b¢ténl
kull anécé dentgieri.mi, tasarém stra

1. GKRKK

Knsanojlunun yeralté mekanlaré ile kurduju i
savunma, i badet Ve Ikl i msel kor uma gi bi t
Kapadokyaddaki Derinkuyu gi bi derkatakonplraal t é
kadar wuzanan bu tari hsel s¢re-, endg¢gstri dev

(Carmody & Sterling, 1993) Moder n d°nemde yeraltée mekanl a
°tesine ge-erek metrovbatbkbhknéek altygpéial] knar

donat el ar a (Bddyleve 2069) K tGirn ¢ m¢ z d e i se kontrol sg¢:
kentl ekme, y¢zeydeki nitelikli arazi ketl ej é
mimarisini sadece teknib i r altyapeée -°z¢m¢g ol maktan -éka
s¢rder el ebilir ve efektif bir Kekil de geniKk
get i r(Durmisevic,rl999; Admiraal & Cornaro, 2018)

Bununla birl ikt endiyneer ahlatsé nyoarpféoll aorjéi nkenekaek ef i z i
il i kKKki si czerinde derin psikolojik ve al gésce
temiz hava sirk¢lasyonunun sénérl & yapeéseée, d
ve kapa é | mé k|l ék (kl ostrofobi k) hissi; kull aneé
etkilemekte ve mekandaki psikolojik konfor diizeylerini minimuma indirmek{&sians et al.,

1996; Soh et al.,, 2016) Bu dur um, -ajdak yeraltakwekanl!l a
m¢hendisli k -°z¢g¢mlerinin yeterl:i ol amayacaj é
konforu iyilektirecek mimar. ve peyzaj tabar

el e alénmasé ger ekt ((Kinetali,2@4)- ék-a g°stermekted

Yeraltée mekanl arénda peyzajla b¢gtenl eki k toa:
monoton ve izole edici et ki yi kéer mak adeéna ¢
bit ki materyalinin, su °@gelveribniymfidokalt asre
yeralté mimarisine entegre edil mesi, mekaneér
-eki t i igi d e ma(lkeBert etuaim 2008; Byara et al.a 201 Biydfdike
tasarém prensi pWdielrlienddoijrriull eéenu spuenydzaa jk eent egr as
evri msel vV e i - ghioghgli] el t eli a kIl &ly&jrerke y@eralt é
azaltmakta, yon bulmawgayfinding becerilerini gel i wtkilrenvesketle

dejerinii k? kit dBrdwdirggtialr, 2014; Yin et al., 2020)

Bu gerek-el er dojrul tusdwaea alktug g Me&kman arman
Bet enl exki k Tasarém Stratejileri: Kar kél akt e
bakl éejé altemdaky gropaaplem; ktaprs.ameén é; yeralteé
al anl arénda peyzaj °gelerininmé&lkidm anémkHhki pio

rasyonel rol ¢, mekansal algé, kull anécé dene
doj mudeat kil erinin incelenmesi ol uktur makt adé
se-ilen bakar él e yeralte mi mar i Si vV e peyz:
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met odol ojiyle analiz edilerek, gel eiciesat e t as
odakl e ve doja ile b¢gtegnlekik tasaréem kriter
2. KAVRAMSAL ¢tERCEVE VE YER ALTI MEKANLAR

KARKI LAKTI RMALI ¥RNEK ANALKZLERK
2.1. Yer Al tMNorMeXl©mjlias iPsikelejisi Kizelinteki Etkilerie

Yer alté mekO©né, ¢(st séneéerl aré dojal topogr a
d¢key dojrultuda yerye¢gzenegn alténda konuml a
mek©nl ar én mor f oliolf,i kd o/fjagplé sék é kp eynecteeressii zIli | i |
dék d¢nya ile g°rsell/likitsel temasén tamami
karakterize edilmektedir (Evans et al., 1996; Soh et al., 2016) (Gorsel 1)

Gorsell. Yer Al té Mekan Morfolojisi
S°z konusu morf-me&@Pnkes&néekamjnnidesderin alg

zemin hazérl ar. Doj al ékéktan yoksun yer alt
(biyolojik saat) bozarak uykudiensi zI|I i kl erine ve kronik yorgu
hissi, bireylerde klostrofobik reaksiyonl ar e
2016) . Ayr éca, g°kyé¢ze, ufuk =-izgisi ve r e’
bulun may é Kk e, kull anécélaréen oryantasyon kaybe
i -inde g¢vensizli k hissetmesine yol a-maktad

alte yapélaréenda sadece m¢ghendirmslodckalolda kil - m
konfor parametrelerinin tasarl anmaséné zorun

22Yer Alté Mek©nl aréneén Tari hsel Gel i Ki mi

Knsanojlunun yer alteé mek©nlaréeyla kurduju i
bar ésnamaynma, i badet ve iklimsel korunma gi bi
Doj al maj aral arén kull anéméendan Kapadokyadda
Kehirlerine, kaya oyma yapél ara ve éekatankcoenhp Ik
ol arak tehlikelerden korunma, gi zl enme ve Kk
g°rm¢gkKt ¢r . Ancak bu tarihsel s¢re-, Endg¢str
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i Kl evsel keréel ma yakamékt éayi( Caamordd/a &maSiteen

depol ama faaliyetleriyle sénérl e kalan yer a

ge-itler, séjénaklar ve teknik altyapé ajlar

2009). GUnumizde ise kontrolsiiz¢, f us art é K é, héezl é& kentl ek me

sénérl aréna ul akarak yetersiz kalmasé, y¢zey

etkenler; insanléejé yeniden yer alténa d°nme
-, !

G°orsel 2. GezmektYen BfnhgmMekanl arénén Kkl evsel
D°n¢Kem S¢égreci

Bu s¢re-te yer alteée mimarisi, sadece teknik

alanl arénén s¢rdegrelebilir ve ef ekmusafalabi r ke

ve ulakem alternatifi haline gelmiktir (Durm

2.3. Yeralté MekO©nl arénda Peyzaj ve Biyofil:@i

Yeralté mimarisinin yaratteéeje izole edici, }
mi mar|l €] é& ve biyofilik tasarém parametrel eri
(Kell ert et al., 2008). Biyofilik tasarém, i
yapéelé -evre i-erisinde c.anlahde) . magaeEnlaemab il ta
i - mek©na entegrasyonu, bitkilerin fizyoloji
g°rsel olarak da monotonluju kérmakta ve du
(Ryan et al., 2014). Su ogelerirknu | | an é& mé , akusti k konfor sajl
sessizlifJi veya mekani k ge¢relteéeye maskel eme
teknol oj i gén EKéj e y°nl endi r me sisteml er |
destekleyerek psikooj i Kk konf or hi ssini maksi muma ul ak
tabanl é stratejiler, yeralteée mek ©nl ar éneé S
et kil eki min, durakl amanén ve mek©Onsal ai diye
d ° ntigmektedir.

2. 4. Karkél aktéermal é ¥rnek Analizl eri

2.4.1. T¢rkiyedden Se-ilen ¥rnekler

2.4.1.1. Derinkuyu Yeralté kehri
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Nevkehir, Kapadokya bl gesinde yer al an D e
morfolojisini kullanma becerisininensomutar i hsel referansédér. Sav
s¢reli barénma amacéyl a tasarl anan bu yapéda
4), ahérlar (G°rsel 5), kiliseler (G°rsel 6)

sahiptir (Gorsl 8).

G°rsel 3. Derinkuyu Savunma Ama-1|1é& Teéejre

G°rsel 4. Derinkuyu Yakam Al anl aré G°
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G°rsel 5. Derinkuyu Aheér G°rsel.

Gorsel 6. Derinkuyu Kilise Gorseli

G°rsel 7. Derinkuyu kérahane G°rsel
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Gorsel 8. DerinkuyuHi yer ar ki k D¢zen GPrsellexktirm

Yapénén en g¢-1¢ tasarém enstr¢mané, y¢izeyde
sirk¢l asyonu hem de temiavahawaéak@sdde at ay lead

G°rsel 9. Derinkucyaul aHaéval andér ma Ba
Doj al t¢f kayanén 1kl i msel -tkoopnofjorra f(ysaa biilti kskéic
rasyonel -°9z¢:m¢ ol arak dejerlendiril mektedir

G°rsel 10. Derinkuyu T¢f Kaya Mal zeme

2.4.1.2. Sancaklar Camii

148



ASERCI MTERNATI ONAL CONGRESS ON HEALTH, ENGI NEERI NG, ARCHI T
Jul y223 20126 PETERSBURG
I SBN 8I/B625879533-2

tasarl anan Sanc

Emre Arolatt ar af éndan Kstanbul 6da
ve aneét sal bi

topojrafya ilikkisinin manevi
yé¢zeyde neredeyse g°r¢é¢nmez hale gel mirsel ve pe
12).
G°rsel 11. Sancaklar Camii Topojrafya
G°rsel 12. Sancaklar Cami K- Mekan Gg¢gn
K- mek©nda ol ukturul an ejkiomltir oK @& Izl ed od wa\ a réeék

(Gorsel 13, Gorsel 14) yer al t € né nt aknmaasnveent | ki é reatrkaiks immiis t i k

atmosfer yaratmaktadeér

G°rsel 13. Sancakl ar Cami K - Mekan Gg¢n
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Cami K- Mekan G¢n

G%°rsel 14. Sancakl ar

a doj al peyzaj
aidiyetin éexkeéek ve

(beéepérbateom eri diof

Yapay ol anl
mor f

yeralténda mek©Onsal

(Gorsel 15).

G°rsel 15. Sancaklar Cami K- Mekan Gg¢gn
2.4.1. 3. Mani sa Kurtuluk M¢gzesi
Mani sadda yer altopoKurattylauk| M&nasig, z|l enen a
sergil eme mek©nedeéer (G°rsel 16) .

| i
i O éﬁi“ r e : = T
nrea
N\ - 'M“,fwﬁ//”
G°rsel 16. Mani sa Kurtul uk M¢zesi Peyzaj
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M¢ z e, kent sel parkén ve peyzalj yézeyinin a
s¢rekl illanéknihesmajde sergileme i1 klevinin gere
karkél amékter (G°rsel 17) .

G°rsel 17. Mani sa Kurtuluk M¢zesi Peyzaj
Kull anécé sirkg¢lasyonu, rampaalsaarr | @ mg ey almte é
monotonluk, farkleé kotl ardaki haci msel oyunl
edil erek, -ajdak bir kullanécé deneyi mi kurg

G°rsel 18. Mani sa KurMekaraMGzes|l k&patimTakéan
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G°rsel 19. Mani sa Kurtuluk M¢gzesi -Kontroll ¢

Gorsel 20. Mani sa Kurtuluk M¢gzesi -Kontroll ¢
2.4.2. Dunyadan Segcilen Ornekler
2.4.2.1. Lowline
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New Yook Manhattan'"da eski bir yeraltée troleybyg:
don¢gktegr ¢l mesi projesi ol an Lowline, yeralt
°rnejidir

Gorsel 21. Lowline Projesi Williamsburg Bridge Trolley Terminal

Projeninmer kezinde, y¢zeydeki g¢nek ékéejéene topl
aktaran uzaktan g¢n ékéjé y°nl endyemealsinahk teand @nm |
22).

Gorsel 22. Lowline Projesi SkyLight Teknolojisi

Bu il eri teknoloji k ékék enstr¢gmané sayesin
(G°rsel 23), aja-lar dikilmik. (G°rsel 24)
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G°rsel 23. Lowline Projesi YeR Alteée Bitki

G°rsel 24. Lowline Pramjecesi Yer Al teée Del
Duyusal -exitlilije sahip f¢gtegristik bir yer
atmosfer tamamen keéerél méexteéer (G°rsel 25, G°r

Gorsel 25. Lowline Projesi Futuristik Kamusal Alan
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Gorsel 26. Lowline ProjesiFuturistik Kamusal Alan

2.4.2.2. Survival Condo Apartmanl ar é
Kansasodota eski bir f¢e¢ze silosunun | ¢gks yer
ol ukturulan Survival Condo projesi (G°rsel y
yonetiminin rad k a | bir °rnejidir

G°rsel 27. Survival Condo Apartmanl a

Pencerelerin bulunmadéjé bu derin str¢gkterd
pencereleryerine LED ekranl & yapayemhegarai pmngerel eB
d¢nyadan canl & hava dur umu, doja manzaralar
oynateéelarak sirkadiyen ritim korunmaya -al éxk
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G°rsel 28. Survival Condo Apartmanlaré Led EK
Ayréca yapay peyzaj alanlarée ve su °geleriyl
(Gorsel 29).

G°rsel 29. Survival Condo Apartmanlareée S
2.4.2.3. RESO
Kanada, Montreal 6dde yer alan RERSOen kleqayw skl yé
sirk¢l asyon ve bajlanté ajéedeéer. Yakl akeék 32
otelleri ve ¢niversiteleri yer alténdan birb
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G°rsel 31. RESO Yer Alteée kehri

Ajén tasarémé, iklimsel koruma (sert kék Kkar
yeralte meydanl ar é, bitkilendiril mick i - n
zenginlexkxtirilmiktir (G°rsel 32)
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