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ABSTRACT

This study provides a detailed examination of the binary logic system ({0,1}), which
forms thefoundation of computer science, and the generalized-ttaleed logic
system (£1,0,1}).

In the first part, the historical development, fundamental principles, and digital
circuit applications of binary logic are discussed. The mathematical definitidhe of
AND, OR, NOT, and XOR operations are presented, along with their algorithmic
implementations.

The following section introduces the threglued logic system and evaluates its
advantages compared to the classical binary framework. Particular atisrgioan

to the flexibility it offers in modeling uncertainty and intermediate states. Logical
operation tables for both systems are constructed, elemgét comparisons are
performed, and the results are analyzed in detail.

The findings indicate that tbevalued logic has significant potential for future
applications in fuzzy logic, artificial intelligence decision systems, and quantum
information processing. Accordingly, this work establishes the theoretical basis for
transitioning from the certaingriven structure of binary logic to the expanded
framework of multivalued logics that accommodate uncertainty.

Keywords: Binary Logic, ThreevValued Logic, Logical Operations, Computer
Science, Atrtificial Intelligence.

Mathematics Subject Classification (M5C 2020):03B50, 68Q60, 94CO05.

1 Introduction

The development of logic siems has a rich historical backgrouithe studyof multi-valued
logics beganin the early 20th century,with pioneerssuch asJan Li ukasiewiczintroducing

the idea of extendingclassicaltwo-valuedlogic to incorporate intermediate truth values in the
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1920s. These early efforigid the foundation for systematic exploration of logical
frameworks capable of representinguncertainty indeterminacy and partial truth in formal
systemg1, 3, 4].

Digital computers are fundamentally based on binary logic, where each piece of
information is representedby O (false) or 1 (tre). However, in practical computing
scenarios, data may involve agrtainty, incompletenessr intermediatestatesthat cannotbe
adequatelycapturedby traditional two- valued systems. Toaddressthese limitations, a
threevalued logic system{ 1 D, 1} has been developed,in which 1 1representsan
indeterminge or unknown state, 0 denotesfalse, and 1 correspondgo true. This extension
allows logical operations to model uncertaingyd partial truth in a naturaland consistent
manner.

The concept of thre@alued logic was first introdudeby JanLi ukasiewiczin the 1920s
and | ater systemati cal | yndatmnatwerk dle 8 4]t Hir ough
u k a s i eonginal métigation was to generalizeclassicalbivalent logic to accommodate
intermediatetruth values, while Kleene for- malized the systemin a computationallyand
mathematicallyrigorous way. Modern studies have further explorbdth the philosophical
foundations angracticalapplicationsof threevaluedlogic, highlighting its relevancen rea

soningunderuncertainty knowledgerepresentationandlogic progranming|2, 5, 6].

In contemporarycomputing, threevalued logic has found increasingap- plication in
hardware design fault-tolerant circuits and artificial intelli- gence systems,where
intermediateor indeterminatestatescan arise natu rally [7, 10, 9]. Within this context
models such as the Bz logic structure[8, 11] offer a more flexible alternativeto classical
binary systems,providing enhancedrepresentationatapacity and minimizing information
loss. By in- tegrating the indeterminag¢ state into logical operationsand computational
models, threevalued logic enables more robust and expressive frameworks for both

theoreticalanalysisand practicalcircuit desgn.

Applications of threevalued logic extendbeyondconventiomal computing and circuit
design. It is employed in artifd intelligence reasonifigameworks, decision support
systems, natural language processing, aedsrequiring probabilistic or uncertaintyaware
inference. Furthemore, three valued logic can enhancethe design of fault-tolerant and
adapive systems,where indeterminate states are treated explicitly, improving overall

systenreliability and expressivenesf, 10,9].

2 Binary Logic System
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Binary logic forms the foundationof all digital computingsystens. In this system, each
piece of information is represented by eitheffélse) or1 (true).Binary logic operationsare
fundamentalfor arithmetic decisionmaking and control processesin digital circuits.
Binary logic not only provides a frame work for simple calculationsbut also servesas the
underlying principle for complex operationssuch as memory storage,conditional branching
and al- gorithmic control flow. Understanding its operations is essential for désigand
analyzingdigital systemsefficiently.

In binary logic:

A AND operationcorrespondsgo themin function AND(A, B) = min(A, B), because
the outputis 1 onlyif both inputsare 1. This propertymakes

AND useful for enforcing strict conditionswhere all inputs must betrue

A OR operationcorrespondso the max function OR(A, B) = maxA, B), sincethe
outputis 1 if a leastone input is 1. OR is therefore usefulfor detecting the
presence of anyue inputamongseveralpossibilities.

A NOT operation inverts the input NOT(A) = 1 ¢ A, which allows the
representationof complementaryconditions and is critical for logical negation

andtoggling signals.

A XOR operationreturns1 only if inputsdiffer: XOR(A, B) = (A¥ B) b NOT(A
b B). XOR is extensively used in arithmetic circuits error detection,and
parity cheing.

The basic binary operationsare summarizedin Table 1, along with their definitions,
input values,and correspondig outputs. Theseoperationsform the building blocks for all

digital circuits andlogic designs.

AND Returns 1 if both inputs are 1 0,1 Oor1
OR Returns 1 if at least one inputis 1 0,1 Oor1
NOT Returns the inverse of the input 0,1 lorO
XOR Returns 1 if inputs are different 0,1 Oor1l
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Table 1: Basic operationsin binary logic. This table shows the logical oper ations
commonlyusedin digital circuits along with their definitions, input- output behavior,
and conceptualisage.

A half adderperformsthe additionof two binary digits (bits). It producesa sum (S)
anda carry (C) outputaccordng to the following expressions:

S=A" B, C=AbB

Half adders are fundamental componentsin arithmetic circuits.  Theyallow
multi-bit addition by providing both the sum of two bits and a carry output which
can be propagatedo the next higher bit in a multi-bit adder This makesthem the
foundationalelementof more complex devicessuchasfull adders ripple-carry adders
and arithmeticlogic units (ALUS).

Table 2 presentsthe truth table of a binary half adder illustrating all pos sible
combinationsof the input bits and the resulting sum and carry outputs This table is
essential founderstandindghow binaryaddition operatesat the circuit level and forms

the basisfor constructinglarger arithmeticcircuits

A B S (Sum) C (Carry)

0 0
0
1
1

, O K, O

0
1 0
1 0
0 1

Table 2: Truth table of a half adderin binary logic. This table demonstratebow two
input bits are combinedto producea sum and a carry output,forming the basisfor
multi-bit binary addition and arithmeticoperatons in digital circuits.

Meaning: Reversesa logical value. Input

and Output:
A (rde) Y O (false)

A (faBe)Y 1 (true)

A In threevaluedlogic: -1 (indeterminate)Y -1 (unchanged)
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Example: ExpressingdThis is not trued usesthe NOT operation

AND (Conjunction) Meaning: Theresultis trueif both statementsre true
Mathematically:

AND(A, B) = min(A, B)
Binary logic table:

A B AANDB
0 O 0
0 1 0
1 0 0
1 1 1

Table 3: Binary logic truth table for AND operation.

Example: 0Todayis sunnyAND itGs the weekend Y True only if botharetrue.

OR (Disjunction) Meaning: Theresultis true if at leastone statemenis true.
Mathematically:

OR(A, B) = maxA, B)
Binary logic table:

A B AORB
0 O 0
0 1 1
1 0 1
1 1 1

Table4: Binary logic truth table for OR operation
Example: oToday is sunny OR itGs the weekend Y True if eitheris true

XOR (Exclusive Meaning: The resultis true if the two statementsaredifferent;
falseif they arethe same.

Binary logic table:

A B AXORB

0 O 0
0 1 1
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1 0 1
1 1 0

Table5: Binary logic truth table for XOR operation

Example: 0Turn the light on XOR offd Y True only if exactly one is chosenjfalseif both
are the same.

In traditional binary logic systems,each piece of information can takeonly a value of O
(false) or 1 (true). However, in many reatworld compu tational and decisionmaking
scenariosjt may not be possibleto detemine whethera condition is definitively true or false.
Sensordata can be incom plete or contradictory, measurments may contain uncertainty, or
the stateof a variable might not yet be fully determined. In such cases,usingonly O or 1 is
insufficient, asit forcesan artificial certaintythat can reducethereliability of the systen.

This is wherethe threevalued logic systembecomesessential. The valuei 1representsan
indeterminateor unknown state indicating that the in- formation cannot be classified as
either 0 or 1 at the current moment. By incorporatingi 1 lpgical operationscan preserve
uncertainty,preventinfor- mation loss, and provide a more realistic modeling framework. This
is par ticularly valuablein artificial intelligence control systems and fault-tolerant circuit
design, where intermediate or uncertain statgsirally arise. Consequently, the systemcan
handle both definite and indeterminateinformation effectively, leading to more flexible and

reliable decisionmaking processes.

3 Three-Valued Logic System

Threevalued logic extends classical binary lodiy introducing an additionalalue, ¢1, to

representindeterminateor unknown states. Thisextensionallows logical systemsto handle
uncertainty, partial truth, and incompleteinformation more effectively, hich is particularly

usefulin Al, fault-tolerantcomputing,and advancectircuit designs.

A ¢1: Indeterminate/ Unknownd represents state where thealue is neither 0

nor 1, capturinguncertaintyin computationsor incompleteinformation.

A Falsed representshe classcal logical valued f a.l s e 0
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A 1 :0 repfiesentdhe classi@l logicalvalueo t r.u e o

Threevalued logic extends standardlogical operationsto accommodatehe indeterminate

stateG 1. These operations carften be modeled using timein and maxfunctionsfor AND and

OR operations,resgectively, preservingconsistencywith binary logic when only 0 and 1 are

involved.

NOT: The negationoperationin threevaluedlogic is definedas

NOT(¢1) ® 0;L, NOT(O)=1, NOT()O ~ &0}

A NOT A
-1 Oorl
0 1

1 -1lor0O

Table 6: NOT operationin threevalued logic. If the input is indeterminateg(-1), its
negation can be eithé@or 1, reflectingthe potentialoutcomeswhile preservingclassical

logic behaviorfor determinatevalues.

Negation of Truth: In threevalued logic, if a statementis determinechot to be

true, thenits value mustbe eitherfalse or indeterminag:

if X # 1, thenX € { B,0}.

Similarly, if a statemenis determinednot to be false, therits valuemust beeither true

or indeterminate:

if X #0, thenXe { H 1.

In threevalued logic, if a statementis not indeterminate then its value must be

eitherfalse or true:

X#HL =K X e {0, 3.

This definition ensureghat the presene of a false (0) input dominategshe result, while an
indeterminate (-1) input propagatesuncertainty when no definitive true or false can be
concluded.

Here, the presenceof a true (1) input dominatesthe result, while theindeterminatestate
preserveduncertaintyif neitherinput is decisivelytrueor false.

XOR: ExclusiveOR is definedas
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1 if A and B are different (0 vs 1)
AGB =<0 if Aand B are identical (0 or 1)

—1 if either A or B is indeterminate (-1)

This operationexplicitly demonstrateshowncertainty(-1) propagateshrough computations,

preventingthe systemfrom forcing an artificial deterministic

outcome.Extending the binary half-adder, a threevalued half-adder can handleinputs that

includethe indeterminatestatet” ™-~-~ < ~=-~~=-" ~~~Hefinedas
A B A+B S (Sum) C (Carry)
14 2 1 A
1 0 -1 1 0
11 0 0 0
0 -1 -1 1 0
00 O 0 0
01 1 1 0
11 0 0 0
1 0 1 1 0

—
—
N
-
—

Table 7: Threevalued half-addertruth table This table illustrateshow the indeterminatstate
T linfluencesthe sum and carry outputs demonstratingthe propagationof uncertanty in

arithmeticoperations.

In threevalued logic, besidesthe classicaltrue (1) and false (0) values,some situations
require representingan indeterminatestate that is neithertrue nor false.To formalize this, we
introduce the NNOR opation, standingor oNeither NOR6. The NNOR operation assigns
the value 1T 1to inputsthat are neither 0 nor 1, while preserving determinatevalues for
standardtrue and false inputs. This provides a systematicway to handle uncertainty or

incompleteinformationin logical computations.

NNOR:
—1 if z is neither 0 nor 1 (indeterminate)

NNOR(z) - ]
T fz=0o0rz =1

Input NNOR Output
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1 1

Table8: NNOR operationin threevaluedlogic. The indeterminatestateT Irepresents a value

that is neitheO nor 1, capturinguncertaintyin reasoning.

Example:  oToday it is not raining AND it is not the weekend Y If either orboth of
these conditions are indeterminate,the result is indeterminate(- 1). This illustratesthe
NNOR operation when the input cannotbe classifiedas either true (1) or false (0), the

outputrepresentsincertainty(-1).

The inclusion of T 1in arithmetic operationsensuresthat any combina tion of uncertain
inputs results in outputs that appropriately reflect this indeterminacy, providing a more
realistic and flexible modelfor circuits andcomputationalystemsthat encounterincompleteor

uncertaininformation

4 DiscussionrConclusion and Future Work

Threevalued logic overcomesthe inherent limitations of binary logic by ex plicitly
representingndeterminatestates( 1 1This capability allows com putational models to
capture uncertainty incompleteinformation or con flicting inputs which are common
in practical applications By incorpc rating the indeterminatestate, logical operations
can propagateuncertaintythrough computationsin a controlled and predictablemanney

ratherthanforcing binary outputs.

Applications:  The flexibility of threevalued logic makesit suitable for a wide

rangeof modernapplications:

A Artificial Intelligence: Handling ambiguousor incomplete data in reasoning

systemsgxpertsystemsand decisioamaking models.

A Sensor Networks: Representinguncertan or noisy measurements distributed

sensingsysems.
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A Natural Language Processing: Capturing partial truth and semariic

ambiguityin languageundersanding.

A Quantum Information  Processing Modeling superposition and
indeterminatestatesin quantim computingparadigms.

A comparative analysis of binaryn@ threevalued logic systemshas been presented.
While binary logic provides a simple and deterministic frame work for digital
computdion, it cannot adequatelyhandle situations where information is incomplete or
uncertain. Threevalued logic introducesan in- determinatestate ( 7 1offering a more
flexible and realistic representatiomf computationalstaes. This enhancement enables
both theoretical and hardwarelevel designs to manage uniznty effectively, potentially

improv- ing the robustnes®f digital sysems.

Building on the currentstudy, severaldirectionscan be explored:

A Higher-Valued Logic Systems Extendingbeyondthreevaluedlogic to n-valued

logics for more granularuncertaintyrepresentation.

A Optimized Circuit Implementations: Designing hardware circuitshat

efficiently processmulti-valued logic without excessiveresourceoverhead.

A Integration with Al Algorithms: Embedding threevalued anchighekr
valued logic directly into machine learning amsoningrame works to improve

decisioamaking underuncertainty.

A Formal Verification and Simulation: Developing tots to formally verify

multi-valued logic circuits and simulatetheir behaviorin real world scenarios.

Overall, threevalued bgic provides a significargnhancemenbver classt cal binary
systems,offering both theoretical richnessand practical benefits. Future explorations
into highervalued logic and its integrationinto emerg ing computationatechnologes

hold promisefor more flexible, robust, andintelligent digital systems
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ABSTRACT

Bidiagonal matrices represent one of the simplest yet most structurally rich classes of
matrices i n numeri cal l i near al gebr a.
parameters, their algebraic, spectral, and perturbation properties make them
fundamental in both theoretical investigations and practical computations.

This study investigates thes€p connections between bidiagonal matrices and Hyper
G-matrix structures, highlighting how inverdenspose duality under diagonal
scaling forms canonical Hyper-fairs. We rigorously establish several new results,
including componentwise perturbationumals, checkerboard sign patterns for inverses
with positive entries, and preservation of monotone eigenvalue order under products of
positive bidiagonal matrices. The implications of these results extend to numerical
stability, condition number estimatioand error analysis for linear systems.

Explicit constructions of scaling matrices and procheged formulations allow for
efficient computation of inverses, condition numbers, and componentwise error
bounds in O(n) or O(kn) operations, avoiding the expformation of large matrices.
Furthermore, we demonstrate applications of these findings in the context of totally
positive matrices, Vandermonde and Pasge¢ matrices, singular value
decomposition, and iterative algorithms such as LSQR and Lanatheds. Overall,

this work bridges classical total positivity theory with modern matrix symmetry and
Hyper Gmatrix frameworks, providing a unified perspective that informs both
theoretical research and algorithmic design.

Keywords: Bidiagonal matrices, Hyer Gmatrix, componentwise perturbation,
checkerboard pattern, monotone eigenvalue interlacing, totally positive matrices,
condition number, numerical stability

Mat hemat écs Subject Cl1%A23 &5B48Bc GbE386, A .BB05( Ms c
15A18

1 Introduction

Bidiagonal matrices play a fundamental role in numerical timégebra due to their struc
tural simplicity and wide applicability in torization, spectral computation, and stability
analysis. Despite having only 2rl parameterdidiagonal matrices exhibit rich algebraiod

spectral behaviors that make themucial for both theoreticalinvestigationsand nu- merical
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implementations[27, 34]. Historically, the systematicstudy of structuredmatrices dates
back to the late nineteenth and early twentieth centuries, when matherasi such as
Toeplitz, Hilbert, and Viadermonde introducedhatrix forms that preservedalgebraicand
spectral regularitieacross transformations. Throughout the Hmidntieth centurywith the
contributionsof Kac, Szed ,and Wilkinson, matrix theory evolved into a computational
discipline This historicalprogressioraid the foundationfor the moderntheory of structured
matrices,wherealgebraicsymmetry,scaling,and conditioningform the core analyticaltools
[10, 37,33].

The study of structured matrices, such as Pascal, Vandermonde,and circulant ma
trices, has a rich historical backgroundin numericallinear algebraand spectraltheory[7,
8, 37,34,10]. Among these,€ircuant matrices form a unigusubclasscharacterizedby the
Q-weighted permutation symmetry. Their inversé trarspose structure and diage nal
scalability link them closely to the recently introduced Hyper G-matrix pairs, which
generalizetraditional circulantand G-matix symmetries[56, 57,58, 59].

The concept of a Hyper-@air arises whertwo matices A and B satisfy a generalized

diagonalscalingsymmetry:
A'T = D1BD2,

where D1 and D2 are nonsinguladiagonal matrices. This property encapsulatee
scalesymmetric duality underlying numerousstructured systems, including totally pos
itive, Toeplitz, and Vandermonddype families [24, 39, 40, 33, 26]. Such dualities also
connectwith the algebraic propertiesof G-matricesstuded by Hall and Fiedler, where
inversé transposeand signsymmetryrelationsgovernspectralpresevation and stability [56,
57, 58, 59]

The primary goal of thigpaperis to analyzethe algebraicand spectralbehaviorof Q-
circulant matricesand to show how these naturally constitute Hyper G-matrix pairs In
this context,the connectims amonggeneralizedFourier transforms,matrix symmetriesand
eigenvalue stability will be highlighted his theoretical framework builds upon earliavorks
in matrix analysis, bidiagohalecompositions, and spectyarturbation theory34, 27, 13,
35]. Furthermore,the paper extendsrecent approachesntroducedby K e | ie istructured
operator systems, particularly within the framework of inversé transposeduality and
Hyper G-relations presentedin his WSEAS Equations article and the Toria Conference
proceedingq2024).
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The literature relevant to this study is vast and includes semiral contributions in
matrix function theory, numericalstability, and total positivity [8, 10, 37, 34, 24, 21, 26,
33, 35,]. Particularly,the algebrac correspondencéetweenQ-circulant and Hyper G-pairs
extendsresults discussedby Higham, Koev, Fallat, and Hall in the context of bidiagonal,
totally nonnegative, andG-structured matrices [39, 24, 34, 56, 57].  This unified
perspectivereveals how inversé transposesymmetries,spectral decompositionsand scaling
invariancenaturally convergein the algebraictheay of structuredmatrices.

Beyondits theoreticalimplications the study of Q-circulantand Hyper G-matrix pairs
has a wide range of apgditions. These include the design of numerically stable algorittams
eigenvalue computation, preconditioning in iterative solvers, digital signal and image
processingand even modeling of discreteagiumand opticakystemsavherescalingandphase
symmetriesare essatial [34). In addition, the structural parallels betweenHyper G-pairs
and operator symmetries in control and communication theory point to potential

applicationsin multi-agentdynamicsand robustsystemdesign.

The below theoretical results are particularly relevant for several structured matrix

families and computationaframeworks, including:
A VandermondePascal Frank,and Kad Murdocki S z e myaRices,

A Totally nonnegativeandtotally positive matrix analysisin O(n2) complexity,
SingularValue Decomposition(SVD) and LU factorizations,
A L abasedtevative algorithms.

In each of these contexts, bidiagonal matrices provide both structural transparencyand
algorithmic efficiency, making themindispensabléen modernnumericallinear algebra.

2 Bidiagonal Matrices: Definition, Properties, and Stability

Bidiagonal matrices play a crucial role in matrix analysis and numerical computation
due to their compactstructure,low computationalcomplexty, and predictablealgebraic
behavior. Theyappearnaturally in LU, QR, and bidiagonal decompositionsand serveas
fundamental building blocks in singular value computations,least squaressolvers, and
iterative refinementalgorithms Their simplicity allows exactsymbolic manipulationwhile

preservingdeepconnectiongo total positivity and structued matrix theory.
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A bidiagonal matrix B ¥ Mn (R) is defined as a matrix whose nonzero entries are
restrictedto two adjacentdiagonals.Explicitly, an upperor lower bidiagonal matrix canbe
represente@s
(b7 D1z O --- 0
bot  bas  baz :
B=10 by bsz . 0

b-n —1,n

0 T 0 b-n._-n—l b-n.n N
This compact form leads to efficient computation and-stelictured inverses. Bidiagonal

forms arise from transformationssuch as Householderor Givens reductionsof general
dense matrices and are imagn algorithmslike the Goluli KahanSVD procesq27, 34]. The
upperand lower bidiagonal matricesinalsobe interpretedasdiscreteanalogues
of first-order differential operators. Their structusgzhrsityallows stablerecursivecom-

putation,andtheir inversesmaintainpredictablesign patternsand scalingsymmetries.

Bidiagonalmatricespossesseveralremarkablealgebraicand spectal properties:

A ifverse BL  can be expressedentirely in terms of products and inverses of
diagonalelementswithout requiring any additions.

A'If B haspositive entries then B-1 exhibitsan alternatingsign patterrd commonly
referredto as a ficheckerboargatterrdd which connectsto the total positivity prop-
erty [24, 26].

A abdoletevalue of the inversesatisfies

Bt =M@t
whereM(B) denoteshe comparisormatrix of B.

Theserelationshipshighlight the numerical regularity, sign stability, and monotonicity of
bidiagonal structures. Moreoverthe eigenvaluesof abidiagonalmatrix coincide with its
diagonal elements,implying a direct correspadencebetweenalgebraic spectrumand local
scaling factors. This property simplifies both spectrd perturbation analysis and
conditioningestimatesn iterative algorithms[33].

One of the most distinctive aspectsof bidiagonal matricesis their robustnessunder

small componentwiseperturbations. If [feB  UB() the following componentwiseper
turbation boundholds:
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_ @pe1)6

B+AB)TLl1Bllo0s! '
(B + ) 1 B'+| OUB" [, 1—(2n—1)0

This bound is significantly strongerthan the correspondinggeneralresults for triangular
matrices, emphasizing the intrinsic stability of iagbnal systems. The inequality demon
strates that perturbationspropagatein a linearly bounded manner and that the relative
condition number remains controlled even for large dimensions, provided the diagonal
dominancds preserved.
Furthermorefor a productof bidiagonalmatices
B =B1B2 ---Bk,

a generalizedoerturbationinequality can be established:
(B +lemhlio( (1 K+ yEhl,

particularlywhenthe matricesBj or their inversesarepositive This multiplicative form is
of great practical importance in block bidiagonal systems tridiagonal factorization
chains, and iterative decompositionmethods used in numerical PDE solvers and signal

reconstruction

3 Bidiagonal Matrices and Their Connection with Hy- per G-Matrix Structures

Bidiagonal matrices play a fundamentalrole in numerical linear algebra due to their
structural simplicity and wide applicability in factorization, spectral computation, and
stability analysis.Despite having only 2n 1 parameters, bidggmnal matricesexhibit rich
algebraic and spectral behors that make them crucial for both theoretical investigaaos

numericalimplementationg27, 33, 34].

Recentadvancesdave revealed that bidiagdmaatricesalso sharedeepalgebraicpar allels
with G-structured and Hyper G-matrix systems [56,57, 58 59. Specifically, the

inversé transposeduality

B'T =D1BD2,
for norsingular diagonal matricesD1 and D2, forms a special caseof the Hyper G-par
property:

A'T = D1BD2,
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which definesa scalesymmetric correspondencéetwesn paired structuredmatrices. Irthe
bidiagonal context, tki duality underlies their checkerboard siggmmetry, monotone
spectralscaling,and stability underdiagonalperturbations.

Structured bidiagonal matrices not only facilitate computational efficiency but also
exhibit remarkablealgebraicregularity that can be rigorously formalized In particulag
the interplay betweendiagonal elementsand the overall matrix inversion processrevealsa
predictable pattern that underlies both numerical stability and theoretical analysis.This

motivatesthe following formal statementegardingthe explicit compuation of theinverse.

Lemma 3.1. Let B ¥ Mp (R) be a nonsingularbidiagonalmatrix. Thenthe inverseB ! 1
can be expressedexplicitly using only the products and multiplicative inversesof the diag

onal entries of B, without requiring any addition operations. Consequity, the structureof

Il preservesa highly regular patterrthat is directly determinedby the entriesof B.

Proof. Let B be an upper bidiagonal matrix with entries bjj on the main diagonal and

bi i+1 on the superdiagonal

0
0 e 0 b-n—l._-r?.—l h-n—l,-r?.
|0 e e 0 —

Considersolving BX = I, whereX = BTl Dueto the upper bidiagonal structure

eachcolumnxj of X canbe computedrecursiely startingfrom the last row:

b-.i._e+

hnlxi+1,j, i=jT1,j12,...,1.

1
Njo=g-. X =T
Yjj

Similarly, for a lower bidiagonal matrix, the recursion proceeds fthe first row down
ward. At each step, only multiplication and division by diagonal elementsare required,

and no addition is involved. This recursivestructureguarantees that thiall inverseB 11
can be explicitly constructedfrom the diagonal and immediate off-diagonal entries alore,

preservingthe checkerboardike patternof signsin the caseof positive enties.

Bidiagonal matricescan be naturally embeddednto the broader framework of Hy- per

G-matrix systems, which are characterized by generalized scalesymmetric inverse
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transposerelations. This connection allows for new theoreticaights into spectral

properties stability, and structuredfactorizations

Theorem 3.2. Let B ¥ Mn (R) be a nonsingularbidiagonalmatrix. Then (B, B) formsa

Hyper Gmatrix pairwith
B'T = D1BD2,

for someuniquely determinednonsingulardiagonalmatricesD1 andD2.

Proof Considerthe linear system BTX = 1. By the recursive structure of a bidiag
onal matrix, each elemensf X = BI' T depends only on multiplicativeawverses and
productsof the diagonalentriesof B. Define O = diag(d :11%,b" :2o1,....0" 1:np)

and D2 =
diag(hn1,b22,...,nn). Then

B'T =D1BD2,
verifying the Hyper G-pair property. O

Lemma 3.3. Let (B, B) be a Hyper G-pair as in Theorem3.5, ad assumethat B is a
nonsingularbidiagonal matrix with positive diagonal entries. Then B is totally positive,
andits eigenvaluessatisfy the strict monotoneproperty

0 <a(By< 2¢B) <--- < n¥B).

Moreover, underthe diagonalscaling defining the Hyper G-pair,
B'T =D1BD2,

the eigenvalueof BI'T arealso positive, and their orderis preservd relative to B.

Proof Let B N Mp (R) beanonsingulabidiagonalmatrix with positive diagonalentries
ThenB is totally positive,i.e., all its minors are positive [24, 39].

By the propertiesof totally positive matrices, all eigenvaluesof B are positive and
simple [24, Theorem2.4]. Hence,we canorderthemstrictly as

0 <1(B}<a2(B)<-- <an
(B). Now considerthe Hyper G-pair saling

B'T = p1BD2,
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where O , D2 are nonsingular diagonal matrices. Singedhd Dp are positivediagonal(a

consequencef positivity preservatiorfor Hyper G-pairswith positive bidiagonas), B Tis
**diagonally similar** to B:

81T = p18D2 = D1DY,/2 {pTi,1/2apLi,/2) pLiy/2.

Diagonal similarity preserves the eigenvalues up to scaling byvedsittors,so theorderof

eigenvaluesemainspositive and strictly increasing.

Therefore, both Band B' T have positive, strictlyorderedeigenvaluescompletingthe

proof.

Bidiagonal matrices due to their structuralsimplicity and numericalefficiency, play a
pivotal role in modern linear algebra. Recenstudies have shown that they also form
naturalexamplesof Hyper G-matrix pairs undersuitablepositivity assumptions[24, 39, 56,
57,58, 59.

Lemma 3.4.Let BN Mp(R) be a nonsingular bidiagonal matrixThen the inversB
Tl can be computedusing only products and inverses of the diagonalelements,without
requiring any addition operations.
Proof. Theinverseof a nonsingularbidiagonalmatrix can be computedrecursively: foran
upperbidiagonalmatrix B, the (i,j)-thentry of BT 1 is

j—1

_bk.k-i—l . .
(B™Y),; = [1 » 1=

bri
Pl kk

0, i > 7,

where bkk are the diagonalentries. No addition is required,and only productsand recip-

rocalsof diagonal entriegre used. i&ilarly for lower bidiagonalmatrices. This confirmihe

lemma.

Theorem 3.5. Let B ¥ Mnp (R) be a nonsingularbidiagonalmatrix with positive diagonal

entries Then (B, B) forms a Hyper G-matrix pair.

B'T = D1BD2,
for uniquely determinednonsirgular diagonalmatricesD1 , D2 with positive entries.
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Proof. By positivity of the diagonal, B is totally positive [24] The inversetransposd3

T s diagonally similar to B via positive diagonalmatricesD1 and D2, which can be
constructedrecursively. Uniquenes®llows from the nonsingularity and positivity of B
andits diagonalscalingfactors. This establshesthe Hyper G-pair property.

Lemma 3.6. Let (B, B) be aHyper G-matrix pair as in Theaem 3.5, with B having
positive diagonal entries. Then the eigenvaluesof B andB!T satisfy a strictly postive,
monotoneordering:

0 <1(B<a2(B)<: <éon

(B), andsimilarly for Bl T underdiagonalscaling

Proof Since B haspositive diagonalentries it is totally positive By total positivity, all
eigenvaluesof B are positive and simple [24, Theorem2.4]. The Hyper G-pair scaling

B'T = Dp1BD?

with positive diagonalD1 , D2 preservespositivity and order of eigenvaluesvia diagonal

similarity. HenceB' T also hasstrictly positive,ordered eigenvaluepyoving thelemma.

Proposition 3.7. 3.7 Let B = B1B2 ---Bk be a product of nonsingularbidiagonalma
trices with strictly positive diagonal entries Then (B, B) forms a Hyper G-matrix pair.
Moreover, the eigenvaluesof B preservea strictly positive, monotone ordering compnen

twise inheritedfrom the individual Bj factors

Proof. EachBj has positive diagonal enties and is a Hyper G-matrix by Theorem3.5.
The product of diagonally similar matricesremans diagonally similar via the productof
their respectivediagonal scaling matrices. Since each Bj is totally positive, postiv- ity
and monotoneeigenvalueordering are preservedunderthe product, confirming the

proposition. O

Remark 3.8. These results demonstratethat products of positive bidiagonal matrices
naturally yield Hyper G-matrix structures.The requirementof positive diagonalentriesis
essential:without it, monotoneeigenvalue ordering and Hyper G-pair propertiesmay fail.

Consequently, positive bidiagonal marices and their products serve as canonical,
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numerically stableexampleslinking classicaltotal positivity with modernHyper G-matrix

theory

Bidiagonal matrices with positive diagonal entries serve as canonical examplgseoG-y
matrix pairs. Their structuralsimplicity enablespreciseanalysisof inverses perturba tions,
and eigenvaluebehavior.

Lemma 3.9. For a nonsinglar positive bidiagonaimatrix B, the inverse Bl can be

computedusing only productsand inversesof diagonalentries,without any additions.

Lemma 3.10. If B has positive entris, thenBT1 exhibits analternatingsign pattern,

also called a checkerboargbattern.

Theorem 3.11. Let M(B) denotethe comparisonmatrix of a positive bidiagonalmatrix

B. Then

B'L|=m@)'L.

Proposition 3.12. Let (B, B) be a Hyper G-matrix pair with positive diagonal entries and
supposelee B Vv UB| . Thenthe perturbedinversetransposesatisfies

(B +' T T|0O0B' T,

where
_ (2n—1)0
TTI o n—1s

Theorem 3.13. Let B be a positive bidiagonalmatrix and [ze B OU[B|. Then

(2n 1)

B /_\BT]‘_ T1 Nl 1 = .
(B + ) 1 B'~| OUB" +|, 1—(2n—1)0

Corollary 3.14. If B = B1 B2 ---Bk is a product of positive bidiagonal matrices
then( B +11aem)l|o( (1 X+ 18",

with U as above. Positivityof eachBj or B;l ensuregreseration of thecomponentwise

bounds.

Remark 3.15. Theseresultshighlight severalkey aspects:
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A Numericalregularity andsign stability throughthe checkerboargatternand abse lute

value properties.

A Robustnessinder componentwiseperturbations both for individual bidiagonal ma-

trices and productsthereof.

A Connectionto totally nonnegativematrix theory and Hyper G-matrix strucures
[24, 26,39, 58, 59]

The combination othese propeies justifies the use of positivbidiagonal matrices as fun
damental building blocks in stable numerical algorithms, spectrdysasiaand structured
linear systems.

The numerical stability of linear systems involving products ofdgidhal matrices cae
efficiently characterizedthrough norm-based condition numbersand componentwisesrror
bounds. Thanks to the structured properties of positive bidiagonal matrices and their
Hyper G-matrix pair correspondenceboth the computationof condition numbersand the
estimation of forward errorsan be performedwithout explicitly forming the full matrix
product. Theseresults provide practicalguidancefor algorithm designand erroranalysisin

structurednumericallinear algebra.

Proposition 3.16. Let A = B1B2 ---Bk be a product of positive bidiagonal matrices

Then the infinity -norm condition numbersatisfies

b ((A)="Ap Al p,
and can be computed in O(krgperationsusing only the factor matrices jB without
explicitly forming A.
Proposition 3.17. For a computedsolution xp to the linear systemAx = b, the forward

error is boundedcomponentwiseoy

Xb - x| O2k(2n- 1)uAT 1],

whereu denogs the unit roundoff. This boundighlights the high numericalreliability of
solutionsobtainedvia bidiagonalbasedactorizationmethods.

Remark 3.18. Thesepropositionsdemonstratethat the structuredpropertiesof positive

bidiagonal matrices not only enable efficieninputation ohorms and condition numbefst
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also ensure robust componentwiseerror control, which is critical for stable numerical

algorithmsin both direct anditerative solution methods.

Discussion Conclusionsand Future Work

The studyof bidiagonalmatricesandtheir deepconnectionto Hyper G-matrix structureshas
revealeda rich interplay betweeralgebraic structure, spectral propertiesand numer ical
stability. Throughthe analysisof positive bidiagonalmatrices we demonstratedhat such
matricesserve as canonicalexanples of Hyper G-pairs, exhibiting scalesymmetricduality,
checkerboardsign patterns,and monotoneeigenvalueordering. The derived lem mas and
theoremsconfirm that both single bidiagonal matricesand products of positive bidiagonal
matrices preservethese structural and spectral properties,enabling reliable computationof
inversescondition numbers,and componentwiserror bounds.

The numerical results and theoretical bounds presentedhighlight the robushess of
these matrices under componentwiseperturbations,and the high efficiency of computa
tions for productsof bidiagonalfactors In particulat the infinity -norm condition number
and forward error bounds provide practical tools for analyzing the sensitivity of linear sys
temsformed by suchmatrices Moreover the integrationof total positivity conceptswith
Hyper G-matrix theory establishesa unifying framework that bridges classical matix

analysiswith modernstructued matrix algebra.

From an applied perspective, thesefindings are directly relevantto the analysis and
computation of structured matrix families such asVandermonde, PascalFrank, and
Kad Murdock' S z e gqdrices, as well as in the implementationof SVD, LU factoriza
tions, and Lanczosbasediterative methods.The establishednonotonicity, sign stability, and
diagonal scaling properties guarantee predictable behavior in numerical algorithms,
enhancingthe reliability of simulationsin scientific computing, signal processing, and
control applications

Looking forward, severalavenuesfor future researchemerge. First, extding the
Hyper G-matrix framework to broade classesof structured matrices, including block-
bidiagonal and bandedsystems,could yield new insights into spectral stability and fac-
torization methods Second incorporatingprobabilistic perturbationmodelsand round ing
error analysis may refine componentwiseerror bounds in finite-precision arithmetic.

Finally, exploring applications in larggcale, highperformancecomputing and structured
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optimization problems could leveragethe intrinsic algebraicregularity of thesematrices,

potentially improving efficiency and stability in realworld computationatasks.

In conclusion, positive bidiagonal matrices not only serve as a fertile ground for the
oretical exploration of Hyper G-matrix structures but also provide concretetools for
robust and efficient numerical computations. Theframework developedn this study
lays the foundation for both deepertheoretical investigationsand practical algorithmic

implementationsn structurednumeri@l linear algebra.

Acknowledgment

The author acknowledgesthat this work builds upon recent developmentsin structured
matrix theory and spectral symmetry, particularly the Hyper G-matrix formalism that

bridges bidiagonal algebra with generalized Fowarel spectraldeformationframeworks.

References

[1] Golub, G. H. & Kahan, W(1965). Calculating the Singular Values and Psdugerse of
a Matrix. SIAM Journal on Numerical Analysis, vol. 2, no. 2, pp.i223.

[2] Higham, N. J. (2002). Accuracy and Stability of Numerical Algorithms, 2nd ed. SIAM,
Philadelphia.

[3] Demmel, J. W(1997). Applied Numerical Linear Algebra. SIAM.

[4] Wang, Y. & Gao, X. (2022). Hyper-Blatrix Pairs and Scal8ymmetric Operators.
Linear Algebra and its Applications, vol. 651, ppi 23.

[5] Gao, X. & Zhang, L. (2023). Spectral Deformation an€igculart Hyper GPairs.
Journal of Computational Algebra, vol. 19, no. 4, pp.i3B4.

[ 6] Kelex, H. (2024). On the Algebraic,

Matrix Systems. Turkish Journal of Mathematics (submitted).

[7] Aceto, L. & Cagao, I. (@17). A matrix approach to Sheffer polynomials. J. Math. Anal.
Appl., 446(1):87100.

24

Spec



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 28, 2026/ CANAKKALE
ISBN NR:978-6255694-84-3

[8] Aceto, L. & Trigiante, D. (2001). The matrices of Pascal and other greats. Amer. Math.
Monthly, 108(3):232245.

[9] Anderson, E., Bai, Z., Bischof, C. H., Blackford, Bemmel, J. W., Dongarra, J. J., Du
Croz, J. J., Greenbaum, A., Hammarling, S. J., McKenney, A. & Sorensen, D. C. (1999).
LAPACK Users' Guide, 3rd ed. SIAM, Philadelphia, PA.

[10] Bernstein, D. S. (2009). Matrix Mathematics: Theory, Facts, and Forr2ahed.
Princeton University Press, Princeton, NJ.

[11] Bjorck, A. & Pereyra, V. (1970). Solution of Vandermonde systems of equations. Math.
Comp., 24(112):893903.

[12] Conte, S. D. & de Boor, C. (1980). Elementary Numerical Analysis: An Algorithmic
Approach, 3rd ed. McGrasill, Tokyo.

[13] Davis, C. (1973). Explicit functional calculus. Linear Algebra Appl., 6i193.

[14] Delgado, J., Koev, P., Marco, A., Martinez].]).Pefia, J. M., Persson, P. O. & Spasov,
S. (2023). Bidiagonal decompositions of \d@enmondetype matrices of arbitrary rank. J.
Comput. Appl. Math., 426:115064.

[15] Demmel, J. W. & Kahan, W. (1990). Accurate singular values of bidiagonal matrices.
SIAM J. Sci. Statist. Comput., 11(5):87/8L2.

[16] Descloux, J. (1963). Bounds for thgectral norm of functions of matrices. Numer.
Math., 5(1):185190.

[17] Eberlein, P. J. (1971). A note on the matrices denoted by Bn. SIAM J. Appl. Math.,
20(1):8792.

[18] Edelman, A. & Strang, G. (2004). Pascal matrices. Amer. Math. Monthly, 111(83):189
197.

[19] Eisenstat, S. C. & Ipsen, I. C. F. (1995). Relative perturbation techniques for singular
value problems. SIAM J. Numer. Anal., 32(6):19T7988.

25



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 28, 2026/ CANAKKALE
ISBN NR:978-6255694-84-3

[20] Elliott, J. F. (1953). The characteristic roots of certain real symmetric

matrices|V.Sd. Thesis, University of Tennessee, Knoxville, TN, USA.

[21] Fallat, S. M. (2001). Bidiagonal factorizations of totally nonnegative matrices. Amer.
Math. Monthly,108(8):697 712.

[22] Fallat, S. M. (2014). Totally positive and totally nonnegative matrices. In: Hogben, L.
(ed.), Handbook of Linear Algebra (2nd ed.), Chapman Hall/CRC, Boca Raton, FL, USA,
29.1129.17.

[23] Fallat, S. M., Gekhtman, M. I. & Johnson, C.(R000). Spectral structures of irreducible
totally nonnegative matrices. SIAM J. Matrix Anal. Appl., 22(2)i6245.

[24] Fallat, S. M. & Johnson, C. R. (2011). Totally Nonnegative Matrices. Princeton
University Press, Princeton, NJ, USA.

[25] Frank, W. L (1958). Computing eigenvalues of complex matrices by determinant
evaluation and by methods of Danilewski and Wielandt. J. Soc. Indust. Appl. Math.,
6(4):378 392.

[26] Gasca, M. & Pefia, J. M. (1996). On factorizations of totally positive matrices. loa,Gas
M. & Micchelli, C. A. (eds.), Total Positivity and Its Applications, Sprinyerlag, pp.109
130.

[27] Golub, G. H. & Kahan, W. (1965). Calculating the singular values and pseusige of
a matrix. SIAM J. Numer. Anal., 2(2):20824.

[28] Gregory, RT. & Karney, D. L. (1969). A Collection of Matrices for Testing
Computational Algorithms. Wiley, New York, USA; Reprinted with corrections by Robert E.
Krieger, Huntington, New York, 1978.

[29] Higham, D. J. (1995). Condition numbers and their condittonbrers. Linear Algebra
Appl., 214:193213.

[30] Higham, N. J. (1986). Efficient algorithms for computing the condition number of a
tridiagonal matrix. SIAM J. Sci. Statist. Comput., 7(1):1565.

26


https://m.sc/

TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 28, 2026/ CANAKKALE
ISBN NR:978-6255694-84-3

[31] Higham, N. J. (1987). Error analysis of the Bjdiekrera algorithms for solving
Vandermonde systems. Numer. Math., 50(5):633.

[32] Higham, N. J. (1990). Stability analysis of algorithms for solving confluent
Vandermonddike systems. SIAM J. Matrix Anal. Appl., 11(1):2341.

[33] Higham, N. J. (2002). Accacy and Stability of Numerical Algorithms, 2nd ed. SIAM,
Philadelphia, PA, USA.

[34] Higham, N. J. (2008). Functions of Matrices: Theory and Computation. SIAM,
Philadelphia, PA, USA.

[35] Higham, N. J. & Mikaitis, M. (2021). Anymatrix: An extensible MATBANatrix
collection. Numer. Algorithms, 90(3):11i75196.

[36] Hogben, L. (ed.) (2014). Handbook of Linear Algebra (2nd ed.). Chapman Hall/CRC,
Boca Raton, FL, USA.

[37] Horn, R. A. & Johnson, C. R. (2013). Matrix Analysis, 2nd ed. Cambridge University
Pres, Cambridge, UK.

[38] Kac, M., Murdock, W. L. & Szeg6, G. (1953). On the eigafues of certain Hermitian
forms. J. Ration. Mech. Anal., 2:76300.

[39] Koev, P. (2005). Accurate eigenvalues and SVDs of totally nonnegative matrices. SIAM
J. Matrix Anal.Appl., 27(1):1 23.

[40] Koev, P. (2007). Accurate computations with totally nonnegative matrices. SIAM J.
Matrix Anal. Appl., 29(3):731751.

[41] Lehoucq, R. B. (1996). The computation of elementary unitary matrices. ACM Trans.
Math. Software, 22(4):39300.

[42] Marco, A. & Martinez, 3J. (2013). Accurate computations with totally positive
BernsteinVandermonde matrices. Electron. J. Linear Algebra, 26388/

[43] McCurdy, A., Ng, K. C. & Parlett, B. N. (1984). Accurate computation of divided
differences of the exponential function. Math. Comp., 43(168j)528.

27



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 28, 2026/ CANAKKALE
ISBN NR:978-6255694-84-3

[ 44] Mersin, E. ¥. & Bahki, M. (2021). Sturm
Hacettepe J. Math. Stat., 50(4):160211.

[45] Multiprecision Computing Toolbox (n.d.). Advanpikokyo. Available

at|http://www.advanpix.cofn

[46] Opitz, G. (1964). Steigungsmatrizen. Z. Angew. Math. Mech., 4452

[47] Paige, C. C. & Saunders, M. f.982). LSQR: An algorithm for sparse linear equations
and least squares. ACM Trans. Math. Software, 8(4j#43

[48] Parlett, B. N. (1998). The Symmetric Eigenvalue Problem. SIAM.

[49] Rutishauser, H. (1968). On test matrices. In: Programmation en Maihéesa
Numériques, Besancon, 1966, vol. 7 (no. 165), Editions Centre Nat. Recherche Sci., Paris,
pp.349365.

[50] Skeel, R. D. (1979). Scaling for numerical stability in Gaussian elimination. J. ACM,
26(3):494526.

[51] Van Loan, C. F. (1975). A study dfd matrix exponential. Numerical Analysis Report
No. 10, University of Manchester, Manchester, UK; Reissued as MIMS EPrint 2006.397.

[52] Wilkinson, J. H. (1960). Error analysis of floatipgint computation. Numer. Math.,
2(1):319340.

[53] Wilkinson, J.H. (1965). The Algebraic Eigenvalue Problem. Oxford University Press,
Oxford, UK.

[54] Young, D. M. (1954). Iterative methods for solving partial difference equations of
elliptic type. Trans. Amer. Math. Soc., 76(1):921.

[55] Young, D. M. (1971). Iterate Solution of Large Linear Systems. Academic Press, New
York.

[56] Fiedler, M. & Hall, F. J. (2012). @atrices. Linear Algebra Appl., 436(3):#341.

28


http://www.advanpix.com/

TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 28, 2026/ CANAKKALE
ISBN NR:978-6255694-84-3

[ 57] Hall, F. J. &natRceszbrihagonal matriced,.and(th2ilsigr6 ) . G
patterns. Cech Math. J., 66(3):65870.

[ 58] Kel ek, H. & Hall , F. -rdatrix Raks®@f2V&atjices. Fur t her
WSEAS Transactions on Mathematics, vol. 24, pp-729, 2025,
DOI:10.37394/23206.2025.24.71.

[ 59] Kel ek, H. & Hatied Betwden @&alrices &nd Bypes-ghatricéd8n  Pr o
Equations, vol. 5, pp. 999, 2025, DOI:10.37394/232021.2025.5.9.

29



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 28, 2026/ CANAKKALE
ISBN NR:978625569484-3

EXTENDED RELATIONS BETWEEN Q -CIRCULANT MATRICES AND HYPER G -
MATRIX PAIRS

HASAN KELEK
Department of Mathematics, Karadeniz Technical University, Trabzon, Turkiye,
E-mail: hasankeles@ktu.edu-tORCID ID: 00000001-:8436:890X

ABSTRACT

This study provides a comprehensive and systematic investigatiorco€uant matrices,
focusing on thie algebraic, spectral, and operatorial properties, while highlighting their
intrinsic connections to Hyper -@atrix pairs. Qcirculant matrices, as a natural
generalization of classical circulant structures through the introduction of a deformation
paraméer Q, exhibit rich mathematical behaviors that extend beyond traditional cyclic
matrices.

One of the key findings of this work is that these matrices demonstratesgoateetry under
inversetranspose operations, which establishes that the pajr<C6C3 naturally form Hyper
G-matrix pairs. This structural property is further elucidated through tReu@er transform,
which diagonalizes Qirculant matrices and reveals a tight correspondence between the
spectra of a matrix and its inverse under scaling.

In addition, the study explores the role of emti t o mor phi s ms, speci fical
preserves the Hyper G structure and induces-aefihed spectral relations, highlighting both
algebraic and operatorial symmetries.

Beyond theoretical insightshe paper discusses practical applications, includir@uyier

based convolutions in signal processingdedormed unitary operators in quantum
information, modular cyclic structures for cryptography, and spectral factorization techniques
in matrix analgis. Overall, this work provides a unifying framework for understanding Q
circulant matrices as adpformed subclass of Hyper G structures, offering both fundamental
theoretical results and potential avenues for applied research in computational andl physi
systems.

Keywords: Q-circulant matrices, Hyper -@atrix pairs, edeformation, Fourier analysis,
spectral methods

Mat hemat écs Subj ec tl5BDb, a5AKEIEB33 B5AZB.ABB5 202 0)

1 Introduction

Classcal circulant matrices have long been recognize as important structuresin linear

algebraand applied mathematics (cf. Davis, 1979 Today, various generalizédrms of
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thesematrice® suchas k-circulant, ¥-circulant, and vectorcirculart structured arestudied

[6, 7, 8]. Thesegeneralizationshave led to new results in matrix norms, eigen value
structures and algorithmic applications On the other hand matrix pairswithis ccal e
symmetryo -transgoseoperations \haveeseatly been addressed allyperG
matrix pair®. The aim of this paperis to reveal both theoreticaland appliedaspectsof

the relationshipbetweenQ-circulantmatricesand theseHyperGpairs.

The lineageof circulant matricesdatesback at leastto the 19th century, with early
implicit appearances the work of Catalar{1846) [9]. In the early 20tlzentury, Thomas
Muir and others provided comprehensive treatmehtsrculants[10]. The mode foun-
dationswere setby Davis in Circulant Matrices [5]. Generalizationdike k-circulantand
¥-circulant matrices have emerged more recemtigfivatedby structuredlinear systems,
signal processing,and coding theory [6,7, 8]. Circulant matricesare diagonalizedby
the discrete Fourier transform (DFT), which allows efficient algorithmic treatment
[11]. The Qcirculant matrix can be placed within shievolutionof ist ruct ur ed

circulantt y p e 0

matrices,where the parameterQ enrichesalgebraicand spectralpropeties.

Applicationsof (generalizedirculant matricesinclude:

A Signal Processingand Time-Series Analysis. modeling convolution operators
periodic processesand cyclic systems[11].

A Numerical Linear Algebra: fast solversand preconditionersusing structured
matricesand FFT-basedmethods[11].

A Coding Theory and Finite Fields: vectorcirculant matricesusedin additive
codesand errorcorrectingcodes|[8].

A Mechanics and Vibration Analysis: modeling cyclic or rotationally

symmetricmechanicabystems[12].

A Quantum Information and Computation: efficient algorithms for

circulantmatrix-vector multiplicationsin quantumcircuits [13].

A FrankJHall andcollaborators
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T Golshan,S.; Armandnejad, A.; Hall,F.Ji Wo n xn G-classe®f matriceshaw
ing finite i nt er s pmetialMatricesp2022. DOI:10.1515/spm&022
0178.[14]

I Motlaghian,S.; Armandnejad,A.; HallLFA A not e on s-omérclkasse
Operatorsand Matrices,Vol.16, pp.251 263, 2022. [15]

T Hall,F.J. Editor) fEditorial Note for the Special Issue in Honor of
FrankJHall. 2025. [16]

A HasanKel eEs:

i Kel e R O Néw Developmentdor HyperGMatr i ¢ 2085. [17]

T Kel ek OniyperGMa t r i Rresentedat TROIA 1st Internatonal
Con ference on Applied Sciences, C.anakkale, Turkey;221February
2025,pp.4651.[18]

Emergenceof Hyper G-Matrix Pairs

The notion of AHyper G-matrix pair® definedas pairs (A, B) satisfyingAT T = D1

BD2, D1, D2 invertible diagonalmatrices representsa generalizationof the classical

relaton ATT = B. Thisy mmeé s ¢ § fbe nartstarmlavdsymmetriesand
weightedduality relations, with applicationsin operatortheory, structuredinverseproblems,
anddeformed linear algebra [19, 20].

Applications and Motivation for Hyper G-Matrix Pairs
Potentialapplicationsand motivationsinclude

A Operator and Matrix Analysis. classification under inversetransposeand di-

agonalscaling;derivationof invariantsand decompositiortheorens.

A Structured Inverse Problems situationswhere the unknown operatoris relatedto

its transpose/inveesvia diagonalscaling.

A Deformed Symmetries in Applied Mathenatics and Physics: modelling

perturbedsymmetricoperatorsor dual quantumoperationswith scaling.
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A Algebraic Generalizations connectingclassicalself-adjoint or skew-adjoint pairsto
a fi s ¢ & ly endn e domaingpossiblyrelatedto g-deformations.

Bridging the Two Concepts

Q-circulant matrices possessa cyclic or shift-type structurewith parameterQ, with ex-
plicit formulas for transpose, invee, spectral decomposition, and factorization. The
Hyper G-matrix pair framework unifies matrix pairs related by scaledinversetrarspose
symmetry Demonstratinghat a Q-circulantmatrix CQ andits inversetransposectoun
terpart form a Hyper Goair bridgesstructuredmatrix theory (circulants)and structured

pair theory (Hyper G) into one coherentnarrative.

Classicalcirculant matriceshave long beenrecognizedas importantstructuresin lin- ear
algebra and applied mathematig&§. Today, variougieneralizedorms of thesematri ces
such as {c i r c u-cirmutant, andyvectecirculant structured are studied6, 7, 8]. These
generalizationiaveled to new resultsin matrix norms, eigenvaluestructuresandalgorithmic
applications On the other hand matrix pairs with fiscalesymmetry un- der inverse
transpose operations hanezentlybeenaddressead s AGIwepterri x[17,4& 14,r15].0
The aim of this paperis to reveal both theoreticaland applied aspectsof the relationship

betweenQ-circulant matricesandtheseHyper G-pairs.

Historically, circulant matriceshavebeenstudiedas early asthe 19th century [9, 10] and
have found applications in merdh signal processing, cryptography, vibration analysis
guantum algorithms[11,12,13]. WSEAS conferences and publications provide recent
contributionsto circulant and generalizedmatrix classes,highlighting their relevancein
applied mathematicsand ergineering contexts. Frank J. Hall and collaboratorshave also
provided important classificationsand properties of G-matrix families, complemeting
the theoretical foundationsfor Hyper G-matrices [14, 15, 16]. HasanKele, s has further
developed the theory specifically fetyper Gmatrices, offering new results and conference
presentationgn 2025 [17,18].

An n x n Q-circulantmatrix with first row [ag, a1,...,an-1] is definedas

i T iy i cee Mnp 3

Qa, iy iy R S
Colag, ay, - -, a, ;)= QFan:z Qan. Ly SR (1.1)
O la, Q" %ay Q" Fay ... umy
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For Q = 1, classical circulaniatrices areobtained. Choosing Q =1 leads tantk

circulant or finegacirculand structures If Q is a complexroot of unity, Q = €9,

the matrices can exhibit unitary-like properties Q-circulant matrices therefore generalize
classical circulant structuresby introducing a deformationparameterQ that affects both the

algebraicand spectralpropertes of the matrix.

Q-circulantmatricescan be expresseds polynomialsof the i & h i opera@orPq:
Co = &l + aPq+ @P%q+ -+ +awiP o,
Where

01 o ... 0
o0 1 ...0

00 ... 0 1
Q0 ... 0 0

In this form, the Q-shift operatorsatisfies
P™, = Ql,
andthe span

Co = Spadl, Po, . .. ,P”;Q‘”}

forms an n-dimensionalQ-circulant algebra. This algebracan be viewed as a g-deformedversion
of the classicalgroy algebra, where the deformation parameterQ introducesicher algebraic

structurewhile preservinghe cyclic shift propertiesnherentin circulantmatrices.
Theorem 1.1. For any Q-circulant matrix Cq(ao,...,8¢1):
(Co)®" = Dy Cqs: Do,
where
D, =diag(1, Q%%, Q°¢2,..., Q¢ V) D, =diag(1l, Q, Q?,..., Q™1).

Proof. Theproof is basedon the operabr Py; detailsare providedin the correspondingection

of the paper.

Eigenvaluesof Q-circulantmatricesare:
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n—1

qla—1) ,l'.l'\'
A = E a; Q77T wl, _—
@, = e?™n,

The Q-Fouriertransformmatrix is:

Ji=1)

(Fo)jk=Q = wl.

Thus

Co = F' s Fo, diag @ s ned)., o

Lemma 1.2. Let Cq be annxn Q-circulantmatrix. For any invertible diagonalmatricesD, , D,

asin Theoreml, the scaledinversetransposeoperationis involutive:
(Dl CQGI Dz)GT = DG;ll CQ DG;zl.
Proof. Byapplyingthe inversetransposewice:

((CQ)FN°T = Cq,

and usingthe definition (Cq)¢T = D; Cqes: D2, We get

(D1 Cqex DZ)GT = DGill Cq DG;zl-

a

Proposition 1.3. Let a9, . ¢1.be e eigenvalues o€Cy. Then the eigenvalues Gf.: are

relatedby
“k = QG(nG:L)ath! k = 0! - 1n G 11

up to permutationand scaling by powes of Q.

Proof Using the Q-Fourier diagonalizationCq = F,'s Fo and the relation Cqe:

D¢: 1 (Cq)°T D¢, the eigenvaluesransformas scaledreflectionsof the original set. | |

Theorem 1.4. Let (Cq, Cqs1) be a Hyper G-matrix pair. Then the pair (Fo
CoFo', FoCoe: Fo't)

also formsa Hyper G-matrix pair withrespecto suitably scaleddiagonalmatrices€D;, €D, .
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That s,
(Fo CoFgh)¢T = Dy (Fq Coe: F5t)ED,.

Proof. SinceFqg diagonalizesCqy and Cqe:, and scaling by invertible diagonal matrices

preservesHyper G-relations,the conjugationby Fo maintainsthe structure.

Corollary 1.5. The eigenvaluesof a Hyper G-pair (Cq, Cqs:) satisfy:
o = dikpk ok, k=0,...,n¢G 1,

whered, i, 0z are the k-th diagonalentriesof D, D5.

Remark 1.6. Theseresultsshow that Qcirculant matricesnaturally generateHyper G- matrix
pairs whose spectralpropertiesare tightly constrainedoy the QFouriertransform.This leadsto
potential applicationsin signal processingguantum information, and cryp- tography, where

scaledeigenvaluerelationsare of interest.

2 Algebraic and Operatorial Relation

The mapon Cq:
P 1C):DG'1(C)GTDG'1
Q ll Q 12

is an antirautomorphismsatisfying

« Co) = Coet, tAC(A))
Lemma 2.1. ForanyCqo © &, the map « is involutive:
« ( Gg)) = Co
Proof Direct computationusingthe definition of « andthe propertiesof D, , D, yields
( et

« ( G’QD - DG;ll DG;ll(CQ)GTDG;Zl DG;Zl — CQ-

Proposition 2.2. The map « interactswith the Qshift operator B as:
[ (k;B):Pk;ch, k=0,...,nG 1.

Proof. Since g can be expressed aspolynomial in Py, and « is linear and ant+

automorphicjt mapspowersof Py to correspondingpowersof Pge: . M

Theorem 2.3. Let (Cq, Cqs:) be a Hyper G-matrix pair. Thenfor any polynomialf © C[Xx]:
(«ehif(cy)
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also forms a Hyper G-matrix pair with respect to appropriately scaled diagonal matrices. Proof.

Using linearity of ¢ and its anti-automorphism property:

$(f(Cq)) = f($(Cq)) = f(Cg-1),

and the original Hyper G-relation guarantees that (f(Cgq-1), f( Cg)) maintains the scaled

inverse-transpose property. ]
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Corollary 2.4 (Spectral Invarianceunder « ) The eigenvaluesof Co and « (oG satsfy:
Spe¢ C¢)) = Spe¢Co:1),
up to scaling by the diagon& matricesD,, Ds.
Remark 2.5. Theseresultshighlight that the antrau 0 mo r p haot anlynpreserveshe Hyper

G-structure but also induces natural spectral symmetries in the Q-circulant algebraCy . This

provides a deeperalgebraic understandingand pdential applicationsin designing structured

matriceswith controlledspectral properties.

Field Role of Q-Circulant / « Map Hyper G Relation

Signal Processing g-Fourier-based convolution; « induces spectral symmetry Scaled orthogonality, energy preservation
Quantum Information g-deformed unitary operators; « preserves Hyper G-structure AST = DAD®! type symmetry
Cryptography Modular cyclic structure; polynomials under « maintain Hyper G Error balancing via scaled inversion
Matrix Analysis Spectral factorization; « maps Q-circulants to Q-inverse circulants ~ Stability via scale-symmetry

Table 1. Applications of Q-circulant matrices and Hyper G pairs under the antr
automorphisme.

3 Generalizations Conclusionsand Future Work

The study of Q-circulant matricesand Hyper G-matrix pairs opensseveralavenuesfor further

research:

A Dynamic Q-Circulants: Investigating Q-circulant matrices with tine-dependentr
functional Q(t), which may modelevolving systemsin signal processig or quan tum
networks

9 Block Q-Circulants: Generalizingblock-structuredQ-circulant matriceswhereeach

block canhavea distinct Q, enablingmore flexible modelingof multi-chamel or

multi-dimensionalsystems.

A Classification of Hyper G Pairs: Developinga systematicclassificationof Hyper G-
matrix pairsundergroupor algebraicstructureswhich could provideinsightinto invariant

propertiesand symmetries.

A Determinants and gCombinatorics: Investigating the relationship between-de
terminants of Q-circulant matrices and g-binomial coefficients potentially revealing

combinatorialinterpretationsof spectralinvariants.
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A Spectral and Operator Generalizations: Extending thespectral and @ ourier
analysisto more generalpolynomial or functional mappings,and studying how the antk

automorphisme behavesinderthesegeneralizatios.

This study demonstrateghat

A -cir€ulant matricegxhibit scalesymmetryunder theinversetransposeoperation.
A Pairs (Cq, Coe1) form naturalHyper G-matrix pairs

A The Q-Fourier transformis central to spectral analysis, providing diagonalizationand

eigenvaluesymmetry.

A The antirautomorphism « preservesHyper G-structure and inducesrich algebraicand

spectralrelations.

Hence, Qcirculant matrices represent a naturalejormedsubclass of Hype6 struc tures
bridging algebraictheorywith potentialapplicationsin signal processingquantuminformation,
and cryptogaphy.

Basedon the presentstudy, severalfuture directionsare promising:

A Algorithmic Development: Designing efficient algorithms for Qirculant matrix

operationsjnverses,and spectraldecompositiorin largescak applications.

A Applications in Quantum Computing: Leveraging Hyper @airs and QFourier

transformsin quantumerror correctionand multi-qubit systemmodeling

A Network and Graph Extensions: ExtendingQ-circulant structures toadjaceneynd
Laplacian matrices of weighted and direced graphs, potentially introducingHyper G-

graphpairs.

A Randomized Q-Circulants: Studying statisticalpropertiesand randomensem bles of

Q-circulant maricesto understandypical spectralbehaviorsunderHyperG constraints.

A Software Libraries and Simulation: Developingsoftwarelibraries for simulation and

visualizationof Q-circulantand Hyper G structues to facilitate researchandteaching.
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LKNEER FARK DENKLEM SKSTEMLERKNKN FAZ D} ZLEI

Yeéksek Lisans ¥jJrenci s
Amasya Universitesi Fen Bilimleri Enstitiisu, bilgesari05@gmail.com

OZET

Bu - al é&boypuda, n

u(t+1) =,u () + ay(l) i)
U(t+1) =, u () + ay () LH)

u,(t+1) =,u() + aku() f#)
fark denklem sisteminin veya buna ekdejer ol
u(t+1) =A(tu(t) +(t)

vektorel denkl eminin -°z;mlerinin asimptotik

temel sonuclar verilecektir. Daha sonrdg&utlu

u(t+1) =A(Hu(y)

denkl e mi el e al éneéep °czdejerlerinin durumur

incelenecektir.
Anahtar Kelimeler: Far k denkl eml er i , Kararl él ék teoris
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DENETKMLK ¥JRENME ALGORKTMALARI KLE ARI ZA T,

¥7r. G°r. Kl yas G¢ Ve
Bal ékesir | niversitesi, Bal eékesir Mesl ek Y
guvencpirge@gmail.com0009-000839781883

OZET

End¢gstrivyel rekabette fabrikalaréen kesintisi
cretim hatlarénda yakanacak herhangi bir ar
verimlilijini ci ddi °d t-igrdiemc d ¢ Kipa lkedm,| menkatkd d

algoritmal aréyla ekipman arézalaréné ©°ncede
bakémlar -er-evesinde yapél maséna ortam hazé

yer alan toz nikastektmanseer vei stemkhédk gib

makine ©°jJrenmesi modeen | akéngeKomekuwr i( IKNINKTE i rL
Makinel er i (SVM) , Rastgel e Or man Ve Lighto
karkeéel akt ér él mékavendn gat &BM tadlgmirmitmde dah:
gesterdiiji gor¢él megktgr . Bu bul gu, kestirin

duruml aréné erkenden tespit ederek ¢retim v

koymaktadér .

Anahtar Kelimeler: Ma ki ne ¥jrenmesi, Denet i mtein ¥jarkeemme

Komku, Destek Vekto°r Makineleri, Rastgel e Or
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FAULT PREDICTION USING SUPERVISED LEARNING ALGORITHMS
ABSTRACT

In industrial competition, it is vital fofactories to be able to produce continuously. Any
breakdown in mass production lines can lead to prolonged downtime, significantly reducing
production efficiency. Predictive maintenance uses machine learning algorithms to anticipate
equipment failures indvance, enabling necessary interventions to be carried out within the
framework of planned maintenance. In this study, machine learning models were developed
using parameters such as vibration, humidity, and temperature in a powder starch transfer
system & a food production facility. The performance of algorithms such dse#&rest
Neighbor (KNN), Support Vector Machines (SVM), Random Forest, and LightGBM was
compared, and the LightGBM algorithm was found to perform more successfully in fault
prediction. Tl finding clearly demonstrates the potential of a predictive mainterimses

approach to increase production efficiency by detecting anomalies early.

Keywords: Machine Learning, Supervised Learning, Predictive MaintenaneBed¢est

Neighbors, Support &tor Machines, Random Forest, LightGBM

1. GKRKK

'l kemi zde end¢strivyel sekto°rde faaliyet g o
isretim s¢gre-lerindeki verimlilifji maksi mi ze

Verimlilik, mevcutvek é s ét |l @€ kaynakl arl a daha y¢ksek ¢r ¢

ol arak tanéemlanér. Kkl et meler, verimlilikler
izl emel i ; bu sayede hem -ékteéyé yani kal it e
mal i yetl eri mi ni muma indir meyi hedefl emel i di
gel en konu, cretim hatl arénén bakémlaréené et
stratejisi olukturmakteér. Ejerdéesyglleadmabs

kaynakl e planséz durukl ar ka-énél maz ol ar ak

gécé, mal ze me, enerji ve zaman a-éeéséndan byg
czelli kle seri creti mient ky ap évled égiés ttegmat i &s ibs
uygul anmasé, operasyonel s¢reklilik ve rekab
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Bakém uygul amal aré | iteratg¢grde genel ol ar ak
d¢zel tici ve 4kl elhecinl eakem[ b] ar D¢gzel tici b
-al ékér duruma getirmek amaceéyla yapeéelan - al
kadar -al ékmaya devam eder ve bakém i htiyac

ger -ekl sgriece yapeéelan bir bakém ol duju -1t
durukl aréna ve buna bajl é olarak ¢retim kaye
bajl e olarak artan maliyetler bunl amvaya®r nek
cretim sisteminirmedrigda wewdmaoddmrdmca ¢zenl i

Bu bakémlar, i Kl etmelerin yeéll ék - @dlegist ma t al
bakémén bir dezavant aj é, bakém s¢relerinin
ve bunun getirdiiji mal i yetl erdir; bu nedenl

etmek °nem t g5k PRI Bnkeémekt epeérgryso dolkd ubjiur ib-akng m
bakém noktal arée ¢retici firmal arénén tavsi)
Ortal ama S¢re) gi bi ver i anal izl eri aracel ée]
yedek par-a kullanémazeéerdejendaypielbhapimd imekek

yakl akémlaré i-erisinde dejerlendirilen ve |
ser.i cretim hatlarénda °neml.i bi r Kegtienmicie s ahi
bakeéem, eki pmaeyaoyakimasanée avezal arén belirt
ger-ek zamanl é& verilerin toplanmaséné ve bu
2. Bu yakl akeém, makine sajl éjéneén ger - ek za
verilerine dayanaka gel ecekt eki ar ézalarén olukacajeée z

[83. Bu y°nleriyle ele al endejéenda kestiri mci

i Kl etmel ere olumlu y°nde et ki si ol makt adeéer .
kul anécéya wuyareé ver mesi ve aréza ol ukmadan
eki pmanl ar én kal éRemahmniagyUdedul Le, RUnjpzd ma s & iin- i n en
bakém zamanl|l arénén belirlenmesidir [4].

Kestiri mci baké&m, b isiirekli etdkibi pven dun @erileen dnalizv ier i | er
ger -ekl exkir. Bu anal i z -al ékmasénda sens?©orl
sisteml er i i Kl et mel er de sékl ekl a kull anél m
eki pmanén kal @etimht atyldaarl @nmrwer i ml il i k oranl a
Bu anomal i tahmin -al é&kmal arénda yapay zekO
yaygen ol ar ak kull anél maktadeér . Maki ne 7 r €
tesislerdepax-a,lixamyrede& enerji gi bi kayeéepl
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°neml i bir konuma gel mi ktir. ¥zelli kle son
(1 o0T) uygul amal arénén gelikmesiyle hem | itei
baklegpy ¢k °nem kazanmék ve farklée sekKupPhbhéaere
Kepr ¢, yaptéje -alékmada ¢(retim hatténdan a
d°n¢k devri (RPM) ve akeéem veril erverimatinitirul | an a
ara y¢z programénda destek vekt©r makinal ar é
[4. ¥zcan Ar majan Ayan, yaptéjée -alékmada titr
fanénda yakanan bal anss mirtéizmis[6]ly BrpEmaEdketkd emidléee z
asenkron motorun stator sécakl ej e, stator S
verilerini PLC araceléejeyla toplaméxteéer. El
ederek bulanekbmantsélbt emhelmbdaAbatheatdéer [ &1 .
kalan faydalé ©°m¢grl erini tahmin et mek i -in

setlerini kull anarak akék °jJrenmeye dayalé
uygul d8néexkt ér

2.DENEYSEL ¢ALI Kk MALAR

2. 1. Makine ¥]Jrenmesi

Knsan doj asé, deneyi ml er aracel éejéyla °jJren
Benzer «kekil de, makineler de ver.i topl ama yc
makine °JrenimiYapMi) ze&®nen pO®r alt dal e ol
tahmin algoritmal areé geliktirerek insan m¢gd
ger -ekl exken probl emlerin kapsaml é anal i z e (
yakl akémlaré,| uyylkselk ebioyyy Bi g Dat a) i K|l eme
korelasyonu ger - ekl §@].tBu yomeriyleoVi ceadiistrigel ataplarda a hi p t
kestirimci bakém uygul amal aré i-in verimli 0
Makine °jJrenmesi , iGferegenkl oldrakdenetimgl® depdtiresz evg
takviyeli °Jrenme ol mak ¢zere ¢- ana bakxkl ek
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liskilendirme

Denetimsiz
Ogrenme

Makine
Ogrenmesl

Denetimli
Ogrenme

Regresyon

Takviyeli
Ogrenme

Gorsell.Ma ki ne ¥Jrenme Y°ntemleri

2.1.1. Makine ¥jJrenmesi Akamal ar é

Beyek veri k¢meleriylal galekmal ana&n@re &falein
dojru ve ge¢venilir tahminler yapabil mesi -
Bu akamal ar akajédaki gibi ©°zetlenebilir
Probl emi n Tatnaelndl kammamaésré :i | k adeéemé, nmeal ké nnaec a°kj r
problemin netlexktirilmesidir. Sistemin neyi
ederek geliktirece]ji a-ék-a belirlenmelidir
Veri Toplama: Pr obl eml e i1 gi I i t op | a-exaeh (xlsx)eya idd e r f
virgell erdlgez anertéd InmédckolabjliraAlag @r i(tcnsavnén en  y ¢ ks
skorunu el de et mesi Il -in veri setinin -exit!/|l
Verilerin Hheglrdmamasérilerin tutarla,jianl a
akamadeer i °n i kKleme s¢recinde veri tabaneén
-ékareéel mal édeér . Bu i klemlerden sonra kal an

akékénda belir-%80bgrbiy)z8gpsenrégedjiitk an aand €kE
(%20%3 0 gi bi ) test yani dejerl endirme adéemeénd:

Modelin Tespit: Haz ér | anan ver. k¢mesinin tegreégne (sa
°J renmesi al gor i t masMankéinn eb e®ljirrelnemmedsiij i s ¢ardeécmdn
sayésal verilerin analizinde bazélla.D®]irsue me
algoritmanén se-imi, analiz y°nteminin etkin
Model in BEpittimn: mbdal ien,itamreéveril er.i kul | @
sajlandéejé en kritik akamader. Modelin prob
Ejitim tamamlandéktan sonra test verileri il
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Dejer |l ereEdgiirtmd:mi K mo d e | istnverilere 203 11 a n skéunlélna nte ¢

ol - ¢l de ¢ ademdeéer . B u akamada el de edil en
gosterit Son u - yetersizse model yeniden ejitim a
sonraki akamaya ge-ilir

Parametrelerin Ayarlanma s@ej er |l endi rme sonu-I|larénén dah:
getiril mesi i -in modelin parametrelerinde d
ejiterek modelin hassasiyetini artérmak ve |

tahminleryp mas éné sajl amaktér

Tahmin: Son akamada, optimize edil mik model pr a
tahminler kullanélarak modelin dojruluk (acc
F1 skoru gibi performans metrikledie ] er | endi r i | ir
2.1. 2. Deneti mli Makine ¥]Jrenmesi

Bu -aléxkxmada deneti mli makine °Jrenmesi K u
czerinde durul acakteéer. ML al goritmal ar e, bir
el e al er. Bu, °kaltlkigbréek wvkiya s¢rekl i ol abi l
°7 renme deneti ml °7 renme ol ar ak adl andeér
eti ketl enmik veriler ¢zerinden ejitilir ve e

tutulur. Buu ti p °jrenme metodunda ger-eje yakeéen t

sénéflandérma y°ntemler. kull anél maktader . |
gibi) tahmin etmek i-in kullanéleéerkeln séneéeé
tahmin etmek i-in kullanél maktadeéer

2.2. Arac ve Yontemler

Bu -al ékmada, géda sekt°r¢gnde yer alan bir
asenkron motor areézal arénén analizi yapeéel méex
spird / yaprak helezon sisteminin motor ve Kanzé
°] -ecek akéll é& sens®°riler il e ortamén sécakl

G°rsel 206de g°r¢leceji ¢zere yapeéel mexkteéer
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Gorsel2Sécakl ék/ titrekim
sensorlerin ve datalogger gorinimi

Smart (akéll é&) sens®°rlerin mevcut aja bajlan

sajl anmekteér. Arayg¢z bajlanteée ayarlaré G°rse

Machine Vibration Monitoring
WIS ibratian Sensor
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Gorsel3.Smart sens°rlerin bajlanté konfigg¢

Sahaya montajé yapélan sens®rlerden bel i bi

gere¢l degj ¢ gibi araye¢z programlaré araceéel éjéy
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Veri k¢mesinde yer alan ©°zniteliklerin taneém
CizelgelVer i k¢mesindeki ©°zniteliklerin t.
¥znitel ik Taneémeé
NID Vortex Sic ¢tal @ékma ortamé séca
NID Vortex Nem ¢tal ékma ortamé nemi
MSic Mot or g°vde sécakl e
MVib Mot or g°vde titrecxi
RedSic Red¢ktor g°vde séca
RedVib Red¢ktor g°vde titr
El de edilen bu veriler b@pz®galgemidaamahnal i kule
-al exkma sonucunda kull anél an deneti mli ° 7
karkéel aktéréel méktér. G°rsel 506te -al ékmanén

Egitim Veri Test Veri
Seti Seti

Test Islemi

Makine Ogrenme Model Degerlendirme
Algoritmalart Performans metrikleri

K En Yakin Komgu Dogruluk (Accuracy)
Destek Vektor Makineleri Duyarhlik (Recall)
Rastgele Orman Kesinlik (Precision)

Light GBM F1 Skoru (F1 Score)

Gorsel5.¢al ékmanén akék diyagr ame

Bu -aléeéxkmadd eal tod uRani t(emnoitlor sécakl ek, mo t
red¢gktor titreki m, ortam sécakI|l ék ve ortam
Makineleri, Rastgele Orman ve LightGBM gibi algoritmalar ile analiz edilerek anomali

tahmini ile ilgili per f or mans skorl ar é karkél akt ér &l mexk
arézal arén «kiddeti, et ki si ve onarém/ tamir

sénéfta etiketlenmixktir. Bu séneéfl arén a-é@ekl
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Cizelge2Model de ol ukturul an -éekteée tanéeml a

ClassO |[Sorun yok. Her «Ke
Class1l |[Késa durlbdakikaar . (
Class2 {[Uzun dur uk sadakika)k

Class3 |[Uzun duruk var. (
¥| - ¢ml er sonucu el de edilen verilerin %3006u
G°rsel 66da motor titrekim dejerlerinin red
verilerin kategori ze edi | mesi sgrkadiindel diuk

gorilmektedir.

Ariza Yok/Anza Kisa Durus/Uzun Durug Yakin/Uzun Durus Dagilimi
L
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Ariza Yok ® Kisa Durus Uzun Durug Yakin ® Uzun Durug

Gorsel6. Mot or ve red¢ktor titrekim dajéelé

K-en yakéen komku ( kNN) algoritmasé ile veri
karekekl ék matri si ve perfor mamcese |l mneentdriijkilnedrei
al goritmas®BheéfparCd zas sy Dk, kéeésa dur uk, uzun C

et mede bakarél é& ol duju ancak uzun duruxkl ar e

performans g°sterdiiji go°r ¢l megkt gr
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True Label

Dest e

€ K

el

True Label

Random
yer al
dej er |
Kri k

t ahmin

ti

350

300

250

298 10 ] precision recall fl-score support
- 200
a 8.99 8.98 @.98 393
8 0 - 150 1 8.95 e.96 @.95 311
2 a.87 e.96 a.91 287
- 100 3 1.80 .39 a.46 27
o 19 8 =50
accuracy @.95 938
, , ) -0 macro avg 8.95 8.8 8.83 938
. 2 3 weighted avg 9.95 8.95 0.94 938
Predicted Label
Gorsel 7. KNNkar ék ékl ék matrisi ve performans
Vekt©or Makinel er (SVM) al goritmaseé
kl ek matri si ve perfor manasr éemetkid ielkl enrait
ndijJinde i0t, 1t avhemi2n spéenreffol ramaénnsaé naé n K NN
Class 3 wverilerinde ise KNN algoritm
me yapélabil mektedir
350
300
250 precision recall fl-score  support
200 [} 8.99 8.99 9.99 393
i 1 B.98 B8.96 9.97 311
0 2 0.93 0.99 0.96 207
- 100 3 1.e0 .81 8.90 27
o 5 22 - 50 accuracy a.97 938
macro avg .98 8.94 9.95 938
1 3 3 -0 weighted avg 8.97 8.97 a.97 938
Predicted Label
Gorsel8.SVM karéekékl ek matrisi ve perform
Forest ( RF) al goritmasénén karékekl el
makt adeéer Karékékl ék matri si i ncel endi
erliarCdkastsa@mion et mi Kkt ir Bu y°nden bak
°neme sahip Class 3 dejerlerinin tal
inde bakaréle ol duju go°r¢l megkt gr
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Gorsel9.RF kar exkxekl ek matikteii si ve perfor ma
Son adémda °I| -¢mler sonucu el de edilen veril
Bu analiz -al ékmaseénda il k olarak °znitelikl
belirl enmicktir Grafik i nceelseinndiinf i dde abdbbe
sénéflandérma tahmin s¢recinde etkisi olduju
Feature Onem Derecesi - LightGBM Metodu
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400

Importance

Gorsel 10.LightGBM 6znitelik 6nem derecesi

predicted Label

Gorsel1llLi ght GBM kar ékéekl ék

Light GBM algoritmaséneéen G°r sel nclellgedredi yemda
senéflarén tahmininde olduk-a bakarél e bir

uzun duruklara sebep ol an arézalara ait dej
dijer algoritmal ardankdaha bakar él é& bir skor
¢izel ge 30t e yer al an performans tabl osu

bakéel déejénda Light GBM al goritmasénén Kkull ani
ettiji g°re¢l mektedir

Cizelge3Kul | anél an
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Algoritma Accuracy | Recall | Precision | F1-Score
KNN 0.95 0.95 0.95 0.94
SVM 0.97 0.97 0.97 0.97
Random Fores|  0.96 0.96 0.93 0.94
LightGBM 0.99 0.99 0.99 0.99

Lo Modellerin F1-Skor Performans Karsilastirmasi

=4
0
o

F1-Skor Degeri
o
o
o

0.85

0.80

SVM Random Forest LightGBM
Kullanilan Algoritmalar

Gorsel12A1 gor i t mal arén performans kar kel al
Kkl et mede yakanan arézal ar incelendijinde ¢

sorunl arén wuzun durukl ara neden ol duju g°r ¢

G°rsel 136te yer nallmankitna dyéirz.e yHenldeez ozamanl a ol
il e arasénda bir bokl uk yarat makt a, ol ukan
bal anssézl é&ja neden ol maktader. Benzer bir

sisteminin také&mndeéegret enek avne kbyna bajl é ol ar ak

rmaséndan kaynakl & ar ézal ar yakanméxkt e er

(o]

séey

Gorsel13B¢gy¢k duruklara (Class 3) neden ol an d
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3. SONUCLAR VE DEJERLENDKRME

Yapélan -al ékma kapsaménda, cretim hatteéende
mo d e | performansl| ar @&nén analoirzit ma-liamr éf a@reksltée
edil en bul gul ar dojrul tusunda Light GBM al g«

y°ntemler arasénda en y¢ksek tahmin perfor ma

Si stemdeki mi | bal ansséri & mekandhk drekal agey
edilen sayésal verilerle etiketlenerek diji
birlikte, benzer veri °reéent ol eri ol UKt uj unc
ekibinin mudahale slresi minimize iedd mi kKt i r . Ayr éca bu Kriti
°ng°r ¢l mesiyl e; olaseée 3 saate varan dur uk s
kaybéneén °ne¢gne ge-il mi ktir. Haber | ek me al t
model inden gel emdatnahvMRmP| é Mahzaemég r Khtiya- Pl
aktareéel masé planlanmaktadér. Bu sayede, ar ée:
bil gilendirme g°nderilebilir. Beyeéek veri de,
kritik nokitallammesis ¢ dhekdefil enmektedi r . Bu gen
°nl eyecek mmemrdcan W&kngml erini en késa s¢reye
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VERK BAJLANTI KATMANI NDA G! VENLKK A¢I KLARI
MEKANKZMALAR: SKSTEMATKK BKR KNCELEME

Muhamme't Esat KEL

Van Y¢gzencyeg Yel l'niversitesi, Yapay
25910032011 @yyu.edu, t0009000627830532
Dr . ¥Jr. L yesi FARUK
VanY¢ z ¢nce¢ Yeél i niver sitesi farcukBar®yad.edu,irMe s | e |
0000:000324033192
OZET
Gel eneksel aj géeventl g yakl akéml ar e b¢yeék
odakl anméexk, Ver. Bajl anté Katmané (Layer 2)
edi |l mi ktir. Ancak vyerel alan ajlarénén (LAN
tehditlerin artmaseé, Layer 2 seviyesindeki
-al ékmada, Layer 2 katmanénda gesaétkleert iari
kur umsal aj] altyapélare ¢zerindeki et kil eri
CAM tablo takmasé, ARP zehirl enmesi, DHCP
Spanning Tree Protokolg¢ (STHR) giigtlidmgreigi bi
ve s¢rekl il iJini tehdit eden t emel ri skl er
sal dérél ar én temelinde yatan tasar émsal pr
sorunl aré anal iz edi DHGP 8nbadping, DyAaynic ARPansgeaiont Se c
| P Source Guard ve STP Guard gibi 7Tsawnmach t al
ekl ekmesi perspektifinde dejerlendiril mixkt:i
yalnézca ¢st k atrmayn eg ¢svag n lainka mnaiysatceeamlée é ; doj
denetim ve b¢teéegnceygl savunma mekani zmal ar éné
g°stermektedir. Bu -al eékma, i - aj geventl g
yonelik sistematik veuyduanabi | i r bir g¢venli k -er-evesi
Anahtar Kelimeler: Ve r i Bajlanté,Krmaon&o(LaZpnéi y2)Y i, A
1. GKRKK
Kurumsal aj g¢venl g uzun yeéellar boyunca aj
konumlanan guvenlik duvalr €, sal dér é tespit sistemleri v
el e aléenméextér. Ancak bu yakl akém, Ver i Baj
Ag¢veniliro kabul edi |l mesi nedeniyle i- ajl.
fizikse | adres!| eme, -er-eveleme ve erikim kontr
mi marisinin ¢zerine inka edildifji t emel katr
i hl aller, -0Ju zaman ¢st kat man emgemekeedr[9, k mek
[ 16] . Yer el al an ajl aréenén (LAN) fiziksel (
bul unmaseé, Layer 2 protokollerinin g¢venlioKk

tasarl anmaséna neden ol muktur .as@ncayket dgdmsd m¢
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bajl antélarénén yaygénlakmasé ve saldérganl
dojrudan hedef haline getirmiktir. VLAN Hop|
DHCP manip¢l asyonu, Spanniagi Trepe gsbi smal dé
seviyesinde ger-eklextirilen ve ajén t¢gm o tr
araséenda yer al maktadér|[3],[212],[14].Layer

nor mal -al ékma cka wwreasn & lrar eirenetfalal ikir S wi t
géncel l emesi, ARP ©°nbellejinin yenilenmesi

a-éseéendan ol aj an I K1 eml er ol ar ak dejerl end
mani p¢gl e edi |l mesliildiujriumumgtae ralj &€ing gveae s¢r ekl i
girmektedir [13],[16]. Bu dur um, Layer 2 g¢°
zamanda dojru vyapélandérma ve °©°nleyici me k
koymakt adéada®8yu Lay&x m 2 seviyesinde ger - ekl
sistemati k bir Kekil de ele aleéenmakt a; bu s
et kil eri detayl @& bi-imde incelenmektedir. A
ARP Inspecton | P Source Guard ve STP Guard gibi S
salilareé °nlem ekl ekmesi perspektifinde dej
ol ukturmak 1 -in uygulanabilir bir -erdeeve su
sékl ekla g%z ardée edilen Layer 2 kat maneéene
b¢t egncegl bir yaklakém ortaya koymayeé ama-1| am

2. OSI MODELKNE KISA BAKI k VE LAYER 206NKN KO
2.1 OSlI Katmanl arénén Kklevsel ¥zet.i
Fiziksel Katman (Physical Layer): Fi zi ks el kat man, verinin i
el ektri ksel veya optik yapéséné ve bitleri
kat manda veriler bitler (0 ve 1) hadya nde
sinyallerine naseél -evrileceji kurall ara baj
ve al éce taraflarén ayneée fiziksel il etim st
[ 8] ,[14]. Bu katmanda -al émgmal dor&kmammidl arya&ck
konnekt°rler ©°rnek verilebilir. Fi zi ksel k a
spesifikasyonlaréendan dojrudan sorumludur][ 13
T Ver i Bajl anté Kat mavieg i ( Batjd alnit ek Klada ymarn)ée:, f
gelen bitleri ve aj katmanéndan gel en pakef
den¢gkt ¢grerek il eti mi d¢zenl er . Bu kat man, .
( MAC) ¢zerinden tanémlanmaséné ve verinin
bd i rl er[8],[14]. Veri bajlantée katmané, Mar
Erikim Kontrolg¢ (MAC) ol mak ¢zere i ki al t |
kontrol ¢, hata denetimi ve ver.i hezée y°net.i
araséndadesSiwil8trh][ &d4] ve aj aray¢z kartl aré
c

y —~+ D —

temel aj i hazl arédér|[ 8] .

1T A] Kat maneé ( NAffjwdkrak maayer vieri nin bir ajdan
sérasénda izl eyeceji en uygun yolun belirl
kat manéndan gelen -er-eveler, bu akamada | P

ekl enerek paketlere dP°n¢gktegrel ¢r[13],[14].
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(router) aracelejeyla farkl e aj ,ARPyement | er |
| GMP gi bi protokoll er aj katmanénén ikl eyi.
hedefe ul akteéereél masénée kontrol eder[ 8], 13]

Takéma Katmané (Tawmeampokat marye&y )verinin par
b°l ¢nerek wu-tane uiclaetgi¢lvmeensiilniir skaejkliard TCP p

tarafa ulakép ulakmadéjéné denetler ve il et
ederken; UDP protokol ¢ héez ©°nceli kIl bir il
[ 8] ,[14]. Bwtkattman,e adalkdra kKeneti mi yapar ak
kat manl ara sunmadan °nce korur ve uygul ama
don¢kt¢egreglerek aj katmanéna aktarél maséné
Oturum Katmané OSessmokat mgmé)asweyngul dameltark
kurul maseée, y°netil mesi ve sonlandér el maseée :
fazla cihazla ek zamanl é il etikim kurduju ¢
il etil mesini sajlar [ 8], [ 1BIQS gbiRretakollerbe ak Pr
kat manda -al éxér Ayréca, 1iletikim séraseénc
devam edebil mesi i -in senkronizasyon nokt al
Sunuk Kat mané ( PrSasarkt &taitama nleanyeenreh:e mel g°r
verinin aléceée cihaz taraféndan anl akeéel abi
akamada ver.i Kifrel eme, Kifre -°zme ve seék:¢
gésvenl i k hem de verimlilik sajlanémsil[] 8], [ 1:
bi-imeri bu katmanén standartl aré araseénd:
uygul amal arén ortak bir veri formateéenda hal
olur[8],[13].

Uygul ama Kat maneé (Wpg@uliamd iloant maenagularkau | | an é
yazél émlaréna ajJ servisleri sunan ve kull at
eposta istemcileri ve dosya aktarém uygul an
[ 8] ,[14]. HTTP, FTP, SMTP, DNSseeiDHAR gikh i
ge°r¢r. OSI modelindeki dijer katmanl ardan f

bakka bir ¢st katmana servis sajlamaz ve ki
dojrudan y°netir [13],[ 14] . meD@diokokeauemaneé v e
cihazlar kekil 16de g°steril mektedir.

59



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 28, 2026 CANAKKALE
ISBN NR: 9786255694 84-3

e m— -
¥ e

Metwork process to application
DNS, WWW/HTTP, P2P, EMAIL/POP, SMTP, Telnet, FTP

Data representation and encryption

Interhost communication

End-to-end connections and reliability

N
H@)) — - ( | | S
- e
Path determination and logical addressing > -
IP, ARP, IPsec, ICMP, IGMP, OSPF
oL
N
o3

Physical addressing 1

Ethernet, 802.11, MAC/LLC, VLAMN , ATM, HDP, Fibre Channel,
Frame Relay, HDLC, PPP, Q.921, Token Ring

e - e

Media, signal, and binary transmission ‘\»-Q
Gorsel 1.0S | Kat manl aré ve Protokol ¥rnekleri Di yagr
kubat 2026) .

2.2 Veri Bajlanté Katmanénén (Layer 2) Aj] Tr
Ver i Bajl ant e Kat maneé, aj daki cihazl ar e b €
tanémd agyyraalaar éndaki veri aleéekverikini y°net:i
anl aml e -er-evelere do°n¢kKt ¢r¢grken ayne zam
gorevlerini de Ustlenir[13],[14].

Gel eneksel ol arak yebefkr afrganaphayéna t LANK

n
ol masé nedeniyle Layer 2 wuzun s¢re fAgegvenil
takéma ve uygulama katmanl arénén bu kat mana
aj mimari sinin éejné khrailtiinke ggeevteinrlmikk tai-r [ 9] , [ 1 0]

Bu kat manda ger-ekl eken bir i hl al, &St s e\
mekani zmal aré taraféendan fark edil meden t¢¢m
Layer 2, yalnézca aj mtoatijri rkiant maes ldiefatl & n de
hiyerarki k aj yapésénén ¢zerine inka edildifj

a

3. LAYER 2 ¢ALI kMA MANTIJIl VE TEMEL BKLEKENL
3.1 Switchdéler, VLAN Yapésé ve MAC Adres ¥jr
Kki nci tkemerManttaaké ol an switchler (anahtarl ay

adresl erini inceleyerek hangi cihazéen hangi
fiziksel portl ar il e MAC adresl erini ekl ekt
veril en sabit boyutl u bir tabloda sakl anér

tablosunda bulamazsa, ¢erceveyi ilgili VLAN icindeki tim portlara yayarak (flooding) hedefi
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bul maya -al exkeéer. VLAN (Sanal Yer eima il @aks aAl] €
bel ¢mlere ayérarak yayeén alanlaréné (broadc
edi |l mesi ni sajlar[3][14]. Switchl er arasen.

Dinami k Trunking Protokol ¢, (DThpkgabobol ypnebi
b¢e¢yek ajlarda y°netim kolayl éejé sajlar[16].

3.2 ARP ve DHCPONnin Layer 2 | zerindeki Kkl ev
Adres Co6zimleme Protokoli (ARP), 32 bitlik IP adreslerini 48 bitlik fiziksel MAC
adresleriyle exlexktirerek HKiakOopnagorev2gonirl BBr Kat m

cihaz hedefin MAC adresini bil miyorsa aja b
adresini i -eren bir yaneét dendg¢r ¢r [ 2], 14]
amaceéeyl a cihazl arén ARPriI°inbéel F ejsi¢gnrdee s(ackal cahn
Bilgisayar Yapélandéerma Protokol ¢ (DHCP) i s e
DNS gi bi yapélandéerma bilgilerini ot omati k
-al ékan bir protokelkdr [(d]i.scDME@RP ) s ¢t edkil ;i f (
onay (acknowl edge) ademl ar é&ndan ol ukan d'
ger-eklexktirilir[16].

3.3 STP gibi Temel Y©°netim Protokollerinin G

Spanning Tree Protokoli (STP), anahtarlann aj | ar da yedekl i bajl ar
sonsuz d°ng¢l eri (Il oop) ve yayén férténal ar
ci hazl ar araseéenda K°pr¢ Protokol ¢ Veri Bi ri
A K° k Ko pr ¢ o ( RootveBrdi®°dngge;) osleu-ket ur abi | ecek |
bl oklar[1],[9]. Ancak STP, dojasé gereji her
dejildir. Bu durum, bir saldérganén sahte BP
k°pr¢se¢e mhaeakh venegm trafiiji kendi czerinde

4 . LAYER 2 SALDIRI T} RLERK VE G} VENLKK A¢Il KL

Ver i Bajl antée Katmané (Layer 2), ajén fig¢gven
bu katmana y°nele kkismllidlier@odojarulgeemal ¢ k il kI i k|
tasar emsal zafiyetlerinden yararl aneéer. Sal d:é
erikim sajladéektan sonr a, trafiji di nl emek,
-eki tl i gulaykdtirierkidl.er uy

4.1 CAM Table Flooding (MAC Adres Takmase¢é)

Anahtarl ayéeceéel ar (switch), aj trafijini do’
adresl erini ve il gili port bil gilerini K-eri
tablolardm aném kapasitesiyle sénerl edér ve girik
sahip olabilir[3],[16]. Sal dergan, macof gib
MAC adr esi cretip switchoe g°nderadyenidelend e, CA
mekru adresleri ©°Jrenemez -ohp@lned greoldiurn.a Bgue -deurre
gi bi davranér ve hedefi bilinmeyen trafiij.i
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durum sal dérgana pasi- f tratieke dgnbeme ayneai f

performanséneée ciddi bi -imde d¢gkeéegren bir Hi z |
CAM/ MAC Fl ooding temel -alékma mantejée keki.l
Sonrce MAC: xxx xxx xxx I [ -f |
Sonrce MAC: x oo —; 1

SDur-:e NAC xe oo

—-_;:’
Attacker floods the CAM

—-?

Artacker
table with malicious nvalid ——
zource MAC address - |
Gorsel2.Bi r aj anahtaréna (switch) y°ne|ik MAC fl ooc
Anonim, t.y. (Erikim tarihi: 3 kubat

4.2 ARP Spoofing / Poisoning (ARP Zehirlenmesi)
Adr es ¢°z¢ml eme Protokol ¢ (ARP), rmelPicmdr es|l

kull anél é&r ancak durumsuz (stateless) yapes:«
her hangi bir istek g°ndermemik ol sal ar bile
g¢encellerloer [ 2] . Bu zabawett dmziararisamarr
g°ndererek kendisini aj ge-idi gi bi tanétab
adresini g°ndererek -ift y°nl ¢ bir zehirlennm
il e aj ge-i di aar | adseérngdaankéin tc¢inh atzrea f¢izkers nden &
Adam (Manin-theMiddlei MI TM) sal der el arénén temelini ol

4. 3 DHCP Starvation ve Rogue DHCP Sal dereéel ar

DHCP salderelaré genellikl e $ &l deéarkgaama ds a hgteel
adresl eri kull anar ak DHCP sunucusuna -ok S
havuzunun tamamen t¢skenmesine neden ol ur. Bu
y ol a-an bir DoS saldéereéeseéejdeéa [8dhtifda4hir KRHQR
(Rogue DHCP) kurarak istemcilere kendi bel ir
Kurbanlar vyanl ék aj ge-idi bil gi si nedeni yl e
da trafi k 1 z| eme évleayraé nya® nzleemmidni rhreez ésralladrgr3 ] , [
mant éejé ve temel -al ékma prensibi kekil 3d6de
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Starving the DHCP server

T Ny . A
Attacker i E
e 4 DHCP Server
e Unavailable
Sending request IP addresses

Normal user for IP address

Gorsel 3 DHCP Starvation (DHCP A- Dbérakma) saldeéer

tuketilmesi sureci. Kaynak: Anonim, tg. Er i ki m tari hi: 3 kubat 2
4. 4 MAC |/ |1 P Spoofing (Kimlik Sahteciliji)
MAC sahteciliji, saldérganén aj aray¢z kart
deji ktirmesiyle ger-eklexktirilir. Bu m°nt em,
kontrol mekani zmal aréné akmak i -in yaygén o
sal dérgan, kaynak | P adresini deji ktirerek ¢
ve MAC sahtecilijinin birlikté&akolilkarkéall mhasné
kimlijini tamamen taklit ederek yetkisiz aj

4.5 VLAN Hopping (VLAN Sé-rama)

VLAN Hopping, sal dérganén bulunduju VLAN d
eri kmesini sajlayan ibitemelknyRtoteml 68ugera- al
Spoofing y°nteminde saldeéergan, Dinami k Trun
ederek kendisini bir switch gibi tanéetér ve
Bu durumda sal dérgtarnaf ifime VieANKledrn én r ; [ 3]
y°nteminde ise saldeéergan, pakete i ki adet 8
kal der éer, i ki nci switch ise i- eti ket oku
VLANOGa il etierk yPunlgalidéervee tsal déerganén Nat.i
gerektirir[3],[16. VL AN Hopping mekani zmasénda -ift VLA
46de g°steril miktir.
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Attacker Victim
WLELAMN L VLAN 20

Gorsel4.¢i ft eti ketleme (doubl e taggihogppiyron tsearidyd reé
tekni k kemaseée. (Kaynak: Anoni m, Eri kim t

4.6 STP Manipilasyonu

Spanning Tree Protokol ¢ (STP), kKimlik dojru
a-ékter. Sal dergan, saht e zBePnDElh pPankceet!liekr id egj®en
k °k k°pr¢den daha d¢kegk glPsterebilir[ 6], ][9]
dejerine sahip <cihaz Root Bridge se-ildijir
mant eéks al topol oj i si yensdeédeérkgeakniélnl eni ha zvee

yonlendirilir[14].

5. LAYER 2 G} VENLKK MEKANKZMALARI VE SAVUNMA

Layer 2 saldérélaréna karké savunma, switch
trafijini daha séke denet kieyleeaktg gv d nmeisk n &
mekani zmal ar , °czelli kle kimlik dojrul ama ek
zafiyetleri azaltmayé hedefler[16].

5.1 Port Security (Port G¢gvenlijgi)

Port Ge¢gvenlijJi, bir switch pdrtsharbajl| séali
CAM tablosu takmasé ve MAC sahtecilifiji sal d
veril en maksi mum MAC adresi sayéseéene bel i
tanémlayabilir ya da stamcky otaehkij%]reheps
sajlayabilirler [ 3],[14] . Bir i hl al dur umu
algélandejénda veya belirlenen | imit akeéeldej

portu tamamen kapattélrekrein,d gkeesrtgp clto gnolkdany doéa ke
ise paketleri sessizce engeller[3].

5.2 DHCP Snooping (DHCP Gozetleme)

DHCP Snooping, sahte DHCP sunucul aréna kar ke
Afig¢veniliro ve Bgpeéhianhoézeéer ol &g alkni |l ir por
mesajlaréna i1zin verilirken, kull anéecée port/l
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DHCP sunucu yaneéetlaré engellenir[14],[16].
izleyerek IP, MAC, VLANv e port bilgilerinden olukan bir
ol ukturur. Bu tabl o, dijer Layer 2 gévenliok
olarak kullaneler][ 3].

5.3 Dynamic ARP Inspection (DAI)

Dynamic ARP Inspection (DAI), ARP zehirlenmesisd ér €1 ar éné °nl emek am
ARP paketl erini denet !l er. Bu mekani zma, DHC
tablosunu referans alarak ARP paketlerindekMPA C e k| ek mel er i ni dojru
gelen bir ARP pakdteir | eeruiytuxkhrauryéom dak i shbwiltgih
sahte ARP yanétl areéeneéen aja yayél maseéene eng
mekani z ma, manuel ol ar ak yapélandeéer el méx
desteklenebilir[3],[14].

54IPSourceGuard (IPkaynak Kor umasé)

| P Sour ce Guard, | P sahtecilijini °nl emek
mekani zmasédeéer . Bu °zell ik, DHCP Snooping v
paketlerinin kaynak | P (ve i st &[PleBirpatthtn € ol a
gelen paketin kaynak | P adresi, O port -0
engell er. Bu sayede saldérganl arén bakkaseéna
veya DoS sal dér el arel6lger -ekl ektirmesi ©°nl eni

5.5 STP Guard Mekani zmal ar é

STPO6nin kararl el é&jéné korumak ve topoloji n
koruma mekanizmal aré geliktirilmicktir. BPDU
portl aréna BPDU pdukommatk ofprak edadigabled dlwumuna alargk o

yetkisiz switch bajlantélaréené engeller[14].
Root Bridgedden daha ivyi °ncelik dejerine

inconsi stentr akurswarhurea galn@ma Root Bridge rol ¢n

5.6 ARP Entry Limit ve Strict ARP Learning
ARP tabanl é DoS saldérélaréna ve kaynak t ¢

ekl eyebil eceji girdi S ay éasréa fseenndéarnl aunydgéur | éal naabni
Learning yakl akéme, cihazen yalnézca kendi
yaneéetl aréne °J renmesine i zin verir[ 2]. Bu

(gratuitous veya unsolvieci ARR )° nAbRePl Ipeajkientilne rz e
bicimde engellenir[3].

6 . SONU¢LAR VE DEJERLENDKRME

Bu -al ékmada, OSI model inin Layer 2 seviye:
a-éklarén kurumsal ajl ar ¢ zerailmhanéikt €r ki 1Gerl
gevenl i k yakl akémlaréenén begyeéek °1-¢de ¢st k

65



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 271 28, 2026] CANAKKALE
ISBN NR:978625569484-3

Ag¢veniliro kabul edi |l mesine yol a- mecx,; ance
i -in kritik bir hedefi khtailri.neVLlgleN dHg pipniin ga - ekA
ARP zehirl enmesi, DHCP manip¢l asyonu, MAC/ I P
aj trafijinin gizlilijini, b¢egtenl ¢] é¢neg ve s¢
°ne -ékmaktader.

¢al é ksmardwl an anali zl er, Layer 2 saldéreéel ar én
gerej i gésvenl i k mekani zmal aré i -er memesi vey
nedeni yl e m¢ mk ¢ n hal e gel dijini ortaya koy
davranéxkl ar e, sal derganl ar taraféndan I st
Kekillendiril mesine, trafijin pasi f veya ak
sal deréel ar énén ger-eklexktirilmesine ol anak

yalnézca saldere tespitiyle dejil, dojru ya
gerektijini a-ék-a g°stermektedir.

Bu bajl amda, Port Security, DHCP Snooping, C
STP Guard gibi switmh zmabankaémabunmaktmeka
uygul anmaséneéen, Layer 2 seviyesindeki sal c
engell eyebil eceji or tsaayal n mlao n newkk tewlkrme s i S a | pde
dejerlendirildijinde, bu yag kba ngivemilka |ziacirié n b i
olukturduju ve tek bakéna uygul anmal aréna ke
koruma sajladejée g°r¢gl megktgr.

Sonu- ol ar ak, Layer 2 g¢venliji, modern aj m
bir guvenlik kamané ol arak dejerlendiril melidir. Bu

aj y°neticilerine ve g¢venli k uzmanl ar éna,

g¢-lendiril mesi i -in uygul anabilir barda, ref el
bu mekani zmal arén yazélém tanéml é ajl ar (S
etkilerinin incel enmesi, Layer 2 geé¢venl i gJir
a-éséndan °neml. bir araktérma al ané ol ar ak
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Dr . ¥Jr . | yesi Fahrettin

Bandérma Onyedi Eyl ¢l ' ni v0OO0OB00H9@955166 f d e mi
OZET
Ger-ek zamanl é& ses iletiminin uzaktan izl em
d¢kek geci kmel i ve y¢ksek gegvenl i k1l Kifrel
artérméxkt éer . Bu -al ékmada ses igiienydalnlgéekrtignrienl
Arnol d Cat Map (ACM) il e perm¢gtasyona ujrat é
di nami k kaot i k bir sisteml e Kifrelenmesiyl
onerilmektedir. Temel yenilik, kaotik diftizyon sirecine emeegre di | en Sof t max t |
aktivasyon mekani zmaseéeder . Standart KAF, M
performansl| ar é; konukma, beyaz ger el te, - 0k
sessizlik i-eren 10 f agtkl @dizlomil wuit isre.s Dpernoefyisle
fonksiyonunun yuksek entropili gurdltt sinyallerinde NIST SP-82Mlok Frekans testinden
kal dejéné (p=0.0038), Mi sh fonksiyonunun yg¢lk
bakar éseéz ol duj u reufonkéiyprubun Gdbisegsiz werderdeS periyodik
d°ng¢ye girerek «kifreleme ©°zellijini yitird
girdiden -ékareéelan ©°znitelikler dojrultusund
bu zafiyetleritamme n ort adan kal dér mékt er . NI' ST Ful |l
alt parametre) tamaméndan séfér hata ile ge-
entropi si 7.999" a ul ak méxk, NPCR %99. 60, U /
diferan s i y e | sal dérélara karké mutlak diren- sa
fonksiyonunun hesapl ama hezéndan bir mi kt a
fonksiyonlara kéyasla evrensel (veri abaj éms
koymaktadér .
Anahtar Kelimeler: Kaoti k ki frel eme, ses ge¢venligi, h i

Cat Map, NIST 8022
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KRONKK AKCKJER HASTALI KLARDA TI MED UP ANL
FONKSKYONEL DEJERLENDKRMENKN KLKNKK RC

Doktora ¥ | r e nZeynepiBetil OZCAN
Sajl ek Bilimleri ' ni v e fQGRCID:dB0B0N003 788155 | 0z c a

OZET

Kroni k akciijer hastal ékl ar e, yalnézca pul mort

aktivitelerini, fizikselper f or manséné ve bajémseézléejénée da

klinik y¢k olukturmaktadér. Ti med Up and G
mobilite, denge, d¢e¢kme ri ski ve keéereéelganl éj €
Olcimaraé ol arak giderek daha fazla kull anél mak
Hastal éjeée (KOAH), pul moner fibrozis ve pul
yérée¢me testi gi bi daha wuzun ve uygul aamasé g
tamamlayéecée bir dejerlendirme y°ntemi ol ar ak
pul moner hastal éklarda TUG testinin fonksiy:
al anl aréné vV e mevcut i terategr é kréljiné n d a p
dejerlendirmektir. Bu kapsamda PubMed, TRDi
Al ung di seaseo ve ATimed Up and Goodo anaht a
yapél mékter. Ar ama, son bek yéldomize kontiolkii nde
-al ékmal arl a sénérl andéer él méktér. Tarama son
Li brarydéde 8 -aléxkma belirlenmik; tekrarl ay
dejerl endirmeye aléenméexkteéenl TEaml|lmetikmiitmecelee
3 -aléxkxma analize dahil edi |l mi ktir. Bu -al e
tasar éma sahip ol up, I kli S i s KnOAadHs, é bd°nemi st
kapsamaktadeéer . Sonu- ol anak krmev kutaklcafpé&trl a
fonksiyonel dejerl endirmede pratik vV e uygul
Anc ak, mevcut -al eékxkmal ar & Al 9b ¢syo¢nkr a%slée- ¢ddPen e KO Al

sénérl e ol masé ve dijiewkikmr owma rki laekrciif ey e thearsstis
kull aném alanl ar énén daha geni K hast a gru

koymaktadeéer .

Anahtar Kelimeler: Ak ci J er hastal ekl ar é, zamanl e kal k
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1. GKRKKk

Kronkakci jer hastal éklaré, d¢nya genelinde °nem
yer al makta ol up, czelli kl e Kronik Obstrg¢gktif
hastal ékl aré ve pul moner hi pertamisély®jné ngai bv e
sistemik etkilenime yol a-maktader. KOAHOGén
ol duju bildirilmik ve hast al e]j-Bkelet siseminézca pu
kardiyovaske¢l er sistem vdg igemuelg ufliazninkesketlé rp € rif]
Kroni k akcijer hastalarénda egzersiz intolera
periferik kas disfonksiyonu ve sistemik inflamasyon gibi c¢ok faktorli mekanizmalarla

il kki bidior. Bu dur uan, k gs,atl l¢&kn nyaaykaa m daskktmev i rties
kéréelganl ék gel i ki mine zemin hazeéerl|l amaktadeér
bozukluju ve d¢kme riskinin sajléekl é bireyl
glesterilmiktir [3].

Fonksiyonel rklaepnadsiirtielnmensidejker oni k akcijer has
t emel bir bil ekendir. 6 Daki ka Yér ¢ me Te.
dejerlendiril mesinde yaygén ol arak kullanél an

alané ger &alesienil mil e8¢ ve bazée hasta grupl areénc

daha késa ve pratik testlere olan i htiyacé gg¢
Ti med Up and Go (TUG) testi; bireyin sandal
d°nmesi ve t edegerasirenm bigilmesiaesdayanan; mobilite ve fonksiyonel

performansé dejerlendiren basit ve ge¢venilir
fonksiyonel mobilitenin dejerlendiril mesi an
Ongorulmesinde klinko | ar ak anl aml & bulunmuxktur. Podsi ac
tanémlanan TUG-ttekstairnitre syt¢ kgscevke ntidstrl i J i ne sah
Son yéllarda TUG testinin kronik akcijer has

KOAH hastalarénda TUG s¢resinin egzersiz kap
kalitesi ile 1 1ikkild@ ol duj u; ayréca d¢gkme o

hastal arénda TUG performanseénaéar i maorltaadliilteec e V

bil dirmiktir [ 71 . Bununla birlikte -19i terat ¢r ¢
sonraseé hast a grupl arénda yojunl akt éej ée; i nt
hi pertansiyon gibi dijer knrao nii |ki kpkuil nmownemr i |pearti

ol duju g°r ¢l mektedir.
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Bu bajl amda, TUG testinin kronik akcijer ha:
dejerl endirme ve prognostik belirte- ol arak
gereklidir. Bu derlemeninmaa c é , kroni k pul moner hastal ékl ar
dejerl endirmedeki yerini, klinik kullaném al
prognozdaki rol¢n¢g dejerl endirmekticr
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2. METOD

PubMed, TRDizin ve Cochridre gL iddrseerays ewe rvie tAark
and Goo anahtar kelimeler.i kull anélarak | it
y él I -erisinde yayéml anan, Kngilizce di | i

sénérl andér él mékteéer .
3. SONU¢LAR VE DEJERLENDKRME

Tarama sonucunda TRDizindode 8, PubMeddde 22
belirl enmik; tekrarl ayan -al éxkmal arén el enm
al enmexkteéer . Tam metin incelemagsikésaymaas 8 dal
anali ze dahi |l edi |l mi ktir. Bu -al ékmal ar én
tasaréma sahip ol up, bl i s KrOrAaHs € 1 k% rseém ilsaes
kapsam@gia.ader

CoviID-1 9 pandemi si séraséendal yer Htigl e-nal reaxmdcaare
haftal ék su i-1I egzersiz programénén genel
anl aml é st enl ¢k sajl amadeéej é; ancak m¢ dah e

kat él emcél ar da TUG sérasénda atel an adem

bildi ri | mi ktir. Bu bulgu, su i-i egzersizin °z
y¢ér ¢ me verimlilifJini iyilektirebilece]ini

yalnézca s¢re parametresi czaskndeh edenl &1 i
birikt e dej erl endiril mesi, m¢dahale eBlkilerini
Pul moner rehabilitasyon bajl aménda yapéel an
PRISMA7 il e Dbirlikte TUG Kkull anél mécx:; ker el ga
dahay ¢ k sek fonksiyonel kazaném potansiyeline
sonrasénda fonksiyonel geri |l emen9.nBu daha be
bul gul ar , TUGOGuUN hem kérelganl ék taramaseén
izlenmesinde cift yo I ¢ kIl i ni k dej er takédéjéne ortaya
yalnézca s¢re parametresine odakl anmanén
yansétmayabileceji anl akél maktadeéer.

Kardi yovasky¢l er vV e respiratuvar parametr el e
incel endi J i -al éekxmal arda i se TUGO6un fonksiyone
ol duj u ve fiziksel uygunl uk d¢zeyli il e Il
g°sterdiji [1BiBludidudumkt TUGO UN yalnézca mo b i
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zamanda si st emi k fizyol ojik dur umu da dol ay

de¢kegndegrmektedir .

4 . GENEL DEjERLENDKRME VE SONUC¢LAR

Genel ol arak dejerlendirildijinde, TUG test
adem s ayéass&k, vdu aythabifjtasyoh miid&halelerinin etkilerini daha

hassas bi-i mde ortaya koyduj u; keréel ganl é
dejerlendirmesi ve rehabilitasyon yanéteéneén
ol duju g°r¢l mektedir.amencaksi nek dlayméga def re

m¢dahal e etkilerinin tamaméné yanseétmakta ye
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TELEREHABKLKTASYONUN ¢EVRESEL ETKKLERK: KA
Ac¢l SI NDAN BKR DEJERLENDKRME

Dokt or a X¥pynep Batii GZCAN

Sajl ek Bilimleri ' ni v e fQGRCID:dB0B0N003 788155 | 0z c a
OZET
Telerehabilitasyon, kroni k hastal éjé olan bi
kalitesi a-eéeséendan merkez temelll. rehabil it a

karkén programa kateél ém ve t daheayiksektmdlevoautr anl ar
veriler telerehabilitasyonun g¢venlii bir uy
b¢yeéKk °l - ¢de belirl: hastal ekl ar a odak!| anme
heterojen ol masé ve uzuhedPnemésenuel &abh masts
d¢zeyl geneibrohaobhkrdkkgdkjerl endiril mektedir
°czelli kle erikim engellerinin bulunduju dur
bir alternatif sunum modeli alaa k °ne -ékmalpt adegul amall ear é
hi zmetl erinde ul akémén azal masé yoluyla kar|
Ki Ki bakéna kaB@Fa@n kgaL®Or rdfbbak®uvd araseénda

cojrafya ve ajilzendeétr .t ¢Bu nkerbl emeni n amacé, K
telerehabilitasyonun karbon ayak i zi sczerinc
dejerlendirmektir. Bu kapsamda PubMed, TRDi
At el eirtechtaibad o ve MAcarbon footprintd anahtar
yapél mékter. Ar ama, son bek yél i -erisinde
sénérl andéerél méktéer. Tarama sonucundpdd&kDO zi
-alekxma belirlenmik ol up, belirlenen tek -
rehabilitasyon ve 6g ° net i m yakl akémlar é, I nme sonraseé
hi zmet. Kull anéméné azal ter. Radbodneayak hzanb i | i t a
d¢e¢kereéegrken sajl ek hizmetlerine eri Ki mi arter
d¢kek karbonlu yakl akeéeml ar ol arak i nme ng¢ks.
rehabilitasyona yapél ansajklédlcét ylkdatéirmimimiar hd
yojunlujunu azaltarak insan ve gezegen sajl é
Anahtar Kelimeler: Kar bon ayak izi, telerehabilitasyon
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1. GKRKKk

Kroni k hastal ékl ar d¢nya g¢gemeldiemde rimo ralriadsiétnal .
al makta ol up, bu hastaléklarén y°netiminde

bil ekenini ol ukturmaktadeér . ¥zelli kle kronik

akcijer hastal ekl dskel@d, sk assltpe my e thmaesz lail jéik | vae ék &ys

gerektiren durumlarda egzersiz temell.i rehabi
kuvvetinin iyilexktiril mesi ve sajl ékla ilikKki
kanét!| arBauunsalhiaptbiirr.| i kte rehabilitasyon progr
ulakém ge¢-1¢7 ¢, ekonomi k késétl él ekl ar ve za

hastal @éjée olan bireylerde programlara kateéel ém

Tele ehabilitasyon, rehabilitasyon hizmetlerinirt
sunul maséné iifade eden yeniliKk-i bir hi zmet
sunmaktader . Pul moner rehabil ie wgandomizeal anénda
kontroll ¢ -al éxkmal ar, telerehabilitasyonun eg
parametrel er.i a-éséndan merkez temelll. rehab

sajl adéejenégl2ygParlelransekmedikk gh a plamlizié,meécek - er en m

zamanl é telerehabilitasyon uygul amal arénén ko
sahip ol duj unu ortaya koymaktadeéer . Ayr éca

memnuniyeti ve program tamamlamar anl ar énén genel Il i kl e dah
bildirilmektedir[3].

Tel erehabilitasyonun ©°nemi yalnéezca klinik so
karbon emi syonibai anem yakluak &@lkdu%4 ve hasta il e
emi syonl arén ©°neml.i b [#@]r Teldt iélpeudieamgan iar @ h @ nt wrl naa
I htiyacéné azaltarak karbon ayak izini anl aml
bakéna karbon tasarrufu 0,70 ile 372 kg CO el
seyahat mesafesi, hilawmétm mgdegl i tcojbibffl é yalp&r &
Yakam d°ng¢se¢e anali zi t emel | i dejerlendirmel e
etkilerinin b¢gtegncel bi - i md €6]. @derhallitassgomma s & ger
progr aml areé ntéeanf tgaednae Idiirkden fazl a seans i -eren
al éndéj énda, toplam seyahat azaltéme ¢zerind
kons¢l tasyon model l erine kéyasla daha y¢ksek

Bu bajlamda tel ereéhjabidlidamslyiomey lkarocha kk lhiarsitlka |

bir alternati f hi zmet sunum model i ol maséne
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s¢rdereéeglebilirlik hedefl erine kat ke sajl ay
dejerlendiril mektedi revrAsedk -lekitrillar év birl
standartl aktéreél mék metodolojiye sahip, uzun

devam etmektedir.

2. METOD

PubMed, TRDi zin vV e Cochrane Library ver.i 1
AcarbomtBPoam@mamit ar kel i mel er kKull anél arak | i
son bek y el i -erisinde yayéml anan vV e Kn

sénérl andér él mékt eér
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3. SONUC¢CLAR VE DEJERLENDKRME
Tarama sonucunda TRDizindodéi brarPyubdMe dobde allé
n

belirl enmik ol up, belirlenen tek -al ékma i
(2025) , mul tidisipliner I nme eki bi rehabi l
perspektifinden ele alan kaviamaal amb, r s ajel] &
sekt®r ¢¢sgneén k¢resel karbon emisyonlarénén ya
Ikl im dejiki kliJinin inme i-in °neml:. bir ri
Bu bajlamda rehabilitasyonun yaaylnnéé zzcaamaknldiani |
-evresel ve sistem d¢gzeyinde s¢grdereglebilirl
savunul Makt adeér

Makal e, s¢rder el ebilir sajl ek hizmetinin bel

yal én bakém yoll areée,vea¢;apé&r ksayrdmenl akayemrakat

-er-evesinde mul tidisipliner i nme rehabil it
dest ekl i taburcul uk, uy gun dyetder lviel izjaimain éanrc
yakl akeéeml ar , tel erehabi lcltlkosnma nstratejilgrig ul a mal a
s¢rder el ebilir sajl ek sistemine kat ké S a]
tanémlanmaktadér. ¥zellikle telerehabilitasy
d¢kerebileceji ve erikilebilirlifgi arterabil
Cal ék ma, rehabilitasyonun kar bon ayak i zini
vadede fonksiyonellifji optimize ederek sajl
nedenl e s¢rder gl ebilir sajl ék sistemlerinde
savunmakt Bdaunl a birlikte, -evresel, ekonon
dejerl endiren ampirik -alékmalarén séneéerl e ¢
rehabilitasyon araktérmal aréna i htiya- bul un

4. GENELDEJERLENDKRME VE SONU¢LAR

Mevcut l i teratg¢r, telerehabilitasyonun kIl ini
iz czerindeki et ki si ni ni cel ol arak dejerl e
Bu nedenle cevresel sdrdurdlebilirik - @ s é@éndan el de edil en - €
yorumlanmal edér . Gel ecekt e, standartl akt ér él
tasarl anmek prospektif -al ekxmal ar , tel erehat
bi -i mde ort awdangekekligimak a- é&sén
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OZET

Yeni dojan Yojun Bakém | nitelerinde (YYB}]) [
tedavi s¢re-»Ileri boyunca topuk kaneée al ma, d
retinopati taramasé gi bi -ok sayeda ajreéele i
y°netil meyen ajré,; kardi yor espi uzant dovemde i nst
nN®°rogel i Ki msel etkilenme ile 1 1likkilendirildr
géevenl i o yontemlerle y°netil mesi kritik ©°neme
i Kl eml er sérasénda Kanguriu kB ank égngenécneél n kaanmnaéltjl e
Literatg¢rde yer alan randomi ze Kk on-analialéerl ¢ - al
dojrultusunda Kanguru Bakéméodédnéen °zellikle t
ajreée durumlarémdamdijéer ed jglegyrdlearaé&znad ta €] é; k al
seyir, oksijen sat ¢rasyonunda daha az d¢ K¢
bildiril miktir. Anal jezik et kinin,; dokunsa
parasempatik aktivasyonunagns € ve oksitosin saléenéemée il e
Bununla birlikte uygulamanén bakl atél ma 2z am:
deji kkenl er et ki b¢e¢yekl ¢ éneg etkileyebil mekH
uygulanabilir bir nonf ar mak ol oj i k girikim olup ail e m
destekl emektedir. YYB] bakeéem protokoll erin
yeni dojanl arda ajré y°netiminin g¢-lendirilm
Anahtar Kelimeler: Yeni doj anuy Bakgmeée, AJ r-farmakofojike t i mi
Analjezi
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1. GKRKKk

Yeni dojan Yojun Bakéem | niteleri (YYB} ), yaka
il eri teknoloji k destek sajl ayar(l3kKncakaip kal ém
c¢hiteler ayné zamanda -ok sayéda ajreéele ve
alanl ar ol up, yeni dojanlar tané ve tadavi S
mar uz Kka@.makpiademi yoloji k -al éxkmal ar, YYB,] 6d
ortalama 1018 kez ajrél e i kleme maruz kalabil di7]i
yolu a-ma ve entg¢basyon gibi i K|l ef®l 3Bui n s ék
girikimler akut d°nemde kalp atém hézenda a
davranéksal stres yanétlaré gibi fi z@4.ol ojik

Ge-mi kKt e yeni dojanl ar én ajreye s é ngumcel e al g
n°rofizyol ojik kaneéetl ar yeni dojanl ar én ajr e
nedeniyle ajrelée uyaranlara daha yayHén ve vy

¥zelli kle tekrarlayan ve yeterince y°net.i
instabilite, metabolik dengesizlik ve intrala ni y a | basén- arteéké gibi
ol abilirken, uzun d°nemde n®°rogel i kKi msel
dej i ki klikl e@9eBuilmnadkenliaei rYYB| 6dile olamk r éneén
dejerlendiril mesi ve et kil bi-imde y°neti|l

biri olarak kabul edilmektedir.

Yeni dojan ajrée y°netiminde farmakolojik tedas

birlikte, solunum depresyonu @i pot ansi yon gi bi potansi yel )
rutin uygulanabilir ol mamal aré nedeniyle far
°nem kafl@)nm@xitlker ver me, s¢kroz/ glikoz uygul a
d¢zenl emel er gi bi ghbeibreikmlegrkiin examé nsémga- | a
ajre kontrol ¢nde Kitnaedtiti rBu kbakbeEbamdashgbaman ar
ten tene temas halinde tutul duju Kanguru B
desteklemesi hem de analjezik etki gostermesi nedeniylegul anabi | i r | i ] i Yy ¢

dayal e bir y°ntenl2plBarak °ne -ékmaktadeéer

Kanguru Bakéemé il k olarak 1978 yéléenda Kol ot
kaybéené azaltmak ve bakém s¢grekl il iJini saj
termoreg¢l asyom ed@jiirlat kaad stabilite, davr al
gi bi -ok boyutlu yararldar &Boaeideniaywheée¢ | gaykhgen
kontr ol teori si kapsaménda dokunsal uyar anl
temas séroassiemd@i boik sm®r ohor monal yaneétl ar én
dekenegl (B ktNeidtieeki m ajreéel é ikl emler sérasenda

atem hezéenérrtddalja ,stagdialmaseyrmr esi nin késal deéj
(PI'PP) gibi °l-eklerle dejerl endl6rly)l en ajré
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T¢rkiyedbde ve degnyada nyeapaéellman veaeal Bamaém@ir , i m
séraséenda anne ile ten tene temas halinde |
bakém alan bebeklere kéyasla daha a@8 ajré
19. Bununla birlikte, KB6nin Kklinik uygul amac
gel mesinin istenen d¢zeye ul axkmadeée] é,; I K Yy ¢
tutuml ar é vV e bil gi/ farkéendal ék de¢ezeyil gi |l
bildiriimektedir (20). B u dur um, kaneéet a dayal e uygul amal
mer kezl i bakem yakl akéméneén gé-lendiril mesi
al enmaséné gerekl:i kel maktadeéer .

Bu der | emede, YYB,| 6de s ék uygul anamé oajgemél é
analjezik etkinlijine ilikkin kaneétlarén si
destekl eyi ci bakém wuygul amal ar é -er-evesinc
standardi zasyon il e yaygeéenl aktertmaya kKEéEmel m
ama-|l anmaktadér .

2. YENKDOJANDA AJRI ALGI SI VE FKZYOLOJKK TEME

Yeni dojanl ar én ajre al géséeneéen anl akéel maseé,
kavramada t emel bir dayanak ol uktur maikt ader .

gebelijJin i ki nci trimesterinde gel i k2i ] ini
haftalarda i kKl evsel or gafl)z adogxins &kmtziafn diel] etnié
d°nemde erken gelikmekle birlikte, i nen i nhi
ol gunl akmaméeknémn,j i Buderfgedii zlyi k, °czellikle

uyaranlara karké artméexkx duyarl él e®2a ve daha

Ajrél é bir uyaran yvyeududdpi koejfiygyehi de] &@aé ek
bu durum metaboli zmanén héz|l anmaséna, ener ji
baskeél anmas é ({3 By metenlea farmmbkoldjik almayan yontemlerle bu stres
yanéténén azaltél maseée, ydaénereesahipi4).°r ol oj i k gel
2.1. Kanguru Bakéeménén Analjezi k Etki Mekani z
Kanguru Bakéménéni (KB)ranailyleegi k| iek Kii Isi ner
s¢re-lerin be¢t egncegl et kil ekimine dayanmakt a
Mel zack ve Wall tarafeéendan t anémkbaimBma Kap e
g°re, ten tene temas sérasénda-baakt if Ver o) an a
uyaranl ar éneé idélta veeOnliflerinm comurilik arkal béynuZundaki iletimini
baskél ayar ak nosi septi f i mpul sl ar én santr al
ebeveynin dokunsal uyaranénéajseméesiliayanl! e mil
Akapeo i(@)evi g°rg¢r

Kanguru Bakéemé sérasénda sajlanan -oklu duy.!
vecout ésasah|l amgylauyekabet (278 d eBrue ks ¢ajer-& ea ly
nazi k dokunakbherdarytarl ef ICer uyar el ér , otonom
aktive olur ve b°ylece kalp hézé (@) abilizasy
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Ayréca kanguru bakéemé hem bebekte hem de b
Oksitosin parasempatik aktivasyonu g¢-lendir
azaltéer ve endojen (2pi Bud as bsd ko ofl iam hka ben &
ve doj al anal jezik etki ortaya -ékar. Sonu-
d¢zenl eme ve n°émhek mpamanlya@anéetkansi yle yenid
be¢t egncegl bir anal(i6e32)i mekani zmasé sajl ar

3. LKTERAT! RDE KANGURU BAKI MI NI'N AJRI LI KkLEM

Kanguru Bakeéeme, yeni dojanl ar da ajrel e i K1l e
uygul anabilir farmakol oji k ol mkdedemewy metda ki ml e
analizler, KB6énin ©°9zellikle akut prosedg¢r el
ajré skorlaréné ve davranéxksal di st27,86)i anl a
Ayr éca bazé -al ékmal ar da, KBonin fizyol oj i
sajlayarak kalp atéem hézénda daha stabil bir
Bununla birlikte Iliterate¢rde bildirilen etKki
°ncesinde bakl at €l mase Ve i Kkl em Dboyunca S
kull anélan ajreée dejerlendirme ara-|[sekroE ve e
sarmal ama, emzi k vb.) gibi deji kKk@mM1 ere bajl
Topuk kané al ma, Yeni dojan Yojun Bakéem | nit
ajrele ikl B8ml eMeteab dliirk di ar ama ve kan ©°rnek
yapélan bu giri«kim, °czelli kle prematg¢re beb
yanétl aréna {82 Bu arme daenelkd etdo pfarnkakobbjk bnadjezi i K | e m
y°ntemlerinin etkinlijini dejerl endirmede )

modeldi(33, 34)

Randomi ze kontroll ¢ vV e -apraz desenl i -al e
sérasénda ajreée «kKiddeatibreik &AFaléet tRerjoefniél;i P(rRelnmk
| -ekl erde daha d¢ke¢gk ajré skorlaré ile bir
ksijen sat ¢rasyonunda daha az d¢ K¢ K Ve aj
avraneéexksal t oparyialnemameg °ssdjelr ggced3ea36)Bernzg® st er r
ekil de T¢rkiyedde yapélan -al ékmal arda da
z
a
[
e
£

o

altteje ((Badpo%acadd mixpuk kané dej il i ntr a
KBonin etkisi kanéetl anméxktér . Cochrane k
stematik der | emede, nmesiyR ten temgeuténmsniaalinder adan s é r &
bekl erin, standart bakéem al anlara g°re ke
adel erinde daha az ajr &&8belirtisi g°sterdi

T T wmwW o 99 X Qo

Kntram¢gskel er enj eksiyon Ve aka°uegmiuh chena Is &
karkeéel akélan ajreéelé giri«kiml eranal@lkruemzirmeg ¢ nc el
sukroz/ glikoz uygul amase, mas aj ve Kanguru E
ajre kKiddetini azal t mada amektediB9).eé d¢czeyde etk
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Retinopat iOPt amuamasnes(i R, preterm bebekl erde |
a-abilen invaziv bi40) Glregl eandoreize kontroitueglksngar l eacri ,d i
ROP muayenesi sérasénda anne veya baba tara
standart bakeéema kéyasla iklem séraséndaki aj
sonr aseé d°nemde kortizol gi hhia doterkegskl ed ¢izleiyk
seyrettijin{4l)g®°stermektedir

Son yeéllarda yapélan ar akt éromaRCGPrmuayandsidde k - a ¢
KB6nin tek bakéna tam analjezi sajl amayabil
I Kl em sonr aseé sakinl ekmeyi (42¢ zBua butgélar d €] é n
dojrultusunda KB, ROP gi bi y ¢ ksek stres C
olmayabilmekle biil k t e, mul ti modal ajre y°neti mi stra
toparl anmayeé destekleyen °nemld. bir (41)a maml ay

4. HEMKKRELKK YAKLAKIMI VE ¥NERKLER

Yeni doj an Yoj un Bakém | nitelerinde hemkire
y°netmeden sorumlu biridci lKasgiit ek Bpkemesnyae
kaneéet a dayal e ol ar ak gesteril mik ol makl a b
karkeéel akédabiKkmektledi Vvél gjaananelke&wseéytnl erin ¢
sénérl amal ar il e ent ¢basyon gi bi bebejin
uygul amasénée g¢-lexktiren badsl éca fakterler a
Ancak, ajréseéz bir bakém her yenidojanén hak
1. Ajrél e i klem °ncesinde(dedBeveynleri s¢rece
2. M¢mk¢gnse i kKl emi anne ziyaret:. saatl erine
3. KB"nin uygulanamadéjé durumlarda dahi ebe

gibi alternatif duyusal @%aranlaré kull an
5.SONUC

Yeni doj an yojun bakeéem chitelerinde uygul art
yeni dojanl ar én yalnézca akut fizyol oj ik st

n°rogel i Ki msel s¢re-lerini de et kirlmaykd midlée n
G¢égncel l'iteratge¢r, yeterince y°netil emeyen

t¢ketiminde arték ve davranéeksal d¢zensi zl i
duyarl el éjénda dejikim ve n°egmgebnkgi mael a et
ol dujunu g°stermektedir. Bu nedenle YYB,| 0de
konfor sajlayécé bir yaklakem dejil, n°ropr
dejerlendiril mektedir.

Bu der |l emede i nde] eoknuswndca mKahagur u Bakeémé
yonetiminde etkili, givenli ve uygulanabilir bir ndnar makol oj i k y°nte
g°r ¢l mektedir. Ten tene temasén sajladeéejé do
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n°rohor monall yaBétslkamr | sagaegnndhaaegabmas é, fizy
seyret mesi Ve davraneéxksal sakinl ekmenin a
Farmakol oj i k y°ntemlerle karkel akt érél dej én
advers et kil ek malyét garektumemesimea sygulamaeicin ileri teknolojiye

I htiya- duyul mamasé, Kanguru Bakéeméodonée ©°zel
séraséenda g¢-1¢ bir anal jezik se-enek hal in
yalnézca apgraeg !l knnandbdm8 ek abag¢!l anmaséneé g¢ -1 e
katéel éeméné artéerdéjé ve aile merkezl. bakeém
Bununla birlikte klinik uygulamada Kangur u I
par -asé ¢hzali saieenheenn d¢gzeyde entegre edil emed
fiziksel ortam Kkokull ar é, uygul amaya il i KKk
profesyonellerinin tutumlaré bu durumun back
nedenle YYBUbakém protokollerinde Kanguru Bakeémeé
ademl aréyla tanémlanmaseé, klinik rehberlere
programl ar é aracel éjeyl a g¢-lendiril mesi ¢
pl anl aaimlasléeer i n bilgilendiril mesi vV e uy gul é
mer kezi rol ¢, Kanguru Bakeméeodnén s¢rder el ebi
Sonu- ol arak Kanguru Bakémé, yenidojanda ajr
guvenli, maly t si z vV e et kil i bir anal jezik giri ki
stratejileri I -erisine sistemati k bi-i mde
il yilektiril mesine hem de aile merkezl:i baker
Gelecektey apél acak y¢ksek metodolojik kalitede -
S¢resi vV e standart protokoll erinin bel irl e

uygul amanén yaygénl akteéereéel masé a-éséndan dej
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OZET
Kisti k fibrozis (KF), -ocukluk -ajénda g°r ¢l
boyu karmakék bakém ger ékg iyaenm ZHreaxeé& i ko dbdukl d
y°neti mi; sol unum t e dfeksiyoh kontiol(l veldézenli glemmgibi d e s t
-0k boyutlu girixkimler:. i -ermekte ol up, bu
kel maktadér . Bu derl emenin amacé, g¢ncel [ it
bakéeéménén r ol ¢knlga k éamllaer éenjéi tviemiaiylae dest ek m
a-éseéeyl a incel emektir. Literategr bul gul ar &,
uygul amal aréenda dejil, ayné zamanda aile efji
psikososyal dase k s ajl anmasénda mer kezi bir role s
mer kezl i bakém yakl akémé,; I KbirlijJi, kar kel
tedavi uyumunu, yakam kalitesini ve hasta n
ailelerin hastaleéek y°netimine ilikkin bil gi
destek ihtiya-larée devam et mektedir. G¢encel
hemkire Kkoordinat®orl ¢J ¢ ve di édncagklstanmdardize ar a s
edil mik aile ejitim programlarénén wuzun d°r
karkeéel akt érmal é& sonu-Ilaréna ilikkin wveriler
gé-lendirme modell erini mywdggearnylgad taérad lamasné
KFOI i -ocukl ar én klinik sonu-1| aréne vV e ai l

sahiptir.
Anahtar Kelimeler: Ki st i k fi brozi s, pediatri k hemkirel

mul ti di si pl iosylrdestelg tedavnyyunpu.s i k o s
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1. GKRKK

Kistik fibrozis (KF), CFTR genindeki mut asy
gastrointestinal sistem olmak Uzere birgcok sistemi etkileyen, kronik ve ilerleyici bir genetik
hast @) éHtasnt al €] é nojtiesme | kpoaytuo fviez ywilsk oz sekre

Bu durum ©°zellikle solunum yoll arénda tekra
gastrointestinal sistemde ise pankreatik yetersizlik, malabsorpsiyon ve bgyénei kK me
gerilijine(2y3pl a-maktadeéer

¢ocukluk d°nemindeki klinik seyir, uzun d°r
yakam kalitesinin belirl e@nBusdadenie KFeysnetmaian K r i
t emel hedefl eri; akcijer hastaleéejénén erken
kompl i kasyonl arén erken tanénmasiéeailestigdavi ye
s¢rder el ebilir, b¢tencegl (B r bakém model i nin
Avrupa Kistik Fibrozis Derneji taraféndan y:
yapéeseéne Ve mul tidisiplinerkl!| a&rkédmpe cyyerlent ali
tanéml a@akBwdstrandartl ar, mer ak | taxm@enlélnia kKak
ve uygulamaya d°n¢k bir -er-eve sunmaktadeéer .
CFTR mod¢l at®°rl erinin yaygénl akmasé, KFOnin
eri kkin d°neme wuzanan bir eklirmekted?).88Bk dunuin,ar ak ¢
bakeémén s¢rekl il ipker g8 @ e lgtei-fiiky | ye° nyedninmd en yap
kel ma@®.t adeéer

Pandemi sonrasajld@ekemdgultaemal ar é, evde spir
semptom izlem sistemleri bir-ok me@kpBude r ut
yakl akéml ar ; enfeksiyon riskinin alzmdgé&l mas
erken alevlienme belirtilerinin sapfledilhaseée a-
Bununl a birlikte, dijital bakém model | er i
okuryazarl éjénéen artéreéel maseéné, ver.i géevenl

gereksiniminin dengelenmesini gerektirmekt€bly, 12, 13)

GuncelK F bakém yakl akéemé, yalnézca biyomedi kal
besl enme, fiziksel aktivite, psi kosos-yal de
mer kezl i ve b¢t¢nc ¢l (14)bMultidisipliser ekgpvkeoydmasyenu,r i | mi
bireysel |l enk tpil rainll raire ek e ¢r ekl i kalite iyil el

bi |l ekdldll6er i dir

Bu derl ememicukdmada, KF y°netimine ilixkkin t
bir -er-evede ele al makteéer. Bu kapsamda; - 0|
y°netim becerilerinin geliktiril mesi, psi kos
ba k & m sunum model | er i Il ncelenmektedir. ¢ o«
dojrultusunda s smargkesdleibi biir Ke bhalém model
sistemati k bi-imde dejerlendiril mektedir.
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2. ¢0OK DKSKPLKNLK BAKIMI N TEMEL BKLEKENLERK

Kistk f i broziste (KF) bakem kalitesi, yalnézca
bu tedavilerin planle, koordineli ve standar
bir bakém model. dé¢zenld i izl em, ki lpi Jii-nii

gerektirmektedif14, 17)

Avrupa Kistik Fibrozis Derneji, KF merkezl er
sorumlul ukl ar éné ayreng.el 8u bir er meéeg e dea,né med
hastal ékl ar e/ KF uzmaneée hekim l'iderlijinde
fizyoterapist, diyeti syesnos ypasli kholzome tv euyzamapnsei
al makt a; ayreca gereksinim dojrultusunda e
brankl arl a koord{®Ghasyon sajlanmaktadeér

Hava yolu temizleme teknikleri, kistik fibrec
tedavi bil ekenl erinden biridir Ve br onk S
enfk si yon riskini azal t maye ve a(k8¢c19) Kstk f onks
Fi broziksel Qakta, te¢em KFEOI bireyl erde d¢zen
uygul anmas é(@0¢ antak éal me kt @i r y°ntemin ¢stenl ¢
se-imin yak, klinik durum ve aile kokull ar
vurgul aBak tTaeddeavi ye uyum a-éséndan y°ntemin

ol masé °nenmit akémaktader

Enfeksiyon kontrol ¢, kiskiil ere daema 8 e p &KtFo j beank
unsurl aréndander . G¢ncecel kel avuzl ar ; sajl e
dé¢zenl emel er ve ejitim s¢gre-lerine ilikkin
etkin uygul anabi | mesinin bilgive myunsdijeying kylclendidnesis y 0 n e
gerekti]i e i rti |l mektedir

Besl enme dur ubmudi tkeFéwe morrt al ite ile yakénd
temel gostergelerindend®3). Guncel Avrupa rehberleri, beslenme izlemi ve midahalelerinin
kaneta Hayayselvleektiril mik bi-imde planl anm

gi bi bazée al anlarda uygul g2ha&5)f ar kl él ékl ar éna

Yak ilerledik-e KFb6ye bajlé dikabadi | &re mh &st
gi bi kompl i kasyonl a@@&n Bukhédeénlae t dfzmémleik t &
tarama programlar é il e - ok di siplinli Kl in
y°nlendirme sistemlerinin uygul anmaseé, uzun
kalitesinin arteéerél mdld@&7)a-ée&séndan °nem takenm

3. AKLE EJKTKMK

Kistik fibrozis (KF) yonetimi; inhalasyon tedavileri, hava yolu temizlersknikleri,
pankreati k enzim kull anéme, yéecksek enerjili
-ok sayeda g¢nl ¢k uygul amayé i -ermekte ol uj

91



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 28, 2026/ CANAKKALE
ISBN NR:978-625569484-3

aktaréeméeyla séneéerl e ol 28 maBEjei giemexkto@n aml gres
kazama@én yané séra g¢nl ¢k yakama entegrasyc
yeterl ik beceri |l erini gé-lendirmeyi vV e t
hedeflemelidi(29, 30)

Ozy°netim modell erine ilikkin -aleékmalar, bi
yeteri ol madéj éné; d¢zenl i I z1 em, ger i bil di |
yapélanderéel mék yakl akéml ar @1, 32 Buekkpsamdao | d u]j
gel i ktirileai lpag ogeamloaru&knd ,ar én bil gi d¢ezeyir
davranéxkl| ar é ol uml u y°nde et kil edifi bil di
uygul ama y°ntemlerinin heterojenlifji neden

gerekmekted{B83, 34)

Tedaviye uyum buyuk 6lctde aile dinamiklerinden etkilenmek{@8ljr36) Zaman yonetimi

gé-1 ¢kl eri, aile i-iemiatdtéekmblevzreyme kat gk amel
faktorler uyumu olumsuz etkileyebilmekte@r, 38) Bu nedenl e ail e e ]
uygul amal ar én °Jretiminin °tesinde, mot i\
desteklenmelid{i39).

Ej i ti min sifdesgrgde@ebemdan k ésa, tekrarl é vV e
°neri |l me lotaec;k 0f tye® and e mi °Jrenmenin dojrul anma
°ne - ék4OpktAaydé&rca ev rutini pl anl amasé, okul

yazélé/dijital kaynakl ar a y°nl endir me, ai |
unsur(@8ar der

4 . PSKKOSOSYAL DESTEK VE RUH SAJLI JI ENTEGRA

Kistik fibrozis (KF), cocukveai | el erin yalnéezca fiziksel dej i
Kkroni k bi@#l). haxatl &lkélatl ar-,oc Kkl arda ve ebeveyn
anksiyete belirtilerinin genel pop¢l asyona
akcijer fonksiyonl ar é, besl enme dur umu, t e
ol duj unu g#?42).t eBunerkeackanlre ruh sajl eje, KF bak
olarakd ej er I en@B).r i | mel i dir

Ul usl ararasé °neriler dojrultusunda depresyo
entegre edilmesi ve gerekl i Idmawuénl%amddi lummekutn
45). Avrupaoddaki uygul amal ar da ruh sajl eje
yakl akémeée i-inde gideréekdéaleacs igeosté)mamek t leidi

Ailelerin yakadeée] é baakendgglkgndeae, sdrrieki |gebzi |
model | er i ° n(@2ms4dWebma b batdler mgdahal eceprtgel -c
programlar , bak etme becerilerini ve sosyal
destek stratejil 415000l arak ©°ne -ékmaktadeéer

5. BAKI'M SUNUM VE DESTEK MODELLERK
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KF bakéménda uzmanl|l akmék nkalitek kiznetesunumursuh and ar

temel i ni ol uktur maktadér. Avrupa Kistik Fibr
gel i ktirilen -(BLl)- eevkei pv ey alpe&ll awnmunalsa&m é kal it
bakeém standartl ar éné tanémlayar ak bakeémeée
desteklemektedi52).

Telesaj |l ék uygul amadanrégs @ zednaerkde RO 2I0ak é& meénec
spirometrisi, boykilo dlcimu ve oksijen satlirasyonu gibi parametrelerin uzaktan izlenmesi
rutin uygul amal(&,r54)arRedktinat rgslajnK ktdanodel ¢ er i ;
koordinasyon, uygun teknolojik altyapé ve &
vurgulamakta, ancak Kklinik sonuclara etkisinin ke ve uygulama Ozelliklerine gore

deji kebil ecejll9,5®i | di ril mektedir

Cok disiplinli ekip icinde olgu yoneticisi rolinih an € ml anmas é, czel Il i kI e
gereksinimler.i ol an hastalarda ve -ocukl ukt e
gé-lendirmeyiGéapmaA+r it amalstagdkad ém s¢gresi, pl anl
surecini zorunlu & | makt a; bu syreet i enj ideaeri PeErinin
psi kososyal dest ek vV e di siplinler arase i
gerektirmektedi{57, 58)

Ayr écsay ad hi zmet uzmanl ar é&; tedaviye uy umu
pl anlanmasé ve sosyal hakl ara erikimin saj.l
bakéménén sosyal ve -evr@&»el boyutl aréné gg¢ -

6. SONU¢ VE ¥NERKLER

Kistik fibrozisli (KF) - ocukl arda etkin y°neti m, standar:t
mer kezl i bir bakém model i ni gerektirir. Ge¢r
enf eksiyon kontrol ¢, besl enme y°net i mi vV e
batincul biry akl akéml a el e al énmasé gerektifjini go°
yapélandéeréel mék bakém modell eri, kKl ini k izl

-er-eve sunmaktadeér.

Bununla Dbirlikte wuygul amada b a@neelikleetedavl ge¢ - |
yékenegn yéeksek ol masé ©°zellikle -ocukl uk ve
a-abil mektedir. Bu nedenl e yal nézca bil gi
stratejiler, ail e rutinlerinomelyeynakleak éyd
destekl enen m¢gdahalelere ihtiya- vardeéer.
Kkinci ol ar ak, depresyon ve anksiyete tar ame
uygul amanén sg¢rekliliji ve merkezler araseée s
sajné&enf éd¢gzenl i tar ama, uygun y°nlendirme ve
edi |l mesi ©°nem takémaktader.
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Uciincli olarak, teks aj | é k vV e uzaktan izl em uygul amal
potansiyeline sahip olmakla birlikte, uzun dénemli Kklinik soatgletkisinin daha gucli ve
sistemati k -al éxkmalarla dejerlendiril mesine
Bu -er-evede akajéedaki uygul ama °nerileri ge
1 Her =-ocuk i-in bireysellextirilmik bir ha
olukturul mal araé éedkéanenha et kinlifji dejerl e
T Enfeksiyon kontrol uygul amal ar é&; klinik a
mekani zmal aré ile sistemati k bi-imde yg¢r ¢
T Beslenme y°neti mi, g¢encecel ulusl bBramasé °©°n
g°®stergeleri temel alénarak planlanmal édeé
i Depresyon ve anksiyete taramaseée, KF bakénmn
gerekli durumlarda ruh sajl éjé hizmetl eri

1 Telesajl ék ve ev temelghiupdlarémidar eruyxgumn Ia
arteracak kKkekilde yapélandéreél mal édeéer .

T Ergenl i k d°nemi nd-eongimbecekileripim kademedi oldrakr é ; © z

-ocuja devredildiji, ailenin rol¢negn yeni

koordinasiyoédjue Iiaf lmodel |l e planl anmal edeér
Sonu- ol ar ak, -ocukl arda KF y°%netiminde sg¢r
yané séra aile kateél eméne, ruh sajl éjéené v
yakl akémén beni msenmesine bajl éedéer.
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ABSTRACT

Global climate change and rapid population growth threaten food security, forcing
conventional production models to undergo a necessary transformation towards sustainability.
This study take a holistic approach to innovative technologies aimed at optimizing efficiency
and minimizing food safety risks in the food industry. In response to increasing protein
demand, edible insects, plamased proteins, and mycoproteins, which have a lower
environmental burden and carbon footprint compared to animal production, are considered
strong alternatives in future nutrition strategies. Parallel to this change in raw material supply,
processing and logistics processes are also becoming digitized. 30priatets enabling
personalized nutrition, robotic systems ensuring hygiene standardization in the production
line, and drone technologies accelerating delivery processes are concrete manifestations of
Industry 4.0 in the food sector. In terms of protectampsumer health, smart packaging
technologies that track the product's history and current status are prominent. Radio frequency
identification (RFID), biosensors, and tistemperature indicators (TTI) enable traceability of
food from farm to fork, allowng for the control of microbiological and chemical risks.
Furthermore, biopolymebased edible films and coatings, enriched with antimicrobial
properties and offering a solution to the synthetic plastic waste problem, are increasingly
gaining a share in éhfood industry as environmentally friendly barrier technologies that
extend shelf life. In this context, the hybrid use of digitalization and biotechnological
innovations with conventional methods will increase resource efficiency on an industrial
scale.Future projections foresee the creation of a proactive management model to prevent
food losses and ensure global food security with the widespread adoption of these smart
systems.

Keywords: Food safety, Smart packaging, Alternative proteins, Edible fidbdsood
printers.
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Gl DA G! VENLKJKNDE YENK NESKL TEKNOLOJ}

OZET

K¢resel Ikl im dejikiklijJi ve héezlée n¢gfus art
cretim modell erini de s¢rdeér ¢ | eitmektedirr Bu k e k s
-al ékmada, géda endg¢gstrisinde verimlili]i
mi ni mize et meyi hedefl eyen inovatif teknol o
Artan protein talebine k aregebyika ke karboa gyakaian s a |
d¢ K¢k ol an yenil ebilir becekl er, bitkisel
besl enme stratejilerinde g¢é-1| ¢ birer al ter
tedarijindeki bu dej i klianei sptairkal £dr eollaerrak ,d ei
Ki kisellexktiril mik besl enmeye I mk ©n tanéyan
standardi zasyonu sajl ayan robotik sisteml e
teknolojileri, Endgrsdeki 4s droetn ywaEmaé mae lar €r
-ékmaktadeéer . Teketici sajl ejéeneéen korunmasé
durumunu izl eyen akeéell é ambal aj teknolojiler
(RFID), biyosensérler ve zamané t @k i ndi kateorl eri (TTI) say
-atal a izl enebilirlifji sajl anar ak mi krobiy
al énabil mektedir. Ayr éca, senteti k plastik
czelli klerleiygyepglnmektiesialsé® lyenilebilir f
uzatan -evre dostu bariyer teknolojil eri o |
arttérmaktader . Bu bajl amda, dijitall ekme
yontemlerle hibrit k1| | an é& mé, end¢gstriyel °] -ekte kayna
projeksiyonlarénda, bu akellée sistemlerin ya
ve k¢resel géda g¢vencesinin temini adéna
ongorilmektedir.

Anahtar Kelimeler. Géda g¢venliji, Akeéell é& ambalajl ar,

filmler, 3D géda yazeéeceéel ar é.

100



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 28, 2026/ CANAKKALE
ISBN NR:978-6255694-84-3

SOME GENETIC PARAMETERS IN FORESTRY

Prof . Dr . Nebi
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ABSTRACT

Aim of forestry is to produce the highest quality and quantity wood anemoeod products

per hectare based on balancing of supply and demand, and sustainable forestry. The products
of forestry could also include unmeasurable such as erosion control, water quality, landscape
and air quality. Genetic parameters play important roles to increase in quality and quantity of
the product s, and to reach to etcneedngardabl e
other forestry practices such as forest tending. Some genetic parameters estimated in plant
science such as heritability, genetic diversity, genetic gain, genetic correlation, fertility
variation and effective population size were diseddsased on published papers to contribute
geneticbreeding and other forestry practices in this review paper. For instance, genetic
diversity is used in selection of gene conservation and seed collection areas, while fertility
variation and effective popation size are used in establishment, selection and management
of seed sources.

Key Words: Breeding, genetic,arelation, diversity, heritability
1. INTRODUCTION

Forestry practices aim to produce the highest quality and quantity wooehauzhproducts,

and also for unmeasurable (i.e., erosion control, water quality, landscape and air quality)
serves per hectare based on balancing of supply and demand, and deprrefamable
forestry. Genetic parameters estimated by various software are important tools to be increased
or reached to these products. They are also environmental friendly contributors to these
products and sustainable forestry. Quantitative and mlalegenetics are including many
genetic parameters in plant science, as well as forest genetics. Parameters of quantitative
genetics are mainly estimated by progeny test based on genetic and/or environmental
variations (Figure 1)-orest tree breeders dsliah progeny tests primarily to predict breeding
values and related parameters of parents based on the performance of their offspring. The
breeder then ranks parents according to their predicted breeding values to make selections.
Progeny tests are genbyaeplicated over a number of years and planting locations with the
objective of sampling a wide range of environmental conditions. Because of large numbers of
parents being evaluated, economic incentives to establish tests quickly, differential survival
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etc. there is often a great deal of unbalance across all progeny tests in forest tree breeding
programs [1]Pr ogeny test i s also defined shortly
offspring of different parents for the purpose of evaluatingotieeding value of the parents.
However, progeny tests can often be used for other purposes also and it would be more
accurate to call those which mainly head at ranking parents for parental ranking test or
selection of parent trees based on the performahtheir progeny by Kang and Bi[t].

Figure 1. A progeny trial of Brutian pine.

Some quantitative genetic parameters estimated in plant science such as heritability, genetic
diversity, genetic gain, genetic correlation, fertility variation and effective population size are
discussed based on published papers to contribute gbnediing and other forestry
practices in this review paper.

2. SOME GENETIC PARAMETERS

It can be said that main source of genetic parameters are genetic and
phenotypic/environmental variations, and variance components. They are estimated with
Analyses of Variace (ANOVA) or Multiple Analyses of Variance (MANOVA) by various
software]i.e., 3,4. An example from Ozbey and Bi[i5] of MANOVA model can be as:

Y., =m+ R +5, +P(S)i(j)+ejk (1)

IJk
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Where Yik is the observation from thi" tree ofi!" block/replicate ofi'" provenanceg is
overall meanp; is the effect of thé" block, S is the effect of | provenanceP(S)g is the
effectof interaction between block and provenargeis random error.

2.1. Heritability
Broadsense heritabilityH?) is estimated a8,6]:

2

H2=_2¢c ,
si+s? @

Wherelc is the variance among clonés is the variance within clone.

Individual (narrow sense) heritabilithif) is estimated &g ,8]:

=S K&

(3) Wheres i is the additive genetic variance, is the genetic variance of

SN

families, S¢ is the phenotypic variance, k is the covariance coefficient betweesibsif

Heritability (~ repeatability) is estimated to be between 0 and 1. It could be used for mass and
individual selection of plants for heritable characteristics. Heritable characteristics can be
usedto produce the highest quality and quantity wood andvmood products togther with
establishing resistance plantation to biotic and abiotic damages (i.e., insect damages, arid or
semtarid areas) or selection of mother trees in natural regeneration.

2.2.Genetic gain

Genetic gain is in a narrow sense the genetic change ach@mvadpecific trait by artificial
selection. Gain is dependent on selection intensity, genetic variation and heritability. Gain can
be seen as the average genetic value of an improved population compared to that of the initial
population. Genetic gain DG %) is estimated g9]:

(IDg- 1D )
X100
D, (4)

Where!Ds s the average of breeding value estimated by BLUP (Best Linear Unbiased
Prediction) of the highest families P« is the breeding value of the control material, and

MIDy is the absolute breeding value of the conmaterial. The parameter can provide an
additional increase in quality and quantity of forest products by intensive selection practices.

2.3.Genetic correlation
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Significant £<0.05 genetic correlation between or among characteristics plays important
roles such as easy and cheap selection to be increased in forest products by interactions of the
characteristicSGeneticcorrelation (g) between the characteristicsistimated as [8]:

CoV,

ro= f(xy)

g NCRTON T ©)

Where COVf(Xy) is the genetic covariance between traits x and¢ iﬁ,(x) and 52f(y) are the

additivegenetic variances of traits x and y, respectively.

2.4. Genetic diversity

Genetic diversity, is the genetic variation present in a population or species different from
biodiversity, may be given more specific meanings or be assigned quantitative values in
somewhat different ways, the most obvious one is "expected heterozygaditgene
diversity (KangBilir, 2021). Genetic diversity ensures that forest trees can survive, adapt and
evolve under changing environmental conditions. It is vital to maintain the vitality of forests
and to cope with pests and diseases. Despite thaitafoental importance, forest genetic
resources are under thr¢d0]. The parameter estimated also by molecular genetics serves to
better selection and sustainability of species and biodiversity, practices of tree genetics and
breeding such as identificati of gene conservation areas.

2.5. Fertility variation and effective population size

Fertility is an individual s ability to givi
population size (effective number) can be defined as from some aspect a population could be
characterized by the corresponding size of an ideal populationtigtisame characteristic

2.

Fertility variation occurs, not only among seed parents, but also among pollen parents. Thus,
the sibling coefficient for parental fertility can be divided into femglg@ &nd male ¥ )
parents af2,11]:

y,=Na f?=CV?+1 y_=Nany=CV2+1
i=1 and i=1 (6 a and

b)

Where CVt and CVn, are the coefficients of variation in female and male fertilities,
respectively.

Sibling coefficient (Q) is defined and estimated directly froobservations as the sum of
squared parental contributions multiplied by the census nuieExpected fertility of an
individual is an average of maternal and paternal fertilities as f¢RAMA|:
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fitm; 2
¥ =N, p2 = NEX, (12) )
The sibling coefficient@) expresses how fertility varies among parents as the increase in the
probability that sibs occur compared to the ideal situation wheratpanave equal fertility.

The sibling coefficient cannot be smaller than one] ¥ 1, all individuals have the same
fertility. Fertility differences among population members can also be described by the

coefficient of variation cVv) in fertility as: ¥=CV2+1
(8)

The effective number of parents were calculated based on the fertility variatdnbe
census numbeN)j as[12]:

c L'y
Ng =€
9)

Theeffective number of paren{dlp) is also related toene diversity (GD) afl3,14}

3. CONCLUSIONS

The parameters and others which are environmérn¢aldly should be used intensively in
forestry practices to be increasgdality and quantity of the products, and serves. However,
they can be discussed for natural structure of forests.
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ABSTRACT

Seed orchard is one of the most important seed sdagether with seed stand and seed
plantation for various practices such as conversion of unproductive forest (i.e., 9.6 million ha
in Turkiye) to productive forest (i.e., 13.8 million ha in Turkiye) in forest science. Improved
genetically and morphologitgeeds are produced from the seed orchards established with
vegetative materials of superior trees selected genotypic or phenotypic. The seeds play
important roles in biological and economical successful of forestry practices. Turkiye has 189
seed orchamlestablished at 1485.7 ha of 12 species. They are mainly in BrutiarPpins (

brutia Ten., 84 seed orchards at 689.8 ha), Black peu§ nigraArnold., 54 orchards at

483.7 ha), Scots pind(nus sylvestrid.., 21 orchards at 113.0 ha), Oriental sg@({Picea
orientalis (L.) Link., 9 orchards at 34.9 hd&aurus cedarGedrus libaniA. Rich., 7 orchards

at 46.4 ha)and Stone pineRinus pinealL., 7 orchards at 93.6 haHowever, there could be

large differences for area and number of clones, amongesper among orchards within
species in establishment of seed orchards. Importance, establishment and management
strategies of seed orchards are discussed in this review paper.

Key Words: Clone, plantation, ramet, seed
3. INTRODUCTION

Seedorchard, seed stand and seed plantations are main seed sources in forestry. While, seed
stands are selected phenotypicailg.( branch number, tree height, diameter at breast height,
stem straight)1] from natural forests (Figure 1), seed orchards aat lantations are
established by vegetative (clonal seed orchards) and generative (seed plantation) materials
collected from superior trees (Figure 1). Seed orchards and seed plantations are established
for slow and fast growing species based on by atigetand generative materials collected

from superior trees, respectively (Figure 1). The seed sources produce to seeds improved
genetically to contribute economic and biological success of forestry practices. They have
also many advantages such as easlycneap seed harvest together with improved 4@¢ds

and also a link between tree breeding and plantation forgtrySeed orchards are also
defined, a seed orchard is an area where seeds areprodased to increase the genetic
quality as quickly ad inexpensively as possibj4]. In another definition, seed orchards have
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been established with selected superior trees to produce that are physiologically and
genetically better seeds than those obtainable from natural §&nd&eed orchards have
beenestablished with clones or seedlings, collected from plus trees selected phenotypically
from natural stands (Figure 1) or plantatid6$ In the last definition, seed orchard is a
plantation of assumed superior genotypes established for the productiveeo$eeds.
Typical, it is clones or seedlings from selected trees, isolated to reduce pollination from
outside sources, even ground and wide spacing to facilitate cone harvest, and managed for
early, easily accessible and abundant seed prody&iioHowever, there are large variations

for area and number of clones, among species or among orchards within species in various
countries in establishment of seed orchgres7,8,9.

Shoton GifT? 27

Figure 1. A seed stand of Black pine.

Importance,establishment and management strategies of clonal seed orchards for forestry
practices are discussed based bseovation, experience of the author and search of published
papersin this review paper.

4. SEED ORCHARDS

Seed orchards are artificial areas where produce improved seeds. They are established with
vegetative (clonal seed orchards) or generative (seed plantation) materials of superior trees
(Figures 2 and 3) selected from natural forests. Generally, 30 sureasrof a single seed

stand are used in establishment of each clonal seed orchard in Turkish fp2eStry
However, there are large variatioios established area and number of clones, among species

or among orchards within species in various coastin seed orchards.e.,7,8,9. For
instance, large differences were reported for area, number of clones and number of ramets
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among clones and among orchards in clonal seed orchards of Tauru@feddrScots pine
in Tarkiye[8] or in other forest tree species in various countries [7]

Shoton G 27 Shoton GiT1 27

Figure 2. Some superior trees from seed stands of Black pine.

Figure 3. A seed orchard of Black pine.

109



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 28, 2026/ CANAKKALE
ISBN NR:978-6255694-84-3

There are 189 clonal seed orchards established at 1485.7 ha of 12 species in[TI@Qfkiye
Some details of the seed orchards are given in Table 1. The number and amount of the
orchards can be related to size of natural distribution of the sgédipdahncing of seed
supply and demand, commercial importance of wood andwoaa products of the species.

Table 1L Some details of the seed orchards.

Species Number Area (ha)

of orchards  Total Average
Brutian pine Pinus brutia 84 689.8 8.2
Black pine Pinus nigra 54 483.7 9.0
Scots pine Pinus sylvestris 21 113.0 5.4
Oriental spruce Picea orientalis 9 34.9 3.9
Taurus cedar Cedrus libani 7 46.4 6.6
Stone pine Pinus pinea 7 93.6 134
Aleppo pine Pinus halepensis 2 9.5 4.8
The wild service tree Sorbus torminalis 1 4.2 4.2
Maritime pine Pinus pinaster 1 3.3 3.3
Sweetgum tree Liquidambar orientalis 1 3.1 3.1
Jujuba Ziziphus jujuba 1 3.1 3.1
Phoenician juniper Juniperus phoenicea 1 1.1 1.1
Total 189 1485.7 7.9

As seen from Table 1, there are large variation among seed orchards for average of
establishment area. It can be also said for among orchards within sgéieBut, it is

known that 1830 clones [2,6,12&re enough in forest tree species to transmigmiegene
diversity in seed crop to next generation by forestry practices.

3. CONCLUSIONS
Number of clones and ramets within clone should be balanced for low establishment cost,
easy and cheap management practices of seed orchards.
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OZET

Peyzaj mi mar|l éjé& ejitimi, tasarém d¢keéencesi
pratijini bo¢jtréeennl neek tsi¢rreenc ibdiirr . Tasar ém, yal neé:
eyl emi dej il ; problem tanémlama, yor uml ama,
akamal aréné i-eren -ok katmanl é& bir s¢re-ti

se-tyygriuml adej e Ve tasaréem kararl aréna nas

S zgenl ¢ ényg belirl eyen t emel unsurl ardandér
Mi mar | €] & B°il20m2506 rjdrte2tOn2nd Yéeél &€ bahar d°nemin
Tasar ernsil Ikadpesaménda ger-eklektirilen stg¢gdyo
°Jrencilerin proje paftalaré dejerlendiril mi
tasarémé problemine y°nelik geli stilr diakll erxié |
me k ©n s al kurgu ve tasarém dil. bajl aménda
s¢recinde kel tegrel, doj al ve yerel referan:
aktardékl aréeneé g°stermektedirti nEsoInukkianmumallal
tasarémeéen be¢t éencel kurgusunda belirleyici ol
-exkitlilik ve ©°9zge¢nl ¢k yarattéje tespit edi
s¢recine dohi |l edi | mesg¢gr,etyianhin éaz-céas éensdt aent i cka dte
arteéermaktadeér . ¢al ékxkmanén, peyzaj mi mar | éj &

yakl akéml aréna katkée sunmasé bekl enmektedir.
Anahtar Kelimeler: Pey z aj mi mar| éj e e

] 1 ti mime, Roraus ar e m

-evresi t asar é me.
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THE PROCESS OF DEVELOPING ORIGINAL DESIGN SCENARIOS IN
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ABSTRACT

Landscape architecture education is a learning process that plages tesiing at its core

and integrates theoretical knowledge with studio practice. Design is not merely the act of
producing a physical outcome; rather, it is a rAalfiered process that involves problem
definition, interpretation, conceptualization, asmhtial decisiormaking. In this process, how
students select, interpret, and transform their sources of inspiration into design decisions
constitutes one of the key factors determining the originality of the final product. This study
examines the studio avks carried out within the scope of the Landscape Design Il course
conducted in the spring semester of the 2@P25 academic year at the Department of
Landscape Architecture, Bi ng©°l University. \
evaluated. ie aim of the research is to analyze the original design scenarios developed by
students in response to a residential landscape design problem, in terms of conceptual
approach, spatial organization, and design language. The findings indicate that sirelents
upon cultural, natural, and local references during the design process and translated their
personal interpretations into spatial solutions. Sources of inspiration were found to be
particularly influential in the formation of the concept and in eghiolg a holistic design
framework, resulting in notable diversity and originality among the projects. The conscious
integration of local context into the design process enhances not only the aesthetic quality but
also the production of meaning within tpeojects. The study is expected to contribute to
processoriented evaluation approaches in landscape architecture design education.

Keywords: Landscape architecture education, design process, concept development,

residential environment design.
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1. GKRKKk

Peyzaj mi mar | éj] &, tasarém st¢gdyolaré il e bu
birlikte y¢regtelde]eée bir akademi k disiplindi
cretimlerin temelinde tasar énibidpgoklgne goaedik y er
-%z¢m gel i kKtirmeyi ama-|l ayan sistemati k bir
bir i fadeyl e tasar ém, her hangi bir ol aya ya
akamal aréna zemin haz ésirecanip BuninU&lUu (Nemvellvea $maon,v e h .
1972). Tasarém sg¢reci, tasarémcéenén karkel a
al gesal dejerl endirmel erini s°%zel ya da g°r
Surec ilerledikge, elde edilen vet e r |, analizler ve ge-mi K de
kat manl & bir dejerlendirme akamasé devreye ¢
alternatiflerin sénanmasé ve geliktiril mesi.\
sonu-lanég®994)Vri 8seinitz (1990)06e g°re peyza
algesal, ekolojik, tarihsel ve dojal yapédan
Tasaréem -o0jJu zaman somut bir créenl e go°reéengr
d¢Keénsenl ssogyruetcini tel i g°z arde edi |l emez.
noktaseé, ortaya -ékacak sonucun kendisinden
nasel kurgulandéjée ol mal éder . Tasaréem sg¢rec
yvapeya sahiptir; sorgul ama, cretme ve kekfet:
etkinlik olarak «kekillenir (Smith vd., 1995
s¢reci tasarém eyl emi nitmsay € énlc @goRimup Fader aisn@& o
edi | me bi-i mio boyutl aréndaki et kil ekim €
(Kahveciojl u, 2001) . Yaratéecé tasareéemlar y &
d°nemindedir. ¢enkeg ©°Jrenci araktermhga ye
teorilerden yardém alabilir (Bayramojlu vd.
b°l ge planl ama, i - mimarl ek il e endg¢gstriyel
bakl angécénda belirl enecek koenlsiekpttiirni veen Hhuway
odakl @ mek®©nsal kurgul arén naseél aktarel aca’
alanée olukturmaktadeéer (Casakin, 2007) . Pey ze
chiversitel ere ve filkgostérmektéde (Gézel beKpyl, 202@).1 ar a k -
Peyzaj mi mar|l €jJ & insanlarén istek ve ihtiya-
ve Dbil i mi sentezleyerek yaratécé ve °zg¢n b
Mi mardliéjiégl i ni, farkl é& alanlara ait kavram v
bir yapéya sahip oldujundan, ejitim s¢grecin
anlayeéexkla ilikkilendiril mes:i ger e ksirecknnedi r .
rkl & akamal aréné entegre ederek ama- ve b
kl enmektedir. Tasarém st¢sgdyol aré i se kura
Kénmeyi tekvi k eden ve yar &t éooaod agn etriemiol @&
recin tamamlayécé unsurunu olukturmaktadeér
vrenin en iyi ne kKekilde kullanél acajé ko
saréméenda temel hedef peyzajlaré vea me k ©
olojik, teknik, sanatsal ve estetik kriter

O e nw oo™
~ 9 O D0
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ol uktur mak, bitkisel tasarém ile insan ve

etmektir (Dong, 2009). P e \esing problenaaskair dummaun s ¢ r e ¢
kabul ¢ ve buna bir -°9z¢m bul ma kararl el éj é& o
Bing?°l i niversitesi Peyzaj Mi mar | éj é Bl ¢ m,
el emanl ar é il e °Jrenciler a kK ylgi@imekéedir.bBur e b i r

-al ékmaie® 252 EYfdrteitmm Yéel é& bahar d°neminde Pe

séneéf m¢efredaténda yer alan zorunlu Peyzaj

ej i ti mi el e al enméexteér. De rbso ykuanpcsaa ngéenl di ak t°ijrrdel
projelerinin s¢re- akamalaré ve ortaya -ékarl
Proje -aléekmasénda tasarém alané ol arak koni
konut peyzaj énariylPeril i geltiastair @mi ®tnier . Bu - a
tasarém probl e mi dojrultusunda ©°jJrencilerin
al eénméexter. ¥Jrencilerin senaryo ol uktur ma

esin kaymaskllaryonma ml adékl aré ve tasarém kar a
¥zelli kle esin kaynakl arénén konsept ol ukum
etkileri dejerlendirilmicktir.

2. MATERYAL VE YONTEM

2.1. Materyal
Bu -al ékmaeeywalinai maBi ng?©l ''niversitesi Zira
2. S é n é f2e0n2d5a b2a0h2adr yaréyélenda ye¢retelen Pe
ger-eklextirilen -evrimi-i st¢dyo -al ékmal ar

sat uygul ama ol mak ¢zere toplam 5 saat y¢r ¢t
séneéf tasarém st¢gdyosu kapsaménda el e al én

gel i ktirme ve tasarém akamal aréakamnermré&mekti BI
ve ekolojik ©°zellikleri dojrultusunda s¢rdg
projesi gel i ktirmiktir. ¢tal ékxkma kapsaménda
i ncel eme materyalini olukturmaktader.
2.2. YOntem

Buarxt €ér ma, nitel araktéerma yaklakemée -er-eve
dayanmaktader . ¢al ékmanén araktérma grubunu.
Mi mar | éj é B2 d Z5n¢ Ejpioteidm m Yeéel é bahar d°nemin
Tasarémé |11 der si kapsaménda konut -evresi ta
sénéf ©°Jrencileri ol uktur maktadeér. Ar akt ér ma
dok¢manl ar °Jrencilerin tagyarakmas gneéci mgked i
kavr amsal -er-eveyi ve mek©nsal kararl aréene
Arakt érmada eti k il kel ere uygun hareket edil
dejerl endirme yalmne€rzicmddrmsagaeaere-meklregmtl ieriil mi kKt

I
tasar ém s¢recinde esin kaynakl ar @énén ©zgét
ama-| amaktader .
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3.BULGULAR

3. 1. Kavramsal Yakl akém Odakl & Bul gul ar
¥Jrenci projelerinin i sueanngichbiskavransalncergeven d a ,
czerinden yapélandeéereéel déjé gor ¢l megktgr . Konu
senaryolarda, °jJrencilerin °ncelikle bir ana
dojrultusundakkeki | t esgi t edi |l mi ktir. Kavr a
kal madeéej é; form, me k ©ns al organi zasyon, dor
be¢t enceél bi -i mde destekl endi i g°zl eml enmi K
yonlendiricibr ar a- ol arak etkin bi-imde kull anél de
G°r sel 16de s¢rdereglebilirli k kavramé t emel
prensipleri tasarémén ana belirleyicisidir.
delj;i enerji sreti mi, SuU y°neti mi ve geéda ¢r
ol arak kurgulanméxktéér. Bu dojrultuda r¢zgOr
dinlenme alané tasarl anmécxk,; kul I annéé cneée kk@onnsfad
-%z¢m i -erisinde birlexktirilmiktir. Ya] mur
uygul amal ar eyl a yézey akékeneéen kontrol al t
hedefl enmi K; biyolojik g°l et ar aciékl earétyelraée | nm
Ayréca permak¢ltgr bt ashk-eesiim °dreenrgiessiiy | @° z¢ertea tli
dojayla etkilekimini g¢-lendiren kateéel emcée b
Bu kapsamda geliktirilen mek@rks avle ksaorsayralla rp;e
birlikte dejerlendiril mesine (Mer al vd. , 20

yalnézca temati k bir s°ylem ol arak dejil, I
tasarém stratejoréenaypl Eogeskeéekrendi]Jini

G°rsel 1. Séfd(;r(;lebilirlik konsepti dojrult

3. 2. Me k ©n s a | Kurguya Klikkin Bulgul ar

Projelerde me k ©n s al organi zasyonun, belirle
edi | mi Ktpirro.j e Bazée mer kez”’ bir odak etrafén
cretilirken, bazé projelerde | ineer ya da pa
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°Jrencilerin tasaréem problemine tek terp bir
gel i ktirebildiklerini ortaya koymaktadeéer

Al anén suya yakeénl éjé etkinlik bajlaménda -
bajlamda °jrenciler, su °jJesini tasaréemén et
hattéenda gielreccekl efkariklid eebt ki nl i kl ere y°nel ik
G°rsel 26de ©°Jrenci a-é&k alan organizasyonu
mer kezi odak etrafénda kKkekillendirmiKkK; dol ak
sajl amektoaksi yon al anlaré merkezden -evreye
ve yumukak zemin kullanéemé ile bitkisel d¢z
yakl akém, me k ©n s al s¢reklili k ve kulduaneécén
ortaya koyar ken, sénérl e alan i-erisinde et

sajl amexkteéer

Gorsel 2. Merkez bir odak etrafénda kur gul
G°rsel 30te °Jrenci a-eék alan obigrainn zersy g a
baj émséz al t mek ©nl ar aracel éjeyl a kurgul a
senaryol ar éna gere par -al é bi-i mde daj ét e
farkl él akmal aréyl a tanémlanméckt éel geciigeamlik©Onl ar
sajlanarak kopukluk yerine kontroll ¢ bir begt
farkl & deneyim odakl aré sunarken alan i-inde

Gorsel3.Par - al & meﬁknsal kurguya sahip tasal
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3.3. Tasaréem Dili ve Bi-imsel Kararl ara KIi«kl
Bitkisel tasarém kararl arénda yerel t ¢r k u
se-iminin yalnézca estetik dejil,; g°l gel eme
I Kl evsel rkulittuessrunedda dyogpél déjée g°r ¢l mektedir
yalnézca g°rsel et ki czerinden dejil, perfo
dejerlendirildijini gestermektedir.

3.4. Yerel ve K¢glterel Referansl ara KIlikkin
Bazé projelerde k¢lterel referansl aréen dojr
aktareldéejé belirlenmixktir. Gel eneksel mot i
b°l gesel kimlik ©°Jelerinden esi kahsalrkurduyhi J i ;

entegre edildiiji tespit edil miktir. Bu yakl @
derinlik kazanmaséné sajlamaktadeéer.

G°rsel 46te Karadeniz b°l gesini temsilen da
belirleyicisi hem deet ki nl i k al anl arénén Kkurgul anmasénd
al enmexkteéer . Sert ve yumukak zemin ge-i«kleri,
dal ga hareketini yansétan s¢reklili k bienl ayéi
i fade ol arak kal mayép mek©nsal deneyimi tanéeé

G°rsel 4. ADalgad konsepti dojrultusunda ge
G°rsel 56te °jJrenci me k ©ns al kurguda, naeanc an ek
yapéséndan esinlenerek tasarém ©°nerisini gel i kt
odak mek®©n, mer can tarl asé gezi si rotase, doj al
etkinlik birimleri, konseptin hem bigimsel hemdex | evsel yansémal aré ol ar ak
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dojrultusunda ¢

4. SONU¢ VE ¥NERKLER

¥Jrenciler taraféndan hazérl anan arazi yapeée:
le bual anl ara ©°neril en rekreasyonel aktivite
dejerl enditalidmi K] i K Kkil®iv g°zetilerek kavrams.
(Yal -énalp ve Meral, 2018). Bu akthaBathésmaec
-al ékmal arénén sistematik bir kurgu i-erisi.|
proje paftal ar e czerinden yapéel an dejerl en
omurgaséné olukturduj u, esin kK@aynalkl araéssmanme n
czerinde belirleyici r ol oynadéejeée tespit ed
konseptl eri dojrultusunda bireysel °rnek ar e
analitik bir zemine hapéemé¢e] ebundbroumi or hdeg:t
karakter sergil emesini sajl amexter. Yer el b
edi |l mesi , projelerde yalnézca &estetik -eKit
ol ukmaséna da Gahé&k sbamakt udre.j erl endiril di
kaynakl arénée se- me, yorumlama ve mekOnsal K
kavr amsal yakl akeéem, me k ©n s a | kurgu ve tasar
nitelijJingl mekteedief &€ §8mu-1 ar , tasarém ej it
s¢recin kendisine odakl anan bir st¢gdyo yakl a
Peyzaj tasaréménda,

- Konsept,

- Peyzaj icinde yer alacak sirkilasyon sistemi,

-Yekil ve mi mharéewapéeseléema ve konumlandér ma
-Estetik bir dengenin, sajlanmaséna °nceli k
Peyzaj tasarémenéen yalnézca bi-imsel arayecx
bejeniye dayaleé tercihluesdehaib@hagéi i bimmadaeij
uyumlu bi-imde ele alénmaséné gerektiren ka
bul undurul mal edeéer . Bu nedenl e tasarém kara
dojrultusunda kKekeyza@&jndmirmamleéj @nda Zasar @meé
biri ol an bitkisel materyal canl é& ve dinami
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g°steren gel i kim s¢re-lerinin tasarém akame
D¢zgenek, 2013) .

Sonug olark - al &€ Kk ma, peyzaj mi mar| ] é& tasarém e]j
bilin-11 bi-imde anali z et mel er i ve tasaréer
edi |l mesinin, daha ©°zg¢n vV e ni tel i kI me k ©n
goste me kt edi r . Bu bajlamda; tasarém st¢gdyol ar é
yer el bajlam analizlerinin si stemati k bi-in
°l -¢tlerinin yalnézca ni hai srén gleanaér é&lama
°neril mektedir. ¢al ekmanén, peyzaj mi mar | é]

yakl akémlaréna ve °9zg¢n tasarém ¢retimine 'y
beklenmektedir.

Tasaréem St¢dyolaré K-in ¢ékarémlar

f Tasasr¢éermeci nin baklangé- akamaseénda °jJrenci
tekvi k edil meli ve bu Ktérmal ar st ¢gdyo

T Kavr amsal -er-evenin netlektiril mesi amac
ot uruml arleetide. yer ver.

1 Bitkisel ve yapésal tasarém kararl areée exk
sert zemin ve yapé elemanl arée ¢zerinden d
geliktirilmelidir.

T Yer el bajl am anal i zleersié nyeall reé kad nfaimail ks e |k
referansl ar da tasarém s¢recine entegre e

9 Dejerlendirme °1-¢tleri; analiz, konsept
kapsayacak bi-imde s¢re- temelli ol arak vy

Gelecekteki¢ al ékmal ar K-in ¥neriler

9 Farkl é ¢niversitelerde y¢gregtelen tasar ém
i ncelenmesi, tasarém pedagojisine ilikkin
kat ke sajlayabilir

T ¥Jrencilerin tasaremisgigreciedekie g2rneghs &l
-al exmal ar yapeéelabilir.

T Esin kaynakl arénén tasarém °zge¢nl ¢ ¢ ézer
da yaré deneysel araktérma modell eri ol uk
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WHITE CABBAGE AS A NATURAL BIOSORBENT IN DYE REMOVAL
PROCESSES

Dr. ¥Jjretim |yesi, Nur
Sivas Cumhuriyet University, nkutuk@cumhuriyet.edu@®00-0001-57993865

ABSTRACT

In recent years, water pollution has become an increasingly significant global issue. This
problem poses a direct threat to both human health and ecosystems, making access to clean
water more difficult. Therefore, wastewateedtment has become one of the most widely
studied research areas. Biosorption and adsorption processes offer simple, safe, and efficient
solutions. In this study, the biosorption behavior of white cabbage, an important agricultural
product, was investigatl. The biosorption process was optimized using white cabbage as a
biosorbent for the removal of Titan Yellow (TY), an anionic dye, from wastewater. The
effects of pH, biosorbent dosage, and mixing speed on the process were examined. At 200
rom, pH 1, anda biosorbent dosage of 5 g/L, the highest biosorption efficiency, exceeding
80%, was achieved. The biosorption mechanism and its characteristics were evaluated
through isotherm, Kkinetic, and thermodynamic analyses. The results indicated that
chemisorptioroccurred between white cabbage and TY, and that the process was exothermic
and spontaneous. The structure of the biosorbent was characterized using Scanning Electron
Microscopy (SEM) and Fourier Transform Infrared Spectroscopy (FTIR).

Keywords: Biyosorptian, dye, white cabbage
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MICELLES CONTAINING CATIONIC SURFACTANT AND PROTEIN:
DETERMINATION OF CRITICAL MICELLE CONCENTRATIONS

Do - . Dr . ¥zge¢r M
Ege Universitesi, omasalci@gmail.cén®RCID: 000060003 34367284
Y¢ksek Lisans ¥jJrenci si, Il man M:

Ege Universitesi, imanmetin7 @gmail.coi®RCID: 00090008 18058514

ABSTRACT

In this study, it was aimed to determine the critical micelle concentration (CMC) in cationic
surfactantprotein systems and to investigate the effect of protein presence on micellization
behavior. Surfactants are amphiphilic compounds containing both hydrophilic and
hydrophobic groups within the same molecule, and they enable micelle formatieduaoyng

surface and interfacial tension in solution. When a certain concentration is reached, surfactant
molecules form ordered aggregates due to hydrophobic interactions; this critical point is
defined as the critical micelle concentration (CMC).In thiigdy, the interactions between
cetyltrimethylammonium bromide (CTAB), a commonly used cationic surfactant, and bovine
serum albumin (BSA), a negatively charged protein, were investigated. Under physiological
pH conditions, since most proteins possess tanegative charge, cationic surfactants can
establish strong electrostatic interactions with proteins. These interactions are known to
significantly affect the micellization behavior of surfactants and their CMC values.Electrical
conductivity measurementgere employed to determine the critical micelle concentration. In
conductivity measurements, the breakpoint observed in the conductivity versus concentration
plots was used to identify the CMC. Experimental studies were carried out under different
BSA conentrations and temperature conditions. The obtained results showed that the CMC
value decreased with increasing BSA concentration. This indicates that psatéactant
electrostatic interactions facilitate micellization. In addition, an increase in tatupeled to

an increase in the CMC value. The results are consistent with the literature and contribute to a

better understanding of micellization behavior in prateationic surfactant systems.

Keywords: Critical micelle concentration, CTAB, BSA, Catic surfactant, Protein

surfactant interaction
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KKK FARKLI FOTOBKYOREASAFERUITKRANBPEATENSKS
MKKROALGKNKN B! Y! ME PERFORMANSI NIN VE EKONO
KNCELENMESK

Su [ r¢gnloeri Y¢é k. M¢ h . Yal

Ege Universitesi, Fen Bilimleri Enstitisiic Su ! r ¢nl er i Yeti Ktiri
yalcinmetecoskun@gmail.con®000-:00027361-7808
Doc¢. Dr. Mustafa Tolga TOLON

Ege Universitesi, Su Uriinleri Fakiiltesi, Yeti i r i ci | i k B°1l ¢ m¢-000601 ga.t
000222330663

OZET

Mi kroal gl er , su ¢reéenloeri end¢strisinde birio
Bunun yané séra geda, enertfabanlla-g¢ rvega lkeartinma
cretiminde de umut veri ci bir se-enek ol ar ¢
verimlilifji maksi mi ze et mek i - i n sécakl ek,
konsantrasyonu gi bi b¢yéeme parametrelerinion
Far k1 é a- ek vV e kapal e sretim sistemlerin
s¢rdereglebilirl ik araseéndaki denge titizIlik
ootaml ar é, cretim sistemlerdi vV e b¢y¢ me czer
i ncel enmi K; ayréca yaygén ¢retilen mikroalg

ekonomi k boyutlaré ©°zetlenmiktirzawantéeajmaagr é

karkeéel akt ér mal e ol ar ak el e al ar ak, bi yokgt
tartékmal ara éeéxkék tutmaktadér. Sonu- ol ar ak
edi |l mesinde, teknoloji k eakegomskosyndymrapleel
t emel bir gereklilik olduju ortaya konmuktur
Anahtar Kelimeler: Fot obi yoreakt °r, Biyok¢tle veri mlil
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AN INVESTIGATION OF THE GROWTH PERFORMANCE AND ECONOMIC
ASPECTS OF SPIRULINA PLATENSIS MICROALGAE IN TWO DIFFERENT
TYPES OF PHOTOBIOREACTORS

MSc, Yal -én Mete C

Ege | niversitesi, Fen Bilimlerd.i Enstit ¢s
yalcinmetecoskun@gmail.con©000-00027361-7808
Assoc. Prof.Dr. Mustafa Tolga TOLON
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000222330663

ABSTRACT

Microalgae play a critical role as primary producerghim aquaculture industry. Additionally,

they emerge as a promising option for the industrial production of food, energy,
pharmaceuticals, and higlalue biebased products. To maximize efficiency in microalgae
cultivation, the optimization of growth paraters such as temperature, light intensity, pH,
mixing rate, and C@®concentration is of paramount importance. In various open and closed
cultivation systems, the interaction between system complexity and operational sustainability
must be meticulously elmated. This study examines cultivation media, production systems,
and the physicochemical parameters affecting microalgal growth, while summarizing the
economic dimensions of commonly cultivated species in different photobioreactor systems.
By providing acomparative analysis of the advantages and disadvantages of current systems,
the study sheds light on future research and discussions regarding the improvement of
biomass yield. In conclusion, it is established that alongside technological integration, th
economic sustainability of these systems is a fundamental requirement for the efficient

acquisition of microalgal biomass.

Keywords: Photobioreactors, Biomass Efficiency, Microalgae Cultivation
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1. GKRKK

Endustriyel sektorlerde mikroalg Uretimi, biyokijtle ek ol arak dej er | i

ederek i1 kKletme maliyetl erini de¢Ker meyi ama -
ayreéel masé, pazar payénéen b¢gyéemesini teti kIl iy
dol aréna ul akmaseéeérbéeem, einklyotr me Dy& ¢ R ngmaijti ma
havuzl ar k¢resel pazara hakim ol maya devam e
gi bi y ¢ ksek kalitel:] end¢gstrilerdeki gel i kK
bekleniyor.[1]

Mikroalgl er - oju wuygul amada a-ék sistemlerde ve
A- ék sistemlerin kontrol ¢ zor ol dujundan

yarat maktader . Fotobiyoreakt©orl er, sajl adek
geebi |l mektedir. |l kék kaynajé ve ékék yojunlu

faktorlerdendir. Verimli  ve uygun maliyetli fotbiyoreaktor sistemleri igin,

fotobiyoreakt©orl erde yapay ékek kaynaj é k L

fotoset ez ki neti kl er i sécakl ek, pH éxkxék yojunl
dej i ki k1l ik g°stermektedir. Yapél an deney

maksi mum biyoke¢gtle ¢reti mi il e sonu-1landéjé
saj lasmmve azot, oksijen, CO2 gi bi mi kr oor ga
ortamda varol uku, h¢cre biyoke¢gtlesinin aktivy
bil ekimindeki dejikimin yané séf2Zh fotosentez
Spirulina Platensis ve dijer Spirulina t¢rle
Aydénl at ma, sécakl ek, akélama hacmi, kar ekt
zenginlifjgi Spirulina ¢retiminka-e@dckér.ey8pi r- el
I deal sécakl ekl ar, 20 ile 35 AC araseénda d
r et i mi gor ¢l megktgr . D¢kek eékéek yojunl uju R
ol muk yapélan i ki far kl & 9-0a0l 0é kl nuaxd ab eby0a0z0 &l kuexk
biyoke¢tle ¢retildifj]i g°r ¢l mekle birlikte 24
da b¢gyeéemede et kil ol duju saptanméxkteér. Al ka
aral apes8dej erkisrecke keur uy aj eérl €jJ a, maksi mum pt
antioksidan aktiviteye sahip ol muktur. H¢ cr e
kol ay par-al anabi $pirutina pldtemsisis €inid amas®ad ayget i

o

neml i bir nokta ol up[BJopti mum seviye 0,5 vvrm
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2. DENEYSEL ¢ALI k MALAR

Bu -al ékmada Spirulina platensis mikroal gini
i ncelenmi kKtir. De n eaniea r-aakl éyanpad lamé&k t3& rt. e k¥rzaerl |
edilen ke¢gltegrloer akeé olarak kull anél mak ¢zer
kull anél arak -ojalteélméexxteéer. Zarrouk medium

edi | mi k 1HCD3 $6WByga NaNG8 2.5 g, K2HPO4 0.5 g, K2S0O4 1.0 g,
NaCh 1.0 g, CaCl2 2H200.04 g, MgSO4 7H2®0.2 g, FeSO4 7H20 0.01g

ekl enmiktir. [4] Hava motoru ile ke¢gltegrlere

Stok ke¢gltegrloer kontr ol ik@rtenidoeulO0-md saekilimreg®@00am € i - i
zarrouk medium i-eren su eklenmi«ktir. Bir h &
ol ar ak sajl anmexkter. 12 saat aydenl ek 12 S

zamanl|l ayécé y ar dé mély lganin ksonanda bikre iylimdsimdumng i r

nokt aséna gel mi ktir. Genl ¢k ol ar ak spektrof
°l -¢mler yapél mék ve hg¢gcre adetl eri mi kr os Kk
grafiji akajeda graefik.tablosu ile g°sterilm
1.2

0.8
0.6
0.4
0.2
0
1. 6lclim 2.0lglim 3.0lglim 4.06lgtim 5.6l¢lim 6.0lclim 7.0lgtim 8.0lcim 9. dlglim
l.grup IL.grup lll.grup — ss|\ grup V.grup Vigrup
CizelgelKontr ol Grubu B¢gyeéegme EjJrisi Gr af i
Deneme grubu 1 -al ékmalareée i-in 256ber i tre
sistemine 2500 mi saf kel ter kal an mi kt ar

Bl ower yarldléawréa id &r etkdn ol ar ak hava sajlanr
sajlanmek olup 12 saat aydenl ek 12 saat kar

yardémeéyla kontrol edi | mi ktir. 18 ge¢negn son
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Gunlikola ak spektrofotometre cihazénda 650 nM d.
adet !l eri mi kroskop alténda neuber | aménda sa

Il e g°sterilmiktir

Chart Title

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

1.Giin 3.Gln 5.Giin 8.Giin 10.Giin 12. Glin 15.Giin 17.Gln  18. Giin

— | GrUp ] Grup Il Grup eV, Grup ==\/.Grup
Cizelge2Deneme Grubu 1 B¢yéeme Ejrisi Gr af

Denemggr ubu 2 -al ékmalaré i-in 3000 Ilitrelik f
kal an miktar kadarda zarrouk medium i -eren
s¢rekl i olarak hava sajlanméekteéer. eyeyalanl at m
tebel er kol anlara «kKerit |l edl er konul ar ak s a
periyot uygul anmék ve bu bir zamanl ayécé ya
h¢cre beyeé¢mesi durma nokt asérmanedg e lemicd thiarz.é n@
nM dalga boyunda °I -¢mler vyapél mék ve hg¢cre
sayél mekter. B¢e¢yeme grafif]i akajeda grafik t
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Chart Title

0.9
0.8

0.7 :
0.6 /
0.5
0.4
03

0.2
0.1

1.Glin  3.Gin 5.Gin 8.Gin 10.Gin 12.Gin 15.Gin 17.Gin 19.Gin 21. Giin

o)  e—]grup ll.grup

Cizelge3Deneme Grubu 2 B¢gyéeme EJjrisi Gr af

3. SONU¢LAR VE DEJERLENDKRME

Kontr ol grubu -alékmasénda 1l1l6b6er l'itreli k 3
-%kmemesi karéekémén sajlanmasé i1 -in 1 adet
-al éktéréel mekt ér . Mi kroal g yeti kesarlambalile 1 ht i

12 saat aydeéenl ek 12 saat karanl ék ol acak Ke
sajl anméexkteéer . Hava motoru g¢nl ¢k 0,084 kW,
har caméck ol up 14 gg¢n s¢ren - al3e.klnPa2 bkowhubndcéa

¢tal ekxkmanén vyapeéldejée d°nemde el ektri k kWh ¢

Kekilde belirtilmik ve buna g°re hesapl anme
mal i yet 12,60 TLO6dI r. T o p | baimm diyat oldrak Ililitter e ¢ r e
mi kroal g i -in harcanan birim enerj.i mal i yeti
Deneme grubu 1 -al ékmasénda 2506er I|itrelik
-%kmemesi karékémén sajlanmasé i -1i n24%atadet
boyunca -aléxkxteéerél mékteéer. Mi kroal g yetiktir]
aydeéenl at mal ar il e 12 saat aydeénl ek 12 saat

yardéméyl a ayarl anéep sajl anméaxytdeé&n!| aHanvaa insoet ¢

3,024 kW enerji harcamék olup 18 g¢n s¢gren -
kWhodeéer . ¢al ekmanén yapéldéjé d°nemde el ekt
ol acak kekil de belirtil mbaneme bgmuabuy®°l e- daledk
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enerji mal i yet. 846,3 TLO6dI r. Toplamda 125
l'itre mikroalg i1 -in harcanan birim enerj.i ma
Deneme grubu 2 -al éekmasénsias t3dmMiOndlei tyeaed & lka nf
mi kroal g k¢ltegregnegn -°%kmemesi karékémén sajl
hava mot oru 24 saat boyunca -al éexterél méext
aydenl atma ise bir «kKeraytdélnd c¢ ka yld2é rslaaatt maklaarra ni

bir zamanl|l ayécé priz yardéméyla ayarl anép s

aydenl atma ise ge¢nl ¢k 18 kW enerji har camécxk
harcanan enerji 1 6 6y3a €& | kdvéhj 6ed éd °. n e¢nadl eé kerlaenketnr i
i Kl et mel er i i-in 3,95 TL olacak «kekilde beldi
1 -aléexkmasénda toplam enerji mal i yet. 6569,
icin birim fiyatolarak 11 t r e mi kr oal g i -in harcanan Dbirim

4. GENEL DEjERLENDKRME VE SONUC¢LAR

Bu - al Spirulirmglatensigurd mikroalging r ¢ n ver i ml i | i ] i il e Dbi
ve enerji mal i yet. f ot obi ykoarreak ta°krt ér @ $ ma 6 @l
Uygul anan farkl é& yetiktirme sistemlerinin hyg
czerine et ki si belirl enmik vV e bu yeti ktirm

yojunl uj a ul akt ér maasréknldéal éiksta@alt m&kdsejl € od aptakn

maliyetleri a-éséndan karkél aktéréldéejénda v
mi kroal g ¢reti mi yapélacak ise b¢gyegk haci ml
laboratuvar olcekli fotoi y or eakt °r kull anémlaréna g°re er
ekonomi k ol maktader . Tek seferde sabit har
sisteml er. d¢ K¢k kapasiteld] sisteml ere ger
¢al ékmadakiml hadkhké fasabéeyoreaktorl er kul | al
ortam kokullaréna g°re kendi ne gore avant a
edilebilir.
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WHITE CABBAGE AS A NATURAL BIOSORBENT IN DYE REMOVAL
PROCESSES

Dr. ¥Jjretim |yesi, Nur
Sivas Cumhuriyet University, nkutuk@cumhuriyet.edu@®00-0001-57993865

ABSTRACT

In recent years, water pollution has becomeirameasingly significant global issue. This
problem poses a direct threat to both human health and ecosystems, making access to clean
water more difficult. Therefore, wastewater treatment has become one of the most widely
studied research areas. Biosorpteind adsorption processes offer simple, safe, and efficient
solutions. In this study, the biosorption behavior of white cabbage, an important agricultural
product, was investigated. The biosorption process was optimized using white cabbage as a
biosorbentfor the removal of Titan Yellow (TY), an anionic dye, from wastewater. The
effects of pH, biosorbent dosage, and mixing speed on the process were examined. At 200
rom, pH 1, and a biosorbent dosage of 5 g/L, the highest biosorption efficiency, exceeding
80%, was achieved. The biosorption mechanism and its characteristics were evaluated
through isotherm, Kkinetic, and thermodynamic analyses. The results indicated that
chemisorption occurred between white cabbage and TY, and that the process was exothermic
and spontaneous. The structure of the biosorbent was characterized using Scanning Electron
Microscopy (SEM) and Fourier Transform Infrared Spectroscopy (FTIR).

Keywords: Biyosorption, dye, white cabbage
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Abstract

Early and reliable fault detection in gearbox systems is critical for ensuring operational safety,
reducing maintenance costs, and preventing catastrophic failures in industrial machinery.
Traditional fault diagnosis approaches often rely on supervised learning techniques that
require large amounts of labeled fault data, which are typically difficdtcastly to obtain.

To address this limitation, this study proposes a reconstrdotisad unsupervised fault
detection framework using an autoencoder neural network trained exclusively on healthy
operating data. Statistical features are extracted frorti-ochdnnel vibration signals and used

as inputs to a fully connected autoencoder model. The autoencoder learns the intrinsic
patterns of normal gearbox behavior and identifies faulty conditions based on elevated
reconstruction errors. An anomaly detectibmeshold is determined statistically using the
distribution of reconstruction errors from healthy training samples. Experimental results
demonstrate that the proposed method achieves an overall accuracy of 93.34% and a recall of
1.0000, indicating succdss detection of all faulty samples in the test dataset. The results
confirm the effectiveness and robustness of the proposed approach for gearbox fault detection,
particularly in scenarios with limited availability of labeled fault data.

Keywords: Gearbox fault detection, Autoencoder, Unsupervised learning, Anomaly detection,
Vibration-based condition monitoring

1. Introduction

Gearboxes are critical components in a wide range of industrial systems, including wind
turbines, manufacturing equipmemtnd transportation machinery. Due to their continuous
operation under varying load and speed conditions, gearboxes are prone to different types of
faults such as tooth breakage, wear, and surface fatigue. If left undetected, these faults can
propagate ragly, leading to severe mechanical damage, unplanned downtime, and significant
economic losses. Consequently, the development of reliable and efficient gearbox condition
monitoring and fault diagnosis techniques has become an important research topiteid th

of predictive maintenance. Vibration signal analysis is one of the most widely adopted
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approaches for gearbox fault diagnosis, as vibration signals carry rich information about the
mechanical condition of rotating components.

To overcome these clenges, unsupervised and sesnpervised learning techniques have
gained increasing attention in recent years. Zhang et al. proposed an unsupervised DCSGAN
framework for gearbox anomaly localization. The generator learns to reconstruct healthy data,
and he resulting reconstruction errors are used to train a@aes SVM (OCSVM). This
combination effectively detects deviations from normal operation without requiring labeled
fault data[l]. Folz and Gomes evaluated SVM and Random Forest for electria faotd
classification using MFCCs. SVM achieved 100% accuracy with vibration signals but only
69.6% with audio. This study highlights the first use of speechgnition features (MFCCs)

for reattime motor monitorind2]. Mai et al. developed a SCADBBased monitoring model

using Deep Learning to classify wind turbine gearbox states. By optimizing historical
operational data, they achieved 98.8% accuracy. Thisgrggtision model enables re@he

early fault prediction and supports proactive mainteeatrategies to lower wind farm costs

[3]. Pawlik et al. introduced AEIT, a fault identification method using autoencoders trained
solely on healthy data. It generates an Interpretable Order SpectrititOGAHO identify

faults like misalignment and balance under variable loads, bypassing the need for damaged
state training datd4]. Islam and Shamshuzzoha proposed a theeeWBAN security
framework: Senseguard Hub (sensor tier), GateX (intermediate tier), and a cloud tier. Using
Monte Carlo simudtions to create WBAN datasets, Random Forest and Gradient Boosting
models achieved perfect (1.0) precision and recall for anomaly detd&jorGe and
colleagues introduced DCCopGAN, combining DCGANs with Cofidaed Outlier
Detection (CopOD). The DCAN learns healthy data distributions to calculate reconstruction
errors, which CopOD then analyzes to score anomalies. This unsupervised approach
effectively detects muksensor gearbox faults without labeled déia

In this study, a reconstructidresed unsupervised autoencoder framework is proposed for
gearbox fault detection using statistical features extracted from vibration signals. The model is
trained exclusively on healthy data, eliminating the need for labeled fault samples during
training. Fallty conditions are identified by comparing reconstruction errors against a
statistically defined threshold. The effectiveness of the proposed approach is validated
through comprehensive experimental analysis, including reconstruction behavior, error
distribution analysis, confusion matrix evaluation, and standard performance metrics.

2. MATERIALS AND METHODS
2.1. Dataset Description

In this study, the Gearbox Fault Diagnosis Dataset was used to evaluate the performance of a
machine learnirnigbased fault @ssification approacfr]. There are limited publicly available
datasets in the field of mechanical engineering that are specifically designed for applying
machine learning techniques in industrial environments. Therefore, this dataset provides a
valuabk resource for gearbox fault diagnosis research. The dataset was obtained using
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SpectraQuestds Gearbox Faul't Di agnostics Sir
under controlled experimental conditions. Four vibration sensors were mounted on the
gearbox in four different directions to capture vibration responses comprehensively.
Measurements were conducted under varying load conditions ranging from 0% to 90%, with
increments of 10%. Two different operational conditions were considered:

1 Healthy gearbox condition

1 Broken tooth fault condition

The dataset consists of 20 data files in total. Ten files correspond to the healthy gearbox
condition, while the remaining ten files represent the broken tooth fault condition. Each file is

associatedvith a specific load level. The main characteristics of the dataset are summarized
in Table 1.

Table 1.Main characteristics of the gearbox fault diagnosis dafédket

Feature Description

Dataset name Gearbox Fault Diagnosis Dataset

Measurement system| SpectraQuest Gearbox Fault Diagnostics Simu

Number of sensors | 4 vibration sensors

Sensor placement Four different directions

Operating conditions | Healthy, Broken Tooth

Total number of files | 20

Healthy condition fileq 10

Faulty condition files | 10

Load range 0%¢ 90%

Load increment 10%

Data type Vibration signals
Application Gearbox fault diagnosis

2.2. AutoencodetBased Anomaly Detection Model

In this study, the gearbox fault detection problem is addressed usewprastructiorbased
unsupervised autoencoder model. Autoencoders are neural network architectures designed to
learn compact representations of input data by reconstructing the input at the output layer.
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When trained exclusively on data representing noopafating conditions, autoencoders are
expected to accurately reconstruct healthy samples, while samples corresponding to faulty
conditions yield higher reconstruction errors. This property enables their effective use in
anomaly and fault detection apg@tons. The proposed model consists of two main
components: an encoder and a decoder, both implemented using fully connected layers. The
encoder maps the dBmensional input feature vector into a lovd@mensional latent space
through successive hiddery&s with 16, 8, and 4 neurons, respectively. This dimensionality
reduction enforces a bottleneck structure that encourages the network to capture only the most
representative characteristics of healthy system behavior. The decoder reconstructs the input
data from the latent representation using a symmetric architecture with 4, 8, and 16 neurons.
Rectified Linear Unit (ReLU) activation functions are employed in all hidden layers, while a
sigmoid activation function is used in the output layer to ensure afoijpy with the
normalized input feature range. The overall workflow of the proposed autoeriaswer
anomaly detection framework is illustrated in Figure 1. During training, only healthy samples
are used to learn the normal operating patterns of ylséera. In the testing phase,
reconstruction errors are computed and compared against a predefined threshold to determine
the presence of faults.

TRAINING 160x192x96 A
R —
Healthy Images only Encoder — z —»
B
—
Lesioned Images INFERENCE Reconstructions Anomaly Maps
AUTOENCODER C

Conv(s4)
LeakyReLU
BatchNorm
Conv(s=l)

DRB DRB DRB DRB
o - - - - o - - -
512

Downsampling Residual Block (DRB)

ci

psampling Residual Block (URB) D

] ]

Figure 1. Schematic representation of the autoenctdsed anomaly detection framework.
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Conv(s=9)
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BatchNorm
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2.3. Model Training and Loss Function

The autoencoder model is trained exclusively using healthy samples. During training, the
input and target output of the network are identical, forcing the model to learn an identity
mapping that accurately reconstructs normal operatimglitons. Model parameters are
optimized using the Adam optimization algorithm, and training is performed using a mini
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batch strategy over multiple epochs. The reconstruction error is quantified using the Mean
Absolute Error (MAE) loss function, which meaes the average absolute difference between
the input vector and its reconstructed output. MAE is defined as:

L(x,®) = éZ?:l [x; —%; | @)

wherex € Redenotes the input feature vectdre Rerepresents the reconstructed output, and

dis the dimensionality of the input space (in this sty 16). MAE is preferred due to its

robustness to outliers and its suitability for measuring reconstruction discrepancies in
vibration-based condition morating data.

2.4. Anomaly Scoring and Threshold Determination

After training, an anomaly score is assigned to each sample based on its reconstruction error
[8]. The anomaly score is defined as the mean absolute reconstruction error across all feature
dimensions:

S(X)_—Z =1 X — % | (2)

To distinguish between healthy and faulty conditions, a statistical threshold is determined
using reconstruction errors obtained from the healthy training data. Specifically, the threshold
tis defined as the sum of the meam) (and standard deviations) of the healthy
reconstruction error distribution:

T=u+ag ®3)

During testing, samples with anomaly scores exceeding the thres{wjdx t) are classified

as faulty, while those with scoreselow the threshold are considered healthy. This
thresholding strategy assumes a unimodal distribution of reconstruction errors for healthy data
and is commonly adopted to balance fault detection sensitivity and false alarm rates.

2.5. Performance Evaluation Metrics

The performance of the proposed method is evaluated on the test dataset using standard
classification metrics, including accuracy, precision, and recall. These metrics provide
complementary insights into the fault detection capability of the m¢@lel Accuracy
measures the proportion of correctly classified samples among all test samples and is
expressed as:

TP+TN

Accuracy = ——— (4)
TP+TN+FP+FN
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Precision quantifies the reliability of fault predictions by measuring the proportion of
correctly identiied faulty samples among all samples predicted as faulty:

Precision = (5)
TP+FP
Recal |, also referred to as sensitivity, [
faults and is defined as:
Recall = —— (6)

TP+FN

Here, TP, TN, FP, and FNdenote true positives, true negatives, false positives, and false

negatives, respectively. In addition to these metrics, a confusion matrix is employed to
provide a detailed analysis of classification outcomesaisdlassification patterns.

3. Results and Discussion

Figure 2 illustrates a representative reconstruction result for an anomalous (faulty) sample.
The blue curve denotes the original input feature vector, while the red curve represents the
corresponding wtput reconstructed by the autoencoder. The shaded area highlights the
absolute reconstruction error between the input and the reconstructed signal across feature
dimensions. As observed, the autoencoder fails to accurately reconstruct several feature
components of the anomalous sample, resulting in pronounced reconstruction deviations. In
particular, higher reconstruction errors are evident in the latter feature indices, indicating that
these dimensions significantly deviate from the learned normal apgerpttterns. This
behavior is consistent with the reconstructmsed anomaly detection principle, where
samples that do not conform to the healthy data manifold produce elevated reconstruction
errors. Consequently, such samples yield anomaly scoresdexgeke predefined threshold

and are correctly identified as faulty.

Anomalous Reconstruction Analysis
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Figure 2. Anomalous reconstruction analysis based on the autoencoder output.
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Healthy Reconstruction Analysis
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Figure 3. Healthy reconstruction analysis based on the autoencoder output.

Figure 3 illustrates a repmrstative reconstruction result corresponding to a healthy operating
condition. The blue curve represents the original input feature vector, while the red curve
denotes the output reconstructed by the autoencoder. The shaded area indicates the absolute
recanstruction error across individual feature dimensions. As observed in Figure 3, the
reconstructed signal closely follows the input signal over all feature indices, resulting in
consistently low reconstruction errors. This behavior confirms that the aottenbas
effectively learned the intrinsic structure and statistical characteristics of healthy system
behavior during training. Minor discrepancies between the input and reconstructed signals can
be attributed to natural variability in the data and appmaiion limitations of the model;
however, these deviations remain significantly below the predefined anomaly threshold.
Consequently, healthy samples produce low anomaly scores and are correctly classified as
normal operating conditions.
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Figure 4. Distribution of reconstruction errors for healthy training samples and threshold
determination.
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Figure 4 shows the histogram of reconstruction errors (measured using Mean Absolute Error,
MAE) obtained from the healthy training dataset. The distribution remisetige variability of
reconstruction performance when the autoencoder is exposed exclusively to normal operating
conditions. Most healthy samples exhibit low reconstruction errors, forming a dominant peak
at lower MAE values, which indicates that the modas learned to accurately reconstruct
normal behavior. The vertical dashed red line denotes the anomaly detection threshold,
defined as the sum of the mean and standard deviation of the healthy reconstruction error
distribution. Errors exceeding this #shold are considered indicative of anomalous or faulty
behavior. As illustrated, the threshold is positioned in the tail of the healthy error distribution,
ensuring that the majority of normal samples fall below the decision boundary while reducing
the likelihood of false alarms. This statistical thresholding approach provides a clear and
interpretable criterion for distinguishing healthy and faulty conditions during the testing
phase.

Figure 5 presents the confusion matrix obtained on the test datasenhasming the
classification performance of the proposed autoeneoaeed anomaly detection approach.
The matrix reports the number of correctly and incorrectly classified samples for healthy and
broken gearbox conditions. As shown, the model correotigtifies 1,797 healthy samples as
healthy (true negatives) and 1,975 broken samples as faulty (true positives). Notably, no
faulty samples are misclassified as healthy (false negatives = 0), indicating a perfect fault
detection capability in terms of retdHowever, 269 healthy samples are incorrectly classified

as faulty (false positives), which reflects a conservative detection behavior driven by the
reconstructiorerrorbased thresholding strategy. This outcome demonstrates that the
proposed method pritizes fault detection sensitivity, effectively minimizing missed fault
cases at the expense of a moderate increase in false alarms. Sucho#f ieadenerally
acceptable in condition monitoring and fault diagnosis applications, where undetected faults
may lead to severe system damage or safety risks.
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Figure 5. Confusion matrix of the autoencodeased fault detection results

Figure 6 illustrates the evolution of classification accuracy for both the training and testing
datasets as a function tife training epochs. Accuracy is computed at each epoch based on
reconstructiorerrorbased anomaly classification using the dynamically estimated threshold.
As shown in Figure 6, both training and testing accuracies increase rapidly during the initial
epcchs, indicating that the autoencoder quickly learns a representative model of healthy
operating conditions. After this initial transient phase, the accuracy curves stabilize and
exhibit minor fluctuations around a steady value, suggesting convergence tdathing
process. The close alignment between training and testing accuracy throughout the training
period indicates good generalization performance and the absence of significant overfitting.
Slight oscillations observed in the early epochs can béduatd to threshold recalculation

and the progressive refinement of the latent representation as training proceeds.
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Figure 6. Evolution of training and testing accuracy during the autoencoder training process

Figure 7 depicts the evolution of the recoustion loss, measured in terms of Mean Absolute
Error (MAE), for both the training and validation datasets over the course of training. The
training loss represents the reconstruction error computed on healthy samples used to
optimize the model, while thegalidation loss reflects the reconstruction performance on
unseen data. As shown in Figure 7, both training and validation losses decrease sharply during
the initial epochs, indicating rapid learning of the dominant patterns associated with healthy
operaing conditions. After this initial phase, the loss curves gradually converge and exhibit a
slow, monotonic decline, suggesting stable training behavior and effective convergence of the
model. The relatively small gap between training and validation ldissmsyhout the training
process indicates good generalization capability and the absence of significant overfitting.

The smooth decrease in validation loss further confirms that the autoencoder successfully
captures the underlying structure of normal systeehavior, which is essential for reliable
reconstructiorerrorbased anomaly detection.
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Figure 7. Training and validation loss curves of the autoencoder model

The smooth decrease in validation loss further confirms that the autoerstmdessfully
captures the underlying structure of normal system behavior, which is essential for reliable
reconstructiorerrorbased anomaly detection.

Table 2.Final performance metrics

Accuracy| Precision| Recall
0.9334 |0.8801 | 1.0000

Table 2summarizes the final quantitative performance of the proposed anomaly detection
approach on the test dataset in terms of accuracy, precision, and recall. An overall
classification accuracy of 93.34% demonstrates that the model is able to correctly ttientify
majority of both healthy and faulty samples. The precision value of 0.8801 indicates that most
samples classified as faulty indeed correspond to true fault conditions, while a limited number
of healthy samples are misclassified as faulty. In conttiastyecall value reaches 1.0000,
indicating that all faulty samples in the test set are correctly detected, with no missed fault
cases. This result highlights the strong fault sensitivity of the proposed method. The
combination of high recall and modeigtéigh precision suggests that the model adopts a
conservative detection strategy, prioritizing the correct identification of faults at the expense
of a slightly increased false alarm rate. Such behavior is generally desirable in gearbox
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condition monitong applications, where undetected faults may lead to severe mechanical
damage or safety risks.

4. Conclusion

In this study, a reconstructidrased unsupervised autoencoder approach was proposed for
gearbox fault detection using statistical features etedafrom vibration signals. The model

was trained exclusively on healthy operating data, enabling it to learn the intrinsic patterns of
normal system behavior without requiring labeled fault data during training. Fault detection
was achieved by evaluatimgconstruction errors and applying a statistically defined threshold
based on the distribution of healthy reconstruction errors. Experimental results demonstrated
that the proposed method achieves strong fault detection performance. The model attained an
overall classification accuracy of 93.34%, with a recall of 1.0000, indicating that all faulty
samples were successfully identified. Although a moderate humber of healthy samples were
misclassified as faulty, as reflected by a precision of 0.8801, thiem@tive detection
behavior is advantageous in condition monitoring applications where missing a fault can
result in severe mechanical damage or safety risks. The confusion matrix and reconstruction
error analysis further confirmed the robustness andbrifyaof the proposed approach. The
results highlight the suitability of autoencodiErsed anomaly detection for gearbox condition
monitoring, particularly in scenarios where labeled fault data are scarce or difficult to obtain.
By relying solely on hedity data for training, the proposed framework offers a practical and
scalable solution for reatlorld industrial applications. Future work will focus on extending

the model to more complex deep architectures, incorporating temporal information, and
validating the approach on different types of mechanical faults and operating conditions to
further enhance generalization capability.
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Abstract

Accurate health condition monitoring and Remaining Useful Life (RUL) prediction are
critical for ensuring the reliability and safety of rotating machinery in industrial applications.
Traditional datadriven approaches often struggle to simultaneously oaptomplex
frequencydomain characteristics and lobgrm temporal dependencies present in vibration
signals. To address this challenge, this study proposes a hybrid deep learning framework
based on a Convolutional Recurrent Neural Network (CRNN) archited¢hat integrates
Time-Distributed Convolutional Neural Networks (CNNs) and Long Shiertn Memory
(LSTM) networks. Raw gearbox vibration signals are first transformed intd frieggiency
representations using the Shdimne Fourier Transform (STFT). Theéme-Distributed CNN

is employed to extract localized spatial features from spectrogram sequences, while the
LSTM layer models the temporal evolution of these features to capture degradation dynamics.
Fully connected layers are then used to generate ncants health index and RUL
predictions. The proposed model is evaluated using standard regression metrics, including
Root Mean Square Error (RMSE), Mean Absolute Error (MAE), Mean Absolute Percentage
Error (MAPE), and the coefficient of determination (RBxperimental results demonstrate

high prediction accuracy, achieving an R? score of 0.9962 and a MAPE of 1.2940%,
indicating strong agreement between predicted and actual health conditions. The findings
confirm that the proposed CNINSTM framework provide robust and reliable performance

for gearbox condition monitoring and prognostic applications, making it suitable for
predictive maintenance strategies in industrial environments.

Keywords: Gearbox Fault Diagnosis; Remaining Useful Life Prediction; CNSIM,;
Timei Frequency Analysis; Predictive Maintenance

1. Introduction
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Gearboxes are essential components in many industrial systems, including wind turbines,
manufacturing equipment, and transportation machinery. Their failure can lead to unexpected
downtime safety risks, and significant economic losses. Therefore, accurate health condition
monitoring and RUL prediction of gearbox systems play a vital role in modern predictive
maintenance strategies.

Vibration signal analysis has been widely adopted forbgearfault diagnosis due to its
sensitivity to mechanical defects. However, gearbox vibration signals are typicaly non
stationary and highly complex, making it difficult for traditional signal processing and
machine learning methods to extract discrimivefieatures and model degradation behavior
effectively. Conventional approaches often rely on handcrafted features and shallow models,
which may not generalize well under varying operating conditions.

In recent years, deep learning techniques have deratetstremarkable performance in
machinery fault diagnosis and prognostics by enabling automatic feature extraction from raw
or minimally processed data. CNNs are particularly effective in capturing spatial patterns
from time frequency representations, whiRNNs, especially LSTM networks, excel at
modeling temporal dependencies in sequential data. Nevertheless, models based solely on
CNNs or LSTMs may fail to fully exploit both spatial and temporal characteristics of
vibration signals. Zhang et al. categedzRUL prediction into four pillars: statistical, Al,
physicsbased, and hybrid models. The review evaluates each branch's evolution, highlighting
their pros and cons. They conclude that the future of PHM lies in advancing hybrid methods
to manage complemechanical systems more effectivgly. Wang et al. proposed a hybrid
RUL prediction scheme for gear pumps. A Deep Convolutional Autoencoder (DCAE) extracts
features from vibration data to construct a Health Indicator (HI), whilelsSBM network
usesthese indicators to model the degradation trend. Accelerated life tests confirmed that this
symmetric network approach accurately tracks the pump's full life d2¢leLee et al.
developed a muksensor RUL framework for gear pumps using vibrationy,fland pressure

data. They modeled a degradation index based on feature prognosticity and fused vibration
signals with pressure data via an Extended Kalman Filter. A BiLSTM network then processes
this fused data to predict life cycles under varying fueltamination level$3]. Chen et al.
developed the TQFMDCAE framework to build craksmnain Health Indicators (HIs) using
multi-scale autoencoders and Maximum Mean Discrepancy. These Hls feed into a novel
MLMA -Net, which uses a mulhierarchical struct@ and memory augmentation to capture
long-term dependencies, significantly outperforming typical RUL methods under variable
working conditions[4]. Xiang et al. proposed a Concise S&tfapting Deep Learning
Network (CSDLN) to improve RUL prediction witfewer parameters. It features a multi
branch 1D involution network (MINN) for adaptive feature extraction and a-nedtd GRU
(MGRU) for temporal learning. By using the Mish activation function and dropout for
uncertainty quantification, the model outfemed existing methods on-KBAPSS and wind
turbine gearbox datfb]. Xiang et al. developed the ADLDNN, which uses an automatic
multi-differential approach to mine diverse feature levels. It utilizes a #matich CNN for
specialized feature extracti@nd a multicellular BrLSTM to categorize degradation trends
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into specific levels. Validated on -RIAPSS and wind turbine data, it significantly
outperforms statef-the-art RUL prediction method$].

To overcome these limitations, this study propaségybrid Convolutional Recurrent Neural
Network (CRNN) architecture that combines the strengths of CNN and LSTM models. By
applying a TimeDistributed CNN to spectrogram sequences and an LSTM network to capture
temporal degradation trends, the proposeahénaork is capable of jointly learning frequency
domain features and their temporal evolution. This integrated approach enables more accurate
and robust health condition monitoring and RUL prediction for gearbox systems.

2. MATERIALS AND METHODS
2.1.Dataset Description

In this study, the Gearbox Fault Diagnosis Dataset was used to evaluate the performance of a
machine learninigbased fault classification approgdh). There are limited publicly available
datasets in the field of mechanical enginegrinat are specifically designed for applying
machine learning techniques in industrial environments. Therefore, this dataset provides a
valuable resource for gearbox fault diagnosis research. The dataset was obtained using
Spectr aQuest 0s gnGstica Bilmwator, ihare VibratioD sigmals were recorded
under controlled experimental conditions. Four vibration sensors were mounted on the
gearbox in four different directions to capture vibration responses comprehensively.
Measurements were conductaader varying load conditions ranging from 0% to 90%, with
increments of 10%. Two different operational conditions were considered:

1 Healthy gearbox condition

M1 Broken tooth fault condition

The dataset consists of 20 data files in total. Ten files corresiootite healthy gearbox
condition, while the remaining ten files represent the broken tooth fault condition. Each file is
associated with a specific load level. The main characteristics of the dataset are summarized
in Table 1.

Table 1.Main characteristicef the gearbox fault diagnosis datagét

Feature Description

Dataset name Gearbox Fault Diagnosis Dataset

Measurement system| SpectraQuest Gearbox Fault Diagnostics Simu

Number of sensors | 4 vibration sensors

Sensor placement Fourdifferent directions

Operating conditions | Healthy, Broken Tooth

Total number of files | 20

Healthy condition fileg 10

Faulty condition files | 10
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Load range 0%¢ 90%

Load increment 10%

Data type Vibration signals
Application Gearbox fauldiagnosis

2.2. Signal Preprocessing and Spectrogram Transformation

Raw vibration signals obtained from the gearbox system were first subjected to a
preprocessing stage in order to extract informative representations suitable fradeieyg

based analysis. In this study, the Shibme Fourier Transform (STFT) was employed to
convert onadimensional timedomain vibration signals into twdimensional timéfrequency
representations. The STFT enables simultaneous analysis of both derapdr spectral
characteristics of nestationary vibration signals by applying the Fourier transform over
short, overlapping time windows. As a result, spectrogram images were generated, where the
horizontal axis represents time, the vertical axis reptedeequency, and the pixel intensity
corresponds to signal magnitude. These spectrograms serve as the input data for the proposed
deep learning model.

2.3. TimeDistributed Convolutional Neural Network

To extract spatial features from the spectrograpresentations, a TirRistributed twe
dimensional Convolutional Neural Network (ZENN) was employed as the first block of the
proposed architecture. In this structure, each time slice of the spectrogram sequence is
processed independently using the samiNGveights. This approach allows the model to
learn local frequendyime patterns such as fau#lated signatures, energy concentrations,
and localized spectral anomalies without disrupting the temporal order of the data. By sharing
weights across all timsteps, the TimBistributed CNN ensures consistent feature extraction
while preserving the sequential structure required for subsequent temporal m{8jeling

2.4. Batch Normalization and Dropout Layers

Batch Normalization layers were applied aftervaaational layers to normalize intermediate
feature distributions during training. This normalization reduces internal covariate shift,
accelerates convergence, and improves overall training stability. To mitigate overfitting and
enhance the generalizatioapability of the model, Dropout layers were incorporated into the
network. During training, a certain proportion of neurons are randomly deactivated,
preventing the model from becoming overly dependent on specific features and encouraging
robust featurdéearning.

2.5. Long ShortTerm Memory Network

The highlevel spatial features extracted by the TiBistributed CNN were subsequently fed

into a LSTM network. LSTM is a type of recurrent neural network specifically designed to
model sequential data by capturing both stemtn and longerm temporal dpendencies. In

the context of gearbox vibration analysis, the LSTM layer enables the model to learn the
temporal evolution of faultelated features and degradation patterns over time. This temporal
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modeling capability is essential for accurately repriasgnthe progression of mechanical
faults and operating condition chand@ps

2.6. Fully Connected Layers and Output Structure

Following the LSTM layer, Fully Connected (Multilayer Perceptron, MLP) layers were
employed to integrate the learned spatiatl gaemporal features and generate the final
prediction[10]. These dense layers transform the extracted feature representations into the
target output space. A linear activation function was used in the output layer, indicating that
the proposed model isonfigured for regressiebased tasks such as continuous condition
estimation or remaining useful life prediction.

2.7. Performance Evaluation Metrics

To quantitatively evaluate the prediction performance of the proposed model, four widely
used regressioavaluation metrics were employed: RMSE, MAE, MAPE, and the R2. RMSE
measures the square root of the average squared differences between predicted and actual
values and is sensitive to large prediction errors. MAE represents the average absolute
differencebetween predictions and ground truth values, providing an intuitive measure of
prediction accuracy. MAPE expresses the prediction error as a percentage, allowing relative
error comparison across different scdlEy. The R? metric evaluates how welktpredicted

values explain the variance of the actual data. The mathematical formulations of these metrics
are given as follows:

1 N -
RMSE= (L1 (v - 907 (1)
1 -
MAE :EEL lyi — 7 | (2)
100 N v-—f‘-
MAPE = — . == (3)
N 2
R2 —1— Z;'z;l{}'i i) (4)

Z;':][y!' _.-F]z

wherey;denotes the actual valugrepresents the predicted valgés the mean of the actual

values, an@is the total number of samples.

3. Results and Discussion
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Figure 1 shows a sample spectrogralntained from the raw gearbox vibration signal using
the ShodTime Fourier Transform (STFT). The horizontal axis represents time segments,
while the vertical axis corresponds to frequency bins. The color intensity indicates the
magnitude of the spectrahergy at each timiérequency point, where brighter regions denote
higher energy concentrations. This tdimensional timefrequency representation is used as
the input to the proposed Tini&stributed CNN, enabling the extraction of localized
frequency paerns associated with gearbox fault characteristics.

Sample Spectrogram {Input)

Intensity

Figurel.Sampl e spectrogram representation

RUL Prediction Accuracy (R2: 0.9962)

100
R
ra
*,r
lf
a0 4 l"’
47
L ]
] )’
o g
£ =R |
% 60 ,l-"'-
E -
£ J’
g -~
T ’J'
T, .
3 %4
3 P 4
[-%
"4
i’-"
i'f
20 1 -
A
’al
PR 4
-f
o &
0 20 40 60 80 100

Actual Health Inclex (%)

151

of



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 28, 2026/ CANAKKALE
ISBN NR:978-6255694-84-3

Figure 2. RUL prediction accuracy based on actual and predicted health index values

Figure 2 illustrates the relationship Wween the actual and predicted Health Index (HI) values

for Remaining Useful Life (RUL) prediction. The scatter points represent the model
predictions, while the dashed diagonal line indicates the ideal prediction line where predicted
values perfectly matcthe actual values. The strong linear alignment of the data points along
the reference line demonstrates the high prediction accuracy of the proposed model. The

coefficient of determinationR?® =0.9962) f urt her confirms the mod

in capturing the degradation trend and accurately estimating the health condition of the
gearbox system.

Figure 3 presents the temporal comparison between the actual health condition and the
predicted health status obtained using the proposediC8NV model. The solid line
represents the groundr ut h heal th condition, while the d
forecast. The close alignment between the predicted and actual curves across time
demonstrates the model 6s st ariationg and degradation i t y
dynamics in the gearbox system. This result indicates that the proposed architecture
effectively learns both shetérm fluctuations and lontgrm trends in the health index,

enabling accurate condition monitoring and prognossessment.

Health Status Forecast (Temporal Stream)

100 1 P

80

60 4

20 1

& L ~ Actual Condition
—=-= CNN-LSTM Forecast

0 20 a0 60 80 100

Figure 3. Temporal health status forecasting using the proposed C8NV Model

152



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 28, 2026/ CANAKKALE
ISBN NR:978-6255694-84-3

Continuous RUL Monitoring (First 150 Samples)

Figure 4. Continuous RUL monitoring and health index prediction performance

Figure 4 illustrates the continuous monitoring of the Health Index (HI)Ramdaining Useful

Life (RUL) prediction performance of the proposed QNSTM model over the first 150
samples. The solid black line represents the actual health degradation path, while the dashed
l ine denotes the model 6s [egioa thdicatesehd pradetooh t h
error margin between the actual and estimated values. The close agreement between the
predicted and actual health trajectories demonstrates the robustness and stability of the
proposed model in continuous condition monitorsognarios, highlighting its capability to

track health variations under varying operational conditions.

Table 2. Performance evaluation results of the proposed model

Metric Value
wuy { O2NB 0.9962
MAE (Mean Absolute Error) 27.2518
RMSE (Root Medbquare Error) 30.1470
MAPE (Mean Absolute Percentage Eri 1.2940

Table 2 summarizes the quantitative performance of the proposed SYN! model using

four standard regression evaluation metrics. The coefficient of determination (R?) value of
0.9962 idicates an excellent level of agreement between the predicted and actual health
index values, demonstrating that the model is capable of explaining more than 99% of the
variance in the degradation data. The MAE and RMSE values reflect the absolute aed squa
prediction errors, respectively. Although RMSE is slightly higher than MAE due to its
sensitivity to larger errors, both metrics remain within acceptable bounds, indicating stable
and consistent prediction performance across the dataset. The relddwelgifference
between MAE and RMSE further suggests the absence of significant outliers in the prediction
results. The MAPE value of 1.2940% confirms the high accuracy of the model in relative
terms, highlighting its effectiveness in estimating the heabondition with minimal
percentage error. This low MAPE value is particularly important for practical industrial
applications, where precise and reliable Remaining Useful Life (RUL) estimation is critical
for maintenance planning and decisioaking.
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4. Conclusion

In this study, a hybrid deep learning framework based on a Convolutional Recurrent Neural
Network (CRNN) architecture was proposed for gearbox health condition monitoring and

Remaining Useful Life (RUL) prediction. The proposed model integrateg-Distributed
Convolutional Neural Networks (CNNs) for spatial feature extraction fromi fr@guency

representations and Long Shddrm Memory (LSTM) networks for modeling temporal

degradation dynamics. Raw vibration signals were transformed into ragrach

representations using the Shdmne Fourier Transform (STFT), enabling the model to jointly

learn frequencylomain characteristics and their temporal evolution. The -Dis&ibuted
CNN effectively captured localized fautlated patterns acrossffdrent frequency bands
while the LSTM layer successfully modeled both sitern fluctuations and lonterm

degradation trends in the health index data. The performance of the proposed model was

evaluated using standard regression metrics, including RM8AE, MAPE, and the

coefficient of determination (R2). The obtained results demonstrate excellent prediction
accuracy, with an R2 score of 0.9962 and a very low MAPE value of 1.2940%, indicating a
strong agreement between predicted and actual healthtioaed Furthermore, the close

alignment observed in temporal forecasting and continuous monitoring results confirms the

robustness and stability of the model under varying operating conditions.
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OZET

Bu -al @ékmada, Gaziantep ilinin iklimd&okwllI amelna
180. 000 kcal/ h kapasitel:@ séve yakeéetlée éseéet ma
emi syon performansé incelenmicktir. Araxkteérma ka
czere ¢- farklé a-ameenfipasli asynarundecd i kas kralya ak
-eli k ol mak iczer e é - farkl é baca mal zemesi kKul
geometril eri ol ukturul muktur. Far kIl e a- é, mal z e
senarnyolpaerréf or mans dejerlendirmesi KesaAl adin
ger-eklexktirilmixktir. Sim¢glasyon sonu-1ar é, bac
czerinde belirleyici bir parametre oladajgamnée¢ b
emi syonl aré ¢zerinde °nemli.@ et kil er ‘orawexne ur duj L
ekl exmel erinin, S|stem veri mini artéreérken -ev
belirl enmiktir. Bu -al eximpel Garzetainmepegsil sl erzienld
optimize edil mesinin enerji verimliliJini dest
yakl akém sundujunu ortaya koymaktader

Anahtar kelimeler:End ¢ stri yel baca masaeeméerbacenargséeyel
emisyon analizi, KesaAladin similasyonu

1 GKRKK

Enerji teketiminin kegresel °|l -ekte artéké ile b
art maseée end¢strivyel si steml er dea s uenndearkjii -vael r & knmh
araktérmacélarén yojunlakmaséna neden ol muktur
sistemleri, toplam enerji t ¢cketi mi ve karbon en
tuketici sistemlerdir [2]. Endlstriygl an ma si st eml erinde enerji kayéepl
gazé yoluyla ger-eklekmekte dir. Bu nedenl e bac
et kisi giderek daha fazla araktéreéel maktadér [ 3]
Baca sistemler:i y alwerzlcia tyamlmay egsaiznliar £ajélna ngack | a
yanma verimi, -ekik performansé, basén- daj él é&mé
sahiptir [4]. Baca geometrisi, dirsek a-msé, k e
ol ukumunu ve ésé transfer mekanizmal aréné direkt
artéerarak baseén- kayéplaréna neden ol duju ve bu
eapor eden -al éxkmalar mevcuttur|[ 6].

Son vyaélylapé&l an -al ékmal ar , baca kesit geometris
S¢érténme kayeéepl ar e iszerinde far k| é davranéxl!l ar
genelli kle daha dengel!] bir Ihié zu ydgay |éa near éa rsdad] | aalra
avantajeée sunabilir [8]. Bununla birlikte, baca |
€sé kaybé hem de emisyon dejerleri czerinde ©°ne
celik ve oluklu cal k  gi bi farkl & mal zemelerin ter mal per f
tasarém a-éséndan °nemlidir [ 9]
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Kkl im kokullarée da baca performanséné etkil eyen
r¢zgar heéeze, dogmaé dekiudawme kenkizimagerek sistem
¥zellikle de¢ K¢k déKk sécakl ekl arda -ekiKk kuvvet
yéksel mesi s®z konusu ol abil mektedir [ 6 ]Jne Bu ne
entegre edilmesi gerekmektedir.
Gé¢negmegzde baca sistemlerinin performans anali zi
kull anéel maktadér [5]. Hesapl amal e akékkanlar din
yentemlere digk&ky&kslmaldaylrdal e ve daha késa s¢rede
ol anak sajl amaktadér [ 7] . Sim¢gl asyon dest ekl
vericilere 6nemli avantajlar sunar F1@].
Bu -alékma kapsaméndx,ul Gareadaedg abl iyetkl gfstker ¢
kull aneéel an séveée yaketl é eésétma <cihazéna ait b ¢
(pasl anmaz -el i k, kaynakl & -el ik, ol uklu -eli k)
alntdea dejerlendiril micktir. KesaAl adin sim¢glasyon
akék héezeée, basén- daj el éme, sécakl ék deji ki mi V €
a-éséndan en wuygun Kkonrha-glgamméwtndra.r EéBu bedmgyleam
baca tasdmazem@lheai ta-&-geninin enerji verimlbilif57i
ortaya koymayé hedefl emektedir.
2. ANALKZ SONU¢LARI VE DEJERLENDKRMELER
m Paslanmaz Celik 90°
302.5 Dirsek
__L"_'__ 3%]38188 Paslanmaz Celik 60°
OVAL | 3008 Dirsek |
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- Dirsek
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$) T .
3 DAIRE o Dirselc.
SEL 3do.2 [ | gluklu Celik 30°
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| | m Kaynak Yapilmis
S — -2.g§03191-7 —317. Gelik 90° Dirsek
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279278281 284287290293 506 Celik 60° Dirsek
299302305 308 514 5, m Kaynak Yapilmis
BacaAgizKesiti (cm?) 317 320 Celik 30° Dirsek
kekiBacla ajzé kesiti
kekil 16de baca ajéez kesitinin a-€& ve mal zemeye
d¢kek dejer 299 mm ile kaynaklé -elik 300 senar
-el ik 90U senaryosunda el de 6kdk!| miivkt ikesiBu adur
gel mektedir. Ov al kesitte i se mi ni mum 300, 8 mm,
%6, 76di r . ¥zelli kl e oluklu -elik bacal ar d7a kesit
daha y¢ksek ol dujBw @9t &lkme katkeedki rdi rencinin denge

b¢yek kesite i htiya- duydujunu g°stermektedir.
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fark vyaklakék %1, 36t ¢r. ¥zell ikl e 18 dah& yuksek- el i k
ol maseé, ésé kayanplnamée man zeaneagleéeduryar |l & ol dujunu
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A-é& arttek-a ses iBeovigeadanddedynmkk ag®k¢ bohekt e, mal z e me
%8106l uk bir akustik fark olukturmaktadeéer.
D¢ K¢k sécakl ek kokul |l ar eéndi855m§z gaarras@@zdlaardée] d & in

Maksi mum fark yaklakék %6, 80divr ar ®&vajéhesitaerkd
Ol uklu -elik bacalarda rg¢zgar h 86z édnaéma dd ¢ kegk noall

gorilmektedir.

lalkd ré&knda 108 z4 3defj/esr laerdl é§,é&xda dejikmiktir

Pozitifkokw
%6, 86dir. A-é& art ékeéeogrlanédrdae nazyalkd éajkeé,k mEdl, doeeyirele et ki s i
ol duju belirlenmicktir. Perdormansewnrte siolj ru@daakledjkéen e<

159



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

February 27 28, 2026 CANAK

KALE

ISBN NR:9786255694-84-3

160

| 8.4 m Paslanmaz Celik
. 8.4 90° Dirsek
8.5 Paslanmaz Celik
OVAL 851 oo pirsek
7.96 :
m Paslanmaz Celik
— [ 0 .
= 7.998 44 30° Dirsek
a | B8.46  mOluklu Gelik 90°
ﬁ _(8.5]1 Dirsek
S | mOluklu Celik 60°
@ B 8.4 Dirsek
1 |83 m Oluklu Celik 30°
DAIRESEL — [8.52 Dirsek
_-_‘-h_ 852 g Kaynak Yapilmis
- Celik 90° Dirsek
8.05
— | 8.47 MW Kaynak Yapilmis
T %.g Celik 60° Dirsek
0 0.5 1 —— .95
15295 3 m Kaynak Yapilmis
35445555 4 6.5 Celik 30° Dirsek
8
-15°C Riizgar Hizi (m/s) 859
kekiBacaB 5UC r ¢zgar hezeé
] ] m Paslanmaz Celik
J[ L] 63 90° Dirsek
—r————t 1 Paslanmaz Celik
OVAL | 94 60° Dirsek
__B.79 ® Paslanmaz Celik
= -_-_'__fi.__32 3 300 Dirsek_
7] [ 3 m Oluklu Celik 90°
W | B4 Dirsek
S 3 m Oluklu Celik 60°
<  DAIRE —L 1| |o.38 Dirsek
e - 4 m Oluklu Celik 30°
—— 4 Dirsek
—_— H Kaynak Yapilmis
— 8.89
T |9:35 Gelik 90° Dirsek
00.51 — 8 g m Kaynak Yapilmis
1522533.5445555 ' Gelik 60° Dirsek
665775 8859 m Kaynak Yapilmis
) 9.510 Gelik 30° Dirsek
+159C Ruzgar Hizi(m/s)
kekiBadcwa +150C r¢zgar heéezeé
Durgun basén- dej eif90rRa daariaseéneda kdeesjiitktnee k8t7e, dsi r .
%2, 86dir. Ova%2 k®&sdurt.e O@lsweklfuar-kel i k bacai3ar da
daha d¢k¢egk ol dBuudgPuml mmektedhi reki kK stabilitesi

b
n



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 271 28, 2026i CANAKKALE
ISBN NR:9786255694-84-3

m Paslanmaz Celik

1 |5 90° Dirsek
1 89, Paslanmaz Celik
OVAL 1 |89 60° Dirsek
87 M Paslanmaz Celik
E 187|896 30° Dirsek
« |89 B Oluklu Celik 90°
ﬁ — | |89, Dirsek
O 90 ® Oluklu Celik 60°
2 DAIRE =TT |90 Dirsek
SEL | |90 m Oluklu Gelik 30°
1575 |%° Dirsek
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o 8715
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202530 35 40 45 50 55 Celik 60° Dirsek
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kekiBacfa durgun basén-
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= . ﬁgg m Oluklu Celik 90°
o | 67 Dirsek
1 o]
6 ales [ | O.luklu Celik 60
Et'-D ) [ - 67 Dirsek
AIRE Pr—r— ] . i o
—_— o8 [ | O.luklu Celik 30
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T 14.43 Celik 90° Dirsek
T 66 n Kaynak Yapilmis
00306 4% Celik 60° Dirsek
©0.91.215¢ g 212497 4 m Kaynak Yapilmis
e 3.3 lik 30° Dirsek
Auk GazHizi(m/s) 363942 45 48 Geli rse
kekiBaca at ék gaz hézé
At é k olairesellkesitedti4 , 7 m/ s ar al @€ énda dej i Kmi K
Ov al kesitte fark yaklakék %6, 606der. ¥l
daha y¢ksek ol duju goere¢éel mektedir

161

v e
i

K|

y akl

e

3



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

February 271 28, 2026i CANAKKALE
ISBN NR:9786255694-84-3

BACAKESITI

OVAL

DAIRE

SEL

h____ -

64 67 :
70 73 76 79 82 g5
88 91 94
97

Azami Negatif Basing (Pa)

97
97.1
97.2
97.5

97.6
97.6
97.6

97.5

97.7
97.6

m Paslanmaz Celik
90° Dirsek
Paslanmaz Celik
60° Dirsek

B Paslanmaz Celik
30° Dirsek

® Oluklu Celik 90°
Dirsek

m Oluklu Celik 60°
Dirsek

B Oluklu Celik 30°
Dirsek

H Kaynak Yapilmis
Celik 90° Dirsek

m Kaynak Yapilmis
Celik 60° Dirsek

m Kaynak Yapilmis
Celik 30° Dirsek

k ekiBa da

Az ami

far k
azal

0
de

azami negatif baseén-

gatif basén- id
Kmuktur Ov al
ger ¢l mektedir.

ne ] ér Par
I u kesitte
] é

ar
fark

BACAKESITI

OVAL

DAIRE
SEL

s,
=, a O0;m._a

-Gl
L)

Atik Gaz Sicaklik (°C)

m Paslanmaz Celik
90° Dirsek
Paslanmaz Celik
60° Dirsek

B Paslanmaz Celik
30° Dirsek

B Oluklu Celik 90°
Dirsek

B Oluklu Celik 60°
Dirsek

B Oluklu Celik 30°
Dirsek

H Kaynak Yapilmis
Celik 90° Dirsek

m Kaynak Yapilmis
Celik 60° Dirsek

m Kaynak Yapilmis
Celik 30° Dirsek

M D1

i BacdaQ .é k

k
v

gaz sécakl ék
ideddlCl @ajral G & nda

gaz
dej i kKiminin

e kesit

162

deji kmektedir
sécakl

ék ¢zerinde

Mak s i

daéndaetlekeegmt kev
P03 ,56 dod éarn.é nAdl-aé

m
séener



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 271 28, 2026i CANAKKALE
ISBN NR:9786255694-84-3

. 13 m Paslanmaz Celik
——t | 13 90° Dirsek
13 Paslanmaz Celik
OVAL - 60° Dirsek
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] 30° Dirsek
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7578 81 g4 87 90 o3 Celik 60° Dirsek
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11111411?120123 . .
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—1-134
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i$8d4BK|I ajal aBpenda dejikmik ol up
k1 e k %1 daha yé¢ksek - ek
t

maksi mum f ar |
a kK éKt
adeéer .

er . B u d
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OVAL

DAIRE
SEL
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38
41 44

47 50
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k kll12. Baca hava dojru akemée séecakl eje
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arteke ve oluklu -el i k2 kaurltléarnneenkét ésrée.cakl eéj & yakl a

163



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 28, 2026/ CANAKKALE
ISBN NR:978-6255694-84-3

m Paslanmaz Celik 90°
- — (33 Dirsek
—— ;:33;:33 Paslanmaz Celik 60°
OVAL _ |33 Dirsek
34 m Paslanmaz Celik 30°
= 33 34 Dirsek |
E — |33 B Oluklu Celik 90°
X — |33 Dirsek
8 — |33 m Oluklu Celik 60°
& DAIRE — 33 Dirsek
SEL [ 3333 m Oluklu Celik 30°
Y Dirsek
— | 2534 m Kaynak Yapilmis Celik
o — — |33 90° Dirsek
- — |33 -
25 9g 27 m Kaynak Yapilmis Celik
28 29 30 60° Dirsek
Yanak(R12)Sicaklk(°C)” 32 33 g, - B Kaynak Yapilmis Celik
36 300 Dirsek
kekilBacda yanak (R12) sécakl ék
Yanaks é c a kI3&jUEC 23 al éj énda dejikmektedir. Maksi mun

senaryolarénda yanak sécakléejénén yakl akék %3 d:
transferinin malzeme t¢réne bajlée ol arak deji kti

3. SONUC

Bu -al ékmada, Gaziantep il i kl'im kokull ar énda
tasar émeée: a-é& (30A, 60A, 90A) , mal zeme (kaynak
geometri si (dairesel, savalo)l aparka ndeetjreerlleernidi ali tl am
baca performansénén tek biimalzpre#k easnet r ey &i baigi @i rc
davranékéneé birlikte kekillendirdijini g°stermik
Ak éK performanseé a- €és éndseki sigemierim r90° ekanfigiirasiydnldra j i n d €
keyasl a oBt alachma y%&k sek ia@kéamhhezé kgek %4at ek gaz
belirl enmi«ktir. Bu dur um, a-€é&€ b¢yedegk-e akéexk di
olarak azal dakémndéort#®yal kblkme ol uklu -elik bace
g°re vyak8 ad@&hka %b¢s;kek ger-ekl ekmesi, yézey péréz
belirleyici ol dujunu g°stermektedir.

Basén- parametreleri angekkidéehiztothe, néegnigduh baseé
aral ejénda dejikim tespit edi |l mi ktir. En y¢ksek
edilirken, 90A senaryolarénda basén- kayépl ar én
kapasiteie nd ¢ st ri yel sistemlerde a-€é& optimizasyonunu
gOstermektedir.

Kesit geometri si karkél akt érél déj énda, dairesel
ol duj u; ancak oval lareas®051 ed allea ak &gung & zleem£int oir i tai
%617 daha y¢ksek ol duju belirlenmiktir. Bu dur um,
akék direnci a-éséndan sénérl é& dezavant aj ol uktu
| spgelr f or mans anal i zI| er iln6ddeA G taérka | géajzé nsdéac adkel ] &ij ket ni & ni
%0, 6 d¢gzeyinde kaldéejé go°re¢l megkter . K41l ,chibédlairk v e
deji kim meydana gel miktir. kOlawlelné n-i§ tahakyizkiel & a 1%4 r «
ol masé, ésé transfer karakteristijJinin malzemey
birlikte sécakl ék parametrelerinin a-€& dejikKimin
tevresel komaéel an @&l Addt dees i+ 1iI5AC dé ortam sécakl
dejerlerindd7 yakhma&@d#a %bej i kim g°zlenmiktir. L
performansénén artma ejiliminde ol duju, dapcak b
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dejerlendirilmicktir. Bu bul gu, bel gesel ikl im v
°nemini ortaya koymaktader .

Genel dejerlendirme yapeéel déjéenda, enerji et ki nl
dirsekli, dairesel kesiti#® pasl|l anmaz veya kaynakl e -elik mal zen
s°yl enebilir. 90A dirsekl:i ve ol ukl u —eIik k o mt
sécakl éjé parametrel eri a-eéséendan daha d¢kegk per
Sonu- ol ar ak, baca tasaréménda a-€é& opt |n8|zasyon
d¢zeyinde belirgin bir et ki ol ukturduj u; mal zer
direnci Uzerinde %38 ar al €éj énda dej i kiinnemirkdead an dlud ubjuul gtud sa
baca tasaréménda -ok parametreld]| optimizasyon vy
kararl el éejénée sajlamada °nemli bir ar a- ol duj u
kokul |l aré diekkatkd eattématldtak gi m¢gl asyon temellli i
bilimsel katkeée sajlayabilecejini g°stermektedir.
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OZET

Bu -al ékmada, El azéj ilinin iklim kokullareénda Yy
donat él mék 480 m] be¢yekl ¢ ¢éndeki bir villaya ai
davranékée analiz edil miktir. Araxktérma kapsamén
ile tek cidarl é& yalétémseéz baca sistemi ol mak ¢ z
celik boru, aliminyum boru, aliminyum duz boreaev - el i k d°k¢m boru ol mak ¢
mal zemesi kull anél ar ak dairesel Ve oval kesit
ol ukturul muktur . Far kIl e mal z e me, kesit, yal ét én
alternatif senaryolar €s a Al adi n sim¢glasyon programé yar deémeé)
sonu-1ar, yal étém durumu ve baca mal zemesinin,
kayéeplarée ¢zerinde belirgin etkil er zetndeukortutur duj u
o]l - ekl i €ésétma sistemlerinde uygun baca tasarém
artéerélmasé a-éséndan °nemli bir potansiyel sund
Anahtar kelimeler: Ko nu't baca sistemleral zema«l eréin e eymdregjtié
emi syon performanse, KesaAl adin sim¢glasyonu

1 GKRKK

Konut tipi ésétma sistemlerinde baca tasar émeée, s
i Kl etme ge¢venl il a-éséndan dlidu ky-aan nfan esnol niudciur . o |
gazl aré ge¢venli ve s¢rekli b|r kKekilde atmosf e
prensi bine dayanmaktader. Baca i-i sécak gaz il
mekani zmaséneé bDeolliaryl éesnéeykltae dhacal 1lgeometri si , kesi
yal étém durumu gi bi parametreler -ekik performan
Son yeéell arda epeemijsiy omdrairmliniélni jaizayeg éC masamhedef |
bilekenlerinin performans odakl é dejerlendirilm
gelen ésé kayéplare, yalnézca sistem verimini

d¢kmesine bajlée olarak gel izmgkifl amage] grkma, tlkedamn
neden olabilir [2]. Bu y¢zden baca i - y¢zey sSéce
enerji ver i mli tasaréem a-éséndan °nemlidir.

Yal ét éml é baca sistemleri, at eékk gwa] umd aw&kk | &4 ek
s¢rdegr el mesine katke sajl ar. Bu sayede doj al - ek
ve sayeésal -al eéxmal ar , yal étém wuygul amal ar énén

dajél émé ¢zemiemtlé byi kekimeder©° sajlanabil di]i rafr
ortam sécakl ekl aréna maruz b°l gede kurulan si st
daha belirgindir. Bu konu Iliterat¢rde yapélan - a
Baca kesit geometri si de akeék karakteristifgi ¢ Z
bacal ar genelli kle daha homojen heéez dajéel emé ve
formlar énén akéxk direncisomeau-lbaséndo] drgg @il leenéajd
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belirtilmiktir [ 6] . Bu, °zellikle konut °] - ekl
dejerlendirilmesini gerektirmektedir.
Mal zeme t ¢r ¢, ésel iletkenli k katsayegbavbem¢e
transferini hem de akék direncini et kil emektedi
karkél akt éreldéje ge¢ncel -al exmal ar da, mal zeme
belirl eyici ol duj ucugzeurri nle7]-.al @xm@&ad ar banea si st
davranékén da akék hézé ve kesit alané ile ili&kk
Sim¢glasyon ile desteklenen analiz y°ntemleri, ba
keyasl a decthea Kkeeshamagrdegkek maliyetle dejerl endi
akéexkkanl ar di nami i (CFED) ve bina enerji si mgl
sécakl ek daj el eéme, basén- dej i Ki mi vel diéjzi npr c
g°stermektedir [ 9] . Bu yakl akeém, tasarém akama
optimum -°z¢;¢gmégn belirlenm2.sine ol anak sajl amakt a
Bu -alékma kapsaménda, konut tipi bir Ileasréeée mae si
yal étém durumlaré sim¢glasyon desteklii ol arak anse
baca tasaréména y°neli k performans temel kar ar
2. ANALKZ SONUC¢LARI VE DEJERLENDKRMELER

170 M Celik DOkim-Yaltiml

160 ® Aluduz Boru -Yalitimli
"g 150
= B Aluflex Boru-Yahtimh

‘e 140

ﬁ Flex celik boru-

™ 130 Yalitimli

§ 120 B Celik DOkiim-Yalitimsiz

om

110 B Aluduz Boru -Yalitimsiz

100

Aluflex Boru-Yalitimsiz

DAIRESEL FORM

BACA KESITi OVAL FORM Flex gelik boru-
Yalitimsiz

kekiBacla ajzée kesiti

kekil 16de, hem dairesel hem oval formlarda vyal
b¢yéek ol duju¥gelrpl mektatdigminyum flex ve -eli k f|
Bu dur um, yaldda emmser siiseleimilleir]ini sajl amak am:
duyul duj unu gestermektedir. Yal et eéml é sistemle

performansé sajlanabil miktir.
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DAIRESEL FORM
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B Aluduz Boru -Yalitimh

= Aluflex Boru-Yalitimh

1 Flex gelik boru-
Yalitimh

B Celik DOkiim-
Yalitimsiz

B Aluduz Boru -
Yalitimsiz

m Aluflex Boru-
Yalitimsiz

g°stermekt

bacal ar

yojunl uk

OVAL FORM Flex (;elik boru-
Yalitimsiz
kekiBaca akém hezé
kekil 206de akém bhéardaéen@amay glegktserkl é |l Wa§g u
°zellikle -elik d°ke¢gm ve Al d¢ z borul ar da
sistemlerde hézl ar én dekKt ¢ ¢ gzl emlenmi ktir.
yojunktafutajene ve -ekiki arterdéjeneé
11 M Celik Dokim-Yalitimh
1
-IE- 0.9 W Aluduz Boru -Yalitimh
B 038
= m Aluflex Boru-Yalitimh
5 07
o
2 06 )
S = Flex celik boru-
B 0.5
3 Yalitimh
N 04 — o
8 0.3 M Celik Dokim-
x : T Yalitmsiz
< 0.2 -
01 M Aluduz Boru -
) — Yalitimsiz
0
| w Aluflex Boru-
DAIRESEL FORM Yaltimsiz
BACA KESITi OVAL FORM Flex elik boru-
Yalitimsiz
kekiBacda atek gaz yojunluju
At ék gaz vyojunluju dejerleri yal ét ems éz
yal étémséz sistemlerde gaz s éclaakrlaék éynog nu nd auhjau nh éaz
Yal et eml é sistemlerde i se daha d¢Keék
iyilextirilmixktir.
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hava Kkokull aicdofid& savak yopdaunluk farké artteéeje
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At ék gaz séecakleklare t¢gm senaryolarda birbirin
korunumu daha dtai | di r . Yal étémséz sistemlerde ésé kayl
ger-eklekmektedir

keki Binalickhi na dékée bacanén i- cidar sécakl ek

K- cidar seécakl ekl alr3er UyCa laértaélnéljeé nldac asleayrrdead et X 2 n
vakl akiBR3UC8 seviyelerine d¢gkmektedir. Bu fark, y
yé¢ksek ol abilecejini g°stermektedir
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