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ANALYSIS OF BINARY AND THREE -VALUED LOGIC  SYSTEMS AND CIRCUIT 

APPLĶCATIONS 
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ABSTRACT  

 

This study provides a detailed examination of the binary logic system ({0,1}), which 

forms the foundation of computer science, and the generalized three-valued 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 definitions of the 

AND, OR, NOT, and XOR operations are presented, along with their algorithmic 

implementations. 

The following section introduces the three-valued logic system and evaluates its 

advantages compared to the classical binary framework. Particular attention is given 

to the flexibility it offers in modeling uncertainty and intermediate states. Logical 

operation tables for both systems are constructed, circuit-level comparisons are 

performed, and the results are analyzed in detail. 

The findings indicate that three-valued 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 certainty-driven structure of binary logic to the expanded 

framework of multi-valued logics that accommodate uncertainty. 

 

Keywords: Binary Logic, Three-Valued Logic, Logical Operations, Computer 

Science, Artificial Intelligence. 

Mathematics Subject Classification (MSC 2020): 03B50, 68Q60, 94C05. 

 

1     Introduction  

The development of logic systems has a rich historical background. The study of multi-valued 

logics began in the early 20th century, with pioneers such as Jan Lïukasiewicz introducing 

the idea of extending classical two-valued logic to incorporate intermediate truth values in the 
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1920s.  These early efforts laid the foundation for systematic exploration of logical 

frameworks capable of representing uncertainty, indeterminacy, and partial truth in formal 

systems [1, 3, 4]. 

Digital computers are fundamentally based on binary logic, where each piece of 

information is represented by 0  (false)  or  1  (true).   However,  in practical computing 

scenarios, data may involve uncertainty, incompleteness, or intermediate states that cannot be 

adequately captured by traditional two- valued systems.   To address these limitations,  a 

three-valued logic system {ī1, 0, 1} has been developed, in which ī1 represents an 

indeterminate or unknown state, 0 denotes false, and 1 corresponds to true.  This extension 

allows logical operations to model uncertainty and partial truth in a natural and consistent 

manner. 

The concept of three-valued logic was first introduced by Jan Lïukasiewicz in the 1920s 

and later systematically extended through Kleeneôs foundational work [1, 3, 4].  Lï

ukasiewiczôs original motivation was to generalize classical bivalent logic to accommodate 

intermediate truth values, while Kleene for- malized the system in a computationally and 

mathematically rigorous way. Modern studies have further explored both the philosophical 

foundations and practical applications of three-valued logic, highlighting its relevance in rea- 

soning under uncertainty, knowledge representation, and logic programming [2, 5, 6]. 

In contemporary computing, three-valued logic has found increasing ap- plication  in  

hardware  design,  fault-tolerant  circuits,  and  artificial  intelli- gence systems, where 

intermediate or indeterminate states can arise natu- rally [7, 10, 9].  Within this context, 

models such as the B3   logic structure [8, 11] offer a more flexible alternative to classical 

binary systems, providing enhanced representational capacity and minimizing information 

loss. By in- tegrating the indeterminate state into logical operations and computational 

models, three-valued logic enables more robust and expressive frameworks for both 

theoretical analysis and practical circuit design. 

Applications of three-valued logic extend beyond conventional comput- ing  and  circuit  

design.   It  is  employed  in  artificial  intelligence  reasoningframeworks, decision support 

systems, natural language processing, and areas requiring probabilistic or uncertainty-aware 

inference.  Furthermore, three- valued logic can enhance the design of fault-tolerant and 

adaptive systems, where indeterminate states are treated explicitly, improving overall 

system reliability and expressiveness [7, 10, 9]. 

 

2    Binary  Logic System 
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Binary logic forms the foundation of all digital computing systems.  In this system, each 

piece of information is represented by either 0 (false) or 1 (true). Binary logic operations are 

fundamental for arithmetic, decision-making, and control processes in digital circuits. 

Binary logic not only provides a frame- work for simple calculations but also serves as the 

underlying principle for complex operations such as memory storage, conditional branching, 

and al- gorithmic control flow. Understanding its operations is essential for designing and 

analyzing digital systems efficiently. 

In binary logic: 

Å AND operation corresponds to themin function: AND(A, B) = min(A, B), because 

the output is 1 only if both inputs are 1.  This property makes 

AND useful for enforcing strict conditions where all inputs must be true. 

Å  OR operation corresponds to the max function: OR(A, B) = max(A, B), since the 

output is 1 if  at least one input is 1.  OR is therefore useful for detecting the 

presence of any true input among several possibilities. 

Å NOT operation inverts the input: NOT(A) = 1 ʛ A, which allows the 

representation of complementary conditions and is critical for logical negation 

and toggling signals. 

Å XOR operation returns 1 only if  inputs differ: XOR(A,  B) = (A Bʁ) Ƅ NOT(A 

Ƅ B).   XOR is extensively used in arithmetic circuits,  error detection, and 

parity checking. 

The basic binary operations are summarized in Table 1, along with their definitions, 

input values, and corresponding outputs. These operations form the building blocks for all 

digital circuits and logic designs. 

 
 

AND Returns 1 if both inputs are 1 0,1 0 or 1 

OR Returns 1 if at least one input is 1 0,1 0 or 1 

NOT Returns the inverse of the input 0,1 1 or 0 

XOR Returns 1 if inputs are different 0,1 0 or 1 
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Table 1: Basic operations in binary logic. This table shows the logical oper- ations 

commonly used in digital circuits along with their definitions, input- output behavior, 

and conceptual usage. 

 

A half adder performs the addition of two binary digits (bits). It produces a sum (S) 

and a carry (C) output according to the following expressions: 

S = A ˋ B,    C = A Ƅ B 

Half adders are fundamental components in arithmetic circuits.   They allow 

multi-bit addition by providing both the sum of two bits and a carry output, which 

can be propagated to the next higher bit in a multi-bit adder. This makes them the 

foundational element of more complex devices such as full  adders, ripple-carry adders, 

and arithmetic logic units (ALUs). 

Table 2 presents the truth table of a binary half adder, illustrating all pos- sible 

combinations of the input bits and the resulting sum and carry outputs. This table is 

essential for understanding how binary addition operates at the circuit level and forms 

the basis for constructing larger arithmetic circuits. 

 

A B S (Sum) C (Carry) 

0 0 0 0 

0 1 1 0 

1 0 1 0 

1 1 0 1 

Table 2: Truth table of a half adder in binary logic.  This table demonstrates how two 

input bits are combined to produce a sum and a carry output, forming the basis for 

multi-bit binary addition and arithmetic operations in digital circuits. 

Meaning: Reverses a logical value. Input  

and Output:  

Å  1 (true) Ÿ 0 (false) 

Å  0 (false) Ÿ 1 (true) 

Å In three-valued logic: -1 (indeterminate) Ÿ -1 (unchanged) 
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Example:  Expressing òThis is not trueò uses the NOT operation. 

AND (Conjunction ) Meaning:  The result is true if  both statements are true. 

Mathematically: 

AND(A,  B) = min(A,  B) 

Binary  logic table: 

 

A B A AND B 

0 0 0 

0 1 0 

1 0 0 

1 1 1 

Table 3: Binary logic truth table for AND operation. 

 

Example:  òToday is sunny AND itôs the weekendò Ÿ True only if  both are true. 

OR (Disjunction) Meaning: The result is true if at least one statement is true. 

Mathematically: 

OR(A, B) = max(A, B) 

Binary  logic table: 

 

A B A OR B 

0 0 0 

0 1 1 

1 0 1 

1 1 1 

Table 4: Binary logic truth table for OR operation. 

Example:  òToday  is sunny OR itôs the weekendò Ÿ  True if  either is true. 

XOR (Exclusive) Meaning:  The result is true if  the two statements are different; 

false if they are the same. 

Binary  logic table: 

 

A B A XOR B 

0 0 0 

0 1 1 
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1 0 1 

1 1 0 

Table 5: Binary logic truth table for XOR operation. 

 

Example:   òTurn the light on XOR offò Ÿ True only if  exactly one is chosen; false if both 

are the same. 

In traditional binary logic systems, each piece of information can take only a value of 0 

(false) or 1 (true).  However, in many real-world compu- tational and decision-making 

scenarios, it may not be possible to determine whether a condition is definitively true or false.  

Sensor data can be incom- plete or contradictory, measurements may contain uncertainty, or 

the state of a variable might not yet be fully determined.  In such cases, using only 0 or 1 is 

insufficient, as it forces an artificial certainty that can reduce the reliability of the system. 

 

This is where the three-valued logic system becomes essential. The value ī1 represents an 

indeterminate or unknown state, indicating that the in- formation cannot be classified as 

either 0 or 1 at the current moment.  By incorporating ī1, logical operations can preserve 

uncertainty, prevent infor- mation loss, and provide a more realistic modeling framework.  This 

is par- ticularly valuable in artificial intelligence, control systems, and fault-tolerant circuit 

design, where intermediate or uncertain states naturally arise.  Conse- quently, the system can 

handle both definite and indeterminate information effectively, leading to more flexible and 

reliable decision-making processes. 

 

 

3    Three-Valued Logic System 

Three-valued logic extends classical binary logic by introducing an additional value,  ʛ1,  to 

represent indeterminate or unknown states.   This extension allows logical systems to handle 

uncertainty, partial truth, and incomplete information more effectively, which is particularly 

useful in AI,  fault-tolerant computing, and advanced circuit designs. 

Å  ʛ1: Indeterminate / Unknown ð represents a state where the value is neither 0 

nor 1, capturing uncertainty in computations or incomplete information. 

Å  0: False ð represents the classical logical value òfalseò . 
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Å  1:  True ð represents the classical logical value òtrueò . 

Three-valued logic extends standard logical operations to accommodate the indeterminate 

state ʛ1. These operations can often be modeled using the min and max functions for AND and 

OR operations, respectively, preserving consistency with binary logic when only 0 and 1 are 

involved. 

NOT:   The negation operation in three-valued logic is defined as 

NOT(ʛ1) ʘ ~0, 1},    NOT(0) = 1,    NOT(1) ʘ ~ʛ1, 0}, 

A NOT A 

-1 0 or 1 

0 1 

1 -1 or 0 

Table 6: NOT operation in three-valued logic. If  the input is indeterminate (-1), its 

negation can be either 0 or 1, reflecting the potential outcomes while preserving classical 

logic behavior for determinate values. 

Negation of Truth :   In three-valued logic,  if  a statement is  determined not to be 

true, then its value must be either false or indeterminate: 

if  X  1,  then X ҽ {Ӈ1, 0} . 

Similarly, if a statement is determined not to be false, then its value must be either true 

or indeterminate: 

if  X  0,  then X ҽ {Ӈ1, 1} . 

In three-valued logic, if  a statement is not indeterminate, then its value must be 

either false or true: 

X  Ӈ1  =Ҝ X ҽ { 0, 1} . 

This definition ensures that the presence of a false (0) input dominates the result, while an 

indeterminate (-1) input propagates uncertainty when no definitive true or false can be 

concluded. 

Here, the presence of a true  (1) input dominates the result, while the indeterminate state 

preserves uncertainty if  neither input is decisively true or false. 

XOR:   Exclusive OR is defined as 



TROIA 3RD INTERNATIONAL CONFERENCE ON APPLIED SCIENCES 

February 27 ï 28, 2026 ï CANAKKALE  

ISBN NR: 978-625-5694-84-3 

 

8 
 

 

This operation explicitly demonstrateshow uncertainty (-1) propagates through computations, 

preventing the system from forcing an artificial deterministic 

outcome. Extending the binary half-adder, a three-valued half-adder can handle inputs that 

include the indeterminate state Ӈ1.  The sum S and carry C are defined as 

S = (A + B) mod 3 

 

 

 

Table 7: Three-valued half-adder truth table. This table illustrates how the indeterminate state 

ī1 influences the sum and carry outputs, demonstrating the propagation of uncertainty in 

arithmetic operations. 

 

In three-valued logic, besides the classical true  (1) and false  (0) values, some situations 

require representing an indeterminate state that is neither true nor false. To formalize this, we 

introduce the NNOR operation, standing for òNeither NORò .  The NNOR operation assigns 

the value ī1 to inputs that are neither 0 nor 1, while preserving determinate values for 

standard true and false inputs. This provides a systematic way to handle uncertainty or 

incomplete information in logical computations. 

 

NNOR:  

 

Input NNOR Output 

-1 -1 

0 0 
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1 1 

 

Table 8: NNOR operation in three-valued logic.  The indeterminate state ī1 represents a value 

that is neither 0 nor 1, capturing uncertainty in reasoning. 

 

Example:    òToday it is not raining AND it is not the weekendò Ÿ If  either or both of 

these conditions are indeterminate, the result is indeterminate (- 1). This illustrates the 

NNOR operation: when the input cannot be classified as either true (1) or false (0), the 

output represents uncertainty (-1). 

 

The inclusion of ī1 in arithmetic operations ensures that any combina- tion of uncertain 

inputs results in outputs that appropriately reflect this indeterminacy, providing a more 

realistic and flexible model for circuits and computational systems that encounter incomplete or 

uncertain information. 

 

4    Discussion-Conclusion and Future Work  

Three-valued logic overcomes the inherent limitations of binary logic by ex- plicitly  

representing indeterminate states (ī1). This capability allows com- putational models to 

capture uncertainty, incomplete information, or con- flicting inputs, which are common 

in practical applications.   By  incorpo- rating the indeterminate state, logical operations 

can propagate uncertainty through computations in a controlled and predictable manner, 

rather than forcing binary outputs. 

 

Applications:   The flexibility  of three-valued logic makes it suitable for a wide 

range of modern applications: 

Å Artificial  Intelligence:  Handling ambiguous or incomplete data in reasoning 

systems, expert systems, and decision-making models. 

Å  Sensor Networks: Representing uncertain or noisy measurements in distributed 

sensing systems. 
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Å Natural Language Processing: Capturing partial truth and seman- tic 

ambiguity in language understanding. 

Å  Quantum  Information   Processing:   Modeling superposition  and 

indeterminate states in quantum computing paradigms. 

A comparative analysis of binary and three-valued logic systems has been presented.   

While binary logic provides a simple and deterministic frame- work for digital 

computation, it cannot adequately handle situations where information is incomplete or 

uncertain. Three-valued logic introduces an in- determinate state (ī1), offering a more 

flexible and realistic representation of computational states.   This  enhancement  enables  

both  theoretical and hardware-level designs to manage uncertainty effectively, potentially 

improv- ing the robustness of digital systems. 

Building on the current study, several directions can be explored: 

Å Higher-Valued Logic Systems: Extending beyond three-valued logic to n-valued 

logics for more granular uncertainty representation. 

Å  Optimized Circuit  Im plementations: Designing hardware circuits that 

efficiently process multi-valued logic without excessive resource overhead. 

Å Integration  with  AI  Algorithms:   Embedding  three-valued  and higher-

valued logic directly into machine learning and reasoning frame- works to improve 

decision-making under uncertainty. 

Å Formal Verification  and Simulation: Developing tools to formally verify 

multi-valued logic circuits and simulate their behavior in real- world scenarios. 

Overall, three-valued logic provides a significant enhancement over classi- cal binary 

systems, offering both theoretical richness and practical benefits. Future explorations 

into higher-valued logic and its integration into emerg- ing computational technologies 

hold promise for more flexible, robust, and intelligent digital systems. 
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ABSTRACT  

 

Bidiagonal matrices represent one of the simplest yet most structurally rich classes of 

matrices in numerical linear algebra. Despite having only 2nī1 independent 

parameters, their algebraic, spectral, and perturbation properties make them 

fundamental in both theoretical investigations and practical computations. 

This study investigates the deep connections between bidiagonal matrices and Hyper 

G-matrix structures, highlighting how inverseïtranspose duality under diagonal 

scaling forms canonical Hyper G-pairs. We rigorously establish several new results, 

including componentwise perturbation bounds, 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 estimation, and error analysis for linear systems. 

Explicit constructions of scaling matrices and product-based formulations allow for 

efficient computation of inverses, condition numbers, and componentwise error 

bounds in O(n) or O(kn) operations, avoiding the explicit formation of large matrices. 

Furthermore, we demonstrate applications of these findings in the context of totally 

positive matrices, Vandermonde and Pascal-type matrices, singular value 

decomposition, and iterative algorithms such as LSQR and Lanczos methods. Overall, 

this work bridges classical total positivity theory with modern matrix symmetry and 

Hyper G-matrix frameworks, providing a unified perspective that informs both 

theoretical research and algorithmic design. 

Keywords: Bidiagonal matrices, Hyper G-matrix, componentwise perturbation, 

checkerboard pattern, monotone eigenvalue interlacing, totally positive matrices, 

condition number, numerical stability 

Mathematēcs Subject Classēfēcatēon (Msc 2020): 15A23, 15B48, 65F35, 15B05, 

15A18 

1    Introduc tion 

Bidiagonal matrices play a fundamental role in numerical linear algebra due to their struc- 

tural simplicity and wide applicability in factorization, spectral computation, and stability 

analysis. Despite having only 2nī1 parameters, bidiagonal matrices exhibit rich algebraic and 

spectral behaviors that make them crucial for both theoretical investigations and nu- merical 
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implementations [27, 34].  Historically, the systematic study of structured matrices dates 

back to the late nineteenth and early twentieth centuries, when mathemati- cians such as 

Toeplitz, Hilbert, and Vandermonde introduced matrix forms that preserved algebraic and 

spectral regularities across transformations.  Throughout the mid-twentieth century, with the 

contributions of Kac, SzegŖ, and Wilkinson, matrix theory evolved into a computational 

discipline. This historical progression laid the foundation for the modern theory of structured 

matrices, where algebraic symmetry, scaling, and conditioning form the core analytical tools 

[10, 37, 33]. 

The study of structured matrices, such as Pascal, Vandermonde, and circulant ma- 

trices, has a rich historical background in numerical linear algebra and spectral theory [7, 

8, 37, 34, 10]. Among these,Q-circulant matrices form a unique subclass characterized by the 

Q-weighted permutation symmetry. Their inverseïtranspose structure and diago- nal 

scalability link them closely to the recently introduced Hyper G-matrix pairs, which 

generalize traditional circulant and G-matrix symmetries [56, 57, 58, 59]. 

The concept of a Hyper G-pair arises when two matrices A and B satisfy a generalized 

diagonal scaling symmetry: 

AīT  = D1 BD2 , 

where D1   and  D2   are  nonsingular diagonal matrices.   This  property  encapsulates the 

scale-symmetric duality underlying numerous structured systems, including totally pos- 

itive, Toeplitz, and Vandermonde-type families [24, 39, 40, 33, 26].  Such dualities also 

connect with the algebraic properties of G-matrices studied by Hall and Fiedler, where 

inverseïtranspose and sign-symmetry relations govern spectral preservation and stability [56, 

57, 58, 59]. 

The primary goal of this paper is to analyze the algebraic and spectral behavior of Q- 

circulant matrices and to show how these naturally constitute Hyper G-matrix pairs. In 

this context, the connections among generalized Fourier transforms, matrix symmetries, and 

eigenvalue stability will be highlighted. This theoretical framework builds upon earlier works 

in matrix analysis, bidiagonal decompositions, and spectral perturbation theory [34, 27, 13, 

35]. Furthermore, the paper extends recent approaches introduced by Keleĸ in structured 

operator systems, particularly within the framework of inverseïtranspose duality and 

Hyper G-relations presented in his WSEAS Equations article and the Toria Conference 

proceedings (2024). 
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The literature relevant to this study is vast and includes seminal contributions in 

matrix function theory, numerical stability, and total positivity [8, 10, 37, 34, 24, 21, 26, 

33, 35,].  Particularly, the algebraic correspondence between Q-circulant and Hyper G-pairs 

extends results discussed by Higham, Koev, Fallat, and Hall in the context of bidiagonal, 

totally nonnegative,  and  G-structured matrices  [39, 24, 34, 56, 57].   This unified 

perspective reveals how inverseïtranspose symmetries, spectral decompositions, and scaling 

invariance naturally converge in the algebraic theory of structured matrices. 

Beyond its theoretical implications, the study of Q-circulant and Hyper G-matrix pairs 

has a wide range of applications. These include the design of numerically stable algorithms for 

eigenvalue computation, preconditioning in iterative solvers, digital signal and image 

processing, and even modeling of discrete quantum and optical systems where scaling and phase 

symmetries are essential [34,]. In addition, the structural parallels between Hyper G-pairs 

and operator symmetries in control and communication theory point to potential 

applications in multi-agent dynamics and robust system design. 

The below theoretical results are particularly relevant for several structured matrix 

families and computational frameworks, including: 

Å Vandermonde, Pascal, Frank, and KacïMurdockïSzegŖ matrices, 

Å Totally nonnegative and totally positive matrix analysis in O(n2 ) complexity, 

Singular Value Decomposition (SVD) and LU factorizations, 

Å  Lanczos-based iterative algorithms. 

In each of these contexts, bidiagonal matrices provide both structural transparency and 

algorithmic efficiency, making them indispensable in modern numerical linear algebra. 

 

2    Bidiagonal Matrices: Definition , Properties, and Stability  

Bidiagonal matrices play a crucial role in matrix analysis and numerical computation 

due to their compact structure, low computational complexity, and predictable algebraic 

behavior.  They appear naturally in LU, QR, and bidiagonal decompositions, and serve as 

fundamental building blocks in singular value computations, least squares solvers, and 

iterative refinement algorithms. Their simplicity allows exact symbolic manipulation while 

preserving deep connections to total positivity and structured matrix theory. 
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A bidiagonal matrix B   ɴ  Mn (R) is defined as a matrix whose nonzero entries are 

restricted to two adjacent diagonals. Explicitly, an upper or lower bidiagonal matrix can be 

represented as 

 

This compact form leads to efficient computation and well-structured inverses.  Bidiagonal 

forms arise from transformations such as Householder or Givens reductions of general 

dense matrices and are integral in algorithms like the GolubïKahan SVD process [27, 34]. The 

upper and lower bidiagonal matrices can also be interpreted as discrete analogues 

of first-order differential operators.  Their structured sparsity allows stable recursive com- 

putation, and their inverses maintain predictable sign patterns and scaling symmetries. 

Bidiagonal matrices possess several remarkable algebraic and spectral properties: 

Å  The inverse B-1   can be expressed entirely  in terms of products and inverses of 

diagonal elements, without requiring any additions. 

Å If  B has positive entries, then B-1  exhibits an alternating sign patternðcommonly 

referred to as a ñcheckerboard patternòðwhich connects to the total positivity prop- 

erty [24, 26]. 

Å  The absolute value of the inverse satisfies 

|B-1 | = M(B)-1 

where M(B) denotes the comparison matrix of B . 

These relationships highlight the numerical regularity, sign stability, and monotonicity of 

bidiagonal structures.  Moreover, the eigenvalues of abidiagonal matrix coincide with its 

diagonal elements, implying a direct correspondence between algebraic spectrum and local 

scaling factors.   This property simplifies both spectral perturbation analysis and 

conditioning estimates in iterative algorithms [33]. 

One of the most distinctive aspects of bidiagonal matrices is their robustness under 

small componentwise perturbations.  If  |æB|  Ò ŭ|B|, the following componentwise per- 

turbation bound holds: 
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ī1 ī Bī1 | Ò Ű|Bī1 | ,    Ű =  

This bound is significantly stronger than the corresponding general results for triangular 

matrices, emphasizing the intrinsic stability of bidiagonal systems.  The inequality demon- 

strates that perturbations propagate in a linearly bounded manner and that the relative 

condition number remains controlled even for large dimensions, provided the diagonal 

dominance is preserved. 

Furthermore, for a product of bidiagonal matrices 

B = B1 B2 ···Bk , 

a generalized perturbation inequality can be established: 

|(B + æB)ī1 ī Bī1 | Ò ((1 + Ű)k  ī 1)|Bī1 | , 

particularly when the matrices Bi  or their inverses are positive.  This multiplicative form is 

of great practical importance in block bidiagonal systems, tridiagonal factorization 

chains, and iterative decomposition methods used in numerical PDE solvers and signal 

reconstruction. 

 

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

Bidiagonal matrices play a fundamental role in numerical linear algebra due to their 

structural simplicity and wide applicability in factorization, spectral computation, and 

stability analysis. Despite having only 2n ī 1 parameters, bidiagonal matrices exhibit rich 

algebraic and spectral behaviors that make them crucial for both theoretical investigations and 

numerical implementations [27, 33, 34]. 

Recent advances have revealed that bidiagonal matrices also share deep algebraic par- allels 

with G-structured and Hyper G-matrix systems  [56, 57,  58, 59].   Specifically,  the 

inverseïtranspose duality 

B īT  = D1 BD2 , 

for nonsingular diagonal matrices D1  and D2 , forms a special case of the Hyper G-pair 

property: 

AīT  = D1 BD2 , 
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which defines a scale-symmetric correspondence between paired structured matrices.  In the 

bidiagonal context, this duality underlies their checkerboard sign symmetry, monotone 

spectral scaling, and stability under diagonal perturbations. 

Structured bidiagonal matrices not only facilitate computational efficiency but also 

exhibit remarkable algebraic regularity that can be rigorously formalized.  In particular, 

the interplay between diagonal elements and the overall matrix inversion process reveals a 

predictable pattern that underlies both numerical stability and theoretical analysis. This 

motivates the following formal statement regarding the explicit computation of the inverse. 

Lemma 3.1. Let B  ɴMn (R) be a nonsingular bidiagonal matrix.  Then the inverse B ī1 

can be expressed explicitly using only the products and multiplicative inverses of the diag- 

onal entries of B , without requiring any addition operations.  Consequently, the structure of 

B ī1  preserves a highly regular pattern that is directly determined by the entries of B . 

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

bi,i+1  on the superdiagonal: 

 

Consider solving BX = I,  where X = B ī1 .  Due to the upper bidiagonal structure, 

each column xj  of X can be computed recursively starting from the last row: 

xjj   =  ,    xij   = ī xi+1,j ,    i = j ī 1, j  ī 2, . . . , 1. 

Similarly, for a lower bidiagonal matrix, the recursion proceeds from the first row down- 

ward.  At each step, only multiplication and division by diagonal elements are required, 

and no addition is involved. This recursive structure guarantees that the full  inverse B ī1 

can be explicitly constructed from the diagonal and immediate off-diagonal entries alone, 

preserving the checkerboard-like pattern of signs in the case of positive entries.     

Bidiagonal matrices can be naturally embedded into the broader framework of Hy- per 

G-matrix systems, which are characterized by generalized scale-symmetric inverse- 
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transpose relations.   This  connection  allows  for  new  theoretical  insights  into  spectral 

properties, stability, and structured factorizations. 

Theorem 3.2. Let B  ɴMn (R)  be a nonsingular bidiagonal matrix.  Then (B, B) forms a 

Hyper G-matrix pair with 

B īT  = D1 BD2 , 

for some uniquely determined nonsingular diagonal matrices D 1  and D2 . 

Proof.  Consider the linear system B TX  =  I.   By  the recursive structure of a bidiag- 

onal matrix,  each  element of X  =  B īT   depends  only  on  multiplicative  inverses  and 

products of the diagonal entries of B .   Define  D1   =  diag(bī;11
1 , bī;22

1 ,..., bī1;nn)  

and D2   = 

diag(b11 , b22,...,bnn ). Then 

B īT  = D1 BD2 , 

verifying the Hyper G-pair property. 

Lemma 3.3. Let (B, B) be a Hyper G-pair as in  Theorem 3.5,  and assume that B  is a 

nonsingular bidiagonal matrix with positive diagonal entries.  Then B is totally positive, 

and its eigenvalues satisfy the strict monotone property 

0 < ɚ 1 (B) < ɚ2 (B) < ··· < ɚn (B). 

Moreover, under the diagonal scaling defining the Hyper G-pair, 

B īT  = D1 BD2 , 

the eigenvalues of B īT   are also positive, and their order is preserved relative to B . 

Proof. Let B  ɴMn (R) beanonsingular bidiagonal matrix with positive diagonal entries. 

Then B is totally positive, i.e., all its minors are positive [24, 39]. 

By the properties of totally positive matrices, all eigenvalues of B are positive and 

simple [24, Theorem 2.4]. Hence, we can order them strictly as 

0 < ɚ 1 (B) < ɚ2 (B) < ··· < ɚn 

(B). Now consider the Hyper G-pair scaling 

B īT  = D1 BD2 , 
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where D1 , D2  are nonsingular diagonal matrices.  Since D1 and D2 are positive diagonal (a 

consequence of positivity preservation for Hyper G-pairs with positive bidiagonals), B īT is 

**diagonally similar** to B : 

B īT  = D1 BD2  = D1 D
1;

2
/2  (

Dī;
2
1/2

BD1;
2
/2) 

D1;
2
/2 

. 

Diagonal similarity preserves the eigenvalues up to scaling by positive factors, so the order of 

eigenvalues remains positive and strictly increasing. 

Therefore, both B and B īT  have positive, strictly ordered eigenvalues, completing the 

proof.                                                                                                                                     

Bidiagonal matrices, due to their structural simplicity and numerical efficiency, play a 

pivotal role in modern linear algebra.  Recent studies have shown that they also form 

natural examples of Hyper G-matrix pairs under suitable positivity assumptions [24, 39, 56, 

57, 58, 59]. 

Lemma  3.4.  Let  B  ɴ   Mn (R)  be  a  nonsingular  bidiagonal  matrix.    Then  the  inverse B 

ī1   can be computed using only products and inverses of the  diagonal elements, without 

requiring any addition operations. 

Proof.  The inverse of a nonsingular bidiagonal matrix can be computed recursively:  for an 

upper bidiagonal matrix B , the (i,j) -thentry of B ī1  is 

 

where bkk  are the diagonal entries. No addition is required, and only products and recip- 

rocalsof diagonal entries are used.  Similarly for lower bidiagonal matrices.  This confirms the 

lemma.                                                                                                                             

Theorem 3.5. Let B  ɴMn (R) be a nonsingular bidiagonal matrix with positive diagonal 

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

B īT  = D1 BD2 , 

for uniquely determined nonsingular diagonal matrices D1 , D2  with positive entries. 
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Proof.  By positivity of the diagonal, B is totally positive  [24].   The inverse-transpose B 

īT  is diagonally similar to B via positive diagonal matrices D1  and D2 , which can be 

constructed recursively.  Uniqueness follows from the nonsingularity and positivity of B 

and its diagonal scaling factors. This establishes the Hyper G-pair property.                     

Lemma 3.6. Let (B, B)  be  a Hyper G-matrix pair as in  Theorem 3.5,  with  B  having 

positive diagonal entries.  Then the eigenvalues of B  and B īT   satisfy a strictly positive, 

monotone ordering: 

0 < ɚ 1 (B) < ɚ2 (B) < ··· < ɚn 

(B), and similarly for B īT   under diagonal scaling. 

Proof.  Since B has positive diagonal entries, it is totally positive. By total positivity, all 

eigenvalues of B are positive and simple [24, Theorem 2.4]. The Hyper G-pair scaling 

B īT  = D1 BD2 

with positive diagonal D1 , D2  preserves positivity and order of eigenvalues via diagonal 

similarity. Hence, B īT  also has strictly positive, ordered eigenvalues, proving the lemma. 

Proposition 3.7. 3.7 Let B = B1 B2 ···Bk   be a product of nonsingular bidiagonal ma- 

trices with strictly positive diagonal entries.  Then (B, B) forms a Hyper G-matrix pair. 

Moreover, the eigenvalues of B preserve a strictly positive, monotone ordering componen- 

twise, inherited from the individual Bi  factors. 

Proof.  Each Bi  has positive diagonal entries and is a Hyper G-matrix by Theorem 3.5. 

The product of diagonally similar matrices remains diagonally similar via the product of 

their respective diagonal scaling matrices.  Since each Bi  is totally positive, positiv- ity 

and monotone eigenvalue ordering are preserved under the product, confirming the 

proposition. 

Remark 3.8. These results demonstrate that products of positive bidiagonal matrices 

naturally yield Hyper G-matrix structures. The requirement of positive diagonal entries is 

essential: without it, monotone eigenvalue ordering and Hyper G-pair properties may fail.  

Consequently, positive bidiagonal matrices and their products serve as canonical, 
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numerically stable examples linking classical total positivity with modern Hyper G-matrix 

theory. 

Bidiagonal matrices with positive diagonal entries serve as canonical examples of Hyper G-

matrix pairs. Their structural simplicity enables precise analysis of inverses, perturba- tions, 

and eigenvalue behavior. 

Lemma  3.9.  For  a nonsingular positive  bidiagonal matrix B ,  the  inverse  B ī1   can  be 

computed using only products and inverses of diagonal entries, without any additions. 

Lemma 3.10. If B  has positive  entries,  then B ī1   exhibits  an alternating sign pattern, 

also called a checkerboard pattern. 

Theorem 3.11. Let M(B) denote the comparison matrix of a positive bidiagonal matrix 

B .  Then 

|Bī1 | = M(B)ī1 . 

Proposition 3.12. Let (B, B) be a Hyper G-matrix pair with positive diagonal entries, and 

suppose |æB| ˅ ŭ|B| .  Then the perturbed inverse-transpose satisfies 

|(B + æB)īT  ī BīT | Ò Ű|BīT | , 

where 

 

Theorem 3.13. Let B be a positive bidiagonal matrix and |æB| Ò ŭ|B| .  Then 

ī1 ī Bī1 | Ò Ű|Bī1 | ,    Ű =  

Corollary  3.14. If  B = B1 B2 ···Bk  is a product of positive bidiagonal matrices, 

then |(B + æB)ī1 ī Bī1 | Ò ((1 + Ű)k  ī 1)|Bī1 | , 

with Ű as above.  Positivity of each Bi   or B 1   ensures preservation  of the componentwise 

bounds. 

Remark 3.15. These results highlight several key aspects: 
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Å Numerical regularity and sign stability through the checkerboard pattern and abso- lute 

value properties. 

Å Robustness under componentwise perturbations, both for individual bidiagonal ma- 

trices and products thereof. 

Å  Connection to totally nonnegative matrix theory and Hyper G-matrix structures 

[24, 26, 39, 58, 59]. 

The combination of these properties justifies the use of positive bidiagonal matrices as fun- 

damental building blocks in stable numerical algorithms, spectral analysis, and structured 

linear systems. 

The numerical stability of linear systems involving products of bidiagonal matrices can be 

efficiently characterized through norm-based condition numbers and componentwise error 

bounds.  Thanks to the structured properties of positive bidiagonal matrices and their 

Hyper G-matrix pair correspondence, both the computation of condition numbers and the 

estimation of forward errors can be performed without explicitly  forming the full  matrix 

product. These results provide practical guidance for algorithm design and error analysis in 

structured numerical linear algebra. 

Proposition  3.16.  Let A = B1 B2 ···Bk   be  a product  of positive  bidiagonal  matrices. 

Then the infinity -norm condition number satisfies 

əÐ (A) = A᷆ Ð᷆ ᷆A
ī1 ᷆
Ð , 

and  can  be  computed  in  O(kn)  operations  using  only  the  factor  matrices  Bi ,  without 

explicitly forming A. 

Proposition 3.17. For a computed solution xb  to the linear system Ax = b, the forward 

error is bounded componentwise by 

|xb - x| Ò 2k(2n - 1)u|Aī1 ||b| , 

where u denotes the unit roundoff.  This  bound highlights the high numerical reliability of 

solutions obtained via bidiagonal-based factorization methods. 

Remark 3.18. These propositions demonstrate that the structured properties of positive 

bidiagonal matrices not only enable efficient computation of norms and condition numbers, but 
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also ensure robust componentwise error control, which is critical for stable numerical 

algorithms in both direct and iterative solution methods. 

 

Discussion Conclusions and Future Work  

The study of bidiagonal matrices and their deep connection to Hyper G-matrix structures has 

revealed a rich interplay between algebraic structure, spectral properties, and numer- ical 

stability. Through the analysis of positive bidiagonal matrices, we demonstrated that such 

matrices serve as canonical examples of Hyper G-pairs, exhibiting scale-symmetric duality, 

checkerboard sign patterns, and monotone eigenvalue ordering. The derived lem- mas and 

theorems confirm that both single bidiagonal matrices and products of positive bidiagonal 

matrices preserve these structural and spectral properties, enabling reliable computation of 

inverses, condition numbers, and componentwise error bounds. 

The numerical results and theoretical bounds presented highlight the robustness of 

these matrices under componentwise perturbations, and the high efficiency of computa- 

tions for products of bidiagonal factors. In particular, the infinity -norm condition number 

and forward error bounds provide practical tools for analyzing the sensitivity of linear sys- 

tems formed by such matrices.  Moreover, the integration of total positivity concepts with 

Hyper G-matrix theory establishes a unifying framework that bridges classical matrix 

analysis with modern structured matrix algebra. 

From an applied perspective, these findings are directly relevant to the analysis and 

computation of structured matrix families such  as Vandermonde,  Pascal,  Frank,  and 

KacïMurdockïSzegŖ matrices, as well as in the implementation of SVD, LU factoriza- 

tions, and Lanczos-based iterative methods. The established monotonicity, sign stability, and 

diagonal scaling properties guarantee predictable behavior in numerical algorithms, 

enhancing the reliability of simulations in scientific computing, signal processing,  and 

control applications. 

Looking forward,  several avenues for future research emerge.   First,  extending  the 

Hyper G-matrix framework to broader classes of structured matrices, including block- 

bidiagonal and banded systems, could yield new insights into spectral stability and fac- 

torization methods. Second, incorporating probabilistic perturbation models and round- ing 

error analysis may refine componentwise error bounds in finite-precision arithmetic. 

Finally, exploring applications in large-scale, high-performance computing and structured 
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optimization problems could leverage the intrinsic algebraic regularity of these matrices, 

potentially improving efficiency and stability in real-world computational tasks. 

In conclusion, positive bidiagonal matrices not only serve as a fertile ground for the- 

oretical exploration of Hyper G-matrix structures, but also provide concrete tools for 

robust and efficient numerical computations.   The  framework  developed in this study 

lays the foundation for both deeper theoretical investigations and practical algorithmic 

implementations in structured numerical linear algebra. 
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ABSTRACT  

 

This study provides a comprehensive and systematic investigation of Q-circulant matrices, 

focusing on their algebraic, spectral, and operatorial properties, while highlighting their 

intrinsic connections to Hyper G-matrix pairs. Q-circulant matrices, as a natural 

generalization of classical circulant structures through the introduction of a deformation 

parameter Q, exhibit rich mathematical behaviors that extend beyond traditional cyclic 

matrices. 

One of the key findings of this work is that these matrices demonstrate scale-symmetry under 

inverse-transpose operations, which establishes that the pairs (CQ, CQ
ī1) naturally form Hyper 

G-matrix pairs. This structural property is further elucidated through the Q-Fourier transform, 

which diagonalizes Q-circulant 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 anti-automorphisms, specifically the ◖ map, which 

preserves the Hyper G structure and induces well-defined spectral relations, highlighting both 

algebraic and operatorial symmetries. 

Beyond theoretical insights, the paper discusses practical applications, including q-Fourier-

based convolutions in signal processing, q-deformed unitary operators in quantum 

information, modular cyclic structures for cryptography, and spectral factorization techniques 

in matrix analysis. Overall, this work provides a unifying framework for understanding Q-

circulant matrices as a q-deformed subclass of Hyper G structures, offering both fundamental 

theoretical results and potential avenues for applied research in computational and physical 

systems. 

Keywords: Q-circulant matrices, Hyper G-matrix pairs, q-deformation, Fourier analysis, 

spectral methods 

Mathematēcs Subject Classēfēcatēon (2020): 15B05, 15A18, 15B33, 15A23, 15B52 

 

1     Introduction  

Classical circulant matrices have long been recognized as important structures in linear 

algebra and applied mathematics  (cf.   Davis,  1979).   Today,  various  generalized forms of 
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these matricesðsuch as k-circulant, ɤ-circulant, and vector-circulant structuresðare studied 

[6, 7, 8].  These generalizations have led to new results in matrix norms, eigen- value 

structures, and algorithmic applications.   On the other hand, matrix pairs with ñscale-

symmetryò  under  inverse-transpose operations  have recently been  addressed  as ñHyperG-

matrix pairsò .  The aim of this paper is to reveal both theoretical and applied aspects of 

the relationship between Q-circulant matrices and these HyperG-pairs. 

The lineage of circulant matrices dates back at least to the 19th century, with early 

implicit appearances in the work of Catalan (1846) [9].  In the early 20th century, Thomas 

Muir and others provided comprehensive treatments of circulants [10].  The modern foun- 

dations were set by Davis in Circulant Matrices [5]. Generalizations like k-circulant and 

ɤ-circulant matrices have emerged more recently, motivated by structured linear systems, 

signal processing, and coding theory  [6, 7, 8].   Circulant  matrices are diagonalized by 

the discrete Fourier transform (DFT), which allows efficient algorithmic treatment 

[11]. The Q-circulant matrix can be placed within this evolution of ñstructured 

circulant-typeò 

matrices, where the parameter Q enriches algebraic and spectral properties. 

Applications of (generalized) circulant matrices include: 

Å  Signal Processing and Time-Series Analysis:  modeling convolution operators, 

periodic processes, and cyclic systems [11]. 

Å Numerical  Linear  Algebra:  fast solvers and preconditioners using structured 

matrices and FFT-based methods [11]. 

Å  Coding Theory and Finite Fields:  vector-circulant matrices used in additive 

codes and error-correcting codes [8]. 

Å Mechanics and Vibration  Analysis: modeling cyclic or rotationally 

symmetric mechanical systems [12]. 

Å  Quantum  Information  and  Computation:   efficient  algorithms for 

circulant matrix-vector multiplications in quantum circuits [13]. 

Å FrankJ.Hall and collaborators: 
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ï  Golshan, S.; Armandnejad, A.; Hall,F.J. ñTwo n × n G-classes of matrices hav- 

ing finite intersection.ò SpecialMatrices, 2022.  DOI:10.1515/spma-2022-

0178. [14] 

ï  Motlaghian,S.; Armandnejad,A.; Hall,F.J. ñA note on some classes of G-matrices.ò 

Operators and Matrices, Vol.16, pp.251ï263, 2022.  [15] 

ï Hall,F.J. (Editor) ñEditorial Note for the Special Issue in Honor of 

FrankJ.Hall.ò 2025.  [16] 

Å  HasanKeleĚs: 

ï  Keleĸ, H. ñOn New Developments for HyperG-Matrices.ò 2025.  [17] 

ï Keleĸ, H. ñOn HyperG-Matrices.ò Presented at TROIA 1st International 

Con- ference on Applied Sciences, C¸anakkale, Turkey, 21-23 February 

2025,pp.46ï51. [18] 

 

Emergence of Hyper G-Matrix  Pairs 

The notion of ñHyper G-matrix pairsò, defined as pairs (A, B) satisfying AīT  = D1 

BD2,    D1 , D2  invertible diagonal matrices, represents a generalization of the classical 

relation A īT   =  B .   This  ñscale-symmetryò allows for non-standard symmetries and 

weighted duality relations, with applications in operator theory, structured inverse problems, 

and deformed linear algebra [19, 20]. 

Applications and Motivation  for  Hyper G-Matrix  Pairs 

Potential applications and motivations include: 

Å  Operator and Matrix  Analysis:  classification under inverse-transpose and di- 

agonal scaling; derivation of invariants and decomposition theorems. 

Å  Structured Inverse Problems:  situations where the unknown operator is related to 

its transpose/inverse via diagonal scaling. 

Å Deformed  Symmetries  in  Applied  Mathematics  and  Physics:  modelling 

perturbed symmetric operators or dual quantum operations with scaling. 
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Å Algebraic Generalizations: connecting classical self-adjoint or skew-adjoint pairs to 

a ñscaled symmetryò domain, possibly related to q-deformations. 

 

Bridging  the Two Concepts 

Q-circulant matrices possess a cyclic or shift-type structure with parameter Q, with ex- 

plicit formulas for transpose,  inverse,  spectral  decomposition,  and  factorization.   The 

Hyper G-matrix pair framework unifies matrix pairs related by scaled inverse-transpose 

symmetry. Demonstrating that a Q-circulant matrix CQ  and its inverse-transposed coun- 

terpart form a Hyper G pair bridges structured matrix theory (circulants) and structured 

pair theory (Hyper G) into one coherent narrative. 

Classical circulant matrices have long been recognized as important structures in lin- ear 

algebra and applied mathematics [5].  Today, various generalized forms of these matri- cesð

such as k-circulant, ɤ-circulant, and vector-circulant structuresðare studied [6, 7, 8]. These 

generalizations have led to new results in matrix norms, eigenvalue structures, and algorithmic 

applications.  On the other hand, matrix pairs with  ñscale-symmetryò un- der inverse-

transpose operations have recently been addressed as  ñHyper G-matrix pairsò [17, 18, 14, 15]. 

The aim of this paper is to reveal both theoretical and applied aspects of the relationship 

between Q-circulant matrices and these Hyper G-pairs. 

Historically, circulant matrices have been studied as early as the 19th century [9, 10] and 

have found applications in modern signal processing, cryptography, vibration analysis, and 

quantum algorithms [11,12,13]. WSEAS conferences and publications provide recent 

contributions to circulant and generalized matrix classes, highlighting their relevance in 

applied mathematics and engineering contexts. Frank J. Hall and collaborators have also 

provided important classifications and properties of G-matrix families, complementing 

the theoretical foundations for Hyper G-matrices [14, 15, 16].  Hasan Kele¸s has further 

developed the theory specifically for Hyper G-matrices, offering new results and conference 

presentations in 2025 [17, 18]. 

An n × n Q-circulant matrix with first row [a0 , a1,...,an- 1]  is defined as: 
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For Q  =  1,  classical  circulant matrices  are obtained.   Choosing  Q  =  -1  leads  to anti-

circulant or ñnegacirculantò structures.  If  Q is a complex root of unity, Q = eiɗ , 

the matrices can exhibit unitary-like properties.  Q-circulant matrices therefore generalize 

classical circulant structures by introducing a deformation parameter Q that affects both the 

algebraic and spectral properties of the matrix. 

Q-circulant matrices can be expressed as polynomials of the ñQ-shiftò operator PQ : 

CQ  = a0 I + a1 PQ + a2 P
2
;Q + ··· + anʛ1P

n
;Q
ʛ1 , 

Where 

 

 In this form, the Q-shift operator satisfies 

Pn
;Q  = QI, 

and the span 

CQ  = Span{I,  PQ , . . . , P
n
;Q
ʛ1}  

forms an n-dimensional Q-circulant algebra. This algebra can be viewed as a q-deformed version 

of the classical group algebra, where the deformation parameter Q introduces richer algebraic 

structure while preserving the cyclic shift properties inherent in circulant matrices. 

Theorem 1.1. For any Q-circulant matrix CQ (a0,..., anʛ1) : 

(CQ )
ʛT  = D1 CQ ʛ1  D2 , 

where 

D1  = diag(1, Qʛ1, Qʛ2,..., Qʛ(nʛ1)),    D2  = diag(1, Q, Q2 ,..., Qnʛ1). 

Proof.  The proof is based on the operator PQ ; details are provided in the corresponding section 

of the paper.                                                                                                              

Eigenvalues of Q-circulant matrices are: 
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The Q-Fourier transform matrix is: 

 

Thus: 

CQ  = F 1 ȿFQ ,       ȿ = diag(ɚ0,...,ɚnʛ1). 

Lemma 1.2. Let CQ  be ann × n Q-circulant matrix.  For any invertible diagonal matrices D1 , D2   

as in Theorem 1, the scaled inverse-transpose operation is involutive: 

(D1 CQ ʛ1  D2 )
ʛT  = D ʛ;1

1 CQ D
ʛ

;2
1 .  

Proof.  By applying the inverse-transpose twice: 

((CQ )
ʛT)ʛT  = CQ , 

and using the definition (CQ )
ʛT  = D1 CQ ʛ1  D2 , we get 

(D1 CQ ʛ1  D2 )
ʛT  = D ʛ;1

1 CQ D
ʛ

;2
1 . 

 

 

Proposition  1.3.  Let ɚ0,...,ɚnʛ1   be  the  eigenvalues  of CQ .   Then  the  eigenvalues  of CQ ʛ1    are 

related by 

µk  = Qʛ(nʛ1)ɚnʛk,    k = 0, . . . , n ʛ 1, 

up to permutation and scaling by powers of Q. 

Proof. Using the  Q-Fourier diagonalization  CQ   =  F 1 ȿFQ   and  the  relation  CQ ʛ1      = 

D ʛ;1
1 (CQ )

ʛT Dʛ;2
1 , the eigenvalues transform as scaled reflections of the original set.          

Theorem 1.4. Let (CQ , CQ ʛ1 ) be a Hyper G-matrix pair.  Then the pair (FQ 

CQ F
1 ,  FQ CQ ʛ1  F 1 ) 

also forms a Hyper G-matrix pair with respect to suitably scaled diagonal matrices ĕ;D1 , ĕ;D2 . 
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That is, 

(FQ CQ F
1 )ʛT  = ĕ;D1 (FQ CQ ʛ1  F 1 )ĕ;D2 . 

Proof.  Since FQ  diagonalizes CQ  and CQ ʛ1 , and scaling by invertible diagonal matrices 

preserves Hyper G-relations, the conjugation by FQ  maintains the structure.                     

Corollary  1.5.  The eigenvalues of a Hyper G-pair (CQ , CQ ʛ1 ) satisfy: 

ɚʛ;k
1  = d1,k µk d2,k,    k = 0, . . . , n ʛ 1, 

where d1,k, d2,k   are the k-th diagonal entries of D1 , D2 . 

Remark 1.6.  These results show that  Q-circulant matrices naturally generate Hyper G- matrix 

pairs whose spectral properties are tightly constrained by the  Q-Fourier transform. This leads to 

potential applications in signal processing, quantum information, and cryp- tography, where 

scaled eigenvalue relations are of interest. 

 

2    Algebraic and Operatorial  Relation 

The map on CQ : 

◖(CQ ) = D ʛ;1
1 (CQ )

ʛT Dʛ;2
1

 

is an anti-automorphism, satisfying 

◖(CQ ) = CQ ʛ1 ,    ◖(◖(A)) = A. 

Lemma 2.1. For any CQ  ʘ FQ , the map ◖ is involutive: 

◖(◖(CQ )) = CQ. 

Proof. Direct computation using the definition of ◖ and the properties of D1 , D2  yields: 

◖(◖(CQ )) = D ʛ;1
1  

(
D ʛ;1

1 (CQ )
ʛTDʛ;2

1 
)ʛT 

Dʛ;2
1  = CQ. 

 
 

Proposition 2.2.  The map ◖ interacts with the  Q-shift operator PQ   as: 

◖(Pk
;Q) = Pk

;Qʛ1 ,    k = 0, . . . , n ʛ 1. 

Proof.  Since  CQ   can  be  expressed  as  a  polynomial  in  PQ ,  and  ◖  is  linear  and  anti- 

automorphic, it maps powers of PQ  to corresponding powers of PQ ʛ1 .                              

Theorem 2.3. Let (CQ , CQ ʛ1 ) be a Hyper G-matrix pair.  Then for any polynomial f ʘ C[x]: 

(◖(f(C
Q )) , f ( CQ 

) )  
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Corollary  2.4 (Spectral Invariance under ◖).  The eigenvalues of CQ   and ◖(CQ ) satisfy: 

Spec(◖(CQ )) = Spec(CQ ʛ1 ), 

up to scaling by the diagonal matrices D1 , D2 . 

Remark 2.5.  These results highlight that the anti-automorphism ◖ not only preserves the Hyper 

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

provides a deeper algebraic understanding and potential applications in designing structured 

matrices with controlled spectral properties. 

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

Signal Processing q-Fourier-based convolution; ◖ induces spectral symmetry Scaled orthogonality, energy preservation 

Quantum Information q-deformed unitary operators; ◖ preserves Hyper G-structure AʛT  = DADʛ1  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  anti- 

automorphism ◖ . 

 

3    Generalizations-Conclusions and Future Work  

The study of Q-circulant matrices and Hyper G-matrix pairs opens several avenues for further 

research: 

Å Dynamic Q-Circulants:  Investigating Q-circulant matrices with time-dependent or 

functional Q(t), which may model evolving systems in signal processing or quan- tum 

networks. 

¶ Block  Q-Circulants:   Generalizing block-structured Q-circulant matrices where each 

block can have a distinct Q, enabling more flexible modeling of multi-channel or 

multi-dimensional systems. 

Å  Classification of Hyper G Pairs:  Developing a systematic classification of Hyper G-

matrix pairs under group or algebraic structures, which could provide insight into invariant 

properties and symmetries. 

Å Determinants and q-Combinatorics: Investigating the relationship between de- 

terminants of Q-circulant matrices and q-binomial coefficients, potentially revealing 

combinatorial interpretations of spectral invariants. 
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Å  Spectral and Operator Generalizations: Extending the spectral and Q-Fourier 

analysis to more general polynomial or functional mappings, and studying how the anti-

automorphism ◖ behaves under these generalizations. 

 

This study demonstrates that: 

Å  Q-circulant matrices exhibit scale-symmetry under the inverse-transpose operation. 

Å Pairs (CQ , CQ ʛ1 ) form natural Hyper G-matrix pairs. 

Å The Q-Fourier transform is central to spectral analysis, providing diagonalization and 

eigenvalue symmetry. 

Å The anti-automorphism ◖ preserves Hyper G-structure and induces rich algebraic and 

spectral relations. 

Hence, Q-circulant matrices represent a natural q-deformed subclass of Hyper G struc- tures, 

bridging algebraic theory with potential applications in signal processing, quantum information, 

and cryptography. 

Based on the present study, several future directions are promising: 

Å Algorithmic Development: Designing efficient algorithms for Q-circulant matrix 

operations, inverses, and spectral decomposition in large-scale applications. 

Å Applications in Quantum Computing: Leveraging Hyper G-pairs and Q-Fourier 

transforms in quantum error correction and multi-qubit system modeling. 

Å Network and Graph Extensions: Extending Q-circulant structures toadjacency and 

Laplacian matrices of weighted and directed graphs, potentially introducing Hyper G-

graph pairs. 

Å Randomized Q-Circulants:  Studying statistical properties and random ensem- bles of 

Q-circulant matrices to understand typical spectral behaviors under Hyper G constraints. 

Å  Software Libraries  and Simulation:  Developing software libraries for simulation and 

visualization of Q-circulant and Hyper G structures to facilitate research and teaching. 
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LĶNEER FARK DENKLEM SĶSTEMLERĶNĶN FAZ D¦ZLEM ANALĶZĶ ¦ZERĶNE  

 

Y¿ksek Lisans ¥ĵrencisi, Bilge SARI 

Amasya Üniversitesi Fen Bilimleri Enstitüsü, bilgesari05@gmail.com 

 

ÖZET 

Bu ­alēĸmada, n-boyutlu  

                                                

1 11 1 1 1

2 21 1 2 2

1 1

( 1) ( ) ... ( ) ( )

( 1) ( ) ... ( ) ( )

.

.

.

( 1) ( ) ... ( ) ( )

n n

n n

n n nn n n

u t a u t a u t f t

u t a u t a u t f t

u t a u t a u t f t

+ = + + +

+ = + + +

+ = + + +

 

fark denklem sisteminin veya buna eĸdeĵer olarak 

 ( 1) ( ) ( ) ( )u t A t u t f t+ = +   

vektºrel denkleminin ­ºz¿mlerinin asimptotik kararlē olabilmesi i­in gereken koĸullarla ilgili 

temel sonuçlar verilecektir. Daha sonra, 2-boyutlu  

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

denklemi ele alēnēp ºzdeĵerlerinin durumuna gºre kararlē olup olmadēĵē durumlar 

incelenecektir. 

Anahtar Kelimeler : Fark denklemleri, Kararlēlēk teorisi, Faz d¿zlem analizi. 
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DENETĶMLĶ ¥ĴRENME ALGORĶTMALARI ĶLE ARIZA TAHMĶNĶ YAPILMASI 
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Balēkesir ¦niversitesi, Balēkesir Meslek Y¿ksekokulu, Elektronik ve Otomasyon Bºl¿m¿ 
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ÖZET 

End¿striyel rekabette fabrikalarēn kesintisiz ¿retim yapabilmesi hayati ºneme sahiptir. Seri 

¿retim hatlarēnda yaĸanacak herhangi bir arēza, uzun s¿reli duruĸlara yol a­arak ¿retim 

verimliliĵini ciddi ºl­¿de d¿ĸ¿rebilmektedir. Kestirimci bakēm, makine ºĵrenmesi 

algoritmalarēyla ekipman arēzalarēnē ºnceden tahmin ederek gerekli m¿dahalelerin planlē 

bakēmlar ­er­evesinde yapēlmasēna ortam hazērlar. Bu ­alēĸmada, bir gēda ¿retim iĸletmesinde 

yer alan toz niĸasta transfer sisteminde titreĸim, nem ve sēcaklēk gibi parametreler kullanēlarak 

makine ºĵrenmesi modelleri geliĸtirilmiĸtir. K-en Yakēn Komĸu (KNN), Destek Vektºr 

Makineleri (SVM), Rastgele Orman ve LightGBM gibi algoritmalarēn performanslarē 

karĸēlaĸtērēlmēĸ ve LightGBM algoritmasēnēn arēza tahmininde daha baĸarēlē bir performans 

gºsterdiĵi gºr¿lm¿ĸt¿r. Bu bulgu, kestirimci bakēma dayalē bir yaklaĸēmēn anomali 

durumlarēnē erkenden tespit ederek ¿retim verimliliĵini artērma potansiyelini a­ēk­a ortaya 

koymaktadēr. 

Anahtar Kelimeler:  Makine ¥ĵrenmesi, Denetimli ¥ĵrenme, Kestirimci Bakēm, K-en Yakēn 

Komĸu, Destek Vektºr Makineleri, Rastgele Orman, LightGBM 
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FAULT PREDICTION USING SUPERVISED LEARNING ALGORITHMS  

ABSTRACT 

In industrial competition, it is vital for factories 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 in advance, 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 at a food production facility. The performance of algorithms such as K-Nearest 

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. This finding clearly demonstrates the potential of a predictive maintenance-based 

approach to increase production efficiency by detecting anomalies early. 

Keywords: Machine Learning, Supervised Learning, Predictive Maintenance, K-Nearest 

Neighbors, Support Vector Machines, Random Forest, LightGBM 

 

1. GĶRĶķ 

¦lkemizde end¿striyel sektºrde faaliyet gºsteren iĸletmelerin rekabet g¿c¿n¿ artērmasē, 

¿retim s¿re­lerindeki verimliliĵi maksimize etme zorunluluĵunu beraberinde getirmiĸtir. 

Verimlilik, mevcut ve kēsētlē kaynaklarla daha y¿ksek ¿retim performansē sergileme yeteneĵi 

olarak tanēmlanēr. Ķĸletmeler, verimliliklerini y¿kseltmek i­in teknolojik geliĸmeleri yakēndan 

izlemeli; bu sayede hem ­ēktēyē yani kaliteli ¿r¿n sayēsēnē artērmalē hem de operasyonel 

maliyetleri minimuma indirmeyi hedeflemelidir. Bu baĵlamda, ĸirketler i­in ºncelikli hale 

gelen konu, ¿retim hatlarēnēn bakēmlarēnē etkili ve programlē bir ĸekilde yºnetecek bir bakēm 

stratejisi oluĸturmaktēr. Eĵer tesislerde bakēmlar s¿rd¿r¿lebilir bir ĸekilde uygulanmazsa, arēza 

kaynaklē plansēz duruĸlar ka­ēnēlmaz olarak artacaktēr. Bu durum zincirleme bir reaksiyonla iĸ 

g¿c¿, malzeme, enerji ve zaman a­ēsēndan b¿y¿k kayēplara neden olacaktēr. Sonu­ olarak, 

ºzellikle seri ¿retimin yapēldēĵē t¿m tesislerde, etkin ve sistematik bakēm programlarēnēn 

uygulanmasē, operasyonel s¿reklilik ve rekabet­ilik a­ēsēndan kritik bir gerekliliktir. 
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Bakēm uygulamalarē literat¿rde genel olarak iki baĸlēk altēnda deĵerlendirilmektedir. Bunlar 

d¿zeltici ve ºnleyici bakēm olarak ele alēnēr [1]. D¿zeltici bakēm, bir ekipmanē veya sistemi 

­alēĸēr duruma getirmek amacēyla yapēlan ­alēĸmalardēr. Bu tip bakēmlarda ekipman, bozulana 

kadar ­alēĸmaya devam eder ve bakēm ihtiyacē ortaya ­ēktēĵēnda m¿dahale edilir [3]. Arēza 

ger­ekleĸtiĵi s¿rece yapēlan bir bakēm olduĵu i­in dezavantajlarē mevcuttur. S¿rekli hat 

duruĸlarēna ve buna baĵlē olarak ¿retim kayēplarēna neden olmasē ile yedek par­a kullanēmēna 

baĵlē olarak artan maliyetler bunlara ºrnek gºsterilebilir. ¥nleyici bakēm, bir ekipman veya 

¿retim sisteminin arēza yaĸamadan ºnce belirli periyotlarda d¿zenli olarak yapēldēĵē bakēmdēr. 

Bu bakēmlar, iĸletmelerin yēllēk ­alēĸma takvimi dikkate alēnarak uygulanmaktadēr. Önleyici 

bakēmēn bir dezavantajē, bakēm s¿relerinin ¿retim programēna gºre planlanmasē zorunluluĵu 

ve bunun getirdiĵi maliyetlerdir; bu nedenle bakēm aralēklarēnē ¿retim takvimiyle optimize 

etmek ºnem teĸkil etmektedir [5]. Planlē ve periyodik bir bakēm t¿r¿ olduĵu i­in, kontrol ve 

bakēm noktalarē ¿retici firmalarēnēn tavsiyeleri, tecr¿beler veya MTBF (Arēzalar Arasē 

Ortalama S¿re) gibi veri analizleri aracēlēĵēyla ºnceden belirlenebilir ve bu sayede olasē bir 

yedek par­a kullanēmē olduĵunda bakēm ºncesi hazērlēĵē yapēlabilmektedir. ¥nleyici bakēm 

yaklaĸēmlarē i­erisinde deĵerlendirilen ve End¿stri 4.0 ile beraber teknolojinin geliĸmesiyle 

seri ¿retim hatlarēnda ºnemli bir yere sahip olan konu ise kestirimci bakēmdēr. Kestirimci 

bakēm, ekipman bozulmasēnē veya yaklaĸan arēzalarēn belirtisini erken tespit etmek i­in 

ger­ek zamanlē verilerin toplanmasēnē ve bu verilerin analiz edilmesini kapsayan ­alēĸmalardēr 

[2]. Bu yaklaĸēm, makine saĵlēĵēnēn ger­ek zamanlē izlenmesi ve ge­miĸ performans 

verilerine dayanarak gelecekteki arēzalarēn oluĸacaĵē zamanēn ºngºr¿lmesi prensibine dayanēr 

[3]. Bu yºnleriyle ele alēndēĵēnda kestirimci bakēmēn ºzellikle iki noktada end¿striyel 

iĸletmelere olumlu yºnde etkisi olmaktadēr. Bunlardan biri herhangi bir arēza olmadan ºnce 

kullanēcēya uyarē vermesi ve arēza oluĸmadan anomaliyi tahmin edebilmesi, diĵeri ise 

ekipmanlarēn kalan faydalē ºm¿rlerinin (Remaining Useful Life, RUL) uzamasē i­in en uygun 

bakēm zamanlarēnēn belirlenmesidir [4]. 

Kestirimci bakēm, bir ekipmana ait verilerin sürekli takibi ve bu verilerin analizi ile 

ger­ekleĸir. Bu analiz ­alēĸmasēnda sensºrler, ºl­¿m cihazlarē ya da online veri takip 

sistemleri iĸletmelerde sēklēkla kullanēlmaktadēr. Yapēlan analiz ­alēĸmalarē ile ilgili 

ekipmanēn kalan faydalē ºmr¿, üretim hatlarēnēn verimlilik oranlarē tahmin edilebilmektedir. 

Bu anomali tahmin ­alēĸmalarēnda yapay zek© destekli makine ºĵrenmesi (ML) algoritmalarē 

yaygēn olarak kullanēlmaktadēr. Makine ºĵrenmesine dayalē kestirimci bakēm modelleri 

tesislerde iĸ­ilik, yedek par­a, zaman ve enerji gibi kayēplarēn maliyetlerini minimize ederek 
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ºnemli bir konuma gelmiĸtir. ¥zellikle son dºnemde End¿stri 4.0 ile nesnelerin interneti 

(IoT) uygulamalarēnēn geliĸmesiyle hem literat¿rde hem de end¿striyel tesislerde kestirimci 

bakēm b¿y¿k ºnem kazanmēĸ ve farklē sektºrlere yºnelik bir­ok ­alēĸma yapēlmēĸtēr. Tuĵba 

Kºpr¿, yaptēĵē ­alēĸmada ¿retim hattēndan aldēĵē dºrt ayrē titreĸim verisi ile dakika baĸēna 

dºn¿ĸ devri (RPM) ve akēm verilerini kullanarak bir veri seti oluĸturmuĸtur. Bu veri setini bir 

ara y¿z programēnda destek vektºr makinalarē ve karar aĵacē algoritmalarē ile analiz etmiĸtir 

[4]. ¥zcan Armaĵan Ayan, yaptēĵē ­alēĸmada titreĸim analizi yºntemini kullanarak baca gazē 

fanēnda yaĸanan balans arēzasē ve dēĸ bilezik hasar tespitini yapmēĸtēr [6]. Erkan Sēndēr, bir 

asenkron motorun stator sēcaklēĵē, stator sargē sēcaklēĵē, titreĸim ve rulman yatak sēcaklēĵē 

verilerini PLC aracēlēĵēyla toplamēĸtēr. Elde ettiĵi bu verileri Matlab uygulamasēnda analiz 

ederek bulanēk mantēk temelli bir sistem tasarlamēĸtēr [7]. Asad Asadzade, jet motorlarēnēn 

kalan faydalē ºm¿rlerini tahmin etmek i­in NASA tarafēndan saĵlanan sim¿lasyon veri 

setlerini kullanarak akēĸ ºĵrenmeye dayalē ARF (Adaptive Random Forest) yºntemini 

uygulamēĸtēr [8]. 

2. DENEYSEL ¢ALIķMALAR  

2.1. Makine ¥ĵrenmesi 

Ķnsan doĵasē, deneyimler aracēlēĵēyla ºĵrenme ve ilerleme yeteneĵi ile karakterize edilir. 

Benzer ĸekilde, makineler de veri toplama yoluyla geliĸme kapasitesine sahiptir; bu kavrama 

makine ºĵrenimi (ML) denir. [9]. Yapay zek©nēn bir alt dalē olan makine ºĵrenmesi, akēllē 

tahmin algoritmalarē geliĸtirerek insan m¿dahalesini en aza indirmeyi ve farklē alanlarda 

ger­ekleĸen problemlerin kapsamlē analiz edilmesini ama­lar. Makine ºĵrenmesi (ML) 

yaklaĸēmlarē, y¿ksek boyutlu verileri (Big Data) iĸleme ve karmaĸēk veriler arasēndaki 

korelasyonu ger­ekleĸtirme becerisine sahiptir [10]. Bu yönleriyle ML, endüstriyel alanlarda 

kestirimci bakēm uygulamalarē i­in verimli ortam sunmaktadēr. 

Makine ºĵrenmesi, Gºrsel 1ôde gºr¿leceĵi üzere genel olarak denetimli, denetimsiz ve 

takviyeli ºĵrenme olmak ¿zere ¿­ ana baĸlēk altēnda incelenmektedir. 
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Görsel 1. Makine ¥ĵrenme Yºntemleri 

  

2.1.1. Makine ¥ĵrenmesi Aĸamalarē 

B¿y¿k veri k¿meleriyle ­alēĸan makine ºĵrenmesi algoritmalarēnēn analiz s¿reci, sistemin 

doĵru ve g¿venilir tahminler yapabilmesi i­in titizlikle izlenmesi gereken aĸamalardan oluĸur. 

Bu aĸamalar aĸaĵēdaki gibi ºzetlenebilir. 

Problemin Tanēmlanmasē: ¢alēĸmanēn ilk adēmē, makine ºĵrenmesi sistemiyle ele alēnacak 

problemin netleĸtirilmesidir. Sistemin neyi tahmin edeceĵi ve bu tahmini hangi verileri analiz 

ederek geliĸtireceĵi a­ēk­a belirlenmelidir. 

Veri Toplama: Problemle ilgili toplanan veriler farklē formatlarda -excel (xlsx) ya da 

virg¿llerle ayrēlmēĸ d¿z metin dosyalarē (csv)- olabilir. Algoritmanēn en y¿ksek doĵruluk 

skorunu elde etmesi i­in veri setinin ­eĸitli, yeterli ve anlaĸēlēr olmasē kritik ºneme sahiptir. 

Verilerin Hazērlanmasē: Toplanan verilerin tutarlē, anlamlē ve iĸlenebilir hale getirildiĵi 

aĸamadēr. Veri ºn iĸleme s¿recinde veri tabanēnda bulunan anlamsēz veya tutarsēz veriler 

­ēkarēlmalēdēr. Bu iĸlemlerden sonra kalan yorumlanabilir ve ºl­¿lebilir verilerin algoritma 

akēĸēnda belirli bir y¿zdesi (%70-%80 gibi) ºĵrenme/eĵitim adēmēnda ve geri kalan kēsmē 

(%20-%30 gibi) test yani deĵerlendirme adēmēnda kullanēlmalēdēr. 

Modelin Tespiti:  Hazērlanan veri k¿mesinin t¿r¿ne (sayēsal veya metinsel) en uygun makine 

ºĵrenmesi algoritmasēnēn belirlendiĵi adēmdēr. Makine ºĵrenmesi s¿recinde bazē modeller 

sayēsal verilerin analizinde bazēlarē ise metin tabanlē verilerin analizinde kullanēlēr [11]. Doĵru 

algoritmanēn se­imi, analiz yºnteminin etkinliĵi i­in kritik bir ºnem taĸēr. 

Modelin Eĵitimi: Se­ilen modelin, ayrēlan eĵitim verileri kullanēlarak ºĵrenmesinin 

saĵlandēĵē en kritik aĸamadēr. Modelin problemle ilgili tahmin yeteneĵi bu adēma baĵlēdēr. 

Eĵitim tamamlandēktan sonra test verileri ile bir doĵrulama yapēlēr. 
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Deĵerlendirme: Eĵitilmiĸ modelin performansēnēn test verileri (%20-%30) kullanēlarak 

ºl­¿ld¿ĵ¿ adēmdēr. Bu aĸamada elde edilen sonu­lar modelin baĸarēlē olup olmadēĵēnē 

gösterir. Sonu­ yetersizse model yeniden eĵitim aĸamasēna dºner. Sonu­lar yeterliyse, bir 

sonraki aĸamaya ge­ilir. 

Parametrelerin Ayarlanmasē: Deĵerlendirme sonu­larēnēn daha g¿venilir ve anlamlē hale 

getirilmesi i­in modelin parametrelerinde deĵiĸiklikler yapēldēĵē aĸamadēr. Ama­, yeniden 

eĵiterek modelin hassasiyetini artērmak ve hata payēnē minimize ederek ger­eĵe daha yakēn 

tahminler yapmasēnē saĵlamaktēr. 

Tahmin:  Son aĸamada, optimize edilmiĸ model problemle ilgili tahminlerde bulunur. Bu 

tahminler kullanēlarak modelin doĵruluk (accuracy), kesinlik (precision), duyarlēlēk (recall) ve 

F1 skoru gibi performans metrikleri deĵerlendirilir. 

 2.1.2. Denetimli Makine ¥ĵrenmesi 

Bu ­alēĸmada denetimli makine ºĵrenmesi kullanēlacaĵē i­in bu kapsamdaki yºntemler 

¿zerinde durulacaktēr. ML algoritmalarē, bir veri k¿mesinin her bir ºrneĵini ºznitelik olarak 

ele alēr. Bu ºzellikler ikili, kategorik veya s¿rekli olabilir. ¥rnekler etiketlenmiĸse, bu t¿r 

ºĵrenme denetimli ºĵrenme olarak adlandērēlēr [12]. Denetimli ºĵrenmede model, 

etiketlenmiĸ veriler ¿zerinden eĵitilir ve etiketlenmemiĸ veriler ¿zerinde ise test iĸlemine tabi 

tutulur. Bu tip ºĵrenme metodunda ger­eĵe yakēn tahmin yapēlabilmesi i­in regresyon ve 

sēnēflandērma yºntemleri kullanēlmaktadēr. Regresyon, s¿rekli deĵerleri (sēcaklēk, yaĸ, nem 

gibi) tahmin etmek i­in kullanēlērken; sēnēflandērma birbirinden baĵēmsēz ayrēk deĵiĸkenleri 

tahmin etmek i­in kullanēlmaktadēr. 

 

2.2. Araç ve Yöntemler 

Bu ­alēĸmada, gēda sektºr¿nde yer alan bir iĸletmenin niĸasta transfer sisteminde yaĸanan 

asenkron motor arēzalarēnēn analizi yapēlmēĸtēr. ¥ncelikle, arēzanēn yaĸandēĵē noktada bulunan 

spiral/yaprak helezon sisteminin motor ve ĸanzēman grubuna sēcaklēk ve vibrasyon deĵerlerini 

ºl­ecek akēllē sensºrler ile ortamēn sēcaklēk ve nem deĵerlerini ºl­ecek datalogger montajē 

Gºrsel 2ôde gºr¿leceĵi ¿zere yapēlmēĸtēr. 
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Görsel 2. Sēcaklēk/titreĸim ºl­er 

sensörlerin ve datalogger görünümü 

 

Smart (akēllē) sensºrlerin mevcut aĵa baĵlantēsē gerekli gateway ayarlarē yapēlarak 

saĵlanmēĸtēr. Aray¿z baĵlantē ayarlarē Gºrsel 3ôte yer almaktadēr. 

  

Görsel 3. Smart sensºrlerin baĵlantē konfig¿rasyonu 

 

Sahaya montajē yapēlan sensºrlerden belli bir zaman aralēĵēnda alēnan veriler, Gºrsel 4ôte 

gºr¿ld¿ĵ¿ gibi aray¿z programlarē aracēlēĵēyla dijital ortama transfer edilmiĸtir. 

 
Görsel 4. Ölçülen verilerin arayüz programlarēndaki grafikleri 
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Veri k¿mesinde yer alan ºzniteliklerin tanēmlarē ¢izelge 1ôde yer almaktadēr. 

 
Çizelge 1. Veri k¿mesindeki ºzniteliklerin tanēmlarē 

¥znitelik Baĸlēĵē Tanēmē 

NID Vortex Sic  ¢alēĸma ortamē sēcaklēĵē (ÁC) 

NID Vortex Nem ¢alēĸma ortamē nemi (%rH) 

MSic Motor gºvde sēcaklēĵē (ÁC) 

MVib Motor gºvde titreĸim deĵeri (mm/sn) 

RedSic Red¿ktºr gºvde sēcaklēĵē (ÁC) 

RedVib Red¿ktºr gºvde titreĸim deĵeri (mm/sn) 

 

Elde edilen bu veriler bazē algoritmalar kullanēlarak Python programēnda analiz edilmiĸtir. Bu 

­alēĸma sonucunda kullanēlan denetimli ºĵrenme yºntemlerinin performans skorlarē 

karĸēlaĸtērēlmēĸtēr. Gºrsel 5ôte ­alēĸmanēn akēĸ diyagramē yer almaktadēr. 

 

Görsel 5. ¢alēĸmanēn akēĸ diyagramē 

 

Bu ­alēĸmada altē ºznitelikten oluĸan (motor sēcaklēk, motor titreĸim, red¿ktºr sēcaklēk, 

red¿ktºr titreĸim, ortam sēcaklēk ve ortam nem) veriler K En Yakēn Komĸu, Destek Vektºr 

Makineleri, Rastgele Orman ve LightGBM gibi algoritmalar ile analiz edilerek anomali 

tahmini ile ilgili performans skorlarē karĸēlaĸtērēlmēĸtēr. Veriler, ger­ek zamanlē yaĸanan 

arēzalarēn ĸiddeti, etkisi ve onarēm/tamir s¿re­leri gºz ºn¿nde bulundurularak dºrt farklē 

sēnēfta etiketlenmiĸtir. Bu sēnēflarēn a­ēklamalarē ¢izelge 2ôde gºr¿lmektedir. 
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Çizelge 2. Modelde oluĸturulan ­ēktē tanēmlamalarē 

Class 0 Sorun yok. Her ĸey normal. 

Class 1 Kēsa duruĸ var. (0-15 dakika) 

Class 2 Uzun duruĸ yaklaĸēyor. (15-45 dakika) 

Class 3 Uzun duruĸ var. (45 dakika ve ¿zeri) 

 

¥l­¿mler sonucu elde edilen verilerin %30ôu test, %70ôi eĵitim verisi olarak ayrēlmēĸtēr. 

Gºrsel 6ôda motor titreĸim deĵerlerinin red¿ktºr titreĸim deĵerleri ile deĵiĸimine bakēlarak 

verilerin kategorize edilmesi s¿recinde iki vibrasyon deĵerinin olduk­a etkili olduĵu 

görülmektedir.  

 

Görsel 6. Motor ve red¿ktºr titreĸim daĵēlēmē [13] 

 

K-en yakēn komĸu (kNN) algoritmasē ile veriler analiz edildiĵinde Gºrsel 7ôde gºr¿len 

karēĸēklēk matrisi ve performans metrikleri elde edilmiĸtir. Bu tablo incelendiĵinde kNN 

algoritmasēnēn Class 0-1-2 (arēza yok, kēsa duruĸ, uzun duruĸ yakēn) deĵerlerini tahmin 

etmede baĸarēlē olduĵu ancak uzun duruĸlarē temsil eden Class 3 verilerinin tahmininde d¿ĸ¿k 

performans gºsterdiĵi gºr¿lm¿ĸt¿r. 
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 Görsel 7.  KNN karēĸēklēk matrisi ve performans metrikleri 

 

Destek Vektºr Makineleri (SVM) algoritmasē ile veriler analiz edildiĵinde elde edilen 

karēĸēklēk matrisi ve performans metrikleri Gºrsel 8ôde gºr¿lmektedir. Karēĸēklēk matrisi 

incelendiĵinde 0,1 ve 2 sēnēflarēna ait tahmin performansēnēn KNN algoritmasē kadar baĸarēlē 

olduĵu Class 3 verilerinde ise KNN algoritmasēna gºre ­ok daha iyi performans gºsterdiĵi 

­ēkarēmē yapēlabilmektedir. 

  

 Görsel 8.  SVM karēĸēklēk matrisi ve performans metrikleri 

 

Random Forest (RF) algoritmasēnēn karēĸēklēk matrisi ve performans metrikleri Gºrsel 9ôda 

yer almaktadēr. Karēĸēklēk matrisi incelendiĵinde RF algoritmasē, ger­ekte Class 3 sēnēfēna ait 

deĵerleri Class 2 olarak tahmin etmiĸtir. Bu yºnden bakēldēĵēnda uzun duruĸa sebep olan ve 

kritik ºneme sahip Class 3 deĵerlerinin tahmininde baĸarēlē olamamēĸtēr. Diĵer sēnēflarēn 

tahmininde baĸarēlē olduĵu gºr¿lm¿ĸt¿r. 
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 Görsel 9.  RF karēĸēklēk matrisi ve performans metrikleri 

 

Son adēmda ºl­¿mler sonucu elde edilen veriler, LightGBM algoritmasē ile analiz edilmiĸtir. 

Bu analiz ­alēĸmasēnda ilk olarak ºzniteliklerin ºnem derecesi Gºrsel 10ôda gºr¿leceĵi ¿zere 

belirlenmiĸtir. Grafik incelendiĵinde altē adet girdi parametresinin de algoritmanēn 

sēnēflandērma tahmin s¿recinde etkisi olduĵu gºr¿lmektedir. 

  

Görsel 10. LightGBM öznitelik önem derecesi          Görsel 11. LightGBM karēĸēklēk matrisi 

 

LightGBM algoritmasēnēn Gºrsel 11ôde yer alan karēĸēklēk matrisi incelendiĵinde t¿m 

sēnēflarēn tahmininde olduk­a baĸarēlē bir performans gºsterdiĵi gºr¿lmektedir. ¥zellikle, 

uzun duruĸlara sebep olan arēzalara ait deĵerleri ifade eden Class 3 verilerinin tahmininde 

diĵer algoritmalardan daha baĸarēlē bir skor elde etmiĸtir. 

¢izelge 3ôte yer alan performans tablosu ve Gºrsel 12ôdeki karĸēlaĸtērma grafiĵine 

bakēldēĵēnda LightGBM algoritmasēnēn kullanēlan modeller arasēnda en baĸarēlē skoru elde 

ettiĵi gºr¿lmektedir. 

 

 

 

Çizelge 3. Kullanēlan algoritmalarēn performans skorlarē 
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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 Forest 0.96 0.96 0.93 0.94 

LightGBM 0.99 0.99 0.99 0.99 

 

 

Görsel 12. Algoritmalarēn performans karĸēlaĸtērmasē 

Ķĸletmede yaĸanan arēzalar incelendiĵinde ºzellikle diĸli sēyērmasē ve mil aksamēndaki 

sorunlarēn uzun duruĸlara neden olduĵu gºr¿lmektedir. Bu arēzalarēn ger­ekleĸtiĵi noktalar 

Gºrsel 13ôte yer almaktadēr. Helezon milinin y¿zeyinde zamanla oluĸan deformasyon, rulman 

ile arasēnda bir boĸluk yaratmakta, oluĸan bu boĸluk da yataklama sistemini bozarak 

balanssēzlēĵa neden olmaktadēr. Benzer bir ĸekilde herhangi bir nedenden dolayē helezon 

sisteminin taĸēdēĵē mekanik y¿k¿n artēĸē ve buna baĵlē olarak helezonun sēkēĸmasē sonucu diĸli 

sēyērmasēndan kaynaklē arēzalar yaĸanmēĸtēr. 

 

 

Görsel 13. B¿y¿k duruĸlara (Class 3) neden olan diĸli ve mil arēza gºrselleri 
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3. SONU¢LAR VE DEĴERLENDĶRME  

Yapēlan ­alēĸma kapsamēnda, ¿retim hattēndaki arēzalarēn sēnēflandērēlmasē ve kullanēlan 

model performanslarēnēn analizi i­in farklē makine ºĵrenme algoritmalarē test edilmiĸtir. Elde 

edilen bulgular doĵrultusunda LightGBM algoritmasē, %99 doĵruluk oranē ile mevcut 

yºntemler arasēnda en y¿ksek tahmin performansēnē sergileyen model olmuĸtur.   

Sistemdeki mil balanssēzlēĵē ya da diĸli sēyērmasē gibi kritik mekanik arēzalar, sistemden elde 

edilen sayēsal verilerle etiketlenerek dijital ikiz mantēĵē ile modellenmiĸtir. Bu yaklaĸēmla 

birlikte, benzer veri ºr¿nt¿leri oluĸtuĵunda arēza kaynaĵē hēzlēca tespit edilerek bakēm 

ekibinin müdahale süresi minimize edilmiĸtir. Ayrēca bu kritik arēzalarēn ºnceden 

ºngºr¿lmesiyle; olasē 3 saate varan duruĸ s¿releri engellenmiĸ ve yaklaĸēk 7500 kgôlēk ¿retim 

kaybēnēn ºn¿ne ge­ilmiĸtir. Haberleĸme altyapēsēnēn optimize edilmesiyle, LightGBM 

modelinden gelen tahminlerin doĵrudan MRP (Malzeme Ķhtiya­ Planlamasē) yazēlēmēna 

aktarēlmasē planlanmaktadēr. Bu sayede, arēza ger­ekleĸmeden ºnce bakēm ekibine otomatik 

bilgilendirme gºnderilebilir. B¿y¿k veri depolama sistemleri kullanēlarak iĸletme genelinde 

kritik noktalarēn s¿rekli izlenmesi hedeflenmektedir. Bu geniĸ izleme aĵē hem iĸ g¿c¿ kaybēnē 

ºnleyecek hem de bakēm-onarēm dºng¿lerini en kēsa s¿reye indirecektir. 
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ÖZET 

Geleneksel aĵ g¿venliĵi yaklaĸēmlarē b¿y¿k ºl­¿de OSI modelinin ¿st katmanlarēna 

odaklanmēĸ, Veri Baĵlantē Katmanē (Layer 2) ise uzun s¿re g¿venilir bir katman olarak kabul 

edilmiĸtir. Ancak yerel alan aĵlarēnēn (LAN) giderek daha karmaĸēk hale gelmesi ve i­ 

tehditlerin artmasē, Layer 2 seviyesindeki protokol zafiyetlerini kritik hale getirmiĸtir. Bu 

­alēĸmada, Layer 2 katmanēnda ger­ekleĸtirilen baĸlēca saldērē t¿rleri ve bu saldērēlarēn 

kurumsal aĵ altyapēlarē ¿zerindeki etkileri kapsamlē bir ĸekilde incelenmiĸtir. VLAN Hopping, 

CAM tablo taĸmasē, ARP zehirlenmesi, DHCP manip¿lasyonu, MAC/IP sahteciliĵi ve 

Spanning Tree Protokol¿ (STP) istismarē gibi saldērēlar, aĵ trafiĵinin gizliliĵini, b¿t¿nl¿ĵ¿n¿ 

ve s¿rekliliĵini tehdit eden temel riskler olarak ele alēnmēĸtēr. ¢alēĸmanēn devamēnda, bu 

saldērēlarēn temelinde yatan tasarēmsal protokol eksiklikleri ve varsayēlan yapēlandērma 

sorunlarē analiz edilmiĸtir. Ayrēca Port Security, DHCP Snooping, Dynamic ARP Inspection, 

IP Source Guard ve STP Guard gibi switch tabanlē g¿venlik mekanizmalarē, saldērēïsavunma 

eĸleĸmesi perspektifinde deĵerlendirilmiĸtir. Elde edilen bulgular, Layer 2 g¿venliĵinin 

yalnēzca ¿st katman g¿venlik sistemleriyle saĵlanamayacaĵēnē; doĵru yapēlandērma, ºnleyici 

denetim ve b¿t¿nc¿l savunma mekanizmalarēnēn birlikte uygulanmasēnēn zorunlu olduĵunu 

gºstermektedir. Bu ­alēĸma, i­ aĵ g¿venliĵinde sēklēkla gºz ardē edilen Layer 2 katmanēna 

yönelik sistematik ve uygulanabilir bir g¿venlik ­er­evesi sunmaktadēr. 

 

Anahtar Kelimeler:  Veri Baĵlantē Katmanē (Layer 2), Protokol Zafiyeti, Aĵ trafiĵi 

 

1.GĶRĶķ 

 Kurumsal aĵ g¿venliĵi uzun yēllar boyunca aĵērlēklē olarak OSI modelinin ¿st katmanlarēnda 

konumlanan güvenlik duvarlarē, saldērē tespit sistemleri ve ĸifreleme mekanizmalarē ¿zerinden 

ele alēnmēĸtēr. Ancak bu yaklaĸēm, Veri Baĵlantē Katmanēônēn (Layer 2) geleneksel olarak 

ñg¿venilirò kabul edilmesi nedeniyle i­ aĵlarda kritik bir kºr nokta oluĸturmuĸtur. Layer 2, 

fiziksel adresleme, ­er­eveleme ve eriĸim kontrol¿ gibi temel aĵ iĸlevlerini y¿r¿tt¿ĵ¿ i­in aĵ 

mimarisinin ¿zerine inĸa edildiĵi temel katmanlardan biridir ve bu katmanda meydana gelen 

ihlaller, ­oĵu zaman ¿st katman g¿venlik mekanizmalarē tarafēndan tespit edilememektedir[9], 

[16].Yerel alan aĵlarēnēn (LAN) fiziksel olarak tek bir organizasyonun kontrol¿nde 

bulunmasē, Layer 2 protokollerinin g¿venlikten ziyade performans ve eriĸilebilirlik odaklē 

tasarlanmasēna neden olmuĸtur. Ancak g¿n¿m¿zde i­ tehditlerin artmasē, yetkisiz cihaz 
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baĵlantēlarēnēn yaygēnlaĸmasē ve saldērganlarēn i­ aĵlara eriĸim saĵlayabilmesi, bu katmanē 

doĵrudan hedef haline getirmiĸtir. VLAN Hopping, CAM tablo taĸmasē, ARP zehirlenmesi, 

DHCP manip¿lasyonu, Spanning Tree istismarē ve MAC/IP sahteciliĵi gibi saldērēlar, Layer 2 

seviyesinde ger­ekleĸtirilen ve aĵēn t¿m trafiĵini kontrol altēna alabilen baĸlēca tehditler 

arasēnda yer almaktadēr[3],[12],[14].Layer 2 saldērēlarēnēn en kritik ºzelliĵi, ­oĵunun aĵēn 

normal ­alēĸma davranēĸlarēnē taklit etmesidir. ¥rneĵin bir switchôin CAM tablosunu 

g¿ncellemesi, ARP ºnbelleĵinin yenilenmesi veya STPônin Root Bridge se­mesi protokol 

a­ēsēndan olaĵan iĸlemler olarak deĵerlendirilirken, bu s¿re­lerin saldērgan tarafēndan 

manip¿le edilmesi durumunda aĵēn gizliliĵi, b¿t¿nl¿ĵ¿ ve s¿rekliliĵi ciddi bi­imde tehlikeye 

girmektedir [13],[16]. Bu durum, Layer 2 g¿venliĵinin yalnēzca saldērē tespitiyle deĵil, aynē 

zamanda doĵru yapēlandērma ve ºnleyici mekanizmalarla saĵlanmasē gerektiĵini ortaya 

koymaktadēr.Bu ­alēĸmada, Layer 2 seviyesinde ger­ekleĸtirilen yaygēn saldērē t¿rleri 

sistematik bir ĸekilde ele alēnmakta; bu saldērēlarēn ­alēĸma mantēklarē ve aĵ ¿zerindeki 

etkileri detaylē bi­imde incelenmektedir. Ayrēca Port Security, DHCP Snooping, Dynamic 

ARP Inspection, IP Source Guard ve STP Guard gibi switch tabanlē savunma mekanizmalarē, 

saldērēïkarĸē ºnlem eĸleĸmesi perspektifinde deĵerlendirilerek g¿venli bir Layer 2 mimarisi 

oluĸturmak i­in uygulanabilir bir ­er­eve sunulmaktadēr. Bºylece ­alēĸma, i­ aĵ g¿venliĵinde 

sēklēkla gºz ardē edilen Layer 2 katmanēnē hem teorik hem de pratik yºnleriyle ele alan 

b¿t¿nc¿l bir yaklaĸēm ortaya koymayē ama­lamaktadēr[3],[10],[16]. 

 

2. OSI MODELĶNE KISA BAKIķ VE LAYER 2ôNĶN KONUMU 

2.1 OSI Katmanlarēnēn Ķĸlevsel ¥zeti 

Fiziksel Katman (Physical Layer): Fiziksel katman, verinin iletiĸim ortamē ¿zerindeki 

elektriksel veya optik yapēsēnē ve bitlerin nasēl iletileceĵini tanēmlayan en alt seviyedir. Bu 

katmanda veriler bitler (0 ve 1) halinde taĸēnēr ve bu bitlerin ēĸēk, elektrik veya radyo 

sinyallerine nasēl ­evrileceĵi kurallara baĵlanēr. Veri akēĸēnēn ger­ekleĸebilmesi i­in gºnderici 

ve alēcē taraflarēn aynē fiziksel iletim standartlarē ¿zerinde tanēmlanmēĸ olmasē zorunludur 

[8],[14]. Bu katmanda ­alēĸan donanēmlara kablolar, hublar, sinyal tekrarlayēcēlar ve RJ-45 

konnektºrler ºrnek verilebilir. Fiziksel katman, medya tipi ve sinyal boyutu gibi donanēm 

spesifikasyonlarēndan doĵrudan sorumludur[13],[14]. 

¶ Veri Baĵlantē Katmanē (Data Link Layer): Veri Baĵlantē Katmanē, fiziksel katmandan 

gelen bitleri ve aĵ katmanēndan gelen paketleri ñ­er­eveò (frame) adē verilen birimlere 

dºn¿ĸt¿rerek iletimi d¿zenler. Bu katman, aĵ ¿zerindeki cihazlarēn fiziksel adresler 

(MAC) ¿zerinden tanēmlanmasēnē ve verinin fiziksel ortamda nasēl paketleneceĵini 

belirler[8],[14]. Veri baĵlantē katmanē, Mantēksal Baĵlantē Kontrol¿ (LLC) ve Medya 

Eriĸim Kontrol¿ (MAC) olmak ¿zere iki alt katmandan oluĸur. ¢er­eveleme, eriĸim 

kontrol¿, hata denetimi ve veri hēzē yºnetimi bu katmanēn temel gºrevleri 

arasēndadēr[13],[14]. Switchler ve aĵ aray¿z kartlarē (NIC) bu katmanda gºrev yapan 

temel aĵ cihazlarēdēr[8]. 

¶ Aĵ Katmanē (Network Layer): Aĵ katmanē, verinin bir aĵdan baĸka bir aĵa iletilmesi 

sērasēnda izleyeceĵi en uygun yolun belirlendiĵi yºnlendirme katmanēdēr. Baĵlantē 

katmanēndan gelen ­er­eveler, bu aĸamada IP adresleri gibi mantēksal adresleme bilgileri 

eklenerek paketlere dºn¿ĸt¿r¿l¿r[13],[14]. Bu katman sayesinde verinin yºnlendiriciler 
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(router) aracēlēĵēyla farklē aĵ segmentleri arasēnda taĸēnmasē saĵlanēr. IP, ICMP, ARP ve 

IGMP gibi protokoller aĵ katmanēnēn iĸleyiĸinde temel rol oynar ve paketlerin nihai 

hedefe ulaĸtērēlmasēnē kontrol eder[8],[13]. 

¶ Taĸēma Katmanē (Transport Layer): Taĸēma katmanē, verinin par­alara (segmentlere) 

bºl¿nerek u­tan uca g¿venilir ĸekilde iletilmesini saĵlar. TCP protokol¿, verinin karĸē 

tarafa ulaĸēp ulaĸmadēĵēnē denetler ve iletilemeyen paketlerin tekrar gºnderilmesini garanti 

ederken; UDP protokol¿ hēz ºncelikli bir iletim sunar ancak hata kontrol¿ saĵlamaz 

[8],[14]. Bu katman, akēĸ kontrol¿ ve hata denetimi yaparak verinin b¿t¿nl¿ĵ¿n¿ ¿st 

katmanlara sunmadan ºnce korur ve uygulama katmanēndan gelen verinin segmentlere 

dºn¿ĸt¿r¿lerek aĵ katmanēna aktarēlmasēnē yºnetir[13],[14]. 

¶ Oturum Katmanē (Session Layer): Oturum katmanē, uygulamalar arasēnda iletiĸimin 

kurulmasē, yºnetilmesi ve sonlandērēlmasē s¿re­lerini koordine eder. Aynē cihazēn birden 

fazla cihazla eĸ zamanlē iletiĸim kurduĵu durumlarda doĵru verinin doĵru oturumla 

iletilmesini saĵlar [8],[14]. RPC (Uzak Prosed¿r ¢aĵrēsē) ve NetBIOS gibi protokoller bu 

katmanda ­alēĸēr. Ayrēca, iletiĸim sērasēnda oluĸabilecek kesintilerde iĸlemin kaldēĵē yerden 

devam edebilmesi i­in senkronizasyon noktalarē oluĸturur[13]. 

¶ Sunuĸ Katmanē (Presentation Layer): Sunuĸ katmanēnēn temel gºrevi, gºnderilen 

verinin alēcē cihaz tarafēndan anlaĸēlabilir bir formata dºn¿ĸt¿r¿lmesini saĵlamaktēr. Bu 

aĸamada veri ĸifreleme, ĸifre ­ºzme ve sēkēĸtērma iĸlemleri ger­ekleĸtirilerek hem 

g¿venlik hem de verimlilik saĵlanēr [8],[14]. JPEG, MP3, AVI ve HTML gibi veri temsil 

bi­imleri bu katmanēn standartlarē arasēnda yer alēr. Farklē iĸletim sistemleri ve 

uygulamalarēn ortak bir veri formatēnda haberleĸebilmesi bu katman sayesinde m¿mk¿n 

olur[8],[13]. 

¶ Uygulama Katmanē (Application Layer): Uygulama katmanē, kullanēcēlara ve uygulama 

yazēlēmlarēna aĵ servisleri sunan ve kullanēcēya en yakēn olan katmandēr. Web tarayēcēlarē, 

e-posta istemcileri ve dosya aktarēm uygulamalarē doĵrudan bu katman ¿zerinden ­alēĸēr 

[8],[14]. HTTP, FTP, SMTP, DNS ve DHCP gibi yaygēn protokoller bu seviyede iĸlev 

gºr¿r. OSI modelindeki diĵer katmanlardan farklē olarak, uygulama katmanē kendisinden 

baĸka bir ¿st katmana servis saĵlamaz ve kullanēcēnēn aĵ ¿zerindeki t¿m etkileĸimlerini 

doĵrudan yºnetir [13],[14]. OSI katmanē ve bu katmanda ­alēĸan temel protokoller ve 

cihazlar ķekil 1ôde gºsterilmektedir. 
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Görsel 1. OSI Katmanlarē ve Protokol ¥rnekleri Diyagramē. Kaynak: Anonim, t.y. (Eriĸim tarihi: 3 

ķubat 2026). 

 2.2 Veri Baĵlantē Katmanēnēn (Layer 2) Aĵ Trafiĵindeki Rol¿ 

Veri Baĵlantē Katmanē, aĵdaki cihazlarē benzersiz fiziksel MAC adresleri ¿zerinden 

tanēmlayarak aralarēndaki veri alēĸveriĸini yºnetir. Bu katman, fiziksel katmandan gelen bitleri 

anlamlē ­er­evelere dºn¿ĸt¿r¿rken aynē zamanda veri akēĸ kontrol¿ ve hata denetimi 

görevlerini de üstlenir[13],[14]. 

Geleneksel olarak yerel alan aĵlarēnēn (LAN) tek bir organizasyonun fiziksel kontrol¿ altēnda 

olmasē nedeniyle Layer 2 uzun s¿re ñg¿venilir bir katmanò olarak kabul edilmiĸtir. Ancak 

taĸēma ve uygulama katmanlarēnēn bu katmana tam g¿venle dayanmasē, zamanla Layer 2ôyi 

aĵ mimarisinin en kritik g¿venlik a­ēĵē haline getirmiĸtir[9],[10]. 

Bu katmanda ger­ekleĸen bir ihlal, ¿st seviyedeki g¿venlik duvarlarē veya ĸifreleme 

mekanizmalarē tarafēndan fark edilmeden t¿m trafiĵin sēzmasēna neden olabilir. Bu nedenle 

Layer 2, yalnēzca aĵ trafiĵinin teslimatēndan sorumlu bir katman deĵil, aynē zamanda t¿m 

hiyerarĸik aĵ yapēsēnēn ¿zerine inĸa edildiĵi temel yapē olarak deĵerlendirilmektedir[5],[16]. 

 

3. LAYER 2 ¢ALIķMA MANTIĴI VE TEMEL BĶLEķENLERĶ 

3.1 Switchôler, VLAN Yapēsē ve MAC Adres ¥ĵrenme Mantēĵē 

Ķkinci katmanēn temel taĸē olan switchler (anahtarlayēcēlar), gelen ­er­evelerin kaynak MAC 

adreslerini inceleyerek hangi cihazēn hangi fiziksel portta olduĵunu ºĵrenir. Bu bilgiler, 

fiziksel portlar ile MAC adreslerini eĸleĸtiren ve Ķ­erik Adreslenebilir Bellek (CAM) adē 

verilen sabit boyutlu bir tabloda saklanēr[12],[16]. Switch, hedef MAC adresini kendi 

tablosunda bulamazsa, çerçeveyi ilgili VLAN içindeki tüm portlara yayarak (flooding) hedefi 
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bulmaya ­alēĸēr. VLAN (Sanal Yerel Alan Aĵē) teknolojisi ise fiziksel bir aĵē mantēksal 

bºl¿mlere ayērarak yayēn alanlarēnē (broadcast domain) sēnērlandērēr ve aĵ trafiĵinin izole 

edilmesini saĵlar[3][14]. Switchler arasēndaki VLAN trafiĵini otomatikleĸtirmek i­in 

Dinamik Trunking Protokol¿ (DTP) gibi yºnetimsel protokoller kullanēlmakta olup, bu yapē 

b¿y¿k aĵlarda yºnetim kolaylēĵē saĵlar[16]. 

 

3.2 ARP ve DHCPônin Layer 2 ¦zerindeki Ķĸlevi 

Adres Çözümleme Protokolü (ARP), 32 bitlik IP adreslerini 48 bitlik fiziksel MAC 

adresleriyle eĸleĸtirerek Katman 2 ile Katman 3 arasēnda kritik bir köprü görevi görür. Bir 

cihaz hedefin MAC adresini bilmiyorsa aĵa bir ARP isteĵi yayēnlar ve hedef cihaz fiziksel 

adresini i­eren bir yanēt dºnd¿r¿r [2],[14]. Bu eĸleĸmeler, iletim performansēnē artērmak 

amacēyla cihazlarēn ARP ºnbelleĵinde (cache) belirli bir s¿re saklanēr. Dinamik Ana 

Bilgisayar Yapēlandērma Protokol¿ (DHCP) ise, aĵa katēlan cihazlara IP adresi, aĵ ge­idi ve 

DNS gibi yapēlandērma bilgilerini otomatik olarak atayan ve Layer 2 ­er­eveleri i­inde 

­alēĸan bir protokold¿r[1]. DHCP s¿reci; keĸif (discover), teklif (offer), istek (request) ve 

onay (acknowledge) adēmlarēndan oluĸan dºrt aĸamalē bir mesaj deĵiĸimiyle 

ger­ekleĸtirilir[16]. 

 

3.3 STP gibi Temel Yºnetim Protokollerinin G¿venlikle Ķliĸkisi 

Spanning Tree Protokolü (STP), anahtarlanmēĸ aĵlarda yedekli baĵlantēlarēn neden olduĵu 

sonsuz dºng¿leri (loop) ve yayēn fērtēnalarēnē ºnlemek amacēyla geliĸtirilmiĸtir. Protokol, 

cihazlar arasēnda Kºpr¿ Protokol¿ Veri Birimi (BPDU) paketleri deĵiĸ tokuĸu yaparak bir 

ñKºk Kºpr¿ò (Root Bridge) se­er ve dºng¿ oluĸturabilecek portlarē otomatik olarak 

bloklar[1],[9]. Ancak STP, doĵasē gereĵi herhangi bir kimlik doĵrulama mekanizmasēna sahip 

deĵildir. Bu durum, bir saldērganēn sahte BPDU paketleri yayēnlayarak kendisini aĵēn merkezi 

kºpr¿s¿ olarak tanētmasēna ve t¿m trafiĵi kendi ¿zerinden ge­irmesine imk©n saĵlar.[6],[14]. 

 

4. LAYER 2 SALDIRI T¦RLERĶ VE G¦VENLĶK A¢IKLARI 

 

Veri Baĵlantē Katmanē (Layer 2), aĵēn ñg¿venilirò olduĵu varsayēmē ¿zerine inĸa edildiĵinden, 

bu katmana yºnelik saldērēlar genellikle kimlik doĵrulama eksikliklerinden ve protokollerin 

tasarēmsal zafiyetlerinden yararlanēr. Saldērganlar yerel aĵa (LAN) fiziksel ya da kablosuz 

eriĸim saĵladēktan sonra, trafiĵi dinlemek, deĵiĸtirmek veya hizmet dēĸē bērakmak amacēyla 

­eĸitli teknikler uygulayabilirler[14]. 

 

4.1 CAM Table Flooding (MAC Adres Taĸmasē) 

Anahtarlayēcēlar (switch), aĵ trafiĵini doĵru portlara yºnlendirmek i­in kaynak MAC 

adreslerini ve ilgili port bilgilerini Ķ­erik Adreslenebilir Bellek (CAM) tablolarēnda tutar. Bu 

tablolar donanēm kapasitesiyle sēnērlēdēr ve giriĸ seviyesi cihazlarda olduk­a d¿ĸ¿k boyutlara 

sahip olabilir[3],[16]. Saldērgan, macof gibi ara­lar kullanarak saniyeler i­inde binlerce sahte 

MAC adresi ¿retip switchôe gºnderdiĵinde, CAM tablosu tamamen dolar ve cihaz yeni gelen 

meĸru adresleri ºĵrenemez h©le gelir. Bu durumda switch ñfail-openò moduna ge­erek bir hub 

gibi davranēr ve hedefi bilinmeyen trafiĵi ilgili VLANôdaki t¿m portlara yayar[13],[14]. Bu 
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durum saldērgana pasif trafik dinleme (sniffing) imk©nē saĵladēĵē gibi, aynē zamanda aĵ 

performansēnē ciddi bi­imde d¿ĸ¿ren bir Hizmet Dēĸē Bērakma (DoS) etkisi oluĸturur[3],[9]. 

CAM/MAC Flooding temel ­alēĸma mantēĵē ķekil 2ôde gºsterilmiĸtir.  

 

 
Görsel 2. Bir aĵ anahtarēna (switch) yºnelik MAC flooding saldērēsēnēn iĸleyiĸ mekanizmasē. Kaynak: 

Anonim, t.y. (Eriĸim tarihi: 3 ķubat 2026). 

 

4.2 ARP Spoofing / Poisoning (ARP Zehirlenmesi) 

Adres ¢ºz¿mleme Protokol¿ (ARP), IP adreslerini MAC adresleriyle eĸleĸtirmek için 

kullanēlēr ancak durumsuz (stateless) yapēsē nedeniyle g¿venlik zafiyetine sahiptir. Cihazlar, 

herhangi bir istek gºndermemiĸ olsalar bile gelen ARP yanētlarēnē kabul ederek ºnbelleklerini 

g¿ncellerler [2]. Bu zafiyetten yararlanan saldērgan, kurban cihazlara sahte ARP yanētlarē 

gºndererek kendisini aĵ ge­idi gibi tanētabilir. Aynē ĸekilde aĵ ge­idine de kurbanēn MAC 

adresini gºndererek ­ift yºnl¿ bir zehirlenme oluĸturur[14,][16]. Bu saldērē sonucunda, kurban 

ile aĵ ge­idi arasēndaki t¿m trafik saldērganēn cihazē ¿zerinden akar ve bu durum Ortadaki 

Adam (Man-in-the-Middle ï MITM) saldērēlarēnēn temelini oluĸturur[3],[8]. 

 

4.3 DHCP Starvation ve Rogue DHCP Saldērēlarē 

DHCP saldērēlarē genellikle iki aĸamada ger­ekleĸir. Ķlk aĸamada, saldērgan sahte MAC 

adresleri kullanarak DHCP sunucusuna ­ok sayēda IP kiralama isteĵi gºnderir ve IP 

havuzunun tamamen t¿kenmesine neden olur. Bu durum, meĸru kullanēcēlarēn IP alamamasēna 

yol a­an bir DoS saldērēsēdēr[3],[14]. Ķkinci aĸamada saldērgan, aĵda sahte bir DHCP sunucusu 

(Rogue DHCP) kurarak istemcilere kendi belirlediĵi IP, DNS ve aĵ ge­idi bilgilerini daĵētēr. 

Kurbanlar yanlēĸ aĵ ge­idi bilgisi nedeniyle t¿m trafiĵi saldērgan ¿zerinden yºnlendirir ve bu 

da trafik izleme veya yºnlendirme saldērēlarēna zemin hazērlar[3],[16]. DHCP Saldērēlarēnēn 

mantēĵē ve temel ­alēĸma prensibi ķekil 3ôde gºsterilmiĸtir. 
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Görsel 3. DHCP Starvation (DHCP A­ bērakma) saldērēsēnēn iĸleyiĸi ve IP adresi havuzunun 

tüketilmesi süreci. Kaynak: Anonim, t.y. (Eriĸim tarihi: 3 ķubat 2026). 

 

4.4 MAC / IP Spoofing (Kimlik Sahteciliĵi) 

MAC sahteciliĵi, saldērganēn aĵ aray¿z kartēnēn MAC adresini yetkili bir cihazēn adresiyle 

deĵiĸtirmesiyle ger­ekleĸtirilir. Bu yºntem, port g¿venliĵi veya MAC filtreleme gibi eriĸim 

kontrol mekanizmalarēnē aĸmak i­in yaygēn olarak kullanēlēr[3],[16]. IP sahteciliĵinde ise 

saldērgan, kaynak IP adresini deĵiĸtirerek g¿venilir bir aĵdan geliyormuĸ izlenimi yaratēr. IP 

ve MAC sahteciliĵinin birlikte kullanēlmasē durumunda saldērgan, baĸka bir kullanēcēnēn 

kimliĵini tamamen taklit ederek yetkisiz aĵ kaynaklarēna eriĸebilir[3][13]. 

 

4.5 VLAN Hopping (VLAN Sē­rama) 

VLAN Hopping, saldērganēn bulunduĵu VLAN dēĸēndaki diĵer VLANôlara ait trafiĵe 

eriĸmesini saĵlayan bir tekniktir. Bu saldērē iki temel yºntemle ger­ekleĸtirilir. Switch 

Spoofing yºnteminde saldērgan, Dinamik Trunking Protokol¿ (DTP) paketlerini manip¿le 

ederek kendisini bir switch gibi tanētēr ve baĵlē olduĵu portu trunk moduna ge­meye zorlar. 

Bu durumda saldērgan, t¿m VLANôlarēn trafiĵine eriĸebilir; [3],[14]. Double Tagging 

yºnteminde ise saldērgan, pakete iki adet 802.1Q VLAN etiketi ekler. Ķlk switch dēĸ etiketi 

kaldērēr, ikinci switch ise i­ etiketi okuyarak paketi saldērganēn normalde eriĸemeyeceĵi 

VLANôa iletir. Bu saldērē tek yºnl¿d¿r ve saldērganēn Native VLAN ¿zerinde olmasēnē 

gerektirir[3],[16]. VLAN Hopping mekanizmasēnda ­ift VLAN etiketi temel mantēĵē ķekil 

4ôde gºsterilmiĸtir. 
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Görsel 4. ¢ift etiketleme (double tagging) yºntemiyle ger­ekleĸtirilen bir VLAN hopping saldērēsēnēn 

teknik ĸemasē. (Kaynak: Anonim, Eriĸim tarihi: 3 ķubat 2026). 

 

4.6 STP Manipülasyonu 

Spanning Tree Protokol¿ (STP), kimlik doĵrulama mekanizmasē i­ermediĵi i­in saldērēlara 

a­ēktēr. Saldērgan, sahte BPDU paketleri gºndererek kendi cihazēnēn ºncelik deĵerini mevcut 

kºk kºpr¿den daha d¿ĸ¿k gºsterebilir[6],[9]. STP algoritmasē gereĵi en d¿ĸ¿k ºncelik 

deĵerine sahip cihaz Root Bridge se­ildiĵinden, saldērgan bu rol¿ ele ge­irdiĵinde aĵēn 

mantēksal topolojisi yeniden ĸekillenir ve t¿m trafik saldērganēn cihazē ¿zerinden 

yönlendirilir[14]. 

 

5. LAYER 2 G¦VENLĶK MEKANĶZMALARI VE SAVUNMA YAKLAķIMLARI 

 

Layer 2 saldērēlarēna karĸē savunma, switchôlerin varsayēlan davranēĸlarēnē deĵiĸtiren ve aĵ 

trafiĵini daha sēkē denetleyen g¿venlik ºzelliklerinin etkinleĸtirilmesine dayanēr. Bu 

mekanizmalar, ºzellikle kimlik doĵrulama eksikliĵi bulunan protokollerden kaynaklanan 

zafiyetleri azaltmayē hedefler[16]. 

 

5.1 Port Security (Port G¿venliĵi) 

Port G¿venliĵi, bir switch portuna baĵlanabilecek cihazlarēn MAC adreslerini sēnērlandērarak 

CAM tablosu taĸmasē ve MAC sahteciliĵi saldērēlarēnē ºnler. Yºneticiler, bir port i­in izin 

verilen maksimum MAC adresi sayēsēnē belirleyebilir ve bu adresleri statik olarak 

tanēmlayabilir ya da sticky ºzelliĵi ile switchôin dinamik olarak ºĵrenip kaydetmesini 

saĵlayabilirler [3],[14]. Bir ihlal durumunda, yani izin verilmeyen bir MAC adresi 

algēlandēĵēnda veya belirlenen limit aĸēldēĵēnda, port farklē tepkiler verebilir. Shutdown modu 

portu tamamen kapatērken, restrict modu paketleri d¿ĸ¿r¿p log kaydē oluĸturur; protect modu 

ise paketleri sessizce engeller[3]. 

 

5.2 DHCP Snooping (DHCP Gözetleme) 

DHCP Snooping, sahte DHCP sunucularēna karĸē koruma saĵlamak amacēyla switch portlarēnē 

ñg¿venilirò ve ñg¿venilmezò olarak sēnēflandērēr. G¿venilir portlardan gelen t¿m DHCP 

mesajlarēna izin verilirken, kullanēcē portlarē olarak tanēmlanan g¿venilmez portlardan gelen 
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DHCP sunucu yanētlarē engellenir[14],[16]. Bu ºzellik ayrēca baĸarēlē DHCP iĸlemlerini 

izleyerek IP, MAC, VLAN ve port bilgilerinden oluĸan bir DHCP Snooping Binding Table 

oluĸturur. Bu tablo, diĵer Layer 2 g¿venlik mekanizmalarē i­in temel bir referans noktasē 

olarak kullanēlēr[3]. 

 

5.3 Dynamic ARP Inspection (DAI) 

Dynamic ARP Inspection (DAI), ARP zehirlenmesi saldērēlarēnē ºnlemek amacēyla aĵdaki t¿m 

ARP paketlerini denetler. Bu mekanizma, DHCP Snooping tarafēndan oluĸturulan baĵlama 

tablosunu referans alarak ARP paketlerindeki IPïMAC eĸleĸmelerini doĵrular [3],[16].Eĵer 

gelen bir ARP paketi veritabanēndaki bilgilerle uyuĸmuyorsa, switch bu paketi d¿ĸ¿r¿r ve 

sahte ARP yanētlarēnēn aĵa yayēlmasēnē engeller. Statik IP kullanan cihazlar i­in bu 

mekanizma, manuel olarak yapēlandērēlmēĸ ARP eriĸim kontrol listeleriyle 

desteklenebilir[3],[14]. 

 

5.4 IP Source Guard (IP Kaynak Korumasē) 

IP Source Guard, IP sahteciliĵini ºnlemek i­in kullanēlan bir Layer 2 filtreleme 

mekanizmasēdēr. Bu ºzellik, DHCP Snooping veritabanēnē kullanarak her porttan gelen IP 

paketlerinin kaynak IP (ve isteĵe baĵlē olarak MAC) adresini denetler [3],[9]. Bir porttan 

gelen paketin kaynak IP adresi, o port i­in tanēmlē adresle eĸleĸmiyorsa switch bu paketi 

engeller. Bu sayede saldērganlarēn baĸkasēna ait IP adreslerini kullanarak trafiĵi taklit etmesi 

veya DoS saldērēlarē ger­ekleĸtirmesi ºnlenir[3],[16]. 

 

5.5 STP Guard Mekanizmalarē 

STPônin kararlēlēĵēnē korumak ve topoloji manip¿lasyonlarēnē engellemek amacēyla ­eĸitli 

koruma mekanizmalarē geliĸtirilmiĸtir. BPDU Guard, PortFast ºzelliĵi etkin olan u­ kullanēcē 

portlarēna BPDU paketi geldiĵinde, bu portu otomatik olarak error-disabled durumuna alarak 

yetkisiz switch baĵlantēlarēnē engeller[14]. Root Guard ise, belirli portlardan gelen ve mevcut 

Root Bridgeôden daha iyi ºncelik deĵerine sahip BPDUôlarē yok sayar. Bu port root-

inconsistent durumuna alēnarak saldērganēn Root Bridge rol¿n¿ ele ge­irmesi ºnlenir[6]. 

 

5.6 ARP Entry Limit ve Strict ARP Learning  

ARP tabanlē DoS saldērēlarēna ve kaynak t¿ketimine karĸē, cihazlarēn ARP tablolarēna 

ekleyebileceĵi girdi sayēsē sēnērlandērēlabilir. Bazē ¿reticiler tarafēndan uygulanan Strict ARP 

Learning yaklaĸēmē, cihazēn yalnēzca kendi gºnderdiĵi ARP isteklerine karĸēlēk gelen ARP 

yanētlarēnē ºĵrenmesine izin verir[2]. Bu sayede saldērganēn gºnderdiĵi istenmeyen 

(gratuitous veya unsolicited) ARP paketleri iĸlenmez ve ARP ºnbelleĵinin zehirlenmesi etkili 

biçimde engellenir[3]. 

 

6. SONU¢LAR VE DEĴERLENDĶRME 

 

Bu ­alēĸmada, OSI modelinin Layer 2 seviyesinde ortaya ­ēkan g¿venlik a­ēklarē ve bu 

a­ēklarēn kurumsal aĵlar ¿zerindeki etkileri kapsamlē bir ĸekilde ele alēnmēĸtēr. Geleneksel 

g¿venlik yaklaĸēmlarēnēn b¿y¿k ºl­¿de ¿st katmanlara odaklanmasē, Layer 2ônin uzun s¿re 



TROIA 3RD INTERNATIONAL CONFERENCE ON APPLIED SCIENCES 

February 27 ï 28, 2026 ï CANAKKALE  

ISBN NR: 978-625-5694-84-3 

 

66 
 

ñg¿venilirò kabul edilmesine yol a­mēĸ; ancak yapēlan incelemeler, bu katmanēn saldērganlar 

i­in kritik bir hedef haline geldiĵini a­ēk­a gºstermiĸtir. VLAN Hopping, CAM tablo taĸmasē, 

ARP zehirlenmesi, DHCP manip¿lasyonu, MAC/IP sahteciliĵi ve STP istismarē gibi saldērēlar, 

aĵ trafiĵinin gizliliĵini, b¿t¿nl¿ĵ¿n¿ ve s¿rekliliĵini doĵrudan tehdit eden temel riskler olarak 

ºne ­ēkmaktadēr. 

¢alēĸmada sunulan analizler, Layer 2 saldērēlarēnēn b¿y¿k bºl¿m¿n¿n protokollerin tasarēm 

gereĵi g¿venlik mekanizmalarē i­ermemesi veya varsayēlan yapēlandērmalarēn yetersiz olmasē 

nedeniyle m¿mk¿n hale geldiĵini ortaya koymuĸtur. ¥zellikle switchôlerin varsayēlan 

davranēĸlarē, saldērganlar tarafēndan istismar edilerek aĵ topolojisinin yeniden 

ĸekillendirilmesine, trafiĵin pasif veya aktif olarak izlenmesine ve hizmet dēĸē bērakma 

saldērēlarēnēn ger­ekleĸtirilmesine olanak tanēmaktadēr. Bu durum, Layer 2 g¿venliĵinin 

yalnēzca saldērē tespitiyle deĵil, doĵru yapēlandērma ve ºnleyici mekanizmalarla saĵlanmasē 

gerektiĵini a­ēk­a gºstermektedir. 

Bu baĵlamda, Port Security, DHCP Snooping, Dynamic ARP Inspection, IP Source Guard ve 

STP Guard gibi switch tabanlē savunma mekanizmalarēnēn birlikte ve b¿t¿nc¿l ĸekilde 

uygulanmasēnēn, Layer 2 seviyesindeki saldērēlarēn b¿y¿k bºl¿m¿n¿ etkin bi­imde 

engelleyebileceĵi ortaya konmuĸtur. Saldērēïsavunma eĸleĸmesi perspektifinde 

deĵerlendirildiĵinde, bu mekanizmalarēn birbirini tamamlayan bir güvenlik zinciri 

oluĸturduĵu ve tek baĸēna uygulanmalarēna kēyasla birlikte kullanēldēklarēnda ­ok daha y¿ksek 

koruma saĵladēĵē gºr¿lm¿ĸt¿r. 

Sonu­ olarak, Layer 2 g¿venliĵi, modern aĵ mimarilerinde gºz ardē edilmemesi gereken temel 

bir güvenlik katmanē olarak deĵerlendirilmelidir. Bu ­alēĸmada sunulan sistematik yaklaĸēm, 

aĵ yºneticilerine ve g¿venlik uzmanlarēna, i­ aĵlarēn yapēlandērma temelli saldērēlara karĸē 

g¿­lendirilmesi i­in uygulanabilir bir referans ­er­evesi sunmaktadēr. Gelecek ­alēĸmalarda, 

bu mekanizmalarēn yazēlēm tanēmlē aĵlar (SDN) ve bulut tabanlē altyapēlar ¿zerindeki 

etkilerinin incelenmesi, Layer 2 g¿venliĵinin daha geniĸ ºl­ekli ortamlara uyarlanmasē 

a­ēsēndan ºnemli bir araĸtērma alanē olarak deĵerlendirilebilir. 
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ÖZET 

Ger­ek zamanlē ses iletiminin uzaktan izleme, askeri ve saĵlēk sistemlerinde yaygēnlaĸmasē, 

d¿ĸ¿k gecikmeli ve y¿ksek g¿venlikli ĸifreleme yºntemlerine olan ihtiyacē belirgin bi­imde 

artērmēĸtēr. Bu ­alēĸmada ses sinyallerinin iki boyutlu gºr¿nt¿ matrislerine dºn¿ĸt¿r¿lerek 

Arnold Cat Map (ACM) ile perm¿tasyona uĵratēldēktan sonra, yapay sinir aĵē (YSA) destekli 

dinamik kaotik bir sistemle ĸifrelenmesiyle u­tan uca g¿venli bir iletiĸim protokol¿ 

önerilmektedir. Temel yenilik, kaotik difüzyon sürecine entegre edilen Softmax tabanlē hibrit 

aktivasyon mekanizmasēdēr. Standart KAF, Mish ve Sine aktivasyon fonksiyonlarēnēn 

performanslarē; konuĸma, beyaz g¿r¿lt¿, ­ok d¿ĸ¿k frekanslē atēmlar, kare dalgalar ve 

sessizlik i­eren 10 farklē zorlu ses profili ¿zerinde test edilmiĸtir. Deneysel bulgular, KAF 

fonksiyonunun yüksek entropili gürültü sinyallerinde NIST SP 800-22 Blok Frekans testinden 

kaldēĵēnē (p=0.0038), Mish fonksiyonunun y¿ksek genlikli saturasyon (kare dalga) verisinde 

baĸarēsēz olduĵunu (p=0.0069) ve Sine fonksiyonunun sabit/sessiz verilerde periyodik 

dºng¿ye girerek ĸifreleme ºzelliĵini yitirdiĵini gºstermiĸtir. Geliĸtirilen Hibrit model ise 

girdiden ­ēkarēlan ºznitelikler doĵrultusunda bileĸen aĵērlēklarēnē dinamik olarak ayarlayarak 

bu zafiyetleri tamamen ortadan kaldērmēĸtēr. NIST Full Pack kapsamēndaki 15 testin (162/162 

alt parametre) tamamēndan sēfēr hata ile ge­miĸtir. Sistemin ¿rettiĵi ĸifreli verilerin ortalama 

entropisi 7.999'a ulaĸmēĸ, NPCR %99.60, UACI %33.42 seviyelerinde ger­ekleĸerek 

diferansiyel saldērēlara karĸē mutlak diren­ saĵlanmēĸtēr. Sonu­lar, ºnerilen hibrit aktivasyon 

fonksiyonunun hesaplama hēzēndan bir miktar feragat ederek, tek baĸēna kullanēlan 

fonksiyonlara kēyasla evrensel (veri baĵēmsēz) ve ¿st¿n bir g¿venlik sunduĵunu ortaya 

koymaktadēr.  

Anahtar Kelimeler:  Kaotik ĸifreleme, ses g¿venliĵi, hibrit aktivasyon fonksiyonu, Arnold 

Cat Map, NIST 800-22 
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KRONĶK AKCĶĴER HASTALIKLARDA TIMED UP AND GO TESTĶ: 

FONKSĶYONEL DEĴERLENDĶRMENĶN KLĶNĶK ROL¦ 

 

Doktora ¥ĵrencisi, Zeynep Betül ÖZCAN 

Saĵlēk Bilimleri ¦niversitesi, zbetulozcan@gmail.com- ORCID: 0000-0003-1788-7755 

ÖZET 

Kronik akciĵer hastalēklarē, yalnēzca pulmoner fonksiyonlarē deĵil; bireylerin g¿nl¿k yaĸam 

aktivitelerini, fiziksel performansēnē ve baĵēmsēzlēĵēnē da olumsuz etkileyerek ºnemli bir 

klinik y¿k oluĸturmaktadēr. Timed Up and Go (TUG) testi, kronik akciĵer hastalarēnda 

mobilite, denge, d¿ĸme riski ve kērēlganlēĵēn deĵerlendirilmesinde pratik ve uygulanabilir bir 

ölçüm aracē olarak giderek daha fazla kullanēlmaktadēr. ¥zellikle Kronik Obstr¿ktif Akciĵer 

Hastalēĵē (KOAH), pulmoner fibrozis ve pulmoner hipertansiyon hastalarēnda, 6 dakika 

y¿r¿me testi gibi daha uzun ve uygulamasē gºrece zor fonksiyonel testlere alternatif ya da 

tamamlayēcē bir deĵerlendirme yºntemi olarak ºne ­ēkmaktadēr. Bu derlemenin amacē, kronik 

pulmoner hastalēklarda TUG testinin fonksiyonel deĵerlendirmedeki yerini, klinik kullanēm 

alanlarēnē ve mevcut literat¿r ēĸēĵēnda prognostik ve izlemdeki potansiyel rolünü 

deĵerlendirmektir. Bu kapsamda PubMed, TRDizin ve Cochrane Library veri tabanlarēnda 

ñlung diseaseò ve ñTimed Up and Goò anahtar kelimeleri kullanēlarak literat¿r taramasē 

yapēlmēĸtēr. Arama, son beĸ yēl i­erisinde yayēmlanan, Ķngilizce dilinde randomize kontrollü 

­alēĸmalarla sēnērlandērēlmēĸtēr. Tarama sonucunda TRDizinôde 8, PubMedôde 22 ve Cochrane 

Libraryôde 8 ­alēĸma belirlenmiĸ; tekrarlayan ­alēĸmalarēn elenmesiyle toplam 18 ­alēĸma 

deĵerlendirmeye alēnmēĸtēr. Tam metin incelemesi sonrasē dahil edilme kriterlerini karĸēlayan 

3 ­alēĸma analize dahil edilmiĸtir. Bu ­alēĸmalarēn tamamē randomize kontroll¿ prospektif 

tasarēma sahip olup, ikisi KOAH, biri ise COVID-19 sonrasē dºnem hastalarēnē 

kapsamaktadēr. Sonu­ olarak, mevcut kanētlar TUG testinin kronik akciĵer hastalēklarda 

fonksiyonel deĵerlendirmede pratik ve uygulanabilir bir ara­ olduĵunu gºstermektedir. 

Ancak, mevcut ­alēĸmalarēn b¿y¿k ºl­¿de KOAH ve COVID-19 sonrasē dºnem hastalarēyla 

sēnērlē olmasē ve diĵer kronik akciĵer hastalēklara iliĸkin verilerin yetersizliĵi, bu testin klinik 

kullanēm alanlarēnēn daha geniĸ hasta gruplarēnda doĵrulanmasē gerekliliĵini ortaya 

koymaktadēr. 

Anahtar Kelimeler :  Akciĵer hastalēklarē, zamanlē kalk y¿r¿ testi, fonksiyonel deĵerlendirme 
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1. GĶRĶķ   

Kronik akciĵer hastalēklarē, d¿nya genelinde ºnemli morbidite ve mortalite nedenleri arasēnda 

yer almakta olup, ºzellikle Kronik Obstr¿ktif Akciĵer Hastalēĵē (KOAH), interstisyel akciĵer 

hastalēklarē ve pulmoner hipertansiyon gibi durumlar, progresif solunum kēsētlēlēĵēna ve 

sistemik etkilenime yol a­maktadēr. KOAHôēn k¿resel olarak ¿­¿nc¿ en sēk ºl¿m nedeni 

olduĵu bildirilmiĸ ve hastalēĵēn yalnēzca pulmoner fonksiyonlarē deĵil, kas-iskelet sistemi, 

kardiyovask¿ler sistem ve genel fiziksel performansē da etkilediĵi vurgulanmēĸtēr [1]. 

Kronik akciĵer hastalarēnda egzersiz intoleransē; ventilatuvar kēsētlēlēk, gaz deĵiĸim bozukluĵu, 

periferik kas disfonksiyonu ve sistemik inflamasyon gibi çok faktörlü mekanizmalarla 

iliĸkilidir. Bu durum, g¿nl¿k yaĸam aktivitelerinde kēsētlanmaya, d¿ĸme riskinde artēĸa ve 

kērēlganlēk geliĸimine zemin hazērlamaktadēr [2]. ¥zellikle KOAH hastalarēnda denge 

bozukluĵu ve d¿ĸme riskinin saĵlēklē bireylere gºre anlamlē derecede y¿ksek olduĵu 

gºsterilmiĸtir [3]. 

Fonksiyonel kapasitenin deĵerlendirilmesi, kronik akciĵer hastalēklarēnēn klinik yºnetiminde 

temel bir bileĸendir. 6 Dakika Y¿r¿me Testi (6DYT), egzersiz kapasitesinin 

deĵerlendirilmesinde yaygēn olarak kullanēlan, valide bir saha testidir [4]. Ancak uygulama 

alanē gereksinimi, s¿re kēsētlēlēĵē ve bazē hasta gruplarēnda tolere edilebilirliĵin sēnērlē olmasē, 

daha kēsa ve pratik testlere olan ihtiyacē g¿ndeme getirmiĸtir. 

Timed Up and Go (TUG) testi; bireyin sandalyeden kalkmasē, ¿­ metre y¿r¿mesi, geri 

dºnmesi ve tekrar oturmasē i­in geçen sürenin ölçülmesine dayanan, mobilite ve fonksiyonel 

performansē deĵerlendiren basit ve g¿venilir bir testtir. Test ilk olarak yaĸlē bireylerde 

fonksiyonel mobilitenin deĵerlendirilmesi amacēyla tanēmlanmēĸ olup, d¿ĸme riskinin 

öngörülmesinde klinik olarak anlamlē bulunmuĸtur. Podsiadlo ve Richardson tarafēndan 

tanēmlanan TUG testinin y¿ksek test-tekrar test g¿venilirliĵine sahip olduĵu bildirilmiĸtir [5,6]. 

Son yēllarda TUG testinin kronik akciĵer hastalarēnda da kullanēlabilirliĵi araĸtērēlmaktadēr. 

KOAH hastalarēnda TUG s¿resinin egzersiz kapasitesi, kas g¿c¿ ve saĵlēkla iliĸkili yaĸam 

kalitesi ile iliĸkili olduĵu; ayrēca d¿ĸme riski belirleyicisi olabileceĵi gºsterilmiĸtir. KOAH 

hastalarēnda TUG performansēnēn mortalite ve hastaneye yatēĸ ile iliĸkili olabileceĵini 

bildirmiĸtir [7]. Bununla birlikte literat¿rde ­alēĸmalarēn ­oĵunlukla KOAH ve COVID-19 

sonrasē hasta gruplarēnda yoĵunlaĸtēĵē; interstisyel akciĵer hastalēklarē ve pulmoner 

hipertansiyon gibi diĵer kronik pulmoner patolojilerde kullanēmēna iliĸkin verilerin sēnērlē 

olduĵu gºr¿lmektedir. 
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Bu baĵlamda, TUG testinin kronik akciĵer hastalēklarēndaki klinik rol¿n¿n, fonksiyonel 

deĵerlendirme ve prognostik belirte­ olarak potansiyelinin sistematik bi­imde ele alēnmasē 

gereklidir. Bu derlemenin amacē, kronik pulmoner hastalēklarda TUG testinin fonksiyonel 

deĵerlendirmedeki yerini, klinik kullanēm alanlarēnē ve mevcut literat¿r ēĸēĵēnda izlem ile 

prognozdaki rol¿n¿ deĵerlendirmektir. 
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2. METOD  

PubMed, TRDizin ve Cochrane Library veri tabanlarēnda ñlung diseaseò ve ñTimed Up 

and Goò anahtar kelimeleri kullanēlarak literat¿r taramasē yapēlmēĸtēr. Arama, son beĸ 

yēl i­erisinde yayēmlanan, Ķngilizce dilinde randomize kontroll¿ ­alēĸmalarla 

sēnērlandērēlmēĸtēr.  

3. SONU¢LAR VE DEĴERLENDĶRME  

Tarama sonucunda TRDizinôde 8, PubMedôde 22 ve Cochrane Libraryôde 8 ­alēĸma 

belirlenmiĸ; tekrarlayan ­alēĸmalarēn elenmesiyle toplam 18 ­alēĸma deĵerlendirmeye 

alēnmēĸtēr. Tam metin incelemesi sonrasē dahil edilme kriterlerini karĸēlayan 3 ­alēĸma 

analize dahil edilmiĸtir. Bu ­alēĸmalarēn tamamē randomize kontroll¿ prospektif 

tasarēma sahip olup, biri KOAH, ikisi ise COVID-19 sonrasē dºnem hastalarēnē 

kapsamaktadēr [8-10]. 

COVID-19 pandemisi sērasēnda y¿r¿t¿len randomize kontroll¿ bir ­alēĸmada, 16 

haftalēk su i­i egzersiz programēnēn genel ºrneklemde TUG s¿resinde gruplar arasē 

anlamlē ¿st¿nl¿k saĵlamadēĵē; ancak m¿dahaleye en az %50 uyum gºsteren 

katēlēmcēlarda TUG sērasēnda atēlan adēm sayēsēnda anlamlē azalma saĵladēĵē 

bildirilmiĸtir. Bu bulgu, su i­i egzersizin ºzellikle mobilitenin mek©nsal bileĸenlerini ve 

y¿r¿me verimliliĵini iyileĸtirebileceĵini d¿ĸ¿nd¿rmektedir. Dolayēsēyla TUGôun 

yalnēzca s¿re parametresi ¿zerinden deĵil, adēm sayēsē ve dual-task bileĸenleriyle 

birlikte deĵerlendirilmesi, m¿dahale etkilerini daha duyarlē bi­imde ortaya koyabilir [8]. 

Pulmoner rehabilitasyon baĵlamēnda yapēlan ­alēĸmalarda ise kērēlganlēk tanēmēnda 

PRISMA-7 ile birlikte TUG kullanēlmēĸ; kērēlgan bireylerin rehabilitasyon s¿resince 

daha y¿ksek fonksiyonel kazanēm potansiyeline sahip olduĵu, ancak rehabilitasyon 

sonrasēnda fonksiyonel gerilemenin daha belirgin seyrettiĵi gºsterilmiĸtir [9]. Bu 

bulgular, TUGôun hem kērēlganlēk taramasēnda hem de rehabilitasyon yanētēnēn 

izlenmesinde çift yönl¿ klinik deĵer taĸēdēĵēnē ortaya koymaktadēr. Bununla birlikte 

yalnēzca s¿re parametresine odaklanmanēn m¿dahale etkilerini yeterince 

yansētmayabileceĵi anlaĸēlmaktadēr. 

Kardiyovask¿ler ve respiratuvar parametrelerle birlikte fonksiyonel performansēn 

incelendiĵi ­alēĸmalarda ise TUGôun fonksiyonel kapasiteyi yansētan duyarlē bir belirte­ 

olduĵu ve fiziksel uygunluk d¿zeyi ile iliĸkili deĵiĸkenlerle anlamlē korelasyon 

gºsterdiĵi bildirilmiĸtir [10]. Bu durum, TUGôun yalnēzca mobiliteyi deĵil, aynē 
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zamanda sistemik fizyolojik durumu da dolaylē olarak yansētabileceĵini 

d¿ĸ¿nd¿rmektedir. 

 

 

4. GENEL DEĴERLENDĶRME VE SONU¢LAR 

Genel olarak deĵerlendirildiĵinde, TUG testinin ­ok boyutlu analiz edildiĵinde (s¿re, 

adēm sayēsē, dual-task varyasyonlarē) rehabilitasyon müdahalelerinin etkilerini daha 

hassas bi­imde ortaya koyduĵu; kērēlganlēk taramasē, fonksiyonel kapasite 

deĵerlendirmesi ve rehabilitasyon yanētēnēn izlenmesinde klinik a­ēdan anlamlē bir ara­ 

olduĵu gºr¿lmektedir. Ancak tek baĸēna s¿re parametresine dayalē deĵerlendirmeler 

m¿dahale etkilerinin tamamēnē yansētmakta yetersiz kalabilir. 
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Saĵlēk Bilimleri ¦niversitesi, zbetulozcan@gmail.com- ORCID: 0000-0003-1788-7755 

ÖZET 

Telerehabilitasyon, kronik hastalēĵē olan bireylerde egzersiz kapasitesi, kas kuvveti ve yaĸam 

kalitesi a­ēsēndan merkez temelli rehabilitasyonla benzer klinik sonu­lar saĵlamaktadēr; buna 

karĸēn programa katēlēm ve tamamlama oranlarē telerehabilitasyonda daha yüksektir. Mevcut 

veriler telerehabilitasyonun g¿venli bir uygulama olduĵunu gºstermekte, ancak ­alēĸmalarēn 

b¿y¿k ºl­¿de belirli hastalēklara odaklanmasē, kullanēlan telerehabilitasyon modellerinin 

heterojen olmasē ve uzun dºnem sonu­lara iliĸkin verilerin sēnērlē kalmasē nedeniyle kanēt 

d¿zeyi genel olarak d¿ĸ¿kïorta olarak deĵerlendirilmektedir. Buna raĵmen telerehabilitasyon, 

ºzellikle eriĸim engellerinin bulunduĵu durumlarda, rehabilitasyonun uygulanabilir ve etkili 

bir alternatif sunum modeli olarak ºne ­ēkmaktadēr. Tele-tēp uygulamalarē, saĵlēk 

hizmetlerinde ulaĸēmēn azalmasē yoluyla karbon ayak izini belirgin bi­imde d¿ĸ¿rmektedir. 

Kiĸi baĸēna karbon tasarrufu 0,70ï372 kg CO e/baĸvuru arasēnda deĵiĸmekte olup; mesafe, 

coĵrafya ve hizmet t¿r¿ne baĵlēdēr. Bu derlemenin amacē, kronik hastalēĵē olan bireylerde 

telerehabilitasyonun karbon ayak izi ¿zerindeki potansiyel etkilerini g¿ncel literat¿r ēĸēĵēnda 

deĵerlendirmektir. Bu kapsamda PubMed, TRDizin ve Cochrane Library veri tabanlarēnda 

ñtelerehabilitationò ve ñcarbon footprintò anahtar kelimeleri kullanēlarak literat¿r taramasē 

yapēlmēĸtēr. Arama, son beĸ yēl i­erisinde yayēmlanan ve Ķngilizce dilinde olan ­alēĸmalarla 

sēnērlandērēlmēĸtēr. Tarama sonucunda TRDizinôde 0, PubMedôde 1 ve Cochrane Libraryôde 0 

­alēĸma belirlenmiĸ olup, belirlenen tek ­alēĸma inme hastalarēna yºneliktir. Zamanēnda 

rehabilitasyon ve öz-yºnetim yaklaĸēmlarē, inme sonrasē fonksiyonelliĵi artērērken saĵlēk 

hizmeti kullanēmēnē azaltēr. Telerehabilitasyon ise ulaĸēmē azaltarak karbon ayak izini 

d¿ĸ¿r¿rken saĵlēk hizmetlerine eriĸimi artērēr. Ķkincil korunma ve yaĸam tarzē m¿dahaleleri ise 

d¿ĸ¿k karbonlu yaklaĸēmlar olarak inme n¿ks¿n¿ ve bakēm ihtiyacēnē azaltēr. Sonu­ olarak, 

rehabilitasyona yapēlan akēlcē yatērēmlar hem toplam saĵlēk t¿ketimini hem de karbon 

yoĵunluĵunu azaltarak insan ve gezegen saĵlēĵēna birlikte katkē saĵlar. 

Anahtar Kelimeler :  Karbon ayak izi, telerehabilitasyon, kronik bakēm 
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1. GĶRĶķ   

Kronik hastalēklar d¿nya genelinde morbidite ve mortalitenin baĸlēca nedenleri arasēnda yer 

almakta olup, bu hastalēklarēn yºnetiminde rehabilitasyon programlarē temel bir tedavi 

bileĸenini oluĸturmaktadēr. ¥zellikle kronik obstr¿ktif akciĵer hastalēĵē (KOAH), interstisyel 

akciĵer hastalēklarē, kalp yetmezliĵi ve kas-iskelet sistemi hastalēklarē gibi uzun s¿reli izlem 

gerektiren durumlarda egzersiz temelli rehabilitasyon; egzersiz kapasitesinin artērēlmasē, kas 

kuvvetinin iyileĸtirilmesi ve saĵlēkla iliĸkili yaĸam kalitesinin y¿kseltilmesi a­ēsēndan g¿­l¿ 

kanētlara sahiptir. Bununla birlikte rehabilitasyon programlarēna eriĸimde coĵrafi uzaklēk, 

ulaĸēm g¿­l¿ĵ¿, ekonomik kēsētlēlēklar ve zaman engelleri gibi faktºrler, ºzellikle kronik 

hastalēĵē olan bireylerde programlara katēlēm ve tamamlanma oranlarēnē sēnērlamaktadēr. 

Telerehabilitasyon, rehabilitasyon hizmetlerinin dijital iletiĸim teknolojileri aracēlēĵēyla uzaktan 

sunulmasēnē ifade eden yenilik­i bir hizmet modeli olarak bu eriĸim engellerine ­ºz¿m 

sunmaktadēr. Pulmoner rehabilitasyon alanēnda yapēlan sistematik derlemeler ve randomize 

kontroll¿ ­alēĸmalar, telerehabilitasyonun egzersiz kapasitesi, dispne d¿zeyi ve yaĸam kalitesi 

parametreleri a­ēsēndan merkez temelli rehabilitasyon ile karĸēlaĸtērēlabilir klinik sonu­lar 

saĵladēĵēnē gºstermektedir [1,2]. Farklē kronik hastalēk gruplarēnē i­eren meta-analizler, gerçek 

zamanlē telerehabilitasyon uygulamalarēnēn konvansiyonel rehabilitasyon ile benzer etkinliĵe 

sahip olduĵunu ortaya koymaktadēr. Ayrēca telerehabilitasyon programlarēnda hasta 

memnuniyeti ve program tamamlama oranlarēnēn genellikle daha y¿ksek olduĵu 

bildirilmektedir [3]. 

Telerehabilitasyonun ºnemi yalnēzca klinik sonu­larla sēnērlē deĵildir. Saĵlēk sektºr¿ k¿resel 

karbon emisyonlarēnēn yaklaĸēk %4ï5ôinden sorumludur ve hasta ile saĵlēk ­alēĸanē ulaĸēmē bu 

emisyonlarēn ºnemli bir bileĸenini oluĸturmaktadēr [4]. Tele-tēp uygulamalarēnēn ulaĸēm 

ihtiyacēnē azaltarak karbon ayak izini anlamlē ºl­¿de d¿ĸ¿rd¿ĵ¿ gºsterilmiĸtir. Literat¿rde kiĸi 

baĸēna karbon tasarrufu 0,70 ile 372 kg CO e/baĸvuru arasēnda deĵiĸmekte olup; bu farklēlēk 

seyahat mesafesi, ulaĸēm t¿r¿, coĵrafi yapē ve hizmet modeline baĵlē olarak deĵiĸmektedir [5]. 

Yaĸam dºng¿s¿ analizi temelli deĵerlendirmeler, saĵlēk hizmet sunum modellerinin ­evresel 

etkilerinin b¿t¿nc¿l bi­imde ele alēnmasē gerektiĵini vurgulamaktadēr [6]. Telerehabilitasyon 

programlarēnēn genellikle haftada birden fazla seans i­eren ve haftalar s¿ren yapēsē dikkate 

alēndēĵēnda, toplam seyahat azaltēmē ¿zerinden hesaplanan karbon tasarrufu klasik tele-

kons¿ltasyon modellerine kēyasla daha y¿ksek olabilir. 

Bu baĵlamda telerehabilitasyon, kronik hastalēĵē olan bireylerde klinik a­ēdan etkin ve g¿venli 

bir alternatif hizmet sunum modeli olmasēnēn yanē sēra, saĵlēk sistemlerinin ­evresel 
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s¿rd¿r¿lebilirlik hedeflerine katkē saĵlayabilecek potansiyel bir strateji olarak 

deĵerlendirilmektedir. Ancak klinik ve ­evresel ­ēktēlarē birlikte deĵerlendiren, 

standartlaĸtērēlmēĸ metodolojiye sahip, uzun dºnemli ve b¿y¿k ºl­ekli ­alēĸmalara ihtiya­ 

devam etmektedir. 

2. METOD  

PubMed, TRDizin ve Cochrane Library veri tabanlarēnda ñtelerehabilitationò ve 

ñcarbon footprintò anahtar kelimeleri kullanēlarak literat¿r taramasē yapēlmēĸtēr. Arama, 

son beĸ yēl i­erisinde yayēmlanan ve Ķngilizce dilinde olan ­alēĸmalarla 

sēnērlandērēlmēĸtēr.  
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3. SONU¢LAR VE DEĴERLENDĶRME  

Tarama sonucunda TRDizinôde 0, PubMedôde 1 ve Cochrane Libraryôde 0 ­alēĸma 

belirlenmiĸ olup, belirlenen tek ­alēĸma inme hastalarēna yºneliktir. Persson ve ark. 

(2025), multidisipliner inme ekibi rehabilitasyonunu s¿rd¿r¿lebilir saĵlēk hizmeti 

perspektifinden ele alan kavramsal bir deĵerlendirme sunmaktadēr. Yazarlar, saĵlēk 

sektºr¿n¿n k¿resel karbon emisyonlarēnēn yaklaĸēk %5ôinden sorumlu olduĵunu ve 

iklim deĵiĸikliĵinin inme i­in ºnemli bir risk faktºr¿ haline geldiĵini vurgulamaktadēr. 

Bu baĵlamda rehabilitasyonun yalnēzca klinik sonu­lar a­ēsēndan deĵil, aynē zamanda 

­evresel ve sistem d¿zeyinde s¿rd¿r¿lebilirlik a­ēsēndan da deĵerlendirilmesi gerektiĵi 

savunulmaktadēr [7]. 

Makale, s¿rd¿r¿lebilir saĵlēk hizmetinin beĸ temel ilkesi (ºnleme, hasta g¿­lendirme, 

yalēn bakēm yollarē, d¿ĸ¿k karbon alternatifler ve operasyonel kaynak verimliliĵi) 

­er­evesinde multidisipliner inme rehabilitasyonunun rol¿n¿ tartēĸmaktadēr. Erken 

destekli taburculuk, uygun dozda ve zamanēnda m¿dahale, hasta ºz-yeterliliĵini artēran 

yaklaĸēmlar, telerehabilitasyon uygulamalarē ve ikincil korunma stratejileri 

s¿rd¿r¿lebilir saĵlēk sistemine katkē saĵlayan temel mekanizmalar olarak 

tanēmlanmaktadēr. ¥zellikle telerehabilitasyonun ulaĸēmē azaltarak karbon emisyonlarēnē 

d¿ĸ¿rebileceĵi ve eriĸilebilirliĵi artērabileceĵi belirtilmektedir.  

Çalēĸma, rehabilitasyonun karbon ayak izinin gºrece d¿ĸ¿k olmasēna karĸēn uzun 

vadede fonksiyonelliĵi optimize ederek saĵlēk hizmeti t¿ketimini azalttēĵēnē ve bu 

nedenle s¿rd¿r¿lebilir saĵlēk sistemlerinde merkezi bir rol ¿stlenmesi gerektiĵini 

savunmaktadēr. Bununla birlikte, ­evresel, ekonomik ve sosyal boyutlarē birlikte 

deĵerlendiren ampirik ­alēĸmalarēn sēnērlē olduĵu ve gelecekte s¿rd¿r¿lebilirlik temelli 

rehabilitasyon araĸtērmalarēna ihtiya­ bulunduĵu vurgulanmaktadēr 

 

4. GENEL DEĴERLENDĶRME VE SONU¢LAR 

Mevcut literat¿r, telerehabilitasyonun klinik etkinliĵini desteklemekle birlikte, karbon ayak 

izi ¿zerindeki etkisini nicel olarak deĵerlendiren ­alēĸmalarēn sēnērlē olduĵunu gºstermektedir. 

Bu nedenle çevresel sürdürülebilirlik a­ēsēndan elde edilen ­ēkarēmlar dikkatli 

yorumlanmalēdēr. Gelecekte, standartlaĸtērēlmēĸ metodoloji ve yaĸam dºng¿s¿ analizi temelli 

tasarlanmēĸ prospektif ­alēĸmalar, telerehabilitasyonun ­evresel ve klinik etkilerini b¿t¿nc¿l 

bi­imde ortaya koymak a­ēsēndan gereklidir.  
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ÖZET 

Yenidoĵan Yoĵun Bakēm ¦nitelerinde (YYB¦) izlenen preterm ve term bebekler, tanē ve 

tedavi s¿re­leri boyunca topuk kanē alma, damar yolu a­ma, intram¿sk¿ler enjeksiyon ve 

retinopati taramasē gibi ­ok sayēda aĵrēlē iĸleme maruz kalmaktadēr. Tekrarlayan ve yeterince 

yºnetilmeyen aĵrē; kardiyorespiratuvar instabilite, artmēĸ stres yanētē ve uzun dönemde 

nºrogeliĸimsel etkilenme ile iliĸkilendirilmektedir. Bu nedenle yenidoĵan aĵrēsēnēn etkili ve 

g¿venli yºntemlerle yºnetilmesi kritik ºneme sahiptir. Bu derlemenin amacē, YYB¦ôde aĵrēlē 

iĸlemler sērasēnda Kanguru Bakēmēônēn analjezik etkisine iliĸkin g¿ncel kanētlarē incelemektir. 

Literat¿rde yer alan randomize kontroll¿ ­alēĸmalar, sistematik derlemeler ve meta-analizler 

doĵrultusunda Kanguru Bakēmēônēn ºzellikle topuk delme ve enjeksiyon gibi akut prosed¿rel 

aĵrē durumlarēnda aĵrē skorlarēnē anlamlē d¿zeyde azalttēĵē; kalp atēm hēzēnda daha stabil 

seyir, oksijen sat¿rasyonunda daha az d¿ĸ¿ĸ ve aĵlama s¿resinde kēsalma saĵladēĵē 

bildirilmiĸtir. Analjezik etkinin; dokunsal uyaranlarēn nosiseptif iletimi baskēlamasē, 

parasempatik aktivasyonun artmasē ve oksitosin salēnēmē ile iliĸkili olduĵu d¿ĸ¿n¿lmektedir. 

Bununla birlikte uygulamanēn baĸlatēlma zamanē, s¿resi ve yenidoĵanēn gestasyon yaĸē gibi 

deĵiĸkenler etki b¿y¿kl¿ĵ¿n¿ etkileyebilmektedir. Kanguru Bakēmē; g¿venli, maliyetsiz ve 

uygulanabilir bir non-farmakolojik giriĸim olup aile merkezli bakēm yaklaĸēmēnē da 

desteklemektedir. YYB¦ bakēm protokollerine sistematik bi­imde entegre edilmesi, 

yenidoĵanlarda aĵrē yºnetiminin g¿­lendirilmesine katkē saĵlayacaktēr. 

Anahtar Kelimeler:  Yenidoĵan, Kanguru Bakēmē, Aĵrē Yºnetimi, Non-farmakolojik 

Analjezi 

 

 

 



TROIA 3RD INTERNATIONAL CONFERENCE ON APPLIED SCIENCES 

February 27 ï 28, 2026 ï CANAKKALE  

ISBN NR: 978-625-5694-84-3 

 

81 
 

 

1.GĶRĶķ 

Yenidoĵan Yoĵun Bakēm ¦niteleri (YYB¦), yaĸamē tehdit eden riskler taĸēyan yenidoĵanlara 

ileri teknolojik destek saĵlayarak saĵkalēmē artēran kritik bakēm ortamlarēdēr(1). Ancak bu 

¿niteler aynē zamanda ­ok sayēda aĵrēlē ve stresli giriĸimin rutin olarak uygulandēĵē klinik 

alanlar olup, yenidoĵanlar tanē ve tedavi s¿re­leri boyunca tekrarlayan nosiseptif uyaranlara 

maruz kalmaktadēr(2). Epidemiyolojik ­alēĸmalar, YYB¦ôde izlenen bir yenidoĵanēn g¿nde 

ortalama 10ï18 kez aĵrēlē iĸleme maruz kalabildiĵini; topuk kanē alma, aspirasyon, damar 

yolu a­ma ve ent¿basyon gibi iĸlemlerin sēklēkla tekrarlandēĵēnē gºstermektedir (2, 3).Bu 

giriĸimler akut dºnemde kalp atēm hēzēnda artēĸ, oksijen sat¿rasyonunda d¿ĸ¿ĸ ve belirgin 

davranēĸsal stres yanētlarē gibi fizyolojik ve davranēĸsal deĵiĸikliklere yol a­abilmektedir(4). 

Ge­miĸte yenidoĵanlarēn aĵrēyē sēnērlē algēladēĵē yºn¿ndeki gºr¿ĸlerin aksine, güncel 

nºrofizyolojik kanētlar yenidoĵanlarēn aĵrēyē algēlayabildiĵini ve geliĸimsel ºzellikleri 

nedeniyle aĵrēlē uyaranlara daha yaygēn ve yoĵun yanēt verebildiĵini ortaya koymaktadēr(5, 6) 

. ¥zellikle tekrarlayan ve yeterince yºnetilmeyen aĵrē; kēsa dºnemde kardiyorespiratuvar 

instabilite, metabolik dengesizlik ve intrakraniyal basēn­ artēĸē gibi komplikasyonlara neden 

olabilirken, uzun dºnemde nºrogeliĸimsel etkilenme ve aĵrē duyarlēlēĵēnda kalēcē 

deĵiĸikliklerle iliĸkilidir (7-9).Bu nedenle YYB¦ôde aĵrēnēn sistematik olarak 

deĵerlendirilmesi ve etkili bi­imde yºnetilmesi yenidoĵan bakēmēnēn temel bileĸenlerinden 

biri olarak kabul edilmektedir. 

Yenidoĵan aĵrē yºnetiminde farmakolojik tedaviler belirli klinik durumlarda gerekli olmakla 

birlikte, solunum depresyonu ve hipotansiyon gibi potansiyel yan etkiler ile her giriĸimde 

rutin uygulanabilir olmamalarē nedeniyle farmakolojik olmayan yºntemler giderek daha fazla 

ºnem kazanmēĸtēr(10).Emzik verme, s¿kroz/glikoz uygulamasē, kundaklama ve ­evresel 

d¿zenlemeler gibi giriĸimlerin yanē sēra, anne-bebek etkileĸimini g¿­lendiren uygulamalar 

aĵrē kontrol¿nde ºnemli katkēlar saĵlamaktadēr (11).Bu baĵlamda bebeĵin anne ile doĵrudan 

ten tene temas halinde tutulduĵu Kanguru Bakēmē (KB), hem fizyolojik stabilizasyonu 

desteklemesi hem de analjezik etki göstermesi nedeniyle uygulanabilirliĵi y¿ksek ve kanēta 

dayalē bir yºntem olarak ºne ­ēkmaktadēr(12, 13) . 

Kanguru Bakēmē ilk olarak 1978 yēlēnda Kolombiyaôda d¿ĸ¿k doĵum aĵērlēklē bebeklerde ēsē 

kaybēnē azaltmak ve bakēm s¿rekliliĵini saĵlamak amacēyla geliĸtirilmiĸ, zamanla yalnēzca 

termoreg¿lasyon deĵil kardiyorespiratuvar stabilite, davranēĸsal d¿zenleme ve aĵrē kontrol¿ 

gibi ­ok boyutlu yararlarē nedeniyle yaygēnlaĸmēĸtēr(14). KBônin analjezik etkisinin; kapē 

kontrol teorisi kapsamēnda dokunsal uyaranlarēn nosiseptif iletimi baskēlamasē ve ten tene 

temas sērasēnda oksitosin gibi nºrohormonal yanētlarēn yatēĸtērēcē etkisi ile iliĸkili olduĵu 

d¿ĸ¿n¿lmektedir(15). Nitekim aĵrēlē iĸlemler sērasēnda KB uygulanan yenidoĵanlarda kalp 

atēm hēzēnēn daha stabil seyrettiĵi, aĵlama s¿resinin kēsaldēĵē ve Premat¿re Bebek Aĵrē Profili 

(PIPP) gibi ºl­eklerle deĵerlendirilen aĵrē skorlarēnēn azaldēĵē bildirilmektedir(16, 17) . 
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T¿rkiyeôde ve d¿nyada yapēlan ­alēĸmalar, topuk kanē alma ve benzeri invaziv giriĸimler 

sērasēnda anne ile ten tene temas halinde bulunan yenidoĵanlarēn kuvºzde ya da standart 

bakēm alan bebeklere kēyasla daha az aĵrē belirtisi gºsterdiĵini ortaya koymaktadēr (18, 

19).Bununla birlikte, KBônin klinik uygulamada aĵrē yºnetiminin rutin bir par­asē haline 

gelmesinin istenen d¿zeye ulaĸmadēĵē; iĸ y¿k¿, fiziksel koĸullar, saĵlēk profesyonellerinin 

tutumlarē ve bilgi/farkēndalēk d¿zeyi gibi faktºrlerin uygulamayē etkileyebildiĵi 

bildirilmektedir (20).Bu durum, kanēta dayalē uygulamalarēn yaygēnlaĸtērēlmasē ve aile 

merkezli bakēm yaklaĸēmēnēn g¿­lendirilmesi a­ēsēndan KBônin rol¿n¿n yeniden ele 

alēnmasēnē gerekli kēlmaktadēr. 

Bu derlemede, YYB¦ôde sēk uygulanan aĵrēlē iĸlemler sērasēnda Kanguru Bakēmēônēn 

analjezik etkinliĵine iliĸkin kanētlarēn sistematik olarak incelenmesi; elde edilen bulgularēn 

destekleyici bakēm uygulamalarē ­er­evesinde deĵerlendirilmesi ve klinik uygulamada 

standardizasyon ile yaygēnlaĸtērmaya yºnelik kanēta dayalē ºnerilerin ortaya konulmasē 

ama­lanmaktadēr. 

2.YENĶDOĴANDA AĴRI ALGISI VE FĶZYOLOJĶK TEMELLERĶ 

Yenidoĵanlarēn aĵrē algēsēnēn anlaĸēlmasē, Kanguru Bakēmē gibi giriĸimlerin ºnemini 

kavramada temel bir dayanak oluĸturmaktadēr. Nºroanatomik veriler, fet¿ste nosiseptºrlerin 

gebeliĵin ikinci trimesterinde geliĸtiĵini ve talamokortikal baĵlantēlarēn yaklaĸēk 23ï24. 

haftalarda iĸlevsel organizasyon kazandēĵēnē gºstermektedir(21). Nosiseptif iletim yollarē fetal 

dºnemde erken geliĸmekle birlikte, inen inhibitºr sistemler yenidoĵan dºneminde hen¿z tam 

olgunlaĸmamēĸtēr. Bu nºrofizyolojik dengesizlik, ºzellikle premat¿re bebeklerde aĵrēlē 

uyaranlara karĸē artmēĸ duyarlēlēĵa ve daha d¿ĸ¿k aĵrē eĸiĵine yol a­abilmektedir (22). 

Aĵrēlē bir uyaran verildiĵinde, yenidoĵanēn v¿cudunda kortizol ve katekolamin salēnēmē artar; 

bu durum metabolizmanēn hēzlanmasēna, enerji depolarēnēn t¿kenmesine ve imm¿n sistemin 

baskēlanmasēna yol a­abilir (23). Bu nedenle, farmakolojik olmayan yöntemlerle bu stres 

yanētēnēn azaltēlmasē, bebeĵin nºrolojik geliĸimi i­in hayati öneme sahiptir(24). 

2.1.Kanguru Bakēmēnēn Analjezik Etki Mekanizmasē 

Kanguru Bakēmēnēn (KB) analjezik etkisi, birbiriyle iliĸkili nºrofizyolojik ve davranēĸsal 

s¿re­lerin b¿t¿nc¿l etkileĸimine dayanmakta olup, bu mekanizmanēn kuramsal temelini 

Melzack ve Wall tarafēndan tanēmlanan Kapē Kontrol Teorisi oluĸturmaktadēr(25, 26).Buna 

gºre, ten tene temas sērasēnda aktive olan geniĸ ­aplē dokunma lifleri (A-beta lifleri), aĵrē 

uyaranlarēnē ileten ince ­aplē A-delta ve C liflerinin omurilik arka boynuzundaki iletimini 

baskēlayarak nosiseptif impulslarēn santral sinir sistemine aktarēmēnē azaltēr. Bºylece 

ebeveynin dokunsal uyaranē, aĵrē sinyallerinin beyne ulaĸmasēnē sēnērlayan inhibitºr bir 

ñkapēò iĸlevi gºr¿r(25). 

Kanguru Bakēmē sērasēnda saĵlanan ­oklu duyusal uyarēm (ebeveynin kalp atēmē, kokusu ve 

v¿cut ēsēsē), aĵrē uyaranlarēyla rekabet ederek aĵrē algēsēnē azaltēr(27). Bu s¿re­te yavaĸ ve 

nazik dokunuĸa duyarlē C-afferent lifler uyarēlēr, otonom sinir sistemi parasempatik yºnde 

aktive olur ve bºylece kalp hēzē stabilizasyonu ile davranēĸsal sakinleĸme saĵlanēr(28). 



TROIA 3RD INTERNATIONAL CONFERENCE ON APPLIED SCIENCES 

February 27 ï 28, 2026 ï CANAKKALE  

ISBN NR: 978-625-5694-84-3 

 

83 
 

Ayrēca kanguru bakēmē hem bebekte hem de bakēm verende oksitosin salēnēmēnē artērēr. 

Oksitosin parasempatik aktivasyonu g¿­lendirerek stres yanētēnē baskēlar, kortizol d¿zeylerini 

azaltēr ve endojen opioid sistemini aktive eder(29). Buna baĵlē olarak ɓ-endorfin salēnēmē artar 

ve doĵal analjezik etki ortaya ­ēkar. Sonu­ olarak KB, dokunsal inhibisyon, multisensoriyel 

d¿zenleme ve nºrohormonal yanētlarēn eĸ zamanlē etkisiyle yenidoĵanda aĵrē algēsēnē azaltan 

b¿t¿nc¿l bir analjezi mekanizmasē saĵlar(16, 27). 

3.LĶTERAT¦RDE KANGURU BAKIMININ AĴRILI ĶķLEMLERDEKĶ ETKĶSĶ  

Kanguru Bakēmē, yenidoĵanlarda aĵrēlē iĸlemler sērasēnda uygulanan en yaygēn ve 

uygulanabilir farmakolojik olmayan giriĸimlerden biridir. G¿ncel sistematik derleme ve meta-

analizler, KBônin ºzellikle akut prosed¿rel aĵrē durumlarēnda (ºrneĵin topuk delme,kan alma) 

aĵrē skorlarēnē ve davranēĸsal distresi anlamlē d¿zeyde azaltabildiĵini gºstermektedir (27, 30). 

Ayrēca bazē ­alēĸmalarda, KBônin fizyolojik parametreler ¿zerinde de olumlu etkiler 

saĵlayarak kalp atēm hēzēnda daha stabil bir seyir oluĸturabildiĵi bildirilmiĸtir. 

Bununla birlikte literat¿rde bildirilen etki b¿y¿kl¿ĵ¿; uygulamanēn baĸlatēlma zamanē (iĸlem 

ºncesinde baĸlatēlmasē ve iĸlem boyunca s¿rd¿r¿lmesi), yenidoĵanēn gestasyon yaĸē, 

kullanēlan aĵrē deĵerlendirme ara­larē ve eĸlik eden nonfarmakolojik uygulamalar (sukroz, 

sarmalama, emzik vb.) gibi deĵiĸkenlere baĵlē olarak heterojenlik gºstermektedir (27). 

Topuk kanē alma, Yenidoĵan Yoĵun Bakēm ¦nitelerinde en sēk uygulanan ve tekrarlayan 

aĵrēlē iĸlemlerden biridir(31). Metabolik tarama ve kan ºrneklemesi amacēyla rutin olarak 

yapēlan bu giriĸim, ºzellikle premat¿re bebeklerde belirgin fizyolojik ve davranēĸsal aĵrē 

yanētlarēna yol a­abilmektedir(32). Bu nedenle topuk delme iĸlemi, non-farmakolojik analjezi 

yºntemlerinin etkinliĵini deĵerlendirmede yaygēn olarak kullanēlan ºnemli bir klinik 

modeldir(33, 34). 

Randomize kontroll¿ ve ­apraz desenli ­alēĸmalar, Kanguru Bakēmēônēn topuk delme 

sērasēnda aĵrē ĸiddetini azalttēĵēnē; Premat¿re Bebek Aĵrē Profili (PIPP) gibi kompozit 

ºl­eklerde daha d¿ĸ¿k aĵrē skorlarē ile birlikte kalp atēm hēzēnda daha hēzlē normalleĸme, 

oksijen sat¿rasyonunda daha az d¿ĸ¿ĸ ve aĵlama s¿resinde kēsalma gibi fizyolojik ve 

davranēĸsal toparlanma gºstergelerinde iyileĸme saĵladēĵēnē gºstermektedir(35, 36).Benzer 

ĸekilde, T¿rkiyeôde yapēlan ­alēĸmalarda da KBônin topuk kanē alma sērasēnda aĵlama s¿resini 

azalttēĵē rapor edilmiĸtir (37). Sadece topuk kanē deĵil, intramusk¿ler enjeksiyonlar sērasēnda 

da KBônin etkisi kanētlanmēĸtēr. Cochrane k¿t¿phanesinde yayēnlanan geniĸ kapsamlē bir 

sistematik derlemede, aĸē uygulamalarē sērasēnda annesiyle ten tene temas halinde olan 

bebeklerin, standart bakēm alanlara gºre kalp atēm hēzlarēnēn daha stabil olduĵu ve y¿z 

ifadelerinde daha az aĵrē belirtisi gºsterdikleri belirlenmiĸtir(38).  

Ķntram¿sk¿ler enjeksiyon ve aĸē uygulamalarē, yenidoĵan ve bebeklik dºneminde sēk 

karĸēlaĸēlan aĵrēlē giriĸimler olup, g¿ncel sistematik derleme ve meta-analizler emzirme, 

sukroz/glikoz uygulamasē, masaj ve Kanguru Bakēmē gibi farmakolojik olmayan yºntemlerin 

aĵrē ĸiddetini azaltmada anlamlē d¿zeyde etkili olduĵunu gºstermektedir(39). 
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Retinopati taramasē (ROP muayenesi), preterm bebeklerde belirgin aĵrē ve stres yanētēna yol 

a­abilen invaziv bir deĵerlendirme s¿recidir(40). Güncel randomize kontrollü çalēĸmalar, 

ROP muayenesi sērasēnda anne veya baba tarafēndan uygulanan Kanguru Bakēmēônēn (KB), 

standart bakēma kēyasla iĸlem sērasēndaki aĵrē skorlarēnē anlamlē d¿zeyde azalttēĵēnē ve iĸlem 

sonrasē dºnemde kortizol gibi stresle iliĸkili biyobelirte­lerin daha d¿ĸ¿k d¿zeylerde 

seyrettiĵini gºstermektedir (41). 

Son yēllarda yapēlan araĸtērmalar, olduk­a aĵrēlē ve stresli bir iĸlem olan ROP muayenesinde 

KBônin tek baĸēna tam analjezi saĵlamayabileceĵini; ancak toparlanma s¿resini kēsaltarak 

iĸlem sonrasē sakinleĸmeyi hēzlandērdēĵēnē ortaya koymaktadēr(42). Bu bulgular 

doĵrultusunda KB, ROP gibi y¿ksek stres oluĸturan iĸlemlerde tek baĸēna yeterli 

olmayabilmekle birlikte, multimodal aĵrē yºnetimi stratejilerine katkē saĵlayan ve fizyolojik 

toparlanmayē destekleyen ºnemli bir tamamlayēcē yaklaĸēm olarak deĵerlendirilmektedir(41) . 

4.HEMķĶRELĶK YAKLAķIMI VE ¥NERĶLER 

Yenidoĵan Yoĵun Bakēm ¦nitelerinde hemĸireler, bebeĵin aĵrēsēnē deĵerlendirme ve 

yºnetmeden sorumlu birincil saĵlēk profesyonelleridir(43). Kanguru Bakēmēônēn etkinliĵi 

kanēta dayalē olarak gºsterilmiĸ olmakla birlikte, klinik uygulamada ­eĸitli engellerle 

karĸēlaĸēlabilmektedir(44). Ķĸ y¿k¿ ve zaman kēsētlēlēĵē, ebeveynlerin ¿niteye kabul¿ndeki 

sēnērlamalar ile ent¿basyon gibi bebeĵin medikal durumuna baĵlē instabilite, KB 

uygulamasēnē g¿­leĸtiren baĸlēca faktºrler arasēnda yer almaktadēr(45). 

Ancak, aĵrēsēz bir bakēm her yenidoĵanēn hakkēdēr. Bu baĵlamda hemĸirelerin; 

1. Aĵrēlē iĸlem ºncesinde ebeveynleri s¿rece dahil etmesi(46-48), 

2. M¿mk¿nse iĸlemi anne ziyareti saatlerine denk getirerek KB eĸliĵinde uygulamasē, 

3. KB'nin uygulanamadēĵē durumlarda dahi ebeveyn dokunuĸu veya anne s¿t¿ kokusu 

gibi alternatif duyusal uyaranlarē kullanmasē ºnerilmektedir(47). 

5.SONUÇ 

Yenidoĵan yoĵun bakēm ¿nitelerinde uygulanan invaziv ve tekrarlayan giriĸimler, 

yenidoĵanlarēn yalnēzca akut fizyolojik stabilitesini deĵil, aynē zamanda uzun dºnem 

nºrogeliĸimsel s¿re­lerini de etkileyebilen ºnemli bir stres ve aĵrē kaynaĵē oluĸturmaktadēr. 

G¿ncel literat¿r, yeterince yºnetilemeyen aĵrēnēn kardiyorespiratuvar instabilite, enerji 

t¿ketiminde artēĸ ve davranēĸsal d¿zensizlikler gibi kēsa dºnem sonu­larēn yanē sēra, aĵrē 

duyarlēlēĵēnda deĵiĸim ve nºrogeliĸimsel etkilenme gibi uzun dºnem sonu­larla iliĸkili 

olduĵunu gºstermektedir. Bu nedenle YYB¦ôde aĵrēnēn ºnlenmesi ve yºnetimi yalnēzca 

konfor saĵlayēcē bir yaklaĸēm deĵil, nºroprotektif bakēmēn temel bileĸenlerinden biri olarak 

deĵerlendirilmektedir. 

Bu derlemede incelenen ­alēĸmalar doĵrultusunda Kanguru Bakēmēônēn, yenidoĵan aĵrē 

yönetiminde etkili, güvenli ve uygulanabilir bir non-farmakolojik yºntem olduĵu 

gºr¿lmektedir. Ten tene temasēn saĵladēĵē dokunsal inhibisyon, multisensoriyel d¿zenleme ve 
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nºrohormonal yanētlar sayesinde aĵrē skorlarēnēn azalmasē, fizyolojik parametrelerin stabil 

seyretmesi ve davranēĸsal sakinleĸmenin artmasē tutarlē bi­imde rapor edilmiĸtir. 

Farmakolojik yºntemlerle karĸēlaĸtērēldēĵēnda solunum depresyonu ve hipotansiyon gibi 

advers etkiler oluĸturmamasē, ek maliyet gerektirmemesi ve uygulama için ileri teknolojiye 

ihtiya­ duyulmamasē, Kanguru Bakēmēônē ºzellikle sēk tekrarlanan kēsa s¿reli iĸlemler 

sērasēnda g¿­l¿ bir analjezik se­enek haline getirmektedir. Bunun yanē sēra uygulamanēn 

yalnēzca aĵrē kontrol¿ saĵlamadēĵē; anne-bebek baĵlanmasēnē g¿­lendirdiĵi, ebeveyn 

katēlēmēnē artērdēĵē ve aile merkezli bakēm anlayēĸēnē desteklediĵi de gºsterilmiĸtir. 

Bununla birlikte klinik uygulamada Kanguru Bakēmēônēn rutin aĵrē yºnetiminin ayrēlmaz bir 

par­asē haline hen¿z istenen d¿zeyde entegre edilemediĵi dikkat ­ekmektedir. Ķĸ y¿k¿, 

fiziksel ortam koĸullarē, uygulamaya iliĸkin bilgi ve farkēndalēk d¿zeyi ile saĵlēk 

profesyonellerinin tutumlarē bu durumun baĸlēca belirleyicileri arasēnda yer almaktadēr. Bu 

nedenle YYBÜ bakēm protokollerinde Kanguru Bakēmēônēn standartlaĸtērēlmēĸ uygulama 

adēmlarēyla tanēmlanmasē, klinik rehberlere dahil edilmesi ve ºzellikle hemĸirelerin eĵitim 

programlarē aracēlēĵēyla g¿­lendirilmesi ºnem taĸēmaktadēr. Hemĸirelerin bakēmēn 

planlanmasē, ailelerin bilgilendirilmesi ve uygulamanēn s¿rekliliĵinin saĵlanmasēndaki 

merkezi rol¿, Kanguru Bakēmēônēn s¿rd¿r¿lebilirliĵinde belirleyici olacaktēr. 

Sonu­ olarak Kanguru Bakēmē, yenidoĵanda aĵrē yºnetimine b¿t¿nc¿l yaklaĸēmē destekleyen, 

güvenli, maliyetsiz ve etkili bir analjezik giriĸimdir. YYB¦ôlerde rutin aĵrē yºnetimi 

stratejileri i­erisine sistematik bi­imde entegre edilmesi hem klinik sonu­larēn 

iyileĸtirilmesine hem de aile merkezli bakēmēn g¿­lendirilmesine ºnemli katkē saĵlayacaktēr. 

Gelecekte yapēlacak y¿ksek metodolojik kalitede ­alēĸmalarēn, uygulamanēn zamanlamasē, 

s¿resi ve standart protokollerinin belirlenmesine yºnelik kanētlarē artērmasē, klinik 

uygulamanēn yaygēnlaĸtērēlmasē a­ēsēndan deĵerli olacaktēr 
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ÖZET  

Kistik fibrozis (KF), ­ocukluk ­aĵēnda gºr¿len, multisistemik tutulumla seyreden ve yaĸam 

boyu karmaĸēk bakēm gerektiren genetik bir hastalēktēr. 0ï16 yaĸ arasē ­ocuklarda hastalēĵēn 

yºnetimi; solunum tedavileri, beslenme desteĵi, enfeksiyon kontrolü ve düzenli izlem gibi 

­ok boyutlu giriĸimleri i­ermekte olup, bu s¿re­ multidisipliner ekip yaklaĸēmēnē zorunlu 

kēlmaktadēr. Bu derlemenin amacē, g¿ncel literat¿r doĵrultusunda KFôli ­ocuklarda hemĸirelik 

bakēmēnēn rol¿n¿, aile eĵitimi yaklaĸēmlarēnē ve aile destek modellerini b¿t¿nc¿l bir bakēĸ 

a­ēsēyla incelemektir. Literat¿r bulgularē, pediatrik hemĸirelerin yalnēzca klinik bakēm 

uygulamalarēnda deĵil, aynē zamanda aile eĵitimi, ºz yºnetim becerilerinin geliĸtirilmesi ve 

psikososyal destek saĵlanmasēnda merkezi bir role sahip olduĵunu gºstermektedir. Aile 

merkezli bakēm yaklaĸēmē; iĸbirliĵi, karĸēlēklē g¿ven ve etkili iletiĸim ilkeleri doĵrultusunda 

tedavi uyumunu, yaĸam kalitesini ve hasta memnuniyetini artērmaktadēr. Bununla birlikte, 

ailelerin hastalēk yºnetimine iliĸkin bilgi gereksinimleri, psikososyal y¿kleri ve uzun dºnem 

destek ihtiya­larē devam etmektedir. G¿ncel rehberler, yapēlandērēlmēĸ eĵitim programlarē, 

hemĸire koordinatºrl¿ĵ¿ ve disiplinler arasē iĸbirliĵini ºnermektedir. Ancak standardize 

edilmiĸ aile eĵitim programlarēnēn uzun dºnem etkinliĵi ve farklē saĵlēk sistemlerindeki 

karĸēlaĸtērmalē sonu­larēna iliĸkin veriler sēnērlēdēr. Sonu­ olarak, hemĸirelik temelli aile 

g¿­lendirme modellerinin yaygēnlaĸtērēlmasē ve kanēta dayalē uygulamalarēn geliĸtirilmesi, 

KFôli ­ocuklarēn klinik sonu­larēnē ve aile yaĸam kalitesini iyileĸtirmede kritik ºneme 

sahiptir. 

Anahtar Kelimeler:  Kistik fibrozis, pediatrik hemĸirelik, aile eĵitimi, aile merkezli bakēm, 

multidisipliner bakēm, psikososyal destek, tedavi uyumu. 
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1. GĶRĶķ 

Kistik fibrozis (KF), CFTR genindeki mutasyonlara baĵlē olarak geliĸen; baĸta solunum ve 

gastrointestinal sistem olmak üzere birçok sistemi etkileyen, kronik ve ilerleyici bir genetik 

hastalēktēr(1). Hastalēĵēn temel patofizyolojisi, koyu ve viskoz sekresyon oluĸumuna dayanēr. 

Bu durum ºzellikle solunum yollarēnda tekrarlayan enfeksiyonlar ve kronik inflamasyona; 

gastrointestinal sistemde ise pankreatik yetersizlik, malabsorpsiyon ve büyüme-geliĸme 

geriliĵine yol a­maktadēr(2, 3). 

¢ocukluk dºnemindeki klinik seyir, uzun dºnem akciĵer fonksiyonlarēnēn korunmasē ve 

yaĸam kalitesinin belirlenmesi a­ēsēndan kritik ºneme sahiptir(4). Bu nedenle KF yönetiminin 

temel hedefleri; akciĵer hastalēĵēnēn erken kontrol¿, beslenme durumunun optimize edilmesi, 

komplikasyonlarēn erken tanēnmasē, tedaviye uyumun artērēlmasē ve ­ocuk ile ailesi için 

s¿rd¿r¿lebilir, b¿t¿nc¿l bir bakēm modelinin oluĸturulmasēdēr(5). 

Avrupa Kistik Fibrozis Derneĵi tarafēndan yayēmlanan bakēm standartlarē, KF merkezlerinin 

yapēsēnē ve multidisipliner ekip ¿yelerinin rol ve sorumluluklarēnē ayrēntēlē bi­imde 

tanēmlamaktadēr(6). Bu standartlar, merkez temelli ­ok disiplinli bakēm yaklaĸēmēna kuramsal 

ve uygulamaya dºn¿k bir ­er­eve sunmaktadēr. G¿n¿m¿zde artan yaĸam s¿resi ve ºzellikle 

CFTR mod¿latºrlerinin yaygēnlaĸmasē, KFônin yalnēzca ­ocukluk ­aĵēyla sēnērlē olmayan, 

eriĸkin dºneme uzanan bir hastalēk olarak ele alēnmasēnē gerektirmektedir(7). Bu durum, 

bakēmēn s¿reklilik ve ge­iĸ yºnetimi perspektifiyle yeniden yapēlandērēlmasēnē zorunlu 

kēlmaktadēr(8). 

Pandemi sonrasē dºnemde tele-saĵlēk uygulamalarē, evde spirometri ºl­¿mleri ve uzaktan 

semptom izlem sistemleri bir­ok merkezde rutin bakēmēn bir par­asē haline gelmiĸtir(8, 9). Bu 

yaklaĸēmlar; enfeksiyon riskinin azaltēlmasē, saĵlēk hizmetine eriĸimin kolaylaĸtērēlmasē ve 

erken alevlenme belirtilerinin saptanmasē a­ēsēndan ºnemli avantajlar saĵlamaktadēr(10, 11). 

Bununla birlikte, dijital bakēm modellerinin etkin uygulanabilmesi; dijital saĵlēk 

okuryazarlēĵēnēn artērēlmasēnē, veri g¿venliĵinin saĵlanmasēnē ve y¿z y¿ze deĵerlendirme 

gereksiniminin dengelenmesini gerektirmektedir(10, 12, 13). 

Güncel KF bakēm yaklaĸēmē, yalnēzca biyomedikal tedaviye odaklanan bir modelden ziyade; 

beslenme, fiziksel aktivite, psikososyal destek ve eĵitim boyutlarēnē da kapsayan hasta-

merkezli ve b¿t¿nc¿l bir ­er­eveye evrilmiĸtir(14). Multidisipliner ekip koordinasyonu, 

bireyselleĸtirilmiĸ bakēm planlarē ve s¿rekli kalite iyileĸtirme s¿re­leri ­aĵdaĸ bakēmēn temel 

bileĸenleridir(14-16). 

Bu derlemenin amacē, ­ocuklarda KF yºnetimine iliĸkin temel bakēm bileĸenlerini b¿t¿nc¿l 

bir ­er­evede ele almaktēr. Bu kapsamda; ­ok disiplinli bakēm yaklaĸēmē, aile eĵitimi ve ºz-

yºnetim becerilerinin geliĸtirilmesi, psikososyal destek hizmetlerinin entegrasyonu ve g¿ncel 

bakēm sunum modelleri incelenmektedir. ¢ocukluk dºnemine ºzg¿ gereksinimler 

doĵrultusunda s¿rd¿r¿lebilir ve hasta-merkezli bir KF bakēm modelinin temel yapē taĸlarē 

sistematik bi­imde deĵerlendirilmektedir. 



TROIA 3RD INTERNATIONAL CONFERENCE ON APPLIED SCIENCES 

February 27 ï 28, 2026 ï CANAKKALE  

ISBN NR: 978-625-5694-84-3 

 

91 
 

 

2.¢OK DĶSĶPLĶNLĶ BAKIMIN TEMEL BĶLEķENLERĶ 

Kistik fibroziste (KF) bakēm kalitesi, yalnēzca mevcut tedavi se­eneklerinin varlēĵēna deĵil, 

bu tedavilerin planlē, koordineli ve standartlara uygun bi­imde sunulmasēna baĵlē olup; etkin 

bir bakēm modeli d¿zenli izlem, ekip i­i iletiĸim ve disiplinler arasē iĸ birliĵini 

gerektirmektedir(14, 17). 

Avrupa Kistik Fibrozis Derneĵi, KF merkezlerinin organizasyonunu ve ekip ¿yelerinin rol ve 

sorumluluklarēnē ayrēntēlē bi­imde tanēmlamaktadēr(6). Bu ­er­evede; pediatrik gºĵ¿s 

hastalēklarē/KF uzmanē hekim liderliĵinde ­alēĸan multidisipliner ekipte hemĸire, 

fizyoterapist, diyetisyen, psikolog veya psikiyatri desteĵi, sosyal hizmet uzmanē ve eczacē yer 

almakta; ayrēca gereksinim doĵrultusunda endokrinoloji, gastroenteroloji ve diĵer ilgili 

branĸlarla koordinasyon saĵlanmaktadēr(6). 

Hava yolu temizleme teknikleri, kistik fibrozise baĵlē akciĵer hastalēĵēnēn yºnetiminde temel 

tedavi bileĸenlerinden biridir ve bronĸ sekresyonlarēnēn uzaklaĸtērēlmasēnē saĵlayarak 

enfeksiyon riskini azaltmayē ve akciĵer fonksiyonlarēnē korumayē ama­lar(18, 19). Kistik 

Fibrozis Vakfē kēlavuzu, t¿m KFôli bireylerde d¿zenli hava yolu temizleme teknikleri 

uygulanmasēnē ºnermekte(20); ancak belirli bir yºntemin ¿st¿nl¿ĵ¿ gºsterilemediĵinden, 

se­imin yaĸ, klinik durum ve aile koĸullarē doĵrultusunda bireyselleĸtirilmesi gerektiĵini 

vurgulamaktadēr(18). Tedaviye uyum a­ēsēndan yºntemin uygulanabilir ve s¿rd¿r¿lebilir 

olmasē ºnem taĸēmaktadēr(21). 

Enfeksiyon kontrol¿, kiĸiler arasē patojen bulaĸma riski nedeniyle KF bakēmēnēn temel 

unsurlarēndandēr. G¿ncel kēlavuzlar; saĵlēk kuruluĸlarēnda temas ºnlemleri, ­evresel 

d¿zenlemeler ve eĵitim s¿re­lerine iliĸkin ayrēntēlē ºneriler sunmakta, ancak bu ºnerilerin 

etkin uygulanabilmesi i­in saĵlēk profesyonellerinin bilgi ve uyum düzeyinin güçlendirilmesi 

gerektiĵi belirtilmektedir(22). 

Beslenme durumu, KFôde morbidite ve mortalite ile yakēndan iliĸkili olup klinik izlemin 

temel göstergelerindendir(23). Güncel Avrupa rehberleri, beslenme izlemi ve müdahalelerinin 

kanēta dayalē ve bireyselleĸtirilmiĸ bi­imde planlanmasēnē ºnermekte; ºzellikle tuz desteĵi 

gibi bazē alanlarda uygulama farklēlēklarēna dikkat ­ekmektedir(24, 25). 

Yaĸ ilerledik­e KFôye baĵlē diyabet, kemik mineral yoĵunluĵu kaybē ve karaciĵer hastalēĵē 

gibi komplikasyonlarēn sēklēĵē artabilmektedir(26). Bu nedenle d¿zenli ve yapēlandērēlmēĸ 

tarama programlarē ile ­ok disiplinli kliniklerde risk temelli izlem ve uygun branĸlara 

yºnlendirme sistemlerinin uygulanmasē, uzun dºnem morbiditenin azaltēlmasē ve bakēm 

kalitesinin artērēlmasē a­ēsēndan ºnem taĸēmaktadēr(14, 27). 

3.AĶLE EĴĶTĶMĶ 

Kistik fibrozis (KF) yönetimi; inhalasyon tedavileri, hava yolu temizleme teknikleri, 

pankreatik enzim kullanēmē, y¿ksek enerjili beslenme ve enfeksiyon kontrol ºnlemleri gibi 

­ok sayēda g¿nl¿k uygulamayē i­ermekte olup, bu durum aile eĵitiminin yalnēzca bilgi 
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aktarēmēyla sēnērlē olmamasē gerektiĵini gºstermektedir(28). Eĵitim programlarē; teknik beceri 

kazandērmanēn yanē sēra g¿nl¿k yaĸama entegrasyonu kolaylaĸtērmayē, problem ­ºzme ve ºz-

yeterlik becerilerini g¿­lendirmeyi ve tedaviye yºnelik motivasyonu artērmayē 

hedeflemelidir(29, 30). 

Öz-yºnetim modellerine iliĸkin ­alēĸmalar, bilgi artēĸēnēn tek baĸēna davranēĸ deĵiĸikliĵi i­in 

yeterli olmadēĵēnē; d¿zenli izlem, geri bildirim ve s¿rd¿r¿lebilirliĵi destekleyen 

yapēlandērēlmēĸ yaklaĸēmlarēn gerekli olduĵunu ortaya koymaktadēr(31, 32). Bu kapsamda 

geliĸtirilen programlarēn, aile ve ­ocuklarēn bilgi d¿zeyini artērdēĵē ve tedaviye iliĸkin 

davranēĸlarē olumlu yºnde etkilediĵi bildirilmekle birlikte, m¿dahale i­eriklerinin ve 

uygulama yºntemlerinin heterojenliĵi nedeniyle kanētlarēn dikkatli deĵerlendirilmesi 

gerekmektedir(33, 34). 

Tedaviye uyum büyük ölçüde aile dinamiklerinden etkilenmektedir(35, 36). Zaman yönetimi 

g¿­l¿kleri, aile i­i ­atēĸmalar ve ergenlik dºneminde ebeveyn katēlēmēnēn azalmasē gibi 

faktörler uyumu olumsuz etkileyebilmektedir(37, 38). Bu nedenle aile eĵitimi; teknik 

uygulamalarēn ºĵretiminin ºtesinde, motivasyonel ve davranēĸsal stratejilerle 

desteklenmelidir(39). 

Eĵitimin s¿rd¿r¿lebilirliĵi a­ēsēndan kēsa, tekrarlē ve uygulamaya dayalē oturumlar 

ºnerilmekte; ñteach-backò yºntemi ºĵrenmenin doĵrulanmasēnda etkili bir yaklaĸēm olarak 

ºne ­ēkmaktadēr(40). Ayrēca ev rutini planlamasē, okul ile iletiĸim stratejileri ve g¿venilir 

yazēlē/dijital kaynaklara yºnlendirme, aile eĵitiminin s¿rekliliĵini destekleyen ºnemli 

unsurlardēr(28). 

4. PSĶKOSOSYAL DESTEK VE RUH SAĴLIĴI ENTEGRASYONU 

Kistik fibrozis (KF), çocuk ve ailelerin yalnēzca fiziksel deĵil, ruhsal iyilik h©lini de etkileyen 

kronik bir hastalēktēr(41). ¢alēĸmalar, KFôli ­ocuklarda ve ebeveynlerde depresyon ve 

anksiyete belirtilerinin genel pop¿lasyona gºre daha y¿ksek olabileceĵini; bu belirtilerin 

akciĵer fonksiyonlarē, beslenme durumu, tedaviye uyum ve yaĸam kalitesi ile iliĸkili 

olduĵunu gºstermektedir(42). Bu nedenle ruh saĵlēĵē, KF bakēmēnēn temel bileĸenlerinden biri 

olarak deĵerlendirilmelidir(43). 

Uluslararasē ºneriler doĵrultusunda depresyon ve anksiyete taramalarēnēn rutin KF izlemlerine 

entegre edilmesi ve gerekli durumlarda uygun yºnlendirmelerin yapēlmasē ºnerilmektedir(44, 

45). Avrupaôdaki uygulamalar da ruh saĵlēĵē deĵerlendirmelerinin ­ok disiplinli ekip 

yaklaĸēmē i­inde giderek daha sistematik bi­imde ele alēndēĵēnē gºstermektedir(46, 47). 

Ailelerin yaĸadēĵē bakēm y¿k¿ ve stres gºz ºn¿ne alēndēĵēnda, eriĸilebilir psikolojik destek 

modelleri ºnem taĸēmaktadēr(32, 48, 49). Web-tabanlē m¿dahaleler ve ­ok aileli psiko-eĵitsel 

programlar, baĸ etme becerilerini ve sosyal desteĵi g¿­lendirmeye yºnelik uygulanabilir 

destek stratejileri olarak ºne ­ēkmaktadēr(41, 50). 

5. BAKIM SUNUM VE DESTEK MODELLERĶ 
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KF bakēmēnda uzmanlaĸmēĸ merkezler, standartlaĸtērēlmēĸ ve kaliteli hizmet sunumunun 

temelini oluĸturmaktadēr. Avrupa Kistik Fibrozis Derneĵi ve Kistik Fibrozis Vakfē tarafēndan 

geliĸtirilen ­er­eve ve kēlavuzlar(51); ekip yapēlanmasēnē, kalite gºstergelerini ve klinik 

bakēm standartlarēnē tanēmlayarak bakēmēn s¿rekliliĵini ve geliĸtirilmesini 

desteklemektedir(52). 

Tele-saĵlēk uygulamalarē, ºzellikle 2020 sonrasē dºnemde KF bakēmēna entegre edilmiĸ; ev 

spirometrisi, boy-kilo ölçümü ve oksijen satürasyonu gibi parametrelerin uzaktan izlenmesi 

rutin uygulamalar arasēna girmiĸtir(53, 54). Pediatrik KFôde tele-saĵlēk modelleri; ekip i­i 

koordinasyon, uygun teknolojik altyapē ve aile deneyiminin dikkate alēnmasēnēn ºnemini 

vurgulamakta, ancak klinik sonuçlara etkisinin merkez ve uygulama özelliklerine göre 

deĵiĸebileceĵi bildirilmektedir(19, 55). 

Çok disiplinli ekip içinde olgu yöneticisi rolünün tanēmlanmasē, ºzellikle karmaĸēk bakēm 

gereksinimleri olan hastalarda ve ­ocukluktan eriĸkin bakēma ge­iĸ s¿recinde koordinasyonu 

g¿­lendirmeyi ama­lamaktadēr(56). Artan saĵkalēm s¿resi, planlē ve yapēlandērēlmēĸ bir ge­iĸ 

sürecini zorunlu kēlmakta; bu s¿re­ eĵitim, ºz-yºnetim becerilerinin geliĸtirilmesi, 

psikososyal destek ve disiplinler arasē iĸ birliĵini i­eren b¿t¿nc¿l bir yaklaĸēm 

gerektirmektedir(57, 58). 

Ayrēca sosyal hizmet uzmanlarē; tedaviye uyumun desteklenmesi, eĵitim s¿re­lerinin 

planlanmasē ve sosyal haklara eriĸimin saĵlanmasē gibi alanlarda ºnemli rol ¿stlenerek KF 

bakēmēnēn sosyal ve ­evresel boyutlarēnē g¿­lendirmektedir(59). 

6. SONU¢ VE ¥NERĶLER 

Kistik fibrozisli (KF) ­ocuklarda etkin yºnetim, standartlara dayalē, ­ok disiplinli ve aile 

merkezli bir bakēm modelini gerektirir. G¿ncel kanētlar; hava yolu temizleme teknikleri 

enfeksiyon kontrol¿, beslenme yºnetimi ve ruh saĵlēĵēnēn birbirinden baĵēmsēz deĵil, 

bütüncül bir yaklaĸēmla ele alēnmasē gerektiĵini gºstermektedir. Uzman merkezler tarafēndan 

yapēlandērēlmēĸ bakēm modelleri, klinik izlem ve ekip organizasyonu a­ēsēndan g¿­l¿ bir 

­er­eve sunmaktadēr. 

Bununla birlikte uygulamada bazē temel g¿­l¿kler dikkat ­ekmektedir. Öncelikle, tedavi 

y¿k¿n¿n y¿ksek olmasē ºzellikle ­ocukluk ve ergenlik dºneminde uyum sorunlarēna yol 

a­abilmektedir. Bu nedenle yalnēzca bilgi temelli eĵitim yeterli olmayēp; davranēĸsal 

stratejiler, aile rutinlerinin yeniden yapēlandērēlmasē ve motivasyonel yaklaĸēmlar ile 

desteklenen m¿dahalelere ihtiya­ vardēr. 

Ķkinci olarak, depresyon ve anksiyete taramasēna yºnelik ºneriler netleĸmiĸ olmakla birlikte, 

uygulamanēn s¿rekliliĵi ve merkezler arasē standartlaĸma deĵiĸkenlik gºsterebilmektedir. Ruh 

saĵlēĵēnēn d¿zenli tarama, uygun yºnlendirme ve izlem s¿re­leriyle bakēm modeline entegre 

edilmesi ºnem taĸēmaktadēr. 
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Üçüncü olarak, tele-saĵlēk ve uzaktan izlem uygulamalarē bakēm eriĸimini artērma 

potansiyeline sahip olmakla birlikte, uzun dönemli klinik sonuçlara etkisinin daha güçlü ve 

sistematik ­alēĸmalarla deĵerlendirilmesine gereksinim bulunmaktadēr. 

Bu ­er­evede aĸaĵēdaki uygulama ºnerileri geliĸtirilebilir: 

¶ Her ­ocuk i­in bireyselleĸtirilmiĸ bir hava yolu temizleme teknikleri planē 

oluĸturulmalē ve d¿zenli aralēklarla etkinliĵi deĵerlendirilmelidir. 

¶ Enfeksiyon kontrol uygulamalarē; klinik akēĸ d¿zenlemeleri, aile eĵitimi ve izlem 

mekanizmalarē ile sistematik bi­imde y¿r¿t¿lmelidir. 

¶ Beslenme yºnetimi, g¿ncel uluslararasē ºneriler doĵrultusunda b¿y¿me ve geliĸme 

gºstergeleri temel alēnarak planlanmalēdēr. 

¶ Depresyon ve anksiyete taramasē, KF bakēmēnēn rutin bir bileĸeni h©line getirilmeli ve 

gerekli durumlarda ruh saĵlēĵē hizmetlerine yºnlendirme saĵlanmalēdēr. 

¶ Tele-saĵlēk ve ev temelli ºl­¿mler, uygun hasta gruplarēnda eriĸimi ve izlem sēklēĵēnē 

artēracak ĸekilde yapēlandērēlmalēdēr. 

¶ Ergenlik dºneminde ge­iĸ programlarē; ºz-yönetim becerilerinin kademeli olarak 

­ocuĵa devredildiĵi, ailenin rol¿n¿n yeniden tanēmlandēĵē ve disiplinler arasē 

koordinasyonun saĵlandēĵē bir modelle planlanmalēdēr. 

Sonu­ olarak, ­ocuklarda KF yºnetiminde s¿rd¿r¿lebilir baĸarē; klinik standartlara uyumun 

yanē sēra aile katēlēmēnē, ruh saĵlēĵēnē ve bakēm koordinasyonunu kapsayan b¿t¿nc¿l bir 

yaklaĸēmēn benimsenmesine baĵlēdēr. 
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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 takes 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, plant-based 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. 3D food printers 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 protecting consumer health, smart packaging 

technologies that track the product's history and current status are prominent. Radio frequency 

identification (RFID), biosensors, and time-temperature indicators (TTI) enable traceability of 

food from farm to fork, allowing for the control of microbiological and chemical risks. 

Furthermore, biopolymer-based edible films and coatings, enriched with antimicrobial 

properties and offering a solution to the synthetic plastic waste problem, are increasingly 

gaining a share in the food 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 films, 3D food 

printers. 
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GIDA G¦VENLĶĴĶNDE YENĶ NESĶL TEKNOLOJĶLER 

 

ÖZET 

K¿resel iklim deĵiĸikliĵi ve hēzlē n¿fus artēĸē, gēda g¿vencesini tehdit ederken, konvansiyonel 

¿retim modellerini de s¿rd¿r¿lebilirlik ekseninde zorunlu bir dºn¿ĸ¿me itmektedir. Bu 

­alēĸmada, gēda end¿strisinde verimliliĵi optimize etmeyi ve gēda g¿venliĵi risklerini 

minimize etmeyi hedefleyen inovatif teknolojiler b¿t¿nc¿l bir yaklaĸēmla ele alēnmaktadēr. 

Artan protein talebine karĸēlēk, hayvansal ¿retime kēyasla ­evresel yükü ve karbon ayak izi 

d¿ĸ¿k olan yenilebilir bºcekler, bitkisel bazlē proteinler ve mikoproteinler, geleceĵin 

beslenme stratejilerinde g¿­l¿ birer alternatif olarak deĵerlendirilmektedir. Hammadde 

tedariĵindeki bu deĵiĸime paralel olarak, iĸleme ve lojistik s¿re­leri de dijitalleĸmektedir. 

Kiĸiselleĸtirilmiĸ beslenmeye imk©n tanēyan 3D gēda yazēcēlarē, ¿retim hattēnda hijyen 

standardizasyonu saĵlayan robotik sistemler ve teslimat s¿re­lerini hēzlandēran dron 

teknolojileri, End¿stri 4.0ôēn gēda sektºr¿ndeki somut yansēmalarē olarak karĸēmēza 

­ēkmaktadēr. T¿ketici saĵlēĵēnēn korunmasē noktasēnda ise ¿r¿n¿n tarih­esini ve anlēk 

durumunu izleyen akēllē ambalaj teknolojileri ºne ­ēkmaktadēr. Radyo frekansē ile tanēmlama 

(RFID), biyosensörler ve zaman-sēcaklēk indikatºrleri (TTI) sayesinde, gēdalarēn tarladan 

­atala izlenebilirliĵi saĵlanarak mikrobiyolojik ve kimyasal riskler kontrol altēna 

alēnabilmektedir. Ayrēca, sentetik plastik atēk sorununa ­ºz¿m sunan ve antimikrobiyal 

ºzelliklerle zenginleĸtirilen biyopolimer esaslē yenilebilir film ve kaplamalar, raf ºmr¿n¿ 

uzatan ­evre dostu bariyer teknolojileri olarak her ge­en g¿n gēda end¿strisinde payēnē 

arttērmaktadēr. Bu baĵlamda, dijitalleĸme ve biyoteknolojik yeniliklerin konvansiyonel 

yöntemlerle hibrit kullanēmē, end¿striyel ºl­ekte kaynak verimliliĵini artēracaktēr. Gelecek 

projeksiyonlarēnda, bu akēllē sistemlerin yaygēnlaĸmasēyla birlikte gēda kayēplarēnēn ºnlenmesi 

ve k¿resel gēda g¿vencesinin temini adēna proaktif bir yºnetim modelinin oluĸturulmasē 

öngörülmektedir. 

Anahtar Kelimeler:  Gēda g¿venliĵi, Akēllē ambalajlar, Alternatif proteinler, Yenilebilir 

filmler, 3D gēda yazēcēlarē. 
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ABSTRACT 

 

Aim of forestry is to produce the highest quality and quantity wood and non-wood 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 products, and to reach to unmeasurable productsô purpose in plant genetic-breeding and 

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 discussed based on published papers to contribute 

genetic-breeding 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 population size are used in establishment, selection and management 

of seed sources.    

Key Words: Breeding, genetic, correlation, diversity, heritability. 

 

1. INTRODUCTION  

 

Forestry practices aim to produce the highest quality and quantity wood, non-wood products, 

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 depend on sustainable 

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 molecular genetics 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). Forest tree breeders establish 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 generally replicated 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]. Progeny test is also defined shortly as ñoften a test established to compare the 

offspring of different parents for the purpose of evaluating the breeding 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 performance of their progeny by Kang and Bilir [2]. 

 

 

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 genetic-breeding 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 Variance (ANOVA) or Multiple Analyses of Variance (MANOVA) by various 

software [i.e., 3,4]. An example from Özbey and Bilir [5] of MANOVA model can be as:  

ijkjijikji eSPSPY ++++= )()(m                                        (1) 
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Where Yijk is the observation from the kth tree of i th block/replicate of j th provenance, ɛ is 

overall mean, Pi is the effect of the i th block, Sj is the effect of jth provenance, P(S)i(j) is the 

effect of interaction between block and provenance, eijk is random error.  

2.1. Heritability  

Broad-sense heritability (H2) is estimated as [3,6]: 

22
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=                                                                                                                (2) 

Where ů2
C is the variance among clones, ů2

e is the variance within clone.    

Individual (narrow sense) heritability (hi
2) is estimated as [7,8]: 
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(3)               Where 
2

As is the additive genetic variance, 
2

Fs is the genetic variance of 

families, 
2

Fs is the phenotypic variance, k is the covariance coefficient between half-sibs. 

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 

used to produce the highest quality and quantity wood and non-wood products together with 

establishing resistance plantation to biotic and abiotic damages (i.e., insect damages, arid or 

semi-arid areas) or selection of mother trees in natural regeneration. 

 

2.2. Genetic gain  

Genetic gain is in a narrow sense the genetic change achieved for a specific 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 ( GD %) is estimated as [9]:  

( )
100S K
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ID ID
G x

MID

-
D =

                                                                                          (4) 

Where SID  is the average of breeding value estimated by BLUP (Best Linear Unbiased 

Prediction) of the highest families, KID is the breeding value of the control material, and 

KMID is the absolute breeding value of the control material. 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 (p<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 

characteristics. Genetic correlation (rg) between the characteristics is estimated as [3,6]:  

( , )

2 2

( ) ( )

f x y

g

f x f y

COV
r

s s
=                                                                                                                (5)          

Where )(xyfCOV is the genetic covariance between traits x and y, )(
2

xfs and )(
2

yfs are the 

additive genetic 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 heterozygosity", cf gene 

diversity (Kang-Bilir, 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 their fundamental importance, forest genetic 

resources are under threat [10]. 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 identification of gene conservation areas. 

2.5. Fertility variation and effective population size 

Fertility is an individualôs ability to give progeny (cf. reproductive success), while effective 

population size (effective number) can be defined as from some aspect a population could be 

characterized by the corresponding size of an ideal population with the same 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 female (ɣf) and male (ɣm) 

parents as [2,11]: 
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Where CVf and CVm are the coefficients of variation in female and male fertilities, 

respectively. 

Sibling coefficient (Ɋ) is defined and estimated directly from observations as the sum of 

squared parental contributions multiplied by the census number (N). Expected fertility of an 

individual is an average of maternal and paternal fertilities as follow [2,11]: 
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                                                                                      (7) 

The sibling coefficient (Ɋ) expresses how fertility varies among parents as the increase in the 

probability that sibs occur compared to the ideal situation where parents have equal fertility. 

The sibling coefficient cannot be smaller than one. If Ɋ = 1, all individuals have the same 

fertility. Fertility differences among population members can also be described by the 

coefficient of variation (CV) in fertility as:                                                            

(8) 

The effective number of parents were calculated based on the fertility variations and the 

census number (N) as [12]: 

                                                                                                                                       

(9) 

The effective number of parents (NP) is also related to gene diversity (GD) as [13,14]: 

                                                                                                                                      

(10)    

 

3. CONCLUSIONS 

The parameters and others which are environmental friendly should be used intensively in 

forestry practices to be increased quality 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 source together with seed stand and seed 

plantation for various practices such as conversion of unproductive forest (i.e., 9.6 million ha 

in Türkiye) to productive forest (i.e., 13.8 million ha in Türkiye) in forest science. Improved 

genetically and morphological seeds 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. Türkiye has 189 

seed orchards established at 1485.7 ha of 12 species. They are mainly in Brutian pine (Pinus 

brutia Ten., 84 seed orchards at 689.8 ha), Black pine (Pinus nigra Arnold., 54 orchards at 

483.7 ha), Scots pine (Pinus sylvestris L., 21 orchards at 113.0 ha), Oriental spruce (Picea 

orientalis (L.) Link., 9 orchards at 34.9 ha) Taurus cedar (Cedrus libani A. Rich., 7 orchards 

at 46.4 ha), and Stone pine (Pinus pinea L., 7 orchards at 93.6 ha). However, there could be 

large differences for area and number of clones, among species or 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  

 

Seed orchard, seed stand and seed plantations are main seed sources in forestry. While, seed 

stands are selected phenotypically (i.e., branch number, tree height, diameter at breast height, 

stem straight) [1] from natural forests (Figure 1), seed orchards and seed plantations 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 vegetative and 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 easy and cheap seed harvest together with improved seeds [2], 

and also a link between tree breeding and plantation forestry [3]. Seed orchards are also 

defined, a seed orchard is an area where seeds are mass-produced to increase the genetic 

quality as quickly and inexpensively as possible [4]. 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 stands [5]. Seed orchards have 

been established with clones or seedlings, collected from plus trees selected phenotypically 

from natural stands (Figure 1) or plantations [6]. In the last definition, seed orchard is a 

plantation of assumed superior genotypes established for the production of tree seeds. 

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 production [2]. However, there are large variations 

for area and number of clones, among species or among orchards within species in various 

countries in establishment of seed orchards [i.e.,7,8,9].   

 
Figure 1. A seed stand of Black pine. 

Importance, establishment and management strategies of clonal seed orchards for forestry 

practices are discussed based on observation, experience of the author and search of published 

papers, in 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 superior trees of a single seed 

stand are used in establishment of each clonal seed orchard in Turkish forestry [2,6].  

However, there are large variations for established area and number of clones, among species 

or among orchards within species in various countries in seed orchards [i.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 Taurus cedar [9] and Scots pine 

in Türkiye [8] or in other forest tree species in various countries [7].   

  

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

 

Figure 3. A seed orchard of Black pine. 



TROIA 3RD INTERNATIONAL CONFERENCE ON APPLIED SCIENCES 

February 27 ï 28, 2026 ï CANAKKALE  

ISBN NR: 978-625-5694-84-3 

 

110 
 

There are 189 clonal seed orchards established at 1485.7 ha of 12 species in Türkiye [10]. 

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 species [11], balancing of seed 

supply and demand, commercial importance of wood and non-wood products of the species.  

Table 1. 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 13.4 

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 species [10]. But, it is 

known that 15-30 clones [2,6,12] are enough in forest tree species to transmit present gene 

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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ÖZET 

Peyzaj mimarlēĵē eĵitimi, tasarēm d¿ĸ¿ncesini merkeze alan ve kuramsal bilgi ile st¿dyo 

pratiĵini b¿t¿nleĸtiren bir ºĵrenme s¿recidir. Tasarēm, yalnēzca fiziksel bir ¿r¿n ortaya koyma 

eylemi deĵil; problem tanēmlama, yorumlama, kavramsallaĸtērma ve mek©nsal karar ¿retme 

aĸamalarēnē i­eren ­ok katmanlē bir s¿re­tir. Bu s¿re­te ºĵrencinin esin kaynaklarēnē nasēl 

se­tiĵi, yorumladēĵē ve tasarēm kararlarēna nasēl dºn¿ĸt¿rd¿ĵ¿, ortaya ­ēkan ¿r¿n¿n 

ºzg¿nl¿ĵ¿n¿ belirleyen temel unsurlardandēr. Bu ­alēĸma, Bingºl ¦niversitesi Peyzaj 

Mimarlēĵē Bºl¿m¿ônde 2024ï2025 Eĵitim-¥ĵretim Yēlē bahar dºneminde y¿r¿t¿len Peyzaj 

Tasarēm II dersi kapsamēnda ger­ekleĸtirilen st¿dyo ­alēĸmalarēnē ele almaktadēr. ¢alēĸmada, 

ºĵrencilerin proje paftalarē deĵerlendirilmiĸtir. Araĸtērmanēn amacē, ºĵrencilerin konut ­evresi 

tasarēmē problemine yºnelik geliĸtirdikleri ºzg¿n tasarēm senaryolarēnē; kavramsal yaklaĸēm, 

mek©nsal kurgu ve tasarēm dili baĵlamēnda incelemektir. Bulgular, ºĵrencilerin tasarēm 

s¿recinde k¿lt¿rel, doĵal ve yerel referanslardan beslenerek kiĸisel yorumlarēnē mek©na 

aktardēklarēnē gºstermektedir. Esin kaynaklarēnēn, ºzellikle konseptin oluĸumunda ve 

tasarēmēn b¿t¿nc¿l kurgusunda belirleyici olduĵu; bu durumun projeler arasēnda belirgin bir 

­eĸitlilik ve ºzg¿nl¿k yarattēĵē tespit edilmiĸtir. Yerel baĵlamēn bilin­li bi­imde tasarēm 

s¿recine d©hil edilmesi, yalnēzca estetik deĵil, anlam ¿retimi a­ēsēndan da tasarēmēn niteliĵini 

artērmaktadēr. ¢alēĸmanēn, peyzaj mimarlēĵē tasarēm eĵitiminde s¿re­ odaklē deĵerlendirme 

yaklaĸēmlarēna katkē sunmasē beklenmektedir.  

Anahtar Kelimeler:  Peyzaj mimarlēĵē eĵitimi, tasarēm s¿reci, konsept geliĸtirme, konut 

­evresi tasarēmē.  
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ABSTRACT 

Landscape architecture education is a learning process that places design thinking 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 multi-layered process that involves problem 

definition, interpretation, conceptualization, and spatial decision-making. 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 works carried out within the scope of the Landscape Design II course 

conducted in the spring semester of the 2024ï2025 academic year at the Department of 

Landscape Architecture, Bingºl University. Within the study, studentsô project boards were 

evaluated. The 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 students drew 

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 establishing 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 the projects. The study is expected to contribute to 

process-oriented evaluation approaches in landscape architecture design education. 

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

residential environment design. 
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1. GĶRĶķ  

 

Peyzaj mimarlēĵē, tasarēm st¿dyolarē ile bu st¿dyolarē kuramsal a­ēdan destekleyen derslerin 

birlikte y¿r¿t¿ld¿ĵ¿ bir akademik disiplindir. G¿n¿m¿zde pek ­ok meslek alanēnda yenilik­i 

¿retimlerin temelinde tasarēm d¿ĸ¿ncesi yer almaktadēr. Tasarēm, belirli bir probleme yönelik 

­ºz¿m geliĸtirmeyi ama­layan sistematik bir karar ¿retme s¿reci olarak tanēmlanabilir. Diĵer 

bir ifadeyle tasarēm, herhangi bir olaya ya da gereksinime yºnelik planlama ve uygulama 

aĸamalarēna zemin hazērlayan kurgulama ve hazērlēk sürecinin bütünüdür (Newel ve Simon, 

1972). Tasarēm s¿reci, tasarēmcēnēn karĸēlaĸtēĵē bir problem durumuna iliĸkin d¿ĸ¿nsel ve 

algēsal deĵerlendirmelerini sºzel ya da gºrsel ifadeler aracēlēĵēyla ortaya koymasēyla baĸlar. 

Süreç ilerledikçe, elde edilen veriler, analizler ve ge­miĸ deneyimlerden beslenen ­ok 

katmanlē bir deĵerlendirme aĸamasē devreye girer. Bu dinamik ve yoĵun ¿retim s¿reci, farklē 

alternatiflerin sēnanmasē ve geliĸtirilmesiyle olgunlaĸarak ­ºz¿m ºnerisinin bi­imlenmesiyle 

sonu­lanēr (Vries, 1994). Steinitz (1990)ôe gºre peyzaj mimarlēĵē tasarēm s¿reci estetik, 

algēsal, ekolojik, tarihsel ve doĵal yapēdan oluĸmaktadēr (Bayramoĵlu vd., 2019).  

Tasarēm ­oĵu zaman somut bir ¿r¿nle gºr¿n¿r h©le gelse de, bu ¿r¿ne ulaĸmayē saĵlayan 

d¿ĸ¿nsel s¿recin soyut niteliĵi gºz ardē edilemez. Bu nedenle tasarēm eĵitiminde odak 

noktasē, ortaya ­ēkacak sonucun kendisinden ziyade, sonuca ulaĸmayē m¿mk¿n kēlan s¿recin 

nasēl kurgulandēĵē olmalēdēr. Tasarēm s¿recinde geliĸen yaratēcēlēk ise biliĸsel temelli bir 

yapēya sahiptir; sorgulama, ¿retme ve keĸfetme aĸamalarēnē i­eren ­ok yºnl¿ bir zihinsel 

etkinlik olarak ĸekillenir (Smith vd., 1995). Yaratēcē s¿recin sonucu ortaya konulan tasarēm 

s¿reci tasarēm eyleminin ayrēlmaz par­asē olan ñbilgi-tasarēmcēnēn yorumu-yorumun ifade 

edilme bi­imiò boyutlarēndaki etkileĸim arasēndaki baĵlantēlarē kurma eylemidir 

(Kahvecioĵlu, 2001). Yaratēcē tasarēmlar yapmanēn en uygun zamanē ise eĵitim s¿reci 

dºnemindedir. ¢¿nk¿ ºĵrenci araĸtērmaya yeni fikirler ortaya koyma a­ēsēndan farklē 

teorilerden yardēm alabilir (Bayramoĵlu vd., 2019).  Mimarlēk, peyzaj mimarlēĵē, ĸehir ve 

bºlge planlama, i­ mimarlēk ile end¿striyel tasarēm gibi tasarēm temelli disiplinlerde, s¿recin 

baĸlangēcēnda belirlenecek konseptin ve bu konsepte dayalē olarak geliĸtirilen hayal g¿c¿ 

odaklē mek©nsal kurgularēn nasēl aktarēlacaĵē ve ºĵretileceĵi ºnemli bir pedagojik tartēĸma 

alanē oluĸturmaktadēr (Casakin, 2007). Peyzaj mimarlēĵē eĵitimi ¿lkelere, ­alēĸēlan konulara, 

¿niversitelere ve fak¿ltelere baĵlē olarak ­eĸitlilik göstermektedir (Güzel ve Kaya, 2020). 

Peyzaj mimarlēĵē insanlarēn istek ve ihtiya­larēna yºnelik a­ēk alanlarda mek©n yaratan sanat 

ve bilimi sentezleyerek yaratēcē ve ºzg¿n bir disiplindir (D¿zenli ve Alpak, 2016). Peyzaj 

Mimarlēĵē disiplini, farklē alanlara ait kavram ve yaklaĸēmlarē bir araya getiren ­ok katmanlē 

bir yapēya sahip olduĵundan, eĵitim s¿recinde ­eĸitli sistem ve bileĸenlerin b¿t¿nc¿l bir 

anlayēĸla iliĸkilendirilmesi gerekmektedir. Bu doĵrultuda ºĵrencilerden, tasarēm sürecinin 

farklē aĸamalarēnē entegre ederek ama­ ve baĵlama uygun, yaratēcē ­ºz¿mler geliĸtirmeleri 

beklenmektedir. Tasarēm st¿dyolarē ise kuramsal bilgiyi uygulamayla buluĸturan, eleĸtirel 

d¿ĸ¿nmeyi teĸvik eden ve yaratēcē ¿retimi destekleyen temel ºĵrenme ortamlarē olarak bu 

s¿recin tamamlayēcē unsurunu oluĸturmaktadēr (¥zkan vd., 2016). 

¢evrenin en iyi ne ĸekilde kullanēlacaĵē konusunda ipu­larē veren ve yol gºsteren peyzaj 

tasarēmēnda temel hedef peyzajlarē ve mek©nlarē oluĸturma ve deĵiĸtirme baĵlamēnda; 

ekolojik, teknik, sanatsal ve estetik kriterler gºz ºn¿ne alēnarak fiziksel stratejiler ve bi­imler 
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oluĸturmak, bitkisel tasarēm ile insan ve ­evresi arasēnda s¿rd¿r¿lebilir alēĸveriĸi temin 

etmektir (Dong, 2009). Peyzaj tasarēmē s¿recinin baĸlangē­ evresini, problematik bir durumun 

kabul¿ ve buna bir ­ºz¿m bulma kararlēlēĵē oluĸturmaktadēr (Ching, 2002).  

Bingºl ¦niversitesi Peyzaj Mimarlēĵē Bºl¿m¿ônde uygulamalē st¿dyo dersleri, ºĵretim 

elemanlarē ile ºĵrenciler arasēnda birebir etkileĸime dayalē olarak yürütülmektedir. Bu 

­alēĸmada, 2024ï2025 Eĵitim-¥ĵretim Yēlē bahar dºneminde Peyzaj Mimarlēĵē Bºl¿m¿ 2. 

sēnēf m¿fredatēnda yer alan zorunlu Peyzaj Tasarēm II dersi kapsamēnda y¿r¿t¿len tasarēm 

eĵitimi ele alēnmēĸtēr. Ders kapsamēnda ºĵrencilerin bir dºnem boyunca geliĸtirdikleri tasarēm 

projelerinin s¿re­ aĸamalarē ve ortaya ­ēkan nihai ¿r¿nleri incelenmiĸ ve deĵerlendirilmiĸtir. 

Proje ­alēĸmasēnda tasarēm alanē olarak konut ­evresi se­ilmiĸ olup, ºĵrenciler bu baĵlamda 

konut peyzajēna yºnelik tasarēm ºnerileri geliĸtirmiĸtir. Bu ­alēĸma kapsamēnda, belirlenen 

tasarēm problemi doĵrultusunda ºĵrencilerin geliĸtirdikleri ºzg¿n tasarēm senaryolarē ele 

alēnmēĸtēr. ¥ĵrencilerin senaryo oluĸturma s¿recinde hangi kaynaklardan esinlendikleri, bu 

esin kaynaklarēnē nasēl yorumladēklarē ve tasarēm kararlarēna nasēl yansēttēklarē incelenmiĸtir. 

¥zellikle esin kaynaklarēnēn konsept oluĸumu, mek©nsal kurgu ve tasarēm dili ¿zerindeki 

etkileri deĵerlendirilmiĸtir. 

 

2. MATERYAL VE YÖNTEM  

 

2.1. Materyal  

Bu ­alēĸmanēn ana materyalini, Bingºl ¦niversitesi Ziraat Fak¿ltesi Peyzaj Mimarlēĵē Bºl¿m¿ 

2. sēnēfēnda 2024ï2025 bahar yarēyēlēnda y¿r¿t¿len Peyzaj Tasarēmē II dersi kapsamēnda 

ger­ekleĸtirilen ­evrimi­i st¿dyo ­alēĸmalarē oluĸturmaktadēr. Ders haftada 3 saat teorik ve 2 

saat uygulama olmak ¿zere toplam 5 saat y¿r¿t¿lmekte olup 6 AKTS kredisine sahiptir. Ķkinci 

sēnēf tasarēm st¿dyosu kapsamēnda ele alēnan proje ­alēĸmalarē; alan analizleri, konsept 

geliĸtirme ve tasarēm aĸamalarēnē i­ermektedir. ¥ĵrenciler, belirlenen proje alanēnēn fiziksel 

ve ekolojik ºzellikleri doĵrultusunda s¿rd¿r¿lebilir alan kullanēm yaklaĸēmē temelinde fikir 

projesi geliĸtirmiĸtir. ¢alēĸma kapsamēnda ¿retilen tasarēm ºnerileri araĸtērmanēn temel 

inceleme materyalini oluĸturmaktadēr. 

2.2. Yöntem 

Bu araĸtērma, nitel araĸtērma yaklaĸēmē ­er­evesinde kurgulanmēĸ olup dok¿man incelemesine 

dayanmaktadēr. ¢alēĸmanēn araĸtērma grubunu, Bingºl ¦niversitesi Ziraat Fak¿ltesi Peyzaj 

Mimarlēĵē Bºl¿m¿ 2024ï2025 Eĵitim-¥ĵretim Yēlē bahar dºneminde y¿r¿t¿len Peyzaj 

Tasarēmē II dersi kapsamēnda konut ­evresi tasarēmē problemine yºnelik proje geliĸtiren ikinci 

sēnēf ºĵrencileri oluĸturmaktadēr. Araĸtērma verileri, ºĵrenci paftalarēndan elde edilmiĸtir. Bu 

dok¿manlar, ºĵrencilerin tasarēm s¿recinde yararlandēklarē esin kaynaklarēnē, geliĸtirdikleri 

kavramsal ­er­eveyi ve mek©nsal kararlarēnē ortaya koyan temel veri setini oluĸturmuĸtur. 

Araĸtērmada etik ilkelere uygun hareket edilmiĸ, ºĵrencilerin kimlik bilgileri gizli tutulmuĸ ve 

deĵerlendirme yalnēzca tasarēm ¿r¿nleri ¿zerinden ger­ekleĸtirilmiĸtir. Bu doĵrultuda ­alēĸma, 

tasarēm s¿recinde esin kaynaklarēnēn ºzg¿nl¿k ¿retimine katkēsēnē ortaya koymayē 

ama­lamaktadēr. 
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3.BULGULAR  

3.1. Kavramsal Yaklaĸēm Odaklē Bulgular 

 

¥ĵrenci projelerinin incelenmesi sonucunda, tasarēm sürecinin güçlü bir kavramsal çerçeve 

¿zerinden yapēlandērēldēĵē gºr¿lm¿ĸt¿r. Konut ­evresi tasarēm problemine yºnelik geliĸtirilen 

senaryolarda, ºĵrencilerin ºncelikle bir ana fikir belirledikleri ve mek©nsal kararlarēnē bu fikir 

doĵrultusunda ĸekillendirdikleri tespit edilmiĸtir. Kavramēn yalnēzca sºzel bir ifade olarak 

kalmadēĵē; form, mek©nsal organizasyon, donatē se­imi ve bitkisel tasarēm kararlarēyla 

b¿t¿nc¿l bi­imde desteklendiĵi gºzlemlenmiĸtir. Bu durum, tasarēm s¿recinde kavramēn 

yönlendirici bir ara­ olarak etkin bi­imde kullanēldēĵēnē gºstermektedir. 

Gºrsel 1ôde s¿rd¿r¿lebilirlik kavramē temel alēnmēĸtēr. ¢evresel duyarlēlēk ve ekolojik dºng¿ 

prensipleri tasarēmēn ana belirleyicisidir. Konut ­evresi, yalnēzca rekreatif bir a­ēk alan olarak 

deĵil; enerji ¿retimi, su yºnetimi ve gēda ¿retimini destekleyen b¿t¿nc¿l bir yaĸam peyzajē 

olarak kurgulanmēĸtēr. Bu doĵrultuda r¿zg©r ve g¿neĸ enerjisi panelleriyle desteklenen 

dinlenme alanē tasarlanmēĸ; kullanēcē konforu ile yenilenebilir enerji ¿retimi aynē mek©nsal 

­ºz¿m i­erisinde birleĸtirilmiĸtir. Yaĵmur suyu toplama sistemi ve yaĵmur bah­esi 

uygulamalarēyla y¿zey akēĸēnēn kontrol altēna alēnmasē ve suyun yeniden kullanēmē 

hedeflenmiĸ; biyolojik gºlet aracēlēĵēyla mikroklimatik etki ve ekolojik ­eĸitlilik artērēlmēĸtēr. 

Ayrēca permak¿lt¿r bah­esi ºnerisiyle ¿retimït¿ketim dengesi gºzetilmiĸ, kullanēcēlarēn 

doĵayla etkileĸimini g¿­lendiren katēlēmcē bir a­ēk alan senaryosu geliĸtirilmiĸtir.  

Bu kapsamda geliĸtirilen mek©nsal kararlar; alanēn ekolojik, estetik ve sosyal performansēnēn 

birlikte deĵerlendirilmesine (Meral vd., 2025) olanak tanēmēĸ, s¿rd¿r¿lebilirlik kavramēnēn 

yalnēzca tematik bir sºylem olarak deĵil, iĸlevsel, mek©nsal ve ekolojik karĸēlēĵē olan somut 

tasarēm stratejileriyle desteklendiĵini ortaya koymuĸtur. 

 

 
Gºrsel 1. S¿rd¿r¿lebilirlik konsepti doĵrultusunda geliĸtirilen tasarēm ºnerisi 

 

3.2. Mek©nsal Kurguya Ķliĸkin Bulgular 

 

Projelerde mek©nsal organizasyonun, belirlenen senaryoya paralel olarak geliĸtiĵi tespit 

edilmiĸtir. Bazē projelerde merkez´ bir odak etrafēnda b¿t¿nleĸen kompakt ­ºz¿mler 

¿retilirken, bazē projelerde lineer ya da par­alē mek©nsal kurgu tercih edilmiĸtir. Bu ­eĸitlilik, 
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ºĵrencilerin tasarēm problemine tek tip bir ­ºz¿m ¿retmek yerine, farklē mek©nsal stratejiler 

geliĸtirebildiklerini ortaya koymaktadēr. 

Alanēn suya yakēnlēĵē etkinlik baĵlamēnda ­eĸitlilik saĵlamaktadēr (Meral vd., 2026). Bu 

baĵlamda ºĵrenciler, su ºĵesini tasarēmēn etkin bir bileĸeni olarak ele almēĸ; su y¿zeyi ve kēyē 

hattēnda ger­ekleĸtirilebilecek farklē etkinliklere yºnelik mek©nsal ºneriler geliĸtirmiĸtir. 

Gºrsel 2ôde ºĵrenci a­ēk alan organizasyonunu, ana toplanma mek©nē olarak tanēmlanan 

merkezi odak etrafēnda ĸekillendirmiĸ; dolaĸēm akslarē bu odaĵa yºnelerek mek©nsal b¿t¿nl¿k 

saĵlamēĸtēr. Fonksiyon alanlarē merkezden ­evreye doĵru hiyerarĸik bi­imde daĵētēlmēĸ, sert 

ve yumuĸak zemin kullanēmē ile bitkisel d¿zenlemeler bu organizasyonu desteklemiĸtir. Bu 

yaklaĸēm, mek©nsal s¿reklilik ve kullanēcēnēn yºnlendirilmesi a­ēsēndan g¿­l¿ bir kurgu 

ortaya koyarken, sēnērlē alan i­erisinde etkin ve okunabilir bir plan ĸemasē oluĸturulmasēnē 

saĵlamēĸtēr. 

 

 
Gºrsel 2. Merkez´ bir odak etrafēnda kurgulanan kompakt tasarēm ­ºz¿m¿ 

 

Gºrsel 3ôte ºĵrenci a­ēk alan organizasyonunu, tek bir merkez yerine birbirinden yarē 

baĵēmsēz alt mek©nlar aracēlēĵēyla kurgulamēĸtēr. Fonksiyon alanlarē, belirli kullanēm 

senaryolarēna gºre par­alē bi­imde daĵētēlmēĸ; bu alanlar bitkisel sēnērlar, zemin 

farklēlaĸmalarēyla tanēmlanmēĸtēr. Mek©nlar arasēnda hem fiziksel hem gºrsel geçirgenlik 

saĵlanarak kopukluk yerine kontroll¿ bir b¿t¿nl¿k oluĸturulmuĸtur. Bu yaklaĸēm, kullanēcēya 

farklē deneyim odaklarē sunarken alan i­inde ­eĸitlilik ve esneklik kazandērmēĸtēr. 

 

 
Görsel 3. Par­alē mek©nsal kurguya sahip tasarēm ºnerisi 



TROIA 3RD INTERNATIONAL CONFERENCE ON APPLIED SCIENCES 

February 27 ï 28, 2026 ï CANAKKALE  

ISBN NR: 978-625-5694-84-3 

 

118 
 

 

 

3.3. Tasarēm Dili ve Bi­imsel Kararlara Ķliĸkin Bulgular 

 

Bitkisel tasarēm kararlarēnda yerel t¿r kullanēmēna yºnelim olduĵu belirlenmiĸtir. Bitki 

se­iminin yalnēzca estetik deĵil; gºlgeleme, sēnēr oluĸturma ve mek©nsal tanēmlama gibi 

iĸlevsel kriterler doĵrultusunda yapēldēĵē gºr¿lmektedir. Bu durum, tasarēm kararlarēnēn 

yalnēzca gºrsel etki ¿zerinden deĵil, performans ve s¿rd¿r¿lebilirlik kriterleri ­er­evesinde 

deĵerlendirildiĵini gºstermektedir. 

 

3.4. Yerel ve K¿lt¿rel Referanslara Ķliĸkin Bulgular 

 

Bazē projelerde k¿lt¿rel referanslarēn doĵrudan metaforik anlatēmlar aracēlēĵēyla tasarēma 

aktarēldēĵē belirlenmiĸtir. Geleneksel motiflerden, yerel doĵal peyzaj karakterinden veya 

bºlgesel kimlik ºĵelerinden esinlenildiĵi; bu referanslarēn soyutlanarak mekânsal kurguya 

entegre edildiĵi tespit edilmiĸtir. Bu yaklaĸēm, tasarēmēn yalnēzca fiziksel deĵil, anlamsal bir 

derinlik kazanmasēnē saĵlamaktadēr. 

Gºrsel 4ôte Karadeniz bºlgesini temsilen dalga formu hem mek©nsal organizasyonun temel 

belirleyicisi hem de etkinlik alanlarēnēn kurgulanmasēnda yºnlendirici bir unsur olarak ele 

alēnmēĸtēr. Sert ve yumuĸak zemin ge­iĸleri, kēvrēmlē dolaĸēm akslarē ve bitkisel d¿zenlemeler 

dalga hareketini yansētan s¿reklilik anlayēĸēyla tasarlanmēĸtēr. Konsept yalnēzca bi­imsel bir 

ifade olarak kalmayēp mek©nsal deneyimi tanēmlayan bir tasarēm stratejisine dºn¿ĸm¿ĸt¿r. 

 

 
Gºrsel 4.ñDalgaò konsepti doĵrultusunda geliĸtirilen tasarēm ºnerisi 

 

Gºrsel 5ôte ºĵrenci mek©nsal kurguda, mercan ekosisteminin ­ok katmanlē ve dallanēp budaklanan 

yapēsēndan esinlenerek tasarēm ºnerisini geliĸtirmiĸtir. Alan i­erisinde ºnerilen deniz ­i­eĵi temalē 

odak mek©n, mercan tarlasē gezisi rotasē, doĵal akvaryum alanē ve deniz mercanē keĸif noktasē gibi 

etkinlik birimleri, konseptin hem biçimsel hem de iĸlevsel yansēmalarē olarak kurgulanmēĸtēr. 
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Gºrsel 5. ñMercanò konsepti doĵrultusunda geliĸtirilen tasarēm ºnerisi. 

 

 

4. SONU¢ VE ¥NERĶLER  

 

¥ĵrenciler tarafēndan hazērlanan arazi yapēsē diyagramēnda belirlenen mek©nsal alt bºlgeler 

ile bu alanlara ºnerilen rekreasyonel aktiviteler, uygun ºl­ek kararlarē doĵrultusunda 

deĵerlendirilmiĸ; iĸlevïalan iliĸkisi gºzetilerek kavramsal tasarēm aĸamasēna aktarēlmēĸtēr 

(Yal­ēnalp ve Meral, 2018). Bu aktarēm s¿reci, ºn proje, tasarēm geliĸtirme ve detaylandērma 

­alēĸmalarēnēn sistematik bir kurgu i­erisinde ilerlemesine zemin hazērlamēĸtēr. ¥ĵrencilerin 

proje paftalarē ¿zerinden yapēlan deĵerlendirmelerde; kavramsal yaklaĸēmēn tasarēmēn 

omurgasēnē oluĸturduĵu, esin kaynaklarēnēn ise ºzellikle mek©nsal kurgu ve tasarēm dili 

¿zerinde belirleyici rol oynadēĵē tespit edilmiĸtir. ¥ĵrencilerin dºnem baĸēnda kendi ºzg¿n 

konseptleri doĵrultusunda bireysel ºrnek araĸtērmalarē yapmalarē, tasarēm s¿recini bilin­li ve 

analitik bir zemine taĸēmēĸ; bu durum ortaya ­ēkan projelerin birbirinden farklē ve ºzg¿n bir 

karakter sergilemesini saĵlamēĸtēr. Yerel baĵlamēn tasarēm s¿recine bilin­li bi­imde d©hil 

edilmesi, projelerde yalnēzca estetik ­eĸitlilik deĵil, aynē zamanda anlam katmanlarēnēn 

oluĸmasēna da katkē sunmuĸtur. Genel olarak deĵerlendirildiĵinde, ºĵrencilerin esin 

kaynaklarēnē se­me, yorumlama ve mek©nsal kararlara dºn¿ĸt¿rme becerilerinin geliĸtiĵi; 

kavramsal yaklaĸēm, mek©nsal kurgu ve tasarēm dili arasēnda kurulan iliĸkinin tasarēmlarēn 

niteliĵini artērdēĵē gºr¿lmektedir. Sonu­lar, tasarēm eĵitiminde yalnēzca sonu­ ¿r¿ne deĵil, 

s¿recin kendisine odaklanan bir st¿dyo yaklaĸēmēnēn ºnemini ortaya koymaktadēr. 

Peyzaj tasarēmēnda, 

- Konsept, 

- Peyzaj içinde yer alacak sirkülasyon sistemi, 

- Yeĸil ve mimari yapē elemanlarēnēn se­imi ve konumlandērmasē, 

- Estetik bir dengenin, saĵlanmasēna ºncelik verilmelidir (¢ēnar, 2008). 

Peyzaj tasarēmēnēn yalnēzca bi­imsel arayēĸlardan, geleneksel yaklaĸēmlardan ya da gºrsel 

beĵeniye dayalē tercihlerden ibaret olmadēĵē; t¿m bu unsurlarēn birimïb¿t¿n iliĸkisi i­inde 

uyumlu bi­imde ele alēnmasēnē gerektiren kapsamlē bir tasarēm eylemi olduĵu gºz ºn¿nde 

bulundurulmalēdēr. Bu nedenle tasarēm kararlarē, ekolojik ve s¿rd¿r¿lebilirlik ilkeleri 

doĵrultusunda ĸekillendirilmelidir. Zira peyzaj mimarlēĵēnda tasarēmēn temel bileĸenlerinden 

biri olan bitkisel materyal canlē ve dinamik bir ºĵedir; mevsimsel ve yēllara baĵlē deĵiĸim 
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gºsteren geliĸim s¿re­lerinin tasarēm aĸamasēnda ºngºr¿lmesi gerekmektedir (Yaĸar ve 

D¿zg¿neĸ, 2013). 

Sonuç olarak ­alēĸma, peyzaj mimarlēĵē tasarēm eĵitiminde ºĵrencilerin esin kaynaklarēnē 

bilin­li bi­imde analiz etmeleri ve tasarēm kararlarēna dºn¿ĸt¿rmeleri yºn¿nde rehberlik 

edilmesinin, daha ºzg¿n ve nitelikli mek©nsal ­ºz¿mler ¿retilmesine katkē sunduĵunu 

göstermektedir. Bu baĵlamda; tasarēm st¿dyolarēnda kavramsal tartēĸmalarēn g¿­lendirilmesi, 

yerel baĵlam analizlerinin sistematik bi­imde s¿rece entegre edilmesi ve deĵerlendirme 

ºl­¿tlerinin yalnēzca nihai ¿r¿n yerine tasarēm s¿recini de kapsayacak ĸekilde yapēlandērēlmasē 

ºnerilmektedir. ¢alēĸmanēn, peyzaj mimarlēĵē eĵitiminde s¿re­ temelli deĵerlendirme 

yaklaĸēmlarēna ve ºzg¿n tasarēm ¿retimine yºnelik akademik tartēĸmalara katkē saĵlamasē 

beklenmektedir. 

Tasarēm St¿dyolarē Ķ­in ¢ēkarēmlar 

¶ Tasarēm s¿recinin baĸlangē­ aĸamasēnda ºĵrencilerin bireysel araĸtērma yapmalarē 

teĸvik edilmeli ve bu araĸtērmalar st¿dyo i­i tartēĸmalarla desteklenmelidir. 

¶ Kavramsal ­er­evenin netleĸtirilmesi amacēyla erken aĸamada sºzl¿ sunum ve eleĸtiri 

oturumlarēna yer verilmelidir. 

¶ Bitkisel ve yapēsal tasarēm kararlarē eĸ zamanlē ele alēnmalē; mek©nsal kurgu yalnēzca 

sert zemin ve yapē elemanlarē ¿zerinden deĵil, bitkisel tasarēm stratejileri ¿zerinden de 

geliĸtirilmelidir. 

¶ Yerel baĵlam analizleri yalnēzca fiziksel verilerle sēnērlē kalmamalē; k¿lt¿rel ve sosyal 

referanslar da tasarēm s¿recine entegre edilmelidir. 

¶ Deĵerlendirme ºl­¿tleri; analiz, konsept geliĸtirme ve tasarēm kararlarēnēn tutarlēlēĵēnē 

kapsayacak bi­imde s¿re­ temelli olarak yapēlandērēlmalēdēr. 

Gelecekteki ¢alēĸmalar Ķ­in ¥neriler 

¶ Farklē ¿niversitelerde y¿r¿t¿len tasarēm st¿dyolarēnēn karĸēlaĸtērmalē olarak 

incelenmesi, tasarēm pedagojisine iliĸkin daha geniĸ ºl­ekli ­ēkarēmlar yapēlmasēna 

katkē saĵlayabilir. 

¶ ¥ĵrencilerin tasarēm s¿recindeki d¿ĸ¿nsel geliĸimini izlemeye yºnelik uzunlamasēna 

­alēĸmalar yapēlabilir. 

¶ Esin kaynaklarēnēn tasarēm ºzg¿nl¿ĵ¿ ¿zerindeki etkisini ºl­meye yºnelik deneysel ya 

da yarē deneysel araĸtērma modelleri oluĸturulabilir. 
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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, wastewater treatment 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 investigated. 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 

rpm, 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, kinetic, 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   

In this study, it was aimed to determine the critical micelle concentration (CMC) in cationic 

surfactantïprotein 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 formation by reducing 

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 this study, 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 a net negative 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 measurements were 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 concentrations and temperature conditions. The obtained results showed that the CMC 

value decreased with increasing BSA concentration. This indicates that proteinïsurfactant 

electrostatic interactions facilitate micellization. In addition, an increase in temperature led to 

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

better understanding of micellization behavior in proteinïcationic surfactant systems. 

Keywords: Critical micelle concentration, CTAB, BSA, Cationic surfactant, Proteinï

surfactant interaction  
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ÖZET 

Mikroalgler, su ¿r¿nleri end¿strisinde birincil ¿retim kaynaĵē olarak kritik bir role sahiptir. 

Bunun yanē sēra gēda, enerji, ila­ ve katma deĵeri y¿ksek biyo-tabanlē ¿r¿nlerin end¿striyel 

¿retiminde de umut verici bir se­enek olarak ºne ­ēkmaktadēr. Mikroalg yetiĸtiriciliĵinde 

verimliliĵi maksimize etmek i­in sēcaklēk, ēĸēk ĸiddeti, pH, karēĸtērma hēzē ve CO2 

konsantrasyonu gibi b¿y¿me parametrelerinin optimizasyonu b¿y¿k ºnem taĸēmaktadēr. 

Farklē a­ēk ve kapalē ¿retim sistemlerinde, sistem karmaĸēklēĵē ile operasyonel 

s¿rd¿r¿lebilirlik arasēndaki denge titizlikle analiz edilmelidir. Bu ­alēĸmada; yetiĸtirme 

ortamlarē, ¿retim sistemleri ve b¿y¿me ¿zerinde etkili olan fizikokimyasal parametreler 

incelenmiĸ; ayrēca yaygēn ¿retilen mikroalg t¿rlerinin farklē fotobiyoreaktºr sistemlerindeki 

ekonomik boyutlarē ºzetlenmiĸtir. ¢alēĸma, mevcut sistemlerin avantaj ve dezavantajlarēnē 

karĸēlaĸtērmalē olarak ele alarak, biyok¿tle verimliliĵinin artērēlmasēna yºnelik gelecek 

tartēĸmalara ēĸēk tutmaktadēr. Sonu­ olarak, mikroalg biyok¿tlesinin etkin bir ĸekilde elde 

edilmesinde, teknolojik entegrasyonun yanē sēra sistemlerin ekonomik s¿rd¿r¿lebilirliĵinin 

temel bir gereklilik olduĵu ortaya konmuĸtur. 

Anahtar Kelimeler :  Fotobiyoreaktºr, Biyok¿tle verimliliĵi, Mikroalg k¿lt¿r¿ 
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ABSTRACT 

Microalgae play a critical role as primary producers in the aquaculture industry. Additionally, 

they emerge as a promising option for the industrial production of food, energy, 

pharmaceuticals, and high-value bio-based products. To maximize efficiency in microalgae 

cultivation, the optimization of growth parameters such as temperature, light intensity, pH, 

mixing rate, and CO2 concentration is of paramount importance. In various open and closed 

cultivation systems, the interaction between system complexity and operational sustainability 

must be meticulously evaluated. 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 a comparative 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, the 

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. GĶRĶķ 

Endüstriyel sektörlerde mikroalg üretimi, biyokütleye ek olarak deĵerli yan ¿r¿nler elde 

ederek iĸletme maliyetlerini d¿ĸ¿rmeyi ama­lamaktadēr. Mikroalg pazarēnēn farklē dallara 

ayrēlmasē, pazar payēnēn b¿y¿mesini tetikliyor ve bu pazarēn 2030 yēlēnda 3,08 milyar ABD 

dolarēna ulaĸmasē bekleniyor. D¿ĸ¿k yatērēm, iĸletme ve enerji maliyetleri nedeniyle a­ēk 

havuzlar k¿resel pazara hakim olmaya devam etsede, ila­, gēda, besin takviyeleri ve kozmetik 

gibi y¿ksek kaliteli end¿strilerdeki geliĸmelerin fotobiyoreaktºr kullanēmēnē artērmasē 

bekleniyor. [1] 

Mikroalgler ­oĵu uygulamada a­ēk sistemlerde ve fotobiyoreaktºrlerde yetiĸtirilebilmektedir. 

A­ēk sistemlerin kontrol¿ zor olduĵundan dolayē b¿y¿k ºl­ekli ¿retimlerde sorun 

yaratmaktadēr. Fotobiyoreaktºrler, saĵladēklarē steril ortamla bu sorunlarēn ¿stesinden 

gelebilmektedir. Iĸēk kaynaĵē ve ēĸēk yoĵunluĵu, mikroalglerin b¿y¿mesini etkileyen kritik 

faktörlerdendir. Verimli ve uygun maliyetli foto-biyoreaktör sistemleri için, 

fotobiyoreaktºrlerde yapay ēĸēk kaynaĵē kullanēlmaktadēr. Mikroalglerin bºl¿nme ve 

fotosentez kinetikleri sēcaklēk, pH ēĸēk yoĵunluĵu, karēĸtērma gibi pek ­ok etmene baĵlē 

deĵiĸiklik gºstermektedir. Yapēlan deney ­alēĸmalarē optimum b¿y¿me koĸullarēnēn 

maksimum biyok¿tle ¿retimi ile sonu­landēĵēnē gºstermektedir. Sistem optimizasyonunun 

saĵlanmasē ve azot, oksijen, CO2 gibi mikroorganizma i­in gerekli t¿m besin maddelerinin 

ortamda varoluĸu, h¿cre biyok¿tlesinin aktivitesini, h¿cresel metabolizma modelini ve h¿cre 

bileĸimindeki deĵiĸimin yanē sēra fotosentezin verimliliĵini desteklemektedir [2] 

Spirulina Platensis ve diĵer Spirulina t¿rleri ºzellikle gēda sektºr¿nde sēk­a kullanēlmaktadēr. 

Aydēnlatma, sēcaklēk, aĸēlama hacmi, karēĸtērma hēzē, pH, su kalitesi ve genel mikro besin 

zenginliĵi Spirulina ¿retimini etkileyen ­evresel parametrelerden birka­ēdēr. Spirulina i­in 

ideal sēcaklēklar, 20 ile 35 ÁC arasēnda deĵiĸmekte olup 30 ÁCôde maksimum biyok¿tle 

¿retimi gºr¿lm¿ĸt¿r. D¿ĸ¿k ēĸēk yoĵunluĵu Spirulina t¿rlerinde b¿y¿mede d¿ĸ¿ĸe neden 

olmuĸ yapēlan iki farklē ­alēĸmada 6000 lux kērmēzē ēĸēkta ve 9000 lux beyaz ēĸēkta maksimum 

biyok¿tle ¿retildiĵi gºr¿lmekle birlikte 24 saat ve 18 saat aydēnlēk gibi farklē fotoperiyotlarēn 

da b¿y¿mede etkili olduĵu saptanmēĸtēr. Alkali sularda b¿y¿yen Spirulina t¿rleri i­i ideal pH 

aralēĵē 8,5 ï 9,5 deĵerinde en y¿ksek kuru aĵērlēĵa, maksimum protein ¿retimine ve en y¿ksek 

antioksidan aktiviteye sahip olmuĸtur. H¿cre duvarēnēn diĵer mikroalg t¿rlerine nazaran daha 

kolay par­alanabilir olmasēndan dolayē Spirulina platensis i­in hassasiyet ile karēĸtērma 

ºnemli bir nokta olup optimum seviye 0,5 vvm ôdir [3]. 
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2. DENEYSEL ¢ALIķMALAR 

Bu ­alēĸmada Spirulina platensis mikroalginin iki farklē fotobiyoreaktºr sisteminde b¿y¿mesi 

incelenmiĸtir. Deneme ­alēĸmalarē 3 tekrarlē olarak yapēlmēĸtēr. ¥zel bir iĸletmeden temin 

edilen k¿lt¿rler aĸē olarak kullanēlmak ¿zere ­oĵaltēlmēĸtēr. K¿lt¿rler zarrouk medium ortamē 

kullanēlarak ­oĵaltēlmēĸtēr. Zarrouk medium ortamēnēn i­eriĵi ĸu ĸekilde hazērlanmēĸtēr; Distile 

edilmiĸ 1 L suya NaHCO3ð16.8 g, NaNO3ð2.5 g, K2HPO4ð0.5 g, K2SO4ð1.0 g, 

NaClð1.0 g, CaCl2_2H2Oð0.04 g, MgSO4_7H2Oð0.2 g, FeSO4_7H2O 0.01g 

eklenmiĸtir. [4] Hava motoru ile k¿lt¿rlere s¿rekli havalandērma uygulanmēĸtēr. 

Stok k¿lt¿rler kontrol grubu ­alēĸmalarē i­in 1ôer litrelik erlenlere 100 ml saf kültür 900 ml 

zarrouk medium i­eren su eklenmiĸtir. Bir hava motoru yardēmē ile erlenlerde karēĸēm s¿rekli 

olarak saĵlanmēĸtēr. 12 saat aydēnlēk 12 saat karanlēk periyot uygulanmēĸ ve bu bir 

zamanlayēcē yardēmēyla kontrol edilmiĸtir. 14 günün sonunda hücre büyümesi durma 

noktasēna gelmiĸtir. G¿nl¿k olarak spektrofotometre cihazēnda 650 nM dalga boyunda 

ºl­¿mler yapēlmēĸ ve h¿cre adetleri mikroskop altēnda neuber lamēnda sayēlmēĸtēr. B¿y¿me 

grafiĵi aĸaĵēda grafik tablosu ile gºsterilmiĸtir. 

 

Çizelge 1. Kontrol Grubu B¿y¿me Eĵrisi Grafiĵi 

Deneme grubu 1 ­alēĸmalarē i­in 25ôer litrelik ĸeffaf tanklarēn oluĸturduĵu fotobiyoreaktºr 

sistemine 2500 ml saf k¿lt¿r kalan miktar kadar zarrouk medium i­eren su eklenmiĸtir. 

Blower yardēmē ile tanklara s¿rekli olarak hava saĵlanmēĸtēr. Aydēnlatma ĸerit ledlerle 

saĵlanmēĸ olup 12 saat aydēnlēk 12 saat karanlēk periyot uygulanmēĸ ve bu bir zamanlayēcē 

yardēmēyla kontrol edilmiĸtir. 18 g¿n¿n sonunda h¿cre b¿y¿mesi durma noktasēna gelmiĸtir. 
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Günlük olarak spektrofotometre cihazēnda 650 nM dalga boyunda ºl­¿mler yapēlmēĸ ve h¿cre 

adetleri mikroskop altēnda neuber lamēnda sayēlmēĸtēr. B¿y¿me grafiĵi aĸaĵēda grafik tablosu 

ile gºsterilmiĸtir. 

 

Çizelge 2. Deneme Grubu 1 B¿y¿me Eĵrisi Grafiĵi 

 

Deneme grubu 2 ­alēĸmalarē i­in 3000 litrelik fotobiyoreaktºr sistemine 300 litrelik saf k¿lt¿r 

kalan miktar kadarda zarrouk medium i­eren su eklenmiĸtir. Blower yardēmē ile sisteme 

s¿rekli olarak hava saĵlanmēĸtēr. Aydēnlatma fotobiyoreaktºr sisteminin i­erisinde yer alan 

t¿b¿ler kolanlara ĸerit ledler konularak saĵlanmēĸ olup 12 saat aydēnlēk 12 saat karanlēk 

periyot uygulanmēĸ ve bu bir zamanlayēcē yardēmēyla kontrol edilmiĸtir. 21 g¿n¿n sonunda 

h¿cre b¿y¿mesi durma noktasēna gelmiĸtir. G¿nl¿k olarak spektrofotometre cihazēnda 650 

nM dalga boyunda ºl­¿mler yapēlmēĸ ve h¿cre adetleri mikroskop altēnda neuber lamēnda 

sayēlmēĸtēr. B¿y¿me grafiĵi aĸaĵēda grafik tablosu ile gºsterilmiĸtir. 
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Çizelge 3. Deneme Grubu 2 B¿y¿me Eĵrisi Grafiĵi 

 

3. SONU¢LAR VE DEĴERLENDĶRME 

Kontrol grubu ­alēĸmasēnda 1ôer litrelik 3 erlende yapēlan ­alēĸmada mikroalg k¿lt¿r¿n¿n 

­ºkmemesi karēĸēmēn saĵlanmasē i­in 1 adet akvaryum tipi hava motoru 24 saat boyunca 

­alēĸtērēlmēĸtēr. Mikroalg yetiĸtirmede ihtiya­ duyulan aydēnlatma ise bir led floresan lamba ile 

12 saat aydēnlēk 12 saat karanlēk olacak ĸekilde bir zamanlayēcē priz yardēmēyla ayarlanēp 

saĵlanmēĸtēr. Hava motoru g¿nl¿k 0,084 kW, led aydēnlatma ise g¿nl¿k 0,144 kW enerji 

harcamēĸ olup 14 g¿n s¿ren ­alēĸma boyunca toplam harcanan enerji 3.192 kWhôdēr. 

¢alēĸmanēn yapēldēĵē dºnemde elektrik kWh ¿creti tarēm iĸletmeleri i­in 3,95 TL olacak 

ĸekilde belirtilmiĸ ve buna gºre hesaplanmēĸtēr. Kontrol grubu ­alēĸmasēnda toplam enerji 

maliyeti 12,60 TLôdir. Toplamda 3 litre ¿retilen mikroalg i­in birim fiyat olarak 1 litre 

mikroalg i­in harcanan birim enerji maliyeti 4.2 TL olmuĸtur. 

Deneme grubu 1 ­alēĸmasēnda 25ôer litrelik 5 tankta yapēlan ­alēĸmada mikroalg k¿lt¿r¿n¿n 

­ºkmemesi karēĸēmēn saĵlanmasē i­in 1 adet 0,37kWh g¿c¿nde blower hava motoru 24 saat 

boyunca ­alēĸtērēlmēĸtēr. Mikroalg yetiĸtirmede ihtiya­ duyulan aydēnlatma ise bir ĸerit led 

aydēnlatmalar ile 12 saat aydēnlēk 12 saat karanlēk olacak ĸekilde bir zamanlayēcē priz 

yardēmēyla ayarlanēp saĵlanmēĸtēr. Hava motoru g¿nl¿k 8,88 kW, led aydēnlatma ise g¿nl¿k 

3,024 kW enerji harcamēĸ olup 18 g¿n s¿ren ­alēĸma boyunca toplam harcanan enerji 214,272 

kWhôdēr. ¢alēĸmanēn yapēldēĵē dºnemde elektrik kWh ¿creti tarēm iĸletmeleri i­in 3,95 TL 

olacak ĸekilde belirtilmiĸ ve buna gºre hesaplanmēĸtēr. Deneme grubu 1 ­alēĸmasēnda toplam 
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enerji maliyeti 846,3 TLôdir. Toplamda 125 litre ¿retilen mikroalg i­in birim fiyat olarak 1 

litre mikroalg i­in harcanan birim enerji maliyeti 6,77 TL olmuĸtur. 

Deneme grubu 2 ­alēĸmasēnda 3000 litrelik fotobiyoreaktºr sisteminde yapēlan ­alēĸmada 

mikroalg k¿lt¿r¿n¿n ­ºkmemesi karēĸēmēn saĵlanmasē i­in 1 adet 2,55 kWh g¿c¿nde blower 

hava motoru 24 saat boyunca ­alēĸtērēlmēĸtēr. Mikroalg yetiĸtirmede ihtiya­ duyulan 

aydēnlatma ise bir ĸerit led aydēnlatmalar ile 12 saat aydēnlēk 12 saat karanlēk olacak ĸekilde 

bir zamanlayēcē priz yardēmēyla ayarlanēp saĵlanmēĸtēr. Hava motoru g¿nl¿k 61,2 kW, led 

aydēnlatma ise g¿nl¿k 18 kW enerji harcamēĸ olup 21 g¿n s¿ren ­alēĸma boyunca toplam 

harcanan enerji 1663,2 kWhôdēr. ¢alēĸmanēn yapēldēĵē dºnemde elektrik kWh ¿creti tarēm 

iĸletmeleri i­in 3,95 TL olacak ĸekilde belirtilmiĸ ve buna gºre hesaplanmēĸtēr. Deneme grubu 

1 ­alēĸmasēnda toplam enerji maliyeti 6569,6 TLôdir. Toplamda 125 litre ¿retilen mikroalg 

için birim fiyat olarak 1 litre mikroalg i­in harcanan birim enerji maliyeti 2,2 TL olmuĸtur. 

4. GENEL DEĴERLENDĶRME VE SONU¢LAR 

Bu ­alēĸmada, Spirulina platensis türü mikroalgin ¿r¿n verimliliĵi ile birlikte optik yoĵunluk 

ve enerji maliyeti fotobiyoreaktºr tasarēmlarēna baĵlē olarak karĸēlaĸtērēlmasē yapēlmēĸtēr. 

Uygulanan farklē yetiĸtirme sistemlerinin h¿cre yoĵunluĵu ve mlôde ki h¿cre sayēsē deĵerleri 

¿zerine etkisi belirlenmiĸ ve bu yetiĸtirme sistemlerinin mikroalg k¿lt¿r¿n¿n istenilen 

yoĵunluĵa ulaĸtērmasēnda istatiksel olarak farklēlēk olmadēĵē saptanmēĸtēr. Fakat enerji 

maliyetleri a­ēsēndan karĸēlaĸtērēldēĵēnda ve deĵerlendirilmesi yapēldēĵēnda; end¿striyel ºl­ekli 

mikroalg ¿retimi yapēlacak ise b¿y¿k hacimli fotobiyoreaktºr kullanēmlarē orta, pilot ve 

laboratuvar ölçekli fotobiyoreaktºr kullanēmlarēna gºre enerji maliyeti a­ēsēndan ­ok daha 

ekonomik olmaktadēr. Tek seferde sabit harcanan enerjide y¿ksek miktardaki ¿retim 

sistemleri d¿ĸ¿k kapasiteli sistemlere gºre daha ekonomik olduĵu gºzlemlenmiĸtir. 

¢alēĸmadaki farklē tasarēmlardaki fotobiyoreaktºrler kullanēm amacē, kullanēm alanē, farklē 

ortam koĸullarēna gºre kendine gºre avantaj ve dezavantajlarē deĵerlendirilerek tercih 

edilebilir. 
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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, wastewater treatment 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 investigated. 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 

rpm, 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, kinetic, 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 difficult and costly to obtain. 

To address this limitation, this study proposes a reconstruction-based unsupervised fault 

detection framework using an autoencoder neural network trained exclusively on healthy 

operating data. Statistical features are extracted from multi-channel 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 detection threshold 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 successful 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 equipment, and 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 rapidly, 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 topic in the field 

of predictive maintenance. Vibration signal analysis is one of the most widely adopted 

mailto:emrah.aslan@dicle.edu.tr
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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 challenges, unsupervised and semi-supervised 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 the resulting reconstruction errors are used to train a One-Class SVM (OCSVM). This 

combination effectively detects deviations from normal operation without requiring labeled 

fault data [1]. Folz and Gomes evaluated SVM and Random Forest for electric motor fault 

classification using MFCCs. SVM achieved 100% accuracy with vibration signals but only 

69.6% with audio. This study highlights the first use of speech-recognition features (MFCCs) 

for real-time motor monitoring [2]. Mai et al. developed a SCADA-based monitoring model 

using Deep Learning to classify wind turbine gearbox states. By optimizing historical 

operational data, they achieved 98.8% accuracy. This high-precision model enables real-time 

early fault prediction and supports proactive maintenance strategies to lower wind farm costs 

[3]. Pawlik et al. introduced AE-FIT, a fault identification method using autoencoders trained 

solely on healthy data. It generates an Interpretable Order Spectrum (AE-IOS) to identify 

faults like misalignment and unbalance under variable loads, bypassing the need for damaged-

state training data [4]. Islam and Shamshuzzoha proposed a three-tier WBAN security 

framework: Senseguard Hub (sensor tier), GateX (intermediate tier), and a cloud tier. Using 

Monte Carlo simulations to create WBAN datasets, Random Forest and Gradient Boosting 

models achieved perfect (1.0) precision and recall for anomaly detection [5]. Ge and 

colleagues introduced DCCopGAN, combining DCGANs with Copula-Based Outlier 

Detection (CopOD). The DCGAN learns healthy data distributions to calculate reconstruction 

errors, which CopOD then analyzes to score anomalies. This unsupervised approach 

effectively detects multi-sensor gearbox faults without labeled data [6]. 

In this study, a reconstruction-based 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. Faulty 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 learningïbased fault classification approach [7]. 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 

valuable resource for gearbox fault diagnosis research. The dataset was obtained using 
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SpectraQuestôs Gearbox Fault Diagnostics Simulator, where vibration signals 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 conducted under varying load conditions ranging from 0% to 90%, with 

increments of 10%. Two different operational conditions were considered: 

¶ Healthy gearbox condition 

¶ 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 

associated with a specific load level. The main characteristics of the dataset are summarized 

in Table 1. 

 

Table 1. Main characteristics of the gearbox fault diagnosis dataset [7] 

Feature Description 

Dataset name Gearbox Fault Diagnosis Dataset 

Measurement system SpectraQuest Gearbox Fault Diagnostics Simulator 

Number of sensors 4 vibration sensors 

Sensor placement Four different directions 

Operating conditions Healthy, Broken Tooth 

Total number of files 20 

Healthy condition files 10 

Faulty condition files 10 

Load range 0% ς 90% 

Load increment 10% 

Data type Vibration signals 

Application Gearbox fault diagnosis 

 

2.2. Autoencoder-Based Anomaly Detection Model 

In this study, the gearbox fault detection problem is addressed using a reconstruction-based 

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 normal operating 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 applications. The proposed model consists of two main 

components: an encoder and a decoder, both implemented using fully connected layers. The 

encoder maps the 16-dimensional input feature vector into a lower-dimensional latent space 

through successive hidden layers 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 compatibility with the 

normalized input feature range. The overall workflow of the proposed autoencoder-based 

anomaly detection framework is illustrated in Figure 1. During training, only healthy samples 

are used to learn the normal operating patterns of the system. In the testing phase, 

reconstruction errors are computed and compared against a predefined threshold to determine 

the presence of faults. 

 

Figure 1. Schematic representation of the autoencoder-based anomaly detection framework. 

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 operating conditions. 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 measures the average absolute difference between 

the input vector and its reconstructed output. MAE is defined as: 

 (1) 

 

where denotes the input feature vector, represents the reconstructed output, and 

is the dimensionality of the input space (in this study, ). MAE is preferred due to its 

robustness to outliers and its suitability for measuring reconstruction discrepancies in 

vibration-based condition monitoring 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: 

 (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 

is defined as the sum of the mean () and standard deviation () of the healthy 

reconstruction error distribution: 

 (3) 

 

During testing, samples with anomaly scores exceeding the threshold ( ) are classified 

as faulty, while those with scores below 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 model [9]. Accuracy 

measures the proportion of correctly classified samples among all test samples and is 

expressed as: 

 (4) 
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Precision quantifies the reliability of fault predictions by measuring the proportion of 

correctly identified faulty samples among all samples predicted as faulty: 

 (5) 

 

Recall, also referred to as sensitivity, indicates the modelôs ability to correctly detect actual 

faults and is defined as: 

 (6) 

 

Here, , , , and denote 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 outcomes and misclassification 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 output 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 operating patterns. This 

behavior is consistent with the reconstruction-based anomaly detection principle, where 

samples that do not conform to the healthy data manifold produce elevated reconstruction 

errors. Consequently, such samples yield anomaly scores exceeding the predefined threshold 

and are correctly identified as faulty. 

 

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

 

Figure 3 illustrates a representative 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 

reconstruction 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 autoencoder has 

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 approximation 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. 

 

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 represents the 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 model has 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 threshold 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 dataset, summarizing the 

classification performance of the proposed autoencoder-based anomaly detection approach. 

The matrix reports the number of correctly and incorrectly classified samples for healthy and 

broken gearbox conditions. As shown, the model correctly identifies 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 recall. However, 269 healthy samples are incorrectly classified 

as faulty (false positives), which reflects a conservative detection behavior driven by the 

reconstruction-error-based thresholding strategy. This outcome demonstrates that the 

proposed method prioritizes fault detection sensitivity, effectively minimizing missed fault 

cases at the expense of a moderate increase in false alarms. Such a trade-off is generally 

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 autoencoder-based fault detection results 

Figure 6 illustrates the evolution of classification accuracy for both the training and testing 

datasets as a function of the training epochs. Accuracy is computed at each epoch based on 

reconstruction-error-based anomaly classification using the dynamically estimated threshold. 

As shown in Figure 6, both training and testing accuracies increase rapidly during the initial 

epochs, 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 of the learning 

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 be attributed 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 reconstruction 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 the validation 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 

operating 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 losses throughout 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 system behavior, which is essential for reliable 

reconstruction-error-based 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 autoencoder successfully 

captures the underlying structure of normal system behavior, which is essential for reliable 

reconstruction-error-based anomaly detection. 

Table 2. Final performance metrics 

Accuracy Precision Recall 

0.9334 0.8801 1.0000 

 

Table 2 summarizes 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 identify the 

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 contrast, the recall 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 moderately high 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 monitoring applications, where undetected faults may lead to severe mechanical 

damage or safety risks. 

4. Conclusion 

In this study, a reconstruction-based unsupervised autoencoder approach was proposed for 

gearbox fault detection using statistical features extracted from 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 evaluating reconstruction 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 number of healthy samples were 

misclassified as faulty, as reflected by a precision of 0.8801, this conservative 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 and reliability of the proposed approach. The 

results highlight the suitability of autoencoder-based anomaly detection for gearbox condition 

monitoring, particularly in scenarios where labeled fault data are scarce or difficult to obtain. 

By relying solely on healthy data for training, the proposed framework offers a practical and 

scalable solution for real-world 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 data-driven approaches often struggle to simultaneously capture complex 

frequency-domain characteristics and long-term 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) architecture that integrates 

Time-Distributed Convolutional Neural Networks (CNNs) and Long Short-Term Memory 

(LSTM) networks. Raw gearbox vibration signals are first transformed into timeïfrequency 

representations using the Short-Time Fourier Transform (STFT). The Time-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 continuous 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 (R²). Experimental results demonstrate 

high prediction accuracy, achieving an R² 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 CNNïLSTM framework provides 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; CNNïLSTM; 

TimeïFrequency 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 for gearbox fault diagnosis due to its 

sensitivity to mechanical defects. However, gearbox vibration signals are typically non-

stationary and highly complex, making it difficult for traditional signal processing and 

machine learning methods to extract discriminative features 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 demonstrated remarkable 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 timeïfrequency representations, while RNNs, 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. categorized RUL prediction into four pillars: statistical, AI, 

physics-based, 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 complex mechanical systems more effectively [1]. 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), while a Bi-LSTM network 

uses these indicators to model the degradation trend. Accelerated life tests confirmed that this 

symmetric network approach accurately tracks the pump's full life cycle [2]. Lee et al. 

developed a multi-sensor RUL framework for gear pumps using vibration, flow, and 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 fuel contamination levels [3]. Chen et al. 

developed the TQFMDCAE framework to build cross-domain Health Indicators (HIs) using 

multi-scale autoencoders and Maximum Mean Discrepancy. These HIs feed into a novel 

MLMA -Net, which uses a multi-hierarchical structure and memory augmentation to capture 

long-term dependencies, significantly outperforming typical RUL methods under variable 

working conditions [4]. Xiang et al. proposed a Concise Self-Adapting Deep Learning 

Network (CSDLN) to improve RUL prediction with fewer parameters. It features a multi-

branch 1D involution network (MINN) for adaptive feature extraction and a multi-head GRU 

(MGRU) for temporal learning. By using the Mish activation function and dropout for 

uncertainty quantification, the model outperformed existing methods on C-MAPSS and wind 

turbine gearbox data [5]. Xiang et al. developed the ADLDNN, which uses an automatic 

multi-differential approach to mine diverse feature levels. It utilizes a multi-branch CNN for 

specialized feature extraction and a multi-cellular Bi-LSTM to categorize degradation trends 
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into specific levels. Validated on C-MAPSS and wind turbine data, it significantly 

outperforms state-of-the-art RUL prediction methods [6]. 

To overcome these limitations, this study proposes a hybrid Convolutional Recurrent Neural 

Network (CRNN) architecture that combines the strengths of CNN and LSTM models. By 

applying a Time-Distributed CNN to spectrogram sequences and an LSTM network to capture 

temporal degradation trends, the proposed framework 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 learningïbased fault classification approach [7]. 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 

valuable resource for gearbox fault diagnosis research. The dataset was obtained using 

SpectraQuestôs Gearbox Fault Diagnostics Simulator, where vibration signals 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 conducted under varying load conditions ranging from 0% to 90%, with 

increments of 10%. Two different operational conditions were considered: 

¶ Healthy gearbox condition 

¶ 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 

associated with a specific load level. The main characteristics of the dataset are summarized 

in Table 1. 

Table 1. Main characteristics of the gearbox fault diagnosis dataset [7] 

Feature Description 

Dataset name Gearbox Fault Diagnosis Dataset 

Measurement system SpectraQuest Gearbox Fault Diagnostics Simulator 

Number of sensors 4 vibration sensors 

Sensor placement Four different directions 

Operating conditions Healthy, Broken Tooth 

Total number of files 20 

Healthy condition files 10 

Faulty condition files 10 
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Load range 0% ς 90% 

Load increment 10% 

Data type Vibration signals 

Application Gearbox fault diagnosis 

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 for deep learningï

based analysis. In this study, the Short-Time Fourier Transform (STFT) was employed to 

convert one-dimensional time-domain vibration signals into two-dimensional timeïfrequency 

representations. The STFT enables simultaneous analysis of both temporal and spectral 

characteristics of non-stationary 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 represents frequency, and the pixel intensity 

corresponds to signal magnitude. These spectrograms serve as the input data for the proposed 

deep learning model. 

2.3. Time-Distributed Convolutional Neural Network  

To extract spatial features from the spectrogram representations, a Time-Distributed two-

dimensional Convolutional Neural Network (2D-CNN) 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 same CNN weights. This approach allows the model to 

learn local frequencyïtime patterns such as fault-related signatures, energy concentrations, 

and localized spectral anomalies without disrupting the temporal order of the data. By sharing 

weights across all time steps, the Time-Distributed CNN ensures consistent feature extraction 

while preserving the sequential structure required for subsequent temporal modeling [8]. 

2.4. Batch Normalization and Dropout Layers 

Batch Normalization layers were applied after convolutional 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 generalization capability 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 feature learning. 

2.5. Long Short-Term Memory Network  

The high-level spatial features extracted by the Time-Distributed 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 short-term and long-term temporal dependencies. In 

the context of gearbox vibration analysis, the LSTM layer enables the model to learn the 

temporal evolution of fault-related features and degradation patterns over time. This temporal 
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modeling capability is essential for accurately representing the progression of mechanical 

faults and operating condition changes [9]. 

2.6. Fully Connected Layers and Output Structure 

Following the LSTM layer, Fully Connected (Multilayer Perceptron, MLP) layers were 

employed to integrate the learned spatial and temporal 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 is configured for regression-based 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 regression evaluation 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 

difference between 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 scales [11]. The R² metric evaluates how well the predicted 

values explain the variance of the actual data. The mathematical formulations of these metrics 

are given as follows: 

 (1) 

 

 (2) 

 

 (3) 

 

 (4) 

 

where denotes the actual value, represents the predicted value, is the mean of the actual 

values, and is the total number of samples. 

3. Results and Discussion 
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Figure 1 shows a sample spectrogram obtained from the raw gearbox vibration signal using 

the Short-Time 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 spectral energy at each timeïfrequency point, where brighter regions denote 

higher energy concentrations. This two-dimensional timeïfrequency representation is used as 

the input to the proposed Time-Distributed CNN, enabling the extraction of localized 

frequency patterns associated with gearbox fault characteristics. 

 

Figure 1. Sample spectrogram representation of the ēnput vibration signal 
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Figure 2. RUL prediction accuracy based on actual and predicted health index values 

Figure 2 illustrates the relationship between 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 match the 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 determination ( ) further confirms the modelôs excellent capability 

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 proposed CNNïLSTM model. The solid line 

represents the ground-truth health condition, while the dashed line corresponds to the modelôs 

forecast. The close alignment between the predicted and actual curves across time 

demonstrates the modelôs strong capability to capture temporal variations and degradation 

dynamics in the gearbox system. This result indicates that the proposed architecture 

effectively learns both short-term fluctuations and long-term trends in the health index, 

enabling accurate condition monitoring and prognostic assessment. 

 

Figure 3. Temporal health status forecasting using the proposed CNNïLSTM Model 
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Figure 4. Continuous RUL monitoring and health index prediction performance 

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

Life (RUL) prediction performance of the proposed CNNïLSTM model over the first 150 

samples. The solid black line represents the actual health degradation path, while the dashed 

line denotes the modelôs predicted health index. The shaded region indicates the prediction 

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 monitoring scenarios, highlighting its capability to 

track health variations under varying operational conditions. 

Table 2. Performance evaluation results of the proposed model 

Metric Value 

wч {ŎƻǊŜ 0.9962 

MAE (Mean Absolute Error) 27.2518 

RMSE (Root Mean Square Error) 30.1470 

MAPE (Mean Absolute Percentage Error) 1.2940 

 

Table 2 summarizes the quantitative performance of the proposed CNNïLSTM model using 

four standard regression evaluation metrics. The coefficient of determination (R²) value of 

0.9962 indicates 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 and squared 

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 relatively low difference 

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 health condition 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 decision-making. 



TROIA 3RD INTERNATIONAL CONFERENCE ON APPLIED SCIENCES 

February 27 ï 28, 2026 ï CANAKKALE  

ISBN NR: 978-625-5694-84-3 

 

154 
 

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 integrates Time-Distributed 

Convolutional Neural Networks (CNNs) for spatial feature extraction from timeïfrequency 

representations and Long Short-Term Memory (LSTM) networks for modeling temporal 

degradation dynamics. Raw vibration signals were transformed into spectrogram 

representations using the Short-Time Fourier Transform (STFT), enabling the model to jointly 

learn frequency-domain characteristics and their temporal evolution. The Time-Distributed 

CNN effectively captured localized fault-related patterns across different frequency bands, 

while the LSTM layer successfully modeled both short-term fluctuations and long-term 

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

evaluated using standard regression metrics, including RMSE, MAE, 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 health conditions. 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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ÖZET 

Bu ­alēĸmada, Gaziantep ilinin iklim koĸullarēnda faaliyet gºsteren bir ­uval fabrikasēnda kullanēlan, 

180.000 kcal/h kapasiteli sēvē yakētlē ēsētma cihazēna ait baca sistemlerinin enerji verimliliĵi ve 

emisyon performansē incelenmiĸtir. Araĸtērma kapsamēnda, baca sistemleri 30Á, 60Á ve 90Á olmak 

¿zere ¿­ farklē a­ē konfig¿rasyonunda tasarlanmēĸ; paslanmaz ­elik, kaynak yapēlmēĸ ­elik ve oluklu 

­elik olmak ¿zere ¿­ farklē baca malzemesi kullanēlarak oval ve dairesel kesitli alternatif baca 

geometrileri oluĸturulmuĸtur. Farklē a­ē, malzeme ve kesit kombinasyonlarēndan meydana gelen 

senaryolarēn performans deĵerlendirmesi KesaAladin sim¿lasyon programē yardēmēyla 

ger­ekleĸtirilmiĸtir. Sim¿lasyon sonu­larē, baca a­ēsēnēn akēĸ karakteristiĵi ve ­ekiĸ performansē 

¿zerinde belirleyici bir parametre olduĵunu, baca malzemesinin ise ēsē kayēplarē ve baca gazē 

emisyonlarē ¿zerinde ºnemli etkiler oluĸturduĵunu gºstermektedir. ¥zellikle uygun a­ēïmalzeme 

eĸleĸmelerinin, sistem verimini artērērken ­evresel etkileri azaltma potansiyeline sahip olduĵu 

belirlenmiĸtir. Bu ­alēĸma, Gaziantep ili ºzelinde end¿striyel ¿retim tesislerinde baca tasarēmēnēn 

optimize edilmesinin enerji verimliliĵini destekleyici ve emisyon azaltēmēna katkē saĵlayēcē bir 

yaklaĸēm sunduĵunu ortaya koymaktadēr 

Anahtar kelimeler: End¿striyel baca tasarēmē, baca a­ēsē, baca malzemeleri, enerji verimliliĵi, 

emisyon analizi, KesaAladin simülasyonu 

 
1 GĶRĶķ 

Enerji t¿ketiminin k¿resel ºl­ekte artēĸē ile birlikte fosil yakēt kullanēmēna baĵlē ­evresel etkilerinde 

artmasē end¿striyel sistemlerde enerji verimliliĵinin saĵlanmasē konusundaki ­alēĸmalara 

araĸtērmacēlarēn yoĵunlaĸmasēna neden olmuĸtur [1]. ¥zellikle sanayi sektºr¿nde kullanēlan ēsētma 

sistemleri, toplam enerji t¿ketimi ve karbon emisyonlarē a­ēsēndan dikkate alēnmasē gereken enerji 

tüketici sistemlerdir [2]. Endüstriyel yanma sistemlerinde enerji kayēplarēnēn ºnemli bir bºl¿m¿ baca 

gazē yoluyla ger­ekleĸmekte dir. Bu nedenle baca tasarēm parametrelerinin sistem verimi ¿zerindeki 

etkisi giderek daha fazla araĸtērēlmaktadēr [3]. 

Baca sistemleri yalnēzca yanma gazlarēnēn g¿venli tahliyesini saĵlamakla kalmayēp, aynē zamanda 

yanma verimi, ­ekiĸ performansē, basēn­ daĵēlēmē ve emisyon karakteristikleri ¿zerinde ºnemli  etkiye 

sahiptir [4]. Baca geometrisi, dirsek a­ēsē, kesit tipi ve malzeme ºzellikleri; akēĸ rejimini, t¿rb¿lans 

oluĸumunu ve ēsē transfer mekanizmalarēnē direkt etkiler [5]. ¥zellikle a­ē deĵiĸimlerinin akēĸ direncini 

artērarak basēn­ kayēplarēna neden olduĵu ve bunun da enerji t¿ketimini dolaylē olarak etkilediĵini 

eapor eden ­alēĸmalar mevcuttur[6]. 

Son yēllarda yapēlan ­alēĸmalar, baca kesit geometrisinin (dairesel veya oval) akēĸ homojenliĵi ve 

s¿rt¿nme kayēplarē ¿zerinde farklē davranēĸlar sergilediĵini gºstermiĸtir [7]. Dairesel kesitler 

genellikle daha dengeli bir hēz daĵēlēmē saĵlarken, oval kesitler belirli uygulamalarda alan verimliliĵi 

avantajē sunabilir [8]. Bununla birlikte, baca malzemesinin ēsēl iletkenliĵi ve y¿zey p¿r¿zl¿l¿ĵ¿, hem 

ēsē kaybē hem de emisyon deĵerleri ¿zerinde ºnemli etkilere sahiptir [9]. Paslanmaz ­elik, kaynaklē 

çelik ve oluklu çelik gibi farklē malzemelerin termal performanslarēnēn karĸēlaĸtērēlmasē, enerji etkin 

tasarēm a­ēsēndan ºnemlidir [9]. 
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Ķklim koĸullarē da baca performansēnē etkileyen ºnemli parametrelerden biridir. Dēĸ ortam sēcaklēĵē ve 

r¿zgar hēzē, doĵal ­ekiĸ mekanizmasēnē doĵrudan etkileyerek sistem stabilitesini deĵiĸtirebilir [10]. 

¥zellikle d¿ĸ¿k dēĸ sēcaklēklarda ­ekiĸ kuvvetinin artmasē, ancak aynē zamanda ēsē kayēplarēnēn 

y¿kselmesi sºz konusu olabilmektedir [6]. Bu nedenle bºlgesel iklim verilerinin tasarēm s¿recine 

entegre edilmesi gerekmektedir. 

G¿n¿m¿zde baca sistemlerinin performans analizinde sayēsal sim¿lasyon yºntemleri yaygēn olarak 

kullanēlmaktadēr [5]. Hesaplamalē akēĸkanlar dinamiĵi (CFD) ve benzeri sim¿lasyon ara­larē, deneysel 

yºntemlere kēyasla daha d¿ĸ¿k maliyetle ve daha kēsa s¿rede ­oklu senaryolarēn analiz edilmesine 

olanak saĵlamaktadēr [7]. Sim¿lasyon destekli analizler, tasarēm optimizasyonu a­ēsēndan karar 

vericilere önemli avantajlar sunar [10-12]. 

Bu ­alēĸma kapsamēnda, Gaziantep ili iklim koĸullarēnda faaliyet gºsteren end¿striyel bir tesiste 

kullanēlan sēvē yakētlē ēsētma cihazēna ait baca sistemleri; farklē a­ē (30Á, 60Á, 90Á), malzeme 

(paslanmaz ­elik, kaynaklē ­elik, oluklu ­elik) ve kesit geometrisi (dairesel, oval) kombinasyonlarē 

altēnda deĵerlendirilmiĸtir. KesaAladin sim¿lasyon programē kullanēlarak ger­ekleĸtirilen analizler ile 

akēĸ hēzē, basēn­ daĵēlēmē, sēcaklēk deĵiĸimi ve emisyon parametreleri incelenmiĸ; enerji etkin tasarēm 

a­ēsēndan en uygun konfig¿rasyonlarēn belirlenmesi ama­lanmēĸtēr. Bu yºn¿yle ­alēĸma, end¿striyel 

baca tasarēmēnda a­ēïmalzemeïkesit ¿­geninin enerji verimliliĵi ¿zerindeki etkisini b¿t¿nc¿l bi­imde 

ortaya koymayē hedeflemektedir. 

2. ANALĶZ SONU¢LARI VE DEĴERLENDĶRMELER  

 

 

ķekil 1.  Baca aĵzē kesiti 

ķekil 1ôde baca aĵēz kesitinin a­ē ve malzemeye baĵlē deĵiĸimi gºr¿lmektedir. Dairesel kesitte en 

d¿ĸ¿k deĵer 299 mm ile kaynaklē ­elik 30Ü senaryosunda, en y¿ksek deĵer ise 319,5 mm ile oluklu 

­elik 90Ü senaryosunda elde edilmiĸtir. Bu durum yaklaĸēk %6,9ôluk bir kesit artēĸēna karĸēlēk 

gelmektedir. Oval kesitte ise minimum 300,8 mm, maksimum 321 mm olup artēĸ oranē yaklaĸēk 

%6,7ôdir. ¥zellikle oluklu ­elik bacalarda kesit gereksiniminin diĵer malzemelere gºre yaklaĸēk %6ï7 

daha y¿ksek olduĵu gºr¿lmektedir. Bu artēĸ, akēĸ direncinin dengelenmesi amacēyla sistemin daha 

b¿y¿k kesite ihtiya­ duyduĵunu gºstermektedir. 



TROIA 3RD INTERNATIONAL CONFERENCE ON APPLIED SCIENCES 

February 27 ï 28, 2026 ï CANAKKALE  

ISBN NR: 978-625-5694-84-3 

 

158 
 

 

ķekil 2.  Baca akēm hēzē  

ķekil 2ôde akēm hēzlarē incelendiĵinde dairesel kesitte 3,28 m/s ile en y¿ksek hēz kaynaklē ­elik 30Ü 

senaryosunda, 3,03 m/s ile en d¿ĸ¿k hēz oluklu ­elik 90Ü senaryosunda gºr¿lmektedir. Bu yaklaĸēk 

%7,6ôlēk bir hēz d¿ĸ¿ĸ¿ne karĸēlēk gelmektedir. Oval kesitte de benzer eĵilim gºzlenmiĸ ve maksimum 

3,26 m/s, minimum 3,01 m/s olup yaklaĸēk %7,7ôlik azalma oluĸmuĸtur. A­ē b¿y¿d¿k­e hēzēn azaldēĵē 

ve oluklu ­eliĵin diĵer malzemelere gºre ortalama %6ï8 daha d¿ĸ¿k hēz deĵerleri verdiĵi 

belirlenmiĸtir. 

 

ķekil 3.  Baca atēk gaz yoĵunluĵu  

Atēk gaz yoĵunluĵu deĵerlerinde dairesel kesitte 0,933ï1,006 kg/mį aralēĵēnda deĵiĸim gºr¿lmektedir. 

Bu yaklaĸēk %7,8ôlik bir fark oluĸturmaktadēr. Oval kesitte deĵiĸim 0,995ï1,008 kg/mį aralēĵēnda olup 
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fark yaklaĸēk %1,3ôt¿r. ¥zellikle oluklu ­elik bacalarda yoĵunluĵun yaklaĸēk %1ï2 daha yüksek 

olmasē, ēsē kayēplarēnēn ve akēĸ rejiminin malzemeye duyarlē olduĵunu gºstermektedir. 

 

ķekil 4.  Baca akēm sesi  

ķekil 4ôte akēm sesi deĵerleri 14,1ï15,6 dBA aralēĵēnda deĵiĸmektedir. En y¿ksek deĵer kaynaklē ­elik 30Ü 

senaryosunda, en d¿ĸ¿k deĵer oluklu ­elik 90Ü senaryosunda ºl­¿lm¿ĸt¿r. Maksimum fark yaklaĸēk %9,6ôdēr. 

A­ē arttēk­a ses seviyesinde yaklaĸēk %1ï2 oranēnda d¿ĸ¿ĸ gºr¿lmekte, malzeme deĵiĸimi ise toplamda yaklaĸēk 

%8ï10ôluk bir akustik fark oluĸturmaktadēr. 

D¿ĸ¿k sēcaklēk koĸullarēnda r¿zgar hēzlarē dairesel kesitte 8ï8,55 m/s arasēnda deĵiĸmektedir. 

Maksimum fark yaklaĸēk %6,8ôdir. Oval kesitte de benzer ĸekilde %6ï7 aralēĵēnda fark oluĸmuĸtur. 

Oluklu ­elik bacalarda r¿zgar hēzēnēn diĵer malzemelere gºre ortalama %5ï6 daha d¿ĸ¿k olduĵu 

görülmektedir. 

Pozitif sēcaklēk koĸullarēnda hēz deĵerleri 8,83ï9,43 m/s aralēĵēnda deĵiĸmiĸtir. Maksimum fark yaklaĸēk 

%6,8ôdir. A­ē artēĸēyla hēzēn yaklaĸēk %0,5ï1 oranēnda azaldēĵē, malzeme etkisinin ise toplamda %6ï7 düzeyinde 

olduĵu belirlenmiĸtir. Bu durum ­evresel sēcaklēĵēn ­ekiĸ performansēnē doĵrudan etkilediĵini gºstermektedir. 
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ķekil 5.  Baca -15ÜC r¿zgar hēzē  

ķekil 6.  Baca +15ÜC r¿zgar hēzē  

Durgun basēn­ deĵerleri dairesel kesitte 87,5ï90 Pa arasēnda deĵiĸmektedir. Maksimum fark yaklaĸēk 

%2,8ôdir. Oval kesitte ise fark %2,9ôdur. Oluklu ­elik bacalarda basēn­ deĵerlerinin yaklaĸēk %2ï3 

daha d¿ĸ¿k olduĵu gºr¿lmektedir. Bu durum sistem ­ekiĸ stabilitesini doĵrudan etkilemektedir. 
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ķekil 7.  Baca durgun basēn­  

 

 
ķekil 8.  Baca atēk gaz hēzē  

Atēk gaz hēzē dairesel kesitte 4,4ï4,7 m/s aralēĵēnda deĵiĸmiĸ ve yaklaĸēk %6,8ôlik fark oluĸmuĸtur. 

Oval kesitte fark yaklaĸēk %6,6ôdēr. ¥zellikle 30Ü senaryolarēnda hēzēn 90Üôye gºre ortalama %4ï6 

daha y¿ksek olduĵu gºr¿lmektedir. 
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ķekil 9.  Baca azami negatif basēn­  

 

Azami negatif basēn­ deĵerleri dairesel kesitte 94,2ï97,7 Pa arasēnda deĵiĸmiĸ ve yaklaĸēk %3,7ôlik 

fark oluĸmuĸtur. Oval kesitte fark %3,6ôdēr. A­ē arttēk­a negatif basēncēn yaklaĸēk %0,2ï0,5 oranēnda 

azaldēĵē gºr¿lmektedir. 

 

 
ķekil 10.  Baca atēk gaz sēcaklēk  

 

Atēk gaz sēcaklēĵē 163ï164ÜC aralēĵēnda deĵiĸmektedir. Maksimum fark yaklaĸēk %0,6ôdēr. Bu deĵer 

a­ē ve kesit deĵiĸiminin sēcaklēk ¿zerinde sēnērlē bir etkisi olduĵunu gºstermektedir. 
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ķekil 11.  Bacanēn i­ cidar sēcaklēĵē  

Ķ­ cidar sēcaklēĵē 132ï134ÜC aralēĵēnda deĵiĸmiĸ olup maksimum fark yaklaĸēk %1,5ôtir. Oluklu ­elik bacalarda 

sēcaklēk yaklaĸēk %1 daha y¿ksek ­ēkmēĸtēr. Bu durum malzemenin ēsēl davranēĸ farklēlēĵēndan 

kaynaklanmaktadēr. 

 
ķekil 12.  Baca hava doĵru akēmē sēcaklēĵē  

Hava doĵru akēmē sēcaklēĵē 51ï52ÜC aralēĵēnda deĵiĸmekte olup maksimum fark yaklaĸēk %2ôdir. A­ē 

artēĸē ve oluklu ­elik kullanēmē sēcaklēĵē yaklaĸēk %1ï2 artērmēĸtēr. 
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ķekil 13.    Baca yanak (R12) sēcaklēk  

Yanak sēcaklēĵē 33ï34ÜC aralēĵēnda deĵiĸmektedir. Maksimum fark yaklaĸēk %3ôt¿r. Oluklu ­elik 

senaryolarēnda yanak sēcaklēĵēnēn yaklaĸēk %3 daha y¿ksek olduĵu gºr¿lm¿ĸt¿r. Bu durum y¿zey ēsē 

transferinin malzeme t¿r¿ne baĵlē olarak deĵiĸtiĵini gºstermektedir. 

3. SONUÇ 

Bu ­alēĸmada, Gaziantep ili iklim koĸullarēnda ­alēĸan sēvē yakētlē bir ēsētma sistemine ait baca 

tasarēmē; a­ē (30Á, 60Á, 90Á), malzeme (kaynaklē ­elik, paslanmaz ­elik, oluklu ­elik) ve kesit 

geometrisi (dairesel, oval) parametreleri altēnda sayēsal olarak deĵerlendirilmiĸtir. Analiz sonu­larē, 

baca performansēnēn tek bir parametreye baĵlē olmadēĵēnē; a­ēïmalzemeïkesit etkileĸiminin sistem 

davranēĸēnē birlikte ĸekillendirdiĵini gºstermiĸtir. 

Akēĸ performansē a­ēsēndan deĵerlendirildiĵinde, 30Á dirsekli sistemlerin 90° konfigürasyonlara 

kēyasla ortalama %6ï8 daha y¿ksek akēm hēzē ve %4ï6 daha y¿ksek atēk gaz hēzē saĵladēĵē 

belirlenmiĸtir. Bu durum, a­ē b¿y¿d¿k­e akēĸ direncinin arttēĵēnē ve ­ekiĸ performansēnēn kademeli 

olarak azaldēĵēnē ortaya koymaktadēr. ¥zellikle oluklu ­elik bacalarda akēm hēzēnēn diĵer malzemelere 

gºre yaklaĸēk %6ï8 daha d¿ĸ¿k ger­ekleĸmesi, y¿zey p¿r¿zl¿l¿ĵ¿n¿n akēĸ karakteristiĵi ¿zerinde 

belirleyici olduĵunu gºstermektedir. 

Basēn­ parametreleri incelendiĵinde, durgun basēn­ta yaklaĸēk %2ï3, azami negatif basēn­ta ise %3ï4 

aralēĵēnda deĵiĸim tespit edilmiĸtir. En y¿ksek ­ekiĸ deĵerleri 30Á ve 60Á konfig¿rasyonlarda elde 

edilirken, 90Á senaryolarēnda basēn­ kayēplarēnēn arttēĵē gºr¿lm¿ĸt¿r. Bu sonu­, ºzellikle y¿ksek 

kapasiteli end¿striyel sistemlerde a­ē optimizasyonunun enerji verimliliĵi a­ēsēndan kritik olduĵunu 

göstermektedir. 

Kesit geometrisi karĸēlaĸtērēldēĵēnda, dairesel ve oval kesitler arasēnda performans farkēnēn sēnērlē 

olduĵu; ancak oval kesitlerde akēm hēzēnēn ortalama %0,5ï1 daha d¿ĸ¿k, kesit ihtiyacēnēn ise yaklaĸēk 

%6ï7 daha y¿ksek olduĵu belirlenmiĸtir. Bu durum, oval kesitin alan verimliliĵi saĵlamakla birlikte 

akēĸ direnci a­ēsēndan sēnērlē dezavantaj oluĸturabileceĵini gºstermektedir. 

Isēl performans analizlerinde atēk gaz sēcaklēĵēnēn 163ï164ÁC aralēĵēnda deĵiĸtiĵi ve maksimum farkēn 

%0,6 d¿zeyinde kaldēĵē gºr¿lm¿ĸt¿r. Ķ­ cidar ve malzeme sēcaklēklarēnda ise yaklaĸēk %1ï1,5ôlik 

deĵiĸim meydana gelmiĸtir. Oluklu ­elik bacalarda y¿zey sēcaklēklarēnēn yaklaĸēk %1ï3 daha yüksek 

olmasē, ēsē transfer karakteristiĵinin malzemeye baĵlē olarak deĵiĸtiĵini gºstermektedir. Bununla 

birlikte sēcaklēk parametrelerinin a­ē deĵiĸiminden sēnērlē d¿zeyde etkilendiĵi anlaĸēlmēĸtēr. 

¢evresel koĸullarēn etkisi incelendiĵinde, -15ÁC ve +15ÁC dēĸ ortam sēcaklēklarē arasēnda r¿zgar hēzē 

deĵerlerinde yaklaĸēk %6ï7 oranēnda deĵiĸim gºzlenmiĸtir. D¿ĸ¿k dēĸ sēcaklēklarda ­ekiĸ 

performansēnēn artma eĵiliminde olduĵu, ancak buna paralel olarak ēsē kaybē riskinin de y¿kseldiĵi 
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deĵerlendirilmiĸtir. Bu bulgu, bºlgesel iklim verilerinin baca tasarēm s¿recine entegre edilmesinin 

ºnemini ortaya koymaktadēr. 

Genel deĵerlendirme yapēldēĵēnda, enerji etkinlik a­ēsēndan en dengeli performansēn 30Á ve 60Á 

dirsekli, dairesel kesitli ve paslanmaz veya kaynaklē ­elik malzemeden oluĸan sistemlerde elde edildiĵi 

sºylenebilir. 90Á dirsekli ve oluklu ­elik kombinasyonlarēnēn ise akēĸ hēzē, basēn­ kaybē ve y¿zey 

sēcaklēĵē parametreleri a­ēsēndan daha d¿ĸ¿k performans gºsterdiĵi belirlenmiĸtir. 

Sonu­ olarak, baca tasarēmēnda a­ē optimizasyonunun akēĸ ve basēn­ performansē ¿zerinde %6ï8 

d¿zeyinde belirgin bir etki oluĸturduĵu; malzeme se­iminin ise ºzellikle y¿zey sēcaklēĵē ve akēĸ 

direnci üzerinde %3ï8 aralēĵēnda deĵiĸime neden olduĵu tespit edilmiĸtir. Bu bulgular, end¿striyel 

baca tasarēmēnda ­ok parametreli optimizasyon yaklaĸēmēnēn enerji verimliliĵini artērmada ve sistem 

kararlēlēĵēnē saĵlamada ºnemli bir ara­ olduĵunu ortaya koymaktadēr. ¢alēĸma, bºlgesel iklim 

koĸullarē dikkate alēnarak ger­ekleĸtirilen sim¿lasyon temelli analizlerin tasarēm karar s¿re­lerine 

bilimsel katkē saĵlayabileceĵini gºstermektedir. 
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ÖZET 

Bu ­alēĸmada, Elazēĵ ilinin iklim koĸullarēnda yer alan ve 60.000 kcal/h kapasiteli bir ēsētma cihazē ile 

donatēlmēĸ 480 mĮ b¿y¿kl¿ĵ¿ndeki bir villaya ait baca sistemlerinin enerji verimliliĵi ve emisyon 

davranēĸē analiz edilmiĸtir. Araĸtērma kapsamēnda, ­ift cidarlē 35 mm taĸ y¿n¿ yalētēmlē baca sistemi 

ile tek cidarlē yalētēmsēz baca sistemi olmak ¿zere iki farklē yalētēm durumu ele alēnmēĸtēr. Ayrēca Flex 

çelik boru, alüminyum boru, alüminyum düz boru ve ­elik dºk¿m boru olmak ¿zere dºrt farklē baca 

malzemesi kullanēlarak dairesel ve oval kesitli, bina i­i yerleĸime sahip baca tasarēmlarē 

oluĸturulmuĸtur. Farklē malzeme, kesit, yalētēm ve yerleĸim kombinasyonlarēndan meydana gelen 

alternatif senaryolar KesaAladin sim¿lasyon programē yardēmēyla deĵerlendirilmiĸtir. Elde edilen 

sonu­lar, yalētēm durumu ve baca malzemesinin, sistem ­ekiĸi, baca gazē sēcaklēklarē ve enerji 

kayēplarē ¿zerinde belirgin etkiler oluĸturduĵunu gºstermektedir. ¢alēĸma, Elazēĵ ili ºzelinde konut 

ºl­ekli ēsētma sistemlerinde uygun baca tasarēmēnēn emisyonlarēn azaltēlmasē ve enerji verimliliĵinin 

artērēlmasē a­ēsēndan ºnemli bir potansiyel sunduĵunu ortaya koymaktadēr. 

Anahtar kelimeler : Konut baca sistemleri, taĸ y¿n¿ yalētēm, baca malzemeleri, enerji verimliliĵi, 

emisyon performansē, KesaAladin sim¿lasyonu 

 

1 GĶRĶķ 

Konut tipi ēsētma sistemlerinde baca tasarēmē, sistem verimliliĵi, yanma kalitesi, emisyon kontrol¿ ve 

iĸletme g¿venliĵi a­ēsēndan olduk­a ºnemlidir. Bacanēn ana sistematiĵi, yanma sonucu oluĸan atēk 

gazlarē g¿venli ve s¿rekli bir ĸekilde atmosfere iletmektir. Bu iĸlem b¿y¿k oranda doĵal ­ekiĸ 

prensibine dayanmaktadēr. Baca i­i sēcak gaz ile dēĸ ortam havasē arasēndaki yoĵunluk farkē akēĸ 

mekanizmasēnē belirlemektedir [1]. Dolayēsēyla baca geometrisi, kesit formu, malzeme ºzellikleri ve 

yalētēm durumu gibi parametreler ­ekiĸ performansēnē doĵrudan etkileyen parametrelerdir. 

Son yēllarda enerji verimliliĵi ve C-emisyonlarēnēn azaltēlmasē hedefleri i­in, ēsētma sistemlerinin tüm 

bileĸenlerinin performans odaklē deĵerlendirilmesi ºnem kazanmēĸtēr. Baca sistemlerinde meydana 

gelen ēsē kayēplarē, yalnēzca sistem verimini d¿ĸ¿rmekle kalmaz, aynē zamanda gaz sēcaklēĵēnēn 

d¿ĸmesine baĵlē olarak geliĸebilen yoĵuĸma, korozyon ve ­ekiĸ zayēflamasē gibi teknik sorunlara da 

neden olabilir [2]. Bu y¿zden baca i­ y¿zey sēcaklēĵēnēn korunmasē ve gaz sēcaklēĵēnēn stabil tutulmasē 

enerji verimli tasarēm a­ēsēndan ºnemlidir. 

Yalētēmlē baca sistemleri, atēk gaz sēcaklēĵēnē daha uzun s¿re koruyarak yoĵunluk farkēnēn 

s¿rd¿r¿lmesine katkē saĵlar. Bu sayede doĵal ­ekiĸ de iyileĸtirilebilir [3]. Literat¿rde yapēlan deneysel 

ve sayēsal ­alēĸmalar, yalētēm uygulamalarēnēn baca i­i akēĸ hēzē, negatif basēn­ deĵeri ve emisyon 

daĵēlēmē ¿zerinde bu ĸekilde ºnemli iyileĸmeler saĵlanabildiĵi rapor edilmiĸtir [4]. ¥zellikle d¿ĸ¿k dēĸ 

ortam sēcaklēklarēna maruz bºlgede kurulan sistemlerde yalētēmēn ­ekiĸ performansē ¿zerindeki etkisi 

daha belirgindir. Bu konu literat¿rde yapēlan ­alēĸmalarla teyit edilmiĸtir [5]. 

Baca kesit geometrisi de akēĸ karakteristiĵi ¿zerinde ºnemli parametrelerden biridir. Dairesel kesitli 

bacalar genellikle daha homojen hēz daĵēlēmē ve d¿ĸ¿k t¿rb¿lans kaybē saĵlarken, alternatif kesit 

formlarēnēn akēĸ direnci ve basēn­ daĵēlēmēnda farklē sonu­lar doĵurabileceĵi ­alēĸmalarda 
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belirtilmiĸtir [6]. Bu, ºzellikle konut ºl­ekli sistemlerde malzeme ve form se­imlerinin birlikte 

deĵerlendirilmesini gerektirmektedir. 

Malzeme t¿r¿, ēsēl iletkenlik katsayēsē ve y¿zey p¿r¿zl¿l¿ĵ¿ gibi ºzellikler aracēlēĵēyla hem ēsē 

transferini hem de akēĸ direncini etkilemektedir. ¢elik, al¿minyum ve kompozit baca elemanlarēnēn 

karĸēlaĸtērēldēĵē g¿ncel ­alēĸmalarda, malzeme se­iminin i­ cidar sēcaklēĵē ve yoĵuĸma riski ¿zerinde 

belirleyici olduĵu ¿zerine ­alēĸmalar mevcuttur [7]. Ayrēca baca sistemlerinde oluĸan akustik 

davranēĸēn da akēĸ hēzē ve kesit alanē ile iliĸkili olduĵu rapor edilmiĸtir [8]. 

Sim¿lasyon ile desteklenen analiz yºntemleri, baca sistemlerinin performansēnē deneysel uygulamalara 

kēyasla daha kēsa s¿rede ve daha d¿ĸ¿k maliyetle deĵerlendirme imk©nē sunmaktadēr. Hesaplamalē 

akēĸkanlar dinamiĵi (CFD) ve bina enerji sim¿lasyon yazēlēmlarē kullanēlarak yapēlan ­alēĸmalar, 

sēcaklēk daĵēlēmē, basēn­ deĵiĸimi ve hēz profillerinin detaylē bi­imde analiz edilebildiĵini 

gºstermektedir [9]. Bu yaklaĸēm, tasarēm aĸamasēnda farklē senaryolarēn karĸēlaĸtērēlmasēna ve 

optimum ­ºz¿m¿n belirlenmesine olanak saĵlamaktadēr [10-12]. 

Bu ­alēĸma kapsamēnda, konut tipi bir ēsētma sisteminde farklē baca malzemeleri, kesit formlarē ve 

yalētēm durumlarē sim¿lasyon destekli olarak analiz edilmiĸtir. Elde edilen bulgularēn, konut ºl­eĵinde 

baca tasarēmēna yºnelik performans temelli karar verme s¿re­lerine katkē saĵlamasē ama­lanmēĸtēr. 

 

2. ANALĶZ SONU¢LARI VE DEĴERLENDĶRMELER  

 
ķekil 1.  Baca aĵzē kesiti 

ķekil 1ôde, hem dairesel hem oval formlarda yalētēmsēz bacalarda aĵēz kesitinin genel olarak daha 

b¿y¿k olduĵu gºr¿lmektedir. ¥zellikle al¿minyum flex ve ­elik flex borularda kesit artēĸē mevcuttur. 

Bu durum, yalētēmsēz sistemlerde akēĸ s¿rekliliĵini saĵlamak amacēyla daha geniĸ kesite ihtiya­ 

duyulduĵunu gºstermektedir. Yalētēmlē sistemlerde ise daha kompakt kesitlerle yeterli ­ekiĸ 

performansē saĵlanabilmiĸtir. 
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ķekil 2.  Baca akēm hēzē  

ķekil 2ôde akēm hēzlarēnēn yalētēmlē bacalarda daha y¿ksek olduĵu belirlenmiĸtir. Dairesel formda 

ºzellikle ­elik dºk¿m ve Al d¿z borularda hēz deĵerleri 3 m/sônin ¿zerine ­ēkarken, yalētēmsēz 

sistemlerde hēzlarēn d¿ĸt¿ĵ¿ gºzlemlenmiĸtir. Bu durum, yalētēmēn gaz sēcaklēĵēnē koruyarak 

yoĵunluĵu azalttēĵēnē ve ­ekiĸi artērdēĵēnē gºstermektedir. 

 
ķekil 3.  Baca atēk gaz yoĵunluĵu  

Atēk gaz yoĵunluĵu deĵerleri yalētēmsēz bacalarda daha y¿ksek belirlenmiĸtir. Bunun ana nedeni, 

yalētēmsēz sistemlerde gaz sēcaklēĵēnēn daha hēzlē d¿ĸmesi ve buna baĵlē olarak yoĵunluĵun artmasēdēr. 

Yalētēmlē sistemlerde ise daha d¿ĸ¿k yoĵunluk deĵerleri elde edilerek doĵal ­ekiĸ koĸullarē 

iyileĸtirilmiĸtir. 
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ķekil 4.  Baca akēm sesi  

ķekil 4ôe gºre en y¿ksek akēm sesi deĵerleri yalētēmlē ve y¿ksek hēz deĵerine sahip sistemlerde 

gºr¿lmektedir. ¥zellikle ­elik dºk¿m bacalarda ses seviyesi daha y¿ksektir. Yalētēmsēz ve flex boru 

kullanēlan sistemlerde ise daha d¿ĸ¿k ses seviyeleri ºl­¿lm¿ĸt¿r. Bu durum akēm hēzē ile ses seviyesi 

arasēnda doĵrudan bir iliĸki olduĵunu gºstermektedir. 

 
ķekil 5.  Baca -15ÜC r¿zgar hēzē  

D¿ĸ¿k dēĸ ortam sēcaklēĵēnda (-15ÜC) r¿zgar hēzlarē yalētēmlē sistemlerde daha y¿ksek ­ēkmēĸtēr. Soĵuk 

hava koĸullarēnda sēcak gazïsoĵuk hava yoĵunluk farkē arttēĵē i­in ­ekiĸ kuvveti y¿kselmiĸtir. 

Özellikle dairesel ­elik dºk¿m ve aluduz borularda en y¿ksek deĵerler elde edilmiĸtir. 
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ķekil 6.  Baca +15ÜC r¿zgar hēzē  

+15ÜC koĸullarēnda t¿m sistemlerde r¿zgar hēzlarēnēn azaldēĵē gºr¿lmektedir. Dēĸ ortam sēcaklēĵē 

arttēk­a yoĵunluk farkē azalmēĸ ve ­ekiĸ zayēflamēĸtēr. Ancak yalētēmlē sistemler bu koĸulda dahi daha 

kararlē performans sergilemiĸtir. 

 
ķekil 7.  Baca durgun basēn­  

 

Durgun basēn­ deĵerleri yalētēmlē sistemlerde yaklaĸēk 69ï72 Pa aralēĵēnda iken, yalētēmsēz sistemlerde 

belirgin ĸekilde d¿ĸmektedir. Bu durum, yalētēmēn baca i­indeki termal kararlēlēĵē artērarak basēn­ 

kayēplarēnē azalttēĵēnē gºstermektedir. 
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ķekil 8.  Baca atēk gaz hēzē  

Atēk gaz hēzlarē, akēm hēzē sonu­larēyla paralel ĸekilde yalētēmlē sistemlerde daha y¿ksek 

ger­ekleĸmiĸtir. ¥zellikle dairesel ­elik dºk¿m ve aluduz borularda maksimum deĵerlere ulaĸēlmēĸtēr. 

Yalētēmsēz sistemlerde gaz soĵumasēna baĵlē olarak hēz d¿ĸ¿ĸ¿ meydana gelmiĸtir. 

 
ķekil 9.  Baca azami negatif basēn­  

Azami negatif basēn­ deĵerleri yalētēmlē bacalarda daha y¿ksek ºl­¿lm¿ĸt¿r. Bu durum daha g¿­l¿ 

­ekiĸ anlamēna gelmektedir. Yalētēmsēz ve flex boru kullanēlan sistemlerde negatif basēn­ deĵerleri 

daha d¿ĸ¿k olup ­ekiĸ kapasitesi sēnērlanmēĸtēr. 
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ķekil 10.  Baca atēk gaz sēcaklēk  

Atēk gaz sēcaklēklarē t¿m senaryolarda birbirine yakēn olmakla birlikte, yalētēmlē sistemlerde sēcaklēk 

korunumu daha stabildir. Yalētēmsēz sistemlerde ēsē kaybē nedeniyle sēcaklēk d¿ĸ¿ĸ¿ daha erken 

ger­ekleĸmektedir. 

 
ķekil 11.  Bina içi-bina dēĸē bacanēn i­ cidar sēcaklēk  

Ķ­ cidar sēcaklēklarē yalētēmlē bacalarda 133ï137ÜC aralēĵēnda seyrederken, yalētēmsēz sistemlerde 

yaklaĸēk 118ï123ÜC seviyelerine d¿ĸmektedir. Bu fark, yoĵuĸma riskinin yalētēmsēz sistemlerde daha 

y¿ksek olabileceĵini gºstermektedir. 
















































































































































































































































