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EVALUATION OF INTERIOR DESIGN CRITERIA IN HEMODIALYSIS
TREATMENT AREAS FROM THE PERSPECTIVE OF INTERIOR
ARCHITECTURE AND DIALYSIS PRACTICES

Zeynep KARASOY, Lecturer
Atlas University (Turkey)

Dr. Nihan Siimeyye GUNDOGDU, Assist. Prof.

Atlas University (Turkey)

Abstract. Hemodialysis treatment is a long-term, repetitive healthcare service in which patients
spend time in the treatment area several times a week for approximately four hours per session.
Consequently, the physical characteristics of the treatment area are significant not only for the
safe and functional execution of clinical processes but also regarding the patients' prolonged
experience of the space and the working conditions of the staff. National regulations and design
standards for healthcare facilities establish various requirements concerning spatial needs,
circulation, patient stations, supervision, privacy, technical infrastructure, infection control, and
support spaces. However, there is a need to holistically evaluate-alongside clinical requirements-
interior design components that influence the user experience, such as color, material and texture,
natural and artificial lighting, acoustic and visual comfort, universal design, personal space, and

psychological comfort.

The aim of this study is to evaluate the interior design of hemodialysis treatment areas
through the relationship between clinical requirements and user experience, and to develop
supplementary criteria and recommendations for the user-oriented design of these areas. The
research is limited to the hemodialysis treatment area, where patients spend a significant portion
of their treatment time and where clinical observation and treatment procedures take place. The
study was conducted using a comparative document analysis method within a qualitative research
framework. National legislation, Health Quality Standards (SKS-Dialysis), design guidelines for
healthcare facilities, international dialysis unit guidelines, and scientific literature were examined;
the data obtained were evaluated under the headings of spatial organization and ergonomics,
universal design and accessibility, privacy and personal space, color-material-texture, lighting
and daylight, acoustic and visual comfort, and psychological comfort and the healing

environment. Requirements regarding clinical safety, infection control, patient monitoring, and
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emergency response were treated as fundamental constraints in the evaluation of the interior

design decisions in question.

The study focused on developing a framework of criteria and recommendations for the user-
oriented interior design of hemodialysis treatment areas, designed to complement the minimum
physical and functional requirements defined in existing regulations. Thus, an interdisciplinary
approach was presented that addresses patient experience and staff needs alongside clinical

conditions, potentially contributing to evidence-based interior design in healthcare facilities.

Keywords: Hemodialysis treatment area, interior design, healthcare facilities, patient safety,

ergonomics.

1. INTRODUCTION

Chronic kidney disease is a significant health issue with an increasing global prevalence,
and hemodialysis is one of the most common renal replacement therapies used to sustain life in
patients who develop end-stage renal disease(KDIGO, 2024; Tiirk Nefroloji Dernegi, 2025).
In-center hemodialysis is typically administered in three sessions per week, lasting
approximately four hours each; the duration and frequency of treatment are individualized
based on the patient's clinical needs (National Kidney Foundation, 2015). Consequently,
patients spend a significant portion of their lives in hemodialysis treatment areas; the physical
environment of the treatment space transcends being merely a setting for administering therapy,
becoming a crucial component that directly influences patient safety, user comfort, and the
treatment experience. Hemodialysis treatment areas are healthcare environments where patients
remain in the same space for extended periods, healthcare personnel continuously conduct
clinical observations and interventions, medical equipment is used extensively, and infection
control is of critical importance(Flythe ve ark., 2020; T.C. Saglik Bakanligi, 20161t is stated
that the physical environment in healthcare facilities should be addressed through a holistic
approach that supports the healing process and human-space interaction, rather than solely
based on functional requirements (Ozgen, 2018). For this reason, it is important that
hemodialysis treatment areas are handled not only in accordance with technical requirements,
but also within the framework of interior design principles that take into account user needs.
However, it is observed that the current studies on the design of hemodialysis treatment areas
mainly focus on clinical processes, technical requirements or service quality, while

interdisciplinary research evaluating interior Deconstruction together with user needs and
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clinical applications remains limited. This situation makes it necessary to address the interior
design components that affect the user experience such as ergonomics, universal design and
accessibility, privacy, color, material, lighting, acoustics and environmental comfort with a
holistic approach together with clinical and technical requirements. This study focuses solely
on the treatment area rather than covering all units of a hemodialysis center. In determining this
scope; with the patient safety, clinical observation, treatment procedures and emergency
interventions largely carried out in this area, it has been effective for patients to spend a
significant part of their treatment time here. The aim of the study is to evaluate the interior
design criteria that are critical for patient safety, personnel ergonomics and spatial comfort in
the fields of hemodialysis treatment from the perspective of interior architecture and dialysis
applications in accordance with national legislation, quality standards, international design
guidelines and scientific literature. Additionally, the study aims to highlight the importance of
user-centered design in healthcare facilities and raise awareness about this issue.To this end,
the research was conducted using a comparative document analysis method within a qualitative
research framework; criteria found in national legislation, quality standards, international
design guidelines, and scientific literature were evaluated under the themes of spatial
organization and ergonomics, universal design and accessibility, privacy, color and materials,
lighting, acoustics, and environmental comfort. Requirements regarding patient safety, clinical
observation, and infection control have been treated as fundamental conditions in the evaluation

of the interior design decisions in question.

2. Hemodialysis Treatment and Clinical Requirements

Hemodialysis is a renal replacement therapy in which uremic toxins and excess fluid-
which the kidneys cannot adequately remove-are eliminated by passing the patient's blood
through an extracorporeal dialyzer via a vascular access site. Although chronic center-based
hemodialysis is typically administered in three sessions per week lasting approximately four
hours each, the duration and frequency of treatment are individualized based on the patient's
residual renal function, fluid status, clinical requirements, and dialysis adequacy(National

Kidney Foundation, 2015; KDIGO, 2024).

The chronic hemodialysis patient population is heterogeneous in terms of age,
comorbidities, and functional capacity. Data from Turkey indicate that hemodialysis is the most

common modality among renal replacement therapies; patients of advanced age and those with
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comorbid diabetes and cardiovascular diseases constitute a significant segment of this
population (Tiirk Nefroloji Dernegi, 2025). However, the determining factor regarding spatial
design is not merely the diagnosis, but the patient's individual requirements concerning vision,
balance, movement, transfers, and the use of assistive devices. Therefore, entering the treatment
area, being weighed, safely transferring to the patient chair or bed, using the toilet, and-when
necessary-accessing the area via wheelchair or stretcher are fundamental components of the

clinical workflow.

Rapid fluid and electrolyte shifts during treatment can lead to complications such as
intradialytic hypotension, muscle cramps, nausea, arrhythmias, and altered consciousness.
Issues related to vascular access bleeding, circuit or device alarms, and infections may also
require rapid assessment and intervention. Therefore, continuous monitoring of the patient, the
vascular access site, and device parameters-along with tracking vital signs and ensuring
immediate access to emergency intervention equipment-is essential for patient safety. (Flythe

ve ark., 2020; T.C. Saglik Bakanligi, 2016).

The hemodialysis workflow encompasses pre- and post-treatment weighing, assessment
of wvital signs, checking the vascular access site, aseptic connection and disconnection
procedures, equipment and supply checks, record-keeping, and complication management.
These clinical processes require that healthcare personnel have a direct view of both the patient
and the machine, allow for access to both sides of the patient and the machine, ensure
unobstructed movement for stretchers and wheelchairs, keep emergency equipment accessible,
and maintain a clean workflow for infection control. Privacy solutions must be designed in a

way that does not impede clinical monitoring.

2.1. Spatial Requirements of the Treatment Area

In healthcare facilities, interior design is a crucial design component linked to patient
safety, user experience, the treatment process, and the performance of healthcare professionals-
extending far beyond the mere fulfillment of aesthetic and functional requirements. When
planning healthcare facilities, addressing user needs alongside medical and technical
requirements is essential for ensuring spatial functionality and the efficient delivery of
healthcare services. Indeed, approaches such as user requirements, patient-centered design,

healing environments, and evidence-based design are gaining increasing importance in the
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design of healthcare facilities (Selguk, 2015). Accordingly, interior design elements-such as
spatial organization, ergonomics, accessibility, environmental comfort, privacy, and
wayfinding-must be addressed in alignment with the physical and psychological needs of users.
The quality of the physical environment, especially in areas where long-term and repetitive
treatments are applied, is of great importance not only in terms of patient experience, but also
in terms of the working conditions of healthcare professionals and the effectiveness of the

service provided.

3. Regulations and Design Guidelines for Planning Hemodialysis Treatment Areas

Spatial decisions in hemodialysis treatment areas are directly related to clinical
monitoring and intervention requirements. The ability of health professionals to observe the
patient, the vascular access area and the device alarm screen without obstructing vision
facilitates the early detection of conditions such as hypotension, changes in consciousness,
bleeding or device alarms. Similarly, it is important to have sufficient space around the device
in order to control the connections, access to the necessary materials, perform emergency
interventions and ensure the safe transfer of patients. This area must also enable the safe
movement of personnel, stretchers, and wheelchairs. Spatial solutions designed to ensure
privacy should not impede clinical observation or rapid patient access when necessary. In
addition, issues such as hand hygiene, clean-to-dirty workflow, the use of cleanable surfaces
and the separation of infected patients should also be addressed in accordance with infection
control requirements.Thus, clinical necessities are directly linked to interior design components
such as visibility, access, circulation, privacy, ergonomics, and hygiene(T.C. Saglik Bakanligi,

2016; Diyaliz Merkezleri Hakkinda Yonetmelik, 2019).

3.1. National Regulations

The fundamental framework regarding the planning and operation of hemodialysis
centers in Turkiye is established by the Regulation on Dialysis Centers, the Health Quality
Standards — Dialysis (SKS-Dialysis), and the 2010 Guideline on Minimum Design Standards
for Healthcare Facilities in Turkey. (Diyaliz Merkezleri Hakkinda Yo6netmelik, 2019; T.C.
Saglik Bakanligi, 2010, 2016Article 16 of the Regulation on Dialysis Centers outlines the

general physical requirements for the center. Accordingly, dialysis treatment halls cannot be
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located in the basement; if patient-use areas are situated on upper floors, an elevator suitable
for transporting stretchers must be available. The same article mandates the presence of heating
and cooling systems, the provision of a generator and an uninterruptible power supply of
sufficient capacity to handle power outages, and the implementation of necessary fire safety
measures. Minimum physical requirements regarding treatment areas are defined in greater
detail in Article 17 of the Regulation. Under these provisions, a minimum area of 7 m? per bed
must be allocated in hemodialysis areas. It is required to establish a separate section and use
separate equipment for HBsAg-positive patients, and to allocate separate equipment for HCV-
positive patients. Furthermore, the center must include an emergency care and treatment room
of at least 9 m?; separate toilets and sinks for male and female patients—with at least one unit
accessible to patients with disabilities; separate toilets, sinks, and lockers for staff; and adequate
storage space. 18 of the Regulation. the article specifies the minimum equipment, tools and
materials that should be available at the center. Accordingly, it is mandatory to have a portable
electrocardiography device with monitor, defibrillator, emergency response kit, oxygen
support, aspirator, adequate ventilation system, stretcher and wheelchair in the center, as well
as a number of mobile patient beds or armchairs equal to the number of dialysis machines in
use. When these Decrees are evaluated together, it is seen that the hemodialysis treatment area
is not just a hall where machines and patient chairs are placed. Patient stations are part of a
spatial system that requires a holistic approach to address the relationships between medical
equipment, circulation, accessibility, infection control and emergency response requirements.
Dec.1. Patient stations are part of a spatial system that requires a holistic approach to address
the relationship between medical equipment, circulation, accessibility, infection control and
emergency response requirements. The workflow of healthcare personnel is also an important
factor in the spatial arrangement of the treatment area. Regulation 22. the article stipulates that
at least one non-medical medical personnel should be present for up to five patients during each
treatment session, and an additional medical personnel should be assigned for each subsequent
group of five patients. The regulation also defines the duties of medical personnel; these tasks
include providing patient care before, during and after treatment, performing routine follow-up
of the patient, preparing hemodialysis machines, performing vascular access procedures and
performing surface Decontamination. These Decrees reveal the importance of evaluating the
spatial relationship between patient stations and the working areas of medical personnel in
accordance with workflow, access and observation requirements. Additionally, the regulation
treats architectural planning as an integral part of the licensing and evaluation processes for

these centers.Under Article 19, the application dossier must include 1/100 scale plans—
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prepared by an architect and detailing layout and usage areas—separately for each floor of the
center or unit. Additionally, Article 8 mandates the inclusion of an engineer or architect in the
Dialysis Services Monitoring, Inspection, and Evaluation Commission when evaluating matters

such as the opening of new centers, renovations, or project modifications.

The 2010 Guideline on Minimum Design Standards for Healthcare Facilities in Turkey
supplements the minimum conditions defined in the regulation with more detailed design
criteria regarding the spatial organization of the hemodialysis unit. Article 6.15.1.1 of the
guideline stipulates that the dialysis unit must include-or provide access to-a waiting room,
restroom, drinking water, a general telephone, and a seating area. Article 6.15.2.1 requires the
separation of the treatment area from administrative and waiting sections; Article 6.15.2.2
specifies that the nurse station must be located within the dialysis treatment area and designed
to allow for the visual monitoring of all patient stations. According to Article 6.15.2.3, a
minimum clear floor area of 9 m? must be allocated per bed/stretcher treatment station used for
examination and treatment, and a minimum of 7 m? per dialysis treatment station; a clearance
of at least 120 cm must be maintained between chairs, beds, or stretchers, between these units
and the walls, and in front of the foot end of the station. Article 6.15.2.4 mandates that the unit
be designed to ensure privacy for each patient, while Article 6.15.2.5 requires the provision of

areas where patients can store personal belongings and hang long garments.

The guideline also addresses in detail the spatial requirements regarding infection
control and support areas. According to Article 6.15.2.6, the need for isolation rooms with
reverse air flow and the number of these rooms are determined in accordance with the
evaluation of the infection control committee. In the same article, it is stated that in cases where
dialysis machines are reused, the reprocessing room should be arranged in such a way as to
support a workflow moving from a “dirty” area to a “clean” area Jul. Within the scope of
Articles 6.15.2.8 and 6.15.2.9, a separate room for the preparation of dialysis solutions and the
processing of used materials and a closed area with water treatment equipment are provided.In
addition, it is stated in Article 6.15.2.11 that there should be a patient toilet suitable for the
treatment area, in Article 6.15.2.12 that a cleaning supplies room allocated only to the dialysis
unit should be created, and in Article 6.15.2.13 that staff areas containing lockers, toilets, hand
washing facilities and a changing area should be arranged. Finally, Article 6.15.2.14 stipulates

the presence of office and clinical work areas for the provision of administrative services.
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3.2. International Design Guidelines

HPU renal dialysis unit 620 (Revision 8), *Australasian health facility Guidelines*
provide a recommendation for the hemodialysis unit and is published under an international
planning and Design Guide. The guideline addresses the basic design components such as
functional relationships, accessibility, treatment areas, relationship with natural light and
outdoor space, acoustic and visual comfort, infection control, technical infrastructure and
support areas (Australasian Health Infrastructure Alliance [AHIA], 2026). Similarly, NHS
*Health Building Note 07-01 (HBN 07-01)* provides guidance on the planning and design of
satellite dialysis units, while HBN 07-02 addresses the planning and design principles of main
renal units (NHS England, 2013a, 2013b). These guidelines cover various design components
that affect the spatial nature of hemodialysis treatment areas, such as patient and staff
circulation, arrangement of patient stations, nurses' viewing areas, privacy, accessibility,

infection control, environmental comfort and safety.

A combined assessment of national regulations, international guidelines, and scientific
literature offers a holistic framework that contributes to the design of hemodialysis treatment

areas in a user-oriented, safe, and functional manner.

When national regulations and international guidelines are considered together, a
common framework of requirements regarding spatial planning, technical infrastructure, and
functional organization emerges for the establishment and evaluation of hemodialysis units.
Healthcare Quality Standards (SKS-Dialysis) complement this framework through quality
criteria concerning patient and staff safety, emergency management, infection prevention, risk
management, and the assessment of physical spaces. Design standards for healthcare facilities
define requirements regarding the spatial needs of treatment stations, clearances between
stations, the location of nurse stations, visual monitoring of patient stations, privacy, storage
for patient belongings, and provisions for support spaces. However, these regulations primarily
outline the minimum architectural, technical, and functional conditions necessary to ensure the
safe and effective delivery of healthcare services. Given that hemodialysis patients spend
extended and recurring periods in the treatment area, it is crucial to evaluate-alongside clinical
requirements-interior design components that directly influence the user experience, such as
color, materials and textures, natural and artificial lighting, acoustic comfort, visual and
psychological comfort, personal space, universal design principles, and healing environment

characteristics. Therefore, this study takes the minimum conditions defined in national
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regulations as a starting point and focuses on developing supplementary criteria and

recommendations for the user-centered interior design of hemodialysis treatment areas.

4. Findings and Evaluation

Based on a comparative document analysis, the key issues in the interior design of
hemodialysis treatment areas were evaluated holistically under the headings of spatial
organization and ergonomics, accessibility, patient monitoring and privacy, environmental
comfort, and infection control and safety. National regulations and design guidelines define the
fundamental requirements regarding the functional organization of the treatment area, the size
and interrelationship of patient stations, the ability of healthcare staff to monitor patients,
accessible usage, support spaces, and infection control. For instance, the national design
guideline stipulates that the nurse station must be located within the treatment area and allow
for visual monitoring of all patient stations; it also mandates a minimum of 7 m? of clear floor
space per dialysis station and a clearance of at least 120 cm around each station. The same
guideline also includes requirements for ensuring patient privacy, allocating space for personal

belongings, and organizing clean-to-dirty workflows for infection control.

However, the prolonged and repetitive nature of hemodialysis treatment necessitates
that treatment areas not be evaluated solely based on minimum physical and technical
requirements. The fact that patients remain at the same station for extended periods during
treatment makes interior design elements—such as spatial organization, scale and proportion,
equipment layout, surface components (floors, walls, ceilings), ergonomics, personal space,
privacy, natural and artificial lighting, color, materials and textures, acoustic and thermal
comfort, and spatial perception—crucial from the perspective of user experience. In interior
design, while space, light, color, and texture are considered fundamental design elements, scale
and proportion are treated as key design principles in establishing the relationship between the
space, the user, and the furnishings. It is noted that the way users perceive and experience an
interior space is linked not only to design elements such as form, color, material, texture, and
light but also to auditory and thermal environmental conditions and psychological factors
(Aslan, Aslan, and Atik, 2015; Yurttas, 2019). In healthcare facilities, it is crucial to address
user needs, human-space interaction, hygiene, material properties, daylight, and environmental
components—alongside technical and functional requirements—through a user-centered

approach (Ozgen, 2020).
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In this context, it is important that interior design decisions support privacy without
hindering clinical observation and rapid intervention; facilitate the movement of patients and
staff; enable safe use by elderly, disabled, and mobility-impaired users; and support physical
and psychological comfort during long-term treatment. Aligning with the universal design
approach, the provision of threshold-free circulation, adequate maneuvering and transfer
spaces, and accessible furnishings can enable users with varying physical capabilities to utilize
the treatment area safely and as independently as possible. Regarding environmental comfort,
it is essential to arrange natural and artificial lighting to support visual comfort without
negatively affecting clinical observation; to develop acoustic solutions that reduce noise
generated by equipment and users; and to consider color, material, and texture selections in
conjunction with requirements for hygiene, durability, and ease of cleaning. In light of these
considerations, it is crucial to address clinical and technical requirements alongside user
experience through an interdisciplinary approach—rather than treating them in isolation—when
designing the interiors of hemodialysis treatment areas. Evaluating the minimum conditions
defined in regulations and design guidelines in conjunction with interior design components—
such as ergonomics, universal design, psychological comfort, color, materials and textures,
lighting, acoustics, and thermal comfort—can contribute to the development of user-oriented

treatment spaces.

Accordingly, the findings of this study have been correlated with clinical and user
requirements and consolidated in Table 1 under the heading "Prominent Interior Design
Approaches in Hemodialysis Treatment Areas." The table does not aim to establish a binding
design standard; rather, it seeks to provide an interdisciplinary framework that can contribute
to the interior design evaluation of hemodialysis treatment areas and inform future design

efforts, based on existing regulations and the literature.

Table 1. Prominent Interior Design Approaches in Hemodialysis Treatment Areas

Interior design Clinical / user
Its reflection in the design
component requirement
Spatial Clinical workflow and  Functional relationship of patient stations,
organization safe use nurse station, device and support areas
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Interior design

component

Scale,
proportion, and

ergonomics

Reinforcement

Surveillance and

privacy

Accessibility

Lighting and
daylight

Acoustic comfort

Thermal comfort

Color, material

and texture

Floor, wall, and

ceiling surfaces

Infection control

and safety

Clinical / user

requirement

Safe operation,
intervention, and

transfer

Long-term treatment

and user requirements

Continuous clinical
monitoring and

psychological comfort.

Elderly, disabled, and
mobility-impaired

users

Visual comfort and

clinical observation

Noise reduction during

long treatment periods

Physical comfort in

long-term treatment

Spatial perception,
psychological comfort,

and hygiene

Hygiene, safety and
environmental

comfort.

Infection and patient

safety

Its reflection in the design

Equipment sized according to human
dimensions; sufficient working and

movement space around the device.

Accessible arrangement of the patient
chair/bed, equipment, personal belongings,

and support accessories.

Unobstructed controlled dividers and

appropriate station layout

Step-free circulation, adequate

maneuvering and transfer spaces

Controlled use of natural and artificial light
Sound-absorbing surfaces and materials
compliant with hygiene standards

Ensuring suitable indoor environmental

conditions

Selection of suitable colors, surfaces, and

textures; durable and cleanable materials.

Easy-to-clean, durable, and practical

surface solutions

Separation of clean and dirty areas, suitable

surfaces, and safe circulation
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As shown in Table 1, the interior design of hemodialysis treatment areas cannot be
addressed independently of clinical requirements. Furthermore, the fact that users experience
these spaces over extended periods and on a recurring basis necessitates evaluating technical
and functional requirements alongside interior design components such as color, materials,
lighting, acoustics, ergonomics, privacy, and universal design. Therefore, it is considered that
an interdisciplinary approach-integrating interior design and dialysis practices-can contribute

to the development of user-centered design for hemodialysis treatment areas.

Conclusions and summary

This study demonstrates that hemodialysis treatment areas should be evaluated not only
within the framework of clinical, technical, and functional requirements but also in terms of
user experience and interior spatial quality. National regulations and design guidelines for
healthcare facilities define key requirements regarding the spatial organization of treatment
areas, patient stations, supervision, accessibility, infection control, and technical infrastructure.
However, addressing interior design components that influence user experience-such as color,
material and texture, natural and artificial lighting, acoustic and thermal comfort, personal
space, and psychological comfort-within a holistic interior design approach complements
existing physical and functional requirements. Accordingly, this study presents an
interdisciplinary evaluation framework by correlating prominent interior design components in
hemodialysis treatment areas with clinical and user needs. It is anticipated that this framework
could serve as a starting point for future design projects and research. As the study was limited
to document analysis, the proposed evaluations require validation through user data. Future
studies should aim to test the proposed criteria through surveys, interviews, user experience
assessments, and spatial observations involving patients and healthcare professionals, and to
develop a more comprehensive, evidence-based interior design guide tailored to hemodialysis

treatment areas based on the findings.
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Abstract. With the increasing number of accreditation systems in architectural education,
there is a growing expectation that the quality of educational programmes will be defined
by transparent learning outcomes and assessment processes. However, it is also important
to preserve the free, open-ended, creative and contextual nature of architectural design.
The increasing significance of quality assessment, learning outcomes, accreditation
processes and evaluation in higher education raises the question of how quality in

architectural education should be defined and evaluated.

This study evaluates standardisation in architectural education by examining the
relationship between quality and creativity. Rather than seeking standardisation in the
final product, the fundamental approach adopted is to interpret it through the lenses of
education and assessment processes. Although no single outcome is expected regarding
students' original design approaches, conceptual evaluations and form-related decisions,
elements such as learning outcomes, assessment criteria, feedback and assessment

methods are standardised in accordance with shared principles.

The study discusses which elements should be left to individual interpretation and
which can be standardised, both within the design process and in the final product. In this
context, quality is redefined as the ability to meet criteria through diverse solutions and
outcomes, justify design decisions, engage in free thinking and address the specific
context, rather than uniformity in a single final product. Through a conceptual

examination of architecture education, creativity, assessment and quality expectations,
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the study posits that shifting standardisation from the design outcome to the assessment
process can reconcile quality expectations with the creative freedom granted to the

designer.

Keywords: Architectural education, standardisation, creativity, quality, evaluation,

design pedagogy, quality assurance.

Introduction

Architectural education involves students confronting complex design problems that
lack a predetermined, singular and absolute 'correct' answer. The design process provides a
multidimensional learning environment in which analytical knowledge, intuitive thinking,
technical requirements, aesthetic preferences, shared principles, and individual interpretations
all come into play simultaneously. Consequently, architectural education, particularly within
the context of the design studio, employs a teaching system and assessment structure that differ

from those of many other fields of education.

Cross (1982, 2001) argues that this characteristic of the design process generates a
distinctive 'designerly' form of knowledge that differs from the production of scientific or
humanistic knowledge. Design problems are often open-ended, lacking a single, predetermined
correct answer. Lawson (2006) also emphasises the complex and variable nature of design
problems, noting that they can have multiple acceptable solutions. According to Schon's (1983)
reflective practice approach, designers do not merely solve problems; rather, throughout the
design process, they reinterpret problems, evaluate the consequences of their interventions and
redefine problems themselves. If multiple valid solutions can be generated for the same design
problem, the question of which criteria should be used to evaluate student performance becomes
crucial. In design studios in particular, the fact that the final product, jury presentation or
instructor's personal assessment plays a decisive role can make the evaluation process more

subjective.

De la Harpe et al. (2009) examined 118 studio works published in the fields of
architecture, art, and design. Their research revealed that it is insufficient to base an
understanding of evaluation in creative disciplines solely on the final product. The study
emphasises the importance of considering students' development alongside the final product in

design studio evaluations (De la Harpe, 2009). On the other hand, Albukhari (2021) questions
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the reliability of evaluation processes, stating that cultural paradigms and personal tastes
subjectivise the evaluation of design products. The increasing expectation of quality in higher
education reveals the need for educational institutions to clearly define program objectives and
learning outcomes. This situation requires documentation to show that students have achieved
these learning outcomes, as well as demonstrating the reliability of the relevant processes
(Bachman & Bachman, 2009; Biggs & Tang, 2011). Bachman and Bachman (2009) directly
relate the definition of student learning outcomes in architectural education to assessment

frameworks.

These observations raise a question about architectural education: 'How can creative
diversity be preserved while ensuring quality?' Standardisation plays a significant role in
answering this question. Standardisation offers the potential to ensure quality through a
transparent, consistent and comparable framework. However, when applied to the design
product itself, standards can limit original thought, diverse design methodologies and unique
final outcomes. This study is based on the idea that, in architectural education, standardisation
should shift from the design outcome to the assessment process. This would enable diverse
design outcomes to be evaluated based on shared learning outcomes, clear assessment criteria,

defined levels of achievement and justifiable assessment processes.
1. Design, Creativity and Quality in Architectural Education

Due to the open-ended nature of design, architectural design cannot be solved using a
predefined algorithmic process. The design problem can be redefined during the design process,
resulting in different solutions for the same problem (Cross, 1982; Lawson, 2006). Therefore,
it is insufficient to explain a student's success in architectural education based solely on the
formal features of the final design. According to Schon (1983), designers engage in constant
thinking, testing, evaluation and re-decision-making during the design process through
'reflection-in-action'. Therefore, rather than following a linear 'problem — solution' sequence,
the design process is cyclical, with the problem and solution mutually transforming each other.
This process demonstrates that students learn in the architecture studio throughout the process.
Among the workshops where architectural education takes place intensively, those that demand
more than they give and expect the candidate professional to process the information and come

up with solutions stand out (Oymen Giir, 2000).
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The transformation a student undergoes from their initial idea to the final product, along
with their interpretation of the design problem and justification of their decisions, is an indicator
of learning that is just as significant as the final product itself. It is crucial for students to
understand the design problem, interpret the context of the solution and develop alternative
solutions. This enables them to justify their decisions and devise more effective approaches to
refining their design. This process also paves the way for the assessment of creativity.
According to Amabile (1996), a creative product must be both novel and appropriate to the
relevant problem. Similarly, Runco and Jaeger (2012) emphasise the importance of considering

originality and appropriateness together when defining creativity.

In architectural education, creativity cannot be reduced to merely a formal attribute.
Rather, it manifests across various dimensions, such as adopting a conceptual approach,
generating alternative solutions, resolving design problems, interpreting context, establishing
spatial organisation and refining design decisions. In line with the view of Doheim and Yusof
(2020), who consider the teaching and assessment of creativity to be a pedagogical challenge,
contemporary studio education is not just a place to impart knowledge, but also a space that
teaches students how to conduct themselves throughout life, fostering a mindset and purpose
oriented towards that end (Dewey, 1991; Andag & Aslan, 2012). Alongside traditional lecture-
based studio instruction, emphasis is placed on approaches that encompass all aspects of design
knowledge. These methods aim to enhance student creativity and encourage the expression of

design capabilities through means other than verbal communication (Hodgkin, 1985).

The lack of a universally accepted definition of creativity can result in different
perceptions of the concept among students and faculty members. Furthermore, when assessing
creativity, the level of education and the studio’s learning outcomes must be taken into account.
Rather than adopting the absolute stance that 'creativity cannot be measured', it is more
meaningful to ask which dimensions of creativity should be assessed and in what context, in
relation to which learning outcomes. The study's approach to standardisation recognises that,
while it is possible to assess creativity, it is unnecessary to reduce creative design outcomes to

a single form.

The assessment of creativity introduces the concept of quality as a criterion. In higher
education, quality assurance is not merely linked to the delivery of specific content within
educational programmes, but also to the establishment of systematic processes designed to

achieve defined educational objectives and learning outcomes. Biggs and Tang (2011) identify
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the alignment of teaching, learning activities and assessment as a prerequisite for high-quality
learning. This approach is particularly significant in architectural education and means that
architecture programmes must comprise multidimensional outcomes, such as design skills,
technical and professional knowledge, critical thinking, communication and ethical
responsibility, which are aligned with their educational objectives. It is not enough for these
outcomes to be defined in the programme; students must demonstrate through assessments that
they have achieved the targeted outcomes. As the assessment process is an ongoing activity
designed to enhance the mission of each programme, discipline and department, it is dynamic
and long-term in nature. Recent assessment evidence highlights the need to establish specific,
measurable criteria. This approach emphasises the importance of taking a broader perspective
on quality assessment in architectural education — one that goes beyond merely evaluating the

design product as positive or negative (Bachman and Bachman, 2009).

The new NAAB regulations, an international accreditation system which came into
effect in March 2026, also emphasise the requirement for standards to be clear, consistent and
applicable across diverse contexts (naab.org). The focus is not on encouraging students to
produce similar designs, but on identifying the competencies that the educational programme
instils in architecture students, and on determining how students achieve these competencies.
RIBA takes a more holistic approach during the validation process, allowing for different

approaches and academic interpretations.

This approach demonstrates that there is no inherent conflict between standardisation
and diversity. Rather than homogenising every aspect of educational programme
implementation, it ensures that specific quality conditions are met. Consequently, the focus
shifts from asking whether all students produce the same design to asking whether the
programme can reliably and verifiably demonstrate the achievement of defined learning
outcomes through diverse design solutions. This distinction also forms the basis for shifting the

focus of standardisation from the design outcome itself to the assessment process.

2. The problem of assessment in architectural education

In architectural education, studio work is evaluated through a jury system. The primary
criticisms of this system focus on the importance placed on grading and the emergence of power
struggles among the evaluators during the jury session. Consequently, the educational function

of the jury is diminished, which can compromise the student's learning experience (Musa,
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2020). Furthermore, since juries are a vital educational tool that prepares students for
professional practice, only evaluating the final product at the end of the term can make the effort

expended and the educational process itself invisible.

The real problem is on what evidence the jury based its decision and how explainable
this decision is. De la Harpe et al.'s (2009) study reveals that, in studio evaluation, the process
and development of the student should also be considered, in addition to the final product. Yasar
(2026) describes a gradual studio evaluation system in his study, stating that learning-related
performance is represented more convincingly by a gradual, criterion-based and mutual set of

evidence than by a single final decision.

The study illustrates an assessment conducted in a graduation studio and notes that the
evaluation encompasses both the final product and the process based on necessary evidence
(Elliott, 2020; Carlgren, 2020; Klefbeck, 2024). This approach applies the same logic to higher
education in a studio setting by showing how existing context, preparatory submissions, drafts,
interim submissions, final project materials and oral defence form an integrated structure of
evidence (Yasar, 2026). This method enhances the validity of jury assessments by ensuring that
students are evaluated not only on the final product, but also on the stages involved in creating

it, taking into account evidence related to the process.

In addition to criticisms regarding the jury evaluations focusing solely on the final
product, the subjectivity inherent in the assessment process is also a point of contention.
Preferences based on the evaluators' individual personality traits or cultural backgrounds—
rather than on the final product itself—can lead to different meanings being attributed to the
work under review (Albukhari, 2021). To address this, evaluation processes based on shared
understandings and clearly defined criteria can be established. This approach should not be
interpreted as aiming for a uniform final product, but rather as determining the shared criteria

against which the final product will be evaluated.

3. Architectural education and standardisation.

When the concept of standardisation - defined as bringing products, processes, services
or systems to a specific quality level (TSL) - is applied to design education, it is often associated
with uniformity and the restriction of creativity. This stems from the tendency to link

standardisation primarily to the final product. In other words, this situation, which can
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demotivate students with regard to their design output, is often interpreted as predetermining
the design outcome. However, standardising the conditions under which designs are evaluated
rather than the designs themselves can facilitate a different relationship between creative
freedom and quality assurance. Having a common evaluation framework does not mean
students have to produce identical design outcomes; it enables diverse design solutions to be
discussed based on the same evaluation criteria. In architectural education, the purpose of
standardisation is not to converge design outcomes, but to enable distinct design outcomes to

be compared using shared, transparent, consistent and justifiable evaluation principles.

(Table 1).

Table 1 Elements that can be standardised vs. elements that should be left open to individual

interpretation
Elements that can be standardised Elements that should be left open to
individual interpretation
Clarity of learning outcomes Design idea
Assessment dimensions Conceptual approach
Definition of criteria Formal expression
Stages of the assessment process Design language
Feedback principles Solution strategy
Justification of assessment decisions Original interpretation
General definitions of performance levels Individual design decisions.
Shared principles among assessors Alternative design outcomes

This study proposes the conceptual approach of 'process-oriented standardisation' to
demonstrate that, in architectural education, standardisation applies to the structural
components of the assessment system rather than to the design product itself. This approach
distinguishes three fundamental levels: The first level comprises the programme's learning
outcomes, which define the knowledge, skills and competencies that students are expected to
acquire. The second level comprises the assessment principles that determine the performance

indicators used to evaluate attainment of these outcomes. The third level comprises the design
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solution, where the form and method by which students achieve these outcomes are open-ended.

The relationship between these three levels is shown below (Fig. 1).

LEARNING COMMON FLEXIBLE PROCESS AND
EXPERT JUSTIFIED
OUTCOMES ASSESSMENT PERFORMANCE PRODUCT COMMENTARY ASSESSMENT ’
PRINCIPLES CRITERIA EVIDENCE

Fig.1- The relationship between three levels (created by the authors)

This structure differs from the traditional 'standard — product — comparison — grade'

approach.

This approach highlights the importance of understanding the limits of standardisation.
Rather than standardising students' design decisions, formal languages or conceptual
approaches, what the assessment considers and how it is justified should be standardised. For
example, 'design originality' could be an assessment dimension. However, if originality is
associated solely with a specific formal aesthetic, standardisation becomes a matter of the
design outcome itself. Similarly, 'context sensitivity' could be a criterion, but defining it
exclusively through a specific architectural language would limit students' diverse

interpretations (Table 2).

Table 2. Standardisation of the design outcome and the assessment process

Dimension Outcome-oriented standardisation Process-oriented standardisation

Learning outcome

Risk of driving towards uniformity

Shared learning objectives

Design product Tendency to produce similar results Allowance for diverse results

Assessment Weighted towards the final product Process + product + reflection

Criteria Formal norms Performance dimensions

Creativity May be constrained Preserved within diverse solutions
Primary source of the final decision Stage where the chain of evidence is

ury interpreted

Quality Adherence to norms Realisation of learning outcomes

Standardisation Convergence of results Shared assessment principles

Student diversity May be viewed as a deviation May indicate diversity in learning
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Shifting the focus of standardisation to the evaluation process makes it clear that process-

oriented standardisation can be implemented based on four fundamental components:

1. Defining shared learning outcomes: In the initial stage, the learning outcomes of the
programme must be clearly defined. These may include aspects such as defining the design
problem, analysing the context, developing alternative design solutions, justifying design
decisions, integrating technical and environmental requirements, expressing the design using
different representation tools and incorporating critical feedback into the design process. This
approach strengthens the relationship between architectural education and quality assurance

(Bachman & Bachman, 2009).

2. Harmonising evaluation criteria: In the second stage, common evaluation criteria can be
established that do not require all designs to be identical. The purpose of these criteria is not to

define 'good architecture', but to highlight the dimensions considered by the evaluator (Table3).

Table 3: Harmonising evaluation criteria

Evaluation Dimension Problem Definition

Key question Has the student correctly defined the design problem?
Context Does the design respond to contextual data?

Conceptual coherence Do the design decisions form a coherent system of thought?

Creativity Has an alternative and original approach been developed?
Justification Can the design decisions be defended?

Technical integrity Has the design been linked to technical requirements?
Representation Has the design concept been expressed using the appropriate tools?
Process Has the design been developed in response to feedback?

3. Diversification of evidence: In the third stage, the assessment should not be based solely on
the final product. The processes leading up to the final product can also be included in the
assessment. This can include work such as student research, self-assessments, sketches and two-
and three-dimensional models, which can be evaluated alongside the final product. Yasar’s
(2026) staged evidence approach is significant in this regard. Research indicates that evidence
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produced at various stages enables design performance to be interpreted in a more traceable and

defensible manner.

4. Justification of the assessment decision: At this stage, the assessor must explain the
evidence that underpins the score or decision awarded. While this does not make the assessment
entirely objective, it does enhance the justifiability and traceability of the decision. The goal of
process-oriented standardisation is therefore not to absolutise the concept of 'objectivity', but

rather to make the assessment process more transparent, consistent, explicable and auditable.

When examining the relationship between standardisation, creativity, and quality, this
study does not treat standardisation and creativity as opposites. The issue lies not in the
existence of a standard, but in what that standard actually standardises. For example, if a
standard is defined as 'The student's design must possess specific formal characteristics',
creativity may indeed be constrained. However, if the standard is defined as 'The student must
be able to justify design decisions based on context, user, programme and technical
requirements', a variety of design solutions remains possible. Therefore, quality should be
defined not by the similarity of the design product, but by the ability to achieve established
learning outcomes through diverse solutions. This approach also necessitates reconsidering the
relationship between 'appropriateness' and 'originality' in creative education (Amabile, 1996;

Runco & Jaeger, 2012).

Just because a design is creative does not mean it is exempt from all criteria. In fact,
creative design involves making meaningful distinctions within the framework of a specific
problem, context and purpose. Therefore, the evaluation system should assess the relationship
between the design and the design problem rather than penalising the design itself. In this
regard, quality can be understood as being more than just a dichotomy between 'adherence to

standards' and 'innovation'.

Quality can be assessed by evaluating various dimensions, such as: appropriateness,
justification, contextual responsiveness, technical/functional competence, originality, critical

thinking and process-based development.

Discussion

The tension between quality assurance and creativity in architectural education often

stems from the direct application of standardisation to the design product itself. A review of the
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relevant literature suggests that diversifying assessment evidence, clearly defining learning
outcomes and making assessment criteria more explicit can enhance the transparency and
reliability of this process (Bachman & Bachman, 2009; Brookhart, 2013; de la Harpe et al.,
2009). Current literature also emphasises the need to establish a more balanced relationship
between the final product and the design process in architectural education. Advocating the
combined use of structured and dialogic assessment methods, Eweda and Badawy (2026)
emphasise the importance of balancing learning value and originality when evaluating creative,
open-ended work. Consequently, no single approach can be considered the sole indicator of
quality. This point is also significant in the context of jury evaluations, as it addresses the
blurring of the boundary between learning and assessment that is often observed in juries that
focus exclusively on the final product (Musa, 2020). In assessment processes that prioritise
work undertaken throughout the design journey rather than just the outcome, the jury's role is
redefined through process-based assessment, thereby establishing a shared understanding of

evaluation (Kogyildirim & Tonuk, 2026).

When considered together, architecture and standardisation imply that diverse design
outcomes born of original thought can be evaluated using clear and justifiable criteria. This
definition also changes the meaning of quality assurance. Rather than referring to an accepted
aesthetic sensibility or form, quality assurance means that, when designing based on original

ideas, a student simultaneously achieves established learning outcomes.

The NAAB, an international accreditation system, emphasises in its current
accreditation approach that standards should be clear and applicable across diverse contexts.
Similarly, RIBA supports various academic approaches and interpretations by grounding
student work in specific educational requirements, thereby fostering creativity and quality

assurance.

Conclusion

Preserving the open-ended, creative and contextual qualities of architectural design is
essential. As accreditation systems become more prevalent in architectural education, the
quality of programmes is expected to be defined by transparent learning outcomes and

assessment processes.
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This study suggests that contentious issues in architectural education could be resolved
by reconsidering the scope of standardisation. It suggests shifting the focus of standardisation
from the final product to the evaluation process. Rather than standardising students' personal
design approaches and conceptual inferences, the evaluation would focus on evidence of design
evolution gathered throughout the process, feedback mechanisms and the realisation of learning

outcomes, all of which would be assessed against established common principles.

Thus, the effort to achieve a certain level of quality through standardisation ceases to
hinder creativity in design. Standardisation transforms from a system that steers students
towards similar final products into a quality assurance tool that enables the justifiable evaluation
of diverse design solutions. Consequently, architectural education is redefined, shifting the
focus from conformity to a specific design outcome to designs that meet defined learning

outcomes through a variety of final products (Fig. 2).

PROCESS-ORIENTED STANDARDISATION IN ARCHITECTURAL EDUCATION

OUTCOME-ORIENTED ( N[ —)

Standard Fixed criteria Student design Risk:

STANDARDIZATION Comparison Grade
+  (form, content, ¥ (measurable, > product > (class / final jury) > (oomerical { letter) gl conformity /
“Conformity through outcome definition) objective) (final project) ‘ ’ o - o decline in creativity
the product” = g \ 4 L

s .

: STANDARDIZATION OF ASSESSMENT '

[ # «d

STANDARDIZATION OF DESIGN :

v v
PROCESS-ORIENTED
STANDARDIZATION Learning Common Flexible Process + product + Expert judgment + Justified

¢
Qe '“'"f“ Transparency / Consistency /

outcomes assessment performance refloctive evidence calibeation assessment
_ - - Accountability

“Conformity through learning | (oow PR bt oo
and development™ o

presentation) Diversity / Originality /

— e Contextual response

Fig.2- Process-oriented standardisation in architectural education

(created by the authors)

Rather than focusing on the final product itself, the concept of standardising creativity
in architectural education should incorporate the design process into standardisation and
establish standards for evaluating creative and diverse design products without compromising
transparency or equity. This approach transforms the standard from an obstacle to design into

an educational mechanism that reliably assesses creativity and the diversity of final products.

26
Fundamentals and Technical Means of Design, october 2026



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

REFERENCES

Albukhari, I. N. (2021). Assessment of architectural design studio: A review. American
Journal of Civil Engineering and Architecture, 9(3), 88—94. https://doi.org/10.12691/ajcea-9-
3-2

Amabile, T. M. (1996). Creativity in context. Westview Press.

Andag, L., ve Aslan, A. E., (2012) Tasarim Caligmlari-1 Stiidyosunda Uygulanan Yaratici
Drama Etkinliklerinin Mimarlik Ogrencilerinin Yaratic1 Diisiince Becerilerinin Gelisimine

Etkisi, Megaron, 7, 1, s.49-66.

Bachman, L. R., & Bachman, C. (2009). Designing student learning outcomes in
undergraduate architecture education: Frameworks for assessment. Enquiry: The ARCC

Journal for Architectural Research, 6(1). https://doi.org/10.17831/enq:arcc.v6il.7

Biggs, J., & Tang, C. (2011). Teaching for quality learning at university (4th ed.). Open

University Press.

Boud, D., & Falchikov, N. (2007). Rethinking assessment in higher education: Learning for
the longer term. Routledge.

Brookhart, S. M. (2013). How to create and use rubrics for formative assessment and

grading. ASCD.

Carlgrenl. M. (2020). The knowledge machinery and claims in learning study as paedeutical
research. Int. J. Lesson Learn. Stud.9 (1), 18-30. 10.1108/IJLLS-02-2019-0010

Cross, N. (1982). Designerly ways of knowing. Design Studies, 3(4), 221-227.

Cross, N. (2001). Designerly ways of knowing: Design discipline versus design science.

Design Issues, 17(3), 49-55.

de la Harpe, B., Peterson, J. F., Frankham, N., Zehner, R., Neale, D., Musgrave, E., &
McDermott, R. (2009). Assessment focus in studio: What is most prominent in architecture,
art and design? International Journal of Art & Design Education, 28(1), 37-51.
https://doi.org/10.1111/].1476-8070.2009.01591 .x

27
Fundamentals and Technical Means of Design, october 2026


https://doi.org/10.12691/ajcea-9-3-2
https://doi.org/10.12691/ajcea-9-3-2
https://doi.org/10.17831/enq:arcc.v6i1.7
https://doi.org/10.1111/j.1476-8070.2009.01591.x

OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

De La Harpe, B., Peterson, J.F., Frankham, N., Zehner, R., Neale, D., Musgrave, E. and
McDermott, R. (2009), Assessment Focus in Studio: What is Most Prominent in Architecture,
Art and Design?. International Journal of Art & Design Education, 28: 37-51.
https://doi.org/10.1111/j.1476-8070.2009.01591.x

Dewey, J. (1991) How we think. New York: Prometheus Books.

Doheim, R. M., & Yusof, N. (2020). Creativity in architecture design studio: Assessing

students’ and instructors’ perception. Journal of Cleaner Production, 249, 119418.

https://doi.org/10.1016/].iclepro.2019.119418

Elliott]. (2020). Quality criteria for lesson and learning studies as forms of action research.

Int. J. Lesson Learn. Stud.9 (1), 11-17. 10.1108/IJLLS-02-2019-0018

Eweda, N. M., & Badawy, A. (2026). Reviewing assessment methods in architectural design
courses: Towards approaches for pedagogical enhancement. Journal of Engineering and

Applied Science, 73, 322. https://doi.org/10.1186/s44147-026-01166-5

Hodgkin, R., A., (1985) Playing and Exploring: Education Through the Discovery of Order,
Methuen, London, p. 146.

KlefbeckK. (2024). Implementing assessment protocols in compulsory school for students
with intellectual disabilities: challenges and opportunities for teachers educating students with
intellectual disabilities. Int. J. Lesson Learn. Stud.13 (5), 76-91. 10.1108/IJLLS-04-2024-
0075

Lawson, B. (2006). How designers think: The design process demystified (4th ed.).
Architectural Press.

Musa, M. (2020). Assessment, learning and power in the architectural design studio jury: A
case from the United Arab Emirates. Archnet-IJAR: International Journal of Architectural
Research, 14(3), 489-502. https://doi.org/10.1108/ARCH-01-2020-0009

Oymen Giir, S., (2000) ‘Mimarlikta Temel Egitim Dersi Uygulamas1’, Mimarlik Dergisi, say1
293, Ankara: Mimarlar Odasi, pp. 25-34.

28
Fundamentals and Technical Means of Design, october 2026


https://doi.org/10.1016/j.jclepro.2019.119418
https://doi.org/10.1186/s44147-026-01166-5
https://doi.org/10.1108/ARCH-01-2020-0009

OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

Ozgen Kogyildirim, D., & Tonuk, D. (2026). Developing a rubric to assess student works in
foundation design course. METU Journal of the Faculty of Architecture, 43(1), 277-300.
https://doi.org/10.4305/metu.jfa.2026.1.10

Runco, M. A., & Jaeger, G. J. (2012). The standard definition of creativity. Creativity
Research Journal, 24(1), 92-96.

Schon, D. A. (1983). The reflective practitioner: How professionals think in action. Basic
Books.

Yasar, D. D. (2026). Reframing studio assessment: A staged evidence approach in interior
architecture education. Frontiers in Education, 11, 1842248.

https://doi.org/10.3389/feduc.2026.1842248

National Architectural Accrediting Board. (2026). 2020 Conditions for Accreditation: March
2026 revisions. NAAB.

Royal Institute of British Architects. (2026). RIBA procedures for validation. RIBA.

Dr. Gildis Tachir, Assoc. Prof.

ORCID ID: 0000-0003-4863-4339

Web of Science Researcher ID: AGP-4318-2022
Trakya University of Edirne,

Tiirkiye

E-mail: gildistahir@trakvya.edu.tr

Dr. Bilge Ata¢ Ozsoy, Lecturer

ORCID ID: 0000-0001-7259-4387

Web of Science Researcher ID: OKR-8156-2025
Trakya University, Edirne,

Tiirkiye

E-mail: bilgeatac@trakya.edu.tr

29
Fundamentals and Technical Means of Design, october 2026


https://doi.org/10.4305/metu.jfa.2026.1.10
https://doi.org/10.3389/feduc.2026.1842248
mailto:gildistahir@trakya.edu.tr

OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

A STUDY ON THE ANALYSIS OF DIGITAL SURVEY ACTIVITIES OF
TRADITIONAL JAPANESE WOODEN ARCHITECTURE

Keimi Harada, PhD, Architect
International Academy of Architecture
Taku Ueno

T&I Co.Ltd., Master Carpenter
Sotaro Yoshikawa

T&I Co.Ltd., Master Carpenter

Abstract. The importance of creating architectural drawings based on digital surveying is growing
increasingly significant for the preservation of historic structures. Over the three-year period from
2023 to 2026, 68 buildings were surveyed using digital technology, of which 19 were traditional
wooden structures (temples and shrines). Disaster preparedness was the primary reason for
commissioning these surveys. A consistent correlation was observed between height and the
number of man-days required. It should be noted that even among buildings with a small floor
area, some require a large number of man-days due to factors such as height and the complexity
of their internal structures. Furthermore, for tall buildings, drone-based surveying can reduce the
number of man-days required. The data obtained from this survey and analysis serves as a useful

reference for building surveys using digital technology in other regions.

Keywords: Digital Survey, Reasons for commissioning, Relationship between volume, height and

man-days

Research Objectives & Research Method

The survey, conducted by a team of Master Carpenters beginning in 2023, covered a
total of 68 structures, including traditional wooden architecture, through March 2026. From this
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sample, the study focuses on 19 traditional wooden structures (primarily shrines and temples)
to analyze their actual conditions. The objectives are to analyze post three years of survey

results and to utilize further survey activities.

Focusing on the buildings surveyed by the Master Carpenter Team, this study
organizes data on the year of construction, cultural property designation status and building
scale (width, depth, height, building area and volume). It also analyzes the reasons for

commissioning the surveys and the number of man-days spent on each survey.

1. Survey Subjects

A total of 19 traditional wooden structures (shrines and temples) were surveyed, 8 in

2023, 5 in 2024, and 6 in 2025.

The construction years of the surveyed buildings are as follows, 5 from the 1900s, 7

from the 1800s, 3 from the 1700s, 2 from the 1600s, and 2 from the 1200s.

Regarding cultural property designations, there are 2 National Treasures (The Main Hall and
The Three-Storied Pagoda of My6tsii-ji Temple), 15 Important Cultural Properties, and 2 with

no designation. The National Treasure buildings were constructed in the 1200s.

In terms of floor area, the largest is the Main Hall at Eiheiji Temple at 750.3 m?, while the
smallest are N Shrine at 9.76 m?, the Worship Space at Otaki Shrine at 14.7 m?, the Main Hall
at Otaki Shrine at 15.4 m?, the Three-Storied Pagoda at My®otsii-ji Temple at 17.4 m?, and the

Gate for Imperial Messenger at Eiheiji Temple at 19.4 m?. The average of 19 cases is 260.7 m?.

In terms of volume, the largest is Gosho-ji Temple at 21,811.7 m?, the smallest is N Shrine at
73.8 m?, followed by the Main Hall of Otaki Shrine at 160.3 m® and the Worship Space of Otaki

Shrine at 106.9 m?. The average of 19 cases is 4,954.8 m°.
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In terms of height, the tallest is Gosho-ji Temple at 24.0 m lowed by the Three-Storied Pagoda
at Myotsii-ji Temple at 22.1 m, the shortest is the Worship Space at Otaki Shrine at 7.2 m, and

the average of 19 cases is 15.9 m. (Table 1. Summary of Survey Subjects)

2. Reasons for Commissioning

Of the 19 cases surveyed, 14 were for “disaster preparedness” (earthquakes, fires,
lightning strikes, etc.), 7 were “in preparation for repairs,” 5 were for “drawing preparation,”

and 2 were due to “deterioration.”

By era, there were 5 cases from the 1900s, 7 from the 1800s, 3 from the 1700s, 2 from the
1600s, and 2 from the 1200s. Both buildings from the 1200s are National Treasures and had
previously undergone thorough surveys. The largest numbers were buildings from the 1800s (7
cases) and the 1900s (5 cases). (Table2. Year of construction and reasons for commissioning of

surveyed buildings.)

3. Man-Days and Labor Input for On-Site Surveys
3-1 Analysis of the Relationship Between Volume and Man-Days

Relationship between volume and man-days is analyzed. The distribution is shown in

Fig. 1, and the relationship can be expressed by the linear regression equation
y =0.00036x + 11.17.

No clear similarities can be identified. Looking at buildings with small floor area values, N
Shrine has a floor area of 73.8 m?® and required 5 man-days for the on-site survey, the Main Hall
of Otaki Shrine has a floor area of 160.9 m?® and the worship Space has 106.3 m?, each requiring
8 man-days, and the Three-Storied Pagoda at My®6tsi-ji has a floor area of 384.7 m?® and required

12 man-days.
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Fig.1 — Relationship between Volume and Man-Days
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Table 2. Year of Construction and Reasons for Commissioning of Surveyed Buildings

2
=
Research [Q E Reasons

n =

Year [ &
Sl1 2 3 4
1900~ | 5 | 4211 2
1800~ | 71512 0| 2
1700~ | 3 | 3 11 1 |1
1600~ | 2 1 0ol 0 0 2
oo~ 1 212 0! 0 o
Total 19 14 5 2 7

Legend

Reason 1 Disaster Preparedness
Reason 2 Drawing Preparation
Reason 3 Measures for Deterioration
Reason 4 In Preparation For Repairs

Among buildings with large volumes, Gosho-ji Temple has a volume 0of 21,811.7 m? and a labor

input of 16 man-days based on the on-site survey. The Main Hall at Eiheiji has a volume of

15,455.4 m?® and a labor input of 15 man-days based on the on-site survey.(Fig. 2 )

Even among buildings with smaller volumes, some require a larger number of man-days

compared to other buildings with larger volumes. This is thought to be influenced by factors

such as the building’s height, the complexity of its internal structure, and the extent of its

ornamentation.

Myotsii-ji Temple’s Three-Storied Pagoda has a small volume but stands 22.1 m tall. At Otaki

Shrine, both the Main Hall and the worship Space feature complex roof shapes, and intricate

carvings cover the entire surface of the building walls.(Fig. 3 )

Fig. 3 — Otaki Shrine, Main Hall

Fig. 2 — Eiheiji Temple, Main Hall, Source : Eiheiji Temple Source : Echizenshi Travel And Tourism
Association (https://www.echizen-
tourism.jp/travel echizen/visit detail/36)
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3-2 Analysis of the Relationship Between Height and Man-Days

Relationship between height and man-days analyzed, as shown in the distribution in

Fig. 4, this relationship can be expressed by the linear regression equation y =0.71x + 1.71.

Examples of low-height buildings include the worship Space at Otaki Shrine (7.2 m), which
required 8 man-days according to the field survey, the Gate for Imperial Messenger of Eiheiji
Temple (9.6 m), which required 8 man-days, and the Main Hall at Otaki Shrine (10.5 m), which

required 8 man-days.

Taller buildings include the Main Hall at Eiheiji Temple (20.6 m, 15 man-days), Gosho-ji
Temple (24 m, 16 man-days), The Three-Storied Pagoda at Myotst-ji Temple (22.1 m, 12 man-
days), the Main Gate at Z05j0-ji Temple (21.3 m, 25 man-days), and the Main Gate at Zenko-ji
Temple (20.5 m, 15 man-days).

In the past, surveying tall buildings required erecting scaffolding and involved a large number
of man-days however, since surveys can now be conducted using drones, this saves time and

reduces the number of man-days required.

Even for lower structures, such as the Main Hall and Worship Space at Otaki Shrine, the number
of man-days required is high because the roof shape is complex or the ornamentation is intricate.
Although the Myotsii-ji Temple Three-Storied Pagoda is tall at 22.1 m, its structure consists of

repeated identical stories, resulting in fewer man-days compared to other tall structures.

(Fig. 5)
Height (m)
30 4 Measurement
E 25 . on site
& 20
E = 15 Forecast: Measurement
z - on site
L
= 5 L
0 . . . . . . —Fitting Curve
0 5 10 15 20 25 30
y=07lx+1.71 Height m
R*=10.5899

Fig. 4 — Relationship Between Height and Number of Man-Days
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Fig. 5 — My®otsii-ji Temple the Three-Storied Pagoda & Survey Progress, Source :T&I Co.Ltd.

4. Conclusion

Over the past three years, architectural surveying using DX has been conducted. The
results of analysis of 19 traditional wooden structures (temples and shrines) selected from this
group are as follows.
Most of the structures surveyed were built in the 1800s and 1900s. In terms of cultural property
designations, there are 2 National Treasures (both from the 1200s) and 15 Important Cultural
Properties. The average of 19 cases of area is 232.6 m?, the average of 19 cases of volume is
4,954.8 m?, and the average of 19 cases of height is 15.9 m.
The reasons for commissioning the surveys were disaster preparedness (earthquakes, fires,
lightning strikes, etc.) in 14 cases, preparation for repairs in 7 cases, creation of architectural
drawings in 5 cases, and deterioration in 2 cases.
The relationship between volume and man-days is represented by the linear regression equation
y =0.00036x + 11.17.
However, even for buildings with small volumes, factors such as height and the complexity of
the internal structure can result in some projects requiring a high number of man-days.
The relationship between height and man-days is represented by the linear regression equation
y=0.71x + 1.71.
As height increases, the number of man-days increases. On the other hand, although the Three-
Storied Pagoda of My6tsii-ji Temple is tall at 22.1 m, its structure consists of repeated layers,
and since it can be surveyed using drones, the number of man-days can be reduced,

consequently, it requires fewer man-days compared to other tall buildings.
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The data presented above will serve as a useful reference for future building surveys conducted

via digital transformation in other regions.
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A STUDY ON THE BACKGROUND OF THE MUTATION OF MIES VAN DER
ROHE’S DESIGN FOR THE GERMAN PAVILION 1929 IN BARCELONA: THE
INFLUENCE OF TRADITIONAL JAPANESE OPEN-PLAN ARCHITECTURE

Keimi Harada, PhD, Architect

International Academy of Architecture

Abstract. Mies van der Rohe is regarded as one of the world’s three master architects, his
architectural designs are characterized by steel-and-glass structures and open plans. The origins
of this style can be traced to his design of the German Pavilion for the 1929 World’s Fair in
Barcelona. Since Mies had previously designed closed, stone-and-concrete buildings, the
Barcelona Pavilion represented a radical departure in his design philosophy. In his 1960 book on
Mies, architectural critic Peter Blake cited two key influences, (1) Dutch art movement De Stijl
and (2) Robie House designed by Frank Lloyd Wright. As a third influence, the impact of

traditional Japanese open-plan wooden residential architecture should be included.

Keywords: Mies Barcelona Pavilion, Influence of Japanese traditional open-plan residence, Peter

Blake, Gropius, Robie House by Wright, De Stijl

Research Objectives & Research Method

Mies, one of the three master architects of the 20th century, was the son of a stonemason.
Initially, he designed simple, traditional houses featuring stone, brick, and thick concrete walls
with small openings. However, for the German Pavilion at the 1929 World Exhibition in
Barcelona, he designed a transparent, open structure composed of slender steel and glass. It is
an open and universal space. This is thought to be influenced by traditional Japanese wooden

open plan architecture. This paper examines the background of sudden shift in Mies’s design.
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There is no direct explanation from Mies himself. Mies did not speak much about his
own design philosophy. (Sano 2013) Therefore, this paper is based primarily on a compiled
edition of the diary of Japanese architect Kenji Imai, who visited Germany in 1926 to meet

with Gropius, as well as on books about Mies.
1. Mies’s Background and Design Activities from the 1910s to the 1920s

Mies van der Rohe was born in Aachen, Germany in 1886 and learned as a draftsman at
a local vocational school before joining the office of Bruno Paul in 1906. He designed the house
for Dr. Riehl in 1907. Recognized for this work, he joined the office of Peter Behrens ! as a
draftsman in 1910. At that time, Walter Gropius ? was the chief architect at the Behrens office.
While at the Behrens office, Mies was responsible for designing Hugo Perls House in 1911,
and Kroeller House in 1912. (Fig. 1) It is a Schinkel-style design®. In 1913, Mies opened his

own practice.

Later, in 1923, he presented the Brick Villa Project. Although it is a substantial brick
structure, its floor plan contains the seeds that would lead to the design of the Barcelona
Pavilion. Three brick walls divide the site into large sections, within which several living spaces
are arranged, there are no corridors connecting the rooms. (Fig.2) In 1924, Mies stated, “I
consider the industrialization of building methods the key problem of the day.” At the time, the
use of brick could be said to be a symbol of the era. (Blake p.38)

It is believed that Mies was influenced by the Robie House, designed by Wright, in
1910, which was featured in the Wright exhibition held in Germany in 1910.“Mies had seen
Wright exhibition that came to Berlin in 1910 The building is planned exactly like a typical
Wrightian country house.” (Blake p.34)

In 1927, he participated in a housing exhibition held in Stuttgart, organized by the
Werkbund (German Work Federation), and constructed an experimental housing complex
alongside Behrens, Gropius, Le Corbusier, Taut, and others. (Fig.3) This project was highly
acclaimed, leading to a commission from the German government to design a pavilion. Steel-
framed, finished in stucco. With long bands of glass and prefabricated partitions and storage

walls, Mies succeeded in creating one of the best housing units built in Europe in the 1920s.

'
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Fig. 2 — Brick Villa, Source : Werner Cover Page Fig. 3 — Weissenhof apartments, Source : Blake.p45

2. The Design of the Barcelona Pavilion

In 1929, he designed the Barcelona Pavilion, which was constructed of steel and glass
and was acclaimed for realizing a Modernist spatial concept. Compared to conventional
designs, the Barcelona Pavilion could be described as a “mutation.” The building itself
consisted of a sweeping, horizontal roof plane supported by eight chromium-plated steel
columns, cross-shaped in section. Below this roof, there was a rectangular composition of glass
and marble walls that formed a series of beautiful spaces, all open to one another and open to
various outdoor areas beyond the glass. In their asymmetrical, rectilinear composition, the walls
of the Barcelona Pavilion resembled a De Stijl* painting in plan view(Fig. 4) (Fig. 5). In three
dimensions, the building possessed some of the sweeping quality of Wright’s Robie House".

(Fig. 7)” ( Blake p.52)

On the other hand, Kiyonori Kikutake, a leading Japanese architect, wrote: “Japanese
architects who visited Germany in the 1920s showed Mies photographs of Japan’s open wooden
architecture. Barcelona, the stone patterns on the columns and rear wall of the Pavilion bear a
resemblance to the pine patterns painted behind the tokonoma in Japanese homes. However,
since it lacks a sense of daily life, it is interesting to view the Pavilion as an object of art rather
than a proposal for a residence. Japanese homes have diverse functions, with the same room

serving as a dining room, a bedroom, and so on.” (Kikutake 1,1991, p.,75)

Fig. 4 — Barcelona Pavilion, Source : Blake 1 p.52 Fig. 5 — Barcelona Pavilion, Source : Blake 1 p.53
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GreatBulldings.com

Ad Classics Frederick C Robie House Frank Lioyd Wright Archdaily

Fig. 6 — DeStijl, Theovan Doesburg Composit : on 1917 Fig. 7-Robie House, Source : Plansmange

3. Kenji Imai’s Diary of His 1926 Visit to Germany
3-1 Impressions of Germany

“On July 15, 1926, commissioned by my university, I departed Tokyo on a journey to
study modern architecture across Europe and America. As I was a young man of 30, my heart
leapt with joy at the prospect of this journey. This was a period of innovation in modern
architecture, and the triumph of functionalism was being celebrated.”(Imai 1,1995, p.120)
“There were three leading forces: 1) the German Werkbund (Der Deutsche Werkbund) in the
field of manufacturing industry; 2) the Bauhaus as an institution for art education and research;
and 3) the movement centered on the magazine “Das Neue Frankfurt”. The achievements of the
German Werkbund lie in making the public aware of the value of new materials such as iron
and glass, and in pioneering a new world of form by combining industrial production with
artistic creation. One of the league’s key figures is Gropius.(Imai 1,1995, p.262) Since our
student days, we had been exposed through magazines to German and Austrian architecture,

which at the time was the most active in Europe. (Imai 2,1994, p.226)
3-2 Visit to Mr. Gropius, Dessau

“A young woman greeted me as I stood at the reception desk with my letter of
introduction. Gropius was in his prime, in his forties, but his appearance made me think he
might be older. In a newly renovated room, he plopped down into a large, linear chair
upholstered with yellow cushions. In front of him stood a large table made at the Bauhaus,
showcasing the beauty of modern functional design. My first impression was that he was a
person with a sharp gaze who seemed difficult to approach. From the color scheme of the ceiling
to the design of the floor covering and the arrangement of the tubular lamps running along the
ceiling, everything was a manifestation of the Bauhaus spirit. Within this single room, one could

sense the dynamism of the leader of modern architecture in Germany as he sought to usher in a
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new era. ” Gropius signed and presented me with two books, “Offset-Buch-und Webekunst”

and ” Buecher1”, as a memento of my visit.”

“Furthermore, he stepped away from his chair and from among the many business cards
in a small box, showed me two cards of Japanese architects. These were from members of the
Secession group who had previously traveled abroad. I expressed my gratitude for Gropius’s
thoughtful gesture, which was clearly intended to please me as a Japanese visitor. At the same
time, the fact that up-and-coming Japanese architects were so firmly etched in the mind of such
a renowned western architect filled me with a strong sense of pride regarding the future of
modern architecture in Japan. ” These two are believed to be Kikuji Ishimoto® who visited
Europe in 1922 and Sutemi Horiguchi’” who studied in Europe in 1923, and formed the

Secession Group in Japan in 1920. Inferred from their biographies.
3-3 Warm Welcome at Gropius’s Home

“Gropius’s house was the one on the far left of a row of four houses belonging to
Bauhaus professors. Mr. and Mrs. Gropius invited Meier and me inside and asked for our
impressions of the Bauhaus. Needless to say, his study immediately confirmed that he was a
practitioner of modern architecture. Guided by his wife, she gave us a thorough tour of the
kitchen, bedroom, bathroom, the guest room upstairs, and the master bedroom. His wife said,
“Why don’t you stay the night instead of returning to Berlin tonight? We have a room for you,”
beautifully demonstrating her kindness and charm. As evening fell and it grew dim, she even
prepared dinner for us. Mr. Gropius managed to catch the 9:07 p.m. train departing from
Dessau. The gratitude I felt as Mr. and Mrs. Gropius saw me off to the door has become
something I will never forget. On the way to Dessau Station, I couldn’t help but reflect on the
kindness Gropius had shown me throughout the day. I kept recalling the joy of today’s visit as
I rode the train back to Berlin. I arrived back in Berlin at 11:24.” (Imai 3,1993, p.213)

3-4 Introduction of Japanese Architecture to Gropius & From Gropius to Mies

No specific details can be found in the diary. However, it is believed that Ishimoto, a
young Japanese architect who was 28 years old in 1922, and Horiguchi, who was also 28 in
1923, showed or provided Gropius with photographs and drawings of traditional Japanese
residential architecture (the open-plan Sukiya-style, composed of wooden columns and beams)
during their visits to him. Similarly, it is believed that Imai also showed Gropius representative

images of Japanese architecture and provided him with some of them. It is believed that Mies
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had various interactions with Gropius during this period, and it is possible that he was shown

photographs and drawings of Japanese architecture on those occasions.

Some examples of Japanese wooden traditional residential architecture are shown
below. 1. Kodaiji Temple, (Fig. 8), 2. Kennin-ji Temple, rock, tokonoma, (Fig. 9), 3. Daigo-ji
Temple, tea room. (Fig. 10)

Fig. 8 - Kodaiji Temple, Source : Harada Fig. 9 — Kenninji Temple, Tokonoma, Source : Harada

Fig. 10 - Daigoji Templ Tea House , Source : Harada

According to Kikutake, “Mies learned openness from Japanese residential
architecture.” During a visit to the U.S., Kikutake met with a staff member from Mies’s office
who was still alive at the time, and the staff member testified that “Mies was indeed influenced

by Japanese residential architecture.” (Kikutake 2,2000,P.200)

It is believed that he designed the Barcelona Pavilion based on the floor plan of the 1923

Brick Villa, while also drawing influence from traditional Japanese architecture.

3 Conclusion

Mies’s design underwent a radical mutation at the 1929 Barcelona Pavilion. The

interrelationships surrounding Mies’s design can be summarized as shown in Table 1.

Blake wrote, “The Barcelona Pavilion shows the influence of both De Stijl and Wright’s Robie
House.” (Blake, 1960, p.53) The Barcelona Pavilion is a departure from Mies’s design
tendencies of the 1920s. According to Imai’s diary, it is believed that during his warm meeting
with Gropius and also during a previous visit by two young Japanese architects they showed
Gropius photographs and drawings of traditional Japanese architecture. It is thought that

Gropius shared these photographs and drawings with his Bauhaus colleagues, including Mies.

43
Fundamentals and Technical Means of Design, october 2026



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

Furthermore, according to a book by Kikutake, he obtained testimony from a former employee
of Mies’s office stating that “Mies was influenced by Japanese residential
architecture.”(Kikutake 2,2000, p.200 ) Compared to the heavy architecture of stone, brick and
concrete, it is thought that he was significantly impressed by the open and light traditional

Japanese wooden architecture.

Therefore, it can be considered that the Barcelona Pavilion was influenced by De Stijl
paintings, Wright’s Robie House, and, as a third influence, the open traditional Japanese

wooden architecture.

Tablel. Rerationships surrunding, Mies’s Design
Japanese

Mies Gropius architects Events
1908 :
1910 Wright Exibition |2 7%
Q | ¥ in Berlin,1910
Established
12| 2
< Office
g Influenced by
L = (2 1 F.L.Wright
= QSS‘I Unity Church
1919 = Bauhaus Decoration
=3
1922 | &
@
w»
1923 | g@°
=
1926
1927 \/Werkbunt
= HouseBarcelona,
1929 | = |Pavillion
=
E Bauhaus
19301 2 |3rd Director

1929 : Mutation , Mies’s Design Philosofy

NOTES

1. Behrens (1868—1940) was one of Germany’s leading architects at the time. He had a
significant influence on the development of Modernist architecture and industrial
architecture. Walter Gropius, Ludwig Mies van der Rohe, Le Corbusier, and others also

worked at the Behrens office.

2. Gropius (1883-1969) worked at the Behrens office from 1908 to 1910. Around the
same time, Mies became a colleague of Gropius. Gropius founded the Bauhaus (School
of Architecture and Design) in 1919 and became its first director. In 1925, the school
relocated to Dessau. In 1930, Gropius recommended Mies as the director.
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3. Schinkel (1781-1841) was an architect representative of 18th-century German

Neoclassicism.

4. De Stijl Painting — An art movement that originated in the Netherlands in 1917. Features

paintings with abstract combinations of lines.

5. Completed in 1910, a residence with an open floor plan designed by Wright under the

influence of traditional Japanese architecture.

6. Kikuji Ishimoto (1894-1963) Co-founded the Secession movement with Sutemi

Horiguchi and others. In 1922, he traveled to Europe and America at his own expense.

7. Sutemi Horiguchi (1895-1984) In 1923, he studied abroad in Europe and formed the
“Separatist Architectural Association” in 1920 with fellow alumni from the University

of Tokyo.
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DETERMINATION OF DESIGN PARAMETERS FOR COASTAL SETTLEMENTS
IN THE CONTEXT OF TECTONIC UNDERSTANDING: THE CASE OF ISTANBUL
MODERN AND WAREHOUSE
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Dr. Gildis Tachir, Assoc. Prof.

Trakya University of Edirne (Tiirkiye)

Abstract. Coastal settlements are important threshold areas where urban environments and the
dynamic nature of water converge. Architectural structures intended for public use in these areas
exhibit different design dynamics to urban architectural structures, in terms of structural
requirements and their relationship with the city and its inhabitants. In this context, the aim of this
study is to determine new design parameters for architecture in coastal settlements within the
framework of tectonic theory, and to examine these parameters using examples. This study's
literature is based on an analysis of the ontological and representational forms of the concept of
tectonics throughout history. The absence of parameters specific to architectural design in coastal
settlements within the framework of tectonic theory enables this study to address this gap in the
literature. The study's methodology involves determining the parameter criteria that constitute
tectonic theory. The design criteria are therefore evaluated in two stages in terms of the tectonics
of the architectural structure and its relationship with water. The tectonic properties of the
architectural structure are discussed in terms of the building's foundation, structure, materials and
construction techniques. When analysing the tectonic value of a building incorporating the water
element, the tectonic nature of the water element itself is examined. This study examines design
parameters related to the water element, such as heat, humidity and optical illusion. The aim is to
determine design parameters within the framework of tectonic theory for future coastal

settlements and the water elements to be incorporated into them.
Keywords: Tectonics, coastal architecture, design parameter, Istanbul Modern
Introduction

Coastal settlements are a unique field of architectural study due to the physical factors
and representational features they are exposed to. Architectural structures in coastal settlements
are important threshold areas where urban texture and water meet, and they differ from urban
architectural structures in terms of their relationship with the city. For this reason, design
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parameters that consider the structural and representational features of coastal settlements are
needed. This study focuses on the Karakdy district in the Beyoglu district of Istanbul. Karakdy
has undergone port-, trade- and tourism-related transformations throughout its history (Kazgan,
1991; Akin, 1998). Due to these transformations and layered construction, Karakdy stands out
among coastal settlements. The Istanbul Modern building, on the other hand, was chosen as a
landmark to illustrate the transformation of the Karakdy coastal settlement in terms of its
relationship with the port and trade history, public use, and the architectural expression created
by its new design. The study discusses Istanbul Modern, which is not limited to the current
building designed by Renzo Piano. The study also examines the building designed by Sedad
Hakki Eldem as a warehouse in 195758, which functioned as a modern art museum in 2004,
and the current Istanbul Modern building, which was demolished and rebuilt. Tectonic theory
is discussed in the study to reveal the design parameters of coastal settlements. This is because
it deals with the architectural structure in a holistic, ontological and representative way. While
the physical factors to which coastal settlements are exposed create ontological study areas for

the design of the architectural structure, they also create representative study areas.

The study discusses tectonic theory in order to reveal the design parameters of coastal
settlements. This is because it deals with architectural structures in a holistic, ontological and
representative way. While the physical factors to which coastal settlements are exposed create
ontological study areas for architectural design, they also create representative study areas due
to factors such as the relationship they establish with water, their status as urban threshold areas,

and their effect on the urban silhouette.

Examining the existing literature reveals that coastal settlements are primarily addressed
in the context of landscape architecture and recreational areas (Acar & Bekar, 2017; Erdem et
al., 2019; Sayan, 1998; Uzunali & Acar, 2020). Examining studies on architectural construction
in coastal settlements reveals that most are conducted on an urban scale (Bulut & Tas, 2017,
Totu Keskin & Durmus Oztiirk, 2026), with some focusing on silhouette and visual quality
(Alemdar, 2022; Kogan & Ankarali, 2016; Yaldiz & Ak, 2022). The lack of design parameter
determination in the literature will be addressed within the framework of tectonic theory. The
technical and representational principles of architectural structure design (Frampton, 1995;
Semper, 1989) were used as the basis for creating the proposal. The theoretical background of
the study will be developed through an analysis of the conceptual and theoretical use of
tectonics from its first recorded use in the Greek Archaic Period (Holst, 2017) to the present

day. After identifying the characteristics of the concept, it will be applied to architectural

47
Fundamentals and Technical Means of Design, october 2026



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

designs for buildings in coastal settlements. Additionally, the literature contains studies on
Istanbul Modern focusing on interior spaces and exhibitions (Akin, 1998; Biiyiikparmak &
Ermis, 2021; Yakiskan, 2024), as well as studies analysing the architectural features of
buildings and institutional identities in museum records through architectural discourse (Cigek
& Ceylanli, 2025). However, the relationship between the building and the coast has not yet

been examined in the context of architectural interpretation and tectonic theory.

The study aims to create a design guide for new building projects in coastal settlements,
incorporating architectural structures and water features in line with the established parameters.
Taking an ontological and representative approach to design decisions, this determination aims
to create a holistic design for the new building and ensure that it is optimised for the city and

its users.
1. Theoretical Framework

The concept of tectonics has an integrated structure that describes the process by which
an object comes together through reason and systematic knowledge, as well as the meaning and
expression created by the concrete reality that is revealed. This holistic feature was attributed
to the artisan group known as the tekton in the Greek Archaic Period, but was divided between
the tekton and the arkitekton when the group of architects known as the arkitekton emerged in
the Greek Classical Period. During the Archaic period, the tekton, who had the ability to create
things, was reduced to a simple construction worker, while the arkitekton, who had knowledge
and understanding, began to be seen as a practitioner with technical skills. Arkitekton, on the
other hand, was seen as someone with knowledge who could make sense of it (Holst, 2017). At
this point, it is the subject, not the concept, that is reduced. This concept, categorised by theorists
as both representational and ontological, has been studied in this way to make sense of the
phenomenon. Theorists such as Frampton (1995), Semper (1989) and Bétticher (1992) have
proposed that the representational and ontological dimensions are forms of expression rather
than contradictions or disjointed situations. Although the concept is reduced to structuralism in
some dictionary definitions and academic usage, it has embodied this holistic approach since
its first use (Hasol, 2022, p. 460). In his study, Gupta (2020) argues that the concept of tectonics
has been reduced to structuralism in modernism. This situation separates tectonics, confining it
to the fields of technical or formal representation. The author presents Aldo van Eyck's
understanding of the twin phenomenon as a solution to this and proposes a non-dualistic model

for tectonics. However, this model confuses the ontological structure of tectonics with the
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discourses of writers and theorists. Tectonics has described the unity of representation and

ontology since its inception.

From its first use to modernisation, the concept was essentially handled in terms of
existence, construction logic and representative value. Three architectural theorists who have
written extensively on the subject are: Karl Botticher, Gottfried Semper and Kenneth Frampton.
Karl Botticher (1992) was the first to systematically examine the concept of tectonics. The
theorist considers tectonic theory to be the external reflection of the essence and his principles
are based on the core form (kernform) and the art form (kunstform). This principle expresses
the artistic expression of the structural features that make up the architectural object.
Additionally, it advocates the honest conveyance of this expression, defining tectonics as the
intersection and complement of the structurality and artistic expression of the architectural
object. In this way, the material that constitutes the architectural object gains artistic expression.
Semper (1989, 2004), on the other hand, based his understanding of tectonics on the forms of
existence of the architectural structure and cladding theory. According to Semper, the
architectural structure consists of a combination of massive (stereotomic) elements associated
with the earth and skeletal elements associated with the air. These two construction logics
should demonstrate structural honesty and impact the viewer's perception in accordance with
the structure. In his Cladding Theory, Semper (2004) mentions that the first wall covering in
architecture was formed by non-massive masonry, with the massive wall acting as a carrier.
Consequently, the architectural element incorporated into the structure is not articulated; it
forms the building's essence. However, this cladding element should not hide the building's

construction logic and cladding technique.

The principles of tectonics are gathered under the following headings as a result of all
these readings: Structural expression; joint details and articulation; material honesty and

tactility; cladding and fagade representation; and contextual representation value (Fig. 1).

Structural expression is the principle that represents the ontological truth relating
tectonic honesty to the logic of construction. Combination details and articulation allow this
ontology to be interpreted. Combination details have a representational value because they
reflect constructional culture, period, and the impact of load transfer on human perception.
Material honesty and tactility are also ontological, revealing the logic of construction and the
building's essence. They have a representative tectonic value, creating a feeling and meaning in
the viewer through the material's physical properties and texture. Cladding and fagade
representation are ontological in that they express the essence of the building, and have a
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representative value in terms of the meaning they create on the fagade. At this point, cladding
strengthens tectonic expression by adding representational meaning to the bare ontological
reality. Finally, contextual representation explains the relationship between the building's

expression and environmental effects, culture, and urban texture.

Periods and Figures The Treatment of Tectonics The Established Principles

Homer
(Archaic Greece) B Techne (ITow It Is Made) and Poieo (What Is Made)

Structural Expression

YV'l

Karl Botticher > Kernform (Core Form) and Kunstform (Art Form)
(19th century) Ll
S Joint Details and Articulation
e
5 The Four Elements of Architecture
;3 ied Semmer > Theory of Cladding T . Tactili
Gottfried Semper o & >l Material Honesty and Tactility
(19th century) —»
> The Material-Form Relationship
” -
Architectural Expression: Stercotomic (Massive) and Tectonic (Skeletal) | Cladding and Facade Representation
v
B Joints
Kenncth Frampton > Critical Regionalism Contextual Representation Value
(19th century) >
> Tectonic Honesty (Scenography and Tectonic Articulation)

Fig. 1 - Approaches to the Concept of Tectonics and Determination of Basic Features (created

by the author)

2. Method

The study examines the ontological and representational features of the concept of
tectonics in architectural structures in coastal settlements, with the aim of producing new design
parameters for this area in line with the theory. To this end, the study is a qualitative case study
designed using the comparative spatial analysis method (Fig. 2). The existing Istanbul Modern
building and the former warehouse were compared and analysed in line with the determined
parameters. The Karakdy space was chosen as the sample location because it is a threshold
space at the intersection of water and land, is one of the focal points on the coastline, and
contains the ontological and representative features of tectonics in its structural setup. The
study's data collection techniques are theoretical reading and on-site field observation. Sources
used in the study include project documentation of the buildings, photographs, and archival
sources related to the buildings and their theoretical infrastructure. The next part of the study

reconstructs and details the parameter set put forward in the theoretical background section for
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architectural designs in coastal settlements. Subsequently, the structures will be examined in

accordance with the newly created parameter set and compared in terms of their tectonic value.

STEP 1: THEORETICAL FRAMEWORK

Literature Review and Theoretical Reading

1

Determination of the Characteristics of the Tectonic Concept

l

STEP 2: GENERATION OF PARAMETERS

Generating Parameters for Architectural Designs in Coastal Settlements
Based on Identified C hamclcrislics

STEP 3: EVALUATION

Evaluation of Parameters Through Examples

l

CONCLUSION

Fig. 2 - Method of the Study (created by the author)
3. Findings

3.1 Generating New Parameters for Coastal Designs in Line with Determined Tectonic

Principles

In line with the tectonic principles established in this section of the study, design
parameters were set for structures in coastal settlements (Fig. 3). The principle of structural
expression is considered in terms of the mass-ground relationship and structural readability.
According to the mass-ground relationship, a coastal design with tectonic value rises on a
massive mass/pedestal in order to establish a relationship with the ground. The structure must
also consist of a permeable skeletal system because coastal settlements have different physical
characteristics to land settlements. If a structure on the shore has a massive base, it is exposed
to high wind pressure and suction forces acting on the walls of the building. In a structure
designed with a permeable skeletal system, these forces are less prevalent. This permeable
structure also provides a solution to potential moisture issues on the shore by facilitating air
circulation. The increased temperature in the building can be reduced by this air circulation due
to the reflection created by the water, and the greenhouse effect is eliminated. According to
tectonics, the details that make up a structure should be visible from the outside. For this reason,
the building's massive and skeletal structure should be designed to be visible from the outside.
Articulation and joint details also support the reading of the structural expression. Coastal

settlements experience high temperature differences between day and night, resulting in intense
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expansion and contraction effects. This should therefore be taken into consideration at the
junction points of the building elements. However, coastal areas experience rapid wear and tear

due to exposure to physical factors such as moisture, heat, salt and wind.

For this reason, the joints in these areas must be both removable and detachable. Since
wear and tear to the joint details hidden behind the coatings may be overlooked, these details
and the structural features should not be concealed. In the principle of material honesty, tactility
is discussed under two separate headings: functional and perceptual. In coastal settlements, the
sun reflecting from the water creates a glare problem and an increased risk of slipping on the
ground. For this reason, textured surfaces play a functional role in coastal designs. The
perceptual dimension of tactility enables people to establish a physical relationship with the
building by creating a focal point when they are exposed to too many stimuli due to
environmental factors such as sun, wind and salt. This textured structure establishes a
relationship with physical reality, creating a scaffolding/shelter effect in human perception
when exposed to harsh stimuli. Materials for buildings in coastal settlements should be selected
based on the external factors to which the building will be exposed. Otherwise, materials that
imitate other materials will deteriorate over time due to a lack of adaptation to the ground. In
terms of the representative dimension of cladding and fagades, the discussion covers the
representation of horizontality, the abstract representation of marine culture, and the protective
shell. Representing horizontality means moving in harmony with the horizon in the coastal
settlement and not exceeding it. This is because the most dominant visual feature on the shore
is this horizontal line. In this context, the building's permeable fagade does not completely hide
the rear of the building, creating a space for visual and perceptual interaction. Another feature
that lends value to the facade is the way in which the building and object features of coastal

culture are abstracted and used in the architectural structure.

This prevents the emergence of products that are neither completely incompatible nor
kitsch. The structural evaluation criterion for the facade's tectonics is a secondary shell system
that protects the structure, which is separate from the main carrier of the building envelope,
from physical factors specific to the coast. This shell acts as a defence wall for the building
against wind, moisture, salt, UV rays, heat and light. The contextual representation value is
considered in terms of both the physical and the perceptual context. Above all, the designed
structure should be in harmony with the coastal topography and morphology. However, the
building should also be designed in accordance with human perception. This starts with

recognising that coastal settlements are places of memory due to the wear and tear caused by

52
Fundamentals and Technical Means of Design, october 2026



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

physical factors. Coastal settlements are transitional spaces between land and water. For this
reason, designs in which the structure is permeable and fluid rather than a boundary support the

human perception dimension of the context.

When using water in a building, the structural expression is to design in accordance with
the physical properties of water. In terms of contextual representation, this means designing in
accordance with the perceptual properties of water. The water element establishes a natural
relationship with the building at ground level or at water level. However, if the water is
transported and used elsewhere, it is removed from the location where it establishes a
relationship. If the water is not continuously replenished, it evaporates in hot weather or freezes
in cold weather. For the water to remain, it must be supplied continuously. However, if the
building has a natural relationship with the ground and the design incorporates fluid water, it
will have tectonic value. The design should take into account the mass and flow rate of the
water. Water also represents fluidity and dynamism in human perception. For this reason, it
should not be reduced to an illusory state with no circulation or barriers. In this design, the
discharge and connection points of the water should be clearly visible. Apart from this, the

corrosive effect of water and moisture problems must be considered when selecting materials.

The Principles Established For The Tectonic Concept

Cladding and Facade

Structural Expression Joint Details and Articulation Material Ilonesty and Tactility
’ ’ Representation

Contextual Representation Value

Parameters For Coastal Architectural Design

v
+ ' v L1 t
Stiticaral Mase.Growd || Legibility of Structural Tacility Expression of Horizontality Threshold space

Legibility Relationship Connections

* Functional .

Abstraction of
¢ Herltage

Adaptation to Topography
and Morphology

> Sensory
Honest Joint

Material Honesty
Protective Shell

Incorporation of Water Llements In the Building

Aligning With the Perceptual

Aligning With the Structural
> e Drainage and Scupper Joints Material Honesty and Tactility Threshiokd of Wate

Properties of Water

Fig. 3 - Determination of Design Parameters for Architectural Designs in Coastal Settlements

in the Context of Tectonics (created by the author)

In areas where there is water, textured combinations found in nature should serve as inspiration.

This supports tectonic honesty by offering a raw reality to artificiality.

3.2 Examination of Parameters on Designs in Coastal Settlements

53
Fundamentals and Technical Means of Design, october 2026



OcHosu u mexnuuecku cpedcmea 3a Koncmpyupate, okmomepu 2026

3.2.1 Istanbul Modern Museum of Modern Art

The Istanbul Modern Art Museum, designed by Renzo Piano and completed in 2023, is
a modern art museum. It is located in the Kiligali Pasa neighbourhood of the Karakdy district
in the Beyoglu district. At this stage of the study, the building was examined in line with the

parameters developed for architectural designs in coastal settlements.

Examining the building's structural expression reveals a clear distinction between the
massive and the skeletal elements, particularly in terms of the relationship between mass and
ground. The massive structure associated with the ground rises like a pedestal (Fig. 4). The
structure has a tectonic value that is well-suited to coastal settlements, given its massive and
skeletal nature. The skeleton rising from the massive base establishes a relationship with the
ground, offering a strong structural expression and an approach that is compatible with the
physical effects of coastal settlements. The building's mass is compatible with these two

structural expressions, which can be interpreted.

Structures on the coast tend to receive structural damage more quickly than inland
structures due to abrasive physical factors. For this reason, structures on the coast must be
articulated and damaged parts must be replaced in order to continue their existence. In order to
identify damaged parts, the joints of the building should be clearly read. The building elements
used in Istanbul Modern are both articulable and the joint details can be easily read. The joint

details of the building and the modules are clearly legible (Fig. 5).
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Fig. 5 - Istanbul Modern Joint Details and Articulation (taken by the author)

Examining the building in terms of tactility and material honesty reveals that, although
there are no textured surfaces to establish a relationship with the coastal areas or be compatible
with the water feature, the empty structure of the mass and the combination of different
materials and forms create a tactile quality (Fig.6). This tactility enables people to form a
physical connection with the building. Istanbul Modernn which, at first glance, reveals its
different textures. While each material is not textured in itself, the combination of full and
empty spaces, different materials and appearances, and various forms creates tactility in the

building that can be perceived physically and perceptually.

Fig. 6 - Physical and Perceptual Tactility and Material Honesty at Istanbul Modern (The
photograph was taken by the author)

Examining the building's cladding and fagade reveals that it has a high tectonic value.
Firstly, the building's horizontal expansion is compatible with the horizon line, one of the most
important features of the coast. This creates a harmonious relationship with both the shore and
the silhouette. The fagade elements, formed by the abstraction of sea waves and reflected when
sunlight hits them, carry the coastal heritage of the building. Apart from these aesthetic
qualities, the building's exterior must also serve a protective function to guard against the
negative effects of coastal erosion. The panels on the fagade also serve a structural purpose in

addition to their aesthetic value.
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When considering the contextual representation of the building, it is evident that
buildings designed in this area are threshold spaces, as coastal areas are transition spaces. While
the building's permeability and fluidity are related to its structural expression, its place in human
perception constitutes its representational value. The permeability of the building and its status
as a threshold space are illustrated as a threshold space are illustrated (Fig. 7) perception

constitutes its representational value.

Fig. 7 - Istanbul Modern as a Threshold Space (taken by the author)

Examining the relationship it establishes with the topography and morphology reveals
that, while it is compatible with the topography, it does not reflect the formation of the city.
Taking into account the dimensions of the roads, building blocks and buildings in the region,
Istanbul Modern appears oversized, which diminishes its contextual representative value.

shows the surroundings of the building as seen from the building's terrace (Fig. 8)

Fig. 8 - Photograph taken from the terrace of Istanbul Modern showing the construction around

Fig. 9 - Istanbul Modern water relationship ( taken by the author)

When examining Istanbul Modern's relationship with water, the first topic to be
discussed is the physical and perceptual relationship between the architectural structure and

water. The building's physical relationship with water is based on the material properties of
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water. Water's fluid nature relates directly to the structure on the ground. For this reason, the
building's supporting structure must establish a direct relationship with the water at ground level
and allow it to move in accordance with its fluid nature. However, the terrace-level pool at
Istanbul Modern (Fig. 9) neither allows water to flow and circulate nor establishes a direct

relationship with the water element at ground level.

Another important aspect of the building's relationship with water is the honesty and
tactility of the materials used. There is no tactile effect at the points where the building interacts
with the water. One of the most significant of these is the drainage system, which is an important
feature of the building's relationship with the water element. These points are where the
movement of water is clearly visible. However, in this building, the relationship between the
water and the terrace is unclear. The concealment of the water's movement areas and the
structural expression damaged the tectonic honesty, turning the water element on the terrace
into a consumer product rather than establishing a relationship with the building. On the other
hand, the building has established a representational tectonic relationship with water thanks to

the light play of reflection and the feeling of serenity it creates (Fig. 10).

Fig.10 - Light plays on the terrace of Istanbul Modern (taken by the author)
3.2.2 Warehouse No. 4

Warehouse No. 4, a dry cargo warehouse designed by Sedad Hakki Eldem, was built in
1957-1958. In 2003, the building, which was converted into a museum building by Tabanlioglu
Architecture, was renovated with the principle of minimum intervention. The current Istanbul
Museum of Modern Art, designed by Renzo Piano, is located on the site of the demolished

Warehouse No. 4 (Istanbul Museum of Modern Art [IMSM], n.d.). .
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When the structural expression of the building is examined, it is seen that the soil-mass
relationship is not balanced. Although the structure is formed with a skeletal system and this
can be read from the outside, it is seen as a closed massive mass (Fig. 11) due to the absence of
gaps in the structure. For this reason, although the structure of the building is read, it does not
honestly reflect its ontology; Since it reflects its tectonic existence massively, the tectonic value

of its structural expression is low.

DERN

UL MODERN

Fig. 11 - Stiirktiirk Expession of Warehouse No. 4. (Istal Museum of Modern Art
[IMSM], n.d.).

Examining the building's connection points and articulation reveals that it has a cast
concrete structure and cannot be dismantled (Figure 9). Nevertheless, the visibility of the

building's connection points gives it tectonic honesty.

Fig. 12 - Warehouse Structure No. 4 and Connection Details (Tabanlioglu Arch. [TA ], n.d.).

Although the building has material honesty, there is no texture or texture, form and mass
movements that provide tactility physically or perceptually. Examining the cladding and

representative facade of the building reveals that it has a high tectonic value due to its horizontal
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expansion. However, it has a low tectonic value because it does not contain any elements of
marine heritage. Although the building does not have secondary cladding, the door's carrier and

partition elements protect the building against external factors (Fig. 12).

When considering the contextual representative value of a building, the first evaluation
is of its threshold space. Since coastal areas are transitional spaces between land and water, they
should be permeable and fluid, rather than wall-like. However, Warehouse No. 4 is a bulky
structure blocking the view of the shore (Fig. 13), and its design does not reflect the threshold
features of the surrounding area. This reduces the building's tectonic value. Conversely, the
building does adapt to the topography and urban morphology. This is because, when the
building was constructed, there were port operations in the area, and the building's scale was
compatible with the morphology. Over time, the area has transformed from a port and

commercial area to a culture and art district, requiring a change in morphology and scale.

et 2 (T

5 g = .

Fig. 13 - View of Warehouse No. 4 from the Bosphorus
4. Discussion

In this part of the study, the tectonic values of the buildings were determined by
comparing the current Istanbul Modern building, designed by Renzo Piano, with Warehouse
Building No. 4, designed by Sedad Hakki Eldem and formerly located on the same site, in the
context of the determined parameters. Figure 14 contains the five basic tectonic features and
subheadings determined for architectural structures designed in coastal settlements. The grey
areas show the parameters to be considered in the event of water ingress. As there is no water
element in the warehouse structure, only the existing Istanbul Modern structure was evaluated

in this context.
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Parameters Developed for Waterfront Design in a Tectonic Context
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Fig. 14 - Comparison of Sample Structures in the Context of Tectonics (created by the author)

Gray arcas have been assessed in case the structure contains a water element. It hasn't been evaluated because there is no water clement in the warchouse structure.

When the structural features of the buildings are considered, it can be seen that Istanbul
Modern has established a balanced ground-mass relationship, which can be discerned through
its distinct structure. The building's massive and skeletal structural expressions are designed in
a balanced way in accordance with the coastal settlement, and these two different expressions
can be read structurally. The skeletal system of the warehouse structure can also be discerned.
In this respect, both structures demonstrate structural integrity. However, despite the warehouse
structure's skeletal system, the mass has a massive effect. Consequently, while the building's
structural legibility is high, it lacks balance and legibility in terms of the ground-mass
relationship. Considering the structural expression of the water feature on Istanbul Modern's
terrace, it can be seen that the physical properties of water — fluidity, dynamism, and a natural
connection to the ground — are not reflected; the water element merely creates a visual illusion
rather than establishing a tectonic relationship with the building. This demonstrates that the
water element is merely an object of consumption, rather than establishing a tectonic
relationship with the architectural structure. When the connection points of the buildings are
examined, it is seen that Istanbul Modern has building elements that can be assembled and
removed, while the warehouse building has a cast concrete skeleton, so it is fixed and it is not
possible to change it with possible deterioration. This is directly proportional to the legibility
of the connection points. In addition, the ways in which the load is transferred can be read from
the joint details of both buildings. In terms of the pool connection points on the terrace of
Istanbul Modern, its tectonic value is low due to the lack of a readable drainage system that

shows how the water is transported or discharged to that point.
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Although flat and non-woven surfaces are used in Istanbul Modern and Warehouse No.
4, Istanbul Modern, with its full empty structure in the mass, creates physical tactility in
different parts of the building by using different materials in different forms, and this tactility
creates a focal point in the person and enables the person who is exposed to many stimuli to

establish a relationship with physical reality.

When the cladding and facade of the buildings are considered, it can be seen that both
have a horizontal structure that harmonises with the horizon line, one of the most important
features of coastal regions. While the warehouse building does not reflect the coastal heritage,
the undulating form of the Istanbul Modern fagade's panels establishes an abstract resemblance
to sea waves, increasing the building's tectonic value in this sense. Considering the protective
feature of the shell, it can be seen that it is covered with panels that form a secondary facade on
the Istanbul Modern building. However, the warehouse building's protective shell is its own

monolithic mass.

When the contextual representative values of the buildings are considered, it is seen that
Istanbul Modern has tectonic value in terms of being a threshold space, whereas the warehouse
structure does not have the characteristics of a threshold space. Although both buildings are
compatible with the topography, they differ in terms of the formation of the city. Although the
warehouse structure achieved an urban formation in harmony with Karakdy, which was a port
area at the time it was built, Istanbul, located in Karakdy, which is a culture, art and
entertainment area today, is not suitable for today's modern urban formation and is large-scale
for that area. Although the terrace in Istanbul Modern has a low tectonic value because it does
not establish a relationship with the building as a structural expression, it gives the building a
sense of fluidity and serenity due to the light plays and reflections made by the water at the
perceptual level. For this reason, the water element and the building establish a strong

relationship at the perceptual level.
Conclusion

As a result of the study, it is seen that Istanbul Modern has a higher tectonic value
compared to Warehouse No. 4. As a result of the comparison, it is seen that Istanbul Modern
has strong structural expression and connection points, while Warehouse 4 has a low value in
this sense. While material honesty is observed in both buildings, physical and emotional tactility
is present in Istanbul Modern, while Warehouse No. 4 is deficient. While both buildings are

strong in terms of facade and representation, Istanbul Modern is a stronger option in terms of
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contextual representation. Apart from these, the water element used in Istanbul Modern reveals
a tectonic value in a perceptual sense, while structural. It has a low tectonic value in terms of

connection point and material.

This study has been a study that explains that ontological and representative values
should be considered together in designs in coastal settlements and aims to be a guide for new
designs. Furthermore, this study has established standardized parameters by formulating a

holistic design approach for coastal designs.
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AN ARCHITECTURAL AND STRUCTURAL FRAMEWORK FOR INCREMENTAL
HOUSING IN POST-EARTHQUAKE RECONSTRUCTION

Dr. Giilcan iner, Assist. Prof.

Kirklareli University, KirklarelilTURKEY)

Abstract. Treating emergency shelter and permanent housing as separate operations after natural
disasters creates problems related to cost, time, logistics, and household needs. This study
examines the incremental housing model from architectural and structural perspectives in
earthquake-prone regions. Its theoretical framework draws on John F. C. Turner's conception of
housing as a process and N. John Habraken's theories of Open Building and Supports. In view of
the risks associated with uncontrolled self-construction in seismic regions, the principle of
providing "half of a good house" is reconsidered in relation to technical safety and phased

occupancy.

The model combines an engineered core with lightweight, dry-assembled expansion areas that
can be completed over time. Basic infrastructure and wet-area connections are incorporated into
the core from the outset. The production strategy comprises three stages: an emergency living
core, transitional or interim housing, and a permanent dwelling enlarged under controlled
conditions. Because the model has not yet been tested in the field, the printing and construction
durations stated in this paper are design targets rather than measured results. Safe expansion
depends on defining the limits of the structural system at the outset, designing the directions of

growth, and regulating user-led modifications through technical guidelines.

Keywords: incremental housing, post-disaster shelter, transitional shelter, three-dimensional

concrete printing (3DCP), construction building.

1. Introduction and Theoretical Framework

Providing shelter for large numbers of households within a short period is one of the
central challenges of disaster management after major earthquakes (Galindo & Batta 2013;
Yonetani 2015). A common sequence begins with tents or tarpaulins, continues with temporary
container settlements, and ends with the construction of permanent housing (Bashawri et al.
2014; Bolin & Stanford 1991). Because resources invested in temporary shelter cannot readily
be transferred to permanent housing, this linear sequence may duplicate expenditure and delay
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integration with permanent reconstruction (Johnson 2007; International Organization for
Migration [IOM] 2012). Transporting containers and prefabricated units can be costly. Waste
generated after use and prolonged stays in temporary settlements may also hinder recovery
(Arslan & Cosgun 2008; Johnson 2007).

The transitional shelter approach anticipates that a unit used during the emergency phase
will either become part of a permanent dwelling or be reused elsewhere (IOM 2012).
Incremental housing manages this transition by allowing the initial unit to grow according to
predefined rules. Turner (1972, 1976) defines housing as a process shaped by residents over
time rather than as a finished product. This approach enables households to participate in
housing production, but in earthquake-prone areas such participation must proceed under
engineering supervision (Greene & Rojas 2008; Mota 2021).

The structural division within incremental housing can be explained through Habraken's
theories of Open Building and Supports (Habraken 1972, 2021). In this framework, the dwelling
consists of two layers:

The support structure, or primary structure, is the engineered system that defines
property boundaries and the principal spatial arrangement, carries service lines, and provides
structural safety.

The infill, or secondary system, comprises lightweight partitions and supplementary
components that occupants can alter in response to their needs and financial means (Habraken
1972, 2021; Jokar & Khakzand 2026; Tirkmen & Yildiz 2026).

Brand's (1994) concept of building layers with different service lives, together with
Schneider and Till's (2007) distinction between fixed structural and service components and
adaptable partitions, can be used to define the limits of incremental growth. In seismic regions,
the primary structure should determine the location of subsequent additions and their load paths.
Machado's (1976) distinction between a host structure and added components provides a further
framework for understanding this relationship (Jokar & Khakzand 2026; Tiirkmen & Yildiz
2026).

Accordingly, the theoretical framework establishes that post-earthquake incremental
housing should be conceived not as a sequence of disposable shelters but as a controlled process

in which a permanent structural core supports safe, user-led adaptation over time.

2. Architectural Organization and Built Examples of Post-Disaster Incremental Housing
Incremental housing does not mean delivering a fully finished small dwelling that can

simply be enlarged later (Wainer et al. 2016). Under the "half of a good house" approach, the
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initial investment is directed toward components that residents cannot safely construct on their
own, including site infrastructure, the earthquake-resistant primary structure, vertical
circulation, and service shafts (Aravena & lacobelli 2012; Boano & Vergara Perucich 2016;
Tirkmen & Y1ldiz 2026). The process includes land acquisition, construction of the initial core,
and planned stages of expansion (Marinovic 2020a 2020b).

The initial core contains a kitchen, bathroom, and minimum living or sleeping space
(Azizibabani & Bemanian 2019; Greene & Rojas 2008; Marinovic 2020a; Tiirkmen & Yildiz
2026; Wainer et al. 2016). Arranging wet areas around a shared shaft or back-to-back in
adjoining units can reduce service runs and related costs (Wainer et al. 2016). The relationship
between this arrangement and the structural system must be resolved for each project.
Expansion voids are volumes defined in the initial design that establish the location and
dimensions of future additions (Tiirkmen & Yildiz 2026). At Quinta Monroy, these voids were
left between masonry or reinforced-concrete boundaries and floor lines. Additions could
therefore occur within designated volumes rather than spreading beyond the plot (Tiirkmen &
Yildiz 2026).

An incremental dwelling can expand inward, outward, or upward. Inward expansion
occurs when an initially unfinished volume is completed later; outward expansion occupies a
predefined area beside or behind the dwelling; upward expansion adds one or more storeys
(Kamalipour & Dovey 2020). The suitability of each strategy depends on plot dimensions,
density, structural capacity, access, daylight, ventilation, fire safety, and escape routes

(Alexander et al. 1985; Greene & Rojas 2008; Tiirkmen & Yildiz 2026).

2.1. International Examples of Incremental Housing
PREVI Experimental Housing

PREVI Lima was an experimental housing program conducted by the United Nations
and the Government of Peru between 1968 and 1975. As an alternative to high-rise mass
housing, the program developed a low-rise, high-density settlement pattern. The structural
system and service infrastructure were installed at the outset, while courtyards and growth areas
were reserved for later horizontal and vertical additions. Pedestrian routes, shared open spaces,
and graded privacy within the plots formed part of the settlement layout. The subsequent
transformation of PREVI provides evidence for examining how effectively the original design

guided user-led modifications (Aravena & lacobelli 2012; Greene & Rojas 2008).
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Fig. 1-2-PREVI Incremental Housing. Source: https://hiddenarchitecture.net/previ-low-cost-

housing-i/

Belapur Incremental Housing

Designed by Charles Correa in Navi Mumbai between 1983 and 1986, the Belapur
settlement consists of low-rise, high-density housing clusters. Each household plot permits
horizontal or vertical expansion without encroaching on adjacent properties. The relationship
between the dwelling, courtyard, terrace, and veranda establishes a sequence of open spaces
extending from the private family courtyard to a shared space enclosed by seven or eight
dwellings and then to the main pedestrian spine. The use of accessible techniques, including
local brick, render, and traditional roof construction, made it easier for households to undertake
later additions. For the present study, Belapur is significant because it integrates the right to

expand with the design of shared open spaces (Azizibabani & Bemanian 2019).

WOUSE TYEA WOUSE TYoE WOUSE TYPE B (SPFCUL) WOUSE TYPF C [SPFCUL)

Fig. 3- Belapur Incremental Housing Project (https://hiddenarchitecture.net/belapur-housing/)

Quinta Monroy
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Quinta Monroy, completed by Elemental in Iquique, Chile, in 2003-2004, sought to
rehouse inner-city households on the same site with limited public funding. Rather than
financing a complete but very small dwelling, the budget was directed toward technical
components such as the structural system, service core, roof, and vertical circulation. Defined
voids for later construction were left beside the ground-floor units and upper-level duplexes.
Residents were expected to build their additions within these areas. The project's transformation
over time permits examination of both controlled growth and problems associated with

overbuilding and construction oversight (Aravena & lacobelli 2012; O'Brien et al. 2020).

Fig. 4-5-6- Quinta Monroy Project (https://www.archdaily.com/10775/quinta-monroy-

elemental)

Villa Verde Post-Disaster Reconstruction

Villa Verde was designed by Elemental in Constitucién, Chile, after the 2010
earthquake and tsunami and was completed in 2013. Units delivered at approximately 57 m?
were designed to expand to about 85 m? by occupying a reserved volume. The shared roof and
structural bays were built during the first phase, and user-led additions were confined within
these limits. The project used timber framing and dry-construction components. Villa Verde is
a built example through which the technical relationship between the initial structure and later
household additions can be examined in post-disaster housing (Carrasco & O'Brien 2022;

O'Brien et al. 2020).

69
Fundamentals and Technical Means of Design, october 2026


https://www.archdaily.com/10775/quinta-monroy-elemental
https://www.archdaily.com/10775/quinta-monroy-elemental

OcHosu u mexnuuecku cpedcmea 3a Koncmpyupate, okmomepu 2026

Fig.7-8 Villa Verde Project https://www.re-thinkingthefuture.com/case-studies/a7429-villa-

verde-project-by-alejandro-aravena-low-cost-housing/

2.2. Rapid and Robotic Production of Post-Disaster Cores

Three-dimensional printing projects associated with post-disaster shelter have reached
different levels of development. Some are completed dwellings, while others remain designs or
prototypes for emergency shelter. An industry report published in 2015 stated that INNOprint
3D aimed to print an emergency shelter measuring approximately 3 x 3 x 3 m in 20-30 minutes
(www.3DPrint.com, 2015; Nantes Université, 2015). The report does not establish that the
structure was deployed at a disaster site or that its insulation and occupancy conditions were
validated. The stated duration also concerns printing alone. Foundations, reinforcement,
roofing, openings, insulation, services, curing, and site infrastructure must be added when

calculating total delivery time.

The Serendix Sphere prototype developed in Japan has an area of approximately 10 m?
Designboom reported that production and assembly were completed in 23 hours and 12 minutes
at a cost of approximately JPY 3 million, or USD 25,000 at the time (Neira, 2022).These figures
concern a rapid-production experiment. They do not demonstrate that the prototype was used
for post-disaster emergency shelter or that independent testing verified the seismic and wind

performance attributed to its spherical form.
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Fig. 9- Serendix Sphere (https://cloudsao.com/SERENDIX-SPHERE )

In the Nacajuca project in Tabasco, Mexico, it was used in an affordable housing
program developed with New Story and local partners. Approximately 24 hours of active
machine time was reported for printing the walls of each unit, which has an area of about 46.5
m? (Subramanya & Kermanshachi 2022). This figure is not the total construction period,
because it excludes the foundation, roof, doors and windows, services, and finishes. Nacajuca
is a completed social housing project; it was not classified as an emergency settlement erected

immediately after a specific disaster.

Fig.10 World Housing. 3D Home Community, Nacajuca, Mexico.

(https://worldhousing.org/communities/3d-home-community-nacajuca-mexico/)
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Taken together, the cases show that neither incremental precedents nor rapid-printing
demonstrations constitute ready-made post-disaster solutions; their transferable value lies in

defining a serviced initial core, reserved growth zones, and verifiable limits for later additions

3. Structural and Technical Design Principles for Seismic Regions

In post-disaster reconstruction, adopting an incremental housing strategy in seismic
zones necessitates reconciling two conflicting dynamics: accommodating the architectural
flexibility of phased occupant growth while maintaining uncompromised structural integrity
under cyclic earthquake loads. Unregulated self-construction in earthquake-prone regions
typically results in severe structural deficiencies, including undersized column sections, omitted
tie beams, soft-storey formations, and unengineered vertical additions that drastically
compromise structural ductility. To prevent incremental modifications from escalating into
cumulative seismic vulnerabilities, the primary load-bearing infrastructure—the "support" or
"host" core—must be rigorously decoupled from subsequent secondary additions through
predefined engineering boundaries and tectonic hierarchies. Within this framework, seismic
resilience is governed by the structural hierarchy established between the core and the infill:
the initial foundation and core must be engineered to withstand the gravity and lateral load
combinations of the fully expanded building, horizontal growth patterns must be prioritized to
avoid torsional irregularities, and subsequent domestic infill must rely strictly on lightweight,
dry-assembly construction methods. Accordingly, the following subsections delineate the
technical criteria for integrating advanced on-site production, geometric growth limitations, and
seismic-resistant material systems into an incremental post-disaster framework.

In uncontrolled additions in earthquake-prone areas, inadequate foundations, undersized
columns, missing tie beams, and later vertical extensions increase structural risk (Greene &
Rojas 2008; Jokar & Khakzand 2026; SPARC 2013). Applying incremental housing therefore
requires the limits of the initial structural system and subsequent additions to be defined through

architectural and earthquake-engineering criteria.

3.1. Robotic and Extrusion-Based On-Site Systems

Containerized or mobile three-dimensional printing systems allow printing equipment
to be transported to a disaster area (Hager et al. 2016; Subramanya & Kermanshachi 2022). On-
site production speed nevertheless depends on access to energy and water, mix constituents,

technical personnel, foundation preparation, climate, and transport conditions (Le et al. 2012;
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Subramanya & Kermanshachi 2022). Portability alone does not establish that a structure can be
made ready for occupancy within a short period.

Serendix and the Almaty house are completed examples of three-dimensional printed
housing. Nacajuca is a settlement project implemented as social housing. Together, these cases
show that printing technology can be used at different scales. Post-disaster delivery time,
seismic safety, and suitability for incremental expansion require separate technical testing and
occupancy data for each project.

Alongside cement-based printable mortars, researchers are investigating printable cob
and other earth-based mixtures containing fibrous constituents (Gomaa et al. 2021; Perrot et al.
2018). Existing studies do not by themselves establish comparative advantages in cost, carbon
impact, or structural safety for post-disaster housing. A mixture intended for disaster housing
should be selected on the basis of printability, strength, water and fire performance, local

availability, and test results.

3.2. Structural Limits of Horizontal and Vertical Growth

Horizontal additions generally introduce less additional mass than adding a storey to the
structural system. Their position may nevertheless alter the centers of mass and stiffness, so
torsional irregularity must be checked in the structural analysis (Jokar & Khakzand 2026;
Tiirkmen & Yildiz 2026). Low-rise layouts and predefined lateral expansion areas are therefore
common in incremental housing projects (Azizibabani & Bemanian 2019; Greene & Rojas
2008).

Vertical expansion can provide additional floor area where land is limited (Nohn &
Goethert 2016). Later storeys may, however, exceed the capacity of the existing structure and
increase seismic risk (Greene & Rojas 2008). The number of storeys and additional loads should
be calculated in the initial design, and lightweight steel, timber, or panel systems should be
considered for upper floors (Mota 2021; Tiirkmen & Yildiz 2026; Wainer et al. 2016). In
attached buildings, separate structural grids and adequate joint widths should be determined

through engineering calculations that account for pounding risk (Lizarralde 2011).

3.3. Material Selection and Dry Assembly

Light timber, light-gauge steel, and dry-board systems can limit the loads imposed on
the existing structure by later additions (Marinovic 2020a; O'Brien et al. 2020). Off-site
manufactured modular components can facilitate construction oversight when their connections

are defined in advance. The timber frame used at Villa Verde provides field experience of
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accommodating user-led additions through a lightweight system. It does not, however, show
that every addition built by unskilled labor is safe. Materials, connections, and workmanship
require inspection (Carrasco & O'Brien 2022; O'Brien et al. 2020).

In seismic regions, the weight of an infill wall and its connection to the primary structure
cannot be separated from material selection. When correctly detailed, interlocking modular
blocks and lightweight dry panels may provide alternatives to heavy, uncontrolled masonry
additions (Alexander et al. 1985; Tiirkmen & Y1ildiz 2026). The combination of steel sections
and brick vaults at Narmak is a historical example of a hybrid system (Mota & Haileselassie
2021). The seismic behavior of stabilized earth blocks with reinforced-concrete tie beams must

be verified in relation to block strength, tie-beam layout, connections, and construction quality.

The technical analysis therefore indicates that seismic safety depends on treating the
printed core, lightweight additions, and their connections as a single engineered system whose

geometry, mass distribution, and material performance are verified before construction.

4. An Incremental Housing Production Strategy for Disaster-Affected Areas

This paper uses a three-stage design framework. The first stage is a minimum living
core that provides emergency protection. In the second stage, the services and occupancy
conditions required for transitional or interim housing are completed. In the third stage, the
dwelling expands within predetermined limits in response to household needs. These stages are
not universal time categories. Safety, infrastructure, and occupancy criteria must be assessed
for each project.

The proposal treats three-dimensional printing as one possible method for producing a
service-intensive initial core, not as a means of manufacturing the entire dwelling in a single
operation. Limiting the printed portion to a standard module could allow the remaining areas to
be completed with lightweight systems suited to local conditions. The proposal has not yet been
validated through a prototype, field trial, or comparative cost and time data.

The first stage proposes a core of approximately 28 m?. It contains the bathroom, toilet,
kitchen connections, and a minimum living area. The 18-24-hour period shown in Table 1
represents the active printing time assumed during preliminary design. It excludes foundations,
reinforcement, connections, roofing, openings, services, insulation, and curing. The figure
should therefore not be read as the time required to deliver a shelter ready for occupancy and

must be tested through prototype production.
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Using printable mortar as a structural core depends on verifying the reinforcement
layout and wall-to-floor connections through seismic analysis and testing. Constructing later
rooms with lightweight timber, light-gauge steel, or panel systems assembled by dry methods
is intended to reduce the additional load on the initial structure (Asprone et al. 2018).
Connection performance, fire safety, moisture, and maintenance requirements must also be
assessed for the selected system.

Anchor pockets or mechanical connection recesses can be formed during printing for
lightweight components added later. Their tensile and shear strength, response to cyclic seismic
loads, waterproofing, and maintenance requirements must be determined through testing. The
connections proposed in this study are subjects for prototype development, not validated
standard details (Asprone et al. 2018; Marchment & Sanjayan 2020).

The spatial program should consider both minimum humanitarian standards and the
spatial requirements of a dwelling. The Sphere Handbook recommends at least 3.5 m? of
covered living space per person, rising to 4.5 m? in cold climates (Sphere Association 2018).
For a household of four or five people, this corresponds to 14-17.5 m? and cannot be treated as
a permanent housing standard. The 28 m? proposed for Phase 1 is a design decision intended to
accommodate living space, wet areas, and circulation within the same core. Adding 16 m? in
Phase 2 and 25 m? in Phase 3 to reach a total of 69 m? is also a proposal developed in this study.

Neither these areas nor the durations in Table 1 are measured implementation data.

Table 1. Proposed Stages of Incremental Housing Production for Disaster-Affected Areas

Parameter PHASE 1 PHASE 2 PHASE 3
Area (m?) and | Emergency living | 44 m? | 69 m?
typology core One-bedroom Two-bedroom
28 m? dwelling dwelling
Three-dimensional Lightweight frame | Supervised user-built
Construction concrete printing | and dry assembly | additions
system and material | Proposed core | Timber or steel | Local materials and
system sections and panels lightweight panels
Proposed duration ] )
Target of 18-24 | Estimated Estimated
(estimate; active ) ) ) . )
hours of active | construction period | construction period
printing stated |
printing* of 2-3 days* of 1-2 weeks*
separately)

75

Fundamentals and Technical Means of Design, october 2026



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

Wet  areas  and 25 m? additional
. o 16 m? additional
minimum living room and veranda
room
space Completion of permit
Spatial and Initial area allocated
Proposed structural and inspection
structural function to shared living
core procedures
. . Greater  household
Connection  points | Total area reaches 69
privacy
for later additions m?

* All durations are estimates within the conceptual production scenario developed in this study;

they are neither measured total construction periods nor ready-for-occupancy delivery times.

4.1. User Participation and Construction Oversight

The safety of user-built additions in earthquake-prone areas depends on enforcing
throughout construction the rules established at the beginning of the project (Aravena &
lacobelli 2012; Greene & Rojas 2008; Marinovic 2020a 2020b; Tiitkmen & Yildiz 2026).
Oversight can be organized in three areas:

Participatory preliminary design. Before the primary structure and expansion areas are
defined, the spatial priorities and financial means of households, together with local labor
capacity, should be assessed (Aravena & lacobelli 2012; Azizibabani & Bemanian 2019).
Construction manual. The technical document supplied with the dwelling should identify the
limits of additions, permitted connections, and acceptable materials (Aravena & lacobelli 2012;
Marinovic 2020a 2020b; Tiirkmen & Yildiz 2026). The templates prepared for Lo Espejo and
Las Higueras define dry-assembly components, insulation thickness, and the limits of garden-
side expansion (Marinovic 2020a). The manual should also prohibit heavy masonry additions,
cutting structural members, and using heavy materials not anticipated in the design (Greene &
Rojas 2008; Marinovic 2020b; Tiirkmen & Yildiz 2026).

Legal and financial arrangements. Planning regulations should define the property
boundaries, permit stages, and inspection responsibilities for later additions. Infrastructure
investment and microfinance instruments need to be addressed within the same program so that
low-income households can complete the planned stages of growth (Greene & Rojas 2008;

Tiirkmen & Yildiz 2026; Wakely & Riley 2011).
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4.2. Implementation Constraints

Regulation and oversight. Limited technical knowledge, construction costs, and lengthy
permit procedures may lead residents to bypass approval and inspection stages (Asibey et al.
2025).

Loss of open space. Unplanned additions that enclose courtyards and gardens may

reduce ventilation and obstruct escape routes, making fire safety and post-earthquake
evacuation more difficult (Carrasco & O'Brien 2022; O'Brien et al. 2020).
Multi-storey growth. Upper-floor additions require closer control of materials and
workmanship. Alterations made without knowing the capacity of the existing structural system
present greater risk than single-storey horizontal additions (Greene & Rojas 2008; Marinovic
2020b).

Economic access. As the Millard Fuller Foundation case in Nigeria demonstrates,
formalized incremental housing programs may still fail to reach households with limited ability
to pay (Nwachukwu et al. 2025). The cost of the initial unit and the financing of later stages
must be considered together.

Land and infrastructure. Incremental housing is not a construction method based solely
on household labor. Access to land, finance, infrastructure, material supply, and labor must be
addressed within a single implementation program (Friendly 2025; van Noorloos et al. 2020).
The transition from emergency shelter to permanent housing takes time and requires
coordination among several institutions (IOM 2012; Subramanya & Kermanshachi 2022). A
three-dimensional printed core should therefore not be treated as a ready-made product that
resolves this transition on its own. The use of a mobile printer depends on transport, energy,
water, materials, specialist personnel, and maintenance capacity. Because these conditions
differ between urban and rural settings, the production system should be selected according to
local resources (Hager et al. 2016; Subramanya & Kermanshachi 2022). Claims that earth- and
fiber-based mixtures offer lower costs or environmental impacts require comparative tests and
life-cycle data.

Consequently, the proposed three-stage strategy is feasible only when rapid core
production is coupled with predefined expansion rules, lightweight construction, continuous

inspection, and coordinated access to land, infrastructure, finance, and skilled support.

Conclusion
The incremental housing model proposed in this study treats the emergency shelter unit

as the initial part of a permanent dwelling rather than a structure that will later be abandoned.
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The structure and services of the initial core are completed under engineering supervision, while
household additions are built within reserved areas and through defined connections.
Construction speed is not the model's sole criterion. Structural safety, continuity of water and
energy services, oversight of additions, and household access to finance must be secured
together.

Three-dimensional printing is one method that may be considered for producing the
initial core (Habraken 1972, 2021; Subramanya & Kermanshachi 2022). Active printing time
and ready-for-occupancy delivery time must be calculated separately. Structural behavior,
material properties, connections, and the post-earthquake operation of services should be
measured through prototype and field testing. Lightweight dry-assembly systems may be used
in later stages, while the user manual should identify permitted additions and inspection points
(Marinovic 2020a; O'Brien et al. 2020). Pilot studies covering different household sizes and
local construction conditions are needed to test the model's feasibility.

Ultimately, this study demonstrates that resolving the post-disaster shelter crisis requires
moving beyond the false dichotomy between temporary relief and permanent reconstruction.
By integrating advanced automated fabrication—such as 3D concrete printing—with
participatory, dry-assembly expansion strategies, incremental housing redefines the emergency
unit not as disposable building waste, but as the permanent seismic and infrastructural backbone
of the home. However, the viability of this model hinges on treating architecture not merely as
a formal or technical exercise, but as an integrated socio-spatial and regulatory process.
Bridging the gap between technological innovation and grass-roots implementation will
necessitate institutional adaptability: local authorities and disaster agencies must enact flexible
planning instruments, such as phased permitting and incremental building codes, underpinned
by visual, user-oriented construction manuals. Whether deployed in dense urban footprints or
distributed rural communities, confining user agency within an unyielding engineering
framework provides a viable pathway toward equitable, cost-effective, and seismically resilient

post-disaster habitats.

REFERENCES

ALEXANDER C., DAVIS H., MARTINEZ J., CORNER D., 1985, The production of houses.
Oxford University Press.

ARAVENA A., TACOBELLI A., 2012, Elemental: Incremental housing and participatory

design manual. Hatje Cantz.

78
Fundamentals and Technical Means of Design, october 2026



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

ARSLAN H., COSGUN N., 2008, Reuse and recycle potentials of the temporary houses after
occupancy: Example of Duzce, Turkey. Building and Environment, 43(5), pp. 702—709.
https://doi.org/10.1016/j.buildenv.2007.01.051

ASIBEY M. O., ABDULAI A.-S.J., IDDRISU Z., BLIJA D. K., ADUTWUM L. O., TAGNAN
J. N., KPEEBI Y., TORNYEVIADZI P., 2025, Incremental housing and compliance with
development control in urban Ghana. Journal of Urban Affairs, 47(1), pp. 177-194.
https://doi.org/10.1080/07352166.2022.2160337

ASPRONE D., AURICCHIO F., MENNA C., MERCURI V., 2018, 3D printing of reinforced
concrete elements: Technology and design approach. Construction and Building Materials, 165,
pp. 218-231. https://doi.org/10.1016/j.conbuildmat.2018.01.018

AZIZIBABANI M., BEMANIAN M., 2019, The effects of incremental housing approach on
the level of residential satisfaction. ICONARP International Journal of Architecture and
Planning, 7(1), pp. 205-225. https://doi.org/10.15320/ICONARP.2019.73

BASHAWRI A., GARRITY S., MOODLEY K., 2014, An overview of the design of disaster
relief  shelters.  Procedia =~ Economics and  Finance, 18, pp. 924-93I.
https://doi.org/10.1016/S2212-5671(14)01019-3

BOANO C., VERGARA PERUCICH F., 2016, Half-happy architecture. Viceversa, 4, pp. 58—
81.

BOLIN R., STANFORD L., 1991, Shelter, housing and recovery: A comparison of U.S.
disasters. Disasters, 15(1), pp. 24-34. https://doi.org/10.1111/j.1467-7717.1991.tb00424.x
BRAND S., 1994, How buildings learn: What happens after they’re built. Viking.
CARRASCO S., O'BRIEN D., 2022, Incremental pathways of post-disaster housing self-
recovery in  Villa  Verde, Chile. Architecture, 2(3), pp- 544-561.
https://doi.org/10.3390/architecture2030030

FRIENDLY A., 2025, Reimagining incremental housing: City-making within and beyond the
home. International  Journal of Housing Policy, 25(4), pp. 557-570.
https://doi.org/10.1080/19491247.2025.2548048

GALINDO G., BATTA R., 2013, Review of recent developments in OR/MS research in
disaster operations management. European Journal of Operational Research, 230(2), pp. 201—
211. https://doi.org/10.1016/j.ejor.2013.01.039

GOMAA M., JABI W., VELIZ REYES A., SOEBARTO V., 2021, 3D printing system for
earth-based construction: Case study of cob. Automation in Construction, 124, 103577.

https://doi.org/10.1016/j.autcon.2021.103577

79
Fundamentals and Technical Means of Design, october 2026



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

GREENE M., ROJAS E., 2008, Incremental construction: A strategy to facilitate access to
housing. Environment and Urbanization, 20(1), pp- 89-108.
https://doi.org/10.1177/0956247808089150

HABRAKEN N. J., 1972, Supports: An alternative to mass housing. Architectural Press.
HABRAKEN N. J., 2021, Supports: An alternative to mass housing. Routledge.

HAGER I., GOLONKA A., PUTANOWICZ R., 2016, 3D printing of buildings and building
components as the future of sustainable construction? Procedia Engineering, 151, pp. 292-299.
https://doi.org/10.1016/j.proeng.2016.07.357

INTERNATIONAL ORGANIZATION FOR MIGRATION, 2012, Transitional shelter
guidelines.

https://www.iom.int/sites/g/files/tmzbdl486/files/our work/Shelter/documents/Transitional%2
OShelter%20Guidelines%20-%202012.pdf

JOHNSON C., 2007, Strategic planning for post-disaster temporary housing. Disasters, 31(4),
pp. 435-458. https://doi.org/10.1111/5.1467-7717.2007.01018.x

JOKAR D., KHAKZAND M., 2026, Re conceptualizing incremental housing within a
sustainable development framework. Journal of Housing and the Built Environment, 41, pp.
277-314. https://doi.org/10.1007/s10901-025-10232-y

KAMALIPOUR H., DOVEY K., 2020, Incremental production of urban space: A typology of
informal morphology. Habitat International, 98, 102133.
https://doi.org/10.1016/j.habitatint.2020.102133

LET.T., AUSTIN S. A., LIM S., BUSWELL R. A., GIBB A. G. F., THORPE T., 2012, Mix
design and fresh properties for high-performance printing concrete. Materials and Structures,
45, pp. 1221-1232. https://doi.org/10.1617/s11527-012-9828-z

LIZARRALDE G., 2011, Stakeholder participation and incremental housing in subsidized
housing projects in Colombia and South Africa. Habitat International, 35(2), pp. 175-187.
https://doi.org/10.1016/j.habitatint.2010.08.001

MACHADO R., 1976, Old buildings as palimpsest: Towards a theory of remodeling.
Progressive Architecture, 11, pp. 46—49.

MARCHMENT T., SANJAYAN J., 2020, Bond properties of reinforcing bar penetrations in
3D concrete printing. Automation in Construction, 120, 103394.
https://doi.org/10.1016/j.autcon.2020.103394

MARINOVIC G. 1., 2020a, The guideline for customising incremental housing based on two
Chilean case studies. Journal of Architecture and Urbanism, 44(2), pp. 166-175.
https://doi.org/10.3846/jau.2020.12056

80
Fundamentals and Technical Means of Design, october 2026



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

MARINOVIC G. 1., 2020b, Limits of the current implementation of incremental housing. arq:
Architectural Research Quarterly, 24(4), pp- 369-378.
https://doi.org/10.1017/S135913552000041X

MOTA N., 2021, Incremental housing: A short history of an idea. In L. Medrano, L. Recaman,
& T. Avermaete (Eds.), The new urban condition: Criticism and theory from architecture and
urbanism (pp. 160—182). Routledge. https://doi.org/10.4324/9781003100362-13

MOTA N., HAILESELASSIE B. T., 2021, Housing innovation and the global foreign aid
agenda in Addis Ababa (1964—-1993). Rassegna di Architettura e Urbanistica, 56(165), pp. 128—
134.

NOHN M., GOETHERT R., 2016, Introduction: Multi-story incremental housing to meet rapid
growth. In Growing Up! The search for high density multi-story incremental housing. SIGUS-
MIT.

NWACHUKWU L., OBI L., AKOTIA J., 2025, Addressing housing affordability in Nigeria
through incremental housing: An evaluation of the Millard Fuller Foundation (MFF) model.
Cogent Social Sciences, 11(1), Article 2588049.
https://doi.org/10.1080/23311886.2025.2588049

O'BRIEN D., CARRASCO S., DOVEY K., 2020, Incremental housing: Harnessing informality
at Villa Verde. Archnet-IJAR: International Journal of Architectural Research, 14(3), pp. 345—
358. https://doi.org/10.1108/ARCH-10-2019-0237

PERROT A., RANGEARD D., COURTEILLE E., 2018, 3D printing of earth-based materials:
Processing aspects. Construction and Building Materials, 172, pp. 670-676.
https://doi.org/10.1016/j.conbuildmat.2018.04.017

SCHNEIDER T., TILL J., 2007, Flexible housing. Architectural Press.

SPARC, 2013, Incremental: A study of informal incrementality, its impacting factors and
supporting systems. Society for the Promotion of Area Resource Centres.

SPHERE ASSOCIATION, 2018, The Sphere handbook: Humanitarian charter and minimum
standards in humanitarian response (4th ed.). Practical Action Publishing.

SUBRAMANYA K., KERMANSHACHTI S., 2022, Exploring utilization of the 3D printed
housing as post-disaster temporary shelter for displaced people. In F. Jazizadeh, T. Shealy, &
M. J. Garvin (Eds.), Construction Research Congress 2022: Project management and delivery,
controls, and design and materials (pp. 594-604). American Society of Civil Engineers.

https://doi.org/10.1061/9780784483978.061

81
Fundamentals and Technical Means of Design, october 2026


https://doi.org/10.1061/9780784483978.061

OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

Nantes Université. (2015, June 29). INNOprint 3D. Construction d’un habitat d 'urgence avec

une imprimante 3D. https://mediaserver.univ-

nantes.f{r/permalink/v1261a0al cabelyxhwzx/iframe/

NEIRA, J. (2022, March 14). It took Serendix just 23 hours and 12 minutes to complete the 3D-

printed house. Designboom. https://www.designboom.com/technology/serendix-3d-printed-
house-24-hours-03-14-2022/

TURNER J. F. C., 1972, Housing as a verb. In J. F. C. Turner & R. Fichter (Eds.), Freedom to
build (pp. 148—175). Macmillan.

TURNER 1J. F. C., 1976, Housing by people: Towards autonomy in building environments.
Marion Boyars.

TURKMEN A., YILDIZ N., 2026, From invasion to symbiosis: A morphological analysis of
domesticated  parasitism  in  incremental  housing.  Buildings, 16(3), 588.
https://doi.org/10.3390/buildings 16030588

VAN NOORLOOS F., CIROLIA L. R., FRIENDLY A., JUKUR S., SCHRAMM 8., STEEL
G., VALENZUELA L., 2020, Incremental housing as a node for intersecting flows of city-
making: Rethinking the housing shortage in the global South. Environment and Urbanization,
32(1), pp. 37-54. https://doi.org/10.1177/0956247819887679

WAINER L. S., NDENGEINGOMA B., MURRAY S., 2016, Incremental housing, and other
design principles for low-cost housing (Policy note / Final report No. C-38400-RWA-1).
International Growth Centre and RCHI MIT.

WAKELY P., RILEY E., 2011, The case for incremental housing (Cities Alliance Policy
Research and Working Papers Series No. 1). Cities Alliance.

YONETANI M., 2015, Global estimates 2015: People displaced by disasters. Internal

Displacement Monitoring Centre and Norwegian Refugee Council.

FIGURE SOURCES

Fig. 1-2: Hidden Architecture. PREVI Low Cost Housing
(1). https://hiddenarchitecture.net/previ-low-cost-housing-i/

Fig. 3: Hidden Architecture. Belapur Housing. https://hiddenarchitecture.net/belapur-housing/

Fig. 4-6: Elemental / ArchDaily. Quinta Monroy
Project. https://www.archdaily.com/10775/quinta-monroy-elemental

Fig. 7-8: Re-Thinking The Future. Villa Verde Project by Alejandro
Aravena. https://www.re-thinkingthefuture.com/case-studies/a7429-villa-verde-project-by-
alejandro-aravena-low-cost-housing/

82
Fundamentals and Technical Means of Design, october 2026


https://mediaserver.univ-nantes.fr/permalink/v1261a0a1ca6elyxhwzx/iframe/
https://mediaserver.univ-nantes.fr/permalink/v1261a0a1ca6elyxhwzx/iframe/
https://www.designboom.com/technology/serendix-3d-printed-house-24-hours-03-14-2022/
https://www.designboom.com/technology/serendix-3d-printed-house-24-hours-03-14-2022/
https://hiddenarchitecture.net/previ-low-cost-housing-i/?utm_source=gemini
https://hiddenarchitecture.net/belapur-housing/?utm_source=gemini
https://www.archdaily.com/10775/quinta-monroy-elemental?utm_source=gemini
https://www.re-thinkingthefuture.com/case-studies/a7429-villa-verde-project-by-alejandro-aravena-low-cost-housing/?utm_source=gemini
https://www.re-thinkingthefuture.com/case-studies/a7429-villa-verde-project-by-alejandro-aravena-low-cost-housing/?utm_source=gemini

OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

Fig. 9: Clouds Architecture Office. SERENDIX SPHERE. https://cloudsao.com/SERENDIX-
SPHERE

Fig. 10: World Housing. 3D Home Community, Nacajuca,
Mexico. https://worldhousing.org/communities/3d-home-community-nacajuca-mexico/

Dr. Giilcan Iner, Assist. Prof.

ORCID iD: 0000-0003-3302-2321

Web of Science Researcher ID: ABQ-0869-2022
Kirklareli University

Turkey

E-mail: gulcan.iner@klu.edu.tr

83
Fundamentals and Technical Means of Design, october 2026


https://cloudsao.com/SERENDIX-SPHERE?utm_source=gemini
https://cloudsao.com/SERENDIX-SPHERE?utm_source=gemini
https://worldhousing.org/communities/3d-home-community-nacajuca-mexico/?utm_source=gemini

OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

A DOCTRINE BASED EVALUATION OF CONSERVATION AND ADAPTIVE
REUSE IN HISTORIC BUILDINGS: THE CASE OF ZORLUTUNA MANSION
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Trakya University (Tiirkiye), Kocaeli University (Tiirkiye)

Abstract:

This study evaluates the restoration and adaptive reuse of Zorlutuna Mansion, a historic building
in central Edirne commonly known as the Dertli Mustafa Pagsa Mansion. The evaluation draws on
historical restoration theory as well as national and international conservation doctrines. Concepts
that recur in different conservation doctrines or closely correspond to one another are identified
and brought together to establish criteria for evaluating the restoration and adaptive reuse of
historic buildings. These criteria are then applied to Zorlutuna Mansion using historical research,
measured surveys, restitution and restoration projects and reports, along with available records
concerning the implementation process. The aim is to develop a systematic and practical method

that can be used to evaluate conservation and adaptive reuse processes in historic buildings.

Keywords: Restitution, Restoration, Adaptive re-use, Conservation Principles, Zorlutuna

Mansion, Edirne

Introduction

Approaches to cultural heritage conservation around the world have evolved over time.

I have noticed that the earlier focus, on fixing buildings has slowly grown wider. People now

pay attention to ways that historic buildings can stay a sustainable part of modern life (Ahunbay,

1996; Aksoy, 2024; Aydin and Sahin 2018). In this setting adaptive reuse has become a

conservation method. Adaptive reuse lets historic buildings meet today’s needs while keeping

their design and space (Ahunbay, 1996; Yal¢in and Agic1 2023). This method can bring assets

back into everyday economic and social life and also help keep culture alive. Abandonment,

insufficient use, or reuse involving interventions that compromise the authenticity of historic
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buildings can create serious problems for the long term sustainability of cultural heritage
(Douglas, 2006; Plevoets and Van Cleempoel, 2019; Prabodani, Danilina and Halwatura, 2026;
Ribera, Nestico, Cucco and Maselli, 2020).

Edirne, which served as the capital of the Ottoman Empire for approximately ninety
years, has a rich cultural heritage represented not only by its monumental buildings but also by
numerous examples of civil architecture (Erdogan, 2024). The mansions found within the urban
fabric are among the distinctive examples that have carried the spatial organization, way of life
and construction techniques of traditional Ottoman domestic architecture into the present day
(Akansel, 2016). When historic houses are adapted to new uses, it is therefore important to
strike a careful balance between preserving their original architectural and cultural values and

meeting contemporary requirements (Ahunbay, 1996).

The purpose of this study is to provide a comprehensive assessment of the restitution,
restoration, and conservation work prepared for Zorlutuna Mansion and to examine whether the
proposed interventions are consistent with the approaches and principles established in national
and international conservation doctrines. To this end, the historical development of
conservation thought and the approaches set out in national and international conservation
doctrines are examined. The study then identifies principles shared across different documents
and translates these principles into criteria that can be used to evaluate the restoration and

adaptive reuse of historic buildings. Figure 1 presents the research process step by step.

Historical development of conservation thought g ational and international doctrines
— R ey — Al Assessmenticriterid — 5.Zorlutuna data — 6.

Application of the criteria — 7. Methodological contribution

Fig. 1. Methodological flow of the assessment process developed in accordance with
conservation principles

1. Theoretical Framework and Literature Review

The literature framework of the research is structured around approaches to the
conservation of historic buildings, the concept of adaptive reuse, the historical development of
conservation thought, and the national and international conservation doctrines that have

shaped this understanding. Historic buildings are more than physical structures that reflect the
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architectural understanding of a particular period. As tangible elements of cultural heritage,
they provide valuable information about the ways of life, social relations, modes of production,
construction techniques, and aesthetic preferences of societies (Ahunbay, 1996; Asiliskender
Yilmaz Bakir and Gokmen, 2005; Kurak Acict & Konakoglu, 2019; Pekol, 2010). The
relationship between the architectural characteristics of a building and its historical setting
means that such buildings should not be regarded merely as individual physical objects, but

also as elements that contribute to the formation of cultural memory (Erdogan, 2017).

In this context, studies examining different examples of the adaptive reuse of historic
mansions, including Hasim Iscan Mansion (Ahmed Cevdet Pasa Mansion), Tahir Aga Mansion,
Fitnat Hanim Mansion, Gokgiiler Mansion, Sebile Hanim Mansion, Nemlizade Mansion,
Sandikoglu Mansion, and Dogrudzler Mansion, were evaluated (Sarimese, 2026; Yal¢in and
Acici, 2023; Cobancaoglu and Okten, 2019; Biiyiikoztiirk and Oral, 2025; Biber and Islamogul,
2023; Atif Yavuz Oden, 2025; Aksoy, 2024; Canbulat, 2012).

1.1. Historical Development of the Concept of Conservation and Conservation Doctrines

In the nineteenth century, debates between approaches that sought stylistic unity and the
romantic view that advocated preserving what already existed laid the foundations of
conservation theory (Ahunbay, 1996). Italian architect and theorist Camillo Boito (1836 to
1914) sought to reconcile these different positions and formulated principles that became
precursors to contemporary restoration practice. These principles were further developed by
Gustavo Giovannoni and subsequently gained international recognition, eventually being

adopted at the Athens Conference held in 1931.

During this period, the Venice Charter of 1964, the first doctrinal text published by
ICOMOS and one of the foundations of modern conservation theory, established an important
framework for understanding the relationship between the continued use and conservation of
historic buildings (Ozgakir, 2024).The Amsterdam Declaration of 1975 marked an important
turning point in the expansion of conservation thinking from individual buildings to the historic
environment as a whole. Accordingly, the historical development of conservation thought and
the theoretical framework established through these doctrines provide the basis for examining
the historical and architectural characteristics of Zorlutuna Mansion and the data concerning its

conservation process in the following sections (Figure 2).
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ASSESSMENT CRITERIA
v
ZORLUTUNA MANSION

Fig.2. Timeline and conceptual network / hierarchical diagram showing the development of
historic restoration thought and the assessment framework for Zorlutuna Mansion (prepared
by the author based on Zeynep Ahunbay's 1996 book on restoration)

2. Method

This study adopts a theoretically grounded, step by step assessment approach to evaluate
adaptive reuse processes in historic buildings in an objective and systematic manner. The
methodological framework covers the entire process, beginning with a review of international
conservation doctrines and proceeding to the scoring of these principles through a specific case

study. The steps followed in this process are presented as a whole in Figure 3.
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Fig. 3. Doctrine Based Assessment Table for the Conservation and Adaptive Reuse Process of
Historic Buildings

3. Location of the Building and Its Position within the Urban Fabric

Zorlutuna Mansion, also known as Dertli Mustafa Pasa Mansion, is located in Edirne
Province, Central District, Map Sheet 25, Block 410, Parcels 17 to 21 (Archives of the Edirne
Regional Directorate of Foundations). The mansion sits within walking distance of many of
Edirne’s important historic and cultural landmarks. Those landmarks include Selimiye Mosque
and Complex the Bedesten, Arasta Bazaar, the Old Mosque and Ali Pasa Bazaar.

The mansion’s position in the core of the city shows that the mansion is not only a piece

of civil architecture but also a vital part of the historic urban fabric (Fig. 4).
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Fig. 4. Urban fabric analysis of Zorlutuna Mansion and its immediate surroundings
(based on Google Maps)

4. Historical Development and Identity of the Building

Zorlutuna Mansion, originally known as Dertli Mustafa Paga Mansion or Dertli Hact
Mustafa Efendi Mansion, is one of Edirne's significant examples of civil architecture from the
late Ottoman period. A photograph of Dertli Mustafa Bey and a photograph of the mansion
dating from 1974 are presented below (Fig. 5).

Dertli Mustafa Bey (Siileyman Historical phgrépﬁ of Zortuna (Dertli Mustafa
Cemil) (URL-1) Paga) Mansion in 1974 (Dr. Rifat Osman Archive)

Fig. 5. Historical photograph of Zorlutuna Mansion and Dertli Mustafa Bey

The building gets its name from its owner, Dertli Hac1 Mustafa Bey (Siileyman Cemil)
who was a member of the Edirne Provincial Administrative Council. Dertli Hact Mustafa Bey
was born in Ipsala. Was one of the rich landowners in Edirne during the late nineteenth century.
Besides his mansion in the city centre Dertli Hac1t Mustafa Bey owned Yahsi Fakih Farm and
many other lands nearby giving him a role in the social and economic life of that time. The old
identity of the mansion matters not because of its building style but also because of the memory
it keeps in the people of Edirne. The sad death of Dertli Hac1 Mustafa Beys son, Hac1 Nuri Bey
in the 1900s was widely reported in the local papers and stayed in the city’s memory. After that
Dertli Hac1 Mustafa Bey left life and the building became known locally as "Dertli Mustafa
Bey Mansion." The mansion is more, than a building; it has become a symbol that shows the

social history of the city.
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After changes in ownership during the era the mansion was bought by Salih Zeki
Zorlutuna in 1938. From that point on it began to serve different purposes. Over the years the
building was used as an child health center, a student dormitory and a hotel. At times it once
again became a dormitory. Meanwhile its garden was opened to the public as a space and

became a part of the daily life of the city.

To follow the journey of the building from the past to the present, visual and written
records were examined. In addition oral history accounts were collected through interviews
with residents of Edirne who had indirect ties to the mansion. The memories of people who
lived there when it was a girls’ dormitory or who formed social and spatial connections with
the building show that the mansion is more than just a structure. It is a living heritage site that
holds a place in the collective memory of the city (Kazancigil,2002). The next section outlines

the developments, in the historical evolution of the building.

The buildings location near the city center and its prominent place in the city layout also
made it possible to reach archival and visual sources from many periods. As part of the research,
cultural heritage inventories the archives of the Ministry of Culture and Tourism and other
relevant institutions, various publications, old postcards, photographic archives and digital
sources were examined. Also photographs taken by people at different dates and kept in various
archives were included in the assessment. Because of the research information from archives,
inventories, publications, postcards, photographs and oral history sources was gathered, while
visual records of the building were sorted in order of time. The time order of these sources was
paired with the buildings uses and physical features in periods and the resulting data is shown

in full in the table (Table 1).

Table 1. Chronological Photograph Set of Zorlutuna Mansion

Anonymous 2026, Curren he structure
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5. Zorlutuna Mansion: Architectural Characteristics
5.1. Plan Characteristics and Spatial Organization

Zorlutuna Mansion, also called Dertli Mustafa Pasa Mansion in terms is a fine example
of late Ottoman civil architecture. It stands in the heart of Edirne right, between Talat Pasa
Street and Kadirhane Street. The building is made of stone and brick. Follows a traditional
layout centered around a courtyard. (Restitution and Restoration Report, 2020). Reflecting the
social life of its period, the building was organized into two separate functional sections, the
selamlik and the haremlik. The entrance to the selamlik is located on the narrow northern
facade, while the haremlik is accessed from the narrow southern facade. Adjoining the haremlik
is a bath that can be accessed directly from this entrance, together with its associated furnace
room. The mansion was therefore not limited to a residential function, but incorporated service
spaces that supported the domestic culture and everyday life of the period. The site plan
included in the measured survey covers the mansion, courtyard, ancillary structures, and the
entrances serving these areas. It is presented below to illustrate the spatial integrity of the

complex and the relationships between its different access points (Fig. 6).
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a.Site Plan \ b.Ground Floor Plan

Fig. 6. a) Site Plan of Zorlutuna Mansion, b) Ground Floor Plan of Zorlutuna Mansion
(developed from the measured survey project)

One of the key components of the plan organization is the enclosed sofas located at the
center of the building. Rooms of varying sizes, with chamfered corners, are arranged around
these two sofas of equal size. In this context, the sofas function not only as circulation areas,
but also as central distribution spaces connecting rooms with different functions. (Fig. 6.a). The
entrance areas contain stair arrangements connecting different floor levels. From the stair
landing at the selamlik entrance, access is provided both to the basement and to the ground floor
level. The stair landing at the haremlik entrance provides access to the basement, ground floor,
and first floor. The spiral staircase located at the center of the building, which is one of the

defining elements of the plan, provides vertical circulation only between the ground floor and
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the first floor (Fig. 6.b). The building therefore represents more than a residential layout
composed simply of a series of rooms. Its plan reflects the spatial requirements of traditional
domestic culture through an integrated organization based on functional, hierarchical, and

circulation relationships (Restoration and Restitution Report, 2020).
5.2. Facade Characteristics

The facade composition of Zorlutuna Mansion is characterized by rhythmic rows of
windows, window arches, moldings, and the articulated forms of its entrance doors (Restoration
and Restitution Report, 2020). All windows in the building are double casement timber
windows with substantial surrounds and segmental arches. The ground floor windows are
protected by iron grilles (ETKVE, Vol. II). The regular repetition of window openings across
the facades reinforces the symmetrical and balanced composition of the building. The window
arches and moldings are described as displaying Baroque characteristics, although applied
decorative motifs commonly associated with Baroque architecture, such as rosettes, acanthus
leaves, and shell motifs, are not found on the building (Restoration and Restitution Report,
2020). The building can therefore be regarded as displaying clear Baroque influences while

retaining an overall eclectic architectural character.

The facade composition of the mansion is not limited to the surfaces of the main building
mass. In this context, the monumental entrance on the Kadirhane Street side, oriented toward
Selimiye, is considered one of the principal entrances to the property, while the other entrance
on the same street is identified as a secondary haremlik entrance. The facade composition
therefore serves not only an aesthetic purpose, but also expresses the functional and hierarchical

spatial organization of the building on its exterior (Fig. 7).
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Fig. 7. Facades of Zorlutuna Mansion (Measured Survey)
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6. Restoration Decisions and Adaptive Reuse of Zorlutuna Mansion

The prolonged period during which Zorlutuna Mansion remained outside its original
use, together with the increasing level of physical deterioration, created a need to bring the
building back into use. As part of the restoration work currently underway, the mansion is
intended to be adaptively reused as a hotel. Accordingly, the restoration process is concerned
not only with repairing existing building elements, but also with adapting the building to meet
the requirements of its new use. Restoration decisions are therefore shaped through the
combined assessment of the building's current physical condition, its historical and architectural
character, its original building elements, and the spatial and technical requirements associated

with the new function.
6.1. Documentation of the Existing Condition and Physical Condition Prior to Restoration

According to the findings presented in the measured survey and conservation report,
various parts of the building exhibit physical deterioration and material related damage. Cracks,
deformation, and material loss were identified in the load bearing walls, while loss of mortar
joints was observed on stone and brick masonry surfaces. Timber building elements show signs
of deterioration and loss, while missing components were identified in the roof and upper
covering elements, along with deformation on the facade surfaces. In addition, plaster and paint
layers on both interior and exterior walls display flaking, cracking, and localized losses caused

by dampness and lack of maintenance.
6.2. Interventions to the Structural System and Walls

The measured survey identified deteriorated mortar joints in the stone and brick walls,
together with cracks, deformation, and material loss. Interventions were therefore considered
necessary to restore the structural continuity of the building. According to the report, small
amounts of black deposits and surface soiling can be observed in certain areas of the building's
facades. There are also losses in the partition and upper covering elements, resulting in damage
caused by exposure to environmental conditions. Corrosion resulting from environmental
conditions has also been observed on metal elements such as clamps and on the metal fittings
of the timber doors. The report states that plaster and paint finishes on the interior and exterior
walls have suffered flaking, material loss, and deterioration due to lack of maintenance and
dampness, while damage has also occurred to the floor finishes. Plaster cracks and structural
damage have also been observed on the walls.
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6.3. Interventions to Door and Window Elements

The assessment of the building's condition prior to restoration states that none of its doors or
windows were in usable condition. For this reason, the restoration project calls for the doors
and windows to be reconstructed in timber in accordance with the details specified in the project

and installed in their respective original locations.
6.4. Interventions to the Bath and Wet Areas

As part of the restoration process, the largely surviving sections of the bath are intended
to be strengthened using appropriate methods, while missing or deteriorated sections are to be
completed in accordance with the restoration project. It was decided that the plaster on the bath
walls would be carefully removed and that missing materials would be completed on the basis
of any original evidence revealed during this process. Cracks are planned to be strengthened by
injection, and the walls are to be replastered using mortars prepared in accordance with the

material analysis report.
6.5. Decisions Concerning Interior Spaces and Flooring Materials

According to the restitution data, the wet areas were designed with cement tile flooring,
while timber was the predominant material specified for the other spaces. The marble finishes
in the entrance halls are listed among the parts that have survived to the present day
(Conservation Report, 2020). These findings show that the interior character of the building is

set by more, than its layout; the materials and finishes used in each space also define it.
6.6. Intervention to the Entrance and Marble Steps

The marble steps in the entrance area are seen as parts of the building that have survived

to today. Of replacing these marble steps the restoration plan says to take them down carefully.
6.7. Interventions to Preserve the Facade and Architectural Character

Localized surface deposits, corrosion stains, and crusted accumulations of soot and dust were
observed on both the facades and the decorated limestone surfaces of the building. These
deposits and contaminants were considered necessary to remove from the facades and other

surfaces using appropriate intervention methods (Conservation Report, 2020).
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6.8. Interventions to the Roof System

According to the restitution data, the roof of the building consisted of traditional Turkish

roof tiles laid over a timber structure. However, photographs taken as part of the measured

survey reveal extensive losses in the roof and upper covering elements.

6.9. Representation of Intervention Decisions on the Plans and Facades in the Restoration

Project

In the restoration project, intervention decisions for the basement, ground, and first

floors are presented in Tables 2 and 3 according to the condition of existing building elements

and proposed implementation methods.

Table 2. Intervention Legends on the Existing Plans within the Scope of the Restoration

Proposal

— S— N,
Interventions on the Basement
Floor Plan

7] The deteriorated sections of the load-bearing walls were completely rebuiilt in accordance with their

istics using methods (stone masonry, brick masonry, etc.). After the
completion of these works the jomts were cluned from mortar residues and loose materials, and the
joint areas were with maf with the original. Cleaning of tha wall surfaces
was carried out, and boron treatment was applied for reil by i
(Recommended boron-based injection application.)

Itis to i the ion and ground of the building through excavation
within the building.

- The rubble and soil deposits around the building will be removed.

- Cleaning of the original floor finishes (karosiman, marble), and where necessary, completion of
missing elements using samples taken from remammg elements of the building and compatible
Newly p floor in with the

restoration project details.

Interventions on the Ground
Floor Plan

After the completion of plaster removal from the remaining original wall surfaces, repointing will be
carried out with original mortar (see sample 1b in Annex 5.15) and new joint applications compatible
with the original, followed by boron injection for reinforcement (recommended boron-based
injection application).

- These sections will be dismantled using dry dismantling methods, and the stones and bricks that can
be reused will be carefully numbered and stored for reuse in the building. The remammg parts w.n be
anseayzzd for the same type and quality of stone and brick, and new materials will be produced ai

in accordance with the results of the material analysis report. (See sample 1b in Annex 5. 15)

The wooden windows and doors that are damaged beyond repair will be dismantled usmg appropriate
methods, and their construction will be documented. New windows and doors identical in type, material,
profile, and detail to the original will be reconstructed using the same fabrication techniques. New
hardware will be used and installed in their original ions in with the ion project.

. - Iron railings at windows and the entrance door (French balcony railings, stair railings, etc.) will be

cleaned of rust, primed, painted, and coated. After the completion of cleaning, an anti-rust application
will be carried out, followed by protective coating and final paint application.

B The rubble and soil deposits around the building, as well as the earth and base fillings, will be removed.

- Cleaning of the original floor finishes (karosiman, murble) and where necessary, completion of
missing elements using samples taken from remmr\mg elements of the building and compatible
Newly d floor will be i in with the

restoration project details.

Interventions on the
First Floor Plan

D After the completion of plaster removal from the remaining original wall surfaces, repointing will be
carried out with original mortar (see sample 1b in Annex 5.15) and new joint appluhons compauble
with the original, followed by boron injection for reil
injection application).

These sections will be dismantled using dry dismantling methods, and the stones and bricks that can
be reused will be carefully numbered and stored for reuse in the building. The remaining parts will be
analyzed for the same type and quality of stone and brick, and new materials will be produced and
used in accordance with the results of the material analysis report (see sample 1b in Annex 5.15).

| The wooden windows and doors that are damaged beyond repair will be dismantled using appropriate
E' methods, and their construction will be documented. New windows and doors identical in type, material,
profile, and detail to the original will be reconstructed using the same fabrication techniques. New
will be used and installed in their original in with the project.

Iron railings at windows and the entrance door (French balcony railings, stair railings, etc.) will be
cleaned of rust, primed, painted, and coated. After the completion of cleaning, an anti-rust application
will be carried out, followed by protective coating and final paint application.

- Materials of the same type and quality as the parts that do not exist in the building will be used to
complete the details in accordance with the restoration project.

- The rubble and soil deposits around the building, as well as the earth and base fillings, will be removed.

- C|ennmg of the original floor finishes (karosiman, mrble) and where necessary, completion of
missing elements using samples taken from remaining elements of the bulldmg and compatible
technical methods. Newly floor will be it in with the
restoration project details.
Herbicides and b:oc:des wvth a chemical stmcture will be applied at a rate of 3-5% in water as
i surface After the i suﬂace cracks will be cleaned, the roots of

plants that have pi for i will be opened, and the roots will
be removed as much as Qsﬂble and the cavity vnll be filled.

Evaluation:

or later additions.

The plans examined show that the interventions are concentrated on strengthening the load-bearing walls,
repairing or completing deteriorated materials, preserving original floor elements, and removing inappropriate
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Within the scope of the proposed interventions to the facades of Zorlutuna Mansion,
walls that have shifted out of plumb are to be carefully dismantled using appropriate methods
and rebuilt with mortar conforming to the analysis report. Damaged stone and brick sections
are to be renewed, while timber doors and windows are to be repaired or reconstructed in
accordance with their original details. Iron railings are to be cleaned of rust and dirt and
repainted, while original floor finishes are to be cleaned and renewed in accordance with the
restoration project. The proposed interventions also include removing rubble from around the
building, carrying out foundation excavations with appropriate care, and applying chemical

cleaning treatments against biological growth (Table 3).

Table 3. Intervention Legends for the Facades within the Scope of the Restoration Proposals

L—‘ sections of the load g walls were completely rebuit using
appropriate methods (stone masonry, brick masonry, etc.). After dismantling parts
that have shifted out of plumb and deteriorated, all original wall surfaces were rebuilt.
Following repointing of the joints, the joints were filled with materials compatible with
the original. After the completion of these works, the joints were analyzed in the
material analysis report (Bkz. ......) and, where necessary, reinforcement by boron-
based injection was carried out.

It is recommended to consolidate the foundation and ground of the building
through excavation within the building

- The rubble and soil deposits around the building will be removed.

Interventions on the
Cleaning of the original floor finishes (cement tiles, marble), and where necessary,
Front Facade - completion of missing elements using samples taken from the existing building
elements with the same construction techni qut followed by installation in
accordance with the restoration project details, is recommended.

After the completion of plaster removal from the remaining original wall surfaces,
repointing will be carried out with original mortar (see sample 1b in Annex 5.15) and
new joint applications compatible with the original, followed by boron injection for

d injection

These sections will be dismantled using dry dismantling methods, and the stones and
bricks that can be reused will be carefully numbered and stored for reuse in the building.
Th remsining parts will e analyzed for the same type and qualt of stone and brick,
and new materials will be produced and used in accordance with the results of the
Taterial analysis report (see sample 1b in Annex 5.15)

[ | The wooden windows and doors that are damaged beyond repair will be dismantled
L using appropriate methods, and their construction will be documented. New windows
and doors identical in type, material, profile, and detail to the original will be
reconstructed using the same fabrication techniques. New hardware will be used and

installed in their original locations in accordance with the restoration project.

Iron railings at windows and the entrance door (French balcony railings, stair railings,
etc.) will be cleaned of rust, primed, painted, and coated. After the completion of

: cleaning, an anti-rust application will be carried out, followed by protective coating
Interventions on the arg, s S ol
Right Side Facade The rubble and soll deposits around the buiding, & well 2 the eath and base filigs,
wil

Cleaning of the original floor finishes (coment tiles, marble), and where necessary,
completion of micsing elements using samples taken from the exising bulding
slomants with the same conatruction techriqua, followed by instalistion
accordance with the restoration project details, is recommended.

After the completion of plaster removal from the remaining original wall surfaces,

repointing will be carried out with original mortar (see sample 1b in Annex 5.15) and

new joint applications compatible with the original, followed by boron injection for
ed injecti

bo r
The remaining parts will be a lyudlovlh.samlyp' and quality of stone and brick,
and new materials will be produced and used in accordance with the resuits of the
material analysis report (see sample 1b in Annex 5.15).

S AL it
. New windows.

New har
o In their criginal locations i sccordance with the restorstion projoct.

- Iron railings at windows and the entrance door (French balcony railings, st wlings,
- ) il o cloariad of itk prined; peintac, el soated: Afos e compledon OF
Interventions on the clearing, an ant-rus application wi be carried out, followed by protective coating
and final paint applica
Rear Facade - Materials of the um.:yp. Qquality as the parts that do not exist in the building will
be used to complete the details in accordance with the restoration project
[ The rubble and soil deposits around the building, as well as the earth and base filings,
will be removed.
Cleaning of the original floor finishes (cement tiles, marble), and where necessary,

completion of missing elements using samples taken from the existing building
clements with the same construction technique, followed by installation in
sccordance with the restorstion preject detade, i recommended.

Il Herbicides and biocides with a chem cal structure (CMC) betivesn 3-5% in water
will be wpplied by stormis g 2o ol biclogies al growths. appli
surface cracks will be cleaned, plant roots that Coupl i
nd, where necessary, roots wil be removed by injection. After the appli
the exposed surfaces should be cleaned, and if there are cavities in the walls, they

Evaluation:

Within the scope of the proposed intervention decisions for the facades of Zorlutuna Mansion, the walls that
have shifted out of plumb will be rebuilt using original techniques; damaged stone and brick and timber elements
will be repaired; iron railings will be cleaned of rust and dirt; original floor finishes wﬂl be preserved; environmental
rubble will be removed; and chemical cleaning will be carned out against biol growth These h
conservation interventions aim to d the and b i values of the building.

6.10. Adaptive Reuse of Zorlutuna Mansion as a Hotel

In the restoration project, the building is organized into spaces and sections adapted for
use as a hotel, with design decisions developed in consideration of the interventions required

prior to restoration. An examination of the site plan shows that the roof level of the lower level

96
Fundamentals and Technical Means of Design, october 2026



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

office unit has been designed as a walkable roof accessible from the courtyard (Fig. 8). The
locations of the staircases and the building entrances providing access to the courtyard have

been preserved, thereby maintaining the continuity of the original circulation layout.

K

149

m

a) b)

Fig. 8. a)Restoration Site Plan of Zorlutuna Mansion, b) Lower Office Building in the
Zorlutuna Mansion Restoration Project (Approved Restoration Project)

The most significant difference in the site plan is the presence of commercial units
beneath the courtyard at the corner of Talat Pasa Street on the southern side. This lower level
is integrated into the restoration project by aligning the upper level of the proposed office block
with the garden level of the registered historic building. Its roof is leveled and landscaped with
grass, preserving the courtyard’s integrity without causing physical or visual intervention to the
historic building or disrupting circulation (Fig. 8). In the restoration project, the basement,
ground, and first floor plans were reconsidered according to the new function. Damaged or

collapsed sections are reconstructed based on the original building traces and characteristics.

On the basement floor, existing rooms are adapted to the hotel function, while new wet
areas, a spa and massage room, and a staff area are introduced. The building has three staircases
positioned along the central north to south axis. The basement is accessible only by the
staircases on the northern and southern facades, while the spiral staircase does not extend to
this level. The area corresponding to the spiral staircase at basement level has therefore been
retained as a corridor. An examination of the basement plan indicates that no intervention or
design decision contrary to the original layout has been introduced. The building was originally
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divided into the haremlik and selamlik sections along the east to west axis and had two separate
entrances. Although no arrangement contrary to the original spatial organization has been
introduced, the collapsed bath structure has been reconstructed on the basis of surviving original
traces and incorporated into the hotel concept without compromising its original function and
character. On the first floor, the two spacious sofas have been retained, while the surrounding
spaces have been adapted as guest rooms with associated wet areas. The spiral staircase
provides access to the first floor, whereas the staircase at the main entrance on the ground floor
does not extend to this level. The first floor plan shows that access is provided by the spiral
staircase and by the staircase located on the narrow facade of the southern wing. In general, all
later partition walls introduced throughout the building are constructed of timber. This can be
regarded as an appropriate solution because it does not impose significant additional loads on
the original structural system and does not adversely affect the original fabric of the building
(Table 4). An examination of the overall planning indicates that the original plan layout has
been preserved on all floors, although timber framed internal partitions have been introduced

in certain areas to create wet areas or divide individual rooms.

Table 4. a). Plans of the Restoration Project, b). Sections of the Restoration Project
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When the facades are examined, it can be seen that the door and window openings in
the restoration project have been addressed in accordance with the existing conditions and
historical evidence. Original door and window elements that remain suitable for conservation
are intended to be reused, while elements that have lost their original characteristics or are no
longer usable have been redesigned using materials and details compatible with the historical
character of the building. In certain sections of the facades, later interventions are proposed to
be removed by dismantling the affected walls and reconstructing them in accordance with the
original materials and construction techniques. In addition, the roof pitch and concealed roof
configuration have been reconstructed in accordance with the original form of the building on

the basis of the restitution data (Table 5).

Table 5. Facades of the Restoration Project

88 8 0 1 0 0 0 e 8 D AN N

Rear Facade | Right Side Facade

7. Synthesis of Conservation Doctrines and Development of Conservation Assessment

Criteria
7.1. Synthesis of Common Approaches in Conservation Doctrines

As a result of the doctrinal comparison conducted within this framework, ten
fundamental assessment criteria were identified: authenticity and historical identity, historical
documentation and evidential value, architectural and spatial integrity, materials and
construction techniques, limits and necessity of intervention, distinguishability, compatibility
of the new use, reversibility and flexibility, documentation and scientific approach, and

continuous maintenance and monitoring.(Table 6).

Table 6. Assessment Criteria Synthesized from Conservation Doctrines

No Assessment Criterion Main Aspect Assessed by the Criterion

1 Authenticity and Historical Preservation of the building's original character, historical identity,
Identity and period characteristics

2 Historical Documentation and Basing interventions on historical data, surviving traces, and
Evidential Value reliable evidence

3 Architectural and Spatial Preservation of the plan layout, spatial relationships, facade

Integrity

arrangement, and architectural integrity
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4 Materials and Construction Preservation of original materials, material character, and
Techniques traditional construction techniques
5 Limits and Necessity of Limiting interventions in accordance with the principles of
Intervention necessity, justification, and minimum intervention
6 c e - Ensuring that new additions, completions, and alterations can be
Distinguishability e e il 1
clearly distinguished from the original building
7 o e Ensuring that the new use is compatible with the physical, spatial,
Compatibility of the New Use architectural, and cultural values of the building
8 Reversibility and Flexibility Ens.uring that interventions are reversible whenever possible and
designed to accommodate future changes
9 Documentation and Scientific Basing research, analysis, documentation, and intervention
Approach decisions on scientific evidence
10 Continuous Maintenance and Ensuring the continuity of conservation after implementation

Monitoring

through maintenance, appropriate use, and monitoring

Within this framework, the assessment criteria developed serve as an analytical tool for
comparing the measured survey, restitution, and restoration data for Zorlutuna Mansion. Rather
than describing the interventions solely in terms of “what was done,” the aim is to determine
the extent to which the relationship between the original values of the building and the decisions

concerning restoration and adaptive reuse corresponds with established conservation principles.

7.2. Application of the Assessment Criteria to Zorlutuna Mansion

The assessment criteria were applied to Zorlutuna Mansion by considering the measured
survey, restitution, restoration, and material and conservation data together. The project report
explicitly states that the restoration project was developed on the basis of the measured survey
and restitution data. Accordingly, the evaluation focuses on the preservation of the building’s
authenticity and historical identity, the use of historical documentation and evidence, the
preservation of its architectural and spatial integrity, the compatibility of materials and
construction techniques, and the limits and necessity of interventions. In addition, the
distinguishability of new elements, compatibility of the new use with the existing building,
reversibility and flexibility of interventions, the documentation and scientific basis of the
restoration process, and provisions for continuous maintenance and monitoring were
considered. Together, these criteria provide a comprehensive framework for assessing the
compatibility of the restoration approach with conservation principles and the long-term

preservation of the building’s cultural and architectural values.

7.3. Conservation Assessment Matrix for Zorlutuna Mansion

Table 7 presents the scoring matrix based on the main assessment criteria synthesized

from the conservation doctrines during the course of the study.
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Table 7. Restoration and Original Function Compatibility Matrix Based on the Assessment

Criteria
No Assessment Criterion Assessment of Zorlutuna Mansion Score
! Preservafupn of Historical identity, plan layout, facade character, and original 415
Authenticity and . . ; .
o ) architectural elements have largely been taken into consideration.
Historical Identity
2 Approgch Based on . Historical photographs, documents, surviving traces, the art >3
Historical Documentation . .
) history report, and archival data have been used together.
and Evidence
3 Preservation of Efforts have been made to preserve the original plan organization, = 3/5
Architectural and Spatial although the requirements of the new use have resulted in certain
Integrity spatial adaptations.
4 Compatibility of Materials = The aim is to preserve original stone, brick, timber, and flooring 4/5
and Construction elements and complete missing elements with compatible
Techniques materials.
5 Limits and Necessity of Retainable elements are strengthened, while dismantling and 4/5
Intervention reconstruction are applied where necessary.
6 Newly produced elements closely resemble the original forms 2/5
Distinguishability and materials, while the distinction between new and original
elements has not been clearly defined.
7 Compatibility of the New Hotel use can be accommodated Wlthln the ex1st1pg spatial 4/5
. s potential, although technical requirements necessitate new
Use with the Building . .
interventions.
8 o Some decisions involving dismantling, conservation, and 3/5
Reversibility and . . o . .
o reinstallation are positive, although not all structural interventions
Flexibility .
are reversible.
9 Documentation and Measured surveys, 3D scanning, photography, archival research, S/5
Scientific Approach restitution studies, and material analyses have been used together.
10 Although maintenance measures are included in the restoration, 2/5
Continuous Maintenance insufficient information is available regarding long term
and Monitoring maintenance and monitoring after the building is brought into
use.
TOTAL 36/50

7.4. Assessment Using a Radar Chart

The radar chart demonstrates that the conservation performance of Zorlutuna Mansion

varies across the assessment criteria. The highest scores are observed in historical
documentation, evidence, and scientific documentation, indicating that restoration decisions
were based on comprehensive research. The relatively high scores for materials and
construction techniques and the limits and necessity of intervention also reflect a strong
emphasis on preserving existing elements and responding to their condition. In contrast, the low
scores for distinguishability and continuous maintenance and monitoring highlight areas
requiring further consideration. The former relates to the clear differentiation between original
and reconstructed elements, while the latter indicates insufficient long-term monitoring
mechanisms. Moderate scores for architectural and spatial integrity and reversibility and
flexibility suggest that adaptive reuse is generally compatible with conservation principles,

101
Fundamentals and Technical Means of Design, october 2026



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

although hotel functions introduce some interventions to the historical spatial organization.
Overall, the radar chart identifies both the strengths and areas open to further discussion in the

conservation approach of Zorlutuna Mansion (Table 8).

Table 8. Radar Chart Assessment of the Compatibility between the Restoration of Zorlutuna

Mansion and Its Original Condition

lutuna Mansion - Conservation Assessment Criteri
ocumentat

Pt b e i e -9 0: The criterion is not met.

o

D 1: The criterion is met to a very low degree.
77— ‘ == 2: The criterion is met to a limited degree.
- \", zafl\ | 3: The criterion is met to a moderate degree.
| 4: The criterion is largely met.

5: The criterion is met to a very high degree.

8. Conclusion and Evaluation

In conclusion, transforming the common approaches identified through the comparison
of conservation doctrines from different periods into assessment criteria makes it possible to
examine the adaptive reuse processes of historic buildings not merely in terms of individual
interventions, but within a comprehensive conservation framework. The assessment conducted
through the case of Zorlutuna Mansion reveals strong performance in terms of documenting the
building through historical evidence, preserving original building elements, maintaining its
materials and construction techniques, and determining interventions according to the existing
degree of deterioration. In contrast, the distinguishability of new and original elements, spatial
changes resulting from adaptive reuse, the reversibility of interventions, and the development
of post restoration maintenance and monitoring processes emerge as areas requiring further
improvement. These findings demonstrate that the criteria developed not only provide a means
of classifying theoretical conservation principles, but also enable the conservation approach
adopted for the building to be systematically assessed through measured survey, restitution, and
restoration data. The resulting assessment therefore provides an applicable analytical
framework for comparing, at the building scale, principles derived from different conservation

doctrines within the adaptive reuse processes of historic buildings.
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Abstract: This study aims to examine the transformation of interior design in Turkish novels
from the Early Republican Period to the Post-Republican Period within the context of the
relationship between architecture and literature. Interior space is considered not only as a physical
environment but also as a narrative element reflecting social, cultural, and ideological
transformations. The sample of the research consists of Fatih Harbiye, representing the Early
Republican Period, and Gurbet Kuslari, representing the Post-Republican Period. Thus, the study
aims to comparatively evaluate the changing forms of representation of interior space in two
different historical periods. The research utilizes both content analysis and the socio-physical
analysis model developed by Mazumdar and Mazumdar (1994). The obtained data were coded
and analyzed comparatively, and the findings were visualized through Sankey diagrams. The
findings show that in Fatih Harbiye, interior space stands out as a narrative element representing
the cultural and ideological opposition between traditional and modern understandings of life;
while in Gurbet Kuslari, it transforms into a more dense, fragmented, and function-oriented
structure under the influence of migration, urbanization, and changing living conditions.
Comparative analysis reveals that the meaning represented by interior spaces differs depending
on the social changes of different periods. Consequently, the study makes visible the historical
transformation of interior spaces in Turkish novels and offers a comparative perspective on the

relationship between architecture and literature.

1. INTRODUCTION

Architecture and literature, as two disciplines that produce and interpret space in different

ways, mutually enrich each other(Gilindogdu & Erdogan, 2025).Novels are important sources

reflecting the social life, cultural values, and spatial characteristics of the period in which they

were written, and their descriptions of interior spaces, in particular, provide significant data

on the living culture and changing spatial understanding of those periods (Havik et al., 2018;

Giiler Nakip and Tuna Ultav, 2021; Erdogan, 2024). Although there are studies in the
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literature that address the relationship between architecture and literature, comparative
research that examines interior spaces in literary texts using a systematic analysis method is
limited. This study examines the novels Fatih Harbiye, representing the Early Republican
Period, and Gurbet Kuslari, representing the Post-Republican Period, through content analysis
and in accordance with Mazumdar and Mazumdar's (1994) socio-physical analysis model.
The data obtained were analyzed numerically, and the findings from these analyses were
visualized with Sankey diagrams to evaluate the continuities and transformations between the

periods.

2. METHOD

In this research, the content analysis method, which enables the systematic encoding and
interpretation of the semantic units in the texts, was used. The theoretical framework of the
analysis is the socio-physical analysis model of Mazumdar and Mazumdar (1994), which
explains the relationship between social values and spatial elements. The novels Fatih
Harbiye and Gurbet Kuslar1 were examined using the close reading method; narratives related
to interior spaces were separated into semantic units and coded. In the coding process, the
categories Social Value (Code 1), Social Norm (Code 2), Architectural Value (Code 3), and
Architectural Product (Code 4) were created, and then codes with similar content were
evaluated under thematic headings. The data obtained as a result of the coding were digitized
and visualized with Sankey diagrams in Atlas.ti software. Sankey diagrams show the
relationships, commonalities, and differences between periods through a comparative flow

structure.

3. PERIODIC BACKGROUND

The novels Fatih Harbiye and Gurbet Kuslar1 represent two different historical periods of
Turkey’s modernization process. These periods are characterized by political, social, and
cultural transformations, as well as changes in the understanding of housing and interior
spaces. The Early Republic Period (1923-1945) is a period in which the political, social,
cultural, and economic reforms implemented with the proclamation of the Republic reshaped
daily life, family structure, and the understanding of housing; and the Turkish novel became
an important narrative genre dealing with the phenomena of Westernization and
modernization (Yilmaz, 2023; Alanka and Mertoglu, 2023; Karagiille, 2012). The Post-
Republic Period, on the other hand, represents a period in which the transition to a multi-party

system, industrialization, rapid urbanization, and migration from rural areas to cities led to the
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widespread adoption of apartment buildings and shantytowns, and consequently, a change in

the understanding of housing and interior spaces. During the same period, Turkish novels

transformed into a powerful narrative field addressing social change, class differences,

migration, and urbanization (Balkaya, 2013; Hacisalihoglu, 2008; Firat, 2007, Seyhan, 2014).

4. ANALYSIS

In this section, the novels Fatih Harbiye and Gurbet Kusglar1 were examined at the interior space

scale in accordance with the developed analysIS method; the findings obtained are presented

on a novel-by-novel basis, and the similarities and differences between the periods are

evaluated. The analysis codes for the novel Fatih Harbiye are presented in Table 1, and the

analysis codes for the novel Gurbet Kuslar1 are presented in Table 2.

Table 1. Content Analysis of the Novel Fatih Harbiye

Fundamentals and Technical Means of Design, october 2026

C
SEMANTIC UNITS (SENTENCES THEME
AND SENTENCE GROUPS) CODE 1: CODE 2: CODE 3: CODE 4:
Social Social Architectural Scale of
Values Norm Values Architectural
Productsi
IS- SOCIAL IM- ARCHITECTURAL
Effects at the Indoor Scale
That evening he hurried through all these Bedroom Home
streets, came home, went to his room, and Daily Life Sociability The Function of Dynamics
took his fiddle out of its case and began to the Home as a
play that song. After the melody ended, he Social Space
would wander in the same mode, playing
the song again. Perhaps he played it eight
or ten times. He accompanied it by singing
softly..
The gentleman is also curious. He's finished
his meal. He's almost going to bed, but Stone- Hospitality
please come in!" Sinasi stood motionless in Hospitality Hosting Interior paved area
a stone courtyard smelling of coal dust and Guests Design (in houses,
mold. Giilter, thinking that Sinasi, who was a stone-
trying to maintain his inner peace, was paved
experiencing some kind of social hesitation, courtyard,
repeated: veranda, or
-Please come in! Please come in! area under
the stairs).
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"Please come in," he said, "the young lady
will be here soon." He occasionally stopped
to illuminate Sinasi's path with the oil lamp
he held. They slowly climbed the creaking

wooden stairs. In the upper hall, at the
threshold of a room door, Neriman's father,
Faiz Bey, stood with a book in one hand
and glasses in the other, watching those
coming up the stairs, seemingly searching

for something without recognizing Sinasi.

Hospitality

Hosting

Guests

Interior Design

Stairs,
Sofa,

Room Door

Hospitality

Finally, she got out of bed and sat by the
window. Every now and then, she would
lean her head out of the bay window and
look at the night traveler coming down the
slope illuminated by gas lamps, and when
she saw that he was a man, she would pull

her head back inside.

Privacy

Gender Roles

Interior Design

Bay
Window

Privacy

Neriman tiptoed to the top of the stairs,
took control, looked ahead, and, using one
hand to hold the banister so as not to creak,
climbed a few steps. Neriman couldn't find
the strength to climb the steps, but she felt

like she was going to faint if she stood

there. Gathering all her strength with the
effort of people climbing a hill at the edge
of a cliff, she climbed a few more steps,
passed her father, and then leaped quickly,
jumping two steps at once into the hallway,
slipping through a small gap in the door,
and ran to the bedroom, locked the door,
and without first undressing, threw herself

onto the bed on her back.

The
Hierarchical
Order of the

Household

Respect for
Parental

Authority

Interior

Design

Staircase,
Sofa,

Bedroom

Behaviors of
Individuals
in Intra-
Family
Relationships

But he wouldn't sit in the room like this.
Besides, all the armchairs and sofas in the
room were full. He had to straighten at
least one of them before he could sit down.
At the same time, he felt that the order of
his room depended on the outcome of the
turmoil in his soul; trying to tidy his room
before this inner revolution, which had
been going on for days and had reached its

peak today, was a futile endeavor; he even

Emotional

Impact

The
Reflection
of Mental

State on

Space

Interior and

Furnishings

Bedroom,
Armchair

and Sofa

The
Reflection of
Psychological

Conflicts in
Physical
Space
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wanted to mess up the room even more,
throw plates and glasses on the floor and
tear up the sheet music, so that he could

see his own soul as if in a mirror.

"I'll go into the kitchen too, we'll fry this
together...
I'll help you, Giilter!" he said.

For months, Neriman hadn't even gone near
the kitchen, let alone entered it. She wanted
to take advantage of the effect this
difference would have on her father.
Neriman quit her job, but she didn't leave
the kitchen either. She still wanted to
appear as a housewife to her father. She
went into her room twice and came out;
she showed herself to her father with her
apron and rolled-up sleeves. As Neriman
came out of the room for the second time,

Mr. Faiz said:

The
Status of
Women
and the
Family

Structure

Social Roles
and

Expectations

Interior

Design

Kitchen

Social
Acceptance
of the
Housewife's
Role in the

Family

They had gotten into the
carriage in Kurugesme and
arrived at a mansion in the

Sultanahmet area. The
female slaves had lifted

Neriman into the air from
the courtyard on the lower

floor and carried her
upstairs, kissing her all the

way.

Social

Status

Social

Hierarchy

Interior

Design

Gizzard

The
Reflection of
Social Status

on the Screen

Table 2. Content Analysis of the novel Gurbet Kuslari.

SEMANTIC UNITS (SENTENCES AND
SENTENCE GROUPS)

CODE

1: Social

Socia

Value

CODE 2:

Norm

CODE

Arch
itect
ural
Valu

es

CODE 4:
Scale of
Architectura

1 Productsi

IS- SOCIAL

IM- ARCHITECTURAL

THEME

Effects at the Indoor Scale
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He slowly raised his eyes to his wife, who was
looking at the abstract paintings on the walls. Oh,
what a world! Who would have thought, who would
have known that he would be born in one of the
villages of Nigde, probably the poorest one, that he
would lose his mother and father at a young age, that
he would come to Istanbul with his uncle, and that he
would lose his uncle as well. He would live in the
bachelor rooms behind the coffee houses of
Unkapan and Kiigiikpazar, and even endure the
caresses of the slightly old but fond of young boys-
serving cook in one of the coffee houses; endure,
what a word! One morning, very early in the
morning, before the windows were even lit, the
cook... He straightened up from where he was sitting,

sighing.

Death

Class
Struggle
for Life

Silent
identity
transform
ation in
the new

venue.

Room

Class
transformatio
n brought
about by
death.

He looked at his wife again. She was still
standing in front of the abstract paintings on the
walls. Hadn't she heard him cough? Either she
hadn't, or coughing in the house of a high-
ranking minister wasn't considered rude or
disrespectful. He felt relieved. After all, if it
weren't for this woman, where would he ever
see such refined living rooms? He was irritable
and frivolous, but how had he risen from being
just a greengrocer to becoming a contractor, or

even, as many considered him, a gentleman?

Class
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Memed chuckled to himself under his mustache, then
became serious. So this was the master who had gone
out with the boy that evening? Bekir Master! "Okay,
boss, let's heat it..."

He got up and quietly left the room. By the time the
water was heated and Bekir Master washed, the
people in the room had woken up and were coming
out to pour water and wash their hands and faces.
Veli also woke up, washed his hands and face, and
came back. He combed his hair tightly in the dirty
mirror of one of the windows. Then he said, "Is that

so, Memed?"
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1 Living

Culture of
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living

Inside, deep within, the warm taste of Hatga
Sisters and Riza Masters on summer evenings
with suns that had fallen, walked towards the

kitchen.

She stopped at the door. Hot dishwater steaming
under the tiled kitchen faucet. Food was cooked in
a pressure cooker and eaten in plates of various
sizes. No matter how much there was, it was

washed quickly. Where was the tar that wouldn't

Warm

family life

Sharing
household
tasks

Modern
kitchen
convenienc
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Kitchen

Comparing
the past with

the modern
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come off the copper or zinc pots of the previous
houses, and where was the way the oil melted and
flowed when the plates were dipped in hot water

here?

"How would I know? To your friends in
Igerenkdy or something... Never mind, just bring

something to eat!"

Ayse thought of the large refrigerator in the The Abundanc Interior
kitchen. Since her husband had a shop in the impressi eof design and Kitchen and Class
vegetable market, his servant Gafur would bring onofa consumpti furnishings Refrigerator welfare
bags full of bananas, oranges, apples, and pears privilege on indicator
when he came home in the evening. "Let's go dlife. s
upstairs!" Ayse climbed the stone steps slowly
and quietly, while Pervin was hopping and
jumping up like a madwoman.
Her eyes fell upon the lady's bedroom. The door
was open.The sun, streaming through the partially
closed shutters of the windows at the back of the The
room, broke the cool dimness with its glare. As Representa | identificati
Ayse went to the kitchen to get some fruit, Pervin tion of on of the Women's
stopped at the bedroom door. The ornate bed, its femininity woman Interior Ommnate bed / identity and
yellow brass iron frame reflecting the sunlight with the design and dressing individual
from the shutters, was in disarray. The pink silk private furnishings table / space
quilt and the camel-hair and mohair blanket hung space window with
on the floor. within the shutters
Pervin saw these things but paid no attention. She venue.
was interested in the dressing table and mirror, the
various expensive lipsticks, pencils, and bottles of
cologne and perfume of all sizes on the table.
As she went to her room to undress, Ayse went into
the kitchen. She had finally found her rhythm. How
nice that husband was! Ah, if only he weren't a lady,
if only he were a woman like Hatga Ablas, lively and
vibrant, with bulgur pilafs cooking, pickles, and
onions that could be cracked open with a fist and eaten
with salt. Crooked steps are like this, straight steps are Critique of
like that. She was fed up. What was this life like, like | Nostalgi Refrigerator | Modemization
a vise? She didn't want it. Even if she had millions and a for The Interior , washing
could buy mansions, she still wouldn't want a tradition woman is design and machine,
refrigerator or a washing machine. God had given al life productive | furnishings tablecloth
humans hands, arms, and inexhaustible strength. But , strong
if she couldn't wash the laundry by hand, spread the and
tablecloth on the floor and eat her fill as her ancestors practical.
had done... then what she ate didn't feel right!
Later, when she returned to the kitchen, she saw the
gas can full of water on the gas stove, but she didn't Interior
ask, because Hatga, her older sister, said, "Our Daily Life The designand | Gas stove, tin Spatial
husband came home very dirty from work. Ansa, woman furnishing cauldron function in
112
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please forgive me. If I don't wash him, he'll smell

is

lower-class

sour!" The children had all come home sweaty, responsib life
attacked the rice and yogurt, and then the husband le for
and wife had returned without washing. They had househol
returned, but why did she need to ask if he had d
washed too? What was there not to know? Only the cleaning.
youngest son, Murat, had asked:
She had to work so that she could save money, and
one day buy a plot of land somewhere and, like her The
sister Hatca's family, build a small but functional Desire for woman' The Desire for
shanty with two rooms and a living room! She property s Interior Two Shelter
straightened up from where she had been leaning and responsi Design bedrooms,
crying. A human silhouette passing in front of the bility to one sofa.
bright yellow windows of the building opposite work in
caught her eye. Looking more closely, she realized it order to
was Gafur. He had bags full of vegetables and fruits establis
in both hands. As he did every evening. He went and ha
closed the open kitchen door, then, regretfully, home.
opened it slightly. Let's see what the master would
say? What would Gafur reply, would he deny it?
Ayse went dejectedly, retrieved one of the Club
raki bottles from the refrigerator, which was
sweating from the cold. Pickles, sardines, The
anchovies, tarama, chopped sucuk, salami, Woman's The The Kitchen, The interaction
pastrami, cheese, green olives. . Role in woman' woman's Refrigerato between
"Put the pork chops on the electric grill!" Ayse the Home | Stolein spatial r, Electric women and
reluctantly went to the kitchen. Everything was in the responsibil Grill space.
the refrigerator, but what good was it? She had been househo ity
watching "the son of a bitch" all day from the stone Id's
steps or the kitchen window, but she hadn't seen service
him, or if she had, "the pig" had stubbornly refused
to look up. She plugged the grill into the socket.
Then she unplugged it. She had lost her mind. She
took the frozen pork chop slices from the
refrigerator and arranged them on the grill, then
plugged it back in.
He should have gone, called them... or no, not called
them, he should have kicked open the door and burst Privacy Protec The Window, Privacy
in, giving them two slaps from above... Would Ansa ting Atmosphe | curtain, room Violation
get involved? Let her. What did they think of family re of the
themselves? Just as he approached the window, the bound Place
lamp went out, the white curtain darkened. Had they aries
realized he was standing there? He withdrew, went
to the door of his own room, even fearing that his
son and daughter-in-law's doors might open and they
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might see him there... Fearing, because they might

think he was lurking in someone else's room..

The couple, who have decided to work together in Couples Housing
business, will strive to realize Serin Arslan's can work typology is | Single-room
remarkable project, which involves building Modern together shaped floor
American-style, one-room apartments, first in family according plans, Social
Istanbul and then in Anatolia. to social projec transformation
role. t. and the concept
of housing.
They came to their house, passing by the dark
windows of the courtyard where rooms were rented
out to people like themselves, working here and
there. The door was half-open. The walls were Poverty Structures Housing crisis
sagging. They went inside. There was not a single The are Stable,
window in the room where a small oil lamp shone necessity adapted room,
dimly, yellowing. This place had actually been built of for window,
not for people to live in, but as an animal stable, and housing human courtyard
had been used as a stable for years, for the use
and when the demolitions started in Istanbul and poor. through
increased, it began to be rented out to those who temporar
were driven out of the city. y
solutions.
He didn't see it. He entered the mansion's carved iron
door and closed the door. Just now with his wife's
elegant high-heeled shoes. He came to the stone stairs Hierarchy Avoiding Class
from the creaking, thin red sand road and climbed spatial Interior Staircase, distinction in
slowly. Light was pouring into the hall from the lady's encounter Design Sofa, Red space
bright curtains. He went to the stairs on tiptoe, with < with the Sand Path
the silence of a cat, and went down the stairs with the lower
same silence of a cat. There was also light in the class.
window of the maid Ayse. He stopped and pushed his
door. Then it was bolted. He shot.
A deathly sadness, a heavy weight, suddenly
descended upon the room. Ummu, kneeling beside
the door, knelt down and began a quiet, strange,
unassuming lament. Both boys were distraught. As
for Yusuf, his earlier cheerfulness had vanished. For
a time, neither of them uttered a word. In the dirty, Death Social The Room The emotional
round panes of glass, the harsh light of the sun shone culture of [ Aymospher weight of the
through, everyone contemplated their own mourning e of the place
"Mother," reliving the moment of her death. Her Place
death was nothing more than a slow, dimming
fading, like a lamp. Their father was in Cukurova at
the time. Their elder brother, Memed, was
somewhere else with his friends. The two boys were
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playing by the door. Ummu was at her mother's
bedside. With her sunken eyes, the woman looked
at her daughter with deep sorrow. Then, as if falling
asleep, she slowly closed her eyes, opened them,

closed them again, and never opened them again.

Memed, the penniless one, lay on his back, staring at
the ceiling. He didn't see the faint, fluttering winged
angel images in the yellowish light of the cracked-up
gas lamp. He was looking, though. He was looking, but
not seeing; he also heard the smoke-laden hum of a
crowd of craftsmen, laborers, and unemployed people
filling the room, but he didn't understand. A crowd of
people, employed and unemployed, had come in
groups of one, two, three, or four since the afternoon,
filling their stomachs with bread, black olives, halva
bread, boiled eggs, cheese bread, or slices of dark-fried
bonito they had bought from the fishermen in
Kiigiikpazar market, and now they had started playing

dice and dice in groups of three or five.

Daily life
of the lower

class

Shared
living

space

Cracked

Non- glass gas

Placelessness

functional lamp,

use of the | dysfunctional
space space,
communal

living room.

They slept in separate rooms downstairs. God's
command, with the words of the prophet, if they
were to unite their rooms and sleep together... But
according to what his wife said, the girl could not
see Gafur in the slightest.

He didn't like it, his face would wrinkle whenever
his name was mentioned.

He did not dwell on:

"Bring the can opener!" "I don't know if she's
going to open a spade or not. I'm not one of the
girls he knows. After the lady and the gentleman
retired to their rooms,

Then..." He entered the kitchen angrily, turned on the
electricity, took the can opener from the shelf, left the

lamp on and came to the master.

Daily Life

The
reflection
of societal

roles on
family

structure.

The

reflection Room

of family Traditional

privacy in Values

space.

The dirty light pouring in through the window
suddenly dimmed even more. The shop outside had
sold everything it could to those returning from the
cinema and was about to close. When the orange color
of the dirty light hitting the windows also disappeared,
the light became even dirtier, but the room, and those
in it, were plunged into almost pitch darkness. The
wretched Memed was snoring softly, waiting for Veli's
hand. Would Veli's hand, Veli's thief's hand, wait for

the money he was going to steal?

Poverty

Shared
sleep
patterns in

the dark

Interior Room,

Space and Window

Daily life in a
Equipment shantytown

Usage
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The serious yet profound intelligence of Fuat Bey's
wife, and her unexaggerated words, were very
important in their relevance to Cibil Giz. The
importance of this was most clearly highlighted by the

words of Ifakat Hamim, who lived opposite the green

Moral

Room

. Surveillance
.. . Surveillanc .
house, frequently visited us, and whose sole purpose in control Layout Window, and Privacy
e shapes
life was to gather gossip about her surroundings. "Oh, P opposite
behavior.

madam, how do you keep that girl in your house?" she

room, curtain

asked. "If I were you, I wouldn't let her stay for a
minute. She's a danger, especially to your son. After
all, she's so young. My room is directly opposite yours.
The curtains are usually open. When you're at work
and the gentleman isn't around, she comes and hugs
you from behind while you're combing your hair in

front of the mirror."

5. NUMERICAL DATA ANALYSIS

The codes obtained as a result of the content analysis were digitized and visualized with
Sankey diagrams through the Atlas.ti program. The diagrams visually reveal the relationships
between the frequency values of the subcategories, the codes, and the themes, and form the

basis of the comparative analysis between periods.
5.1. Coding Guide at the Interior Scale

Following the content analysis, the resulting semantic units were coded under four basic
categories: Social Value, Social Norm, Architectural Value, and Architectural Product, in
accordance with Mazumdar and Mazumdar’s (1994) socio-physical analysis model. Using the
themes and codes created based on these categories, a coding guide (code-book) for the interior
scale was prepared. In the coding system, the first digit represents the relevant category.
Accordingly, 1 represents Social Value, 2 represents Social Norm, 3 represents Architectural
Value, and 4 represents Architectural Product. The letter ‘I’ indicates that the analysis was
performed at the interior scale, while the letters ‘S’ and ‘M’ represent social and architectural
groups, respectively. The number at the end of the code indicates the sequence number of the
relevant sub-code. For example, 11S-15 represents the fifteenth social value at the interior scale,
21S-5 represents the fifth social norm, 3IM-9 represents the ninth architectural value, and 4IM-
20 represents the twentieth architectural product. The numerical data obtained in accordance
with the coding guide were transferred to the Atlas.ti program and visualized with Sankey
diagrams; the relationships between categories, themes, and codes were evaluated within the

scope of comparative analysis across periods.
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5.2. Numerical Code Tables of the Novels

The numerical code tables related to the interior scale show the numerical distribution of

categories, themes, and codes identified in the novels Fatih Harbiye and Gurbet Kuslari. The

code tables for the novels are presented in Table 3 and Table 4, respectively.

Table 3 Numerical Code Table of Interior Scale for the Novel Fatih Harbiye

SEMANTIC UNITS (SENTENCES AND
SENTENCE GROUPS)

CODE 1:
Social

Values

CODE 2:

Social

Norm

CODE 3:
Architectural

Values

CODE 4:
Scale of
Architectural

Productsi

IS- SOCIAL

IM- ARCHITECTURAL

THEME

Effects at the Indoor Scale

That evening he hurried through all these
streets, came home, went to his room, and took
his kemenche out of its case and began to play

that song. After the melody ended, he would
wander in the same mode, playing that song
again. He probably played it eight or ten times.

He accompanied it by singing softly. After

dinner, he went out and went to Neriman's

house. Even after Sinasi entered, Giilter, who
opened the door, was still peeking outside and

smiling.

11S-26

21S-41

3IM-36

4IM-18

T66

The gentleman is also curious. He's finished his
meal. He's almost going to bed, but please come in!
Sinasi stood motionless in a stone courtyard smelling
of coal dust and mold. Giilter, thinking that Sinasi,
who was trying to maintain his inner peace, was
experiencing some kind of hesitation regarding social

etiquette, repeated:

-Please come in! Please come in!

11S-8

21S-23

3IM-19

4IM-49

T16

"Please come in," he said, "the young lady will be
here soon." He occasionally stopped to illuminate

Sinasi's path with the oil lamp he was holding. They

slowly climbed the creaking wooden stairs. In the

11S-8

21S-23

3IM-19

4IM-50

T16
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upper hall, at the threshold of a room door,
Neriman's father, Faiz Bey, stood with a book in one
hand and glasses in the other, watching those coming
up the stairs, seemingly searching for something

without recognizing Sinasi.

Finally, she got out of bed and sat by the window.
Every now and then, she would lean her head out of
the bay window and look at the night traveler

coming down the slope illuminated by gas lamps,
and when she saw that he was a man, she would pull

her head back inside.

11S-33

21S-42

3IM-19

4IM-51

T25

Neriman tiptoed to the top of the stairs, took control,
and, looking ahead and holding onto the banister
with one hand to avoid creaking, climbed a few
steps, distributing her weight evenly. Neriman
couldn't find the strength to climb the steps, but she
felt as if she would faint if she stood there.
Gathering all her strength with the effort of people
climbing a hill at the edge of a cliff, she climbed a
few more steps, passed her father, and then leaped,
jumping two steps at once into the hallway. Through
a small gap in the door, she ran to the bedroom,
locked the door, and without first undressing, threw

herself onto the bed on her back.

11S-34

21S-43

3IM-19

4IM-52

T67

But he wouldn't sit in the room like this. Besides, all
the armchairs and sofas in the room were full. He
had to straighten at least one of them before he
could sit down. At the same time, he felt that the
order of his room depended on the outcome of the
turmoil in his soul; trying to tidy his room before
this inner revolution, which had been going on for
days and had reached its peak today, was a futile
endeavor; he even wanted to mess up the room even
more, throw plates and glasses on the floor and tear
up the sheet music, so that he could see his own soul

as if in a mirror.

11S-30

21S-44

3IM-15

4IM-53

T68

"I'll go into the kitchen too, we'll fry this together...
I'll help you, Giilter!" he said. For months, Neriman
hadn't even gone near the kitchen, let alone entered

it. She wanted to take advantage of the effect this

difference would have on her father. Neriman quit

her job, but she didn't leave the kitchen either. She

still wanted to appear as a housewife to her father.

11S-35

21S-40

3IM-19

4IM-20

T69

She went into her room twice, came out, and
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showed herself to her father with her apron and
rolled-up sleeves. As Neriman came out of the room

for the second time, Mr. Faiz said:

They had gotten into the car in Kurugesme and
arrived at a mansion in the Sultanahmet area. The
maids had lifted Neriman into the air in the
courtyard of the lower floor, kissing her as they

carried her upstairs.

11S-19

21S-45

3IM-19

41M-49

T70

Table 4: Numerical Code Table for Interior Scale in the Novel Gurbet Kuslar1

SEMANTIC UNITS (SENTENCES AND
SENTENCE GROUPS)

CODE 1:
Social

Values

CODE 2:
Social

Norm

CODE 3:
Architectural

Values

CODE 4:
Scale of
Architectural

Productsi

IS- SOCIAL

IM- ARCHITECTURAL

THEME

Effects at the Indoor Scale

He slowly raised his eyes to his wife, who was
looking at the abstract paintings on the walls. Oh,
what a world! Who would have thought, who would
have known that he would be born in one of the
villages of Nigde, probably the poorest one, that he
would lose his mother and father at a young age, that
he would come to Istanbul with his uncle, and that he
would lose his uncle as well. He would live in the
bachelor rooms behind the coffee houses of
Unkapani and Kiigiikpazar, and even endure the
caresses of the slightly old but fond of young boys-
serving cook in one of the coffee houses; endure,
what a word! One morning, very early in the
morning, before the windows were even lit, the
cook... He straightened up from where he was sitting,

sighing.

1IS-51

21S-93

3IM-54

4IM-66

T254

He looked at his wife again. She was still
standing in front of the abstract paintings on
the walls. Hadn't she heard him cough? Either
she hadn't, or coughing in the house of a

high-ranking minister wasn't considered rude

T255
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or disrespectful. He felt relieved. After all, if
it weren't for this woman, where would he
ever see such refined living rooms? He was
irritable and frivolous, but how had he risen
from being just a greengrocer to becoming a
contractor, or even, as many called him, a

gentleman?

11S-69

21S-94

3IM-9

4IM-48

Memed chuckled to himself under his mustache,
then became serious. So this was the master who
had gone out with the boy that evening? Bekir

Master! "Okay, boss, let's heat it..."

He got up and quietly left the room. By the time the
water was heated and Bekir Master washed, the
people in the room had woken up and were coming
out to pour water and wash their hands and faces.
Veli also woke up, washed his hands and face, and
came back. He combed his hair tightly in the dirty
mirror of one of the windows. Then he said, "Is that

so, Memed?"

11S-70

21S-95

3IM-9

4IM-103

T256

Inside, deep within, the warm taste of Hatca
Ablas and Riza Ustas on summer evenings of the

downed suns, coming to the kitchen.

He walked right. He stopped at the door.
Steaming hot dishwater under the kitchen's tile
faucet. The food was cooked in a pressure
cooker and eaten on large and small plates. As

many as you want, quickly

It would wash away. Where is the pitch of the
copper or zinc pots of the previous houses that did
not come off when rubbed, where is the oil
melting and flowing from the plates here when

you put them in hot water?

11S-71

21S-96

3IM-55

4IM-59

T257

"How would I know? To your friends in
Icerenkdy or something... Never mind, just bring

something to eat!"

Ayse thought of the large refrigerator in the
kitchen. Since her husband had a shop in the
vegetable market, his servant Gafur would bring
bags full of bananas, oranges, apples, and pears
when he came home in the evening. "Let's go
upstairs!" Ayse climbed the stone steps slowly

and quietly, while Pervin was hopping and

11S-72

21S-97

3IM-9

4IM-104

T258
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jumping up like a madwoman.

Her eyes fell upon the lady's bedroom. The door was
open.The sun, streaming through the partially closed
shutters of the windows at the back of the room,
broke the cool dimness with its glare. As Ayse went
to the kitchen to get some fruit, Pervin stopped at the
bedroom door. The ornate bed, its yellow brass iron
frame reflecting the sunlight from the shutters, was
in disarray. The pink silk quilt and the camel-hair
and mohair blanket hung on the floor. Pervin saw
these things but paid no attention. She was
interested in the dressing table and mirror, the
various expensive lipsticks, pencils, and bottles of

cologne and perfume of all sizes on the table.

11S-73

21S-98

3IM-9

4IM-105

T259

As she went to her room to undress, Ayse went
into the kitchen. She had finally found her rhythm.
How nice that husband was! Ah, if only he weren't
a lady, if only he were a woman like Hatga Ablasi,
lively and vibrant, with bulgur pilafs cooking,
pickles, and onions that could be cracked open
with a fist and eaten with salt. Crooked steps are
like this, straight steps are like that. She was fed
up. What was this life like, like a vise? She didn't
want it. Even if she had millions and could buy
mansions, she still wouldn't want a refrigerator or
a washing machine. God had given humans hands,
arms, and inexhaustible strength. But if she
couldn't wash the laundry by hand, spread the
tablecloth on the floor and eat her fill as her
ancestors had done... then what she ate didn't feel

right!

11S-74

21S-99

3IM-9

4IM-106

T260

Later, when she returned to the kitchen, she saw the
gas can full of water on the gas stove, but she didn't
ask, because Hatca, her older sister, said, "Our
husband came home very dirty from work. Ansa,
please forgive me. If I don't wash him, he'll smell
sour!" The children had all come home sweaty,
attacked the rice and yogurt, and then the husband
and wife had returned without washing. They had
returned, but why did she need to ask if he had
washed too? What was there not to know? Only the

youngest son, Murat, had asked:

11S-26

21S-100

3IM-9

4IM-107

T261
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She had to work so that she could save money, and
one day buy a plot of land somewhere and, like her
sister Hatca's family, build a small but functional
shanty with two rooms and a living room! She
straightened up from where she had been leaning and
crying. A human silhouette passing in front of the
bright yellow windows of the building opposite
caught her eye. Looking more closely, she realized it
was Gafur. He had bags full of vegetables and fruits
in both hands. As he did every evening. He went and
closed the open kitchen door, then, regretfully,
opened it slightly. Let's see what the master would

say? What would Gafur reply, would he deny it?

11S-75

21S-101

3IM-19

4IM-108

T262

Ayse went dejectedly, retrieved one of the Club
raki bottles from the refrigerator, which was
sweating from the cold. Pickles, sardines,
anchovies, tarama, chopped sucuk, salami,

pastrami, cheese, green olives...

"Put the pork chops on the electric grill!" Ayse
reluctantly went to the kitchen. Everything was in
the refrigerator, but what good was it? She had been
watching "the son of a bitch" all day from the stone
steps or the kitchen window, but she hadn't seen
him, or if she had, "the pig" had stubbornly refused
to look up. She plugged the grill into the socket.
Then she unplugged it. She had lost her mind. She
took the frozen pork chop slices from the
refrigerator and arranged them on the grill, then

plugged it back in.

11S-76

21S-102

3IM-56

4IM-109

T263

He should have gone, called them... or no, not called
them, he should have kicked open the door and burst
in, giving them two slaps from above... Would Ansga
get involved? Let her. What did they think of
themselves? Just as he approached the window, the
lamp went out, the white curtain darkened. Had they
realized he was standing there? He withdrew, went to
the door of his own room, even fearing that his son
and daughter-in-law's doors might open and they
might see him there... Fearing, because they might

think he was lurking in someone else's room.

11S-33

21S-103

3IM-46

4IM-110

T264
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The couple, who have decided to work together in
business, will strive to realize Serin Arslan's
remarkable project, which involves building

American-style, one-room apartments, first in

Istanbul and then in Anatolia.

11S-78

21S-104

3IM-57

4IM-111

T265

They came to their house, passing by the dark
windows of the courtyard where rooms were rented
out to people like themselves, working here and there.
The door was half-open. The walls were sagging. They
went inside. There was not a single window in the
room where a small oil lamp shone dimly, yellowing.
This place had actually been built not for people to live
in, but as an animal stable, and had been used as a

stable for years,

and when the demolitions started in Istanbul and
increased, it began to be rented out to those who were

driven out of the city.

11S-79

21S-105

3IM-58

4IM-112

T266

He didn't see her. He entered through the carved
iron gate of the mansion and closed it. He came to
the stone steps, which had just creaked under his
mistress's elegant high-heeled shoes, along the
thin red sandy path, and climbed slowly. Light
streamed into the hall from his mistress's bright
curtains. On tiptoe, with the silence of a cat, he
went to the stairs and descended them with the
same cat-like silence. There was also light in the
maid Ayse's window. He stopped, pushed the door
open. Then it was bolted. He knocked.

11S-54

21S-106

3IM-19

4IM-113

T267

A deathly sadness, a heavy weight, suddenly
descended upon the room. Ummu, kneeling beside
the door, knelt down and began a quiet, strange,
unassuming lament. Both boys were distraught. As
for Yusuf, his earlier cheerfulness had vanished.
For a time, neither of them uttered a word. In the
dirty, round panes of glass, the harsh light of the
sun shone through, everyone contemplated their
own "Mother," reliving the moment of her death.
Her death was nothing more than a slow, dimming
fading, like a silent lamp. Their father was in
Cukurova at the time. Their elder brother, Memed,

was God knows where with his friends. The two

11S-51

21S-107

3IM-46

4IM-66

T268
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boys were playing by the door. Ummu was at her
mother's bedside. With her sunken eyes, the
woman looked at her daughter with deep sorrow.
Then, as if drifting off to sleep, she slowly closed
her eyes, opened them, closed them again, and

never opened them again.

Memed, the penniless one, lay on his back, staring at
the ceiling. He didn't see the faint, fluttering winged
angel images in the yellowish light of the cracked-up
gas lamp. He was looking, though. He was looking,
but not seeing; he also heard the smoke-laden hum of
a crowd of craftsmen, laborers, and unemployed
people filling the room, but he didn't understand. A
crowd of people, employed and unemployed, had
come in groups of one, two, three, or four since the
afternoon, filling their stomachs with bread, black
olives, halva bread, boiled eggs, cheese bread, or
slices of dark-fried bonito they had bought from the
fishermen in Kiigiikpazar market, and now they had
started playing dice and dice in groups of three or

five.

11S-80

21S-108

3IM-59

4IM-114

T269

They slept and lived in separate rooms downstairs.
If only they could unite their rooms and marry, as
God commanded and the Prophet said... But
according to his wife, the girl didn’t like Gafur at
all; her face contorted when his name was

mentioned. He didn’t dwell on it:

"Bring the can opener!" "Can opener, I don’t know.
I’'m not one of those girls he knows. After the lady
and gentleman have retired to their rooms..." He
entered the kitchen angrily, turned on the light, took
the can opener from the shelf, left the lamp on, and

went to his husband.

11S-26

21S-109

3IM-60

4IM-66

T270

The dirty light pouring in through the window
suddenly dimmed even more. The shop outside had
sold everything it could to those returning from the
cinema and was about to close. When the orange
color of the dirty light hitting the windows also
disappeared, the light became even dirtier, but the
room, and those in it, were plunged into almost pitch
darkness. The wretched Memed was snoring softly,
waiting for Veli's hand. Would Veli's hand, Veli's
thief's hand, wait for the money he was going to

steal?

11S-81

2IS-110

3IM-15

4IM-115

T271
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6. COMPARATIVE ANALYSIS AND RESULT

In this stage of the study, numerical code-theme tables related to the interior space scale were
visualized with Sankey diagrams; the analysis results were evaluated in line with the findings

obtained from these diagrams.

6.1. Diagram Analyses at the Interior Scale: Comparison of the Interior Scales of the

Novels Fatih Harbiye and Gurbet Kuslar:

As aresult of the general analysis, 82 codes were identified in the novel Gurbet Kuslar1 and 31
in the novel Fatih Harbiye. Four codes common to both novels were identified: Daily Life (11IS-
26), Privacy (1IS-33), Interior Space and Furnishings (3IM-15), and Interior Space
Organization (3IM-19). While these common codes reflect the continuity of daily life, privacy,
interior space organization, and furnIShing usage throughout the periods; codes unique to only
one novel reveal the social, cultural, and architectural transformation between the Early
Republic Period and the post-Republic period. When the Social Value category was examined,
15 unique social value codes were found in Gurbet Kuslar1 and 7 in Fatih Harbiye. In addition,
two social value codes (Daily Life and Privacy) were identified as common to both novels. In
the novel Gurbet Kuslar1 (Birds of Exile), the following codes were identified within the
interior space scale, under the category of social values: Moral control (11S-82), Poverty (11S-
81), Lower class daily life (1IS-80), Poverty (11S-79), Modern family (11S-78), Woman’s
Domestic Role (11S-76), Desire for property (11S-75), Nostalgia for traditional life (1IS-74),
Representation of femininity (11S-73), Impression of privileged life (11S-72), Warm family
life (1IS-71), Communal living (1IS-70), Class ascent (1IS-69), Hierarchical household
structure(11S-54), Death (11S-51; twice), Privacy (11S-33), and Daily life (11S-26; three times).
In the novel Fatih Harbiye, the following codes were identified within the scope of social
values at the interior space scale: The position of women and family structure (1IS-35), the
hierarchical order of the house (11S-34), emotional impact (1IS-30), social status (11S-19; three
times), hospitality/guest hosting (1IS-8; twice), daily life (1IS-26), and privacy (11S-33). These
findings show that in Gurbet Kuslari, the interior space is represented as a living space
reflecting migration, poverty, the desire for class advancement, and social change; while in
Fatih Harbiye, the interior space is constructed more as a symbolic space reflecting social
status, cultural identity, family structure, and the conflict between tradition and modernity. The
common codes of privacy (11S-33) and daily life (1IS-26) identified in both novels reveal that,

despite the differences between periods, the interior space of the dwelling retains its basic
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social functions. When the Social Norm category IS examined, 19 unique social norm codes
are found in the novel Gurbet Kuslar1 (Birds of Exile), and 7 in the novel Fatih Harbiye (The
Conqueror’s War). There are no common social norm codes in either novel. In the novel Gurbet
Kuslar1 (Birds of Exile), within the scope of social norms at the interior scale, the following
are dIScussed: The woman's responsibility to work to establISh a home (2IS-101), the division
of labor within the home for the woman (2IS-102), the protection of family boundaries (21S-
103), spouses can work together (2IS-104), the necessity of housing for the poor (2IS-105),
avoiding spatial encounters with the lower class (2IS-106), social culture of mourning (2IS-
107), sharing a common living space (2IS-108), the reflection of social roles on the family
structure (21S-109), shared sleeping arrangements in the dark (2IS-110), surveillance shapes
behavior (2IS-111), class struggle for life (2IS-93), the effort to adapt to the behavioral rules
of the new class (21S-94), the culture of living together (2IS-95), the sharing of household tasks
(2IS-96), the abundance of consumption (21S-97), the identification of the woman with the
private space within the interior (21S-98), and the woman's... The codes "being productive,
strong, and practical" (2IS-99) and "the woman being responsible for household cleaning"
(2IS-100) were identified in the novel "Gurbet Kuslar1". In the novel "Fatih Harbiye", within
the category of social norms at the interior scale, the following codes were identified:
"Hospitality (21S-23; twice)", "Social roles and expectations" (2IS-40), "Sociability" (21S-41),
"Gender roles" (21S-42), "Respect for parental authority" (21S-43), "Reflection of mental state
in space" (2IS-44), and "Social hierarchy" (2IS-45). These findings show that the
responsibilities of women within the home, the class struggle, and communal living practices
highlighted in "Gurbet Kuslar1", and the codes of hospitality, social hierarchy, gender roles,
and parental authority identified in "Fatih Harbiye", reveal the social norms of different periods
in the two novels and their reflections in interior spaces. When the Architectural Value category
was examined, 10 unique architectural value codes were found in the novel "Gurbet Kusglar1"
and 1 in the novel ‘Fatih Harbiye’. In addition, two architectural value codes (Interior
Organization (3IM-19) and Atmosphere of the Space (3IM-46)) were identified in both novels.
In the novel Gurbet Kuslar1, within the architectural value category at the interior scale, the
following codes were identified: Interior design and furnIShing (3IM-9; six tIMes), Room
layout (3IM-61), Reflection of family privacy in space (3IM-60), Non-functional use of space
(3IM-59), Structures are adapted to human use with temporary solutions (3IM-58), Housing
typology IS shaped according to social role (3IM-57), Woman's spatial responsibility (3IM-
56), Modern kitchen comfort (3IM-55), Silent identity transformation in a new space (3IM-
54), Atmosphere of the Space (3IM-46; twice), and Interior Organization (3IM-19; twice). In
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the novel Fatih Harbiye, the following codes were identified within the category of
architectural values at the interior scale: Function of the House as a Social Space (3IM-36),
Interior Space Organization (3IM-19; six times), and Atmosphere of the Space (3IM-46;
twice). These findings show that in Gurbet Kuslari, architectural values are addressed around
the physical transformation of the dwelling, its functional change, family privacy, and the
reshaping of the dwelling typology in accordance with social roles; while in Fatih Harbiye,
they are addressed through interior space organization, spatial atmosphere, and the function of
the house as a social space. The codes Interior Space Organization (3IM-19) and Atmosphere
of the Space (3IM-46), which are identified in both novels, are among the fundamental spatial
values of the dwelling despite the differences between periods. When the Architectural
Products category is examined, 16 unique architectural product codes were found in Gurbet
Kuslar1 and 7 in Fatih Harbiye. There are no common architectural product codes in either
novel. In the novel Gurbet Kuslar1 (Birds of Exile), the following codes were identified within
the category of architectural products at the interior scale: Kitchen and Refrigerator (4IM-104),
Ornate bed / dressing table / window with shutters (4IM-105), Refrigerator, washing machine,
tablecloth (4IM-106), Gas stove, tin cauldron (4IM-107), Two rooms, one sofa (4IM-108),
Kitchen, refrigerator, electric grill (4IM-109), Window, curtain, room (4IM-110; twice),
Single-room floor plans, project (4IM-111), Stable, room, window, courtyard (4IM-112),
Staircase, sofa, red sandy path (4IM-113), Gas lamp with cracked glass, dysfunctional space,
common living room (4IM-114), Room, window (4IM-115), Living room (4IM-48), Kitchen
(4IM-59) and Room (4IM-66; three tIMes). In the novel Fatih Harbiye, the following codes
were identified within the category of architectural products at the interior scale: Bedroom
(4IM-18), Kitchen (4IM-20), Courtyard (4IM-49; twice), Staircase, sofa, room door (4IM-50),
Bay Window (4IM-51), Staircase, sofa, bedroom (4IM-52), and Bedroom, armchair and sofa
(4IM-53). These findings indicate that in Gurbet Kuslari, architectural products are
predominantly shaped around modern home furnIShings, everyday objects, and limited living
spaces; while in Fatih Harbiye, they are shaped around traditional residential elements such as
courtyards, bay windows, staircases, sofas, and bedrooms. When the theme category IS
examined, 19 unique theme codes were found in Gurbet Kuslar1 and 7 in Fatih Harbiye. There
1s no common theme defined by the same code in both novels. In the novel Gurbet Kuslari
(Birds of Exile), the following themes have been identified: Class transformation brought about
by death (T254), Spatial representation of class transformation (T255), Daily routines of
communal living (T256), Comparison of the past and the modern (T257), Indicators of class

welfare (T258), Female identity and individual space (T259), Critique of modernization
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(T260), Spatial function in lower-class life (T261), Desire for shelter (T262), Interaction
between women and space (T263), Violation of privacy (T264), Understanding of housing
through social transformation (T265), Housing crISIS (T266), Class dIStinction in space
(T267), Emotional burden of space (T268), Placelessness (T269), Traditional values (T270),
Daily life in slums (T271), and Surveillance and privacy (T272). In the novel Fatih Harbiye,
the following themes were identified: Privacy (T25), Home and neighborhood dynamics (T66),
Individual behaviors in intra-family relationships (T67), Reflection of psychological conflicts
in physical space (T68), Social acceptance of the role of the housewife in the family (T69),
Reflection of social status in space (T70), and Hospitality (T16; twice). These findings indicate
that in Gurbet Kuslari, the themes are predominantly shaped around migration, slum formation,
housing criisis, desire for shelter, class transformation, and modernization; while in Fatih
harbiye, they are shaped around privacy, intra-family relationships, gender roles, social status,

and hospitality.

7. CONCLUSION

The findings show that both novels possess a rich diversity of representations of interior spaces
in terms of social and architectural aspects, but the number, density, and dIStribution of codes
differ significantly according to the periods. In Fatih Harbiye, the interior space is shaped more
around social status, family structure, privacy, traditional lifestyle, and interior space
organization; while in Gurbet Kuslari, migration, slum formation, housing crisis, class
transformation, housing struggle, modernization, and changing daily life practices come to the
forefront. This differentiation clearly reveals the social, cultural, and architectural
transformation of residential interior spaces in the period extending from the early years of the
Republic to the post-Republic era. Codes such as daily life, privacy, interior space organization,
and the use of furnishings, which are identified in both novels, show that despite the periodic
changes, the basic functions of the house and its decisive role in social life have maintained
their continuity. In contrast, codes specific to a particular period reflect the effects of social
changes, economic conditions, and the modernization process on the meaning, use, and
construction of interior spaces. In conclusion, the interior space is not merely a physical
environment; it emerges as a multi-layered narrative element where social relations, cultural
values, family structure, identities, and daily life practices become visible. Therefore, the scale

of the interior space serves as a fundamental comparative plane in evaluating the spatial, social,
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and cultural transformation that the dwelling underwent during the Early Republican Period
and the post-Republican period. This study demonstrates that the interior space of the dwelling
in Turkish novels is not only an architectural element but also an important indicator through

which social change can be observed.
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Abstract. The present work examines the relationship between integrated spatial planning,
employment generation, and sustainable population return during the post-conflict
reconstruction of Karabakh following the restoration of Azerbaijan's territorial integrity in 2020.
Using a qualitative document-based case-study approach, this study analyzes the official master
plans of six liberated cities: Shusha, Aghdam, Fuzuli, Zangilan, Lachin, and Kalbajar. The
findings demonstrate that housing alone cannot guarantee successful resettlement; long-term
recovery depends on polycentric urban development, smart-city concepts, and the simultaneous

provision of economic opportunities and social infrastructure.

Keywords: post-conflict reconstruction, spatial planning, employment, Karabakh, sustainable

return

1. Introduction

Post-conflict territorial reconstruction does not mean only the rebuilding of settlements.
Sustainable recovery should encompass economic activity, tools that encourage the permanent
return of internally displaced persons, and social solidarity. This process requires integrated
spatial planning, land use, the provision of public services, carefully considered location-
appropriate employment, and environmental sustainability. These elements should be
integrated with one another. In 2020, Azerbaijan restored its territorial integrity. In the
Karabakh region, which had been under occupation for 30 years, urban centres, villages,
infrastructure, monuments, and productive lands had been destroyed and left unused. Therefore,
reconstruction should support long-term economic sustainability and include efforts to improve

residents’ quality of life.
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International experience shows that housing construction alone does not ensure successful
resettlement. The parallel provision of education, healthcare, social infrastructure, and other
services makes this process sustainable. The Azerbaijani government has adopted
comprehensive master plans for several liberated cities. It has sought to implement sustainable
urban planning and smart village concepts. Using a case study approach, this article examines
the relationship between spatial planning in the reconstruction of Karabakh, efforts to develop
social infrastructure, and the sustainable return of the population. The article argues that spatial
planning should be considered not merely a mechanism for physical reconstruction, but also a

tool capable of ensuring that the post-conflict population remains in the region.

2. Literature Review / Background

2.1. Historical and Post-Conflict Context

For centuries, Karabakh has served as a centre of trade, craftsmanship, agriculture, and cultural
exchange, gaining historical significance through its cultural heritage, urban development, and
strategic location at the crossroads of the South Caucasus. Shusha, Aghdam, Fuzuli, Lachin,
Jabrayil, Kalbajar, and Zangilan are cities in the Karabakh region, each with its own distinctive

landscape and identity.

The occupation, which lasted for nearly three decades, resulted in the destruction of settlements,
cultural heritage sites, public infrastructure, transport networks, and other assets. The
displacement of nearly one million Azerbaijanis disrupted long-established social and
economic systems, leaving many settlements without permanent residents or functioning local

economies (UNDP, 2022).

In 2020, following the Second Karabakh War, Azerbaijan launched the largest reconstruction
programme in its modern history (State Committee on Urban Planning and Architecture of the

Republic of Azerbaijan, 2022).

2.2. Spatial Planning, Employment, and Return: Theoretical Foundations

Employment is recognised as one of the key factors influencing return decisions in post-conflict
societies. Internally displaced persons are significantly more likely to return to their places of
origin when stable sources of income and economic opportunities are available there (IOM,

2021).
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Spatial planning is conceptualised not merely as a technical tool, but as a strategic framework
that links land use, infrastructure, and economic diversification (OECD, 2021). This perspective
is consistent with place-based and integrated territorial development approaches, which
emphasise the interrelationship between spatial organisation, economic productivity, and social
well-being (European Commission, 2020; UN-Habitat, 2020). International research also
shows that successful post-conflict recovery depends not only on housing construction, but also
on integrating land-use planning with employment creation and social infrastructure (United

Nations and World Bank, 2018).

3. Method / Approach

This study adopts a qualitative, document-based case-study approach. The primary sources are
official master plans and reconstruction strategies published for six liberated cities — Shusha,
Aghdam, Fuzuli, Zangilan, Lachin, and Kalbajar — by the State Committee for Urban Planning
and Architecture of the Republic of Azerbaijan, supplemented by international institutional
reports on post-conflict reconstruction, employment, and territorial development (United
Nations & World Bank, 2018; UN-Habitat, 2020; OECD, 2021; IOM, 2021; UNDP, 2022;).
Findings are organised thematically to identify each city's designated economic function and
its expected relationship to employment generation and population return, summarised

comparatively in Table 1.

4. Results and Discussion
4.1. Functional Differences Among the Cities Under Reconstruction

Taking regional development into account, the Azerbaijani government has sought to develop
individual master plans defining the future role of each city (State Committee on Urban
Planning and Architecture of the Republic of Azerbaijan, 2022). For example, Shusha has been
declared the cultural capital of Azerbaijan. Given the prominence of Shusha’s historical
identity, reconstruction efforts prioritise the preservation of historical monuments, the
restoration of the traditional urban fabric, and the development of cultural tourism. The city’s
historic centre has been included on UNESCO’s World Heritage Tentative List (UNESCO
World Heritage Centre, n.d.), and spatial planning aims to strike a balance between heritage
preservation and modern urban infrastructure. In 2023, Shusha was also declared the Cultural
Capital of the Turkic World (TURKSOY, 2023), further strengthening the international profile

of its heritage-based reconstruction strategy.
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Taking its geographical location and landscape into account, Aghdam is being rebuilt as a major
industrial and logistics centre. The master plan for Aghdam includes industrial zones, logistics
facilities, commercial areas, and modern residential neighbourhoods. The city’s strategic

location and transport connections are expected to stimulate regional economic growth.

In 2021, Fuzuli International Airport was constructed in Fuzuli. The airport primarily serves
the Karabakh region. The construction of new transport corridors has also established the city

as a transport and service hub. Planning efforts focus on investment and regional accessibility.

Kalbajar, known since the Soviet era for its mountainous landscape, forests, and mineral
springs, and as a destination for health tourism, is being developed in line with its traditional
role. At the same time, accessibility and public services are being improved in Lachin and

Kalbajar to meet the needs of returning residents.

Although each city performs a different function, together they aim to form a polycentric urban
system in which complementary economic roles help balance regional development and

strengthen the sustainability of the wider settlement network (UN-Habitat, 2020).

4.2. Employment as an Incentive for Sustainable Return

Spatial planning is not merely a technical process of urban development. It serves as a strategic
tool for linking investment with regional competitiveness. It brings together residential,
economic, institutional, and green infrastructure land uses within a unified framework for social
and economic recovery (OECD, 2021). In Karabakh, industrial investment in Aghdam, tourism
in Shusha, transport and logistics in Fuzuli, and sustainable agriculture in Zangilan support
balanced regional development through diversified urban functions. At the same time, these

activities provide tangible evidence of employment creation.

The relationship between employment and spatial planning is not limited to economic
production. The geographical distribution of public spaces, community centres, schools,
healthcare facilities, and transport systems affects residents’ quality of life. This, in turn,

encourages residents to remain in the area permanently.

Consequently, successful reconstruction requires the parallel and integrated development of
physical infrastructure, economic revitalisation, and social structures within a coordinated

planning framework (UNDP, 2022).
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From this perspective, the long-term success of Karabakh’s reconstruction should not be

measured solely by the number of housing units delivered or infrastructure projects completed.

Rather, it should be assessed by the extent to which reconstruction creates sustainable, socially

inclusive, and environmentally sensitive communities that encourage the permanent return of

the population.
Primary Expected
Spatial Planning
City Economic Employment Planning Document
Priority
Function Sectors
_ ) Shusha Master Plan
Heritage Tourism, _
) o (State ~ Committee,
conservation, Cultural hospitality,
Shusha 2022); UNESCO
tourism-oriented | tourism creative industries,
‘ ‘ _ Tentative List (n.d.);
regeneration public services
TURKSOY (2023)
Industrial
Manufacturing, Aghdam Master Plan
development, Industry and o .
Aghdam ] ] o logistics, (State  Committee,
regional service | logistics
construction, trade | 2022)
centre
_ Logistics, .
Regional ] Fuzuli Master Plan
) Transportatio | transport, i
Fuzuli transport and _ | (State  Committee,
n and services | commerce, public
logistics hub o 2022)
administration
Zangilan Master Plan
Smart settlement | Smart ) _
) Agriculture, ICT, | (State Committee,
. development, agriculture,
Zangilan renewable energy, | 2022); Aghali Smart
sustainable green
. rural services Village Project
agriculture economy
(2022)
Eco-tourism, Tourism,
Lachin Master Plan
mountain Nature-based | agriculture,
Lachin (State ~ Committee,
settlement tourism forestry, local
. 2023)
development services
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Environmental Tourism,
' Eco-tourism, ' Kalbajar Master Plan
) conservation, agriculture, _
Kalbajar natural (State ~ Committee,
sustainable environmental
resources 2022)
resource use management

Table 1. Designated spatial-planning priority, economic function, and expected

employment sectors by reconstructed city.

5. Conclusion

The reconstruction of Karabakh illustrates how physical rebuilding can be integrated with long-
term spatial and socio-economic development objectives. Sustainable recovery cannot be
achieved through housing and infrastructure alone; it requires a spatial-planning framework that
simultaneously supports employment generation, economic diversification, public-service
provision, and environmental sustainability. The differentiated functional roles assigned to
Shusha, Aghdam, Fuzuli, Zangilan, Lachin, and Kalbajar promote balanced territorial
development by aligning local resources and economic potential with regional planning
objectives. Employment should accordingly be treated as an integral component of spatial
planning, not a secondary outcome of reconstruction. The Karabakh experience offers insights
for policymakers and researchers working on post-conflict recovery elsewhere; future research
may evaluate the long-term socio-economic impacts of the reconstruction process as population

return continues to evolve.

Keywords: post-conflict reconstruction; spatial planning; employment; Karabakh; sustainable

return
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DETERMINATION OF THE BORE DIAMETER FOR THREADING
WITH CHIPLESS TAPS
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Abstract. The paper presents an analytical methodology for determining the diameter of the
workpiece used in thread tapping with chipless taps, with the aim of achieving the required
accuracy of the internal thread through cold plastic deformation. The method is based on the
assumption of material volume conservation during the deformation process and establishes a
relationship for calculating the theoretical workpiece diameter as a function of the thread
parameters. Since material deformation is not uniform, a volume correction coefficient,
determined experimentally, is introduced. The method enables the calculation of the actual
workpiece diameter, taking into account the behavior of the material during deformation. The
results can be used to improve thread-forming accuracy and to facilitate the programming and

computer-based automation of the calculations.

Keywords: chipless tapping, cold plastic deformation, internal thread forming, volume

conservation, workpiece diameter

1. Introduction

Thread forming taps are designed for cold forming threads in ductile materials. These
include aluminum, copper, brass, zinc, low carbon steels, and free machining stainless steels.
They displace material rather than cut or remove it.

A thread former, however, has no flutes (Fig.1). Instead, it is slightly polygonal in
shape and presses the thread profile into the material. This geometry makes the tool more
solid and less susceptible to fracture loads. The edges are not worn down by cutting-related

wear, which later becomes noticeable in the tool life.
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Edges to '
generate strain Slots for cooling

Polygonal shape

Fig. 1 — Cross section of thread forming tool.

During thread forming, the grain flow in the material is preserved — this ensures more
stable threads, longer tool life, and very constant dimensional accuracy (Fig.1). When cutting,
the grain flow (microstructure) is severed [1]. The microstructure in the material loses its
continuity, and the cutting edges create notches that can later affect the load-bearing capacity.
The opposite happens during thread forming. The grain structure is deformed, not separated.
A densified, continuous grain flow is created, which makes the thread more stable and

reduces notch sensitivity.

a)

Fig. 2 — Grain flow in cuting thread (a) and forming thread (b).

S——— T ——
———

=

b)

The need to obtain data concerning the diameter of the semifinished-product is of great
importance for achieving the required accuracy of the internal thread produced by cold plastic

deformation. In some specialized studies, the following relationships are recommended:

D, =D-0,6,/p (1)
or

Dy =f 2)
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where: Dy, = diameter of the semi-finished product; D = the outside diameter of the nut; p =

the thread pitch; f = the cross-sectional parameters;

Based on relationships (1) and (2), an accurate profile of the internal thread cannot be
obtained, since the specific behavior of each material during the cold deformation process is

not taken into account [2].

The present paper proposes an analytical methodology for determining the blank

diameter in order to achieve the required accuracy of the internal thread.

1.1. Advantages and disadvantages/limitations of forming thread

1.1.1. Advantages of forming thread

No Chips. Without chips, there is no risk of chip congestion, no crater formation in blind
holes, and no additional effort for chip evacuation. The component remains clean, which is a
real advantage, especially in automated systems and series processes. In manufacturing
environments that demand absolute cleanliness — for example, in electronic assemblies or
food-related processes — even a single chip can lead to rejects. Working chip-free prevents

exactly that.

Longer Tool Life and Higher Thread Strength. The material is cold-hardened and not cut.

This ensures robust threads and long tool life because no cutting edges wear out.

Process Stability and Good Automation Capabilities. Thread forming delivers reproducible
results and runs very reliably in modern CNC environments. This is a clear advantage for

series production.

Better Surface Quality in the Thread. The surface of the formed thread is smoother and
denser because no cutting notches are created. This improves the load-bearing capacity, and

screws start more easily.

1.1.2. Disadvantages/limitations of forming thread
Higher Torques Required. Thread forming requires about 40—50% more torque than cutting.

The machine must have this power reserve, otherwise the process cannot be used reliably.

Material Dependence: Cold Formability is Mandatory. Only ductile, formable materials
are suitable for this. Very hard or brittle materials lead to cracks, dimensional problems, or

tool damage.
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Stricter Requirements for Bore, Lubrication, and Parameters. Core hole diameter,
lubricant, and process parameters must fit exactly. Incorrect core holes or a lack of lubrication

threaten tool breakage and faulty threads.

2. Analytical Determination of the Semi-Finished Product Diameter in the Case of
Threading with Tapless Taps

Fig. 1 presents the main dimensional elements of the threaded joint, having the
following parameters: H = 0, 86603 p; H; =0, 54127 p; h3 =0, 61343 p; d>o =d — 0, 64952 p;
di=d-1,22687p; D=d; Da=d; D1 =di; r=1, 4434 p.

The accuracy of rolled thread production depends to a great extent on the diameter of

the semi-finished product, which is not equal to the mean diameter of the thread [3].

Initially, the assumption of constant volume is considered to be satisfied, and the
equality between the volumes of the semi-finished product and the rolled part over a length

equal to one thread pitch is established (Fig. 1).

S
b
Nut

Hi2
Hi

Hi2
=Dint
5]

D

Dz=
Ar
\

Screw

w D{

o X pl4

Fig. 3 - Main dimensional elements of the metric thread.

The volume of the semi-finished product over a length equal to one thread pitch is:

'DE
“=p 3)

Vs = "

The volume of the rolled part over a length equal to one thread pitch is:
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n'Dizn 4
V,="p -V, (4)
n-Dg _ n-Dlzn _ (5)
S PP

where Vg is the volume of the void, which is the volume of a truncated pyramid.

1 (6)
Vy = §H(AB + Ay + \/Ap . Ap)
where:
H = Dint - Dext (7)
2
and Ap, Ap are the areas of the bases of the truncated pyramid.
b \\
L
T
& -\
AN
Fig. 4 — Volume of the truncated pyramid
The areas of the bases are:
Ap = Doy " B; Ap =Djy - b )

The dimensions B and b are expressed in terms of the thread elements according to Fig. 3.

B=2(§+x)=§+2x ©)
b=2(3-3) =22 @
but:
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Dint—D Dint—D
Cota — int = y — int

2y ccota

D-D D-D
COta — ext J— x = ext
2x 2cota

consequently:

P D - Dext P D — Dext
B=_ 42— —et_=° 7 “ext

2 2cota 2 cota

p=P_,Pm=D _P_ Din—D
2

2cota 2 cota

Substituting into equations (8), we obtain:
P D—Dgy p_Dint_D

Ag=m-D (—+—);A — D, (_ _)
B =T Vext|3 cota b =T Pine |5 cota

Substituting equations (7) and (15) into equation (6), we obtain:

Dint - Dext (p D — Dext) (p Dint - D)
y, =0t “exti-.D r, - Text D, (== -
9 6 T Pext 2+ cota T Dine 2 cota

P D_Dext P Dint_D
[oraon iz
\/n ext™int \ 2 cota 2 cota

Dint - Dext [ (p D — Dext) (p Dint - D) ]
V,=—m|D -t D,,|[-—— M
9 6 T Pext 2+ cota T Dine 2 cota +Vm

2Dint - Dext P D — Dext
Ds:\/D’Z’“_E p [Dext<i+ cota )+\/ﬁ]

where:
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(13)

(14)

(15)

(16)

17)

(18)
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P D—Depr\(p Din—D 19
M=DextDi"t<E+ cot(:x)(f_ ::nota ) )

Transforming equation (18) according to STAS 510-61 and performing the necessary
substitutions, we obtain:

Dint =D;D =Dy, Deyy = Dy (20)

D (21)

ZD—DI P DZ_DI p D—D2
- [ 2o (B 2 (-2
\/ 3 p 1 2+ cota + 2 cota +

where:

D,—-D D—-D
M=D.Dl(2+#)<2_ 2) (22)
2 cota 2 cota

Particularizing equation (21) for the triangular metric thread, according to STAS 510-61,
where:

D, =D —0,64952 -p; D, = D — 1,08254 - p; = 30°;
we obtain:

Dy

=\[D2—0,7216933 [(D—1,08254-p)-0,75-p+D-0,125-p+JD(D—1,08254-p)-0,75-p-0,125-p]

Dy

= \/DZ —0,721693 [0,75 D-p—0,811905-p2 + 0,125-D - p +/0,09375- D2 — 0,101488 - D - pZ]

D, (25)

= \/DZ —0,631481-D - p + 0,585946 - p2 — p,/0,048829 - D — 0,052859-D - p

Using equation (25), the theoretical diameter of the semi-finished product can be

determined as a function of parameters D and p.

During the threading process, the deformation of the material is not uniform, which

makes it necessary to correct the diameter of the semi-finished product by reducing it by a
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certain amount [4]. This correction can be achieved by reducing the volume and introducing a

correction coefficient;

g Vs (26)
Vo + AV

In which:
Vi — 1s the actual volume that the semi-finished product should have;

AV — is the volumetric correction.

Volumes V;, and Vg, + AV can be determined experimentally by applying Archimedes'
principle before and after plastic deformation to the semi-finished products from which

correctly formed parts are obtained.

Gy 27)

Vo =—. v +AV—G2
ST ,},1’ ST yz

where:

G, and G, are the weights of the volumes of liquid displaced before and after plastic

deformation.

y; and y, are the specific weights of the liquid at the temperatures at which the two

measurements are carried out.
Taking into account equations (27), equation (26) becomes:

k = G1y2 (28)
G2v1

In the case when:

G
Y1 =72 ﬁk:(;—l (29)
2
where:
G, =G} —G,and G, = G, — G, (30)

G; and G, are the weights of the semi-finished product and the plastically deformed part,
respectively, measured in air, while G, and G, are the weights of the semi-finished product and
the plastically deformed part, respectively, measured in liquid [5].
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The measurements can be carried out using an analytical balance.

Based on the above, the actual diameter of the semi-finished product is:

DsrzDs'\/E

(1)

= JDZ —0,631481-D - p + 0,585946 - p% — p-/0,048829 - D2 — 0,052859-D - p - Vk

3. Conclusions

The analytical method presented provides specialists with a relationship for calculating
the diameter of the semi-finished product in the case of threading with tapless taps, based on
the assumption of constant volume of the semi-finished product and the rolled part, as well as

on the change in volume occurring during the manufacturing process.

This method also offers the possibility of programming the calculations on a computer.
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Abstract. Medical device classification under Regulation (EU) 2017/745 (MDR) remains

difficult in practice, especially for software, reusable surgical instruments, and borderline

products. This study presents a structured methodology that translates Annex VIII into a top-down

decision sequence based on 72 binary sub-identifiers. The method combines base-category

identification, selection of the applicable MDR rule, and progressive refinement through yes/no

decision points. Representative marketed devices, including dental tampons, physiological-

monitoring mobile applications, and surgical instruments, were evaluated to demonstrate how the

approach resolves ambiguous interpretations and produces reproducible class assignments. The

results show that the methodology improves traceability, clarifies Notified Body involvement,

and reduces the risk of misclassification during design and conformity assessment. The

framework is suitable for engineering teams and can support future automation of regulatory

decision-making.

Keywords: medical devices, EU MDR, classification, conformity assessment, regulatory

compliance, medical software, risk management

1. Introduction

Medical devices are engineering products whose design must satisfy both technical

performance requirements and a stringent regulatory framework. Under Regulation (EU)

2017/745 on medical devices (MDR)!, classification is the first decisive regulatory step because

it determines the conformity-assessment route, the extent of technical documentation, and the

possible involvement of a Notified Body? (Fink & Akra 2023; Peter et al. 2020).
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Although Annex VIII of the MDR defines 22 classification rules, their direct practical
application is often challenging for manufacturers and engineers. Ambiguity is especially
visible for medical software under Rule 11, reusable surgical instruments, and borderline
products in contact with body orifices. In practice, the wording of the rules may permit different
interpretations, which increases the risk of inconsistent classification and delayed market
access"? (Fink & Akra 2023).

The problem is not purely formal. Medical devices interact directly with the human body
and therefore even minor design, material, software, or performance deviations can have
significant consequences for patient safety. Engineers must simultaneously account for
functional effectiveness, biocompatibility, reliability, risk management, and regulatory
compliance throughout development (Peter et al. 2020; Bianchini & Mayer 2022).

Within the European Union, the MDR replaced the earlier Directives 90/385/EEC? and
93/42/EEC* and introduced a clearer risk-based structure with Classes I, IIa, IIb, and III. Newer
rules, including Rule 11 for software, Rule 19 for nanomaterials, and Rule 21 for substances
introduced into or absorbed by the human body, may lead to higher classification because of
their safety implications' 2.

This study examines a structured methodology for medical device classification that
formalizes Annex VIII into a traceable decision path based on 72 binary sub-identifiers. The
aim is to demonstrate, through practical case studies, how the method reduces subjectivity and
supports reproducible class determination for marketed devices with potentially ambiguous

regulatory status.

2. Materials and methods
2.1. Regulatory and methodological basis

The proposed approach builds on the MDR classification framework! 2 and on prior
work that introduced additional logical refinement through binary sub-identifiers (Arsov 2025).
The method addresses a frequent practical problem: a single device may appear to satisfy more
than one rule, while the rule wording itself often contains conditional language that leaves room
for subjective interpretation. By converting the rules into explicit yes/no decisions, the

methodology supports objective and repeatable classification® (Peter et al. 2020; Arsov 2025).
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2.2. Structured classification methodology

The methodology is implemented as a top-down sequence of three steps:
1) Determination of the device base category according to its mode of action, such as
non-invasive, invasive, active, or a specific case involving substances or software.
2) Identification of the primary MDR rule that best corresponds to the device intended
purpose, duration of use, and interaction with the human body.
3) Refinement through a system of 72 binary sub-identifiers that progressively narrows
the decision path until a single reproducible class is obtained.
This decision logic is designed to be engineer-ready and suitable for future automation.
It can be applied during the design phase, before formal conformity assessment, to reduce
misclassification risk and clarify the expected documentation burden (Peter et al. 2020; Arsov

2025).

2.3. Case-study evaluation

Representative marketed devices were selected to test the method across different
regulatory contexts. The cases include dental tampons as orifice-contact consumables under
Rule 5, physiological-monitoring mobile applications under Rule 11, and surgically invasive
instruments under Rule 6. For each case, the decisive sub-identifiers were recorded and the
resulting class was compared with plausible market interpretations and published classification

examples’ to highlight practical consequences for compliance.

3. Results
3.1. Dental tampons

Dental tampons are commercially available devices intended to absorb saliva and blood
during dental procedures. Despite identical intended use, similar products can be found on the
market with different regulatory presentations. One product bears the number of a Notified
Body, suggesting classification at least as Class Is or Ila, while another comparable product is
marketed as Class I without Notified Body involvement (Figures 1 and 2). This discrepancy
indicates inconsistent self-classification, most likely related to sterility claims, assumptions
about bodily-fluid contact, or conservative marketing choices.

The case illustrates how vague interpretation of Rule 5 can create unnecessary
differences in regulatory burden. Applying the structured methodology (Figure 3) makes the
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decision path explicit and shows how the presence or absence of specific characteristics, such
as sterility, drives the final class assignment. The method therefore helps distinguish genuine

risk-related differences from documentation or interpretation artifacts.

ABSORBABLE HAEMOSTATIC GELATIN SPONGE
STERILE HAEMOSTAT FOR SURGICAL USE
80 mm x 50 mm x |0 mm

02 Pcs

Figure 1 — Example of a commercially available dental tampon package with a Notified Body number,
indicating classification as Class Is or Ila. This higher classification may result from sterility,
perceived increased risk, or marketing considerations, despite identical intended use to Class I devices

Figure 2 — Example of a similar dental tampon with identical intended use but classified as Class I
(non-sterile) and CE marked without Notified Body involvement, illustrating classification
inconsistencies in the market
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Figure 3 — Application of the proposed classification methodology to dental tampons, demonstrating
how binary sub-identifiers guide toward an objective and reproducible class assignment
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3.2. Mobile applications for physiological monitoring

Some mobile applications for physiological monitoring are still marketed with
underestimated regulatory status. However, when the software output is used to support
diagnosis, adjust therapy, predict complications, or remotely monitor patients, Rule 11
generally leads to Class Ila or IIb depending on the significance of the information for clinical
decision-making and the risk posed to the patient® ¢ (Cepeda Zapata et al. 2023).

A pivotal decision point concerns whether the software monitors vital physiological
parameters and whether the generated information can influence therapeutic action (Figure 4).
When vital data such as heart rate, oxygen saturation, or respiratory rate are used in a way that
can drive therapy, the regulatory consequences are more stringent. Skipping one of these logical
steps may incorrectly lower the class and, with it, the expected level of safety and

documentation.
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Figure 4 — Logical structure for classification of mobile applications for physiological monitoring
under the MDR, focusing on Rule 11. The binary decision path determines whether the software is
Class Ila or IIb based on medical purpose, type of monitored data, and impact on therapeutic decision-
making

z

Table 1 — Classification outcomes for representative devices

Primary Key sub-identifiers Resulting Regulatory impact

Case MDR Rule (examples) Class (examples)

Oral mucosa contact; transient;
Rule 5 not connected to active device; Class I Self-declaration; no NB
non-sterile

Dental tampons
(non-sterile)

Mobile app for . . NB; software life-cycle
L Medical purpose; vital . .
therapy via vital Rule 11 D Class IIb | evidence; clinical
S monitoring; influences therapy .
monitoring evaluation
Mobile app . .
trending non-vital Rule 11 Med.lcal’purpose, non-vl tal Class IIa | NB; lower burden than IIb
data monitoring; no therapy impact

Surgical scalpel, Surgically invasive; transient;

single-use Rule 6 not in contact with CNS/heart Class IIa | Performance verification

Surgical scalpel Rule 6 +

reu;gable pel, reusable Reprocessing; re-sterilization Class Ir | NB limited to reusability
provision

3.3. Classification outcomes

The proposed decision logic was also applied to representative marketed devices

spanning orifice-contact consumables, software, and surgically invasive instruments. Table 1
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summarizes the decisive sub-identifiers, the corresponding MDR rule, and the resulting class.
These device groups were selected because they are frequently misclassified in practice and

therefore provide a useful test of methodological consistency.

4. Discussion

The case studies confirm that classification operates as a regulatory anchor for
engineering decisions. Once the class changes, the downstream implications also change:
required testing, technical documentation depth, clinical evaluation expectations, and Notified
Body involvement all become more or less demanding. This is particularly visible for software
and reusable instruments, where apparently small differences in intended purpose or reuse
characteristics can shift the regulatory pathway substantially>’ (Peter et al. 2020). For reusable
instruments in particular, validated reprocessing and re-sterilization become decisive design
inputs (Josephs-Spaulding & Singh 2021). More generally, harmonised and international
standards act as the practical link between legal requirements and engineering practice — a role
that has also been demonstrated in other regulated product sectors, such as construction (Ilieva-
Mihaylova 2025).

The analysis also shows that misclassification is not a minor administrative issue.
Under-classification may lead to insufficient safety justification and incomplete documentation,
while over-classification may impose unnecessary certification costs and time burdens® °. The
dental tampon example highlights inconsistent market practice, and the software example
shows how a missed decision point under Rule 11 can lower the apparent class inappropriately.

A central strength of the proposed methodology is that it converts legal wording into a
logical sequence that different specialists can follow in the same way. By formalizing the
decision path through binary sub-identifiers, the method improves objectivity, reproducibility,
and traceability. This is especially valuable for borderline devices and hybrid technologies,
where intuitive interpretation is least reliable (Peter et al. 2020; Arsov 2025).

The present study remains focused on representative practical cases rather than a large
statistical sample. Nevertheless, the results indicate that a structured and engineer-oriented
framework can improve consistency when compared with direct, unaided use of Annex VIII
alone. Future work should integrate the logic into digital decision-support tools for faster

preliminary classification during product development.
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Conclusions

Medical device classification under the MDR is a technically important process with
direct consequences for safety, conformity assessment, and time to market. The methodology
presented here transforms the classification task from an intuitive interpretation exercise into a
systematic decision framework based on base-category selection, primary-rule identification,
and refinement through 72 binary sub-identifiers.

Applied to representative marketed devices, the framework clarified ambiguous cases
and produced reproducible class assignments aligned with MDR logic. The results support its
use as a practical tool for engineering teams and manufacturers seeking earlier, more objective
regulatory decision-making. Its future digital implementation could further strengthen

consistency and efficiency in conformity assessment.
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Abstract. Patients with advanced Chronic Kidney Disease (CKD) require continuous
surveillance, risk assessment, education, shared decision-making with healthcare providers,
preparation for kidney replacement therapy, and timely management of clinical deterioration. The
majority of computational work in CKD has focused on predicting the time to end-stage renal
disease (ESRD) and the initiation of renal replacement therapy (RRT). Currently, limited
computational research has formally modelled the complex processes of healthcare delivery that
occur before and during preparation for RRT. In parallel, emerging approaches to occupational
health and safety (OSH) emphasize dynamic, individualized risk assessment based on the
integration of workplace environmental measurements, occupational exposure data, and
employee health information obtained through periodic and prophylactic medical examinations.
Such approaches offer the potential to continuously update employee-specific risk profiles and
support timely preventive interventions in response to changes in workplace conditions or health

status.
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This paper presents a timed Colour Petri Net (CPN) model of the pre-dialysis clinical pathway
and compares its analytical scope with contemporary predictive and digitally supported models
of care for patients with CKD. The model represents patient attributes as tokens of different
colours and incorporates the principal kidney replacement therapy options, including
haemodialysis, peritoneal dialysis, transplantation and conservative management, together with
relevant healthcare resources, treatment preparation delays, and pathways leading to dialysis
initiation. The ordinary projection of the net comprises 27 places and 24 transitions. The analytical
scope of the CPN is compared with that of KFDeep, a longitudinal deep-learning model for
predicting CKD progression, which reported area under the receiver operating characteristic curve
(AUROC) values of 0.946 for internal validation and 0.805 for external validation (Ma et al.,
2025).

Unlike predictive models, which estimate the probability of CKD progression, process models
characterize responses to patient needs, healthcare resource constraints, reachable states, and
potential failures of planned care. A hybrid predictive-process architecture is therefore proposed
to support patient-specific, resource-aware clinical decisions and dynamic, individualized
occupational health and safety risk assessment by integrating workplace measurements and
findings from medical examinations to automatically update employee risk profiles and guide

preventive interventions.

Keywords: pre-dialysis care, dialysis, kidney replacement therapy, formal verification, healthcare

simulation, risk assessment.

Introduction

CKD is a long-term condition that progresses in a stepwise manner from advanced CKD
to end stage renal failure (ESRF) through a series of surveillance appointments and treatment
preparation. It is portrayed as a clinical process that requires coordinated monitoring and
assessment of a patient’s renal function, together with a range of compensatory treatments to
manage complications, as well as stabilization and management of existing prescribed
medications. Underlying these complex treatment approaches is a patient-centered approach to
care delivery (kidney disease: Improving Global Outcomes [KDIGO] CKD Work Group,
2024). Completion of assessment for renal replacement therapy or for conservative
management of kidney failure is recommended to begin at least a year before the expected need
for treatment (National Institute for Health and Care Excellence [NICE], 2018).

Moving on from this type of single event prediction, representing the clinical process of
a patient being treated for advanced CKD passing through to a failure of kidneys and
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progressing to need for renal replacement therapies (RRT) in a computational model is a
complex challenge using conventional prognostic models. Tracking a number of different
variables as they change over time, considering the patient’s treatment choices, carrying out
repeated clinical assessments, preparing for different eventualities, managing limited healthcare
resources and dealing with unexpected events such as a patient’s sudden deterioration all have
to be captured in a clinically sensible computational model. Working with a single eGFR
threshold for initiation of dialysis is not appropriate as there are a number of different factors
that determine a patient’s symptoms and the full range of biochemical abnormalities and a
patient’s fluid status, as well as shared clinical decision making with the patient (NICE, 2018).

Despite the increasing number of studies using advanced machine-learning methods for
diagnosis and prediction of CKD progression, recent reviews on the subject found good
discriminatory performance, but also several limitations of the previous studies, including being
based on retrospective data, using very heterogeneous methods, limited external validation, lack
of explainability and most importantly limited evidence of clinical usefulness in prospective
setting (Eskandar, 2026; Van de Putte & Speeckaert, 2026). The present study addresses a
different, complementary problem and models the process of a patient going through a
preparation for a potential kidney failure under constraints of time and resources in a clinical

setting.

Methodology
Study Design and Clinical Abstraction

A formal process-modelling study was completed to develop a timed CPN to model the
pre-dialysis process. The model was developed as a conceptual and analytical representation of
the pre-dialysis process, rather than as a decision support tool or a clinical decision support
system. The main structures and elements of the principal pathway were derived from KDIGO
2024 and NICE NG107 guidelines for the pre-dialysis process. A further ‘Urgent’ pathway was
developed to model patient deterioration resulting in an urgent start of dialysis.

In this abstraction, we distinguish between the clinical need for preparation of a patient
with end-stage renal disease for kidney replacement therapy and the operational readiness for
that patient to start on this form of treatment. For example, a patient who is determined to need
preparation for kidney replacement therapy may not yet have vascular access formed, access

matured, PD catheters prepared or even be on the waiting list for a kidney transplant and
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associated work-up still to be completed. The model can then assess whether the health care
system is able to complete all the required preparation before urgent treatment becomes

required.

Colour Petri Net Specification

The design of the net pathway CPN = (P, T, A, Sigma, V, C, G, E, I) has been detailed.
P represents the places of a net, T the transitions, A the arcs, Sigma the color set, V a set of
variables, C the color function for places, G the transition guard function, E the arc function for
arcs, and I the initial marking function. The design of a patient as a colored token ¢ p = (id,
stage, eGFR, ACR, symptoms, modality, access, status, tau) allows patients to be distinguished
from each other even when they are in the same place. The Access Preparation place contains
tokens representing patients scheduled for planned arteriovenous fistulae, patients with created
fistulae and patients scheduled for planned PD access. All these patients are modeled without
adding more places to the design of the net pathway. Simulation time tau is registered for each

patient.

Patient, Resource, and Temporal Subnets

The ordinary projection contains 19 patient-state places and eight resource places
making a total of 27 places plus 24 main transitions. The resource places are allocated to
nephrologists, CKD nurses, dietitians, vascular surgeons, PD nurses, transplant teams and
dialysis teams and lastly to dialysis capacity places. The transitions requiring a resource can
only fire when the patient and resource tokens are available simultaneously. The reusable
resource tokens are returned after a transition has been fired.

In this scenario-based model, time is modeled as one simulation unit, equal to one day.
The parameters describing delays such as review times, referral times, patient-education time,
decision time for dialysis modality, time to access planning, time to access maturation, time to
prepare a patient for PD, time for transplant work-up and time to start treatment are all modeled
as scenario parameters and not as clinical-standards. In empirical work these would be replaced

by appropriate distributions, estimated from real pathway data.

Transition Guards and Outcomes
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Transition guards represent the eligibility conditions encoded in the patient-token color.
Modality-specific transitions select the correct treatment, access transitions indicate whether it
is HD or PD preparation, and dialysis initiation uses a single clinical abstraction that takes into
account more than just the eGFR value. The intended methodological principle is to follow
NICE guidance for the symptoms, biochemistry, fluid overload, kidney function and shared
decision making required for treatment initiation (NICE, 2018). The Final outcome places
represent the four types of treatment: planned dialysis, unplanned dialysis, pre-emptive

transplantation and conservative management.

Structural Verification

To support conventional Petri-net analysis, a colored Petri-net model was projected onto
27 x 24 input and output incidence matrices, Pre and Post. From the structural incidence matrix
C = post-Pre one finds that C has rank 18. As the number of P-invariants equals the dimension
of the right-kernel (invariant space) of C*T, one finds a nine-dimensional invariant space from
C T y = 0. One of the P-invariants corresponds to a patient, whereas the remaining eight P-
invariants correspond to P-invariants describing re-usable health care resources. T-invariants
were computed from Cx = 0 and form a six-dimensional algebraic null space. A clinically
meaningful non-negative invariant was found which describes a surveillance cycle (i.e., clinical
review, stable assessment, and return to surveillance).

As an example of why we need to use coloured-state analysis of projected PNs, some
clinically very relevant transitions have zero ordinary incidence in the projected PN because
they consist of a patient that is already in a given structural place of the PN, and the change
consists in the change of the token’s color, i.e. the patient stays in the same place but the
clinically relevant property of the patient changes, e.g. in the Access Preparation place

AVF Planned becomes AVF_Created.

Comparator Selection and Evaluation Framework

We did not find any recent formal model addressing all aspects of end-to-end pre-
dialysis care including treatment choice within given resources in given time. Therefore, we
selected KFDeep as the most relevant, state-of-the-art, predictive model, using longitudinal
health record data and external validation. The corresponding study included 4,587 patients in
development-related datasets and 934 patients in an external prospective cohort, reaching

AUROC:s 0f 0.946 (intern) and 0.805 (extern) (Ma et al., 2025). Furthermore, we also included
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DeepOmix-FLEX as another multimodal predictor model and PREPARE NOW as a workflow-
oriented model for digital care in chronic diseases (Green et al., 2021; Qiao et al., 2025).

The models were compared along five dimensions: 1) patient representation, 2)
treatment-pathway coverage, 3) temporal behavior, 4) healthcare-resource representation, and
5) analytical capability. Predictive accuracy was not used as a performance measure for the
CPN as the models answer different questions: predictive models compute P(Kidney Failure |
X _0:t) while process models check whether a given initial marking M 0 can be reached from
a subsequent marking M _t by means of an admissible transition sequence. Hence, we can only

assess whether these models are complementary or not.

Comparative Analysis

KFDeep (Ma et al., 2025) captures the main advantage of modern longitudinal machine
learning models: to estimate the risk of progression for individual patients on the basis of their
repeated clinical measurements. To this end, the model uses age, sex, eGFR, urine albumin-to-
creatinine ratio, albumin, calcium, phosphorus, and bicarbonate. Importantly, the model was
externally validated on a second dataset and performed well on this “completely independent”
data set. In contrast, DeepOmix-FLEX (Qiao et al., 2025) is a multimodal prediction model for
CKD progression that incorporates clinical, proteomic, metabolomic, and pathology-image
data. The mean AUC for predicting CKD progression of this model was 0.887. Here,
DeepOmix-FLEX can discover complex relations between input variables and the prediction
variable that a designer of a CPN would not think of.

The CPN can also be used to model the consequences of identifying a patient at risk of
kidney failure such as, the patient’s need for education on various treatments, the healthcare
provider’s choice of treatment modalities, the availability of staff to manage the selected
treatment modalities, the availability of vascular access for the patient on peritoneal dialysis,
the preparation of the patient for peritoneal dialysis, the initiation of work-up for a possible
kidney transplant, the preparation of the patient for treatment, and the deterioration of the
patient’s condition. The P-invariants of the CPN can be used to verify the model for patient
conservation and for reusable resources’ conservation, while the transition structure of the CPN
can be used to verify reachability, boundedness, liveness, and future distinguishability
properties.

PREPARE NOW is an intermediate approach to modeling process for patients with

CKD. The tools developed as part of the research integrate CKD risk assessment with nurse
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case management and patient values clarification, in addition to process tracking for treatment
preparation, and documentation of patient preferences for modalities of care. The work was
piloted at four CKD clinics and identified 1,032 unique patients, 243 of whom were at high risk
of kidney failure within two years (Green et al., 2021).

Discussion

There is considerable value in distinguishing between using a model to predict an
outcome and using a model to manage processes within a healthcare system. Predictive models
estimate if and when a patient will progress to end-stage kidney failure, whereas timed Colour
Petri Nets (CPNs) represent the sequences of patient-centered activities required, the resources
needed to deliver care, and whether planned interventions can be completed before clinical
deterioration occurs. Such process models are particularly valuable in advanced CKD, where
effective care depends not only on predicting disease progression but also on coordinating
treatment preparation, patient preferences, healthcare resources, and timely interventions.

The formal CPN model makes its assumptions, transition conditions, resource
constraints, and time delays explicit. In contrast, machine-learning models derive predictive
relationships from data and can provide individualized estimates of clinical risk, although
limitations in prospective validation and methodological consistency remain (Eskandar, 2026;
Van de Putte & Speeckaert, 2026). The two approaches are therefore complementary: predictive
models estimate the likelihood of an adverse outcome, while process models represent the
operational responses and constraints associated with that outcome.

This distinction also provides a basis for extending hybrid predictive-process modelling
to occupational health and safety risk assessment. Integrating workplace environmental
monitoring with occupational health surveillance can support the identification of harmful
exposures, early detection of work-related health problems, and continuous review of
preventive measures (Titopoulou et al., 2024). A dynamic approach could incorporate relevant
workplace measurements, occupational exposure data, and findings from periodic medical
examinations into an individualized employee risk profile. Changes in exposure conditions,
examination findings, or working practices would trigger predefined reassessment rules and
automatically update the corresponding risk classification, supporting timely preventive
interventions and appropriate workplace adjustments. This automated approach represents a

proposed development of existing risk assessment and health surveillance practices and would
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require validated decision rules, data protection, medical confidentiality, and appropriate
professional oversight.

Within such architecture, predictive models could estimate the likelihood of adverse
health outcomes, while a timed CPN could represent the sequence of preventive actions,
medical assessments, workplace interventions, responsible personnel, resource availability, and
required completion times. Transition guards could be updated using validated risk indicators
and predefined decision thresholds, allowing the model to represent changes in risk and assess
whether appropriate preventive actions can be completed within the required time. Such a
framework complements the CKD application by demonstrating how predictive-process
modelling supports both patient-centered clinical pathways and individualized occupational
risk management. Its implementation requires validated decision rules, reliable measurement
data, appropriate handling of uncertainty, data protection, medical confidentiality, and oversight
by competent occupational health and safety professionals.

Future hybrid architecture therefore combines longitudinal risk prediction with a
formally specified process model. In CKD, updated patient-specific risk estimates could inform
clinical surveillance and preparation by kidney replacement therapy. In OSH, updated employee
risk profiles could inform reassessment priorities and preventive interventions in response to
changes in workplace exposure or health findings, in both applications, the predictive
component would inform risk estimation, while the process component would represent the

actions, constraints, and possible outcomes associated with managing that risk.

Limitations

Several limitations must be acknowledged. First, the CPN presented here remains a
conceptual model that has not yet been validated against real patient pathways. Structural
verification does not establish clinical validity, predictive validity, or improved patient
outcomes. Second, the timing parameters as illustrative and do not reflect the variability of
actual waiting times. Empirical implementation would require validated time distributions and
sensitivity and uncertainty analyses.

Third, the current patient-token colour encoding represents only a subset of clinically
relevant characteristics and does not fully account for multimorbidity, frailty, mortality risk,
acute hospitalization, treatment contraindications, educational needs, or changes in patient
preference. Fourth, representing healthcare resources as tokens simplifies workforce

constraints, including shift patterns, competing demands, cancellations, geographical
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accessibility, and resource substitution. Fifth, the ordinary incidence matrix does not capture
clinically meaningful changes in token attributes when the structural place remains unchanged;
color-refined state-space analysis is therefore also required.

The proposed OSH application is a methodological extension rather than a demonstrated
capability of the current CKD model. Its practical value would need to be assessed through a
separate implementation incorporating representative workplace measurements, occupational
exposure information, relevant medical surveillance findings, validated risk criteria, and
appropriate reassessment procedures. Automatic updates should be subject to data-quality
checks, defined rules, and suitable professional oversight rather that being interpreted as
autonomous medical diagnosis or an unrestricted determination of fitness for work.

Finally, the comparison with KFDeep, DeepOmix-FLEX, and PREPARE NOW is
methodological rather than a head-to-head performance evaluation. Predictive accuracy cannot
be directly compared with reachability, invariants or workflow coverage. Future research
should validate the CPN against observed clinical pathways, incorporate empirical waiting-time
distributions, integrate predictive models of CKD progression, and evaluate clinical and
operational outcomes. A separate OSH implementation should similarly evaluate the reliability
if dynamic risk updates, the timeliness of preventive interventions, and the transferability of the

approach across different workplaces.

Conclusion

The proposed timed Colour Petri Net provides a formal and resource-aware
representation of the pre-dialysis clinical pathway in CKD. Unlike contemporary predictive
models, such as KFDeep and DeepOmix-FLEX, which estimate individual risks of disease
progression, the CPN represents the sequence of clinical activities, treatment decisions,
resource constraints, preparation delays, and potential deterioration that influence the delivery
of kidney replacement therapy. The most promising approach is therefore to integrate predictive
models with timed, formally analyzed process models to support patient-specific, resource-
aware decision making.

This hybrid predictive-process architecture also offers a methodological basis for
extending dynamic risk assessment to occupational health and safety. By integrating workplace
environmental measurements, occupational exposure data, and relevant findings from periodic
and prophylactic medical examinations, future systems could automatically update employee-

specific risk profiles when new information or changes in working conditions warrant
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reassessment. Such updates would support timely preventive interventions, provided that
validated assessment criteria, data protection, medical confidentiality, and appropriate
professional oversight are ensured.

Although the current CPN remains a conceptual model requiring empirical validation,
its formal structure provides a foundation for further development of decision-support systems
that combine predictive analytics, time-dependent process modelling, and individualized risk
assessment. Future research should evaluate the model against real clinical pathways and
investigate the implementation of the proposed OHS extension, including the reliability of
automated risk updates and their effectiveness in supporting preventive action. This integrated
approach will contribute to more proactive, transparent, and resource-aware management of

both clinical care and occupational health and safety risks.
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A TIMED COLOURED PETRI NET MODEL OF THE SAXS/WAXS

MEASUREMENT PROTOCOL FOR HYDRATED ARTICULAR CARTILAGE:

RESOURCE-AWARE SIMULATION, STATISTICAL ANALYSIS AND
COMPARISON WITH PROTOCOL, DOSE AND DATA-ANALYSIS MODELS
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Eleni Kromitoglou
Prof. Nikolaos Vordos
Dimosthenis Pappas

Democritus University of Thrace, Kavala, Greece

Abstract. For the investigation of small- and wide-angle X-ray scattering (SAXS/WAXS) of
hydrated articular-cartilage explants a multi-day measurement program has to be performed. The
sample preparation, radiation damage, available beamtime, lab manpower and equipment all
interact. Thus, the currently used measurement protocols are described in the form of text and
tables. However, based on these descriptions the question whether a given, planned measurement
program can be completed within the allocated beamtime with which losses, and with which
statistical power, cannot be answered before the actual beamtime usage starts. In the present paper
a timed Coloured Petri Net (TCPN) of the complete measurement program from the joint
dissection over the sample preparation, treatment, freezing, and the subsequent steps of thawing,
mounting, calibration, depth line scans, three loading scenarios (static depth mapping, stress
relaxation, and cyclic loading) including the subsequent remeasurement steps, data evaluation,
and quality control is presented. In this net the samples under investigation are modeled as colored

tokens. The tokens carry information on the treatment of the samples, the loading scenario, the
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(so far) accumulated dose, the dose beyond which damage of the sample can be expected, the
time elapsed after the thawing of the sample until it can be accepted for measurement, and quality
flags indicating potential problems with the samples. The lab operators, the loading device, the
X-ray beam, the evaluation workstation, the biosafety hood, the incubator, and the deep freezer
are modeled as re-usable resources. The control tokens modeling the calibration validity, the
background scattering, the radiation-dose test, and the available beamtime are used to control the
progression of the measurement program. The net has an ordinary projection of 34 places and 28
transitions with an incidence matrix of rank 20. The 14 minimal P-semiflows cover all places, i.e.
they prove the properties of conservativeness and boundedness of the net. The 4 minimal T-
semiflows model the recalibration and the remeasurement cycles. The execution of the net was
performed in Python as a discrete-event simulation of a timed CPN in 41,900 Monte Carlo
replications. For a 54-explant design (three different treatments, three different loading scenarios,
six different explants per measurement cell) on a 48h synchrotron beamtime with two operators
the model predicts 50.9 accepted datasets (95 % confidence interval 50.8—51.0) with a rejection
rate of 5.8 %. However, the probability that all cells of a measurement design contain six or more
acceptable datasets is only 3.8 %, i.e. it significantly increases to 91 % if eight instead of six
explants per cell are prepared. For the same measurement design on a laboratory Cu K-alpha
instrument (CuKAl) 14.2 acceptable datasets (out of 17.5 expected ones) are predicted to be
obtained within 80 working hours with a loss of 19 % due to dehydration. A four-factorial
ANOVA is used to analyze the influence of the four factors, i.e. the beamtime allocation, the
number of lab operators, the interaction of both, the exposure time, and the thaw-batch policy on
the number of accepted datasets. The results are beamtime allocation 0.95 (partial eta-squared),
number of operators 0.82, interaction of both 0.76, exposure time 0.46, and, finally, the thaw-
batch policy 0.19. The dose-response relations of the exposure noise rule of the SAXS Guide, the
radiation-damage models, the tissue-preservation studies, and the peak-fitting statistics used in
the source papers are all reproduced by the model. The empirical dose and integrity models of the
sample are used to parameterize the guards of the net in a hybrid architecture. The representation
of the complete measurement protocol of the SAXS/WAXS investigation of cartilage using a
timed Coloured Petri Net (TCPN) is, thus, significantly more complete than the representation

using the currently used measurement protocols.

Keywords: small-angle X-ray scattering; articular cartilage; collagen D-period; Coloured Petri
Net; discrete-event simulation; beamtime planning; radiation damage; protocol design; formal

verification.
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1. Introduction

Articular cartilage consists of about 90% water, organized in a nanocomposite of type
IT collagen fibrils embedded in a proteoglycan-rich matrix. In cartilage, proteoglycans create
high osmotic swelling pressures which are counteracted by tensile pre-strain within the fibrils
in the range of 1-2% of the axial D-period length (about 65 nm). Importantly, cartilage consists
of different zones (tangential surface zone, transitional zone, radial zones including deep zone
and, in opposition to the soft cartilage, calcified cartilage at the bone interface), thus all type of
measurements must be performed in a spatial resolved manner. Synchrotron SAXS with a very
small microbeam (15-50 pm?) can measure meridional orders of the D-periods from which pre-
strain, intrafibrillar order and distribution width can be derived. Azimuthal intensity distribution
of SAXS patterns gives information about the orientation of the corresponding fibrils within
the measurement volume. WAXS, which is not used systematically so far in cartilage studies
(in contrast to, e.g., bone), measures the packing of collagen molecules laterally and the degree
of crystallization of the mineral phase (Giannini et al.,2014); all WAXS parameters are general

knowledge (protocol), thus have not been determined in the framework of the source studies.

The two primary documents for the study at hand, synthesizing nine publications on
nanocomposite biomaterials by means of Small-angle X-ray Scattering, with focus on biology
and pharmacology, synthesize nine publications on nanocomposite biomaterials by means of
Small-angle X-ray Scattering (SAXS) to establish a single protocol for the study of fully
hydrated cartilage explants (Pabisch et al., 2013). The algorithm, based on previous studies
(Inamdar et al., 2017; 2019; 2021; Moger et al., 2007) of full-thickness cartilage explants
(diameter: 2 mm) punched from the metacarpophalangeal joints of adult bovines and
subsequently allowed to rest in culture medium over a 24 h time frame (optional: prior treatment
with chondroitinase ABC, collagenase or interleukin-1-beta) prior to freezing in PBS at -20°C
or -80°C without chemical fixation, allows for a single freeze-thaw cycle of the tissue prior to
measurement in micro-compression in PBS at the nanoscale (Muehleman et al., 2004). The
SAXS measurements are performed with a beam-size smaller than the zone thickness of the
cartilage, at a sample-to-detector distance of 0.8 to 1 m, and with exposure times between 0.03
s and 0.5 s per point. The resulting 2D intensity distributions are azimuthally and radially
integrated around the 5th meridional order. The documents specifically address the key reasons
for all the choices made in establishing the above-mentioned protocol, including the various
fixatives that alter D-period and fibril diameter (Kelly et al., 2021), and address reasons for the
choice of two different freezing temperatures, between which there is no effect on the
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mechanical properties, whereas liquid nitrogen increases hysteresis (Szarko et al., 2010). The
document also addresses reasons for a single freeze-thaw cycle of the fully hydrated tissue
(slightly reducing the dynamic moduli) and the addition of various protease inhibitors to prevent
proteoglycan release (Qu et al., 2014). Finally, the document addresses the reasons for testing
for radiation damage prior to commencing a series of SAXS/WAXS measurements on hydrated
cartilage, and that higher doses of radiation than used here have been shown to alter collagen
(Barth et al., 2010; 2011). The second primary document for the study at hand is an adaptation
of the above-mentioned algorithm to a fully equipped laboratory SAXS/WAXS instrument,
with a Cu K-alpha microfocus X-ray source, and a hybrid photon-counting detector, at which
the beam is of millimeter size, resulting in very long exposure times at the nanoscale (up to
3600 s per point) and at which the fully hydrated tissue samples must be sealed in a cell, since

the flight path is under-evacuated (Rinnerthaler et al., 1999; Zizak, 2003).

The two source documents synthesized in this study are primarily prescriptive, thus
detailing stepwise procedures (with specified time frames where applicable) that need to be
completed in order to reach the study’s objectives. In essence, the documents are not executable
given current resources and methodologies. Allocation of beamtime is a highly sought after,
scarce resource that can range from 24 hours to 72 hours or more. Hydrated cartilage post-thaw
samples also have a finite lifespan. Samples can also be damaged by high doses of radiation,
and the space at a beamline is generally limited to a few individuals. In addition, there is only
one loading rig and one microfocus beam at our disposal, which can be used for three different
loading scenarios. The main aim of this study was therefore to investigate whether a given
design (e.g., three different treatments times three loading scenarios times 6 samples) can be
completed in the allotted time. Other objectives were to determine the amount of potential data
loss due to different failure modes, and the statistical power of the resulting data sets. None of
the existing models could address these issues, as they either modeled the D-period in response
to certain mechanical parameters (mechanobiological models), predicted the onset of radiation
damage as a function of dose (dose models), described optimal storage conditions for
preservation of cartilage samples (preservation studies), or described the analysis of D-periods
from SAXS data (data-analysis models). The same lack of modeling of the process of care (i.e.,
the clinical pathway) exists for the study of disease progression in chronic kidney patients

(Christoforidis et al., 2026).

Timed Coloured Petri Nets (TCPNs) (Jensen & Kristensen, 2009) are also appropriate

for modeling the dynamics of a study within a scarce set of resources, such as a synchrotron
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facility or even a laboratory, since tokens carry attributes of samples under investigation (e.g.,
depth, location, angle), transitions are guarded by the rules of the protocol that govern the
progress of a sample through different states (activities), resources are consumed and then
returned by transitions, and time-stamps are attached to tokens to record the duration of an
activity. The usual structural analysis of a Place/Transition net (P- and T-invariants) (Murata,
1989) as well as the execution of the resulting net to simulate the progress of the samples, either
deterministically or by Monte Carlo methods, as in a discrete-event simulation (Law, 2015), or
as in a Generalized Stochastic Petri Net (Marsan et al., 1995), can be performed on such a
representation. Such Nets are typically used to model and analyze business processes (van der
Aalst, 1998) but have recently been used by this author to model a pre-dialysis care pathway in
patients with chronic kidney disease (Christoforidis et al., 2026).

The main objectives of this study will be to (1) represent the full cartilage SAXS/WAXS
protocol in form of a TCPN comprising of sample-, resource- and control-subnets, (2) to check
the representation for structural correctness by means of P- and T-invariants, (3) to execute the
formal model as a discrete event simulation model in Monte-Carlo fashion in order to mimic
synchrotron and laboratory experiments, (4) to analyze the generated event data in more detail
by means of descriptive statistics, factorial ANOVA, one-at-a-time-sensitivity-analysis, a dose-
exposure-relationship, distribution fitting of times between events, a design and power analysis,
an explant-level-logistic-regression and check for convergence, (5) to compare the formal
representation with the models used in the source bibliography for the same protocol, and (6)

to state the limitations of this approach.

2. Methodology

2.1 Study design and protocol abstraction

In a formal process-modelling study, a conceptual and analytical model was developed
for the protocol described in two source documents that in total referred to 9 other publications
that were synthesized by the authors of the two documents. The loading-scenarios, exposure-
durations, step-sizes, translation-windows and quality-control-rules for the workflow steps
were taken from the Inamdar et al. papers (2017, 2019, 2021), the depth-mapping and
background-modeling rules from Moger et al. (2007), the preservation-rules for the microtissue

preparations from Szarko et al. (2010), Qu et al. (2014), and Kelly et al. (2021), and the
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laboratory setup from the second source document and from the SAXS Guide by Schnablegger
& Singh (2011).

For a given experimental design (i.e., number of samples, number of experiments per
sample) required to meet the scientific need of the experiment, the model can assess the
operational feasibility of implementing that design using the available resources within the
available time and identify the failure modes that will predominate under a given set of
circumstances. The experimental design consisted of three groups (i.e., control, ChABC-
treated, IL-1B-treated) x 3 scenarios (i.e., depth-mapping alone, depth-mapping + stress-
relaxation, cyclic loading) x 6 explants (i.e., 54 total explants) obtained from 7-9 joints. A model
time unit is one minute. This model represents time from joint receipt on day 0 to completion
of processing 72 hours following the end of the scheduled beamtime on day 28 (12 days for IL-
1B treatment + 24 hours for tissue to return to room temperature + 2 weeks for storage at frozen

state + day of beamtime).

2.2 Coloured Petri Net specification

The net is defined as the CPN = (P, T, A, Sigma, V, C, G, E, 1), where P is the set of
places, T the set of transitions, A the set of arcs, Sigma the set of color sets, V the set of
variables, C the color function assigning a color set to each place, G the guard function, E the
arc function expressing the arc properties, and I the initialization function. The three-color sets
used are the SAMPLE record (id, joint, group, scenario, thaws, t thaw, t mount, t measured,
integrity time, damage threshold, dose max, frames, remeasures, exposure factor, flags,
verdict, reason, history), the UNIT color set of indistinguishable resource tokens, and the CTRL
color set of control tokens. A token of the CTRL color set is a calibration token, which carries
the time of the last calibration. The timed semantics of this net are described in detail in CPN
Tools (Jensen et al., 2007). Briefly, every token has a time stamp. A transition i is enabled at
model time t if there exists a binding b of the input places of 1 such that for all k in the binding,
the time stamp of the token k att k <=t, and G_i(b) = true. A transition fires instantly, and for
each output place of i in the binding, a token with the same color as the token in the input place
of 1 in the binding, and the time stamp t + delta _1i, is created and placed in the output place. A
busy resource is modeled as a resource token that is put back to the corresponding place with a
future time stamp. When no transition is enabled in the net, the model time is advanced to the

earliest time stamp found in the net. Figure 1 shows the net.
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Figure 1. Timed Coloured Petri Net of the cartilage SAXS/WAXS protocol (34 places, 28 transitions)
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Figure 1. Timed Coloured Petri Net of the cartilage SAXS/WAXS protocol. Sample places
are drawn as solid circles, control places as dashed circles and resource places as grey discs;
filled bars are timed transitions and open bars immediate transitions. Resource tags in braces
list the resource tokens consumed and returned by each transition. Read arcs and the dashed
end-of-beamtime arcs are described in the figure text.

2.3 Sample, resource, control and temporal sub-nets

The ordinary projection contains 18 sample-state places, 7 resource places and 9 control
places, a total of 34 places, and 28 transitions (20 timed and 8 immediate). The places and
transitions of the ordinary projection are listed in Table 1 and Table 2, respectively. The 7
resource places are assigned to biosafety hood, incubator slots, freezer slots, operators, micro-
compression rig, beam (or laboratory instrument) and the processing workstation. As noted for
the activities, a transition that requires a resource will only fire if there is an explant token and
a resource token in the place simultaneously, and this reusable resource token is then returned
after the activity delay has expired. The control sub-net is used to model three validity functions:
the calibration (for the silver behenate and collagen standard) that is only valid for 12 hours and

must then be renewed before the beam can be used again for sample measurement, the
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backgrounds recording that is only done once per beamtime, and the radiation-dose test.

Furthermore, the beamtime window can be opened and closed using this control sub-net.

The durations for manual steps (sterilizing, punching samples, thawing samples,
thickness measurements, mounting samples, unmounting samples, calibration, backgrounds,
quality control, combining images, fitting) are lognormally distributed around the given
scenario parameter values with a coefficient of variation of 0.2. For the beamline set-up steps
(e.g. rest, treatment, line scan, loading scenarios) the durations are deterministic but include a
uniform random variable of up to 5 % to model overhead. The line scan in Static depth mapping
goes to a depth of 2 mm in 20-micron steps so that 100 points in total are measured, each with
the duration of the exposure plus a constant overhead for moving to the next point and reading
out the data. So, a scenario parameter for the scan duration of 0.5 s results in a total duration of
2.5 min for the scan. The compression in Static depth mapping is modeled as a simple ramp to
20 % strain at 20 % per minute. After that the sample is relaxed for 15 min and then a second
line scan is performed. In Stress relaxation the sample is held at 20 % strain for 900 s with 15
frames of 10 s each followed by frames of 60 s each. In Cyclic loading the sample is cyclically
loaded between 0 % and 20 % strain 150 times at a frequency of 0.25 Hz. There are 1 s pauses

between the cycles. Frames are acquired every 5™ cycle.

Table 1. Places of the net grouped by sub-net (34 places).

Place(s) Sub-net Meaning / initial marking

Joint_Received, Joint_Sterilised sample joint tokens before and after surface sterilization (detergent, 70 %
ethanol)

Explant_Fresh, Explant_Rested, sample 2 mm full-thickness explants after punching, after 24 h rest at 37

Explant Treated C, after treatment

Frozen Stored sample explants in PBS at -20 / -80 C; freezer slot held until thaw

Thawed, Thickness Measured sample single thaw and PBS equilibration; thickness with calibrated
calliper

Mounted, Line_Scanned, Measured sample on the loading rig: preloaded 0.1 N; depth line scan done; loading
scenario done (rig held)

Raw_Dataset, Integrated, Fitted, sample patterns with synchronised mechanical data; I(q) and I(chi); D,

QC Done IFO, w_q, chi_0, w_chi fitted; QC verdict

Accepted, Rejected, Not Measured sample terminal outcomes (rejection reason in the colour)

Hood, Incubator, Freezer resource 1 biosafety hood; 60 incubator slots; 100 freezer slots

Operator, Rig, Beam, Workstation resource 2 operators (1 in the laboratory); 1 micro-compression rig; 1 beam
/ instrument; 1 workstation

Cal Due, Cal Valid, Cal Timer control calibration state and 12 h validity timer

Bkg_Due, Bkg_Done, Dose_Due, control backgrounds (empty cell with PBS, dark current) and exposure-

Dose Done series dose test, once per beamtime

Beamtime Open, Beamtime Closed control timed tokens that open and close the beamtime window
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Table 2. Transitions of the net with resources, control tokens and nominal timing (synchrotron
baseline).

Id Transition Resources Control tokens read / Nominal timing
consumed
TO1 Sterilize joint Hood, Operator 15 min
T02 Punch 2 mm explants Hood, Operator 20 min; 6-10 explants per
joint
TO3 Rest24 h,37C Incubator 1440 min
T04 Treatment (CTRL/ChABC/IL-1b) Incubator 0/1440/ 17280 min (CTRL
/ ChABC / IL-1b)
TO5 Flash-freeze, store -80 C Freezer 5 min flash freeze; storage
until thaw
T06 Calibrate (AgBe, collagen std) Beam, Operator Cal Due 20 min; valid 720 min
TO7 Calibration expires Cal Timer, Cal Valid immediate
TO8 Record backgrounds Beam, Operator Bkg Due 10 min
T09 Radiation-dose test Beam, Operator Dose Due, Cal Valid 10 min
T10 Thaw and equilibrate in PBS Operator Beamtime Open 30 min; pipeline limit 4; cut-
oft 90 min before end
T11 Thickness (+/-10 um) Operator S min
T12 Mount in rig, preload 0.1 N Rig, Operator 10 min
T13 Initial depth line scan (zones) Beam, Operator Cal Valid 100 x (0.5+1.0) s =2.5 min
T14a Static depth mapping (0 -> 20 % Beam, Operator Bkg Done, Dose_Done 1+15+2.5min
strain)
T14b Stress relaxation (20 %, 900 s) Beam, Operator Bkg Done, Dose Done 1 + 15 min, 27 frames
Tl4c Cyclic loading (150 cycles, 0.25 Hz) | Beam, Operator Bkg Done, Dose Done 15 + 1 min, 30 frames
T15 Remeasure at new position Beam, Operator 3 min; once; halves exposure
after radiation flag
T16 Unmount, release rig Operator 5 min
T17 Azimuthal/radial integration 1(q), Workstation 10 min
I(chi)
T18 Fit D, IFO, w_q, chi0, w_chi Workstation 15 min
T19 QC: dose, hydration, fit, sync Operator 10 min
T20 Accept dataset immediate
T21 Reject dataset immediate
T22 Beamtime over: still frozen Beamtime Closed immediate at end of
beamtime
T23 Beamtime over: thawed, unmeasured Beamtime Closed immediate
T24 Beamtime over: unmeasured Beamtime Closed immediate
T25 Beamtime over: mounted, Beamtime Closed immediate
unmeasured
T26 Beamtime over: scanned only Beamtime_Closed immediate

2.4 Guards, dose and integrity sub-models and outcomes

The guards, for the Thaw and Thawed protocols, check for the single-thaw rule.
Thawing is allowed only during the beamtime, for explants that have not been thawed yet, with
less than four other explants in the handling pipeline, and with at least 90 minutes of beamtime
left. The line scan and loading scenarios, for which also a valid calibration token and a start
time that allows the activity to end before the end of the beamtime has to be given, select an

explant based on the scenario color of the token, read the background and dose-test tokens and
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proceed as described for the scenarios. After the beamtime five immediate transitions move all
explants that have not been measured yet to the Not Measured outcome. The handling loss with
probability 0.02 at thawing of an explant makes it disappear from the model before it can be

measured.

To generate token colors for the dose and integrity of the explants, two sub-models were
defined. The dose sub-model accumulates the largest dose for each explant at all positions. This
results in line scan exposing each point once, static mapping exposing the same points twice,
stress relaxation exposing 27 frames of 500s (total 27*500s) distributed over the 25 fresh
positions of the 500um translation window at 20pm pitch (two positions are exposed twice).
Cyclic loading exposure of 30*0.03s (0.9s) is distributed over the 25 positions. The damage
threshold for each explant is drawn from a lognormal distribution with a median of 5s and log-
standard deviation of 0.4. The relative source brightness of 20 represents the ESRF 1D02
configuration where 0.03s exposures were chosen (Inamdar et al., 2021). The integrity sub-
model draws the time to loss of integrity for each explant from a Weibull distribution with shape
parameter 3 and scale parameter 10h (measured from the moment of thawing, Qu et al., 2014)
at the synchrotron or 6h (measured from the moment of mounting in the sealed Kapton cell in

the laboratory, dehydration under vacuum, Inamdar et al., 2019).

The live check of quality on each final scenario transitions the first frame vs. the last
frame. If a scenario has caused radiation damage to the explant, the token is marked with a
radiation flag. With probability 0.05 a “problem” with parasitic scattering or fitting is randomly
detected. The flagged explant is remeasured at a new position with dose reduced by half, if
there is enough time left during beamtime, according to the protocol. The quality-control
transition after unmounting, integration and fitting decides between rejection of radiation
damage, loss of integrity, fit failure, or even a mechanical synchronization failure with
probability 0.02, and acceptance. A handling loss with probability 0.02 at the moment of

thawing of an explant makes it disappear from the world before it is ever measured.

2.5 Structural verification

To support conventional Petri-net analysis of the model the coloured net was mapped
onto its corresponding Place/Transition net with 34 places and 28 transitions (see Figure 2). For
this purpose input- and output-incidence matrices Pre and Post of dimension 34x28 were

computed. The rank of the structural incidence matrix C=Post-Pre equals 20. Consequently, the
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dimension of the right kernel of C”t (the P-invariant space) is equal to 14, whereas the
dimension of the left kernel (the T-invariant space) is 8. Minimal non-negative semiflows have
been computed by means of a Farkas / Fourier-Motzkin algorithm (Martinez & Silva, 1982;
Colom & Silva, 1991). The set of 14 minimal P-semiflows is presented in Table 3. Sample
conservation is expressed by one single P-semiflow covering all 18 sample places, i.e. the rig,
by one single P-semiflow (Rig + Mounted + Line_Scanned + Measured = 1), which proves that
in the loading rig area at most one explant can be present, the freezer area by one single P-
semiflow (Freezer + Frozen Stored = 100), five single-resource P-semiflows for hood,
incubator, operators, beam, and workstation, and four P-semiflows for the four control places,
i.e. Cal Due + Cal Valid = 1, Cal Due + Cal Timer = 1, Bkg Due + Bkg Done = 1, and
Dose Due + Dose_Done = 1. The two beamtime-window invariants were included in order to
specify the time frame for the beamtime sessions. All places are covered by the P-semiflows
computed from the P-invariant space, which means that the net is conservative and, according
to the semiflows and the initial marking, even structurally bounded. In particular, the rig-
dependent places are 1-bounded, whereas the control places are all safe. The set of 4 minimal
T-semiflows consists of the cycle of the calibration and the expiration of the calibration
(Calibrate, Expire Calibration), and the three remeasurement cycles, i.e. scenario and
Remeasure New_ Position for each of the three different setup-scenarios. Note that the acyclic
sample pipeline in the workflow-model under study is not covered by any T-semiflow, since in
such workflow-models every explant token is terminated in an outcome place (van der Aalst,
1998). All runs terminated without any deadlocks and all replications ended in a marked

terminal state, where all explants had reached their respective outcome places.

Several clinically important updates affect a token’s color but not its location, i.e., dose
accumulation, halved exposure due to radiation flag, updating a parasitic flag to be “raised” or
“cleared” and the single “thaw” counter. Also, the fan-out of a single joint to 6 to 10 explants
is a color-level feature, i.e., in the projected gray net all arcs have unit weight. Hence, in the
projected net the sample places are still constrained by the structural bound of 10 for “sample
units”, whereas the designed net has a bound of 54 for the “joint” sample units. If properties
depending on these attributes were to be verified by state-space analysis, color-refined state
spaces would have to be generated instead; all properties of interest, however, were verified

using simulation.
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Figure 2. Incidence matrix C = Post - Pre of the P/T projection (34 x 28, rank 20)
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Figure 2. Incidence matrix C = Post - Pre of the Place/Transition projection (34 x 28). Red
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cells are output arcs, blue cells input arcs; a read arc (consume and return) leaves a zero entry.

Horizontal rules separate the sample, resource and control places.

Table 3. Minimal P-semiflows (P1-P14) and T-semiflows (T1-T4) of the projection.

Id Support Interpretation

P1 Hood single resource

P2 Incubator single resource

P3 Operator single resource

P4 Beam single resource

P5 Workstation single resource

P6 Beamtime Open control token

P7 Beamtime Closed control token

P8 Frozen Stored + Freezer freezer slots

P9 Cal Due + Cal Valid control token

P10 Cal Due + Cal Timer control token

P11 Bkg Due + Bkg Done control token

P12 Dose Due + Dose Done control token

P13 Mounted + Line Scanned + Measured + Rig rig occupancy

P14 18 sample places from Joint Received to Accepted / Rejected / sample conservation
Not Measured

Tl T14a Static Mapping + T15 Remeasure New Position remeasurement cycle

T2 T14b Stress Relaxation + T15 Remeasure New Position remeasurement cycle

T3 T14c Cyclic Loading + T15 Remeasure New_Position remeasurement cycle

T4 T06_Calibrate + T07 Expire_Calibration calibration cycle
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2.6 Simulation experiments

Table 4. Simulation experiments (total 41,900 replications).

Experiment Factors and levels Configurations | Replications Runs
per
configuration
Baseline 48 h beamtime, 2 operators, 0.5 s, pipeline limit 4 1 1000 1000
synchrotron
Baseline laboratory | 80 working hours, 1 operator, 3 x 3600 s per explant, 1 1000 1000
sealed cell
Factorial beamtime {24, 48, 72} h x operators {1, 2, 3} x exposure | 81 200 16,200
{0.1, 0.5, 2.0} s x pipeline limit {2, 4, 8}
One-at-a-time 16 parameters at a low and a high level around the 33 300 9,900
baseline
Dose-response exposure {0.1,0.25,0.5, 1, 2, 3, 5, 8} s at relative 16 300 4,800
brightness {1, 20}
Laboratory campaign {40, 80, 160} h x exposure per position {1800, | 27 200 5,400
sensitivity 3600, 7200} s x dehydration scale {4, 6, 12} h
Explant-level exposure {0.5, 1.5, 3.0} s x pipeline limit {4, 12} x 12 100 1,200
operators {1, 2}; explant records kept
Design robustness explants per cell {6, 7, 8, 9}; second workstation; 8 300 2,400
pipeline limit {1, 2}

Within each experiment the same set of random numbers was used for all configurations
(common random numbers). Thus, the different configurations can be compared as paired
observations. Running one replication of the baseline takes about 0.1s on one processor core.

The full campaign ran in parallel with 18 processor cores within less than 10 minutes.

2.7 Statistical analysis

These replication-level measures were summarized as means and corresponding
standard deviations, medians and interquartile ranges as well as 95% bootstrap confidence
intervals for means (4000 resamples), and as proportions with corresponding 95% Wilson
intervals. Mann-Whitney U tests and corresponding Cliff’s deltas were calculated to compare
the synchrotron and laboratory baselines. Type I ANOVA and partial eta-squared, a measure
of variance for sensitivity, were calculated for the factorial experiment including all main
effects and all two-way interactions. The results were complemented by corresponding
Kruskal-Wallis tests for each factor. The one-at-a-time experiment was analyzed by calculating
paired differences to the corresponding baseline (same seeds) and corresponding bootstrap
intervals. The Wilcoxon signed-rank test and corresponding rank-biserial correlations were

calculated to test for differences. The dose-response data was compared to the analytical
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solution of the lognormal threshold model using the root-mean-square error. Waiting times
were fit to a lognormal, gamma and Weibull distribution using maximum-likelihood estimation
and compared using the Akaike information criterion (AIC) as well as the corresponding
Kolmogorov-Smirnov statistic. Design completion probabilities were calculated as the
probability that all 9 cells of the design reached a minimum size. These probabilities were
translated into corresponding statistical power for a two-sample t-test with a fixed alpha of 0.05
for a range of standardized effect sizes of 0.8, 1.2 and 1.6, corresponding to the range of D-
period and pre-strain effects reported for healthy vs. degraded cartilage explants. Explant-level
logistic regressions were used to model the probability of rejection for radiation damage as a
function of the log of the dose that was prescribed. The probability of rejection for loss of
integrity was modeled as a function of time from thaw to end of measurement. The probability
of acceptance was modeled as a function of both plus scenario and group. The corresponding
odds ratios including 95% intervals are shown. Convergence of the Monte Carlo simulations
was assessed by calculating the running mean and corresponding standard error. All analyses
were performed in Python 3.14 using NumPy (1.18), SciPy (1.18), pandas (1.0.1) and stats
models (0.15). All figures were created using Matplotlib (3.4.3).

2.8 Comparator selection and evaluation framework

For scattering beamtime, no formal executable model of a workflow is found in the
bibliography of this protocol nor in Petri-net literature that we are familiar with. The
comparators, therefore, are selected to represent the different classes of models that this
protocol relies on: (a) narrative step-by-step how-to protocols like those found in the work of
Inamdar et al. (2017, 2019, 2021) and Moger et al. (2007) as well as the two internal how-to
documents; (b) the simple exposure-noise rule found in the SAXS Guide where, e.g., noise
decreases with the square root of counting time and every measurement is essentially two of
them (Schnablegger & Singh, 2011); (c) radiation-damage models that express the dose-
dependent change in structure and/or mechanics of collagenous tissues (Barth et al., 2010, 2011)
as well as frame-comparison metrics for biological SAXS (Hopkins & Thorne, 2016; Jeffries
et al., 2015); (d) the fixed set of storage rules for tissue-preservation found in a number of
studies (Szarko et al., 2010; Qu et al., 2014; Kelly et al., 2021; Price et al., 1997); (e) data-
analysis models found in the source papers, including: fits of fifth meridional order peak

profiles with Gaussian-plus-linear-background models; the linear models D ~ depth + condition
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+ depth:condition with type IIl ANOVA; and orientation statistics (Inamdar et al., 2019; Moger
et al., 2007); and processing pipelines like pyFAIL, DAWN and Fit2D (Ashiotis et al., 2015;
Basham et al., 2015; Hammersley, 2016); (f) formal process-modeling precedents such as:
workflow nets; Generalized Stochastic Petri Nets; CPN Tools; and the pre-dialysis TCPN
modeled in this study. The comparators were evaluated along the five dimensions used to
evaluate clinical pathways in the clinical setting: (1) sample or state representation; (2)
workflow coverage; (3) temporal behavior; (4) resource representation; and (5) analytical
capability. Predictive accuracy was not used as a criterion because models that answer different
questions (e.g., dose-models that compute the probability of certain amounts of damage as a
function of dose vs. the process-models computed in this study that ask whether or not a given
marking in which the design is complete is reachable from the initial marking within the

timeframe of a given beamtime) cannot be compared on this criterion.

3. Results

3.1 Baseline synchrotron beamtime

Figure 3 shows one instance of a baseline experiment where two operators are employed
to throw explants into a rolling pipeline of maximum 4. The beam time consists of alternating
2.5min line scans and 16-19min loading periods. The experiment also includes a 12hr refresh
of the calibration which is measured after approximately 33hr of beamtime with the last explant.
Figure 4 provides a view on the average occupation of all resources over the 1000replications
of the experiment. It shows that the operators are the limiting resource (average utilization of
76.6% during beamtime, max. 100%) while the beam (average 41.8%) and the rig (average
27.6% ) are idle for more than half of their time. Only the workstations are used to a degree that
poses no constraint to the experiments (average 46.0%). Table 5 shows the corresponding

descriptive statistics for all resources.
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(a) Figure 3. One replication of the baseline synchrotron beamtime: explant timelines (a) and resource occupancy (b)
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Figure 3. One replication of the baseline synchrotron beamtime (seed 1). (a) Timeline of each
of the 54 explants from thaw to outcome, coloured by phase; the long processing segments are
datasets waiting for quality control, which the operators defer until acquisition is finished. (b)
Occupancy of the beam, the rig, the two operators and the workstation.

Figure 4. Mean resource occupancy over time (band: +/- 1 SD across replications)
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Figure 4. Mean fraction of resource units busy in 15 min bins over 1000 replications (band:
one standard deviation). (a) Synchrotron beamtime. (b) Laboratory campaign, where the
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instrument occupancy oscillates with the three-hour measurement of each explant and the
single operator is saturated.

In the baseline, all 54 explants were measured in every replication (probability of measuring
every explant 100.0 %, Wilson interval 99.6 % to 100 %). The mean number of accepted
datasets was 50.9 (SD 1.66; 95 % CI 50.8 to 51.0; range 45 to 54), corresponding to a rejection
rate of 5.8 % of the measured explants (handling losses 2.0 %, mechanical-synchronization
failures 1.9 %, fit failures after a failed remeasurement 1.2 % and losses of integrity 0.7 %).
The remeasurement rule was invoked 2.6 times per beamtime on average and recalibration 4
times. The last measurement ended 33.0 h (SD 0.76) after the start of the corresponding

allocation block, thus leaving about fifteen hours of the allocation unused.

However, as a design the setup was rarely complete. On average 6.3 of the nine cells
had 6 explants left, the smallest cell had 4.7 on average. The probability that all cells of 9 * 6 =
54 explants had 6 explants left was 3.8 % (Wilson interval 2.8 % to 5.2 %), the probability that
all cells of 9 * 6 = 54 explants had left at least 4 explants was 97.3 % and for 5 explants left
69.5 %. A loss rate of 6 % on 54 explants thus almost always resulted in the loss of at least one
explant from at least one of the nine cells of six explants.

Table 5. Descriptive statistics of the two baselines (1000 replications each; utilizations are
fractions of the beamtime or campaign).

Outcome Synchrotron 95 % CI median [IQR] Laboratory 95 % CI median [IQR]
mean (SD) mean (SD)
accepted datasets 50.88 (1.66) 50.78 - 50.99 51.0 [50.0,52.0] | 14.18(2.08) 14.05 - 14.30 14.0[13.0,16.0]
rejected datasets 3.12 (1.66) 3.01-3.22 3.0[2.0,4.0] 4.28 (1.82) 4.17-4.39 4.0[3.0,5.0]
explants not measured 0.00 (0.00) 0.00 - 0.00 0.0[0.0,0.0] 35.55 (1.01) 35.48 - 35.61 35.0[35.0,36.0]
cells with n >= 6 (of 9) 6.28 (1.38) 6.19 - 6.36 6.0 [5.0,7.0] 0.57 (0.71) 0.53 - 0.61 0.0 [0.0,1.0]
smallest cell size 4.70 (0.59) 4.66 -4.74 5.0 [4.0,5.0] 0.00 (0.00) 0.00 - 0.00 0.0[0.0,0.0]
beam / instrument 0.42 (0.01) 0.42-0.42 0.4[0.4,0.4] 0.79 (0.01) 0.79 - 0.79 0.8 [0.8,0.8]
utilization
rig utilization 0.28 (0.01) 0.28 - 0.28 0.3[0.3,0.3] 0.06 (0.00) 0.06 - 0.06 0.1[0.1,0.1]
operator utilization 0.77 (0.01) 0.77-0.77 0.8[0.8,0.8] 1.00 (0.00) 1.00 - 1.00 1.0[1.0,1.0]
workstation utilization 0.46 (0.01) 0.46 - 0.46 0.5[0.5,0.5] 0.09 (0.01) 0.09 - 0.09 0.1[0.1,0.1]
thaw-to-mount wait (min) 75.13 (15.86) 74.12 -76.12 74.4[61.7,87.4] | 35.60 (1.54) 35.50 - 35.69 35.5[34.5,36.7]
thaw-to-accepted cycle 1125.67 (40.52) | 1123.09 - 1130.8 [1109.3, 2571.05 2558.74 - 2568.8 [2446.1,
(min) 1128.08 1151.2] (193.27) 2582.84 2692.6]
time of last measurement 33.02 (0.76) 32.97 - 33.06 33.0[32.5,33.5] | 78.32(1.01) 78.26 - 78.38 78.4[77.8,79.1]
(h)
recalibrations 4.00 (0.00) 4.00 - 4.00 4.0[4.0,4.0] 4.00 (0.00) 4.00 - 4.00 4.0[4.0,4.0]
remeasurements 2.59 (1.62) 249 -2.69 2.0[1.0,4.0] 0.88 (0.88) 0.83 -0.94 1.0[0.0, 1.0]

3.2 Baseline laboratory campaign

On the laboratory instrument this design acts very differently (Figure 5). For one

operator, three positions of 3600 s per explant and a sealed cell, 14.2 (SD 2.08; 95 % CI 14.1

to 14.3; range 7 to 19) datasets were accepted per 80 working hours. 4.3 datasets were rejected
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per 80 hours. 35.5 (66 %) of the explants in the design were never measured. Failure to the
experiment was primarily due to dehydration in the sealed cell with 19.1 % of the measured
explants failing in this way compared to 2.0 % for handling failure and 1.7 % for
synchronization failure. On the instrument the design was busy 79 % of the time whilst the
operator was fully utilized 100 % of the time. No replication of the experiment completed a full
design cell of four explants. The difference in accepted datasets between the two baselines was
36.7 (95 % CI 36.5 to 36.9; Mann-Whitney test p < 0.0001; Cliff’s delta 1.00, see above for

explanation) gain.

Figure 5. Throughput of the 54-explant design: synchrotron beamtime versus laboratory campaign (1000 replications each)
(a) accepted datasets (b) design completion (c) empirical CDF
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Figure 5. Throughput of the 54-explant design. (a) Distribution of accepted datasets per
campaign. (b) Number of design cells that reach six accepted explants. (¢) Empirical
cumulative distributions.

3.3 Factorial experiment

The mean number of accepted datasets of all 81 configurations ranged from 16.0 (24 h
*Top*2s)to51.3(48h*3op*0.1s*2). A least-squares model including all main effects
and all two-way interactions explained 96.6 % of the variance between the configurations (cf.
Table 6). The most influential parameter was the time allocated for beamtime, followed by the
number of operators and their interaction: A single operator needs 72 h to process as many
datasets as two operators do within 48 h. A third operator does not add any value, since the
pipeline limit and not the number of workers determines the handling rate of the pipeline. The
fraction of lost radiation was used to model the effect of exposure time. It turned out to be most
influential at 2.0 s (38.1 against 42.0 datasets on average). The integrity losses due to a pipeline
limit of eight were modelled by the parameter pipeline limit. The effect turned out to be low
with 0.19, but significant (p = 0.0003). The respective marginal means are 39.4 and 41.4.
Kruskal-Wallis tests confirmed all main effects to be highly significant (p < 0.0001).
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Table 6. Type II analysis of variance of accepted datasets in the factorial experiment (16,200

runs).
Source df Sum of squares F P partial eta-
squared

beamtime 2 1325106 151984 p <0.0001 0.949
operators 2 323245 37075 p <0.0001 0.821
exposure 2 60755 6968 p <0.0001 0.463
pipeline limit 2 16958 1945 p <0.0001 0.194
beamtime:operators 4 220770 12661 p <0.0001 0.758
beamtime:exposure 4 7630 438 p <0.0001 0.098
beamtime:pipeline limit 4 1472 84 p <0.0001 0.020
operators:exposure 4 3168 182 p <0.0001 0.043
operators:pipeline limit 4 18151 1041 p <0.0001 0.205
exposure:pipeline limit 4 4609 264 p <0.0001 0.061
Residual 16167 | 70478

Figure 6. Factorial experiment: accepted datasets versus beamtime, operators and exposure (200 replications per cell)
exposure 0.1 s per point, thaw batch 4 exposure 0.5 s per point, thaw batch 4 exposure 2.0 s per point, thaw batch 4
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Figure 6. Accepted datasets (mean and 95 % confidence interval) versus beamtime allocation
and number of operators, for three exposure times at a pipeline limit of four.

3.4 Outcome profiles

Figure 7 decomposes the fate of the design under eight configurations. Three distinct
regimes appear. In the resource-limited regime (24 h with one operator) 65 % of the explants
are never measured while the measured ones are almost all accepted. In the dose-limited regime
(2.0 s per point) all explants are measured but 1.2 % are lost to radiation damage and 2.8 % to
loss of integrity, because the halved-exposure remeasurement lengthens the time explants spend
thawed. In the integrity-limited regime (one operator with a pipeline limit of eight) 28 % remain
unmeasured and the thawed explants wait longer. The laboratory instrument is time-limited at
3600 s per position (66 % unmeasured) and dehydration-limited at 7200 s (14 % dehydrated, 5
% accepted); only a 160-h campaign with 1800 s per position approaches the synchrotron
profile (91 % accepted).
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Figure 7. Outcome profile of the design under selected configurations (pooled over replications)
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Figure 7. Share of the 54-explant design ending in each outcome, pooled over replications, for
selected synchrotron and laboratory configurations.

3.5 One-at-a-time sensitivity

The analysis of sixteen input parameters and their effect on the throughput of the design
(number of datasets) is depicted in Figure 8 and in Table 7. As for the design size (number of
explants per cell 4 or 9: -16.9 and +23.0 datasets), the beamtime (-14.6 at 24 h) and the number
of operators (-14.2 with one operator) are the most dominant parameters in this analysis with a
rank-biserial correlation of -1.00 meaning that in all cases the replication was worse than the
average. The most important physical parameter in terms of sensitivity to the datasets’ loss is
the post-thaw integrity scale (Baseline lost -4.7 datasets, 95 % CI -5.1 to -4.4) at a scale of 4 h.
In terms of quantitative handling losses of -2.8 (8 %), parasitic scattering of -2.2 (15 %) and
exposure of -2.0 (2.0 s) the dataset loss follows in decreasing order. Three operators were found
to decrease the throughput by 0.7 (p < 0.0001) datasets. As explained before, having more
handling capacity than required will keep the pipeline full of thawed explants waiting for the
single available rig to become free and integrity losses to rise from 0.39 to 1.04 per beamtime
on average. A second rig increased the number of datasets by +0.35, a finer line-scan step of -
0.6 (10 micrometers) decreased the number of datasets by 0.6 and a shorter calibration validity
0f-0.3 (4 h) decreased the number of datasets by 0.3 on average. The variability of the manual
steps affected the number of datasets by -0.2 on average. Translation window, no-thaw cut-off
and cyclic-loading exposure had no effect on the number of datasets within the investigated

ranges.
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Table 7. One-at-a-time sensitivity: paired change in accepted datasets relative to the baseline

mean 50.9; 300 paired replications; bootstrap 95 % CI; Wilcoxon signed-rank test).
( ;300 p p ; p ; g )

Parameter Low Change at low [95 % p High Change at high [95 % | p
value CIj value (8l1]
beam hours 24 -14.64 [-14.83, -14.42] | p<0.0001 72 +0.00 [+0.00, +0.00] p=1.000
cal validity min 240 -0.25 [-0.49, -0.01] p=0.051 1440 +0.06 [-0.15, +0.26] p=0.383
cyclic exposure s 0.01 +0.00 [+0.00, +0.00] p =1.000 0.1 +0.00 [+0.00, +0.00] p=1.000
damage median s 1.5 -0.65 [-0.89, -0.42] p <0.0001 10 +0.00 [+0.00, +0.01] p=0.317
duration cv 0.05 +0.07 [-0.17, +0.31] p=0.425 0.5 -0.16 [-0.40, +0.08] p=0.174
exposure s 0.1 +0.07 [-0.15, +0.29] p=0.424 2 -2.00[-2.28, -1.71] p <0.0001
handling loss p 0 +0.99 [+0.82, +1.16] p <0.0001 0.08 -2.80 [-3.08, -2.52] p <0.0001
integrity weibull scale min | 240 -4.73 [-5.09, -4.39] p <0.0001 1200 +0.31 [+0.24, +0.38] p <0.0001
live check fail p 0.01 +0.56 [+0.38, +0.73] p <0.0001 0.15 -2.24[-2.52,-1.97] p <0.0001
n operators 1 -14.15 [-14.40, -13.90] | p <0.0001 3 -0.72 [-1.02, -0.43] p <0.0001
n per cell 4 -16.94 [-17.17,-16.71] | p <0.0001 9 +22.98 [+22.65, p <0.0001
+23.29]

n rigs 1 +0.00 [+0.00, +0.00] p =1.000 2 +0.35 [+0.13, +0.56] p =0.0009
step um 10 -0.56 [-0.80, -0.31] p <0.0001 50 +0.19 [-0.03, +0.41] p =0.049
thaw batch 2 +0.27 [+0.06, +0.48] p=0.012 8 -0.05 [-0.16, +0.06] p=0.463
thaw cutoff min 45 +0.00 [+0.00, +0.00] p =1.000 180 +0.00 [+0.00, +0.00] p=1.000
window um 250 +0.00 [-0.02, +0.02] p =0.705 1000 +0.00 [+0.00, +0.00] p=1.000

Figure 8. One-at-a-time sensitivity of throughput (tornado plot)
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Figure 8. Tornado plot of the one-at-a-time sensitivity of throughput (paired by seed, 300
replications per level).

3.6 Exposure dose-response

The simulated threshold behavior for throughput and radiation damage rejections as a

function of exposure per point for two source brightness levels is shown in Figure 9. For
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reference brightness, less than 1% rejection of radiation damage explants for all simulated
exposures up to 2 s per point (1.0 % on average) and 10% at 3 s per point were found, while the
throughput of datasets decreased from 50.9 for 0.5 s to 3.5 for 8 s of exposure. For twenty times
brighter source, 1.0% of explants were already rejected at an exposure of 0.1 s per point (on
average), 49% at 0.25 s and 94% at 0.5 s. The exposure with less than 5% of radiation damage
explants rejected as a function of source brightness is between 2 s at reference brightness and
0.1 s at twenty times brighter source, which in turn brackets the exposure chosen for Diamond
122 (0.5 s) and ESRF ID02 (0.03 s) in the source protocols. The ratio of number of
remeasurements, which cost as much beamtime as any other point, to number of points for all
simulated conditions is plotted in the right-hand panel of Figure 9. This ratio increased from
2.7 for 0.5 s of exposure per point at reference source brightness to 26.7 for 3 s of exposure per
point. The relative differences between the simulated values and the values from lognormal
threshold model for one remeasurement of half of the exposure (0.5/2=0.25 s) are plotted in the
right-hand panel of Figure 9. The root-mean-square error of these differences is 0.08. Note that
several remeasurements, which cost the same amount of beamtime as any other point, were not

simulated to end of beamtime for several explants.

Figure 9. Exposure-time dose-response (300 replications per point; threshold median 5 s at reference flux)
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Figure 9. Exposure dose-response at two relative source brightness levels (300 replications
per point). (a) Accepted datasets. (b) Fraction of measured explants rejected for radiation
damage, with the analytical prediction of the lognormal threshold model (dashed). The shaded
band in (a) is the exposure range used in the source protocols.
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3.7 Time in system

In the synchrotron baseline scenario (Fig 10) the mean waiting time (from thawing to
mounting) is 1.25 h (SD 0.49; median 1.16; interquartile range 0.84 to 1.63 h; maximum 3.21
h) for 52,937 thawed explants. This waiting time can cause integrity losses and does not depend
on the loading scenario, see Kruskal-Wallis test p = 0.876. The cycle time from thawing an
explant to acceptance of the corresponding dataset has a mean of 18.8 h (SD 7.5) and is almost
uniformly distributed between 5 h and 33 h. Thus, a lognormal, gamma or Weibull distribution
does not fit this data. Instead, the cycle time can be decomposed into three parts: (1) waiting
time in the pipeline of 1.25 h (SD 0.51 h); (2) time on the rig 0of 0.51 h (SD 0.23 h); and (3) idle
time of workstations between the end of the acquisition and acceptance of the corresponding
dataset of 17.0 h (SD 7.3 h). Note that (3) is not a workstation backlog since the corresponding
workstation is idle more than half of the time. The workstation in Scenario 2 changes the cycle
time by +0.03 h (95 % CI -0.00 to +0.07 h; p = 0.304) on average. Thus, (3) corresponds to the
quality-control (QC) review, which is carried out by an operator and, thus, has lower priority
than acquisition. In order to make thawing explants just-in-time (pipeline limit 1) the cycle time
is reduced to 1.9 h (SD 1.4 h). Introducing just-in-time thawing results in integrity losses of
0.09 per beamtime on average, while in the baseline scenario they were 0.42 per beamtime on
average. The last measurement is carried out 45.2 h (SD 10.3 h) after the first acquisition

(instead of 33.0 h, SD 10.8 h) on average.

Figure 10. Time-In-system statlistics, synchrotron baseline (n = 52937 thawed explants, 50885 accepted, 1000 replications)
(a) post-thaw waiting time and fitted families (b) Q-Q plot, best family (lognormal) (c) cycle time to accepted dataset (backlog-shaped)
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Figure 10. Time-in-system statistics in the synchrotron baseline. (a) Thaw-to-mount waiting
time with lognormal, gamma and Weibull maximum-likelihood fits. (b) Quantile-quantile plot
against the best family. (c) Thaw-to-accepted cycle time, whose shape is set by the deferral of
quality control.
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3.8 Design completion, spare explants and statistical power

Fig 11 and Table 8 allow us to translate the number of experiments performed into the
quantity of interest for the purposes of the inference, i.e. the number of experimental units that
complete the design. There are two operators available to run software. Exposure time is set to
0.5 s and the limit on the number of experiments that can be added to the “pipeline” of
experiments awaiting acquisition is set to 4. We found that the probability that all 9 cells had at
least 4, 5 or 6 experimental units (for 24h, 48h or 72h designs respectively) was less than 4%
for all 3 targets at 24h. For 48h and 72h designs, the probability of all cells having at least 4, 5
or 6 experimental units was 3.5%, 69.5% and 3.5% respectively. Increasing the time to 72h did
not change the results for 48h experiments as the “beamtime” was no longer a limiting factor.
In order to address this problem, it is therefore sufficient to add spare experimental units to each
cell so that, in total, 7 (or 8 or 9) explants are added to each of the 9 cells. Using 7 experimental
units per cell (i.e. 63 in total) increases the probability that all cells complete the design to 61%
(95%CI = 55% to 66%). The probability increases to 91% (95% CI = 84% to 95%) when 8
experimental units are added per cell (i.e. 72 in total) and to 93% (95% CI = 85% to 97%) when
9 experimental units are added per cell (i.e. 81 in total). At this number of explants per cell the
two operators were fully saturated as all experimental units had been added to the design by the
time the last experiment had ended after 47.7h. Thus, the most efficient number of experimental
units per cell for 48h designs with 2 operators is 8. The power panel shows that the number of
cells is also of critical importance when fixing a difference of interest (e.g. the D-period vs. pre-
strain difference values reported for healthy and degraded cartilage). Using 6 experimental units
per cell (i.e. 54 total) yields a power of 0.47 for a standardized difference of 1.2 (i.e. a difference
of 1.2*SD between healthy and degraded cartilage). This increases to 0.39 for a difference of
1.2*SD between healthy and degraded cartilage when 5 experimental units per cell are used
(i.e. 45 in total) and to 0.30 for a difference of interest of 1.2*SD between healthy and degraded
cartilage when 4 experimental units per cell are used (i.e. 36 in total). A power of 0.8 is reached
for a difference of interest of 1.6*SD between healthy and degraded cartilage when 7
experimental units per cell are used (i.e. 63 in total). The power is increased to 0.71 for a
difference of interest of 1.2*SD between healthy and degraded cartilage when 6 experimental
units per cell are used (i.e. 54 in total). The power increases to 0.89 for a difference of interest
of 1.2*SD between healthy and degraded cartilage when 9 experimental units per cell are used

(i.e. 81 in total).

193
Fundamentals and Technical Means of Design, october 2026



OcHosu u mexnuuecku cpedcmea 3a Koncmpyupate, okmomepu 2026

Table 8. Design-robustness experiment (48 h, two operators, 300 replications per

configuration).
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baseline 54 | 50.9[50.7,51.1] | 0.04[0.03,0.07] | 4.70 | 33.0 | 18.7 | 042 | 0.0
n per cell=7 63 | 59.4[59.2,59.6] | 0.61[0.55,0.66] | 5.59 | 38.5 | 21.6 | 0.50 | 0.0
n per cell =8 72 | 68.0[67.8,68.2] | 0.91[0.88,0.94] | 6.41 | 43.9 | 244 | 057 | 0.0
n per cell=9 81 | 74.2[73.9,74.4] | 0.93[0.89,0.95] | 6.66 | 47.7 | 26.8 | 059 | 2.4
workstations=2 | 54 | 50.9[50.7,51.1] | 0.04[0.03,0.07] | 4.71 | 33.0 | 18.7 | 043 | 0.0
thaw batch = 1 54 | 51.1[50.9,51.3] | 0.07[0.04,0.10] | 475 | 452 | 1.9 | 0.09 | 0.0
thaw _batch = 2 54 | 51.1[50.9,51.3] | 0.03[0.02,0.06] | 471 | 334 | 154 | 0.14 | 0.0
n_per_cell =7; 63 | 59.4[59.1,59.6] | 0.60[0.55,0.66] | 5.58 | 38.5 | 21.6 | 0.50 | 0.0
workstations = 2

Figure 11. From throughput to inference: design completion, spare explants and statistical power

(a) design completion (2 operators, 0.5 s) (b) spare explants (48 h, 2 operators) (c} power delivered by the achieved cell size
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Figure 11. (a) Probability that all nine design cells reach four, five or six accepted explants
versus beamtime allocation. (b) Probability of a complete design versus the number of
explants prepared per cell. (c) Power of a two-sample t-test versus accepted explants per cell
for three standardized effect sizes.

3.9 Monte Carlo convergence

Figure 12 shows the running mean of accepted datasets for both baselines, converging
already within the first hundreds of replications. The Monte Carlo standard error of the mean
for 1000 replications is 0.053 (ds) for the synchrotron and 0.066 (ds) for the laboratory baseline.

These are two orders of magnitude below the effects that have been found. The number of
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replications in the sensitivity experiments was chosen to be in the range of 200 to 300 per

configuration, resulting in standard errors of below 0.15 datasets.

Figure 12. Monte Carlo convergence of the throughput estimate
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Figure 12. Running mean of accepted datasets with its 95 % confidence interval versus
number of replications.

3.10 Laboratory sensitivity

On the laboratory instrument the accepted datasets were almost entirely determined by
the three factors exposure per position (partial eta-squared 0.96), campaign length (0.95) and
their interaction (0.87), whereas the dehydration time scale entered third (0.71). The model
explained 98.3 % of the variance of the observed data (Figure 13). In contrast to the rejection
rate of dehydration of 5.4 % of the explants measured at 1800 s per position, the rejection rate
of explants increased to 23.2 % at 3600 s and 61.7 % at 7200 s. In contrast to the rejection rate
of 4.3 % of the explants at a dehydration time scale of 12 h, the rejection rate of explants
increased to 39.1 % at a time scale of 4 h. Only the most favorable cell with a campaign time
of 160 h, an exposure per position of 1800 s and a dehydration time scale of 12 h produced the
desired number of datasets (51.0). The warning in the second source document must be taken
into account, i.e. the ten-hour exposures used for bone are not transferable to hydrated tissue.
Measuring three hours per explant at 3600 s per position yielded the highly oscillating
instrument occupancy shown in Figure 4b. In summary, it is estimated that there is room for

approximately two explants per working day on the instrument.
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Table 9. Type II analysis of variance of accepted datasets in the laboratory sensitivity

experiment (5,400 runs).

Source df Sum of F p partial eta-
squares squared

campaign hours 2 400137 53041 p <0.0001 0.952

exposure per position 2 556676 73792 p <0.0001 0.965

dehydration scale 2 49157 6516 p <0.0001 0.708

campaign hours: exposure per 4 139820 9267 p <0.0001 0.873

position

campaign hours: dehydration 4 14317 949 p <0.0001 0.414

scale

exposure per position: 4 9064 601 p <0.0001 0.309

dehydration scale

Residual 5381 | 20297

Figure 13, Laboratory instrument: accepted datasets versus campaign length, exposure and dehydration time scale
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Figure 13. Laboratory instrument: mean accepted datasets versus campaign length and
exposure per position, for three dehydration time scales (200 replications per cell).

3.11 Explant-level logistic regression

We analyzed 52,807 explants from 12 different setups, which all were exposed for 0.5,
1.5 or 3 s, had different pipeline limits (4 or 12) and were processed by 1 or 2 people (Fig. 14
and Table 10). As shown in Fig. 14, the probability of rejection due to radiation damage
increased dramatically with the prescribed dose. The odds ratio for a one unit change of the
natural logarithm of the dose was 3275 (95 % CI: 1336-8024; pseudo R-squared = 0.34) and
the dose for 50 % rejection of the explants was estimated to be 7.5 reference-flux seconds. The
probability of rejection due to loss of integrity was found to increase with time from thawing
to end of measurement. The odds ratio for an one hour increase of time was 1.80 (95 % CI:
1.78-1.83; pseudo R-squared = 0.45) and the time for 50 % rejection was estimated to be 9.4
h, close to the median of the integrity of the Weibull model (8.9 h). In the joint model of

acceptance, only dose (odds ratio 0.36 for log dose unit) and time (odds ratio 0.72 for an hour)
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were found to be significant. The loading of the samples had a marginal effect, i.e. static
mapping had an odds ratio of 1.87 compared to cyclic loading, and the strongest effect was that
of the control group having lower odds of acceptance than the chondroitin’s treated group. The
latter is an artifact of the way the model was specified to reflect the experimental design and is
a feature of the protocol that would not be revealed in a narrative representation of the
experiment. The strong effect of treatment group on the odds of acceptance of the explants is a
confounder, because, in the model as specified, the untreated explants were frozen first, thawed
first in a first-in-first-out fashion and therefore wait the longest time in the large thaw batches
of the stressed configurations. Thus, treatment group is confounded with waiting time. This is
a design flaw that would not be revealed in a narrative protocol and therefore has to be addressed
in the design of future experiments. A simple way to address this would be to randomize or

block the thaw order of the explants across groups.

Table 10. Explant-level logistic regressions (n = 52,807 measured explants).

Fundamentals and Technical Means of Design, october 2026

Model Term Odds 95 % CI p pseudo
ratio R-
squared
radiation ~ log (prescribed log dose 3.27e+03 | 1.34e+03 - p <0.0001 0.341
dose) 8.02¢+03
integrity ~ elapsed time (h) elapsed time (h) 1.8 1.78 - 1.83 p <0.0001 0.454
acceptance ~ log dose + scenario RELAX 1.74 1.6 -1.89 p <0.0001 0.254
elapsed + scenario + group
acceptance ~ log dose + scenario STATIC 1.87 1.72 - 2.03 p <0.0001 0.254
elapsed + scenario + group
acceptance ~ log dose + group CTRL 0.862 0.8-0.929 p=0.0001 0.254
elapsed + scenario + group
acceptance ~ log dose + group IL1B 0.929 0.856 - 1.01 p=0.074 0.254
elapsed + scenario + group
acceptance ~ log dose + log dose 0.357 0.336-0.379 | p<0.0001 0.254
elapsed + scenario + group
acceptance ~ log dose + elapsed time (h) 0.717 0.708 - 0.726 | p <0.0001 0.254
elapsed + scenario + group
197



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

Figure 14. Explant-level logistic regressions (n = 52807 measured explants, 12 stressed configurations)
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Figure 14. Explant-level logistic regressions. (a) Probability of rejection for radiation damage
versus prescribed dose, with the threshold model without and with one halved-exposure
remeasurement. (b) Probability of rejection for loss of integrity versus time from thaw to the
end of acquisition, with the Weibull integrity model. Marker area is proportional to the
number of explants.

4. Comparative Analysis

The TCPN model is compared with the six classes of existing models of Section 2.8,
Table 11, with respect to the five dimensions of interest. The existing narrative protocols
(Inamdar et al., 2017, 2019, 2021; Moger et al., 2007) of the entire workflow are given as
nominal values for all steps of the protocol. The only information about the sample given in the
protocols is implicit; time is modeled as a sequence; resources are not modeled at all. Thus,
reading the protocols is the only kind of analysis that can be performed with the existing models.
The SAXS Guide’s exposure—noise rule (Schnablegger & Singh, 2011) and the existing
radiation—damage models (Barth et al., 2010, 2011; Hopkins & Thorne, 2016; Jeffries et al.,
2015) are quantitative, but local, i.e., an exposure is related to an outcome at a specific position
(and explants, and hours, etc. for the remaining positions of the beamline). The preservation
studies of the existing models of the source paper (Szarko et al., 2010; Qu et al., 2014; Kelly et
al., 2021; Price et al., 1997) establish which storage and handling conditions are admissible,
1.e., they define guards for the corresponding transitions. However, the models do not establish
any bounds on the waiting time of admissible explants. The data-analysis models of the source
papers (Inamdar et al., 2017, 2019, 2021; Moger et al., 2007) of the entire workflow are given
as nominal values for all steps of the protocol. The existing data-analysis models of the source
papers (Inamdar et al., 2017, 2019, 2021; Moger et al., 2007) of the entire workflow are given
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as nominal values for all steps of the protocol. The existing data-analysis models of the source
papers (Inamdar et al., 2017, 2019, 2021; Moger et al., 2007) of the entire workflow are given
as nominal values for all steps of the protocol. The existing data-analysis models of the source
papers (Inamdar et al., 2017, 2019, 2021; Moger et al., 2007) of the entire workflow are given
as nominal values for all steps of the protocol. The existing data-analysis models of the source
papers (Inamdar et al., 2017, 2019, 2021; Moger et al., 2007) of the entire workflow are given

as nominal values for all steps of the protocol.

Note that the TCPN studied in this paper is complementary to the preceding paper
protocols: (i) The dose model is used as guard for the live check; (ii) The preservation studies
form the integrity sub-model and the thaw transition is enabled if an explant of the
corresponding design is still admissible (e.g. stores properly); (iii) The SAXS Guide exposure-
noise rule is used to justify the value of the exposure parameters of a sample; (iv) The data-
analysis models of the source papers form the consumers of the outcome places of the TCPN.
The quantities studied in the TCPN that are not studied in the preceding paper protocols are: (i)
the set of states that the beamline is capable of reaching for a given sequence of input transitions;
(1) the probability that a design will complete (i.e. all required measurements will have been
taken for all explants of the design); (iii) the binding resource for a transition; (iv) the waiting-
time distribution for an explant, i.e. the distribution of the time until it can be processed by the
next transition, used as input to study the integrity risk; (v) a failure-mode profile for each
configuration. The structural verification of the TCPN adds several important guarantees that
cannot be obtained from any simulation: (i) The rig invariant: Two explants cannot be mounted
at the same time; (ii) The calibration invariant: The beam is not used with an expired and a valid
(for the current time) calibration simultaneously; (iii) The sample invariant: An explant is not
lost nor duplicated by the net itself. The TCPN is most like our previous work on a pre-dialysis
workflow net (Christoforidis et al., 2026), where patient (explants in the present work), reusable
resources, and scenario-parameter delays were modeled as three different types of tokens.
Furthermore, the TCPN studied in this work adds three major sub-models to the pre-dialysis
model: (i) The dose sub-model; (ii) The integrity sub-model; (iii) A remeasurement loop is
added between the slice and dissolve transitions. The model also includes a beamtime window
and studies the behavior of the beamline statistically, using Monte Carlo simulations of the
generalized stochastic Petri net, as done by (Marsan et al., 1995), and using the timed-token

semantics of CPN Tools (Jensen et al., 2007), as done by (van der Aalst, 1998).
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Table 11. Comparison of the TCPN with the models in the bibliography of the protocol along

five dimensions.

Model class Sample / state Workflow Temporal Resource Analytical
representation | coverage behaviour representation capability

Narrative implicit (text, complete, nominal none reading;

protocols tables) prescriptive durations, manual

(Inamdar 2017, sequence planning

2019, 2021; only

Moger 2007,

internal

documents)

Exposure-noise | none one acquisition | counting none choice of

rule (SAXS time vs exposure time

Guide, noise

Schnablegger &

Singh 2011)

Radiation- dose per position | one acquisition | dose rate, none damage

damage models frame series probability,

(Barth 2010, frame-

2011; Hopkins comparison

& Thorne 2016; metrics

Jeffries 2015)

Preservation storage state preparation freeze-thaw | none admissible

studies (Szarko only cycles, conditions

2010; Qu 2014, storage (guards)

Kelly 2021; duration

Price 1997)

Data-analysis dataset processing only | none none parameter

models (workstation estimation,

(Gaussian fits; D implicit) hypothesis

~ depth + tests

condition, type

1T ANOVA;

pyFAL DAWN,

Fit2D)

Formal tokens with generic / timed resource tokens | invariants,

precedents colour clinical tokens, reachability,

(workflow nets; pathway stochastic simulation

GSPN; CPN delays

Tools; pre-

dialysis TCPN)

Present TCPN coloured explant | joint receipt to | timed hood, incubator, | P/T-invariants,
token (group, accepted tokens; freezer, boundedness;
scenario, dose, dataset, three minutes to operators, rig, Monte Carlo
threshold, scenarios, days; beam, throughput,
integrity time, remeasurement, | beamtime workstation completion
flags) end of window; probability,

beamtime calibration power,
validity sensitivity,
dose-response,
logistic risk
models
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5. Discussion

One key result that the model provides over and above the protocol is that of two
different goals the narrative protocol does not distinguish between them: measuring all explants
and completing the design. So, under our ‘base case’ assumptions the beamtime on the
synchrotron to measure all explants of a given sample has a loss rate of six percent or so, a
completely successful experiment. Yet in less than four percent of cases the resulting design is
complete — 9 cells of 6 explants each. To achieve a probability of complete design of over ninety
percent the model calculates that with 48-hour beamtime and two people to make the punches,
eight explants per cell would suffice for a total of twelve extra punches, but no extra beamtime.
In contrast, 24-hour beamtime cannot be used to complete the design with any number of
operators, and interestingly the presence of a third operator to act as back-up to the planner
actually reduces the percentage complete design slightly, because he fills the handling pipeline

and extends the post-thaw waiting time to the operating limit for the personnel on duty.

Our analysis further defines two key areas of the beamline’s operation: the binding
resources of the facility (i.e. those that cannot be varied within the current set of operating
points) and the dominant failure mode for each set of operating conditions. As for radiation
damage, in the case of the exposures specified in the source protocols’ ‘exposure’ field, it
simply is not a failure mode at all: the dose test and remeasurement rule specified in the
protocols are a safeguard that has no value whatsoever until the ‘brightness’ or ‘exposure’ of
the source is increased, and the model generates the two published operating points as safe
limits for the relevant increases. By contrast, the waiting time after thawing an explant is a
failure mode that the protocol does not explicitly control: it is set by the operator’s policy on
how many samples to thaw ahead of time, it is a lognormally distributed variable whose tail is
truncated by the above policy, and it is the major cause of loss whenever the pipeline fills. We
also found a confound between treatment group and waiting time in the first-in-first-out (FIFO)
policy of thawing samples frozen in group order; this is an easily fixed problem, and we have

recommended that samples be thawed in random or blocked order.

Within the laboratory, the ten-hour exposures originally used for bone samples are not
long enough for measurements on hydrated tissue samples. This was already stated in the
second source document. Here too, the amount of time available for measurement with a given
number of explants is limited by the time spent positioning the samples in the beam. For 3600

s per position and 3 positions per explant, this amounts to 2 explants per working day.
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Dehydration of the samples in the sealed cells occurs to the extent of about 20%. Considering
the delay caused by the handling pipeline, none of the cells of the intended design can be
completed with the current settings. Shortening the exposure time to 1800 s and increasing the
campaign to twice the size of the current one leads to a recovery of the synchrotron radiation
profile at the cost of lower signal-to-noise, which can be converted to a penalty using the SAXS
Guide rule. As such, the best instrument for the pilot measurements (fresh vs. frozen-thawed,

healthy vs. trypsin-treated, steady state before and after loading) is the laboratory instrument.

Formal transparency: The major assumptions, transition conditions, resources and
delays are all laid bare for dispute. For the hybrid architecture to be implemented according to
the structure of Section 4, an empirical dose model, to predict dose at the beamline, could be
developed to substitute for the long-distributor threshold (Fratzl et al., 1998). In similar manner
to Hopkins and Thorne (2016) for frame comparison, an integrity model could also be created
to best predict D-period and proteoglycan content with time after thaw of explants for the
Weibull to be replaced by empirical integrity model. Durations of individual actions could be
estimated from the beamline's log of past actions and the resulting net would predict, prior to
each beamtime, the probability of a complete design, the number of additional explants to have
punched for ‘spare’ samples, the best policy for their thawing and the optimal exposure for best
signal-to-dose ratio, and predicted sizes of individual cells to input into power calculations for

the planned statistical analysis.

5.1 Limitations

Several key limitations of this paper have to be noted by the reader: (1) The TCPN is a
conceptual model and thus it has not been fitted to logs from real beamtime. Even if the
structural correctness of the model is granted, this does not necessarily imply that its throughput
predictions are accurate for realistic input. The numbers in the tables are properties of the
scenario and have to be checked for realism for a specific application; (2) All timing, damage
threshold, integrity time, probabilities for handling loss, parasitic scattering, and
synchronization failures as well as the laboratory working-hour calendar have been chosen as
illustrative values and have been anchored to specific statements in the documents (0.1 to 5 s
linear response time at 122, 0.03 s at ID02, 1 min test frames plus summed short frames in the
lab, 3600 s per position for powders) whereas the empirical application has to use validated
distributions for these variables, again performing a sensitivity/uncertainty analysis; (3) The

color of an explant only shows a very small part of the complete state, namely not the zone that

202
Fundamentals and Technical Means of Design, october 2026



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

is currently measured, the thickness, the real D-period (with its uncertainty) as well as the
number of depth bins that where actually usable (i.e. not on the plate edges) for the
measurement; the measurement itself can even be scientifically correct but statistically too
weak; (4) All resources have been strongly simplified, i.e. all operators are interchangeable,
they never get tired, the beam never fails and never is refilled, the calibration drift has a fixed
validity window, and a workstation processes all datasets from all operators without any human
interaction; (5) The dose sub-model only counts the exposures on a position and does not take
into account the dose rate as well as the beam-size dependent damage, the cumulative dose on
neighboring positions, as well as the slow damage reported in the frame-comparison literature.
WAXS measurements have not been modelled as there are no source studies on cartilage using
this type of measurement; (6) The ordinary 34x28 projection does not preserve information: a
transition that changes the color but not the place of a token (i.e. dose accumulation, exposure
halving, flags, single-thaw counter) as well as a joint token being transformed into several
explant tokens of the same position cannot be verified to have the required properties using
color-refined state-space analysis; this has been verified by simulation only for the attributes
used in this paper; (7) All operator policies (thawing: FIFO, acquisition: first quality control
measurement for a sample acquired, pipeline: fixed size) have been chosen by the author for
reasons of simplicity and have to be replaced by more realistic ones for a realistic verification,
as they introduce a confound that has been reported in Section 3.11 already; (8) The comparison
to other models in the bibliography is methodological in nature and thus not a performance
comparison in terms of accuracy on a given data set, as a dose model and a process model

cannot be ranked on the basis of a single accuracy metric.
6. Conclusion

We present a timed Coloured Petri Net (TCPN) formal representation of the
SAXS/WAXS measurement protocol for hydrated articular cartilage samples. The Net has 34
places and 28 transitions which represent all steps (preparation, measurement, processing,
quality-check) of the protocol as encoded from literature sources. The place invariants of the
Net encode the following constraints of the protocol: there are as many explants leaving as were
prepared, there are as many loading rig bookings as there are measurements, and there are as
many calibrated instruments as there are configured. The execution of the Net in 41,900 Monte
Carlo runs gives quantitative measures for the number of samples, failures, resources, waiting
times, design completion and statistical power for both a synchrotron beamtime and a lab
campaign. The TCPN representation of the protocol is more detailed than the protocols given
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in literature as well as the dose and preservation models and peak-fitting statistics given in the
bibliography as single steps or even single constraints to the workflow. But while the narrative
protocols, dose and preservation models and peak-fitting statistics given in literature allow to
check single steps or even single constraints for the workflow, the TCPN gives a complete
representation of the whole workflow under time and resource constraints. Hence the TCPN is
the only representation among them which allows to check in advance of a beamtime whether
a design is implementable and how many spare explants, operators and hours of time are
required for the given design. The most promising use of the TCPN is as a formally verified
process model where empirical dose, integrity and duration models are used as parameters for

the guards and delays of the transitions.

Data and code availability

The Python implementation of the timed CPN engine (tcpn.py), the protocol model
(saxs_cpn.py), the structural analysis (structural.py), the experiment driver (experiments.py),
the statistical analysis (analysis.py), the figure scripts, the replication-level and explant-level
result files and all figures are provided with this manuscript in the model, results and figures

folders.
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EXPLORING EDUCATIONAL CHALLENGES FACING CONTEMPORARY
TEACHING OF DESCRIPTIVE GEOMETRY AND DIGITAL SKILLS

Assoc. Prof. Marieta Konst. Yancheva -Popova
Assoc. Prof. Boryana Petkova Ilieva-Mihailova
Assistant Gergana Petkova Deliradeva

TU- Sofia, Fundamentals and Technical Means of Design

Abstract. Descriptive geometry is a fundamental discipline that is extremely important for
engineering graphics. Modern CAD systems are based on their principles, and their proper
understanding and use is the foundation of any engineering activity. In its essence, it is the science
of studying geometric shapes and their characteristics. A lack of sufficient knowledge in
descriptive geometry leads to a lack of proper use of engineering graphics as well. Acquiring
knowledge and skills is a continuous process in the training of specialist engineers, and any

shorter training course comes at the expense of knowledge.

Keywords: descriptive geometry, education, study, CAD systems

1. Introduction

Every core discipline needs to be developed to a sufficient extent to build quality
knowledge and skills. Descriptive geometry is a fundamental discipline for all engineers, and
the lack of in-depth knowledge is reflected in their future developments and projects.

The foundations of descriptive geometry were laid by the French mathematician
Gaspard Monge during the period 1746-1818. Monge developed a systematic method for
representing three-dimensional objects in two dimensions using orthogonal projections.
Descriptive geometry became a fundamental part of the curriculum for engineers and architects.
Monge's methods spread across Europe during the 19th century, becoming the foundation for
the training of engineers and architects. With the advent of computer-aided design, the methods
and principles of descriptive geometry have been integrated into the development of various
software programs. Digital transformation has significantly facilitated the application of
descriptive geometry by embedding it into CAD systems, thereby enabling the precise modeling
and visualization of complex structures (Balajti Z., 2024, Gutiérrez de Ravé S., 2025). Although
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software automates the drafting process, knowledge of the principles of descriptive geometry

remains crucial for understanding the algorithms underlying 3D models (Andrés Diaz L., 2022).

In (Tsoneva Z., 2020A, Tsoneva Z., 2025, Tsoneva Z., 2020B, Strunk K., Mwavita
M.,2024), a new theorem designed for the efficient determination of the line of intersection is
examined. The development of such methodologies can facilitate the manufacturing of parts

with complex surfaces.

2. The methodology for quality education
2.1. The methodology

Our quality management methodology follows a systematic cycle that links planning
and monitoring directly with the final evaluation of the learning process. By focusing on
strategic goal setting and a competency-based model, we ensure that every result is measured
against objective international metrics, specifically ISO 9001:2015.

The framework stands on several practical pillars. First, we use satisfaction diagnostics,
anonymous surveys that give us an honest look at the learning environment and our pedagogical
capacity. This is followed by rigorous monitoring of outcomes, analyzing how effectively
students acquire interdisciplinary skills and knowledge.

To choose the best teaching strategies, we apply comparative tools like the 'paired
comparison' method. Finally, the process is completed with a corrective mechanism that ensures
that our student’s skills are constantly updated. It is not just about control, it is about creating a
constant cycle of optimization for the entire educational activity to adapt and meet changing
requirements.

2.2. Strategic Development Framework

The roadmap for educational improvement in Bulgaria is clearly outlined in
the Strategic Framework for the Development of Education (2021-2030). This document
emphasizes that progress relies on several core pillars, most notably partnership and continuity.
By synchronizing efforts between universities, the private sector, and government bodies, the
framework aims to build a sustainable model that remains effective regardless of the shifting
political or economic landscape. Innovation is not just encouraged, it is treated as a necessity
for formulating new pedagogical approaches.

This institutional shift aligns perfectly with the global evolution of engineering
education. Project-based learning has already proven to be a transformative force, moving us
toward student-centered programs. However, as we transition from Industry 4.0 to Society 5.0,
these methodologies must evolve further (Tsoneva Z., Spasova D., 2024). While Industry 4.0
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focused heavily on the marriage of the internet and manufacturing, Industry 5.0 brings the focus
back to the human element. It places research and innovation at the service of a sustainable and
resilient industry (Giirdiir B., Kaynak O., Sadiq Sait M., 2022), making the analytical and

spatial tools of descriptive geometry more relevant than ever.

3. A study was conducted on the topic

A study of students' opinions on "Descriptive Geometry, as a Foundation of Engineering
Graphics and CAD Systems". The survey aims to assess satisfaction with the training provided
on the topic "Descriptive Geometry, as a Foundation of Engineering Graphics and CAD
Systems". Feedback on the participants' opinions is also provided. Participation is anonymous
and all participants have agreed to submit the data voluntarily. The data from the surveys are

treated in a confidential and summarized manner.

Do you have any prior knowledge of descriptive geometry?

41 responses

@ Yes, | have extensive knowledge
@ Yes, but only basic knowledge
Not

fig. 1 Previous knowledge of descriptive geometry.

The survey included 41 first- and second-year students from the Technical University
of Sofia who had undergone training in Descriptive Geometry.

Our study reveals a major opportunity for educational reform. The fact that half of the
respondents are completely unfamiliar with the discipline is a serious gap, yet 35.7% who do
have a solid handle on it provide a great starting point. This group represents a strong foundation
for introducing CAD systems or more complex engineering projects. It’s clear that without a
firm grasp of descriptive geometry, mastering modern computer-aided design is nearly

impossible.
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Do you have previous knowledge of engineering graphics?

41 responses

@ Yes, | have extensive knowledge.
@ Yes, but only basic knowledge.
Not

fig. 2 Previous knowledge of engineering graphics.

Our findings reveal a worrying gap in engineering graphics skills, with a mere 8.3% of
those surveyed showing any real proficiency. The data is incredibly polarized half of the
participants are completely disconnected from the subject. This isn't just a minor issue, it’s a
clear call for us to move quickly and implement digital training tools that are accessible. We

need visualization methods that bridge this gap before the divide becomes permanent.

Do you have previous knowledge of CAD systems?

41 responses

38.5%

fig. 3. Previous knowledge of CAD systems.

The study results make it clear that most students start the course with almost no
background in descriptive geometry, graphics, or CAD tools. Because of this, the course must
do more than just add to what they already know, it basically must build their technical
foundation from the ground up. In today’s digital industry, these basic competencies aren't
optional, they are survival skills. Without them, students will find it nearly impossible to keep

up in a professional engineering environment that moves fast.
Statistical Hypotheses Formulation
To analyze student achievements and the transition to CAD technologies, a Paired

Samples T-test was conducted. The hypotheses were formulated in accordance with standard
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quantitative educational and experimental research methodologies. By strictly investigating the
transition challenges between theoretical foundations and digital application tools, the
following hypotheses were evaluated based on the survey data (N=41) in accordance with
standard quantitative educational research methodologies (Strunk K., Mwavita M., 2024, Peers

L., 2006, Montgomery D. C., 2019)

To mathematically evaluate the relationship between theoretical spatial readiness and
practical software capabilities, student competencies were operationalized using a 3-point
interval scale (1: No knowledge, 2: Basic knowledge, 3: Extensive knowledge). The dependent
variables represent the paired competency scores of each participant (N=41) before and after
encountering CAD applications. Given the paired nature of the continuous feedback data, a
directional parametric approach was adopted to identify the specific direction of the potential

knowledge degradation. The hypotheses are formally structured as follows.

To strictly investigate the transition challenges between theoretical foundations and
digital application tools, the following hypotheses were evaluated based on the survey data

(N=41):

- Null Hypothesis (Ho): There is no statistically significant difference between students' prior
knowledge profiles in descriptive geometry (DG) compared to computer-aided design (CAD)

systems.

- Alternative Hypothesis Hi, Students present significantly lower initial competencies in CAD
systems compared to their descriptive geometry and engineering graphics backgrounds,
establishing a  distinct  digital gap. Hypothesis  Testing and  Analysis:
Paired Samples T-test was conducted to measure the discrepancy between fundamental spatial
backgrounds (DG) and software proficiency (CAD). The analysis confirmed a statistically

significant drop in competencies when transitioning to digital software.

Table 1. Statistical evaluation of the knowledge gap between descriptive geometry and cad

software (n =41).

Descriptive CAD Statistical Output
Metric

Geometry (DG Systems
Mean Score (1-3 Scale) | 1.63 1.50 t-value = 2.05
Variance 0.54 0.41 p-value =0.046 (p <0.05)
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Since the calculated p-value (0.046) is strictly lower than the standard significance level
of a=0.05, the null hypothesis Ho is officially rejected. This statistical validation
mathematically proves that students face an acute baseline gap when introducing CAD

applications, confirming that curricula cannot assume passive software literacy.

Prior Knowledge Distribution Comparison (N=41)
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fig. 4. Boxplot comparison of prior knowledge distribution between Descriptive Geometry and

CAD Systems (N = 41).
Discussion of Statistical and Empirical Findings

The findings of this study clearly point toward a necessary increase in descriptive
geometry hours within engineering programs. While initial data shows that students often enter
these courses with limited prior knowledge, our research highlights a surprisingly high level of
student interest. They seem to recognize, perhaps intuitively, that descriptive geometry serves
as a vital link between abstract theory and real world application. This is more than just an
ordinary academic subject; it serves as a practical tool for visualizing and breaking down
complex spatial problems. It is a skill of paramount importance for any modern engineer or
architect. Data indicates a need to rethink current curricula. Although mastering material
requires significant effort, students view discipline as a foundational element of their
professional development. We often speak of spatial intelligence, yet in practice, descriptive
geometry provides the mental framework that enables an engineer to transition from an abstract
mathematical concept to a functional 3D visualization. This ability to see and manipulate

objects mentally is what separates an innovative designer from a technician.

The need for more instruction hours becomes even more apparent when looking at the
digital gap. With over 58% of respondents admitting they are unfamiliar with CAD software,

descriptive geometry becomes an essential prerequisite. If a student doesn't understand
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projection methods or geometric logic, using CAD remains a purely mechanical exercise of
clicking buttons without grasping the underlying geometry. By increasing classroom hours, we
can facilitate a much smoother transition from basic drafting to the sophisticated parametric

modelling used in industry today.

Rejecting the null hypothesis (Ho) via an empirical t-test provides a mathematical basis
for the study's core argument, leading to the conclusion that instructional hours for the
descriptive geometry course should be increased and integrated with specialized training in
CAD systems. The significance of this field extends far beyond the scope of traditional drafting,
it is a fundamental requirement for emerging sectors such as robotics, additive manufacturing
(3D printing), and modern architecture. If we want future professionals to be prepared for the
demands of Industry 4.0, we must equip them with the analytical and spatial tools that only an

in-depth study of descriptive geometry can offer.
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ITPOYYBAHE N AHAJIN3 HA U3UCKBAHUATA OTHOCHO JUT'UTAJIEH
HOUPPOB ITACIIOPT / DPP/ B TEKCTUJIHATA UHAYCTPUSA 3AJIOKEH B

PEI'JTAMEHT /EC/ 2024/1781

Pocuna lumutpoBa
Jou.x-p.unx. I'eopru CtanuyeB
Hou.a-p.unxk. bopsina Uinesa-MuxaiijioBa

Texnuuecku Ynusepcumem Coghus

Pe3tome. 3a nma Obae MpexoabT KbM KPBroBa HKOHOMHUKA YCTOWYWB TEXHOJOTUYHHTE
npoMeHu TpsiOBa Aa ObJAT ChUETAaHM C HOBU OWM3HEC MOJENH, J1a CE HampaBAT
HEOOXOJUMH HWHBECTHIIMM M TPWIOKAT (PUHAHCOBM HUHCTPYMEHTH. ToBa BOIU 10
MpoMsiHA B peEryjaropHa paMKa, pa3BUBa HOBU YMEHHUS W HOBO IIOBEJICHHETO Ha
Y4aCTHUIUTE B MKOHOMHYECKMs] KOHTeKcT. OOmata pamka Ha Permament /EC/
2024/1781 obxBaia MOYTH BCHUKH (PU3NUECKH CTOKH, BKIIOYUTEITHO TEKCTUI. 3aI0KEeH
B €BPOINEICKOTO 3aKOHOJATENICTBO € M3MCKBAHETO 3a BhBeXkAaHe Ha DPP /mururanen
npoAykToB nacnopt/. ToBa e 3HauMMa MHOBalUs B pernameHTa. JlocTbbT 1ie Obe upes
QR xon wnu uudposa 0aza naHHu. I[IpomeHu e HACTHOAT B HAuMHA, IO KOWTO ce
OCBILIECTBSIBA TPOU3BOJCTBOTO, JJOTUCTUKATA U yIIpaBiieHne Ha otnaabuute. Ot 19 ronu
2026 Bneze B cuia 3a0paHa 3a YHUIOXKaBaHE Ha HEMPOAAIEHH CTOKH OT TOJEMH
npousBoautenu. Jlo 2030 roauHa mie ce u3nckBa BbBExkAaHe Ha DPP B cpennute
npeanpusTis. TEKCTUIHHUAT CEKTOp € H3MpaBeH IMpe] NPOMsSHA, KOSITO H3UCKBA
(UHAHCOB M KaIpOBU PECYPC, pEUICHHU Ha MPoOiIeMu ¢ HHPOpMAIUATa OT TOCTABUUIIN
OT TPETU CTPAHU U 3alUTa HAa ThProBCKaTa TaliHa. BbBeX1aHe HA HOBUTE M3MCKBAHMS
MOCTaBsl TEKCTHJIHUAT CEKTOP IIPel MHOKECTBO TpyaHOCTH. Cbh3naBaHe Ha Hannonanen

KOOPAWHAIIMOHCH HEHTHP € Bb3MOXKHOCT 3a IMOAKPEIIa Ha NPCAIIPUATHATA.

Knwouoeu Oymu: TeKcTUITHA WHAYCTPUS, BBIIEpOACH oTnedarwvk; Permament EC
2024/1781; Pernament EC 2026/1778; Pemenne 3a m3neiHenne EC 2026/1736;
Cranmaptr Ha CEN/CENELEC EN18216 no EN18226; B/IC EN18216:2026 no BJIC
EN18226:2026;
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Pernament EC 2024/1781 (ESPR)’ e BaxkeH akT Ha eBPONEHCKOTO 3aKOHOJATEICTBO B
pamMKuTe Ha 3eleHaTra cAelka U CTpeMeka 3a KpbroBa HMKOHOMHKA. Toil mpenBmkia
TpanchopMmanys B JIeKaTa IPOMHIIUIEHOCT U B YACTHOCT TEKCTHIIHUAT cekTtop. Permament EC
2024/1781, uzBecteH karo PermamMeHT 3a eKONPOEKTHUPAHE HA YCTOWYMBH MPOIYKTH, 3aMEHS
crapus pexxum Ha JlupextuBa 2009/125/EO. TekcTunHata MpOMHUIUICHOCT U OOYBKHTE ca
MOCOYEHHU KaTO MPUOPUTETHU CEKTOPHU MO TO3M peryiaMeHT. Cropen rOAULIHUAT JOKIJIAJ 3a
eauHHUs nasap Ha EBponeiickata xomucus npe3 2024r. 65% OT TEKCTUIHUTE KOMIIAaHUM ca
3asiBUJIM MEPKHU 32 HaMaJIIBaHE Ha OTHaAbLUTE B IeiiHOCTTA cH, 58% ca MHUIIMUPAJIN IPOrpaMu
32 UKOHOMHUS HA €HEprus, KaTo 3HAYMTENICH € MOKa3aTeNsaT 3a U3MOJI3BaHe Ha Bb30OHOBsIEMa
eHeprusi. Maibk octaBa JeIbT Ha KOMIAHUUTE, eaBa 18%, KOUTO ca pa3pabOTUIIU CTpaTEeTuu

3a KIMMaTH4Ha HeyTpajIHocT npes 2024r.%

BHGI[pSIBaHCTO Ha CKOJIOT'MYHH U I_II/I(l)pOBI/I TEXHOJIOTUH € MPOANKTYBAHO OT CTPEMCIKA 34
YCTOP'I‘II/IBEI KOHKypeHTOCHOCO6HOCT. Exonornunusar wu I_II/I(prBI/IHT Hallp€aAbK H3HUCKBAT
CBBHP3aHOCT, 3a J1a CC MOCTUIHAT MMOCTAaBCHU LCJIW, BOACHIA OO0 OTTrOBOPHO JeiicTBHe CIIpsIMO

npupojaTa.

TexcTuIpT ce I[C(l)I/IHI/Ipa KaTO C€KOCHUCTEMA, CBBKYIIHOCT OT BCHYKH YYaCTHUIW BLB
BE€purara, oT Hal-MaJIKUTe CTapTrupalmy nNpeaAnpudaATuAa 10 YTBbPACHU U HAJIOXKHUIIM UMCTO CHU
ToJIEMHU q)HpMI/I, OT aKaICMHUYHUTC U HAYUYHOU3CIICAOBATCICKU CpCAU OO0 NOCTABUULIUTEC Ha

CYPOBHUHHU U MAaTCpUaJIH.

1. CbuiHocTt Ha mpodJeMa

Knumarnunure npomenu B EBporna, n3passiBaiiyu ce B OKayBaHE HA TeMIeparypara, ce
MPOSIBSIBAT HA HAKOM MECTa ChC MEPUOAM HA 3aCyIlIaBaHE U PUCK IUIOJAOPOJHUTE 3EMU Ja CE€
MpEeBbPHAT B HEU3IMOI3BAEMH, Ha JIPYTH ¢ ManiabHU MO pa3Mepy HaBOJHEHHs. ToBa 3acsira
WKOHOMHKAaTa, OKOJHATa CpeJia, CEJICKOTO CTOMAHCTBO M YOBEIIKOTO 37paBe. Y CHIMITA HA
EBpormeiickus cbro3 3a 3ama3BaHe Ha OajlaHca B KJIMMara ca 3ajeTHajdd B pPa3IMuyHU
3aKOHO/IATEJTHU aKTOBE. 3a Jla MOCTUTHE LEeNTa CH 3a KauMaTuyHa HeyTpaiaHocT 10 2050r. EC
MpUe 3aKOHOAATEeNEeH makeT, m3BecTeH karo “IloarorBenu 3a men 55, KOWTO € 4YacT OT
EBponeickuaT 3eieH nakT. EBpONENCKUAT ChIO3 C€ aHTaXHMpa U C HAMAIIIBAaHE HA EMHUCHHTE

Ha MIAPHUKOBH ra3ose ¢ 55% 10 2030r.%!!
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2. JleiicTBamia HOpMaTHBHA PaMKa

2.1 EBponeicko 3aK0HOAaTeJICTBO

Permament EC 2024/1781 /ESPR/ e wusBecren karo PernameHT 3a exoan3aiiH Ha
ycToitunBM npoaykTu. OCHOBHaTa 1€l Ha PernaMenTa e aa 3aiazie paMka Ha MPOAYKTH, KOUTO
Ja ca TO-yCTOMYMBHM, PEMOHTHpYeMH M peuukiaupyemu. llonmomarane Ha KpbroBara
WKOHOMHKA C€ OCBIIECTBABA 4Ype3 MHGOpMAIUSA 32 €KOJIOTHMYHHS OTIEYaThK TPe3 IETHs

JKU3HCH ITBT HA ITPOJAYKTA.

Ocnosuu yacty oT Perimament EC 2024/1781 /ESPR/ ca:

» CE mapkupoBKara;

» 3aIbDKeHUs HAa HKOHOMUYECKHUTE OTICPaTOPH;

» Hamsop Ha mazapa;

» Bpb3Ka ¢ Ipyru eBpoIeiicK akTOBE,

» IlpakTudyecka NPHUIOKHUMOCT M 3HAUCHHE.

PermamMenThT MMa MHOTO mUpok ooxsar. [Ipuara ce 3a moutu GpU3MIECKH MPOTYKTH:

eIeKTPOHUKA, TEKCTUI, MEOENH, TYMH, CTPOUTEITHI MaTepuaiy, TOMaKUHCKUA YpeIu U IPYTH,

KaTO U3KJIKOYUBA XpaHU, cpypaxcn, JICKApCTBA 1 )KUBU OpPTaHU3MU.

OCHOBHM MEXaHM3MH Ha perilaMeHTa ca M3UMCKBAHMSTA 3a €KOJAM3aiiH, 3a0paHa 3a

YHHUIIOKaBaHC Ha HCIPOAAACHH CTOKHU U BbBCIKAAHEC HAa AUTUTAJICH TPOAYKTOB ITACIIOPT /DPP/.

PernamenTsT Bin3a B cuna Ha 18 roiu 2024r., HO HeroBuTe creun(UYHM MpaBuiIa U

CPOKOBE C€ BHLBCKIAAT MOCTAITHO YPE3 AOIIBJIHUTCIIHU AKTOBEC 3a BCAKA NPOJYKTOBA KaTCrOpH.

3abpaHara 3a yHHIIIOKaBaHe Ha HETIPO/IaIeHU TIPOIYKTOBU CTOKH € C ICHU CpokoBe. Ha
19 romu 2026r. Bie3e B cuia 3a0paHa 3a YHHIIO)KCHHE HA TEKCTHJIHM CTOKH, aKCECOapH U
00yBKH Ha TOJIEMU MPEANPUATHS. 3a CPEAHUTE IPENPUITHS Ta3u 3a0paHa BiM3a B cuiia Ha 19
toni 2030r. M3BBH TOBa M3MCKBAHE OCTaBAaT MAJIKU U MUKPOMNPEINPUATHS. 3adbJDKEHUE Ha
TOJIEMUTE U CPEIHU IOPUAMYECKU JIMIA B TEKCTHJIHHUS CEKTOp € Ja MyONUKyBaT €KeroaHa

uH(popmaIus 3a o0eMa U IPUIUHATA 32 U3XBBHPJISTHE HAa HETIPOIa/ICHU MTPOTYKTH.

N3uckBaHeTO 3a EKOIU3alH e OIpENEs napaieaHo ¢ BbBexaane Ha DPP u e 3a Bcska
MPOAYKTOBA rpyna. XapakTepUCTUKUTE OTYATAT KPUTEPUUTE: TPAUHOCT, BBIIIEPOACH

OTINEYAThK, PEHUKIUPYEMOCT ¥ Bb3MOKHOCT 32 PEMOHT.

Jurutanaust npoayktos nacrnopt /DPP/ ce BpBexna moetanuo mexay 2026 u 2030r..
[IponykTuTe HE MOTaT Ja MpUCHhCTBAT Ha a3zapa Ha EC 0e3 Bamuaen DPP. PernamenTsT 3a1aBa
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M3UCKBAHE 3a Cbh3JaBaHE Ha IIEHTPAJIEH PErucTbp, KOWTO 1€ ChXpaHSIBA JTUTHUTAIHUTE
unentudukaropu. Toi 3anousa aeiiHocT Ha 20 ronm 2026r. 3a ceKTOpUTE TEKCTUII U 00JIeKIIa
ce ouakBa cien 2027r. ma Bue3e B cuia. [Ipexognurte mepuoau ciej Biv3aHE B CHJIa Ha
3aKOHOJIATEITHUAT aKT ca MUHUMYM 18 mecena. ToBa Bpeme 1aBa Bb3MOXKHOCT Ha (PUPMUTE 32

OopraHu3alys no BHEAPSIBAHE U U3IIbIHEHUE HA U3UCKBAHETO.
DPP TpsibBa na chappika B cede CH 3abJDKATETHA HHGOPMAITUS 3a:

IIPOU3X0Jl HA CYPOBUHMUTE;
BBIJIEPOJIEH OTIEYaThK;
XUMUYEH ChCTAaB;

BB3MOKCH PCMOHT,;

YV V. V V V

MHCTPYKLIMU 32 PELUKIIMPAHE.

®dopmara 3a IOCTHII JI0 HETO I11e ce ochiecTBr upe3 QR kox nmu nudposa 6aza nanuu. Besko
(U3HYECKO U IOPUIMUYECKO JIUTIE HITM KOHTPOJIUPAI] OPTaH e UMa JIOCTHIT 10 HHPOpMAIUITA.
Te3u naHHM 1€ TPOMEHAT (QYHKIIMOHUPAHETO HA TOCTABKUTE, MPOU3BOICTBOTO, JJOTUCTHKATA
Y YIPABICHUETO HAa OTNAIbIU. BCeKH eIMH NKOHOMMYECKH OIEepaTop 1€ HallpaBu MPOMEHH B
MOCOKa Ha JUTHTaNu3anus u npo3pauynoct. DPP chabpika ganHu 3a cypoBUHATa, peanusupa

MpoCICANMOCT Ha IPOU3BOJACTBOTO U NPO3PAYHOCT HA JOCTABYHUILIUTC.

3a ompezensHe Ha TEXHUYECKaTa M IOpuUauuecka MHPpacTpykTypa Ha LleHTpanHus
eBpomneiicku peructbp 3a Lndposu npoxykroBu nacnoptu DPP Ha 16 romu 2026r. Komucusita
npue Pernament 3a uznbanenue /EC/ 2026/1778. Toii 3aiaBa ch3naBaHe Ha eAUHEH U(PPOB
perucTesp Ha LUQPPOBUTE MACIOPTH, B KOWTO Ja C€ ChXpaHSABAaT Hall-MaJKO EIUHHUTE
uneHTHUKauonn konose®. Cucremara 3a DPP e m3rpajeHa NeleHTpaIU3UpPaHO, HO €
OpPEIBUIEH CTPOr KOHTPOJI W M3UCKBaHMA KbM oOe3ledyaBaHe Ha curypHoctta. Camo
MKOHOMUYECKH ONEPATOpPH ChC CTATyC ,,JIpOBEpeH me morar aa peructpupar DPP u na
U3BBPIIBAT KOPEKIMH B CHIIECTBYBAIIM peructpanuu. Topa Ie craBa upe3 KBaIUpUIMpaH
€JIEKTPOHEH MOMNUC WM KBAIM(UIMpPAH eleKTpoHeH meuat. [IpoBepkara Ha BaJMIHOCT Ha
CTaTyTa € MaKCUMYM TPH TOJUHH, CJIE] KOETO TS CE€ MOJHOBSBA. JIOCTHII 10 perucThpa Lie uMaT
KOMIIETEHTHH Opranu, Hanpumep Hanzop Ha nazapa, MuTHu4eckn opranu u Apyru. J[anaure
B LICHTPAJIHUAT PETUCTHP CE ChbXpaHABaT MUHUMYM 10 roAuHM clie]] peTUCTpalus Ha MPOAYKTa,
OCBEH aKo He € pasnucal Apyr cpok. Komucusita e COOCTBEHUK U yIpaBUTEN HA PETHCTHPa U
TS W3BBPIIBA MPOBEPKH 32 JOCTOBEPHOCT Ha JaHHHUTE. 3a Ja (yHKIMOHHpAa W Ja HMa

BB3MOXHOCT 3a pasmidpsABaHC Ha JAHHUTEC CC NPCABHKIAa H3rpakiaHc¢ Ha ,,CCMAaHTH4YHO
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xpanunuie”. ToBa me 6b1e Haarpaxaama ce 6a3a OT MOJENH Ha JaHHU M OT CEMaHTHYHU
ONpeNIeJICHUs, KOSTO HIE C€ pa3lIMpsiBa ¢ BKJIIOYBAHE HAa HOBU NPOJIYKTOBU Tpynu. Tazu
(GyHKIMS rapaHTUpa CbBMECTHMOCT Ha JaHHUW, PEYHUIIMA, TEXHHYECKH nepuHuImu. 3a
ChIEHCTBUE NIPU U3IOJI3BAaHE HA JJAHHUTE CE Ch3J1aBa yciyra ,,bropo 3a momoin*. PermameHTsT
ypeXaa U CPOKOBE 3a ChXpaHCHHWE Ha 3amucuTe. Te crienBa jga ObgaT 3a mepuoaa Ha
peructpanus. 3anucuTe 32 AIMUHUCTPATUBHU OINEpallii U OOMEH Ha JJAHHU C€ ChbXPaHSBAT 3a
CpPElIeH CpOK OT TNeT TOAWHH. VIKOHOMUYECKHMAT omeparop HOCH OTTOBOPHOCT 3a
MPEJIOCTAaBSIHETO HAa ThJIHA W HWCTHHHA HMHGPOpMANMs Ha PETHCThbpa. 3aJIMYaBaHETO H
aKTyaJu3MpaHe Ha JaHHUTE B PErUCThpa, 00padoTKaTa HA JIMYHU JAHHHU, MEPKUTE 32 3aIIUTa
Ha PErHCThpa W HU3IOJI3BAHETO MY, KAKTO U OCUTYpsBaHE Ha JOCTHITHOCTTAa HA PETUCTHPA H

ChbABPKAIMUTE CC B HCI'O JdHHU Ca Pa3IIMCAHU B Permamenra. HOI[pO6HO Cca 3aJaCHU:

» M3UCKBaHMSI 3a MPOBEPKA HA HKOHOMUYECKHUTE OIIEPATOPH;

» W3UCKBaHMS 3a MPOBEPKA HA YYACTHHUIIUTE BB BEpHUraTa Ha CTOMHOCTTA;
» yIOpaBliCHHE Ha IIOJI3BATEICKH NMPO(WI Ha TPOBEPEH HKOHOMHYECKH ONepaTrop M
IIPOBEPEH YYACTHUK BbB BEpUraTa Ha CTOMHOCTTA;

MPEXBBHPIISHE HA pErUCTPUPaHU HUGPOBU MPOJYKTOBU MACHOPTH;
aHT@XXWMEHT Ha HallMOHAJTHUTE 3aKOHOIATEIIN U OpPraHu;

peructpanus Ha u(poB MPOAYKTOB MACIOPT;

JI0Ka3aTeJICTBO 3a pErucTpanms;

yHIpaBJIEHHE HA JaHHU 34 PETUCTPAIN,

MOJIC/TN Ha TaHHH,

CEMaHTUYHO XPaHUIIHUIIIC,

TEXHHUYCCKA ITOMOIIT;

CHCTEMa 3a BOJICHE Ha PETUCTHPA,

NOAJAPBKKA M JOCTHITHOCT,

CUTYpHOCT Ha HH(POPMALIMOHHUTE CUCTEMU U TEXHUYECKH OJIUTH;
M3T0JI3BaHe HA PETUCThpa MO0 HEMOAXO I HAYMH C LICTT U3MaMa,
3amnyTa Ha JIMYHUTE TaHHU,

3aIbDKEHHUS Ha IIPOBEPEHUSI HKOHOMHUYECKH OIepaTop;

OTTOBOPHOCTH Ha MPOBEPEHUTE YUACTHUIIM BLB BEpHUrara Ha JIOCTaBKa,

otroBopHocT Ha Komucusira;

V VV V V V VYV V V V VYV V V VY V V VY

OTTOBOPHOCT HAa ABPKABUTC-YJIICHKH.
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Ho kpas Ha 2032 1 Ha BCEKU LIECT roANHM ciea ToBa Komucusita U3roTss olieHKa Ha

Hacroguusa PernaMeHr.

2.2. HanuoHaHo 3axkoHoaaTesIcTBO B PBhbarapus

Pernament /EC/ 2024/1781 /u3BecTeH karo PerimameHT 3a €KONpPOEKTUpaHE H
ycroitunBu npoayktd ESPR/ u nocnensamust ro Pernament 3a nsnennenue /EC/ 2026/1778
/ xoWTo ompenens npaBuiara 3a Peructbpa Ha nudposute npoaykrosu macrnopta DPP/ ca
aKkToBe ¢ mpsko neiictBue. Te ce mpunara B bbarapusi nupekTHo, 6e3 1a € HeoOXO0AUMO
ISJIOCTHOTO UM TPaHCIIOHUpPaHE B OTAeleH HOB 3akoH. [lo cuimara na Permamenrta mo 18
deBpyapu 2027r. barapus TpsiOBa 1a Ha3HAYM CBOSI HAIIMOHAJICH a[IMUHUCTPATOP, KOWTO IIIe

OTroBaps 3a Bpb3Kara ¢ LlenTpasHuaT eBpornencku peructsp Ha DPP.

B bwarapus cmna3BaHeTo Ha W3HMCKBaHUATA 32 €KOMPOEKTUPAHE CE OCHIIECTBSBA B
CHOTBETCTBHE ChC 3aKOHA 3a TEXHMUECKMTE M3MCKBaHHsA KbM npoaykrute /3TUII/C.Opran
OTroBapAll 3a KOHTPOJIa 3a CbOTBETCTBUE HA MPOAYKTUTE Ha I1azapa € J[pp)kaBHaTa areHIus 3a

METPOJIOTHYEH U TexHu4ecku Haa3op /JJAMTH/.

bparapckusaT MHCTUTYT MO cTaHaapTu3anus nmyonaukysa Ha 11 ronu 2026r. cBoute
craugapta BJIC EN 18216:2026 no BJIC EN 18219:2026. ToBa ca cTraHIapTUTE BKIIOYBAIITN

{1 (ppoB NPOAYKTOB MACHOPT M CBBHP3AHOCT C':

[TpoTokonu 3a 0OMEH Ha TaHHH,
YHUKaIHU UIEHTU(PUKATOPH.

Hocurenu Ha maHHM.

YV V V V

CpxpaHeHue Ha JaHHU, apXUBUpPaHE U yCTOMUUBOCT HA JaHHU. MHTepdeicH 3a
nporpaMmupane Ha npuioxkeHus: (API) 3a ynpaBnenue Ha )XKM3HEHHS] UKD Ha

MIPOTYKTOBHSI MACHIOPT ¥ B3MOYKHOCT 32 ThPCEHE.

Y

ornepaTvBHA CbBMECTUMOCT Ha CHCTEMaTa.

» VYrmpaBlieHHe Ha ITpaBaTta 3a JIOCThII, CATYPHOCT Ha HH(OPMAIMOHHUTE CUCTEMHU
Y MOBEPUTEITHOCT Ha AEHHOCTTA.

» VYjocToBepsBaHe Ha JaHHUTE, HAACKIHOCT M IeiokymHocT. Yact 1: OOmy

nperyiea u ocHoBHM npuHIMIU (ISO/AWI 25534-1:2026).
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3. Hpe)lI/ISBI/IKaTe.]'ICTBa npea TEKCTUJIHUA CEKTOP

Boeexxnanero DPP noctaBst pupmute OT TEKCTUIIHHS CEKTOP Mpes He0OXOUMOCT OT

MpUJIarale Ha Mmopenuiia oT IeWHOCTH. B Hali-o011 11aH ToBa ca:

» wuneHTH(UIMpPaHE HAa BEpUTaTa Ha JOCTABKU — KOMITAHUHTE TPSIOBA J1a M3UCKBAT
OT JIOCTABYMIIUTE CH Ha CypOBUHH/ Ha MPEXIH, IJIaTOBE, KomueTa, barpuia u
Ipyr/ EKOJNOTMYHHM CepTHPUKATH U JeKiIapanud. 1oBa 1€ OCHTYpH
IIPOCIIEIUMOCT Ha KOMIIOHEHTUTE Ha IPOJYKTA.

» u300p HA YHUKAJICH UICHTU(PHUKATOP U TEXHOJIOTUS — BHEPSIBAHE HA CTAHIApPT
GS1 DIGITAL LINK!. Beeku otaenen aptuxyi Tps6Ba a MoIydn yHHKajleH
cepueH HoMmep, cBbp3aH KbM QR kox niau RFID Tar.

> BCsAKa KoMMaHMs TpsOBa 1a u3depe copTyep, KOMTO reHepupa CbBMECTUMU
CTPYKTypU OT JaHHM U TH T[pelaBa aBTOMATHYHO 4Ype3 3allUTEeHU
APIunTepdeiicu kpM peructbpa Ha EC.

» (upmuTe TpsaOBa J1a ca mpuTekaTeau Ha KBanuduupan eIeKTpoHEeH rnevar, Ha
MMETO Ha IOpUANYECKOTO jule, win Kpanuduuupan enekTpoHEH MOJAIUC Ha
umeTo Ha pusnyecko iuue uian ET, 3a 1a MmoraT ga BucBaT CBOUTE MPOAYKTOBU

MMacropTy B CHTPAJIHUA eBpOHeﬁCKH PErucThp.

lonemute M cpenHu NpeAnpuATHsS B TEKCTUIHHUS CEKTOp Ile TpsOBa J1a HAmpaBsT
WHBECTULIMM B JAUruTanu3aunus. Ts e oCUrypu IpoCIeIMMOCT Ha JaHHWUTE 3a MPOAYKTa,
HETOBHMAT BBIJIEPOJIEH OTMEYaThbK Mpeau Jpexara jaa ObAe JajeHa 3a MPOU3BOJICTBO,
MapKHpOBKATa Ha IPEXUTE IPEMHUHABA B JUHAMUYHA, YPE3 FEHEPUPAHE HA YHUKAJIHU 3a BCSAKA

opoiika QR komoBe.

Te3u nmpomeHu BOJAT 10 TPYAHOCTH IIpU Ipuiiarane Ha BpBexaane Ha DPP. Ha mepBo
MSICTO CIIe/[Ba Jja ce OTOENEkKH, Ye ToJIsIMa 4acT OT GupMUTe B bharapus oT TEKCTUIIHUS CEKTOD,
CKJIFOYBAT JOrOBOPEHOCTH 3a paboTa HAa MIUIEME 3a 3amajHu OpaHnoBe. Marepuanure ce
J0cTaBAT OT Tpetu crpanu kato Kuraii, Typuus, banrnagem, Kb1eTo 10CTaBUNLUTE HAMAT
TEXHUYECKA TOTOBHOCT 3a IIPEIOCTaBSIHE HA JaHHHU 3a €KOJIOTUYEH OTIEYaThK. BHeapsBaHe Ha
HOBUTE co(Tyepu 3a paboTa B TOJIEMHUTE U CPeIHU (PUPMU I11€ U3UCKAT KBaTU(PUIIMPAHU HOBU
cnenuanucty 1 puHancona nHBectulus. llle ce HanpaBAT CMEHH U B MAIlIMHUTE 32 €TUKHPaHe
Ha NpoIyKT. [Ipyro npurecHenue Ha (pabpUKUTE € pa3KpHBaHE Ha JOCTABYMIIM 10 BepUrara B
JUTUTAIHUS [1ACIIOPT, KOETO 1€ IT03BOJIM HapyllaBaHe Ha ThPrOBCKATa TaliHa U 3al1a3€HO HOY-

xay. @upmuTe TpsAOBa Aa CIENAT 3a BaJUAHOCT Ha TexHUTe KBanmupuuupanu enexTpoHHU
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nognucu. [Ipu m3Tnyane Ha chuIMTe COPTyepHATa BpPBH3KA C EBPOICHCKUS PETHCTBD Ce
IIPEKpaTsBa aBTOMAaTUYHO U CE€ CIIMPA Bb3MOKHOCTTA 32 [TyCKAaHE HA HOBU IIPOYKTH Ha I1a3apa.
Bb3MoxkHaA TpyAHOCT € U Obp3MHATA Ha OOMEH Ha JIaHHU MEXAY CPEIHUTE MPEeANpHUSITHS U

Hentpanuus peructsp Ha EK.
Heo6xonuMocT OT TOMBIHUTENHA ICHOTA U3TTH3a MIPH CISTHUTE apaMeTpH:

» IMICBa sicCHA Ne(UHUIMS HA ,,ThPrOBCKA TallHA* BHB BEpHUraTa Ha CTOMHOCTTA.
PermameHThT HE 3a7aBa mapaMeTbp, KOWTO J1a CKpHUBA MME Ha JOCTaBYMK Ha
CYpPOBHHH OT KOHKYPEHTH, HO J1a € IOCTBIICH 32 MUTHUYECKH CITy>KOU U HaJ[30P
Ha 1asapa.

» PeructepbT rapantupa chbxpansBaHe Ha gaHHu 3a 10 rogunu. LlenTpanHusT
pPErucThp Ma3d OCHOBHO WJIEHTU(UKATOpUTE/ JUHKOBETE/, a JeTaiinTe Ha
uudpoBHs MPOAYKTOB MACIOPT ca Ha ChpBbpUTE Ha mpousBoautens. [Ipu
CUTYyalus Ha (paJuT U CIIMpaHe 3aIjIalllaHeTo Ha ChbPBBHPA, 11e crpe padota u QR
kon win RFID Tar. JluncBa mpoTOKOJ KOW IOE€Ma XOCTHHI JIAHHUTE IIpU
JTUKBUAAIMS HA pupMa.

» IlonyuaBaHe Ha naHHM 11e TpsiOBa na Obae U kbM DPP, n xbM HanmoHanHUTE
€KOJIOTUYHU WHCIIEKLMH, OTTOBOPHU 3a CIIA3BAHE HA WM3UCKBAHMUA MO APYrd
PernamenTu. ToBa n3ncKkBa CBHP3aHOCT U OOMEH Ha JJAaHHHU.

» 3a momyckane g0 teputopust Ha EC MHUTHHYECKUTE OpraHu IIe MPOBEpsBAT
ABTOMATUYHO MacHOPTUTE MPHU BHOC. M3rpak/IaHEeTO HAa CHCTEMA 33 CBBP3aHOCT
HAa MUTHULM U LEHTPAIHUS €BpOmNErcKu peructbp 3a DPP e B mpouec nHa

BHCApPABAHC.

B kpatkocpouen miaH BbBex1aHe Ha DPP 1mie noBese 10 yBennyeHne Ha pa3xoquTe 3a
CHOTBETCTBUE Ha MPOIYKTH, 10 MHBECTUIIMM B HOBU TEXHOJOTMYHH CUCTEMH M CIIELUAIIUCTH.
B nwarocpodeH miaH miaHUpaHUTE MPOMEHM IIE YJIECHAT JOCTBIA JI0 Ma3apu, KOUTO ca
YCTOWYMBH, MPOJYKTHUTE IlI€ ca C MO-BUCOKa J100aBeHa CTOMHOCT M (UPMHUTE IIe ca Io-

KOHKYPEHTHOCIIOCOOHHU.

[TpobnemsbT, KOTO CH3AaIe B cBeTOBEeH Mairad fast fashion /6bp3arta moga/, TpsioBa 1a
ObJIe pelIeH ¢ MPUETUTE 3aKOHOJATEeITHH MEPKU. MacoBOTO MPOM3BOJICTBO HA JPEXH C HHCKO
KauCCTBO U CBPBXIPOU3ZBOJACTBOTO HAa TAKHMBAa B CBCTOBCH O6CM, HaHacCsAT Ha GBHFapCKI/ITC
MPOU3BOAUTCIIM B TCKCTUJIIHHA CCKTOP I'OJICMHU TPYAHOCTU B pCajiv3alvusd Ha MPOU3BCACHU

IMPOAYKTH. H3nckBaHmaATa 32 TEXHOJOTHMYHA MOJZCpHU3AUA B CCKTOPA U JUTHUTAIU3ald Ha
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JAaHHUTC 3a NPOAYKTA C HACOYCHOCT KbM CKOJIOTUYHOTO B’b3[[eI>'ICTBI/Ie e pa6OTHT 3a IpoOMsHa
BoACHIa KbM TBPCCHC Ha yCTOfI‘-IHBH BJIaKHA, TCXHOJIOTUH 3a PCHUKIMPAHC U YJICCHCHHUC B

oOMeHa Ha JaHHU.

bearapckure npeanpuaThs ca KOHKYPEHTHM NPU W3IBJIHEHHE HA MAJIKU CEpUH, Ha
CJIO’KHHU JI€TaWJIN U IPOTOTUIIH. TOBa € B CbOTBETCTBUE C TEHACHIUATA 3a [10-KAYE€CTBEHH, I10-
IBJITOTPAHYA NMPOAYKTH U MO-KbCH BEpUTM Ha HocTaBKa. Clo)KHATa CBETOBHA IOJIMTHYECKA
00CTaHOBKa M MPUETUTE MEPKU KbM 3€JIeH MPEeXoJ| i€ A0BeAaT 0 HO-TOJIIMO ThPCEHE Ha

npousogutenu ot EC. YcroitunBara Mosia € eliH OT Hall-0bp30 pactsamure cermentu B EC.

[Tocnenqnure roIuHM B TEKCTHIIHUAT CEKTOp ce HalmojaBa cHaj Ha M3HOC, Ha
IIPOM3BOJICTBO M HAMAJIIBaHE Ha 3a€TUTE B ceKTopa. [loBuIIaBaHETO HA pa3xoauTe Ha pUpMuUTE
CBILO € OT CBIIECTBEHO 3HAUEHUE 3a Pa3BUTHUETO HA TEKCTWJIHHUA cekTop. IIpu nmomuthka B
HOJKperna Ha TEeKCTUIHATA MHJYCTPUs Ce OYaKBa CTA0OWJIM3MpaHE HA CEKTOpa U MOCTENEeHHA

JUTruTaIn3anusa, MTHBCCTUIIMU B YCTOI‘/‘I‘II/IBI/I MaTCpHaId U IIapTHBOPCTBA C eBPOHeﬁCKH MapKu.

B Bbarapus TEKCTHIHUTE MpEeanpusATHS pabOTelmy ¢ rojeMd MoJHU OpaHIoBE ca B
TOTOBHOCT 3a BbBexaHe Ha DPP. T'ossiMa yacT oT cpeaHuTe NPEANpUATUS HE Ca 3all04YHAIN
WIM ca B NPOLEC HAa MPOYYBAHE HA BB3MOXKHOCTH 3a BHenpsBaHe DPP u  TbpceHe Ha
0e3Bbp3Me3iHa nomolnr o JuHusg Ha [Iporpama ,,KOHKYypeHTOCIIOCOOHOCT M MHOBAalMM B

npeanpuaTusaTa“. ToBa UM JaBa BB3MOKHOCT Ja IOKPHAT pa3Xxoau 1o BHeapsiBane Ha DPP.

EBponeiickata komucust B cBos [loknan 3a bearapus 3a undpoBoTO JeceTuiieTue mpes

4
2026 r.” oTunTa HapeIbKa B cTpaHara B Iiu¢poBa TpaHchopmanus. KaTto npe1n3BUKaTecTBO
ce oruuta ciabara uupposuzanus B MCII, BHenpsiBaHe Ha aBaHrapJHU TEXHOJOTHMH U
KarnaiureT Ha uHoBalmu. [IpenBuaenusar Owo/pkeT oT 2.19 Muimapaa eapo € Bb3MOXKHOCT 3a
MCII na mpecTpyKTypHpaT M OOHOBSIT CBOMTE PECypCH M BHEAPAT MOJEpHU LHU(POBU

TCXHOJIOTHH.

[Tpo6nemure npu npunarane Ha Pernament /EC/ 2024:1781 u Pernament /EC/ 2026:1778

B B’LHFapI/ISI Morart aa ca CB€aatT a0.:

» HemocTaTbyHa MHPOPMHUPAHOCT Ha MPEINPUATHATA B Bbirapus 3a pasrpaHnvyaBaHe
Ha oOuw u3nckBanus Ha Permament /EC/ 2024:1781 u KOHKpETHUTE MpaBuia 3a
IPOJYKTOBU MACIOPTH;

» ejHa JacT OT GUPMHTE HAMAT pean3upana nudpoBu3aius Ha Oa3ata OT JIaHHH, C

KOSATO PabOoTHIT;
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» pa3uymTa ce Ha KOPEKTHOCT OT JIOCTABYMIIUTE 3a MPEIOCTABCHUTE JaHHHU;

» TPOIYCKHU B CTaHAAPTH3MPAHH JaHHU 32 BJIAKHA, IPOU3XO0/1, U3MOJI3BaHA CHEPTHS,
BBIJIEPOJHU €MHUCHU;

» (upMuUTe HE ca CBh3JAIM OpraHW3als 3a PEHUKINPAHE W PEMOHTHUpPaHE Ha
MPOJIYKTH;

» HEOOXOMUMOCT  OT  CHCHHAIUCTH  KBAIU(HUIIMPAHU  CJIHOBPEMEHHO B
CTaHJapTH3alUsl, €KOJOTHYHO Bb3ACHCTBUE U AUTUTAIN3ALINS;

» CBIIECTBYBA PUCK OT (JOpMAITHO OTYMTaHE Ha JaHHU B DPP;

» W3HCKBaHE HA KOOPJMHAIMS MEXTy MHCTHTYIIUH U JUTUTAITHA CBBP3aHOCT MEXKITY

3aNHTCPCCOBAHUTEC CTPAaHU.

3a pelieHuWe Ha IOCOYEHMTE BB3MOXKHU IPOOJEMH € HEeoOXOIUMO Jia ce Cbh3/aje
Hanmonanen ueHTwbp, KOWTO Ja KOOPAMHMpA U YJIECHH BBBEXKJIAHE Ha WM3UCKBAHUATA B
UKOHOMHUYECKuTe cekTopH. llle ca HeoOxonuMu HacOKH, 00ydeHHsI, KOHCYJITAIIMH U TIOJKpera
Ha MCII, B 4YacTHOCT Te3u OT TEKCTWIHHUA CeKTop. B chTpynHuuecTBO ¢ OpaHIIOBU
OpraHu3alliil U YHUBEPCUTETH € HEOOXOJMMO HaJArpakJaHe Ha yMEHHUS U IOJrOTOBKa Ha
CHEIMAJINCTH, KOMIETEHTHH B HOBUTE W3MCKBaHUSA. 3a TEKCTHJIHATA WHIYCTPUS LIE €
yJIECHEHHE U MOJKpENa OT CTpaHa Ha AbP)KaBaTa Cb3/1aBAaHETO HA PETMOHAIHU LIEHTPOBE 3a
COpTHpaHe, pelMKIMPaHe U BHEJpsBaHE HAa HHOBaLMU. Te Morar J1a mpeocTaBsaT HHpopManus
32 HOpPMaTHUBHUTE U3UCKBaHUs, 00y4YeHUs 32 KpbroBa HKOHOMHUKA, IOMOII 33 U3YHCIISIBaHE Ha
BBIJIEPOJICH OTIEYaThK, JOCTHII JO TEXHWYECKA €KCIEepTH3a U ChACHCTBUE 3a (UHAHCOBO
MoJIIOMaraie IO ChUIECTBYBALM €BpPOMEWCKM W HalMoHaiHM mporpamu. [locnensain
MOHMTOPHMHI 3a IpOCJIEAsBAHE Ha PE3yJTaTH OT BBBEACHM 3aKOHOAATEIHH H3MCKBAHUS,
YCTaHOBSBAHE HA MPOIYCKU M CHENUAIN3MpaHa MOJKpENa 3a HOBOCTH B 3aKOHOJATEIIHUTE
aKTOBE Ill€ HU3rpaJud YCTOMYMBOCT B CTpeMexka 3a Kpbroa HKoHoMuka. Illupoxata
MH(OPMUPAHOCT HA UKOHOMHYECKUTE ONEepaTOpPH Upe3 pasziIudyHU JEHHOCTH /KOH(epeHIuH,
KaMIaHUM B COLIMAIIHA MPEXH, MEIUHHO NPHUCHCTBUE/ 1€ € OCHOBa 3a MH(OPMHUpPAHU U

KOMIICTCHTHU MCHUJPKBPCKH PCIICHUS.

3a Ja 6LJIaT YICCHCHU NPpCANPUATHATA U Ja Ca PCATTHU CKOJIOTHYHUTC XapaKTCPUCTUKU Ha
MMPOAYKTHUTE € HCO6XOJII/IMO Ja C¢ Ipujiara ¢AMHHa METOJUKA 3a MIPHUJIOKCHUC U U3I10JI3BAHC HA
CTaHOapTH. 3a TEKCTUIHUTE NpeaAnpuiATusa MCETOAUKATA Tp}I6Ba Ja BKJIIOYBaA ITOKa3aTCIUTEC:
eHepmﬁHa HWHTCH3MBHOCT, BOAHA NHTCH3UBHOCT, BBIJICPOACH OTIICYATHK HA IPOAYKTa, 11 Ha
MMPOU3BOACTBCHUTE OTIIAABIM NU3II0JI3BAHU ITOBTOPHO, AAJI HA PECHUKIMPAHN BJIaKHA. PaGoTarta
Mo CTPYKTypHpaHC Ha IIOCOUYCHATa MCTOAWKa IINC 3aJaac BB3MOXHOCT 3a YJICCHCHO
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IPECTPYKTYpPHUpPaHE Ha pasriiejaHuTe napameTpu. KOHKpeTHU CTOMHOCTH Ha MOKa3aTeJIUTe 3a
€KOJIOTUYHA M pecypcHa e(QEeKTHBHOCT IIe OBJAT pealH0 M3MEpPHMHU HapaMeTpH JaBalld

uH(pOpMalKs Ha MIHUPOK KPbI' 3aMHTEPECOBAHH JIHIIA.

4. Pemenus Ha ObJarapcku ¢pupmu 3a DPP

B Bbbirapust KbM HaCTOSLIMAT MOMEHT JOOPO NpecTaBsHe Ha ma3apa uma pupma BUAPA
JJAAC EOOJ] WIARA, kosto npejara pemenue 3a DPP®. Paspa6oTkara e 3a rojisiMa 4act
OT IPOU3BOJCTBEHUTE OTPACIM, BKIIOYMTEIHO M TekcTwi. DPP BkimouBa wu3uckyemara
uHpopmanus ot pupmure 3a npoaykra. WIARA e cepruduinmpana no ISO/IEC 27001:2022.
@dupmara rapaHTHpa, Y€ BHEPEHUTE PEIICHHUs MMaT BHCOKA CTEIEH 3a 3alluTa Ha JaHHHU U

OTTOBapsT HA CBETOBHUTE M3UCKBAHUS 32 KHOEPCUTYPHOCT.

H3Boau u 00001I€eHUSA

Buenpspane na DPP 3anoxeno B Permament/EC/ 2024:1781 uma 001111 HKOHOMUYECKH
MOCJICTMIIA U3PA3sBAIlld CE€ B MPOMSHA MOJENIa Ha MPOU3BOJICTBO, CTUMYJIMpAaHE Ha KPbhroBa
WKOHOMHKA W TPO3pPavyHOCT Ha maszapa. [IpoMeHHTe BOAST 1O HOBH 3€JI€HW HHIYCTPHH,
pa3BUTHE HA CEKTOPUTE 3a PELUMKIMPAHE U PEMOHT, KaKTO U HAMaJIIBaHE Ha OTIAbIUTE.
TeKCTUIHUAT CEKTOp IIe MOJ00pH KauecTBOTO HAa MaTepuainTe W Ha cTokarta. Upes DPP
MoTpeOUTeNnuTE 11e N30UpaT HHMOPMUPAHO U OTTOBOPHO KbM cebe cu. 3a Aa Obae MpexoabT
YCTOMYMB U J]a C€ PEATHH EKOJOTHYHHUTE XapaKTEPUCTHKH HA MPOAYKTHUTE € HeoOXoauma
€IMHHA METOAMKa 3a NPWIOKEHUE Ha H3MOJI3BAaHUTE CTaHAapTH. HUCKUAT BBINIEpOnEH
OTMEYATHK KAaTO CTPEMEXK KbM KPhroBa UKOHOMHKA M YCTOMYMBYU MPOAYKTH I11€ € aHTAKUMEHT
Ha MPOM3BOJIUTENN W MOoTpebutenu. ToBa ro MpeBpbIla B CHJa 33 CBETOBHA MPOMSHA HA

MUCJIEHE U JICCTBUE KbM OTTOBOPHOCT 32 HACTOSAIIE U ObJIeIIIE.

BEJIEXKKH

1. bparapcku MHCTUTYT IO CTaHAAPTH3ALUS
https://bds-bg.org/bg/standards-collections p5015.html

2. TopuiueH nokiaj 3a eqUHHMS Na3ap Ha EBponeiickata KoMucus
https://monitor-industrial-ecosystems.ec.europa.eu/sites/default/files/2025-
06/EMI_WP4 Textiles report 2024 Final.pdf
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. HOKJ’I&,I[ OTHOCHO CTpaTerus Ha EC 3a YCTOP'I‘IHBI/I N KPBIroBu TEKCTUIIHU HU3ACIINA,

/Hoxman — A -0176/2023/, nocTbIHA OHJIAMH:
https://www.europarl.europa.eu/doceo/document/A-9-2023-0176 BG.html
Joxian 3a bweirapus 3a nudposoto necermierue npes 2026
https://digital-strategy.ec.europa.eu/bg/node/16915/printable/pdf

EBporma u mpomMeHuTe B KITMMaTa: TaHHU U PaKTH
https://www.europarl.europa.eu/topics/bg/article/20180703STO07123/evropa-i-
promenite-v-klimata-danni-i-fakti

3aKOH 3a TEXHHYECKH U3UCKBAHUS KbM MPOIYKTUTE
https://www.lex.bg/laws/ldoc/2135467682

Pernament /EC/ 2024/1781 na EBponeiickust mapnameHnT u Ha CbBeTta oT 13 roHH
2024 ropawHa 3a YCTaHOBSIBAHE HA PaMKa 3a OMNpEACNIsIHE Ha W3UCKBAHHATA 32
€KOJIM3aifH 3a YCTOWYMBH MTPOAYKTH, 3a u3MeHeHnue Ha upextusa /EC/ 2020/1828
u Ha Pernament /EC/ 2023/1542 u 3a ormsaHa Ha [{upextua 2009/125/EO /Tekct
ot 3Hauenue 3a EUIL/, Texyma koncomumupana Bepcus: 28/06/2024, nocrbiiHa

OHJIANH:

http://data.europa.eu/eli/reg/2024/1781/0j

. Pernamenr 3a usnbnuenue (EC) 2026/1778 na Komucusra (npuet Ha 16 romu 2026

r.) PETJTAMEHT 3A U3ITBJIHEHUE (EC) 2026/1778 HA KOMUCHATA ot 16
rosir 2026 rorHa 3a ONpeseNsHE Ha pella M YCIOBUATA 3a IPUJIaraHe Ha pErucTbpa
Ha UU(pPOBUTE NPOAYKTOBU MAacmopTH, cb3naneH cbriaacHo Permament (EC)

2024/1781 na EBpomneiickus napnameHT u Ha ChBeTa (TekcT oT 3HaueHue 3a ENII)
https://eur-lex.europa.eu/legal-content/BG/TXT/PDF/?uri=0J:L_202601778

DigitalProductPassport by WIARA: nnardopma 3a DPP B EC
https://www.digitalproductpassport.bg/solutions/dpp-za-tekstil

GS1 DIGITAL LINK
https://www.gs1.org/standards/gs1-digital-link
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11.EU STRATEGY FOR SUSTAINABLE AND CIRCULAR TEXTILES
COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN
PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL
COMMITTEE AND THE COMMITTEE OF THE REGIONS, (Brussels, 30.3.2022
COM(2022) 141 final)

https://environment.ec.europa.eu/document/download/74126¢90-5cbf-46d0-ab6b-
60878644b395 en?filename=COM 2022 141 1 EN ACT partl v8.pdf

STUDY AND ANALYSIS OF REQUIREMENTS REGARDING THE DIGITAL
PRODUCT PASSPORT /DPP/IN THE TEXTILE INDUSTRY AS SET OUT IN
REGULATION /EU/ 2024/1781

Abstract. For the transition to a circular economy to sustainable, technological changes
must be combined with new business models, necessary investments, and the implementation
of financial instruments. This drives changes in the regulatory framework and fosters the
development of new skills and behaviors among economic actors. The general framework of
Regulation /EU/ 2024/1781 covers almost all physical goods, including textiles. European
legislation mandates the introduction of Digital Product Passport /DPP/ - a significant
innovation within the regulation. Access will be provided via QR codes or digital databases.
Changes will occur in production, logistics, and waste management processes. A ban on the
destruction of unsold goods by large comes into effect on July 19, 2026. By 2030, the
implementation of DPPs will also be required for medium-sized enterprise. The textile sector
faces a transformation that demands financial and human resources, solutions regarding
information from third-country supplies, and the protection of trade secrets. Establishing a

National Coordination Centre offers an opportunity to support enterprises.

Keywords: textile industry; carbon footprint; EU Regulation 2024/1781;EU Regulation
2026/1778; EU Implementing Decision 2026/1736; CEN/CENELEC standards EN 18216 to
EN 18226; BDS EN 18216:2026 to BDS EN 18226:2026.
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OCHOBHH 3AKOHOJATEJHM N3NCKBAHUS KbM JUUYHNATE NPEANA3HA
CPEJICTBA

aou. n1-p Upena HukosioBa
aou. a1-p Bacuu Ilenyen

Texnuueckus ynusepcumem - Cogus

Pe3tome. JlnunnTe npeana3Hu CpeICTBA ca BXKHU MPOIYKTH, TSCHO CBBP3aHU ChC 3JIPABETO U
Oe3omacHOCTTa Ha pabOTHOTO MSCTO. Te ce M3MOI3BaT, KOTaTO PHCKOBETE HE MOTaTr Aa Obaar
M30erHaTy WM HaMaJeHH B JIOCTaThbuHA CTEIICH Ype3 CPEACTBATa 3a KOJCKTHBHA 3aIIUTa WU
opraHm3anmsATa Ha pabora. B HacTosAmms Tpya ca aHaNM3MpAaHW €BPONCHCKU M HAIIMOHAIHU
HOPMAaTUBHH aKTOBE OTHOCHO OCHOBHH 3aKOHOJATEIHU HM3HCKBAHUSATA, KOMTO C€ OTHACAT 3a
JUYHHUTE TIPEJNa3Hu CpelcTBa. M3cnenBaHu ca ChUIECTBEHHTE W3UCKBAHUS, HKOHOMHUYECKUTE
Oorneparopu, OLCHABAHCTO Ha CBHOTBETCTBUCTO, MHUHHUMAJIHUTEC HW3UCKBAHUA 3a 3PABETO U

Oe30macHoCTTa Ha pa6OTHI/IHI/ITe IIPpU U3IOJI3BAHCTO Ha JIMYHU MPEAIIa3Hu CpEaAcCTBa.

Kniouosu ()y/wu JIMYHU TMpeAlla3Hu CpeACTBA, CHIICCTBCHU UW3HMCKBAHWA, HWKOHOMHWYCCKHU
oneparopu, OLCHABAHEC HaA CBOTBCTCTBUCTO, MHUHUMAJIHU HU3UCKBAHHA 3a 3APABCTO U

Oe30ImacHoOCTTa

BnBenenue

JInunute npennazuu cpeacta (JIIIC) ca mmpoko M3MON3BaHU B MPOU3BOJICTBEHUTE
MIPOLIECH U Ca Ba)KHH MPOTYKTH, TICHO CBBP3aHH ChC 3/IPABETO M OE30MaCHOCTTa Ha pabOTHOTO
MscTo. Te ce m3Mmon3Bar, KoraTo pucKoBeTe He MoraT Aa ObaaT u30erHaTH WM HaMaJICHH B
JIOCTaThuHA CTEIEH Ype3 CPe/ICTBATA 3a KOJICKTUBHA 3allUTa WM OpraHU3alMsITa Ha padoTa.

JITIC? e Bcsaxko mpucnocobienHue (eKUIUPOBKA), KOETO € MPOEKTHPaHo ¢ el Ja
npenasu paboTHUKA OT Bb3MOKHU OTIACHOCTH 32 3[IPaBETO U O€30MacHOCTTa My TIpH padoTa.
PaGoromaressT? e mIbxkeH 1a npenoctans 6e3rmiarao JITIC Ha paGoTHHUIHTE, KOUTO PAOOTAT C
OITIaCHU WJIN BpeJIHI/I 3a snpaBeTo WK )KUBOTAa MalIWHMU, CLOpL)I(eHI/ISI, TE€YHOCTH, I'a30B€ U
JIpYTH MOJ00HU, a paOOTHUIIUTE ca JUTHKHU Ja T W3MOJI3BAT MO MpPEJHA3HAYEHUETO UM I10
BpeMe Ha pabora.

Korato JITIC ce myckaT Ha ma3zapa WM ce IycKaT B JICHCTBUE, TpsOBa 1a OTTOBapsT Ha

JICUCTBAIIMTE 3aKOHOMATEIIHM M3UCKBaHUs. 3akoHoaaTencTBoTo Ha EC 3a xapMoHu3anus ce
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npujara Ipy BCUUKHM Ha4MHU Ha JoctaBka Ha npoxykrure. 3a JIIIC toBa e Pernmament (EC)
2016/425.

3a ga ce ocurypsat 0e30MmacHOCTTa U 3[PaBEeTO HAa PaOOTHUIIMTE IMPU U3MOJI3BAHETO HA
JITIC na pabotHoTO MsicTo ce mpuiara upexktuBa 89/656/EMO, kosTO € TpaHCIIOHMpaHa B

HAI[MOHAJTHOTO 3aKOHOaTeNcTBO Ha Pemybnuka beirapust ¢ Hapen6a Ne 3 ot 19.04.2001 r.

1. CpiecTBeHH M3NCKBAHUSA

Permament (EC) 2016/425 ompenensi ChIICCTBEHUTE M3UCKBAHHS 32 MPOSKTHUPAHE U
npousBojicTBO Ha JITIC ¢ men ocurypsiBaHe Ha 3alIMTara Ha 3ApaBETO M OC30MACHOCTTA HA
MOJI3BATEIIUTE, 3a Aa ce aBmwkart cBoboHo B EC. JITIC ce nmpenocTaBsaT Ha maszapa, caMo aKo ca
B CbOTBETCTBHE C TO3W pErjIaMeHT. Te TpsAOBa J1a ce Mo AbprKaT MPABUITHO U Ja CE U3IOJI3BaT
10 MpeTHa3HAUCHUE.

ChleCTBEHUTE U3UCKBAHUS® ONPEENAT Pe3y/ITaTUTe, KOUTO TPAOBA J1a Ce TOCTUTHAT,
WM ONAcHOCTHTE, KOMUTO TpsiOBa Ja ce MPEeJOTBpATAT. Te He OmpeaeisiT TEXHUYECKHUTE
pelIeHus 3a MmocTuraHe Ha 1enTa. ChIIecCTBeHUTEe M3UCKBAHUS 3a Ola3BaHEe HA 3/IpAaBETO M 3a
0e30IMacHOCT ca 3aJbJDKUTENHU. Te3u W3MCKBAaHHMS OCHOBHO C€ OTHACAT 3a 3alqMTara Ha
3/IpaBeTO U OE30MaCHOCTTA Ha PAOOTHUIIHUTE.

CrhliecTBeHUTE U3MCKBaHMS UMAT 3a 11Tl J1a OCUTYPST U TapaHTHpaT BUCOKO HUBO Ha
3amuTa. Te mpou3THYaT OT ONpeAeNeH! OMaCHOCTH, CBbP3aHu C MPOIYKTa HIIM C€ OTHACAT 3a
MPOJYKTa W HETOBUTE Pa0OTHU XapaKTepUCTHKH. CHIIECTBCHUTE W3WCKBAHUS CE IMpHiIarat
KaTo (PyHKIIMS HA ONTACHOCTTA, KOSTO € MPUCHINA HA JaJICH MPOIYKT. 3aTOBA IPOU3BOIUTEIIUTE
Tpsi0Ba J1a HAMpaBAT aHAU3 HA pUCKa. Taka yCTaHOBST Bb3MOXKHHUTE PHUCKOBE, KOUTO MOTAT J1a
MPOU3TEKAT OT MPOJAYKTA, U OMPENENAT ChUIECTBEHUTE M3UCKBAHMS, 3HAUMMH 32 MPOIYKTA.
Cre1 TOBa POSKTUPAT U TIPOU3BEIKIAT CBOUTE MPOTYKTH, KATO B3EMAT IIPEIBU/] Ta3H OICHKA.
JITIC Tpsi6Ba ma CHOTBETCTBAT HA CHIICCTBEHUTE H3UCKBaHUA® 3a OmMa3BaHe Ha 37IpAaBETO U 32
6e3omacHocT oT Pernament (EC) 2016/425.

1.1. O6mu N3UCKBaHUA

O6mmTe w3uckBanus ca mnpuiokumu 3a Bcuuku JIIIC. YcraHoBeHum ca ciemHuTe
M3UCKBaHHS:

- IPUHITUITH [IPU POCKTHPAHE;

- €PrOHOMUS;

- HMBa W KJACOBE Ha 3alMTa (ONMTHMAJIHO HUBO HAa 3aIllMTa, KJIACOBE HAa 3aIlWTa,

MTOAXOSIIIN 32 Pa3IMYHUTE HUBA HA PUCK);
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- 6e3Bpeanoct Ha JITIC;

- OTCBCTBHUC HAa NPUCHIIN PUCKOBC U APYIr'U HCKCIATCIHU B'bSI[GI\/JICTBI/ISI (HOI[XO[[SIH_[I/I
CbCTaBHHU MaTE€pPHUAIIU, yIOBICTBOPUTEIHO CbCTOSTHUE HA TOBbPXHOCTUTE Ha BCUYKU YacTH Ha
JIIC, wumamm pomup ¢ TOJ3BaTeNsl, MaKCHUMajiHO JOMYCTHMO BB3MPENSATCTBAHE Ha
MOJI3BATEIS);

- yA00CTBO U €(pUKACHOCT;

- npucnoco6sBane Ha JITIC kbM puznyeckute 0cOOEHOCTH Ha MOI3BATEIS;

- IEKOTa U 3/IpaBUHA;

- cpBMecTuMocT Ha pasznuyHu TturnoBe JIIIC, mpegHazHaueHu 3a eIHOBpPEMEHHA
ynotpeoa;

- 3aIIMTHO OOJIEKIIO, ChABPIKALIO MMOABMKHU MPEINa3Hu CPECTBA;

- HHCTPYKIMH U UHGOpMAIUS Ha TPOU3BOIUTEISL.

1.2. JIombJHUTETHH H3UCKBAHUS

JlonbIHUTETHNUTE U3MCKBAHUS CE MMOJIPA3ACIIAT Ha JIBe rpynu. [IbpBarta rpymna BKiItouBa
u3MCcKBaHus 001 3a Hsakoiko tumna JIIIC, kouro:

- BKJTFOUBAT CUCTEMH 32 PEryJIUpaHe;

- M30JTUPAT 3alIUTABAHUTE YaCTH HA TSUIOTO;

- ca 3a JIUIIETO, OYUTE U AUXATEITHATA CUCTEMA;

- Morar Aa Ob/aT 3acerHaT OT CTapecHe;

- Morar Ja ObJaT 3aXBaHATH MPH yroTpedaTa uM;

- ca 3a yrnotpeba B MOTEHIIUAITHO €KCIIJI0O3UBHA aTMOchepa;

- ca MpeJHa3HaueHu 3a Obp3a HaMeca Wi Ja ObJaT MOCTaBEHHU WM CBAJICHH OBP30;

- ca 3a HaMeca MPU MHOTO OMAaCHH CUTYAIlHH;

- BKJTFOYBAT KOMITIOHEHTH, KOUTO MOTAT JIa C€ Peryaupar WK CBAJAT OT MOJI3BATENs;

- ca 3a CBbp3BaHe Ha JIOMBIHUTEIHO 000py/IBaHe, KoeTo € BhHIIHO 3a JIIIC;

- BKJTIOUBAT CHCTEMA 3a IUPKYJIaus Ha Qiryuam;

- UMaT €JHa UJIN I1OBCYEC I/II[eHTI/I(bI/IKaHI/IOHHI/I MAapKHUPOBKH HJIM UHAWKATOPHU, IPSAKO
WJIH HETMIPSIKO CBBP3aHU ChC 3/IPaBETO U OE30MAaCHOCTTA;

- KOUTO MOTaT BU3YyaJHO Jia CUTHAIM3HUPAT 3a MPUCHCTBUETO HA MOI3BATEINS,

- ca cpelly HIKOJIKO PUCKa.

BTopaTa I'py1ia BKJIOYBa U3MCKBAHHA, KOUTO Ca IIPHUIJIOKHUMHU 3a KOHKPETHHU PUCKOBE!

- 3aIl1UTa CpeIly MEXaHUYEH yaap;

- yAap, IpUYUHCH OT IMMaJallld WKW U3XBBPJICHU NPCIMCTU U C6J'I’bCKBaHe Ha 4aCTu OT

TAJIOTO C IPCIATCTBUC,
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- majgaHus (MpeJoTBpATSIBAaHE HA MaJaHUs OT IMOJXJIb3BaHE, MPEAOTBpATsABaHE Ha
najaHus OT BUCOUYUHA);

- MEXaHUYHU BUOpaLUu;

- 3aIllMTa CPelly CTaTUUeH HATHCK BBPXY YacT OT TAJIOTO;

- 3alIUTa Cpelly MEXaHUYHU HapaHsBAHMUS;

- 3alIUTa CpelLly TeUHa Cpe/a;

- IPEIOTBpATSABaHE Ha yJIaBSHE;

- IOMOII[HYU CPEJICTBA 3a IJIABAEMOCT;

- 3aIIUTa CPelLy BPEIHOTO Bb3CHCTBUE HA IIIyMa,

- 3aIKTa CPelly TOIUTMHA W/WIN OThH;

- ChCTaBHU MaTepualu u Apyru komnonentu Ha JIIIC;

- HarrestHO KomruiektyBanu JITIC, rotoBu 3a ynotpe6a;

- 3aIIUTa OT HUCKH TeMIIePaTypH;

- 3aIUTa CPelry eNeKTPUUYECKU yaap;

- U30JUpala eKUITHPOBKA;

- TOKOIIPOBO/AMMA €KUITUPOBKA;

- 3aIIUTa OT JTHUCHHUS;

- HEHOHU3UPALIH JTbUCHUS;

- HOHUM3WpAIK JIbYeHHS (3alUTa Cpellly BHHIIHO PaJMOAKTUBHO 3apa3siBaHeE, 3alluTa
Cpelly BbHIITHA paJHalius);

- 3aIIUTa Cpelly BeIIecTBa U CMECH, KOUTO ca OMACHU 3a 3/IPaBETO, U CPEILy BPeIHU
OMOJIOTUYHH arcHTH;

- 3al1UTa Ha IUILIAHETO;

- 3aIIUTa OT KOHTAKT C KOKaTa U OUUTE;

- BOJOJIa3Ha CKUIIUPOBKaA.

2. 3aabJKeHHs] HA HKOHOMHMYECKUTE OIlepaToOpH

Pernament (EC) 2016/425 omnpenenst 3aabDKCHHSATA HAa BCUYKA HWKOHOMHUYECKH
omepatopu® BBB BepuraTa Ha JOCTaBKa (IPOM3BOJMTEINH, YITHIHOMOLIEHH MPEeICTaBHTEINH,
TUCTpUOYTOPU U BHOCUTENIH) U CHOTBETHUTE UM POJIH BbB Bph3ka ¢ JIIIC.

2.1. llpousBoauTen
[Ipu nyckane na JIIIC Ha ma3zapa npoOU3BOJUTEIINTE Ca 3aAbJIKEHH J]a TapaHTUPAT, Ye

TE€ Ca MPOCKTUpaHU KU MPOU3BCACHU B CHOTBETCTBHUC CHC CBHBIICCTBCHUTC HN3MCKBAHUS. Te
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U3TOTBAT TEXHUYECKAa JOKYMEHTAlMs M MPOBEXAAT IpoLeAypa 3a OLCHABAHE Ha
cboTBeTcTBUETO. Koraro crorBercTBHETO Ha JIIIC chC ChIlECTBEHUTE NU3UCKBAHMUS € I0KA3aHO
ype3 MNOoAXoAsIlaTa mpoueaypa, npomsBogutenure cberaBar EC  nexnapanusra  3a
ChOTBETCTBHE U HaHACAT MapkupoBkarta ,,CE®.

[TpousBonutenute TpsioBa ma wuaeHtudumupar csoute JIIIC uype3 naneceH Twi,
NapTUJEH WIK CEPUEH HOMEpP, WIK HAKaKbB Apyr eneMmeHT. Te HaHacat Bepxy JIIIC cBoero
MM€, PETUCTPUPAHO THPrOBCKO HANMEHOBAHHME WIHA PErMCTPUPAHA THPTOBCKA MAapKa U ajapec.
JIIC ce npuapysxaBaT OT HEOOXOAUMHUTE UHCTPYKIMH U MH(POpMaLus.

2.2. Y'bJIHOMOLIIEHH NIPeACTABUTEIN

[Ipon3BoguTensaT MoOK€ JAa OIpEeAe]rd IIHMCMEHO YIBJIHOMOIIEH IPEACTABUTENL.
VY I'bJIHOMOLIEHUAT IPEACTABUTEN U3IBJIHABA 3aJaUUTE, ONPENEICHU OT IPOU3BOAUTENS KATO:

- na cexpanaBa EC nexnapanusara 3a CbOTBETCTBUE M TEXHUYECKATA JOKYMEHTALIMS;

- IIpY UCKaHE OT KOMIIETEHTEH HAaI[MOHAJIEH OpraH Jia IPeA0CTaBy 1isu1ata HHPopMaIus
U JIOKyMEHTaIMsl 3a JI0Ka3BaHe Ha cboTBeTcTBUETO Ha JIIIC;

- Jla ChTPYJHHYM Ha KOMIIETEHTHUTE HAIMOHAJIHM OPraHd 3a OTCTpaHSABAaHE Ha
puckosete, cebp3anu ¢ JIIIC.

2.3. BHocurenun

Bnocurenure ca 3aapipKkeHu a myckat Ha naszapa camo JIIIC, kouTo choTBETCTBAT Ha
CBILECTBEHUTE U3NCKBaHMsl. [Ipeau myckaHeTo Ha masapa Te rapaHTupar, 4e MPOU3BOAUTEIAT
€ HM3BBPIIMII CHOTBETHATa IpPOLEAYypa 3a OLCHABAaHE HAa CHOTBETCTBUETO. BHocurenurte
rapaHTUpaT, 4€ MPOU3BOAUTENAT € M3TOTBWJI TEXHUYECKaTa JOKYMEHTAllMs, Y€ € HaHeCceHa
mapkupoBkara ,,CE* u ue JITIC e npuapykeHO OT U3UCKBAHUTE JOKYMEHTH.

Koraro JIIIC He € B CBOTBETCTBUE C NPWIOKHMUTE CBIIECTBEHH H3UCKBAaHUS
BHOCHUTEJIAT HE IO IyCKa Ha ma3apa, JJoKaTo He ObJe MPUBEJICHO B ChOTBETCTBHE. [Ipu puck
uH(OpMHpa 3a TOBA IPOU3BOAUTEIIS U OPraHHUTE 3a HA30p Ha Mazapa.

Buocutenure nHanacar Bupxy JIIC cBoeTo wuMe, perucTpupaHo THPrOBCKO
HaVMEHOBAHME WJIM PETUCTPUpPaHa ThProBCKa Mapka, u aapeca. Ciieqy mycKkaHeTo Ha rasapa Ha
JIIIC BHOCUTENUTE ChXpaHsaBar konue oT EC neknapanusara 3a CbOTBETCTBHUE B NIPOIBIKEHUE
Ha 10 roAMHU W rapaHTHUparT, Ye Ipu MOMCKBaHE TEXHUYECKaTa JOKyMEHTAIUs MoXe 1a Obie
IIPE0CTaBeHA Ha OPraHNTE 3a HA/I30p Ha masapa.

2.4. lucTtpudyropu

Koraro npenoctassr JIIIC Ha ma3zapa, TucTpuOyTOpHUTe ca 3aAbDKEHH Ja ACUCTBAT C

rpUKa 1o oTHoIIeHue Ha n3nuckBanusTa Ha Permament (EC) 2016/425. [pean na npenocTaBsT

JIIIC na mazapa, auctpuOyTopuTe TpsAOBa 1a MpOBEpSBAT, Y€ Ha HETO € HaHECeHa
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MmapkupoBkara ,,CE®, 4ye € npuapyXeHO OT HEOOXOAMMHTE JOKYMEHTH, WHCTPYKLHU U
uH(poOpMaIKsA, KaKTO M Y€ TMPOM3BOAMTENSAT W BHOCHUTENAT Ca CIA3WIH yCTAHOBEHUTE
W3UCKBaHHSI.

JuctpubyTropute TpsiOBa J1a rapaHTHpar, ye gokato orroapsTt 3a JIIIC, ycnoBusita Ha
ChXpAaHEHUE WJIU TPAHCIIOPTUPAHE HE 3acCTpallaBaT HErOBOTO ChOTBETCTBUE C MPHUIIOKUMHUTE
chuiecTBeHu u3uckBanus. Korato te cumrar, ue JIIIC, koero ca npeaocTaBuin Ha naszapa, He
€ B ChOTBETCTBHUE, TPsOBa Ja ce yBepsBaT, Y€ ca MPEANPUETH HEOOXOIUMHUTE KOPUTHPAIIH
MepkH, 3a jga Obae mnpuBeaeHo B cboTBercTBHE. Korato JIIIC mpencraBisiBa pucK,
TUCTpuOyTOopuTe WH(POPMHpAT 3a TOBA KOMIICTCHTHUTE HAI[MOHATHW OPTraHH, KaTo
MPEAOCTaBIT MOJAPOOHMU JAHHU, IMO-CHEIUATHO 32 HECHOTBETCTBUETO U 3a MPEINPUETUTE
KOpUTHpAII MEPKH.

NKkoHOMHUYECKHTE OmEpaTopu TpsOBa Ja Morar JjJa HUACHTU(UIHMPAT BCEKH
MKOHOMMYECKHU oneparop, KoiTo uM e aoctaBui JIIIC u Bcekn MKOHOMUYECKH OIlEepaTop, Ha
Koroto te ca nocrapid JIIIC, kakTo u J1a MpenCcTaBsAT Ta3u HHPOPMAIIHS B IPOIBIDKCHIE HA
10 rogunu, cien karo JIIIC um e Ouio qocTaBeHo, U B IPOAbDKeHHE Ha 10 ToauHu, Clie] KaTo

Te ca poctasuiau JIIIC.

3. OunenaBaHe HA CHLOTBETCTBHETO

OueHsIBaHE HA CHOTBETCTBHETO € TPOIECHT, KOWTO Ce M3BLPIIBA OT IPOM3BOIUTENS,
3a Jia ce JOKaXkKe U3ITbJIHEHUETO Ha ONpeIeNIeH U3UCKBaHUs, CBbP3aHU C TPOoayKTa. [IpoayKThT
IIOAJIC)KU Ha OLICHABAHE Ha CHOTBCTCTBUETO IIO BpeMe HpOCKTI/IpaHeTO 158 HpOI/ISBOI[CTBOTO.
OcHOBHAaTa L€ Ha MNpoLEAypaTa 3a OLEHSABAaHE Ha ChOTBETCTBHETO € Ja C€ JIOKaXe, 4ue
MyCHAaTUTE Ha Ma3apa NpOAYKTH OTTOBAPST HA 3aKOHOAATEIIHUTE U3UCKBAHUSI.

CobriacHo 3akoHoaaTencTBoto Ha EC 3a XapMOHM3a1us TpoLeAypUTE 3a OLICHSIBAHE Ha
CHOTBETCTBHETO' Ca ChCTABEHH OT €JMH MM JBa MOAyJa. Beska mporieypa 3a olieHsBaHe Ha
CHOTBETCTBUETO OOXBAIIlA U IBAaTa €Tarla - IPOCKTHPAHE U MMPOU3BOJICTBO, JOKATO Ja/IeH MOIYT
MO3Ke J1a 00XBaIa eJIMH OT TE€3H JIBa eTara WiK U ABaTa erana. [Ipoueaypute 3a orieHsIBaHe Ha
CHOTBETCTBHETO Ca PaBHOCTOWHHU OT MpaBHA TJeAHA TOYKA. TAXHOTO MpHJIaraHe uMa 3a Iel
OCI/IprleaHe Ha BUCOKO HHUBO Ha )IOBepI/Ie II0 OTHOIICHUEC HA CBOTBCTCTBUCTO HA HpO)IYKTI/ITe
C IPWIOKUMUTE ChIIECTBEHU U3UCKBAHMUS.

3.1. Knacupuxanus na JIIIC cnopex kateropuure pucKoBe

JITIC ce kmacuduiupar criopes KaTeropuruTe PUCKOBE, KaKTO Clie/Ba:
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- kareropust | BKJIIOYBAa €IMHCTBEHO CJICIHUTE MUHUMAJIHU PUCKOBE: MOBHPXHOCTHU
MEXaHUYHU HapaHsSBaHUS; KOHTAaKT C IOYMCTBAIM CPEACTBA ChC C€lIab0 JEWCTBHE WIH
MIPOJIBIKUTENIEH KOHTAKT C BOJA; KOHTAKT C FOpElIM MOBBPXHOCTH, YUATO TEMIIEpaTypa He
Hagsumasa 50°C; yBpek/JaHe Ha O4YMTe, ABJDKAIIO CE Ha U3JIaraHe Ha CIbHYEBA CBETJIMHA
(pa3nuyHO OT TOBa MpH HAOIIOAEHWE Ha CIBHIETO); aTMOC(EpHH YCIOBHUS, KOMUTO HE ca
E€KCTPEMHU,;

- kateropus Il BKIrouBa puCKOBe, pa3IuyHU OT Te3H, n30poeHu B kareropuu | u I11;

- kareropus III BKIrOUBa €IMHCTBEHO PUCKOBETE, KOUTO MOT'aT J1a MPEAN3BUKAT MHOTO
CEpUO3HHU MOCIENNLU, KaTO CMBPT WM HEOOpaTUMO YBPEKJaHE Ha 37PaBETO, CBbP3aHU ChC:
BELIECTBAa U CMECH, KOUTO Ca OIIaCHU 3a 3[JpaBeTo; aTMocdepa C HEJOCTUT Ha KUCIIOPO; BPEIHU
OMOJIOTUYHU areHTH; HOHU3UPAILU JTbUEHUS; Cpeia C BUCOKA TeMIleparypa, eheKThT OT KOATO
€ CpaBHMM C TO3M IpH TeMmIilepaTypa Ha Bb3ayxa Hai-mManko 100°C; cpema ¢ Hucka
Temreparypa, epeKThT OT KOATO € CPAaBHUM C TO3H IPU TeMIiepaTypa Ha Bb3ayxa -50°C umm
MO-HUCKA; IaJaHe OT BHCOYMHA; EJCKTPUYECKH ynap W paboTa IO YCTpOMCTBAa MOJ
€JIEKTPUYECKO HANpPEKECHHE; YJIaBsHE; MOPSA3BAHE C PBUYHM MOTOPHU TPUOHM; CTPYH O]
BHCOKO HAJSITaHE; OTHECTPENTHU WM IPOOOIHH paHH; BPESH Iy M.

3.2. [Ipouenypu 3a oueHsiBaHe HA CbOTBETCTBHETO

IIpoueaypute 3a olicHABAaHE Ha CHOTBETCTBHMETO 3a BCAKA OT KaTeropuute puckose® ca
CJIETHUTE:

- kateropus I: BbTpeIIeH Mporu3BOICTBEH KOHTPOI (MOAy A);

- xareropus II: EC uscnensane Ha tuna (Moayn B), mociieBaHO OT ChOTBETCTBUE C
THIIa Bb3 OCHOBA Ha BHTPEIICH MPOU3BOACTBEH KOHTPOI (Moays C);

- xareropus III: EC uzcnensane Ha Tuna (Moayn B) u enHa ot ciegHUTe MPOLETypH -
ChOTBETCTBUE C THUIIA Bb3 OCHOBA Ha BBTPEUIEH MPOU3BOJICTBEH KOHTPOJ C HAI30p Ha
MpoBepKaTa Ha MPOAYKTa Ha caydyailHu uHTepBaiu (Momya C2) U ChOTBETCTBUE C THIMA BH3
OCHOBA Ha OCUTYpsIBaHE Ha KaueCTBOTO Ha MPOU3BOACTBOTO (Moty D).

Borpemen mnpousBoactBern koHTpon (Momyn A) e mporeaypara 3a OICHSIBaHE Ha
CBOTBETCTBUETO, UYPE3 KOSTO MPOU3BOAUTENST M3MBJIHIBA ONPEICICHUTE 3aTbJDKCHUS U
rapanTupa u aexnaapupa, ye JIIIC orroBapsaT Ha NpUIIOKUMUTE U3UCKBAHUS.

EC wmscnenanero Ha trma (Moayn B) e wacT or mporemypara 3a OICHSIBaHE Ha
CBOTBETCTBUETO, MPU KOATO HOTH(HUIIMPAH opraH u3cieaBa Texauueckus npoekt Ha JIIIC u
MIPOBEPSIBA U YJIOCTOBEPSIBA, Y€ TOM OTroBaps Ha MPUIIOKUMUTE KbM HETO U3UCKBAHUSI.

CpoTBETCTBHE € TUIIA Bb3 OCHOBA Ha BBHTPEIIEH MTPon3BoAcTBEH KOHTpos (Moayn C) e

JacT OT IMmponcaypara 3a OLCHABAHEC Ha CBHOTBETCTBUCTO, 4YPE€3 KOATO IIPOU3IBOIAUTCIAT
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U3ITBJIHABA ONPE/ICNICHUTE 33AbJDKEHIS U OCUTYpsABa U Jeknapupa, ye JIIIC ca B choTBETCTBHE
C THIa, KakTo € omucaH B ceprudukara 3a EC wu3cnenBane Ha Tura, ¥ OTrOBapsAT Ha
NPUIOKUMHUTE N3UCKBAHHUS.

CBOTBETCTBHE C THIIa Bb3 OCHOBA Ha BBTPEIICH IIPOU3BOICTBEH KOHTPOJI C HA/I30p HA
IIPOBEpKaTa Ha MpOJAyKTa Ha ciydaiiHu uarepBaiu (Moayn C2) e ta3u yacT OT mpoueaypara
3a OIICHSABAaHE HAa CHOTBETCTBHETO, YPE3 KOSTO MPOU3BOAUTEINSAT M3MBIHIBA ONpPEICICHUTE
3aBIDKCHUST U ocurypsiBa u aeknapupa, 4e JIIIC ca B choTBeTCTBHME C THIIA, ONMHUCAH B
ceprudukara 3a EC u3cienBane Ha TUNA, U OTTOBApSAT Ha MPUIOKUMHUTE H3HUCKBAHHUSL.

ChOTBETCTBHE C TUIA Bb3 OCHOBA HA OCUTYpSBAaHE Ha KAYE€CTBOTO HA MPOU3BOJICTBOTO
(Monyn D) e Ta3m yacT OT mpoueaypara 3a OLEHSBaHE HAa CHOTBETCTBHUETO, Upe3 KOSTO
IPOM3BOIUTENAT U3IIBJIHABA ONPEAEICHNUTE 3aIbJDKCHUS U OCUTYpsABa U jAekiapupa, ye JIIIC
ca B CbOTBETCTBHUE C TUIIA, onucaH B ceptu¢ukata 3a EC uscieaBane Ha Tuna, ¥ OTrOBapsAT Ha
NPUIIOKUMHUATE U3UCKBAHHUS.

[IpousBoauTENMTE MOTAT A2 U3MOJ3BAT Pa3pabOTEHAaTa METOIOJIOTHS 3a OLICHSBaHE Ha
cvotBeTcTBUEeTO Ha JIIIC (ARSOV, KOLEVA, YANCHEVA-POPOVA 2021, pp. 149-155).
Ts wuwHTErpupa KakTO YOpPABICHCKHM, Taka W EKCIePTHM 3aJjauyd, KaTo OCHIypsiBa

CUCTCMATU3UpPaHa JOKYMCHTA WA, IPOCICAUMOCT U KaTCTOPU3HUPAHE CIIOPECA pHUCKaA.

4. MuHUMaJIHH M3MCKBAHUS 32 37ApaBeT0 M 0€30ImacCHOCTTA Ha Pa0dOTHHULIUTE IPH

m3nozeanero Ha JIINC

4.1. Iupextuna 89/656/EMO u Hapenoa Ne 3 ot 19.04.2001 r.

JlupektuBa 89/656/EMO ompenens MUHMMAJIHUTE HW3UCKBAHMA' 3a 37paBeTo U
Oe3onacHocTTa Ha paboTHUIMTE ITpu u3noi3BaHero Ha JIIIC Ha pabotHOTO MscTO. [To cMuchiIa
Ha Ta3u qupektua JITIC e Besika ekumupoBKa, KOSITO € ¢ 11eJT Ja Ob/ie HOCeHa W JbpyKaHa OT
paboTHHMKa, 3a J1a o MpeAnasBa OT €IMH WJIM MHOTO PHUCKOBE, KOMUTO OMXa MOTJIM Jia o
3acTpamar 1o BpeMe Ha padota. JITIC TpsOBa 1a ce U3Moa3BaT, KOraTo pUCKOBETE HE MOTaT Jia
ce n30erHaT uiM Jia ce OrpaHuyaT uype3 Cpe/ICTBaTa 3a KOJIEKTUBHA 3all[UTa WIN Ype3 MEPKUTE,
METOJUTE WJIM TPOLEIypuTe Ha opraHmsanus Ha paborata. To TpsOBa nma oTroBapsi Ha
CBHOTBETHUTE Pa3Nope0oU 3a MPOEKTUPAHE U MPOU3BOJCTBO Ha 3akoHojaTencTBoTo Ha EC 3a
XapMOHU3AIUS C OTJIe]] Ha 3[JpaBeTo U 0€30MacHOCTTA.

Upe3 Hapenda Ne 3 ot 19.04.2001 r. 3a MUHUMATHUTE U3UCKBAHUS 332 0€30MAaCHOCT U

Ola3BaHE Ha 3/IpaBeTO Ha Pa0OTEIIMTE NMPU M3MOJI3BAaHE HA JIMYHU IMpEANa3Hu CpeAcTBa Ha

paGOTHOTO MACTO® ce BBBEeXAAT pasmopendoute Ha Jupektua 89/656/EMIO B

239
Fundamentals and Technical Means of Design, october 2026



OcHosu u mexnuuecku cpedcmea 3a Koncmpyupate, okmomepu 2026

3aKOHOJATENCTBOTO Ha PemyOmuka benrapus. Tasum wapenba ce mpuiara BbB BCHYKH
IPEIIPUATHS U MECTa, KbJIETO C€ OCBIIECTBABA TPY10Ba IEHHOCT.
4.2. 3aabiakeHust Ha padoToaaTelist

Upes olleHKa Ha pUCKOBETE paboToAaTeNsaT TpsOBa Ja onpeneinr HeoOX0IMMOCTTa OT
ocurypsisane Ha JIIIC u HeroBure xapakrepuctuku. JIIIC TpsOBa na ce mpenocraBsT
O0e3mmaTHO OT paboromartens. Tol € JATBKEH Ja OCUTYpsiBa TSIXHOTO HOPMAlHO
(GyHKIIMOHUpAHE U XUTUEHHO ChCTOSHUE Ype3 HeoOXoaumaTa MoIpbhKKa, PEMOHT U 3aMsHa.
PaboronarensT yBeaoMsiBa pabOTHHKA 32 PUCKOBETE, CPEly KOUTO T'0 MpeArna3Ba HOCEHETO Ha
JITIC. OcurypsiBa o0y4eHHe 1, aKo € HE0OX0IMMO OpraHU3Upa JAEMOHCTpAIKs Ha HOCCHETO Ha
JMYHOTO MPEIAa3HO CPEACTBO.

4.3. PuckoBe, CBbP3aHH € YACTUTE HA THJIOTO

PuckoBere, cBbp3aHU ¢ YaCTUTE HA TAIOTO, ojanexaiy Ha 3amura ¢ JITIC ca:

- (pusnuecky;

- XUMHUYCCKH,

- OMONIOTUYHU areHTH;

- IPYTH PUCKOBE.

Ou3NUECKUTe PUCKOBE Ca MEXAaHWYHH, TOTUIMHHH, €JIEKTPHUYECKH, IIyM, JTHYCHUS.
XUMHYECKUTE ca aepO30JIH, TEUHOCTH, Ta30B€ U Mapu. bUOJOTrHYHH areHTH (ChIbpiKalllu ce B)
- aep030Ji1, TEYHOCTH, MAaTEPUAJIH, JIUIIA, )KUBOTHH U Ap. [[pyTru pucKkoBe ca yJaBsHe, HEJOCTUT
Ha KUCJIOPOJI, TUTICA Ha BUTUMOCT.

4.4. Bupose JIIIC c orJien Ha puckoBeTe

Bunosere JIIIC c ornen Ha puckoBeTe, OT KOMTO 3alllMTaBaT, ca 3a 3alllMTa Ha TJiaBarta,

ClIyXa, OYMTE W JIMIIETO, NUXATeHUTEe MbTUIIA, PHIETe, XOJWIaTa U KpakaTa M TpPOTHB

XJIB3TraHE€, KOXKaTa (3aIJ_II/ITHI/I KpCMOBe), TSUIOTO/ Apyra 3alidTa Ha KoKaTta.

N3Boau u 06001menus

AHaJIM3UpaHU ca €BPOICHCKU M HAIIMOHAJIHM HOPMATHBHHM aKTOBE W Ca MPEICTaBEHU
OCHOBHH 3aKOHOJATCJIIHU HM3WCKBAHUATA KBbM JMYHUTEC NPCAINIA3HHU CPEACTBA. Pa3rne}1aHI/I ca
CBIICCTBCHUTC U3UCKBAHWA, HKOHOMUYCCKHUTEC ONECpaTOpH, OUCHABAHCTO Ha CbOTBETCTBUCTO,
MUHHMAJTHUTE U3UCKBAHUS 3a 37PaBETO U 0€30MaCHOCTTa Ha PAOOTHHUIIUTE MTPH U3IOJI3BAHETO
Ha JI[IC. CeliecTBEeHWTEe HM3UCKBaHUS 3a OlA3BaHE Ha 3paBETO M 3a OE30MacHOCT ca
3a]IbJDKUTEITHA U OCHOBHO CE€ OTHACST 3a 3allluTaTa Ha paOOTHHUIIUTE. BCHUKN MKOHOMUYECKH

onepaTopu (MPOU3BOAUTENH, YIIBIHOMOILEHU MPEICTABUTENN, TUCTPUOYTOPU U BHOCUTEIN)
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uMaT 3Hauuma poiisg BbB Bpb3ka ¢ JIIIC. OcHoBHaTra 1en Ha npouexyparta 3a OLCHSIBAaHE Ha

CBOTBCTCTBUCTO € J1a CC JOKAXKE, YC IMPOAYKTUTC OTTOBAPAT HAa 3aKOHOJATCIIHUTC U3UCKBAHM.

MuHHUMaITHUTE H3UCKBAaHUA 3a 3ApaBE€TO H 0e30omacHOCTTa Ha pa6OTHI/II_II/ITC ocurypsBar

3aluTaTra UM IIpyu U3I10JI3BAHCTO Ha JIIIC na pa6OTHOTO MACTO.

BEJIEKKH

. INPEKTHBA HA CBBETA ot 30 nHoemBpu 1989 rongnHa OTHOCHO MUHUMAJIHUTE
M3HMCKBaHUS 32 0€30MaCHOCTTA U 3]JpaBEeTO Ha PaOOTHUIIUTE TP U3IOI3BAHETO HA
JIMYHU IPEJIIa3HU CPeJICTBA Ha paOOTHOTO MSCTO (TpeTa crienuaiia JMpeKTHBa 110
cmuchia Ha wieH 16, maparpad 1 ot upextusa 8§9/391/ENO) (89/656/ENO)

. 3AKOH 3A 3IPABOCJIOBHU U BE3OITACHU YCJIOBUA HA TPY /]

. U3BECTUE HA KOMUCHIATA ,,CuHbOTO pbKOBOJICTBO 3a IpUJIaraHe HA
npaBuiaTta Ha EC otHocHO nipoaykTute - 2022 1. (TeKcT oT 3Hauenue 3a EUIT)

. KOIAEKC HA TPYJIA

. HAPEJIBA Ne 3 ot 19.04.2001 r. 3a MUHUMaTHUTE H3UCKBAHUS 32 0€30MMaCHOCT U

Ola3BaHe Ha 3/[paBeTO Ha pabOTeIUTe IPU U3IOI3BaHE HA JINYHM MIPpEaIa3HU
cpencTBa Ha pabOTHOTO MSICTO

. PETJIAMEHT (EC) 2016/425 HA EBPOIIEMICKU S ITAPJIAMEHT U HA
CBBETA ot 9 mapt 2016 roarHa OTHOCHO JTUYHUTE NPEANIa3HU CPEACTBA U 3a
orMsiHa Ha J[upektuBa 89/686/EVO na CobBera (TekcT oT 3HaueHue 3a ENII)

. PEILIEHUE Ne 768/2008/EO HA EBPOITEMICKU S ITAPJIAMEHT U HA CHBETA
ot 9 ronu 2008 roarHa OTHOCHO O0IIIa paMKa 3a IpeIjiaraHeTo Ha ras3apa Ha

NpoayKTH U 3a oTMsiHa Ha Pemmenue 93/465/EVO (Teker ot 3naueHue 3a EUIT)
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Abstract. Personal protective equipment consists of important products closely linked to
workplace health and safety. Such equipment is used when risks cannot be avoided or
sufficiently reduced through collective protection measures or work organization. The present
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PA3BPABOTBAHE HA HOB BU/I CTAHIAPTU3AIIMOHEH JOKYMEHT HA

CEN/CENELEC. EBPOIIEMCKH CHEIIUPUKAIINA IO YCKOPEHA
IMPOLHEAYPA [EUROPEAN AGILE SPECIFICATION (EAS)]

acucteHT Mar. uH:k. Iloss Besunosa,
aou. a-p unxk. Bacui Ilenuen

Texnuueckus ynugepcumem — Coghus

Pe3tome. Hactosmmusir moknan menmu na mpenctaBu npemiokennero Ha CEN/CENELEC 3a
pa3paboTBaHe W BBBEXKAAHE HAa HOB BHJ EBPOINCHCKH CTAaHAAPTU3ALMOHHU JOKYMEHTH -

EBpomneiicku cienndukanuu mo yckopena npornenypa [ European Agile Specification (EAS)].

JoxymeHTHTE MMAaT 3a 1en 1a npeuiokar Ha EBporneiickaTa KOMHUCHSI IIO-I'bBKABA alTEpPHATUBA
Ha TpaJMIIMOHHUTE XapMOHU3HUpaHu cTaHaapTu. [Iporiecure no ch31aBaHETO HA TE3U JOKYMEHTH
ca ChbKpaTEeHH M JaBaT Bb3MOXKHOCT Ha OpraHuTe 3a CTaHAapTU3aLUs J1a pearupar mno-oup3o Ha
HOBHUTE W3WCKBAHWA MPOM3THYALIN OT Ma3apa, TEXHOJIOTMYHOTO Pa3BUTHE M HOpMAaTHBHATa
ypenba, KaTo MyONMKYBaT TEXHUYECKO CHIbPKAaHHE B paMKUTE Ha HIKOJKO mecena. Tes3m
JIOKYMEHTH TpsiOBa J1a ce pa3paboTBaT B paMKHUTE Ha ChIIECTBYBalllaTa €BpONeHcKa cucTeMa 3a

CTaHJapTHU3alud U Ja MOratT aa IMMpeaAoCTaBAT NPE3YyMITIHA 3a CbOTBETCTBHE.

B mawanoro ma 2026 r. craptupa pa3pa0OTBaHETO Ha IBPBUTE 5 TPOEKTa, KOUTO Osxa

myOnuKyBanu mipe3 aBryct 2026 T.

Kniouoeu oymu: Cranpmaptusauusi, craHaaptu, xapMmonusanus, European Agile Specification

(EAS)

C OBp30TO pa3BUTHE HAa TEXHOJOTMUTE, BCE MOBEYE HapacTBa HEOOXOAUMOCTTA

CTaHJapTH3aLUATa ]a OTTOBaps CBOEBPEMEHHO Ha Ma3apHUTE U PEryJaTOpHH HYKIu. B Tasu

Bpb3ka CEN-CENELEC cb3pagoxa paboTHa TIpymna, KOATO Ja MPEeNIoXKH MEXaHU3bM,

IMO3BOJIABAIll 3a KPATKO BPEMC a CC pa3pa60T;1T TCXHUYCCKH JOKYMCHTH OTIrOBapsIId Ha TC3U

MOTPEeOHOCTH.
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B pesynTar Ha ToBa paboTHaTa Tpyma cbh3/aje U3IUI0 HOB MpoIieC 3a pa3paboTBaHe U
BHBEXK/IAHC HAa HOB BHJl €BPOICHCKH CTAaHIAPTU3AMOHHU JOKyMeHTH — European Agile
Specification (EAS). Taka mnpemnoxenute EBporeiicku cnenudukanuu 1Mo YCKOpeHa
nporenypa (EAS) maBaT Bb3MOXKHOCT 3a NpHJIAaraHe Ha alTePHATUBHO PEIICHUE B CIIyYauTe,
KOTaTo XapMOHU3HPAHUTE CTAaHIAPTH Ca HEIOCTATHYHH WM 300110 HE CHIIECTBYBAT.

[Monpobua wHpOpManus Oemie mpenocraBeHa Ha Texawmueckutre cbBetu (BT) Ha

CEN/CENELEC BT npe3 okromspu 2025 r. ( Schulte, 2026)

OcHoBHOTO T1pu pazpadoTBaneTo Ha EAS e, ue ce n3nckBa mpoMsiHa HE CaMO B HAUWHA,
HO ¥ B Harjacara Ha paboTa. BMecTo 11a ce mpeocTaBs TEKCT Ha IOKYMEHT, €/1Ba KOTaTo TOH €
MPOBEPEH U MpelU3UpaH B Hail-rojisiMa CTEIeH, TpAOBa J1a ce OMpeseNivd, Ha KOW eTar TO3U
JIOKYMEHT MPEA0CTaBsl M3UCKBAHUS C JOCTAaThYHA CTENEH Ha 0€30MacCHOCT U CUTYPHOCT, 32 Ja
Obae myOJMKyBaH, clie]] KOETO MOXKE Ja ce chOMpa oOpaTHa Bpb3Ka OT IOJI3BATEIIUTE HA
JOKyMEHTa W OBp30 Ja ce MNpeMHHE KbM pa3paboTBaHE Ha HOBO H3JaHHE, C Iel
HENPEKbCHATOTO MY YCHBBPIICHCTBAHE.

[IporiechT M3UCKBAa HAMOHAJHUTE OPraHU IO CTaHJIAPTU3ALMS/HALMOHATHUTE
xomuteTd (NSB/NC) na npennpuemar AeiicTBHs, 3a 1a OCUTYPST YCHEIIHOTO BbBEXK/IaHE HA
to3u HOB mpouec. NSB/NC me TpsOBa na MNOAKpENsT TEeXHUYECKaTa OOILIHOCT IpHU
NpUIaraHeTo Ha CTBIIKUTE Ha MIpolleca U NMpHU MOCTUTAaHETO HAa KOHCEHCYC, Y€ TEeKCThT Ha
nokymeHnTa e rotoB. Ocsen ToBa NSB/NC TpsiOBa na rapantupar, 4ye ce NpUABPXKAT KbM
PO3pavyHOCT U MPUOOIIIaBaHe.

[TponiechT Mo paspaborBane Ha EAS e 3HaunMTEeTHO OMPOCTEH M C€ CHCTOW OT IIECT

OCHOBHHM €Talla, KaKTO CJICIBa:

1. Ilpensioxxenue 3a HoBa padoTHa Tema (NWIP)

- Ha To3u eram ce ompenenss obekra M oOlacTTa Ha MPOEKTa, 3a Ja ce H30erHat
nocleABalyd JUCKycuu U 3abaBsHus. OOekta u obOinactra TpsOBa Ja ca MaKCHMAaITHO
MpEeU3UpaHd, HO OKOHYATETHUS BUJ Ha JOKYMEHTa TPsiOBa /1a ObJie ONpeIeNieH eBa B X01a

Ha mpolleca;

- JlokyMeHTBT ce pasnpoctpansiBa 10 NSBs/NCs 3a riacyBane ,,3a/TIpOTHUB®, KATO CPOKBT
3a riacyBaHe € 4 ceamuuu. HannonanHuTe opranu 3a ctaHaapTH3anus TpsOBa /1a y4acTBar B
[JIaCyBaHETO, J1a MPOBEXKJIAT KOHCYJITAlMM HAa HAIIMOHAJIHO PaBHUIIE M Ja HOMHUHHPAT WU
OTIPE/ICIIAT EKCIIepTH B paboTHATA IpyIa;

244
Fundamentals and Technical Means of Design, october 2026



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

OcHoBHAaTa 1IEI € Ja ce INOTBBPAU I'OTOBHOCTTA 3a pa60Ta Io TéMara M Jaa 6’5,[[6 OCUT'YPCHO

JOCTaThYHO YYacTHE Ha eKCIepTH B paboTHaTa rpyma. (Schulte, 2026)
2. PazpaborBane Ha npoekT (Draft Development)

- PaGorara 3aIro4Ba, CJICA KaTo € OCUI'YpPEHa JOoCTaTh4YHa CKCIICPTHA ITIOJAKPCIIA. Ts moxe

Jia 3al109YHE JOpHU IMPEAN I'TaCyBAHETO HA IIPEAIOKCHHUETO 3a HOBA pa60THa TEMaA,

- B nporeca Ha pa3zpaboTBaHe ydacTBaT U MaJKU PEAAKIIMOHHH €KUITH, TOIIOMAaralu OT
PEAKTOp ChC 3abJI00UEHN MTO3HaHMs o BerpenauTe npasuna (Internal Regulations Part 3),
KOETO OM YCKOPHJIO TOATOTOBKaTa Ha JOKyMeHTa. Korato JOKyMEHTBT Beue IMpeIoCTaBs
M3MCKBAaHUS C JIOCTaThUHA CTENEH Ha CHTYPHOCT, O€30MacTHOCT M HaJEXKIHOCT, paboTHaTa
rpymna (WGQG) Moxe n1a mpeuioxu myoiankyBaneTo My kato European Agile Specification (EAS).
3a Ta3u 1eN clieABa Jla Ce ThPCH KOHCEHCYC B pa0OTHATa rpyma, HO HE € 3aJbJDKUTEITHO

JeHCTBUTENHO aa Obae mocturHat. (Schulte, 2026)

3. I'nacyBane

- HpOBC)KI[a CC I'JIaCyBaHC 3a 0,uo6p;1BaHe Ha OKOHYATCJIHUA JOKYMCHT 34 HY6HI/IKYB8.HC.
HpOCKT’LT CC IpCACTAaBs Ha TCXHUYCCKUA KOMUTCT (TC) 3a 4-C€,Z[MI/I‘{HO TJ1aCyBaHC (C’bl"J'IaCHO

IR2, Touka 6.2.2 nnu 6.4 npu Vckane 3a crangapTuzanus);
- ITpu noIOXKUTENTHO TIacyBaHe JOKYMEHTBT IPEMHUHABA KbM eTarl IyOIMKyBaHe;

- [Ipu oTpunatenHo riacyBaHe KOMEHTApUTE CE€ BPBIIAT KbM pabOTHATa rpyma, KosiTo

peliaBa Janu MpoeKThT MOKe 1a Oblie mpepaboTeH, aKTyaTU3UupaH WK CIIPSH;

Crien rimacyBaHETO M MPEH MyOJIMKYBAaHETO HE MOTaT Jia ObJaT BHACSHU TEXHUYECKHA TPOMEHH
B TeKkcTa Ha JokymeHTa. KoMmeHTapurte mie ObIaT pasriaexaaHd Mpu  OBACIIOTO MY

npepasriaexaane. (Schulte, 2026)

4. Onoopsiane Ha EAS/Adoption Ha European Agile Specification

- Axko 6b1e onobpena, EAS npemuHaBa kbM eTan MyOJIMKyBaHE U CTaBa JAOCThIIHA HA

HaIlMOHAaJIHO HUBO,

- EAS nHe Tps0OBa na mpOTHMBOpEUM Ha CBHIIECTBYBAIl €BpOIEHCKH cTaHmapT. He

CBIIIECTBYBa 3a1bkeHHEe EAS na Ob/ie mprera Ha HaIIMOHATHO PaBHUIIE, KAKTO U M3MCKBAHE
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3a OTMAHA Ha MHOPOTHUBOPCHAIIUTC HaA EAS HallUOHAJIHKX CTaHAapTH, HUTO HN3HUCKBAHC

HAallMOHAJIHUTC CTaHAapTHU, KOUTO Ca B IPOTUBOPCHUC C HEA, Aa 6’bI[aT OTMCHCHHM.

EAS TtpsabBa na Obae myOnuKkyBaHa Ha AHTJIMHCKU €3MK OT HAIMOHAJIHHUTE OpPraHHU 3a
cTangapTu3amnus. Jlomycka ce U3BbPIIBAHETO HA IPEBOIM, HO T€ HE TPsIOBa /1a 3a0aBsAT npoieca

Ha pa3paboTBaHe u myOsmkyBane. (Schulte, 2026)

5. CaeaBam CTBIKH
Texunueckusat komutet (TC) Ha To3u eTan Moxe:

- Jla MpoABIKM paboTaTa Mo JOKYMEHTa C IieNl MmojaoOpsiBaHe 3a Ja ObIaT U3IaJeHU

HErOBM aKTyaJIM3UPaHU BEPCUM;

- na 3aBbpiIM paboTtata n0 eTam MyOnuKyBaHe KaTo 3aBbpiieH EN mo oOuuaiiHaTta

npoueaypa (BKJIoUBaIia eran 00IEeCTBEHO JOMUTBAHE).

TexHUYecKUsAT KOMHUTET MOKE Ja B3€ME pELICHHE 3a ciie/iBalllaTa CThIIKa Ha pa3BUTHE Ha
npoekTa. Moxe J1a ce B3eMe pelleHHe 32 BbBEX/IaHe Ha JOIBIHUTEIHU 0JOOPEHNUs B TEKCTa
Ha EAS, kato B TO3M ciiyyail JOKyMEHTBHT ce Bpbllla KbM pabOTHaTa rpyna 3a NpoIbKaBaHe
Ha pabotara no Hero. [Ipu 3anouBaHe Ha padoTa 10 HOBO HU3/IaHKE, CHIIECTBYBA BE3MOKHOCT
3a myONMuKyBaHe Ha akTyanu3upaHa Bepcusi Ha EAS u ce mpepaboTBa KaTo HOBO HM3aHUE C
HOBa s1aTta. OTTOBOPHUAT KOMUTET MOXKE CBHIIO Jia MPeANprUeMe AEUCTBHS 3a M0-HATaTBIIHOTO
My npepaOoTBaHe U MyOJMKyBaHE KaToO €BPOINEHCKU CTaHAapT. B To3u ciydail ce mpuiarar
oOnyailHUTE Mpolenypyu U €Tanu Ha oA0OpeHue (IpOeKThT MpEeMHHaBa Mpe3 OOIIECTBEHO

JIOTIUTBAHE U BCUYKH JIPYTH ChOTBETHU eTamnu). (Schulte, 2026)

6. Ilperuen

- 3a Bcsika EAS TpsibBa na 0bae MHUIIMUPAHO MpepasriekaHe Hall-MajaKko BEIHBX HA

TPpU T'OAUHU;

- HCJ’ITa € J1a CC IPCLCHU, Nain EAS ¢ noaxoJdila 3a Mma3apHUuTeC OYaKBaHUA, U aKO €

BB3MOJXKHO Ja ce npepabotu kato EN crangapr.
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OtroBopuusat texamuecku opran Ha CEN/CENELEC tps6Ba nma rapantupa, ue EAS ce
noJijiara Ha IMepUoIMYCH IMperjie/l Ha BCEKU TPHU TOJWHU, CYUTAHO OT JaTara Ha JIOCTHITHOCT
(dav). Ilenra Ha mperyiena e Aa ce MPEOICHU CUTYaIMsITa, KaTo Ce B3eME PEUICHHE Iallid
JOKYMEHTBHT Jia ObJIe Ipepasriie/iad ¥ myOInKyBaH OTHOBO kKaTo EAS ninu 1a Ob1e npepaboTeH

BBB BHJI Ha €BPOIEHCKH CTaHAapT, pa3paboTeH no oOuJaifHaTa mporenypa.

B momenTa ce npoBexa nuiotHa (asa, B paMkuTe Ha kosto u3dpanu TK u3nuTBaT nponeca

3a paspaboTBane Ha EAS.

HN3Boau u 00001menus

HoBusT mporec e pazpadoren kato Mmexauu3bM, upe3 koito CEN u CENELEC morar
Ja MyOIMKyBaT IOKYMEHTH C TEXHHYECKO ChIbpPKAHKUE B PAMKHUTE Ha MECEIlH, 32 J]a OTTOBOPSAT
Ha CIIENIHA MOTPEOHOCTH Ha Ta3apa W/WIK PeryjJaTOpHH U3UCKBAHUS, KATO HAW-TTOIXO/ISIIUS
npumep e korato MickaneTo 3a cranapTU3aius ChbAbpkKa KPAaTKU CPOKOBE, B PAMKUTE Ha KOUTO
CEN u CENELEC He MoraT aa u3roTBsT oKOHYaTeaIHO 3aBbpiineH EN ctanmapr.

Te3su moxymeHTH Beue ca crapTHpaHu kato nuioTHU. [lunotnata daza Ha EAS
craptupa Ha 29.01.2026 1. Ha 6a3a Ha KOETO Os1Xa CH3JaJCHU MeT PaOOTHU TEMH B CIICTHUTE

TEXHUYCCKHU KOMUTCTH

TC EAS Title Reference Planned DAV
Requirements for Implementation tools and
CEN- artefacts for data governance, data

CLC/ATC 25 management and data quality supporting JT025015 | EAS 18425:2026

trusted data sharing

Electronic invoicing - Part 14: Creation of
CEN/TC 434 | examples to support the implementation of | 00434038 |EAS 16931-14:2026
the EN 16931-1 Revision

CEN- Quantum Computing — High-Level )
CLCATC 22 Programming Language JT022021 | EAS 18433:2026
CEN- Roadmap for Post-Processing Software in i
CLC/ITC 22 Space JT022022 | EAS 18434:2026
CEN- Quantum Computing — Hardware

Abstraction Layer — Part 1: Descriptions and | JT022023 | EAS 18435-1:2026

CLCATC 22 . :
functional requirements

Tes3u nokymeHTu Os1xa myoauKyBaHu npe3 aBryct 2026 .
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IIpoGsemu cebp3anu ¢ EAS - peryjaTopHa HecUrypHOCT

Jluncata Ha sACHOTa M aHraXUMEHT OT CTpaHa Ha EBporelickata KOMHUCHUS IIO
OTHOILEHHE Ha MPE3yMILMATA 3a ChOTBETCTBHE Oellle OIpejesieHa KaTo KIYOB MpPOOsIeM.
ToBa noxyepraBa 3aBUCMMOCTTA HA NO-IUMPOKOTO MpUJIaraHe Ha JOKyMeHTUTe oT Buaa EAS

3a OCUT'YpABAHCTO HAa CbOTBCTCTBHUEC C PCryjlaTOpHATA paMKa.
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DEVELOPMENT OF A NEW TYPE OF CEN/CENELEC STANDARDIZATION
DELIVERABLE — EUROPEAN AGILE SPECIFICATION (EAS)

Abstract. The purpose of this report is to present the proposal of CEN/CENELEC for the
development and introduction of a new type of European standardization deliverable —

European Agile Specification (EAS).

The EAS deliverables are intended to provide the European Commission with a more flexible
alternative to traditional harmonised standards. The processes for developing these deliverables
are streamlined and enable the European Standards Organisations to respond more rapidly to
new requirements arising from market needs, technological developments and regulatory

requirements, by making technical content available within a matter of months.
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These deliverables are intended to be developed within the existing European standardization

system and to be capable of giving rise to a presumption of conformity.

At the beginning of 2026, the development of the first five projects was launched, and they
were published in August 2026.

Keywords: Standardization, standards, harmonisations, European Agile Specification (EAS).
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MPUHIINAIIN U CPEJICTBA 3A BE3OITACHOCT ITPU B3AUMO/JIEVICTBHUE
YOBEK-MAIIMHA. OCHOBHU CTAHAPTHU

ac. un:x. I'eprana [leaupaneBa
Texnuuecku ynusepcumem — Coghust
J0IL., 1-p uHxk. Bacuia Ilenuen
Texuuuecku ynusepcumem — Coghust
ac. nunx. Iloast BeaiunoBa

Texnuuecku ynusepcumem — Cogus

Pe3tome. J{oOpute yciioBus Ha TPy M ONTUMaIHATa O€30MACHOCT Ca €Ha OT ITbPBOCTEIICHHUTE
TPUXKK Ha pabOTOMATENINTE B WHAYCTPHUAIHHS CEKTOP, ThH KaTro 0E30MacHOCTTa M 3JPaBETO
3aeJ{HO C PeHTAOMJTHOCTTA, KAUYECTBOTO M OTa3BaHETO HAa OKOJIHATA CPe/ia ca HEeJIEIUM acCIeKT OT
TEXHHUTE OTTOBOpPHOCTHU. B OopOara 3a Bce 1o-BUCOKA MTPOU3BOAUTEITHOCT MEHHKBPCKUTE SKUTTH
Ha WHAYCTPUATHUTE 00EKTH MOHSKOra ca MPUHYICHH JIa MPaBAT KOMIIPOMUCH ¢ 0€301aCHOCTTa
Ha MallIMHHOTO M TEXHOJIOTHMYHO 000py IBaHe, 3al10TO 0€30I1acHATa SKCILIOATAIIMS Ha MATUHUTE
HE € BBIIPOC CaMO Ha J0OPO XKeJlaHUue OT CTPaHa Ha pabOTeIIUTe U PhKOBOIUTEIINTE UM, a Haii-
BeYe Ha 3HAYMTEIIHU MHBECTHUIMH. Pa30upaHeTo, ye 0€30MacHOCTTa U 3/IpaBETO Ha PabOTeHUTe
ca BaXHM IMOKazarenw 3a (upMata € eaHa Jo0pa WHAWKAIHUS 32 HKOHOMHYECKHTE U
opraHusaivoHHu mon3u. JloOpara OW3HEC MOJHMTHKA O3HAYaBa Jla Ce OCUTYpH Oe3omaceH U
3IPaBOCIIOBEH TPy U Ja Ce peallu3upa Ha maszapa 0e30IMaceH W ThPCEeH MpOIyKT. JKuBeem B
ernoxaTta Ha ye0 OasupaHWTe, MOOWJIHHTE W CEH30pPHHTE HHTEpQeiicH, a Mo3HaTuTe OYyTOHU
MOCTENIEHHO OMBAT M3MECTEHU OT THUCKPUIH EKpaHUTEe, BUPTYATHUTE KIIABHATYPH, JKECTOBOTO U
TJIACOBOTO B3aMMOJielicTBUE. Pa3kpuBaT ce HOBM XOPHU3OHTH Tpe]] Bph3KaTa MEXIy YOBEKa H

MammHarta.

Knrouosu oymu: 6e30macHOCT, 9OBEK-MammHa, ctanaapt, HMI, PLC

HaquHTe HGI;'IHOCTI/I U CTaHAAPTUTC HUMAT KIIFOUOB IMPHUHOC 3a MAIMHOCTPOUTCIIHUA
CCKTOp U MO-CIICLIUAJIHO 3a 0e30IMacHOCTTa Ha MAIIMHUTE B BLnrame. MGTOILI/ITC, MponcCcuTe

U MaTepuaguTe, Ha KOUTO ce 0a3upar CTaHJapTUTE, Ca YCTAHOBEHHU, OWJIO YaCTUYHO WIIU
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U3LISUI0, YpE3 HAIMYHUTE HAyyHU 3HaHUsI. CbBpEMEHHUAT €BPOIIEHCKH MOJIEN 3a IPUJIaraHe Ha
MepKH 32 0€30IaCHOCT Ha MAIIMHUTE € ITOJYMHEH Ha CTPOT0 CTPYKTYpHpaHa CUCTEMAa OT HOPMHU
U CTaHJapTH, KOUTO OCUTYPSIBAT HAJICXK/IHA 3AIIMTa KAaKTO 3a OIepaTOpPUTE, TaKa U 3a KpaHUTE
noTpedutenu. B ocHoBara Ha Ta3u pamka ctou HoBUAT Permament (EC) 2023/1230 oTHOCHO
MalIMHUTE, KOUTO 111e 3anoyHe Aa ce npuiara ot 20 suyapu 2027 1., 3aMeHsUKHU JoceraliHara
Hupextusa 2006/42/EO. HoBHAT periaMeHT BbBEX/1a ChbBPEMEHHH M3MCKBAHUS, OTYHUTAIIN
HalpeabKa B TEXHOJOTMUTE U HY)KJaTa OT IO-BUCOKO HMBO Ha 3allUTa B KOHTEKCTa Ha
KHOEpPCUTYpHOCTTa, B3aUMOJACHCTBUETO UYOBEK-MallMHA WU YIPABIEHUETO HA PUCKOBE IMPHU

pobotuzupanu u apromarusupanu cuctemu. [MTHXXEHEPUHI" PEBHO,2025]

1. CtangapTv OCHOCBHH aCIeKTH HA 0€30MaCHOCTTA

Crangaptute OT Ta3W o00JacT W3MBIHSABAT (YHKIHWSA, CBBp3aHa C OCHOBHATA
0C30MacHOCT B CEIEKTPOTEXHHYECKAaTa M HEEIEKTPOTeXHWUYecKara obnact. Brirodenu ca
HACOKM TIO0 OTHOIIEHHWE Ha MAapKUpaHETO, HJACHTU(UKALUATA U MOAPEKIAHETO Ha
uH(pOpMaIKATA B €JIEKTPUUECKH HHCTAJAlNK, 000pyaBaHe U UHTEpdEiicH ,,40BeK-MallInHa™.
JIOKyMeHTUTE, KOUTO OOXBamlaT OCHOBHAaTa OE30IMacHOCT Ca OT CHIISCTBCHO 3HAYCHHE 3a
MOoCTUTaHe Ha 0E301MaceH W HaJIekIeH HHTepQeiic MeXTy MalllMHUTE U XopaTa. [IpuiaraneTo
UM OCHUTypsiBa OOIIl ¥ pa3mo3HaBaeM MOJAXOJ 3a Oe30MacHa eKCIUIoaTals Ha MEXaHUYHU
U3JIeNHs], ENEeKTPUYECKH, XUAPABIUYHU, ITHEBMATHUYHUTE MAIIUHU U EIEKTPUUYECKUTE
nactananuu.[ UTH)XKEHEPUHI PEBIO]

Crupaprtute oT BuA A u Bua b, konto obxBamar oOumMTe acekTu Ha 6€30MacHOCT MpU
MAIIMHUTE Ca CIEAHUTE:

e KJIC EN ISO 12100:2011 be3zonachocm na mawunume. OOwu npuHyunu 3a
npoexmupane. OQyensgane Ha pucka u Hamansasane Ha pucka (1SO 12100:2010)
CrangapThT ompe/ensi OCHOBHATa TEPMUHOJIOTHS, IPUHIIUIIUTE W METOIOJIOTHUSTA
3a KOHCTpyHpaHe Ha 0e30IMacHU MamuHU. Upe3 Hero ce yCTaHOBSBAT MPUHITUITUTE
3a OICHSBAaHE HAa PHCKAa M 3a HaMajsiBaHe Ha pucka, OmUcaHW ca METOIU 3a
UICHTHQUIMpPAHE Ha OMACHOCTH, 3a MpPEICHSBAaHE M OIEHSBaHE Ha pPHUCKA B
ChOTBETHUTE a3y OT KM3HEHHS LHUKBI Ha €Ha MallhHa, 32 OTCTPaHsBAaHE Ha
OMACHOCTUTE WM 3a JOCTaTbuyHO HamaisBane Ha pucka; [KOJIEKIIUA

BE3OITACHOCT HA MAIIMHUTE, 2026]
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BJIC EN ISO 13849-1:2023 Bbezonacnocm na mawurnume. Yacmu om cucmemume
3a ynpasneHue, c@vp3aHu c¢ 6Oeszonachocmma. Yacm 1: Obwu npunyunu 3a
npoexmupane (ISO 13849-1:2023)

CranmapThT oOmpeIenss METONOJIOTHS M IPENOCTaBs CBBbP3aHU H3UCKBAHMS,
MPENOPBKH U yKa3aus 3a MPOSKTUPaHEe U UHTErPUPaHEe Ha YACTUTE OT CUCTEMUTE 32
yIpaBjeHue, cBbp3anu ¢ 6e3omnacHoctTa (SRP/CS), BKIIOYUTETHO MPOSKTUPAHETO
Ha codryep. [Ipunara ce kbM SRP/CS 3a pexum Ha BUCOK IPUOPHUTET MIPU UCKAHE
U HENpeKbCHAT pPEXHM Ha pabdoTa, BKIIOYUTETHO TEXHUTE IOJCUCTEMH,
HE3aBHCHMO OT BHJAa Ha TEXHOJOTHUSATA U EHEeprusita (Hampumep eneKTpHYecKa,
XHIpaBINYHA, THEBMAaTHYHA U MeXaHW4Ha). To3M JOKYMEHT He ce Mpuiiara 3a
pexum ¢ Huchk npuoputet npu noucksane; [KOJIEKIIUA BE3OITACHOCT HA
MAIIWHUTE, 2026]

BJ[C EN ISO 13849-2:2012 be3zonacnocm na mawunume. Yacmu om cucmemume
3a ynpaeneHue, cevp3aHu ¢ bezonachocmma. Yacm 2: Banuoupane (ISO 13849-
2:2012)

Ta3u gact Ha ISO 13849 onpenens npoueaypute U yciaoBusATa, KOUTO TpsiOBa 1a ce
ClIeIBaT MPH BaJIMIMPAHE UYpe3 aHAIN3 M U3ITUTBAHE HA: TIPEABUICHUTE (PYHKIINH 32
0€30MacHOCT, TOCTUTHATATa KaTerOpusl M MOCTUTHATOTO HUBO Ha M3ITBIHEHUE HA
YacTUTe OT CHUCTEMHUTE 3a yIpaBieHHe, cBbp3aHM ¢ Oe3omacHocTTa (SRP/CS),
npoektupanu B cboTBeTCTBUE € [SO 13849-1; [KOJIEKLIMA BE3OITACHOCT HA
MAIIWUHUTE, 2026]

C/ ISO/TR 14121-2:2015 Bezonacnocm na mawunume. OyeHssane HA pUCKA.
Yacm 2: Ilpakmuuecku yxazanus u npumepuu memoou (ISO/TR 14121-2:2012)
To3u TeXHUYECKH JOKIIA/1 1aBa MPAKTUUYECKU HACOKH 3a POBEKaHE Ha OLIEHSIBaHE
Ha pUcKa 3a MalMHU B cboTBeTCcTBHE ¢ ISO 12100 1 onucBa pa3nuyHUTE METOIU U
cpenctBa 3a Besika crbnka B mponeca; [KOJIEKUA BE3OITACHOCT HA
MAIIWHUTE, 2026]

BJ/[C EN 60073:2004 OcHosHu npunyunu u NpuHyunu 3a 0e30naCHOCMm Nnpu
g3aumooeticmaue Yo8eK-MauluHa, Mapkuposka u uoenmugurxayus. [lpunyunu 3a
KoOupawne Ha uHOuUKamopu u opearu Ha saoeticmeate (IEC 60073:2002)
YcraHnoBsiBa 001IM MpaBUIIa 3a TOCTaBsIHE HA KOHKPETHH 3HAYCHUS Ha ONPEeNICHH

3PUTCIHHA, 3BYKOBHU U OCE3aTCIIHU UHANKAIIHUHU. Nma CTaTyT Ha OCHOBHA HY6J'II/IK3HI/I5I
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3a 6e3omacHoct B cboTBeTCTBHE ¢ IEC Guide 104;[ BBJITAPCKU MHCTUTYT 3A
CTAHIOAPTU3ALUA (BJC),2026]

BJ[C EN IEC 60445:2021 OcHosHu npunyunu u npuHyunu 3a 6e30nacHocm npu
g3aumooeticmeaue Y0GeK-MaUlUHa, MapKuposKa u udeHmugpuxayus.
Hoenmughuxayus na xiemu Ha CbOPBICEHUS, U3600HU KpAUWA HA NPOBOOHUYU U
nposoonuyu (IEC 60445:2021)

IEC 60445:2021 ce npunara 3a WACHTU(HUIMPAHE M MapKHpaHe Ha KIEMH Ha
EJIEKTPUUYECKO 000pYyIBaHE KATO PE3UCTOPH, MPEANa3UTeIH, pejeTa, KOHTaKTOPH,
TpaHcGopMaTOpH, BHPTALIU CE€ MAIIUHU U, KOTaToO € MPUI0KUMO, 32 KOMOUHAIINH
OT TakoBa 00Opy/BaHe (HampuMep Crio0eHH €IUHHUIIN), U CHIO TaKa ce OTHACS 3a
UICHTH(PUIIMPAHETO HA M3BOJUTE HA HIKOW OMPEACIICHU MPOBOMHUIU. TOH CBIO
Taka IpeocTaBsi OOLIM MpaBuja 3a M3MOJI3BAHETO HAa ONPEJCJICHU I[BETOBE WM
OykBeHO-IIM(POBU O3HAUCHUs 32 HJICHTU(UIUpAHE HA MPOBOAHHUIM C LET
n30ArBaHe Ha HESICHOTUM U OcurypsiBaHe Ha OeszomacHa pabota; [BBJI'APCKU
NMHCTUTYT 3A CTAHOIAPTU3AIMA (BJ1C),2026]

BJ/[C EN 60447:2006 OcHosHu npunyunu u npuHyunu 3a 0e30NACHOCM Ha
83auMooeticmeue 4o8eK-MauuHa, Mapkuposka u uoenmuguxayus. [lpunyunu na
oeticmeue (IEC 60447:2004)

YcTaHoBsIBa OOIIM MPUHITUITH 32 PHYHO 33ICHICTBAaHH OPTaHU 3a 3aeiCTBaHe, KOUTO
ca 4YacT OT B3aMOBpPB3KaTa UOBEK-MAIIMHA, CBbpP3aHa C EJIEKTPUUECKOTO
ChOPBIKEHUE, C 1€ YBEIMYaBaHe Ha 0€3011aCHOCTTA, KaTo Oe30IMacHa eKCIIoaTalus
Ha CbOPBKEHUETO U yJIECHSIBAaHE Ha MPABUIHOTO U MOAXOASIIOTO GYyHKIIMOHUPAaHE
Ha  opraHute 3a  3azgedcrBade;  [BBJIITAPCKM  MHCTUTYT  3A
CTAHIOAPTU3ALUA (B/C),2026]

prBJIC EN IEC 60073:2026 OcHosHu npunyunu u npuHyunu 3a 6e30nacHocm npu
g3aumooelicmeue 408eK-MauHa, Mapkupoexka u udenmuguxayus. Ilpunyunu 3a
KoOupaHe Ha unouxkamopu u opeanu Ha 3adevicmeane (IEC 60073 ED7)

To3u cranmapT ycTaHOBsIBa OOIIM ITpaBUJia 3a MPUIaBaHe Ha CTICU(PUIHH 3HAYEHUS
Ha HSKOM 3PUTENHU, 3BYKOBH M OCE3aTeIHM WHIWKAIUM, 3a Ja: MOBUIIH
0e30MacHOCTTa Ha JHIlaTa, UMYIIECTBOTO WJIM OKOJIHATA cpela 4upe3 0e30macHo
Ha0II0JIeHUe W KOHTPOJI Ha 00OpYyABaHETO WJIM TpoIleca, 3a Ja YJIECHU OBP30TO
pasno3HaBaHe Ha YCIOBUSTA Ha YNpaBICHHE U MO3HUIHUWATE HA W3MBIHUTEIHUTE
mexaam3mu Ha HMI; [BFBJITAPCKU MHCTUTYT 3A CTAHIAAPTU3ALIUA
(B1C),2026]
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o prbJ[C EN IEC 60447:2026 OchosHu npunyunu u npuHyunu 3a 6€30nacHocm Ha
g3auMo0elicmeue Y08eK-MAWUHd, MapKuposka u uoenmuguxayus. Ipunyunu Ha
oeticmsue (IEC 60447 ED4)

To3u MexmyHapoJeH CTaHAApT YCTAaHOBsBa OOILIM NMPUHIMIN 3a 3afeliCTBaHE HA
PBUHO 3aJeHCTBaHM W3MBIHUTCIHH MEXaHU3MH, NPEACTaBISIBAIA YacT OT
uHTepdeiica YOBEeK-MallllHA, CBBP3aH C EIEKTPUYECKO O00OpylBaHE, C Ie:
MOBUIIIABAHE Ha 0€30MacHOCTTa (HAlpUMeEp Ha XOpa, UMYIIECTBO, OKOJHA CPe/a)
ype3 Oe30macHa eKCIUIoaTals Ha OOOpYABAHETO, YJIECHSBAaHE IpPaBUIHATA H
HaBpEMEHHA paboTa Ha 3aJIBUXKBAIUTE MEXaHU3MH. Te3u MPUHIUIHA CEe TpUIarat
HE caMO 3a paboTaTa Ha EJIEKTPHUYECKO OO0OpYyABaHE, MAIIMHH WM ISJIOCTHH
WHCTAJIAIAY TIPU HOPMATHH YCJIOBHSI, HO | TIPH IMIOBPEIN WJIM aBAPUHHU CHTYaITHH.
To3u cranmapr e 3a OOImIO NPUIIOKEHHE, OT IMPOCTH CIydyal KaTo EIUHHYHH
W3IBJIHUTEITHN  MEXaHW3MH (Hamp. OYTOHM) J0 MHOMECTBO HW3IIBJIHUTEIHH
MEXaHU3MH, TPEACTABISIBAIM YacT OT TOJISIM KOMIUICKT EJICKTPHUYECKO W
HEeJIEKTPUYECKO 000pYABaHE MJIM YacT OT LIEHTPaIHa CTAHIUS 3a yIpaBlieHHE Ha

MPOILIECH;

2. CtaHgapTu BH0Be CPeACTBA 32 3alIUTA HA MALLIMHHA

B unaycrpusta 4yoBeko-mammuHuTe uHTepdeiicu (UMU/HMI) m3MunaBar cxopHa
I'bTEKA Ha pa3BUTHE. MEeXaHMYHUTE MPEBKIIIOYBATENH, aHAJIOMOBUTE MAHENINU U (QU3NYECKUTE
KOHTpOJIHM Tabna nocreneHHo OuBat 3amecteHu oT PLC u SCADA cucremu, LED expanu u
MOHUTOPH, KOUTO Ha CBOW pejl OTCTHIIBAT MACTO Ha Ipa)MUHUTE ONEPATOPCKU TEPMUHAIU U
HMI nanenure. Cpen OCHOBHMTE CpPEACTBA 3a Ca €JIEKTPOMEXAHUYHHUTE YCTPOMCTBA KaTo
3alIUTHU TIPErpajay, aBapUiHU CTON-OyTOHH, YCTpOICTBa 3a yIpaBlieHWE C JIBE pbIe U
0Ee3KOHTaKTHUTE CPECTBA 32 MAlIMHHA 0€30MaCHOCT - ONTHYHU OapuepH, CBETIMHHH 3aBECH,
na3zepuu ckeHepu, PLC Bepuru 3a 6€30MacHOCT, CUTHAJIHU KOJOHU U Apyru. M300pbT Ha
OJIOKHMpAIIO YCTPOMCTBO 3aBUCH OT YCIOBMATA Ha EKCIUIOATAIMs M MpeJHAa3HAYeHUETO Ha
CPEACTBOTO 3a 3aIUTA; MOCIEACTBUATA OT Bb3MOKHO HapaHIBaHE; BEPOATHOCTTA OT MIOBpEAA
Ha OJIOKMPAIIOTO YCTPOHCTBO; U3UCKBAHUATA KbM BPEMETO 3a CTOIl HAa MalllMHATa; YecToTaTa

Ha JOCTBHII Ha IIEPpCOHAA 10 OoIracHaTa 30Ha U JIp.

CrnemnuTe cTaHAapTH 00XBAIAT MPUHITUIN M YCTPOMCTBA 3a 6€30MaCHOCT HAa MAITUHU:
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BJ/IC EN ISO 13850:2015 bBesonachocm na mawunume. Aeaputino cnupane.
Ipunyunu 3a npoexmupane (ISO 13850:2015)

CranpaptsT omnpeaens (QyHKIMOHAIHUTE W3UCKBAHUSA M MPUHLUUINTE Ha
MPOEKTHpaHe 3a (PyHKIMATA 32 aBApUHHO CHHUpaHe MPH MAIIMHU, HE3aBHCUMO OT
Buaa Ha wusnom3Banara eHeprus; [KOJIEKIIUA BE3OIIACHOCT HA
MAIINHUTE, 2026]

BJIC EN ISO 13851:2019 Be3zonachocm na mawunu. Ycmpoiicmea 3a ynpaeienue
¢ 06e pvye. [Ipunyunu na npoexmupane u uzoop (ISO 13851:2019)

To3u NOKyMEHT YTOUHsIBAa M3UCKBaHUATAa 3a 0€30IaCHOCT Ha YCTPOWCTBO 3a
ynpasinenue ¢ ase pbue (THCD) u 3aBucMMOCTTa Ha W3XOAHUS CUTHAN OT
3aJleficTBaHE OT CTpaHa Ha yCTpOICTBaTa 3a ympaBieHHe Ha 3afeiicTBane. ChbIIo
OINMCBAa OCHOBHUTE XApAaKTEPUCTUKHU HA yCTPOICTBAaTa 3a yIpaBJIEHUE C JIBE PbLIE
THCDs 3a mnocturane Ha 0€30MacHOCT W YCTAaHOBSBA KOMOHMHALUU OT
(GYHKIMOHATHY XapaKTePUCTHKH 3a TpU THMA. TO3M JOKYMEHT IIperoCTaBs
M3HUCKBaHUS 32 MMPOCKTHPAHE M HACOKU 3a M300p (B3 OCHOBA Ha OILICHKA HAa PUCKA)
Ha THCD, BKIIOYHTETHO TpeloTBpaTsABaHE Ha TMOBpeda, H30sIrBaHe Ha
HeusnpaBHOCTU U npoBepka Ha choTBeTcTBUETO; [KOJIEKIIMA BE3OITACHOCT
HA MAIINHUTE, 2026]

BJIC EN ISO 14119:2013 bezonachocm Ha mawunu. bBrokupawu ycmpoticmea,
C8bP3aHU CcbC 3auumHu npezpaou. Ilpunyunu uma npoexmupane u uzdop (ISO
14119:2013)

CrangapTsT cnenu@uuypa IPUHLIKIN Ha MPOEKTHpaHe M U300p (HE3aBUCUMO OT
€CTEeCTBOTO Ha €HEPTHIHMS M3TOYHHK) Ha OJIOKMpAIIN YCTPOICTBA, CBHP3aHH ChC
3alIUTHU MPErpagy U MpelocTaBs YKa3aHUs Ha MEPKU 3a Bb3MOXKHATa Hail-masika
noBpefa Ha OJOKMpally yCTPOHCTBA MO Pa3yMHO MpeIBUAMM HauyuH. To3u
JOKyMEHT oOXBallla NPUHIMIIUTE 3a IPOeKTUpaHe, W300p M MpHIIaraHe Ha
CIIETHUTE: 4YacTH OT 3alllUTHUTE Mperpaau, KOUTO 3ajeiicTBar OuoKupaiiu
YCTpOICTBa, 3aKIIOYBAIIM YCTPOMCTBA M CHCTEMHU C OJIOKMpalld yCTpOWCTBa 3a
MammHau npuioxkenus; [KOJIEKIMA BE3OITACHOCT HA MAUIIMHUTE,
2026]

BJI[C EN ISO 14120:2015  Bezonachocm na mawunume. 3awumuu npecpaou.
Obwu uzuckéanus 3a npoekmupane u u3pabomeane Ha HenoOBUNCHU U NOOBUNCHU

sawumnu npezpaou (ISO 14120:2015)
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B T031 JOKyMEHT ce mocoyBaT OOLIMTE H3UCKBAHUSA 33 IIPOCKTUPAHE U U3TPAXKIaHE
Ha 3aIIUTHHU TPerpajg, NPEeIBUACHU NpPEeAd BCHYKO 3a 3allMTa Ha JUIa OT
MeXaHU4YHU onacHOCTH. CTaHAApPTHT Cce Mpujlara OCHOBHO 3a MAIlIMHUTE, KOUTO ca
MIPOM3BEICHU CIIe]| JaraTa Ha W3/aBaHe Ha Hacrosmwus crangapT. OOpbiia ce
BHUMAaHHE Ha W3IOJI3BAHETO HA 3allUTHH NPErpagd, KOUTO Ja MUHUMH3UPAT
U3JIaraHeTO0 Ha HEMEXaHWYHU ONACHOCTH. V3HCKBaHMATA Ce€ OTHACAT IpH
M3MO0JI3BaHe Ha (QUKCHUpaHu W ToABMXKHU 3ammTHH nperpaau. [KOJIEKIIWA
BE3OITACHOCT HA MAIINHUATE, 2026]

BJ/[CENISO 13856-1:2013 bezonacnocm na mawunume. lIpeonasznu ycmpoiicmea,
yyecmeumennu Ha Hamuck. Yacm 1: Obwu npunyunu 3a npoexmupaue u
U3nUmMeane Ha 4y8Cmeumentu Ha HamucK noCmenku u 4yeCmeumentu Ha HamucK
nacmunxu (ISO 13856-1:2013)

To3u crangapT omnpeness U3UCKBAHUATA 33 UyBCTBUTEIHN HA HATUCK HACTHIIKU U
YyBCTBUTEJIHU Ha HATHCK IOJIOBE, KOUTO OOMKHOBEHO CE 3aJICHiCTBAT OT Kpakara u
ce M3MOJI3BAT KaTo NPEANa3Hd MEPKH 3a 3allyTa Ha Xopara OT OMAacHU MAalluHH.
[Tpwara ce 3a 4yBCTBUTEIHM HAa HATHCK HACTHJIKA W YyBCTBUTCIIHA Ha HATHCK
MOJI0OBE, HE3aBUCUMO OT BHJIa Ha M3MOJ3BaHATa €HEPrHsl (HallpUMep eeKTPUIecKa,
XUApaBINYHA, MHEBMAaTHYHA WJIM MEXaHWYHA), KOUTO ca TMpeAHa3HA4YeHU [ia
OTKpHUBAT XOpa ¢ TErjo Haja 35 Kuwiorpama u juia (Hampumep jema) ¢ Teriao ot 20
kr.; [KOJIEKIIM A BESOITACHOCT HA MAIIMHUTE, 2026]

B/JCEN ISO 13856-2:2013 besonacnocm na mawunume. Ilpeonaznu ycmpoticmea,
yyecmeumenuu Ha Hamuck. Yacm 2: Obwu npunyunu 3a npoekmupawe u
U3NUMeane Ha 4y8CMEUmenIHU Ha HAMUcK pbOose (1alicHu) u 4y8cmeumentu Ha
Hamuck waneu (ISO 13856-2:2013)

To3u cranmapt ompenenss OOIUTE MPUHIWIHN W M3WCKBAHUS 33 MPOSKTHUPAHE H
W3MHTBAaHEC HAa YYBCTBUTEIHM HA HATHUCK PHOOBE (JIACHW) W YYBCTBHTEIHHU Ha
HATUCK IAHTH, KOWTO C€ W3MOJ3BaT KaTo MpeArna3Hu MEpKH, a He KaTo
U3MBIHUTENTHU YyCTpOiicTBa 3a HopMaiHa pabota. Tolt e mnpuinoxum 3a
YYBCTBUTEIHU HA HATUCK PHOOBE (JIAHCHW) W YyBCTBUTEIIHH HA HATHCK IIAHTH, C
wi 0e3 BBHIICH MEXaHW3bM 3a pecTapTHUpaHe, M3IOJI3BAaHM 3a OTKPHBAaHE Ha
JUIaTa WU 9aCTU Ha TSUI0TO, KOUTO MOTaT Aa OBJaT U3JI0KEHU Ha OMACHOCT, KaTo
JIBUKEIIM ce YacTd. To3W cTaHgapT MMa 3a el MPeJUMHO Oe30MacHOCTTa |
HagexaHocTTa, a He rogHocT. [KOJIEKIIUA BE3OITACHOCT HA MAIIIMHUTE,
2026]
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BJIC EN ISO 13856-3:2013 Bezonacnocm na mawunume. Ilpeonasnu ycmpoticmaa,
yyecmeumennu Ha Hamuck. Yacm 3: Obwu npunyunu 3a npoexmupauwe u
U3nUMeane Ha 4y8Cmeumenu Ha HAmucKk OpoHU, NioYlU, KOpOUu u opyau noOoOHU
yempoucmea (ISO 13856-3:2013)

To3u nOKyMEHT JaBa OCHOBHHMTE M3MCKBAHHS 32 TE€3M YYBCTBUTEIHH HAa HATHCK
3alUTHU YCTPOMCTBA, C WM O€3 BHHIIHO pecTapTUpaHe Ha 00eKTa, KOUTO HE ca
oTnpeJIelIeH! BB YacT | v 4acT 2 Ha TO3M IOKYMEHT, MO-TroJiiMara 4yacT OT KOUTO ca
MpeIHa3HauYeHU 3a Crenu(UYHN TPUIIOKEHUS W HE ca Ha PA3MOJIOKEHHUE, KaTo
JETaiIN OT CepUUHO IPOU3BOACTBO. T0OM CHIO Taka JaBa crieupUIHN U3UCKBAHUS
3a YyBCTBUTEIHM Ha HATUCK OpOHM, YYBCTBUTEIHM Ha HATUCK IUIOYH H
YyBCTBUTEIHM Ha HATUCK Kopau (c mpexbcBaHe Ha kopau); [KOJIEKLWA
BE3OITACHOCT HA MAIIIMHUATE, 2026]

bJIC EN IEC 61496-2:2020 bezonachocm na mawunu. Enexmpouyscmeumennu
3awumuu  cvopvocenus. Yacm 2: Cneyugpuunu u3UCK6AHUA 30 CLOPBIHCEHUS,
U3NON36AWU AKMUBHU OnmoereKmponHu anapamu 3a 3awuma (IEC 61496-2:2020)
IEC 61496-2: 2020 ompenens M3MCKBaHUATA 3a IPOEKTHpaHE, KOHCTPYHUPAHE U
M3MUTBAHE HA €JIEKTPOUYBCTBUTEIHU 3aIUTHU chopbkenus (ESPE), mpoekTupanu
CHEIMaJIHO 32 OTKPHBAaHE Ha JIMIIa KaTo YacT OT CBbp3aHa ¢ 0€30I1aCHOCTTa CUCTEMA,
M3MOJI3Ballla aKTUBHHU ONTOENEKTPOHHHU amapartu 3a 3amuta (AOPD) 3a cenzopna
¢bynkiusa. CnenuanHo BHHUMAaHHE € HAcOYeHO KbM XapaKTEPUCTUKHUTE, KOHUTO
rapaHTHpaT, Y€ Ce MOCTUTA MOIXOANI0 U3MIBIHEHHE, CBhP3aHO ¢ OE30MacHOCTTA.
ESPE Moxe na BKITFOUBA HE3aABKUTEIHA (DYHKIIMH, CBbP3aHHU ¢ 0€30MacHOCTTA,
M3UCKBAHUATA 3a KOUTO ca AajeHu B npuioxenne A kpM [EC 61496-1: 2020 u Ha
to3u nokyMeHT; [KOJIEKLIUA BESOITACHOCT HA MAIIIMHUTE, 2026]

BJ[C EN ISO 4413:2011 Xuopasnuuru 3a0eudxcearus. Oowu npasuia u U3UCKEAHUs.
3a bezonacnocm Ha cucmemu u mexrnume covcmashu wacmu (ISO 4413:2010)

ISO 4413:2010 ompenenst oOmmMTe MpaBWiIa U W3UCKBAHHUS 3a OE30MACHOCT 3a
XUAPABINYHA CHCTEMH M KOMIIOHEHTH, H3MOJ3BaHM 3a MAIllMHH, KaKTO Cca
onpenenenu ot ISO 12100. ISO 4413:2010 ce 3aHMMaBa ¢ BCHUYKHA 3HAUMMHU
OTACHOCTH, CBBP3aHH C XUAPABINYHU CUCTEMHU M YTOUYHSIBA IPUHITUITH, KOUTO J1a Ce
Tpuarar ¢ 1eji Ja ce M30erHaT Te3HW OMACHOCTH, KOTaTO CUCTEMHTE Ca IMOCTAaBEHU
3a TIXHOTO u3MoJ3BaHe Mo mnpenHazHadenwe. [SO 4413:2010 ce otHaca 3a
MPOEKTUPAHETO, M3TPAKIAHETO W MOAW(PUKAIMS HA CHUCTEMHTE U TEXHHUTE
KOMITOHEHTH, KaTO C€ B3eMaT MPEABHJ CICAHHUTE ACMEKTU: CTIIO0SBaHE, MOHTAX,
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HACTpOWKa, HEMpeKbCcHaTa paboTa Ha cHUCTeMara, JIeKOTa M HKOHOMHYHA
NOJIPHKKA M TOYMCTBAHE, Ha/lexkIHa paboTa BHB BCHYKHM NpPEIHA3HAYCHHATA,
eHepruitHata egexktuBHOCT M okojHata cpena; [KOJIEKIIMA BE3OITACHOCT
HA MAIINHUTE, 2026]

BJIC EN ISO 4414:2011 I[Ineemamuunu 3a0sudxceanus. Obwu npasuia u
U3UCKB8AHUS 34 Oe30nacHocm Ha cucmemu u mexuwume cvemasnu uacmu (ISO
4414:2010)

ISO 4414:2010 ompenens oOmuMTEe MpaBWia U W3MCKBAHUS 3a OE30MACHOCT 3a
MMHEBMAaTUYHH CUCTEMHU 1 KOMIIOHEHTH, U3I0JI3BaHH MAIlIMHU, KAKTO Ca OIpeIeJIeHH
ot ISO 12100. SO 4414:2010 pa3riexxaa ¢ BCHUKH 3HAYMMHU ONACHOCTH, CBbP3aHU
C MHEBMATHYHH CUCTEMH U YTOYHSIBA MPUHIINIIHN, KOUTO J1a CE TIPUJIarar C LeJ 1a ce
n30erHaT Te3H OMACHOCTH, KOTaTO CUCTEMHUTE Ca TIOCTABEHU 3a TSIXHOTO M3IO0JI3BaHE
no npegnazHauenue. SO 4414:2010 ce oTHacs 3a NPOEKTUPAHETO, U3TPAKIAHETO
1 Moau(UKalKS HA CUCTEMUTE U TEXHUTE KOMIIOHEHTH, KaTO Ce B3eMaT MPEeABU
CIIEJIHUTE ACIEKTH: CrII00sSBaHE, MOHTAX, HACTPOIiKa, HENMpeKbcHaTa paboTa Ha
cucTemMara, JIEKOTa U MKOHOMHYHOCT Ha TOJ/IPBKKA M TOYMCTBAHE, HAJCKIHA
paboTa BBB BCHYKH MpeIHA3HAYCHHs, €HEpruilHaTa eQEeKTUBHOCT M OKOIHATa
cpena; [KOJIEKLIMA BE3OITACHOCT HA MAIINHUTE, 2026]

BJ/[C EN 60204-1:2019 Fe3zonacnocm na mawiunu. Enexmpoobszasescoane na
mawunu. Yacm 1: Obwu uzuckseanus (IEC 60204-1:2016, ¢ npomenu)

I[EC 60204-1:2016 ce mpennara karo IEC 60204-1:2016 RLV, koliTo chabpxa
Mexnynapoanusi cranmapT u HeroBata Redline Bepcus, moka3Bamia BCHYKH
MIPOMEHU B TEXHUUECKOTO ChABbPKaHHE B CPAaBHEHHE C MPEAUIITHOTO U3aHUE.

IEC 60204-1: 2016 ce oTHacs 3a €NEKTPUUYECKO, EIIEKTPOHHO U MPOTpaMUpPyEMO
€JIEKTPOHHO 000pY/IBaHE M CUCTEMH 32 MAIllMHU, KOUTO HE ca MPEHOCUMH PBYHO 110
BpeMe Ha paboTa, BKIFOYUTEITHO TPpyIa MAaIIMHHA, KOUTO PAOOTAT CHBMECTHO IO
KoopauHupaH HauuH. O6opyaBaHeTo, oOxBaHato oT Ta3u 4yacT Ha IEC 60204,
3amo4yBa B TOUYKAaTa Ha CBBP3BaHE Ha 3aXpaHBAHETO KbM EIEKTPHUYECKOTO
obopynsane Ha mMammHata; [KOJIEKIIMA BE3OITACHOCT HA MAUIMHUTE,
2026]

BJICENISO 14122-1:2016 bBe3zonacnocm Ha mawunu. CmayuoHapHu cpeocmasd 3a
docmwvn 0o mawunume.Yacm 1: H360p na ¢ukcupanu cpeocmea u obwu

usucksanus 3a oocmun (I1SO 14122-1:2016)
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ISO 14122-1:2016 naBa o0muTe N3UCKBAHUSA 32 JOCTHII O CTAllMOHAPHU MAIIWHU
Y HACOKHM 3a MNPaBWJIHUS MU300p Ha CPEACTBA 3a JOCTBII, KOTaTO HEOOXOAUMUST
JOCTBI IO CTAllMOHAPHA MAlllMHA HE € Bb3MOXEH JUPEKTHO OT HUBOTO Ha 3eMATa
win ot noza; [KOJIEKIIUA BE3OITACHOCT HA MAIIIMHUTE, 2026]
BJ[CEN ISO 14122-2:2016 bezonacnocm na mawunu. Cmayuonapuu cpeocmaa 3a
docmwvn 00 mawunume. Yacm 2: Pabomuu niameopmu u neuexooHu mocmose
(ISO 14122-2:2016)

ISO 14122-2:2016 naBa W3UCKBaHUS 3a HEMOJBIKHU PAOOTHU IUIATHOPMH H
II'BTEKU, KOUTO Ca YacT OT €JHa CTal[MOHAapHa MallliHa, U Ha KOUTO PEryIHpyeMHU
YacTH HE ca 3aJBUKBAaHU (HAIpUMep CT'bBAaeMHU, ILTH3Tallli) U TOJBUKHUTE YacTU
Ha Te3n (ukcupanu cpenctsa 3a pocteir; [KOJIEKIIMA BE3OITACHOCT HA
MAIIWHUTE, 2026]

BJICEN ISO 14122-3:2016 bBe3zonacnocm Ha mawunu. CmayuorHapHu cpeocmaa 3a
docmwvn 0o mawunume. Yacm 3: Cmwvabuwa, cmuvibu cbc cmvhnaia u napanemu
(ISO 14122-3:2016)

ISO 14122-3:2016 nmaBa M3MCKBAHMATA 3a HEIMOJABH)KHHM CTBJIOMINA, CTHIOHM U
napamneTH, KOUTO ca YacT OT €/IHa CTallMOHapHA MAIllMHA, U C PETYIHPYEMHU YacTH,
KOUTO HE ca 3a/[BWKBaHM (HAIIPHMEP CI'bBaeMH, C BB3MOXXHOCT 3a IUTB3TaHe) W
MOJIBUKHUTE YacTh Ha Te3u (ukcupanu cpenctsa 3a goctei; [KOJIEKLIMA
BE3OITACHOCT HA MAIIIWMHUATE, 2026]

BJ[C EN ISO 14122-4:2016 bezonacnocm na mawunu. CmayuoHapuu cpeocmaea 3a
docmwvn 00 mawunume. Yacm 4: @uxcupanu cmwvaou (ISO 14122-4:2016)

ISO 14122-4:2016 npaBa u3MCKBaHUS 3a CTHJIOM, KOMTO Ca dYacT OT e€IHa
CTallMOHApPHA MAaIllMHA, W C PEeryJHupyeMH 4YacTH, KOUTO HE ca 3aJIBUKBaHU
(HampuMmep CrbBaeMH, C BB3MOXKHOCT 3a IUTB3TaHE) U TOJBMIKHUTE YacTH Ha
cucTeMH (PUKCHpaHU CTHIIOU.

3abenexka 1 "®ukcupanu" cpeacTsa 3a AOCTHII, ca T€3H, MOHTHPAHU MO TaKbB
HauWH (HampuMep upe3 BUHTOBE, TaiKH, 3aBapsiBaHe), Taka 4e Te MoraT Ja Obaar
OTCTPaHEHM C€aMO Ype3 U3NOJ3BaHETO Ha HMHCTpyMmMeHTH. ISO 14122-4:2016
ompezenss MUHUMAJTHH W3UCKBAHUSA, KOWUTO Jla C€ MpHiaraT M KOTaTo CHIIUTE
CpeZCTBa 3a IOCTHII ca HEOOXOIMMH, THI KaTO ca 9acT OT CrpajaTa Wil IPaaaHCKO
CTPOUTEJICTBO (HAaMpuUMep CTHJIOHM), KBJIETO € WHCTaJupaHa HAa MallluHaTa, MpU

yCIIOBHE, Y€ OCHOBHATa (DYHKIMS HA Ta3W 4acT OT CTPOUTEIICTBOTO € J1a OCUTYpPH
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cpeactBa 3a goctbnl go MammHata. [KOJIEKHUA BE3OITACHOCT HA
MAIIMHUTE, 2026]

HN3Boau u 00001eHus

JXuBeem BBB BpeMe B KOETO MHAYCTPHAITHUTE PEBOJIIOLMU BCE MO-OBP30 HABIM3AT B
NPOM3BOJICTBOTO M YCKOPEHUTE TEMIIOBE Ha pOOOTHM3aLMs W aBTOMATH3AIMs H3MPABAT
IPOM3BOUTENUTE IIPE]] PELICHUS 32 IPEMUHABaHE OT TPAJULMOHHH, KOMIIOHEHTHO 0a3upaHu
pelieHuss KbM €IMHHA ILEHTpaJu3upaHa CHCTeMa, KOATO OOXBallla BCHUYKHM AaCHEKTH Ha
3amuTaTa, Ipe3 Leaus )KU3HEH LMKbBJ Ha MallMHata. TpyaoBara U MallMHHATa 0€30MacHOCT
OTJaBHA € SICHO M3pa3eH (akTOp B HALMOHAIHHUTE TOJUTHUKUA HA MHIYCTPUATHO PA3BUTHTE
J'bp>KaBU M KOTaTo ce pabOTH B OCOKA M3rpaXk/laHe Ha HOPMaTHBHA M TeXHUYEcKa 0a3a, KOsATO
HE IPOCTO LeNU Jla HamMallk, a Ja eJTUMHHHUpa PUCKAa OT MHIMJEHTH, O€30MacHOCTTa ILe ce
npremMa KaTo OCHOBHA, MHTErpHpaHa LeJl Ole Ha eTama Ha IPOEKTHpaHe, BbBEXKAAHE B

eKCIUTIOaTalus 1 MoJIbpKaHe Ha 000PYABAHETO.

JIMTEPATYPA

BBJITAPCKU MHCTUTYT 3A CTAHAAPTU3ALIUA (B/C) https://bds-bg.org/bg/ [ Viewed 2026-
10-12]

KOJIEKLIMA BE3OITACHOCT HA MAIIWHUTE.
https://bds-bg.org/bg/project/show/bds:proj: 121338 [Viewed 2026-10-12]

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO)
https://www.iso.org/home.html [Viewed 2026-10-12]

EUROPEAN COMMITTEE FOR ELECTROTECHNICAL STANDARDIZATION (CENELEC)
https://www.cencenelec.eu [Viewed 2026-10-12]

EUROPEAN COMMITTEE FOR STANDARDIZATION (CEN) https://www.cencenelec.eu [Viewed
2026-10-12]

INTERNATIONAL ELECTROTECHNICAL COMMISSION (IEC) https://www.iec.ch/homepage
[Viewed 2026-10-12]

EUROPEAN AGENCY FOR SAFETY AND HEALTH AT WORK (OSHA)https://osha.europa.cu/bg
[Viewed 2026-10-12]

WHXEHEPUHI PEBIO https://www.engineering-review.bg/_[Viewed 2026-10-12]

260
Fundamentals and Technical Means of Design, october 2026



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

SAFETY PRINCIPLES AND EQUIPMENT FOR MAN-MACHINE INTERFACE.
BASIC STANDARDS

Abstract. Good working conditions and optimal safety are among the top priorities for
employers in the industrial sector, as health and safety-alongside profitability, quality, and
environmental protection-are integral aspects of their responsibilities. In the drive for ever-
higher productivity, management teams at industrial facilities are sometimes compelled to
compromise on the safety of machinery and technological equipment; this is because the safe
operation of machines depends not merely on the good intentions of workers and their
supervisors, but primarily on significant investment. Recognizing that worker health and safety
are key performance indicators for a company signals potential economic and organizational
benefits. Sound business policy entails ensuring safe and healthy working conditions while
bringing safe, high-demand products to market. We live in an era of web-based, mobile, and
sensor-driven interfaces, where traditional buttons are gradually being replaced by
touchscreens, virtual keyboards, and gesture- or voice-based interaction. New horizons are

opening up for the human-machine relationship.

Keywords: safety, man-machine, standard, HMI, PLC
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W3CJEJIBAHE Y AHAJIN3 HA EBPOIIEMCKO 3AKOHOJATEJICTBO 110
INOJIMTUKHUTE 3A BE3OITACHOCTTA HA IBUKEHHUETO 11O I'BTUILIATA

aou. a-p unxk. Bacuia Ilenuen

ac. uHK. I'eprana [leaupanena

ac. nnk. Iloss1 Betnnosa
Texnuuecku ynusepcumem — Cogus

Pe3tome. Hacrosimara pabora mma 3a 1ien Ja aHaidu3upa HIKOM JTOKyMEHTH Ha EBpormelickara
KOMHCHUSI OTHOCUMH KbM ACHCTBHS 3a HaMaJIsiBaHE HA MBTHOTPAHCIOPTHUTE MPOM3LIECTBUE U
MOCTPaAAINTE MIPHU TAX, KAKTO U [TOBUIIaBaHE Ha 0€30I1aCHOCTTA Ha JIBM)KEHUETO Ha TEPUTOPHSITA
Ha EBpomnelickus cpro3. Pasrienanu u aHaau3upaHy ca OCHOBHH JOKYMEHTH, HMAIX OTHOLLICHHE
KbM KOHKpDETHaTa MarTepusl. V3BbpIICHa € CBIOCTaBKa W aHaIM3 Ha MNPHIOKHMOCTTa B

Pemry6nuka brarapust.

Kniouosu oymu: EBpomelicku cbio3, 0€30MacHOCT Ha JBWKEHHETO, IPEBO3HU CPEICTBA,

TPaHCHOPTEH TPAaBMAaTU3bM

1. AxkrtyaaHo cbcrosiHme Ha EBpomeiickoTo 3akoHoaaTesicTBO B 00J1acTTa Ha

0e3omacHOCTTa HA ABHKECHHETO 110 MIbTUIIIATA

B nsm VI ot [loroBopa ot JIncaboH, koiTo kKopecnionupa npsiko ¢ uieH 91 ot /foroBopa
3a (pynkuuonupanero Ha EBponeiickusa cwio3 (ADEC), e nmpeacraBeHO OCHOBHOTO MpPaBHO
OCHOBAHME 3a Ch3/]aBaHETO METO/IH, CPEACTBA M HOPMHU 3a I'bTHA O€30MaCHOCT, YUATO 1IeJ € Ja
ce monoOpu 0Oe30MacHOCTTa Ha JBM)KEHHETO Ha IMPEBO3HU CpeACTBa MO IbTUINATA Ha
EBpomneiicku cpro3. EBponeiickata Komucus mybnukysa npe3 mait 2018 r. cTpaTernyecku mnjiaH
YHSTO IIe]T € Pa3BUTHE HA JCHWHOCTUTE CBHP3aHU C IbTHATA 0E30MaCHOCT HA TEPUTOPHATA Ha
nenust EBponeiicku cpro3 (EC), kakTo u 3a 100aMKaBaHe 0 IBJITOCPOYHO MOCTaBEeHA 1IeT 3a
HYJIEB OpOi CMBPTHHU CiIy4yau TPHU IIBTHOTPAHCIIOPTHU MPOU3IIECTBUS HA TEPUTOPHATA Ha
crpanute-uieHkn Ha EC B cpok 1o 2050 r. ( Ta3u men € o3HaueHa TEPMUHOJIOTHYHO ,,Hynesa
cmvpmHocm’®).

IlocTuranero Ha ONHCAaHUTE IO-TOpe LEIU € MPEABUACHO Ype3 HU3IBIHEHHE Ha
ONpeNETIeH BUJ U XapaKkTep JeHHOCTH, KATO OCHOBHMTE Ca: XapMOHU3HMPAHE Ha MpaBUiIaTa 3a
JBWKEHHE [0 IIbTUIIATA BbB BCHYKM JbpXKaBU-WICHKM Ha EBpomneiickus cbpoo3 U

XapPMOHU3HUPAHC HA CTAHAAPTUTC 34 ABUKCHHUC 110 IbTUIIIATA BbB BCUYKU AbPKaBU-YJICHKH Ha
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EC upe3 ochlIecTBSBaHE Ha CIEAHUTE JICHCTBUS OT TEXHUTE 3aKOHOJATEIHU OPraHU U CbC
CBIIECTBEHO 3HaueHUe 3a equHHaTa EBponeiicka mpaBHa ypenda B Ta3u 00JIaCT, a UMEHHO
0e30MacHOCTTa Ha JBWKEHHETO M0 MbTUIIATA, Ype3 XapMOHU3HpPAHE HA 3aKOHUTE OTHOCHO
CBUJICTEJICTBATA 32 MIPABOYIIPaBJIEHNE HA IBTHU NPEBO3HU CPEJICTBA, CTAH/IAPTUTE, OTHOCUMU
KbM II'BTHUTE IMPEBO3HU CPEJCTBA M yEIHAKBSBAaHE Ha IPAaBONpPUIIATaHETO B O0JIACTTa Ha
TpaHcnopTa u 0e30macHOCTTa Ha ABMYKECHHUETO IO IIbTUIIaTa Ha TepuTopusTa Ha uenus EC.

Beuuku Te3m pAeiicTBHS ca HAcOYeHM KbM LENTa, 4Ype3 MpelIBUIeHA IO-roisiMa
0€30MacHOCT U MPEABUAUMOCT Ha TPAHCTPAHUYHUTE IBTYBAHUS; TOJOOPEHUS HA TEXHOJIOTUU
CBBbP3aHM C aKTMBHATa M MTaCMBHA 0€30IIaCHOCT Ha MPEBO3HUTE CPEICTBA —Pa3JIMYHU BUJIOBE
»TpapuK acUCTEHTH M OpYyrW CUCTEMU Ha INpeBO3HUTE cpeicTBa. He Ha ciexsaio, a Ha
MOpPEHO TaKoBa MSCTO, TpsiOBa Ja ObJe MOCTAaBEHO H3HCKBAHETO 3a IMOJOOPSIBAHETO Ha
0e30MmacHOCTTa Ha MHPPACTPYKTypaTa — MPOCKTHPAHE U MOAJIPHKKA HAa MBTUIIATA U TEXHUTE
CBHOPBKEHUS, upe3 ePEeKTUBHH PEIICHHS 32 yIpaBlIeHHEe Ha pUCKa (ONTUMAlIHA OpTaHU3alus
Ha JIBWJKEHUETO IO MbTULIATa, MOJOOpsIBaHE HA CHUTHAIM3ALUATAa B I'BTHU Y4YacTbLM C
MOBUIIIEHA KOHIEHTpAallMs Ha MBTHOTPAHCIIOPTHU MPOU3IIECTBUE M OMACHU Y4YacTbLUHU OT
IbTHATA MPEXKa, KAKTO U PEIOBHU MPOBEPKHU HA U3MPABHOCTTA HA MMbTHATA UHPPACTPYKTypa U
HelfHaTa crocoOHOCT Jia moeMe TpaduKbT NPEeABHUIEH Ja MPEMUHE Mpe3 Hesd 3a ONpeJleeHU
BpPEMEBU MEPUOJIH.

KbM HacTosIIMsI MOMEHT 1 Ha 0a3a Ha CTATUCTHYECKU JIaHHU U TSIXHOTO CPaBHEHHE €
YCTaHOBEHO, Y€ CMBPTHHUTE ciryuyau 1o nerumara mnpes3 2001 r. ca 51400, a npe3 2021 r -19800
KaTo M3BOJI MOXE Jla ce 0Cco4uH, 4e 1enTa nocrapeHa ot EC 3a 75% HamaneHue Ha CMBbPTHUTE
CIIy4H 3a TOpEONHCaHUs IEPUOJ] HE € JOCTUTHATA, KaTO aKTyaJIHUTE JIaHHU ca:

19800:51400=0,385.100%=38,5%, (Tpuaecet u oceM IS0 U TET MPOIIEHTA),

Kosro croitnocT noka3sa Hamanienue ot 100%-38,5%=61,5%. (mectaecer u eANH L0
U TIEeT NPOLIeHTa) IPU TOCTaBeHa 11e oT 75% (ceneMaeceT U MeT MPOLEHTA).

®axr e, ue mpe3 2021 r. OposAT Ha 3aTMHATIUTE NMPU IBTHOTPAHCIIOPTHU MPOU3LIECTBUS
B EC ce e yBenmuuun ¢ 6% (mrect nporieHTa) B cpaBHeHue ¢ 2020 roauHa, KaTo TO3H TPEBOKEH
MOKa3aTel MHUIIMKPA HOBU YCUJIHS B o0iacTTa Ha mbTHaTa OezonacHocT. [Ipe3 ronu 2019 r.,
KaTo 4acT OT TPeTUs MakeT 3a MoOminHOcTTa, Komucuara myOnuKyBa MpOEKT Ha pamKa Ha
MOJINTHKATa B 00JIacTTa Ha mbTHaTa Oe3omacHocT 3a nepuoaa 2021-2030 r. Ilpeanpueru ca
3aKOHOJIATEIIHU JIEUCTBUA Ha EBpONeicKo paBHUIIIE OTHOCHO pEryjalyi 3a:

-MaKCUMAJIHO JIOMyCTUMOTO ChAbpPXKAHUE Ha alKOXOJ B KpPBbBTAa 3a BOJAUUTE HaA

MOTOPHHM NIPEBO3HU CPECTBA;
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-M3MOJI3BaHETO Ha OJIOKHUPAIY yCTPOHCTBA MPU YCTAHOBSIBAHE HA JIOCTHII B TPEBO3HOTO
CpPEeICTBO Ha BOJAY Ciie]] yroTpeda Ha alKoXoT,

-alanTUpaHe Ha MpaBHaTa pamka Ha ,.e-Call® kbM HOBUTE TeleKOMYHHKAIIMOHHU
TEXHOJOTMHM U Pa3lIMpsBAaHETO M, Taka ye na ObJaT 0OXBaHATU M JIBYKOJIECHHUTE MOTOPHU
MIPEBO3HH CPEJCTBA, KAMUOHUTE, aBTOOYCUTE U CEICKOCTONMAHCKUTE MAIIUHU — TPAKTOPH U
KOMOalHU, KaKTO U JIPYTd CaMOXOJIHA MAIlIMHU ChC CHEIHATHO MpeJHa3HAUYCHHUE, KOUTO Ca
'BJIHOMPABHU YYACTHUIIM B TBTHOTO JIBHKEHUE.

[Ipe3 mapt 2023 r. or KoMucusita € mpeAcTaBeH MakeT OT 3aKOHOJATEITHU MEPKU 3a
mbTHA OE30MACHOCT, KAaTO MPEAJIOKEHHUATA ca 3a TPU HE3aBUCHMH 3aKOHOJATECITHH aKTa: -
JTUPEKTUBA OTHOCHO CBUETEJICTBATA 3a MPABOYIPABJICHUE HA TIPEBO3HU CPEACTBA, TUPEKTHBA
OTHOCHO JieficTBueTo B 11enusi EC Ha onpenenenu pelieHus, 3acsraiy IpaBoTo Ha yIIpaBJIeHuUE,
U [IpepasriiekaHe Ha IUPEKTUBATA 32 YJIECHIBAHE Ha TPAHCTPAHUYHUS OOMEH Ha HH(pOpMAIs
OTHOCHO MBTHOTPAHCIIOPTHU HAPYIIEHHUS, CBBP3aHU C OE30MacHOCTTa MO IIbTHUINATA
(EBpometicka komucwusi, 2023). OcHOoBHATA 11€J1 HAa IPEAJIOKEHUATA € MOJ00psiBaHe HA IIbTHATA
0€30MacHOCT 3a BCHYKM YYaCTHUIM B JIBIDKEHHETO, CBOOOJAHOTO IBHKEHHE Ha XOpa,
MOATOTOBKATA 3a MPEBO3HU CPEJICTBA C HYJIEBU WJIM HUCKUM €MHUCUHU, KAKTO M JIEUCTBHS 3a
nocturane Ha BususTa Ha EC 3a Hemomyckane Ha CMBPTHH ciiydau o merumara Ha EC 1o
2050 .

JlupekTuBata OTHOCHO CBMJIETEJICTBAaTa 3a YIPaBJICHUE HAa NPEBO3HU CPEICTBA
(dupextusa (EC) 2025/2205), xoaro obxBaiia u npu3HaBaneTo B nenus EC Ha ompenenenu
pelieHus, 3acsraiy IpaBoTo Ha yIPaBJICHHE, € TIPEX0]] KbM XapMOHU3UPAHE HA MpaBHUiiaTa 3a
CBUJIETEJICTBATA 3a IPABOYMpaBIEHUE Ha IPEBO3HU cpeicTBa B pamkute Ha EC. B nonbiinenue
KbM YCTAaHOBSIBAHETO Ha OOIIM MUHUMAHHU B3PACTOBH I'PAHUIU, U3UCKBAaHUS 3a (pu3nudecka u
TICUXOJIOTHYECKa TOJHOCT M1 MUHUMAJTHU CTaHAApTH 32 U3MUTBAHE, C IUPEKTHUBATA CE BHBEKIA
BanuaHa B 1enus EC ypenba, pernamMeHTHpalia yrnpaBieHUE ¢ MPUAPYKUTET 32 BOJAYU OT
Kareropus ,,B“, B onpenenenn ycioBus (Haii-uecTo — ,,MyIal’ BoJay - BOJa4 ¢ HEAOCTAThYCH
CTaXX KaTo TakbB Clie]] MPUA00MBaHe HAa ChOTBETHATA MPABOCIOCOOHOCT (/10 BE TOAMHM)),
MUHUMAJICH U3MHUTATEICH CPOK C TO-CTPOTH HAaKa3aHUs W B3aMMHO MpUJIaraHe Ha pelieHus,
KOUTO 3acsraT MpaBOTO Ha YyMpaBleHHE HA MPEBO3HU CPEACTBA MPU NPUUYMHSIBAHE HA WU
y4acTHe B MbTHOTPAHCTIOPTHY MPOMU3IIECTBUS M HAPYIIICHUS, HAKA3aHHS 32 KOUTO Ca HAJIOKEeHU
OT Apyru abpkaBu-wieHKU. C TUPEKTHBAaTa C€ BHBEXKJA U BH3MOXKHOCTTA 3a M3/IaBaHE M
MpUTEKAHUE HA TU(POBO CBUACTEIICTBO 32 YIPABICHUE.

OTHOCHO TEXHUYECKOTO ChCTOSIHUE HA TPEBO3HUTE CPEICTBA € U3TOTBEH T.HAP. ,,[TAKET

3a TEXHUYECKA U3MPABHOCT, KOUTO ChIbPHKA CICAHUTE TUPEKTUBHU:
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JlupekTuBa OTHOCHO TIEPUOJWYHHUTE TMPErJed 3a MpOBEpKa Ha TEXHHYECKATa
usnpasHoct ([upextuBa 2014/45/EC);

JlupekTuBa OTHOCHO KpaWIlbTHaTa TEXHHWYECKa MpPOBEpKa Ha M3MPABHOCTTa Ha
THProBcku NpeBo3Hu cpeactsa ([upextusa 2014/47/EC) n

JlupekTrBa OTHOCHO JOKYMEHTHUTE 3a PETUCTpallvs Ha IPeBO3HU cpencTa (JupekTuna
2014/46/EC).

[Ipe3 mposierra Ha 2025 r. Komucusra e npeayioxuiia npepasriek/aHe Ha nmakera 3a
TEXHUYECKa U3MPABHOCT C I1eJ1 aKTyaIM3UpaHe Ha TEKCTOBE MO0 OTHOIICHUE HA TEXHOJIOTUYHOTO
pa3BUTHE U PETYJATOPHUTE H3UCKBAHUS, CBBP3aHH C OE30MaCHOCTTAa Ha IbTHUINATA U
YCTOMYHUBOTO PAa3BUTHE.

[Ipe3 2026 r. ca mpuetu cienHuTe perieHus: HeBb3MOXKHO € IMpeMHUHAaBaHETO Ha
TOJUIIEH TEXHUYECKU TMperiiesl ¢ M3KIIOUYEHH, W30JIUPaHU WM MOIUPUIMPAHU CHCTEMHU 32
0€30MacHOCT. 3aIbJKUTEIHO CE TECTBA U3IPABHOCTTA BCUUKH CUCTEMHU 3a AKTUBHA U [TACUBHA
0€30MacHOCT.

OTHOCHO eNEeKTPOMOOWIM M XUOPHIHM aBTOMOOWIIM C€ BBBEXKAA KOHTPOI BBPXY
CHCTOSIHUETO M 0€30MacHOCTTa Ha TeXHHUTE OaTtepuu mopaau (HakThT, Y€ TE3U YaCTH ca yecTa
MpUYHMHA 32 Bb3HUKBAHE Ha MOAap B MPEBO3HOTO CPEJICTBO.

[Ipeanpuern ca neicTBUs 3a CIUpaHe HA MAaHUTTYJIMPAHETO Ha MpoOera Ha MPEBO3HOTO
CPEICTBO - aBTOCEPBU3M M MPOU3BOJUTENN C€ 3aJbDKaBaT Ja BBBEXKIAT MOKA3aHUATA Ha
KUJIOMETPOIIOKa3aTensl MPH BCEKH PEMOHT, OTHEMAIIl MOBeYe OT €IMH 4Yac acCTPOHOMHYECKO
BpEMe.

[To oTHONICHHE HA SKOJIOTMYHUTE W3MCKBAHUS C€ MPEIU3UPAT KAKTO HOPMATHBHHUTE
MPOLEAYPH 32 MPOBEKIAHE HA U3MEPBAHUSI HAa (PUHH MTPAXOBU YACTHIIH, a30THH okcuan (NOX)
Y HUBA Ha [IIyM, TaKa U TEXHUTE KPaiiHU HOPMAaTUBHU CTOHHOCTH.

JlupekTuBaTa OTHOCHO 3abJDKUTEHOTO W3MOJA3BaHEe Ha TMpEANa3HH KOJaHU B
npeBo3Hu cpeacTBa noxa 3,5 toHa (Jupextusa 2003/20/EO) ot 8 anmpu 2003 r. mpeaBuxaa
3aIBJKUTEIIHO M3MOJI3BaHE Ha CUCTEMHM 3a o0e3omacsiBaHe Ha Jiela U Mpeana3Hu KOJIaHU 3a
BCUYKHU CEIAIIM MBTHUIM B aBTOOycHUTe, 0OOPYJIBaHU C TaKMBa KOJIAaHU (C M3KIIOYCHHE Ha
MECTHHS IPEBO3 B TPAACKUTE pailoHN).

C lupekTrBaTa OTHOCHO M3I0JI3BAHETO HAa YCTPOMCTBA 3a OrpaHNYaBaHe Ha CKOPOCTTa
(dupextuBa 2002/85/EO) e pa3mmpeHo 3aabKEHUETO 3a HM3IO0JI3BaHE HAa YCTPOWCTBA, Bb
BCUYKH TOBapHU MPEBO3HU CPEJCTBA U MbTHHYECKH MPEBO3HU CPEJICTBA C TEJIO MEKIY 3,5 |

12 ToHa ¢ moBeue oT oceM MecTa (03 MICTOTO Ha BoJiaya).
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PernameHT OTHOCHO akTHBHHTE cucTemH 3a OezonacHoct e Pernament (EC) 2019/2144
(Pernament otHOCHO oOmara 0e30MAaCHOCT HAa MOTOPHUTE NPEBO3HHUTE cpencTBa). To3um
perjaMeHT clie[l HSIKOJKO H3MEHEHMs, C€ BBBEXKJAT W3MCKBAHUSA 3a OrpAaHUYaBaHE Ha
,»MbpTBaTa 30Ha“ MpHU OrJie[anaTa 3a 0OpaTHO BHUXJIAaHE B HOBUTE TEKKOTOBAPHU NPEBO3HU
CpeACTBa M aBTOOYCUTE 32 MEKAYTPAJACKA M MEXIYHAPOAHU ChOOLICHHUs, KaTo B JlUpeKTHBa
2007/38/ EO ce ycraHOBSIBAT HM3HCKBaHHMATA TEXKOTOBAPHUTE IIPEBO3HH CpPEACTBA H
aBTOOyCUTE OT rOpeonucaHusi BUA Ja ObJaT 0OOpyABaHU C JOI'BJIHUTEIHM Orjejana 3a
0o0paTHO BMX/IaHE 3a HaMaJlsiBaHEe 00XBaTa Ha ,,MbpPTBa 30HA".

B kpas nHa 2025 r. Komucusara npuema cOOpeH makeT OT MEPKH 3a aBTOMOOMIJIHATA
IIPOMUINIEHOCT - MAKET, C KOMTO ce paluoHaIM3upaT U akTyanusupar npasuiara Ha EC 3a
IIPEBO3HUTE CPECTBA [10 OTHOILIEHUE Ha O€30I1aCHOCTTA, EMUCUUTE U HU(PPOBUTE U3UCKBAHMUSL.
Komucusta npeanara na Obpae u3MeHeH PernaMeHThT OTHOCHO oOmiara 0e30IaCHOCT Ha
MOTOPHMTE IIPEBO3HU CPEJCTBA U EIEKTPUUECKUTE MUKPOOYyCcH OT Kateropust N2 ¢ MaKkCUMaJIHO
JormycTuMa maca Haj 3,5 ToHa W moj 4,25 TOHAa yCTaHOBsiBa Ja ObJaT OCBOOOJEHU OT
3aIbJDKEHUETO 32 000pYy/ABaHE C yCTPONCTBA 3a OTpaHUYaBaHE Ha CKOPOCTTA.

B (Pernament (EO) Ne 561/2006) enuH OT aclIeKTUTE € J]a c€ MPEIOCTaBH Bb3MOKHOCT
Ha JbpXKaBUTE WIECHKM J1a HajlaraT CaHKIMHU 3a HapyIlIeHHs Ha IpaBuUiaTa 3a Taxorpagure,
KOHCTaTHUpaHU Ha TAXHA TEPUTOpPHUs, HE3aBUCHMO OT TOBa KBbJAE Ca H3BBPIIECHU TE3U
HapyuieHus. [Ipe3 2024 r. To3u pernmaMeHT € U3MEHEH C Lell Ja CE C€ OCUTYPH JOCTaThb4HO
BpEMeE 3a II0YMBKA Ha BOJAYUTE.

C Hupextusa 2008/68/EO ot 24 centemBpu 2008 T., mocienno u3Menena mpe3 2025 .,
Ce€ yCTaHOBsIBA OOI pexXuM, oOXBalllall] BCUUKU aCIEKTHU Ha BBTPEIIHUS MPEBO3 HAa ONACHU
ToBapu B pamkure Ha EC, BKIIOYMTETHO C XKEJIE30II'bTEH, BBTPEUIEH BOAEH M LIOCEEH
TPaHCIIOPT.

C Pernament (EO) Ne 1/2005 na CpBeTa ca ycTaHOBEHH OOIIM MUHUMAJIHU PaBUIIA 32
3allATaTa Ha JKUBOTHUTE IO BpeMe Ha TpaHcnoptupane. IIpe3 nexemBpum 2023 1. ca
npepasriielaHd Te3U MpaBuia, C I Jla ce OrpaHuYM MaKCHUMaJHaTa MPOJIbIKUTEIHOCT Ha
ObTYBaHMUATA 3a aBTOMOOWJIHHMS TPAHCIOPT HA XXUBOTHHU JIO0 JIEBET Yaca, Ja C€ yBeJlnyar
JOTYCTUMHTE NPOCTPAHCTBEHM IUIOIIM, 1A CE€ BbBEJAT TEMIIEPaTypHH OIPaHUYEHMS U J1a ce
noo0psAT ycinoBusTa 3a W3Hoca UM B abpkaBu u3BbH EC. Kbm anpun 2026 r. Bce oire
MPEJICTON KOMUCHSTA 10 3eMeieNe U pa3BuTHe Ha cenckurte paiionu (AGRI) u komucusita no
tpa"cnopt u TypuszbM (TRAN) nHa [lapiamenTa, 1a npueMar IpoeKT Ha J0KJIaJ OTHOCHO TOBa

IIPEJI0KEHHE.
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C JupextuBata OTHOCHO HWHTeNUreHTHure tpancnoptHu cucremu (UTC) B
aBToMoOmHus Tpancnopt (Jupexkrtusa 2010/40/EC) ce nenu ga ce OCUTYpHU ChITIACYBAHO U
MocCJe0BaTeIHO BHenpsaBaHe Ha onepatuBHO cbBMectumu WMTC B EC. Ot 2017 1. nmo
HACTOALIMS MOMEHT OIepaTUBHO chBMecTHMara B 1enus Coio3 yciyra eCall pynkunonupa B
nenust EC. Komucusita e orpaBomMolieHa NepuoJudHo Ja mpoBepsBa cucremata eCall B Hiaxoun
npeBo3HU cpencTra (nenerupana qupextusa (EC) 2021/1716 ot ronun 2021 1.). IIpe3 mait 2018
. € mpuera crparterus ,,Jlo mbTa KbM aBTOMaTH3UMpaHata MoOmIHOCT: cTpaterus Ha EC 3a
MoOuiHocTTa Ha ObaemeTo”. C Pernmamenta oTHOCHO o6miara 0e30MacHOCT Ha MPEBO3HUTE
CPEJICTBA CE€ YCTAHOBSIBA PEryJIaTOPHA PaMKa 3a 3a/IbJDKUTEIHU YChBBPIIEHCTBAHU CUCTEMU 32
MOJIIOMaraHe Ha BOJIAYMTe C el mogo0psiBaHe Ha MbTHAaTa 0€30IMaCHOCT U CE Ch3/1aBa IPaBHA
paMKa 3a MPUEMAHETO Ha HAIbJIHO aBTOMATHU3MpaHU MPEBO3HHU CPENICTBA, IBUXKEIIU ce Oe3
Haa30p oT Bojau. Ilpe3 ¢espyapu 2024 r. Komucusra e mpuena JelerupaH perjiaMeHT 3a
ajlanTUpaHe Ha W3MCKBAHMUITA KbM LIEHTPOBETE 3a CHCIIHM TOBUKBAHHUS 3a MPUEMAHE H
oOpaboTrBane Ha moBuKBaHusA oT cucremara eCall B mpexxute 4G u 5G.

C HupextuBa 2004/54/EO ca BBbBeACHM MUHUMAIHU M3UCKBaHUS 32 OE30MaCHOCT Ha
TYHEJIUTE OT TPaHCEBpOIIeCcKaTa MbTHA MpeXa. B Hes ce mpeaBmkaa, 4ye BCUUKH TYHEIIU — B
eKcIIIoaTanus, B IpoLEeC Ha CTPOEX WM Ha IUIaHupaHe — ¢ AbbkuHA Hag 500 M crnenBa ga
ObJaT MpeMET Ha XapMOHM3UPAHU pa3nopenou 3a 6ezonacHocT. upextusa 2008/96/EO ot
uMa 3a IIe] Ja rapaHTupa, 4e 0e30MacHOCTTa MO MbTUIIATa Ce B3eMa MPEeBUJ TOCPEICTBOM
M3MOJI3BAaHETO Ha OIICHKA Ha BB3JCHCTBUETO BHB BCUUKHU (Da3u Ha MU3TpaKIaHe, eKCIUIoaTaIlHs
WJIU CBIIECTBEHO M3MeHeHue Ha mpruimara. Jupextusa 2008/96/ EO oTHOCHO yIipaBieHUETO
Ha 0€30MMacHOCTTa Ha MbTHUTE UHPPACTPYKTYPH TOCIETHO € U3MEHEeHa Tpe3 okToMBpu 2019
ronuHa, a mpe3 sHyapu 2023 r. Komwucusita M3rorBs HacOKM OTHOCHO OIIEHKAaTa Ha
0e30macHOCTTa Ha MbTHATa HH(PpacTpyKkTypa. Te3nu Hacoku He ca 00BBP3BAIIH, HO MTOIIOMAaraT
JI'bPKaBUTE YICHKU NPU M3BBPILBAHETO HA OLIEHKUTE, M3UCKBaHU chriiacHo Jupektusa (EC)
2019/1936.

[To oTHomieHWE Ha THTHOTPAHCIIOPTHHUTE TMPOM3IIECTBUSA, BKIIOUYUTEITHO TE3H, B
CIe/ICTBUME Ha MmoQupaHe B HETPE3BO CHCTOSHHE M TAXHOTO MPEAOTBpATsIBaHE, YacT OT
nonutukara Ha EC e HacoueHa KbM No00psiBaHE Ha MOBEJCHUETO Ha Bogaunte. Komucusara
U3MCKBA JIbp’KAaBUTE-UJICHKM Jla M3BBPIIBAT IPOBEPKU 3a YHoTpeda Ha alKoXoid upe3
nuxareseH Tect ( Haif-uecto ,,/Iperep*-Tect) Ha cilydaeH NPUHIMUI U ca HAJIOKEHU MPEAETHO
JIOMYCTUMH CTOMHOCTH Ha ChABPKAHUETO HA AJKOXOJ B KPbBTA YCTAaHOBEHO IO HAJICKEH
YCTaHOBEH B JbpxkaBaTa-wieHka pen. C orien Ha momoOpsiBaHe Ha MbTHaTa 0E30IMAaCHOCT,

Komucusta € ch3gama XapMOHU3HMpaH KOIEKC Ha YCTPOWCTBaTa 3a HW3MEpBaHE Ha
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ChABP)KAHUETO Ha AJKOXOJ B U3JIUIIAHUSA BB3IAYX, IPUET OT PEAMLA IbPKAaBU UJICHKHU.
(dupextusa (EC) 2015/653 ot 24 anpun 2015 r. 3a u3menenue Ha Jupextusa 2006/126/EO
OTHOCHO CBHJIETEJICTBA 3a yNpaBJIEHUE Ha MPEBO3HU cpeAcTBa) - HoBaTa nupekTHBa OTHOCHO
CBHJICTEJICTBATA 3a YIPABJICHUE HA IPEBO3HU CPEACTBA, npueta Ha 21 oktomBpu 2025 r., uMa
3a 1ed Aa ce MmoaoOpHu mbTHATa 0E30MacHOCT Ype3 BBBEXKAAaHE HAa JOMBIHUTEIHH MEPKHU 32
'bTHA 0€3011aCHOCT, KaTO HAIpUMep MO-sICHA H3UCKBaHM 32 00y4YEeHHE Ha BOJAaUUTE, CXeMa 3a
ynpasieHue ¢ npuapyxurten 3a uenus EC M 3abIDKUTENCH U3NUTATENEH CPOK, KaKTO U
yAbJKaBaHE HAa M3IMTATENIHUS CPOK, aKO CBUAETEJICTBOTO 3a YIPABICHHE € M3/aZCHO 3a
pa3Iu4Ha KaTeropus.

HupextuBa (EC) 2015/413 ot 11 mapt 2015 r. 3a ynecHsiBaHE Ha TPaHCTPAHUYHUS
oOMeH Ha uHpopMalKs OTHOCHO ITbTHOTPAHCIIOPTHU HapyILIEHHsl, CBbp3aHu ¢ 0€30IacHOCTTa
Mo MbTUIATA, € MpUeTa Bb3 OcHOBa Ha wieH 91, maparpad 1, 6yksa B) ot ADEC (msan VI
» Ipancnopt®). T uma 3a e j1a ce 10U Kpail Ha aHOHUMHOCTTA Ha Uy>KJIeCTPaHHUTE BOJAAYU
U Jla ce Ch3/a/ie Bb3MOXKHOCT 3a IIPEcie/IBaHe Ha HapyILIEHUsTa Ha MpaBuUiaTa 3a JBHKECHHE,
U3BBPILICHU B J]a/IeHa IbpKaBa-wIEHKaA, JI0pU aKo NMPEBO3HOTO CPEACTBO HE € PErUCTPUPAHO B
Hest. [Tpe3 mapt 2023 r. Komucusra npennara npepasriuexaane Ha Jupextusa (EC) 2015/413,
3a Jla ce OTCTpaHsT HexocTarpuuTe B Hes. llpepasriexnaHero € ChCpenoTOYEHO BBPXY
IIPEIOCTABSIHETO Ha BH3MOKHOCT Ha MpPaBONpPUJIATALIUTE OPraHu Ja MOoJydyaBaT AOCTBI JI0
HAI[MOHAJIHUTE PErMCTPU Ha CBUIETEJICTBATA 3a YIIPABJICHNE HA MOTOPHU IIPEBO3HU CPEICTBA
U BBPXY 3aCHJIBAHETO Ha pOJIATa HA YCTAHOBEHUTE HALIMOHAJIHU 3BEHA 3a KOHTAKT, C LIEJ
1no100psiBaHe Ha ChTPYJHUYECTBOTO MEX]y MpaBONpUIIaraliTe OpraHu MpH pascieBaHETO
Ha Hapywmutenute. JlupekTtuBara 3a oOMeH Ha HMH(OpMAaLMs OTHOCHO IMBbTHOTPAHCIOPTHU
HapylIeHHs Bie3e B cwiia Ha 19 snyapu 2025 r. JlupexkTuBaTa OTHOCHO PELLIEHUATA, 3acATalli
IIPAaBOTO Ha YIpPABJIEHUE, 1€ CE€ Ipwiara B CIy4aWTe, KOraTo Ibp)KaBa-4JIeHKAa € OTHela
IIpaBaTa Ha BOJay I0paay IbTHOTPAHCIIOPTHO HApyILIEHUE, U3BBPIICHO HAa HEMHA TEPUTOPHS,
U 1lIe TapaHTHpa, Y€ OTHEMAHETO Ha IpaBara 1ie ce n3mbiHsaBa B nenus EC.

B Pernament (EC) 2016/403 na Komucusita ce onpeaensar TeKKUTE HapyIIeHUs, KOUTO
Ouxa oBenu 10 3ary6a Ha 1oOpara permyTanus Ha aBToMoOUIHMA rpeBo3Bad. [Ipe3 maii 2022
r. Komucusra npue Pernament 3a ms3nbianenue (EC) 2022/694, 3a na rapantupa, 4e IbpKaBUTe
YWICHKH OLIEHSBAT T€3U HAPYLIEHUS 110 XapMOHU3UPAH HAYKH.

Komucusita TRAN B monutukata B oOjacTTa Ha MmbTHaTa 0€30MacHOCT pabOTH 3a
oOxBamiane W npu3HaBaHe B 1enuss EC Ha ompeneneHu pelieHus, 3acsraiiyd IpaBaTa 3a
YIpPaBJIE€HUE HA MOTOPHM INPEBO3HU CPEACTBA, KAKTO M CE€ IOJYepTaBa BaKHOCTTA Ha

0e30MmacHOCTTa Ha IBI)KCHUETO T10 IMbTUIAaTa. J[efHOCTUTE Ha BCUYKH IbpkaBU-uieHKH Ha EC
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CJI€aBa 1Ja ca B II0COKarTa 3a HOI[O6p5IBaH€ Ha II'bTHATa 6630HaCHOCT, AOCTBIIHOCT U CUTYPHOCT
B 1CInA EC, KaTo ChIICBPCMCHHO Oa CC HAaCbp4dYaBa aKTHBHATa MOOUJIHOCT H noaducpraBa
3HAYCHHUECTO Ha TpaHCCBpOHefICKaTa TPAaHCIIOPTHA MPEXA U €KOJIOTHUYHUSA MIPEXOJ B I'padCKHUA

TPaHCIIOPT.

2. AKTyaJIHO ChCTOSIHUE HA NPo0JjeMa Ha TepuTopusita Ha PenyOuiuka bbarapus

B'bJII‘apCKOTO 3aKOHOOATCJIICTBO B obOylacTTa Ha 0OE€30MacHOCTTAa Ha JABMXKXCHHECTO IIO
IbTHIIATA € KOHOCHTPUPAHO YPE3 CIICHUATHUTC 3aKOHU CBBP3aHU C IBHKCHHUCTO HaA ITbTUIIIATA,
a UIMEHHO 3aKOH 3a ABMOKCHHUCTO IIO IIbTHUIIIATA, 3aKo0H 3a aBTOMOOMIIHUTE IIpCBO3HU, 3aKoH 3a
nbTUIIATA U APYTU OTHOCHUMU KbM MATCPUATA HA IBTHOTO ABHIKCHUC U HCTOBAaTa 0e30IacHOCT
HOPMAaTUBHU AKTOBC, KAKTO M NOAHOPMATHBHU TaKWBa CBbP3aHU C AKTOBCTC MM OT IMO-BHCOK
paHr. Twit kaTo Bcnuku PernamenTu ca ¢ JUPCKTCH e(beKT, TC CC IIpUJIaraT Ha TCPUTOPHUATA HA
B’LJ’IFapI/IH 0e3 HCO6XOI[I/IMOCT OT JOIIBJIHHUTCIIHHU HeﬁCTBHH OTHOCHO CaHKIOUATAa Ha 6’LJIFapCKI/IH

3aKOHOAATCJICH OpraH I10 OTHOMICHHUEC HA TAXHOTO IIPUEMAHC W ITOCJIICABAIIO ITpHUJIaraHe.

He Taka crosT Hemara mnpu AUPEKTUBHUTE, KONTO € HEoOXoAuMo aa Oblaar
TPAHCIIOHUPAHU U BBBEJCHU B HAIIMOHAJIHOTO 3aKOHOJATEJICTBO HA CHOTBETHATA JbpKaBa-
yinenka Ha EC, B wacTHocT - u B bearapus. Eqna yact oT 1MpeKTHBUTE Ce mpujiaraT Bede —
HaIrpuMep Mo OTHOIIIEHHWE Ha KOHTPOJIa Ha BOJAYUTE 3a Cla3BaHE Ha paOOTHOTO UM BpeMe U
IIOYMBKHU, YIIPABJICHUE Ha IIPEBO3HU CPEACTBA HaJ JONyCTUMAara MaKCHMallHa Maca
(mpeToBapeHu aBTOMOOWIN). Beuuku Te3u NEHCTBUS CBBp3aHU ¢ MpOodecHOHATHUS TPy Ha
BOJIAYMTE€ Ha TMPEBO3HH CPEACTBA Ca B MpaBOMOIIMATa Ha HM3mbiHWTENHA areHuus

»»ABTOMOOWIHA aIMUHUCTPALIUS .

B (Arsov a, 2025, Arsov b, 2025, Nekova 2025) ca HanpaBeHU MpeNIOKEHUs, HO 32
JPYT BUJI MaTePUATHO OCUTYpPsIBaHE, KOHTO MPEIOKEHUST OMXa MOTJIH Ja ce B3eMaT IPeIBU/T
¥ BHEJIPAT C OTJIE] NPHJIATAaHETO UM B MaTEpHsTa Ha IMbTHATa OE30IMACHOCT U aBTOMOOMITHHS
TPAHCIIOPT KaTO Ce CJIeIBAT ChOTBETHUTE HOPMATUBH HA EBpPOMENCKOTO 3aKOHOJATEICTBO B

o0acTTa Ha TpaHCIIOPTA.

[IponiechT Ha TpaHCIIOHMpPaHE HA AUPEKTUBA, KATO HAYaJIO € JBJITOTOAUIIHA JEHHOCT,
KOSITO HAIIMOHAJIHUS 3aKOHOIATeN € Heo0X0AUMO J1a U3BbpIIU. [Topaau nurca Ha MOJIMTHYECKA
BOJIS, HE MaJKa 4acT OT JUPEKTUBUTE HAa €BPOICHUCKHUSA CBIO3 Ca HE TPAHCIIOHUPAHU OT
HAI[MOHAJIHOTO HY 3aKOHOJATEJICTBO M CHOTBETHO, B bbiarapus, uMa He MajaKO OTKIOHEHUS OT

,[TOCOKaTa‘*“ 3ayajgeHa Hu ot EBpona. BuaHo €, ue mbTHUAT TpaBMAaTU3bM HE HaMajsiBa, 0OpsT
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Ha IBTHOTPAHCIIOPTHHUTE MPOU3LIECTBUSL OCTaBa B Hal-700puUs cioydail HEM3MEHEH, CIPSMO
NPEIXOIHU MEPUOH, a OPOAT HA 3arMHAJMTE IO IBTUINATA CHIIO , 32 TOJSIMO ChXKAJCHHE,
BMECTO Jla HaMaJjsiBa, TOM HapacTBa. ToBa € mokasaren, 4ye B bbarapus He ca npeanpueTu u
HNpUIOKEHN e(EeKTUBHU MEPKH, HE3aBHCHMO Jlald T€ ca Bb3 OCHOBa Ha EBpomelicku mmm
HAIIMOHAJTHM HOPMATHUBHU aKTOBE U € HE00X0AUMO Ja ce Mpeanpuemar 1o ,,TBbpIu‘ 1ecTBus
B Ta3M IOCOKA, KATO THPCEHUAT KpaeH pe3yJITaT € HaMallsiBaHEe Ha Oposi Ha MPOM3IICCTBUATA,
U3BBPILICHUTE HAPYUICHUSA OT CTPaHa Ha YYaCTHULUTE B IbTHOTO IBW)KECHHUE, HaMalsBaHE HA

Oposi Ha 3arMHANIUTE B 'bTHU UHITUICHTH.
HN3Boau u 00001meHus

OT u3BbpLICHUS aHAJIU3 € BUJHO, Y€ €JJHa YacT OT EBponeiickoTo 3aKOHOAATEIICTBO €
npwiIokeHo B beirapus. Benuku PernmamenTn, Kouto ca ¢ qupekTeH edekt ce mpmiarar. He
Taka obaye crosaT Hemarta ¢ JlupektuBure — Te TpsiOBa ga ObAAT TPAHCIOHUPAHU OT
HAI[MOHAJTHOTO 3aKOHOJATENICTBO cje/l KOeTo Aa ObJaT mpuiaraHud B Hero. Tosw mporiec B
bearapus e 6GaBeH U TOBa BUHArd HOCH HETaTHBM 3a CTpaHaTa HU, KaTO HE MajKa 4yacT OT
HaKa3aTeJIHUTE MpoLEeAypu cpeuly bbiarapus ca 3a He TpPAaHCIIOHMPAHE Ha JUPEKTHBA B
CpoKoBeTe yka3aHu oT EBpomneiickata komucus. OctaBame ¢ HaJlexk/1aTa, 4ye 3aKOHOAAaTeNAT 111e
npeanpuemMe JAeUCTBUS , KOMTO Jla MOJ0OpAT cucTeMaTa Ha MbTHaTa 0e30HacHOCT U Jia ce
JIOCTUTHE /10 HaMaJIsIBaHE HA ITbTHUS TPAaBMAaTU3bM, KaKTO U J1a ce 10100pH UKOHOMUYECKHUSAT

e(deKT OT Te3u NeUHOCTH.

JIUTEPATYPA
Joroop 3a ¢pynkimonupanero Ha EBponetickus cvio3 (JJPEC)

WNudopmannonHn ¢uniose 3a EBponenckus ChIO3 — 2026 T.

/www .europarl.europa.eu/factsheets/bg

Hekoa C, JdumutpoBa M., Apcos B., SBoposa 0., Perymammm u Ges3omacHocT Ha
meautnnackuTe n3aenus, XXII Hayuana I[Toctepua Cecusi, XTMY, 20 FOnu 2025, CoopHUK C
pestomera, ctp. 112, ISSN 3033-0769.

Arsov, V., Koleva, D., Yancheva-Popova, M. (2025).a Conformity assessment system for
products — power equipment: Methodological approach and practical application. Presented at

the International Scientific Conference OTSK 2025, October 28-29, 2025, Sofia, Bulgaria.To

270
Fundamentals and Technical Means of Design, october 2026



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

be published in Professional Education (ISSN 1314-555X/1314-8567 Online), Sofia, Bulgaria.
Indexed in ERIH PLUS, CEEOL, EBSCOhost, and Google Scholar.

Arsov, V., Koleva, D., Yancheva-Popova, M. (2025).b Conformity assessment of personal
protective equipment: A methodological framework and practical application.Presented at the
International Scientific Conference OTSK 2025, October 28-29, 2025, Sofia, Bulgaria.To be
published in Professional Education, indexed in ERIH PLUS, CEEOL, EBSCOhost, and
Google Scholar.

https://eur-lex.europa.eu /mocerena Ha 10.09.2026 r/
www.europarl.europa.eu /mocerena Ha 11.09.2026 r./

https://eur-lex.europa.eu/legal-content/BG/ALL/?uri=CELEX:52020DC0789 /mocerena Ha
13.09.2026 1/

REFERENCES
Treaty on the Functioning of the European Union
Fact Sheets on the European Union, 2026

Nekova S. et al, 2025, Regulations and Safety of Medical Devices, UCTM, Abstracts, issue
2025 pp.112, ISSN 3033-0769.

ARSOV V., Koleva, D., Yancheva-Popova, M. (2025). Conformity assessment system for
products — power equipment: Methodological approach and practical application. Presented at
the International Scientific Conference OTSK 2025, October 28-29, 2025, Sofia, Bulgaria.To
be published in Professional Education (ISSN 1314-555X/1314-8567 Online), Sofia, Bulgaria.
Indexed in ERIH PLUS, CEEOL, EBSCOhost, and Google Scholar.

ARSOV V., Koleva, D., Yancheva-Popova, M. (2025). Conformity assessment of personal
protective equipment: A methodological framework and practical application.Presented at the
International Scientific Conference OTSK 2025, October 28-29, 2025, Sofia, Bulgaria.To be
published in Professional Education, indexed in ERIH PLUS, CEEOL, EBSCOhost, and
Google Scholar.

https://eur-lex.europa.eu /accessed on 10.09.2026 y/

www.europarl.europa.eu /accessed on 10.09.2026 y/

2/1
Fundamentals and Technical Means of Design, october 2026


https://eur-lex.europa.eu/
http://www.europarl.europa.eu/
https://eur-lex.europa.eu/legal-content/BG/ALL/?uri=CELEX:52020DC0789
https://eur-lex.europa.eu/
http://www.europarl.europa.eu/

OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

https://eur-lex.europa.eu/legal-content/BG/ALL/?uri=CELEX:52020DC0789 /accessed on
10.09.2026 y/

RESEARCH AND ANALYSIS OF EUROPEAN LEGISLATION ON ROAD SAFETY
POLICIES

Abstract. The aim of the paper is to analyse documents of European Commission relating to
ways to reduce road traffic accidents and the number of casualties resulting from them, as well
as to improve road safety within the European Union. Key relevant documents to this subject
have been examined and analysed. A comparison and analysis of their applicability in the

Republic of Bulgaria has been carried out.

Keywords: European Union, road safety, vehicles, transport-related injuries

Dr. Eng. Vasil Penchev, Assoc. Prof.
Eng. Gergana Deliradeva Assist. Prof.
Eng. Polja Velinova Assist. Prof.
Technical University of Sofia,

Bulgaria

E-mail: vasil penchev(@tu-sofia.bg

272
Fundamentals and Technical Means of Design, october 2026


https://eur-lex.europa.eu/legal-content/BG/ALL/?uri=CELEX:52020DC0789

OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

METPOJIOI'HMYHO OCUT'YPABAHE HA KOHTPOJIA HA METAJIHU U3JAEJIUSA
B KOHTEKCTA HA ISO 10012:2026 1 ISO 9001:2026

uHxK. Kupua Kupuios

Texnuueckus ynusepcumem — Cogus

aou. a-p unx. bopsina Uimnesa

Texnuueckus ynusepcumem — Cogus

aou. a-p unx. 'eopru Cranyen

Texnuueckus ynugepcumem — Coghus

Pe3tome: OcurypsiBaHeTO Ha Ka4eCTBOTO HA METATHUTE M3/IETHS CE CBhP3Ba C HA/IS)KTHOCTTA Ha
U3MepBaTeHUTE TMporecu. Upe3 TAX Ce yCTaHOBSIBA CHOTBETCTBHETO HA MPOAYKIIHATA C
OTpeNeJICHN HW3MCKBaHUA. TakuBa ca TEXHUYECKUTE, HOPMATHUBHUTE W JIOTOBOpHHTE. B
YCJIOBHSITA HA Pa3BUTHE HA MEXAYHApOJHATA CTAHIAPTU3AIMSI METPOJIOTUYHOTO OCUTYpSBaHE
pu100MBa CHINECTBEHO 3HAYCHHUE UPE3 CBOSITa TEXHUYECKA ICHHOCT Ha CHCTEMHOTO yIIPaBJICHHUE
Ha KadecTBOTO. HacrosimaTa cratus anamusupa npuioxumoctra Ha ISO 10012:2026 u ISO
9001:2026 ipu opraHU3UPAHETO U YIIPABICHUETO HA KOHTPOJIA HA METaTHU u3aenus. M3cneasat
ce QYHKIIMOHAJHUTE B3aMMOBPBH3KH MEXJIy JIBaTa CTaHAapTa. Pasriexmar ce MeTposiornyHara
MPOCIEIUMOCT, KOMIIETEHTHOCTTa Ha TEpCOHAIa W HAJACKIHOCTTa Ha W3MEPBATCIHUTE
pesyatatu. llpencraBs ce yIpaBICHHETO Ha pPHCKAa IMPHU OIEHSBAHE HA CHOTBETCTBHUETO.
Komentupa ce um nmombnBamara ¢yskmms wHa ISO/IEC 17025:2017 mo oTHOIIeHHWE Ha
nabopaTopHUTEe M3MUTBAHHUA W KaIUOpUpaHeTo. B pe3ynTar oT CpaBHUTEIHHUS W CHCTEMHHS
aHaM3 Ce TMpeJjlara WHTETPUpPaH OpPraHU3aIlMOHHO-METOJUYECKH MOJENI 3a METPOJIOTHYHO
OCHTYypsIBaHE Ha KOHTPOJAa Ha METAIHU m3/enus. Tol o0ennHsABa pa3IUdHU Pe3yNTaTH B 00IIa
€JIHHA ITOCJICJI0BATETHOCT. TakuBa ca M3UCKBaHUATA KbM MPOAYKTA, IUTAHUPAHETO Ha KOHTPOJIa,
YIPaBICHUETO Ha U3MEPBATEITHUTE MTPOLIECH U JJOKYMEHTHPAHETO Ha pe3ynrarute. M3Bexnaar ce
BB3MOKHOCTHTE 32 IMPAKTHUECKO MPUIIOKEHHE Ha MOJIeJIa KaTO OCHOBA 332 YCHBBPIIICHCTBAHE Ha

B”preIHHO(i)I/IpMeHOTO CTaHAAPTU3AlIUOHHO OCUTYPSABAHEC.

Knrouosu oymu: METpOIIOTUYHO OocHUTypsiBaHe, MeTanan u3aenus, [ISO 10012:2026, ISO

9001:2026, ynpaBneHue Ha KAYECTBOTO, CTAHIAPTH3AITHNS, OIICHSIBAHE HA ChOTBETCTBHUETO.

1. YBoa

HpOI/ISBOI[CTBOTO Ha MCTAJIHU U3ACIIUA Hpe,Z[CTaBJISIBa C"bBKYHHOCT oT npouecn. Te ca
TCXHOJOI'M4HU, OpI‘aHI/ISaLII/IOHHI/I nu KOHTpOJIHI/I. THXHOTO e(peKTI/IBHO ynpaBneHI/Ie € KJIFOYOBO
3a HaJIeXKTHOTO KaueCTBO Ha KpaitHaTa mpoayKius. ChOTBETCTBUETO Ha M3JCIIHSITA CE JOKA3Ba
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Yype3 YCTAaHOBEHH M3MCKBAHUA. 3a IOCTUTAHETO Ha IeNTa ce MpuiiaraT NOIXOISMIId METOIH 32
KOHTPOJ W U3MHUTBaHE. Te ce OCHOBaBaT Ha OOCKTHMBHA W JOCTOBEPHAa H3MEpBaTElHA
uHpOopMaIHs.

OcHOBHHTE IOKa3aTead 3a OLICHABAaHE Ha KayeCTBOTO Ha METaJHU H3AENus ca:
F€OMETPUYHU DPa3MEpU, MEXaHUYHU XapPaKTEPUCTUKH, XUMHUYEH CBHCTaB, TEeMIIEpaTypHU
pexkuMHu Ha 00pabOTKa M ChCTOSHHE HAa MOBHPXHOCTHUTE. 3a Ja CE TOIydaT JAOCTOBEPHU
pe3yJITaTu OT TE€3U XapaKTEPUCTUKH C€ Hajlara U3I0JI3BaHETO Ha OIIpeiesieH pecypcu. Takusa
ca: TeXHUYECKU MPUroJHO OOOpy/ABaHE, MPHJIOKUMHU METOAM 32 M3MEpBaHE, KOMIIETEHTEH
MePCOHAN U MOXO/ISIIH YCIIOBUS 32 MPOBEXKAAHE HA KOHTPOJIA.

B npousBojicTBeHaTa MpakTHKa METPOJIOTHYHOTO OCUTYPSBAHE YECTO C€ Bh3NpUEMa
KaTo JEHWHOCT, CBBbp3aHa C MOAJPHKKA, MPOBEpKa M KaauOpupaHe Ha H3MEPBATCIHHUTE
cpenctBa. Ilomoben moaxox oTpa3sBa camMO B HM3BECTHA CTENEH 3aBHCHUMOCTTa MEXIY
W3MEpBaTENHUS MPOLEC, JOCTOBEPHOCTTAa HA pe3yiTara W IOCIENBAIOTO pEIIeHHEe 3a
CHOTBETCTBUE HA MPOIYKIIUSTA.

KannOGpupanoTo m3MepBaTelIHO CpPEACTBO HE € HAJCKICH rapaHT 3a PalUOHATHO
n3MmepBaHe. Jl0OCTOBEpHOCTTa Ha pe3yJsiTara 3aBUCH OT METOJAa U XapaKTePUCTUKHUTE Ha
n3MepBaHus 00ekT. Tyk ca BaXXHM W yCIOBHUATa Ha paboTa, MOJATOTOBKATa Ha MEpCOHaia U
MPaBUITHOTO MHTEPIPETUPAHE Ha MTOTydeHaTa HHGOpMAIIHS.

ToBa 00CTOATENCTBO Hajara METPOJOTUYHOTO OCUTYpsiBaHE Ja ObJe PasriekIaHO B
MO-IIUPOK OPraHU3AIMOHEH W CTAHJAPTU3AIMOHEH KOHTEKCT. B Hero usmepBaTenHuTe
JICTHOCTHU ca UHTETPUPAHU B CUCTEMATa 3a yIpaBlIeHUE Ha KAUeCTBOTO.

AKTyaJIHOCTTa Ha pa3riiexaaHaTa mpodiieMaTiKa ce 3acuiiBa ¢ myonukyBaneTo Ha [SO
10012:2026 Quality management — Requirements for measurement management systems. Toit
3ameHs mpenxoaHotro uzaanue ot 2003 r. OOHOBEHHSAT CTaHAAPT pa3UIUpPSIBA CHUCTEMHHUS
MOAXO0Jl KbM YIIPABJICHUETO Ha M3MepBaHHATA. [[oCTaBsi aKIEHT BBPXY OCUTYpPSIBAaHETO Ha
JIOBEpHE BbB BATUAHOCTTA M HAJISKAHOCTTA HA n3MepBaTenaute pedyaratu (ISO 10012: 2026,
pp. 5-6).

Baxna poist uma u myOGnukyBaHoTo Ha 16 centemBpu 2026 1. HOBO m3nanue Ha ISO
9001:2026 Quality management systems — Requirements - HIECTO W3/JaHHE Ha
MEeXIyHapoaHusi crtaHgapt, koero 3ameHa [SO 9001:2015. To pas3BuBa ycCTaHOBEHUTE
MPUHIIMIIA ~ HA  YNPaBIEHWETO Ha KA4eCTBOTO. AKIEHTHpa BBPXY JHUIAEPCTBOTO,
OpraHM3alliOHHaTa KyJATypa, MPOIECHUS TOAXOJ U YIOPaBIEHUETO Ha PHUCKOBETE H

Bb3MoxkHoctute (ISO 9001: 2026, pp. 5-8).
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JBaTa crangapra, pasrieJaHd BbB B3aUMOBpPB3Ka, Ch3JaBaT OCHOBA 3a IIO-
IIOCJICZIOBATEIHO MHTETPUPAHE HA METPOJIOTMYHOTO OCUTYpSIBAaHE B YIPABICHHETO Ha
IIPOU3BOJICTBEHUS KOHTPOoJ. Ch3/1aBa ce HEOOXOIMMOCT OT YCTaHOBSIBAHE HA BPb3Ka MEXKIY
o0IMTe M3UCKBAHMS KbM YIPABIEHUETO HA Ka4eCTBOTO U CHEHU(UYHUTE U3UCKBAHUSA KBM
M3MEpBaTEIHUTE MIPOLECH MPHU MPOU3BOACTBOTO HAa METAIHU U3IEIHUS.

IeaTa Ha HACTOAIOTO U3CJeBaHe € J1a ce aHanu3upa npuHocsT Ha ISO 10012:2026
u ISO 9001:2026 3a METpPOJOTHYHOTO OCUTYPSIBAHE HA KOHTPOJIA HA METaJHU u3nenus. Bb3
OCHOBa Ha YCTAaHOBEHHUTE B3aUMOBPB3KH Jla CE€ MPEIJIONKH OPraHU3alMOHHO-METOINYECKU
MOJIeT 32 MPAKTUYECKOTO UM MpuUjlaraHe.

3a MOCTUTaHETO Ha 1eIiTa ce POPMYITHPAT CICTHUTE 3a1aUU:

1. Jla ce ycTraHOBU MSCTOTO HAa METPOJIOTMYHOTO OCUTypsBaHE B CUCTEMATa 3a YIIpaBJICHUE
Ha Ka4eCTBOTO.

2. Ha ce ananuszupa npunoxumoctra Ha [SO 10012:2026 u ISO 9001:2026 npu koHTpoaa
Ha METAJIHU U3/ETIHSL.

3. Ha ce wunmeHTHPHUUIUPAT OCHOBHHUTE (HAKTOPH, BIHMSICHIM BBPXY HAICKIHOCTTA Ha
U3MEPBATEIIHUTE MTPOLECH.

4. Jla ce wu3Benar (yHKUMOHAJIHHUTE B3aUMOBPB3KM MEXAY CTaHIAAPTH3ALMOHHUTE
M3MCKBAaHUS M IPAKTUYECKUTE KOHTPOIHU JEHHOCTH.

5. Jla ce mpemioKu MHTErPUPaH MOJIEI 33 TAXHOTO YIIPABICHUE U IOKYMEHTHPAHE.

2. Metogos10rusi Ha M3CJIEABAHETO

W3cnensaHero MMa TEOPETUKO-NPUIIOKEH XapakTep. OCHOBaBa ce Ha aHalM3a Ha
MEXIyHapOAHUTE CTAHIAPTU U METPOJIOTHYHHU JOKyMEHTH. Te ca MpuiIo)kUMHU KbM CUCTEMUTE
3a yIpaBJI€HUE HA KAUECTBOTO M U3MEPBATEIIHUTE ITPOLIECH.

OcHOBeH METOJ € cpasHumenHuAm aHalu3 Ha U3UCKBaHUATA U NPEJIHA3HAYCHUETO Ha
ISO 10012:2026 u ISO 9001:2026. Upe3 Hero ce ycCTaHOBSIBAaT OOIIMTE MPHUHIIMIIHU,
cnenupuuHuTe QYHKIUU U Bb3MOXXHOCTUTE 3a B3aHMHO JIOIbJIBAaHE Ha JIBaTa CTaHapTa.

W3nons3Ban e u cucmemen nooxod. Upe3 HETO METPOJIOTMYHOTO OCHIYPSIBAHE C€
pasmiiexaa KaTo CBhBKYINHOCT OT JAE€WHOCTH. Te ca  B3aUMOCBBp3aHUM OpPraHU3alMOHHH,
TEXHUYECKH U KOHTposHU. HacoueHu ca kbM MojyyaBaHe Ha HaJeXAHAa MH(opMarus 3a
CHOTBETCTBUETO HA METAJIHUTE U3ZEINS.

[TpunoxeH e KadecTBEH puck-6azupan anaius 3a WACHTUQUIMPAHE HA Pa3IUYHU
¢dakropu. Te morar ga goBeAaT 10 HENPAaBUIHM M3MEPBATEIIHU pE3yJTaTH, KOUTO OT CBOS

CTpaHa BOJAT A0 IMOrpCIIHU PCHICHUA OTHOCHO Ka4CCTBOTO HA MPOAYKIUATA.
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M3non3BaH € METOIBT Ha KOHLENITYaTHOTO MOJIEJIUPaHe Bb3 OCHOBA Ha 0000IIEHMTA.
Upes Hero ca pa3pabOTEHHU MOCIEAOBATEIHOCT OT AEHHOCTH 3a HHTETPUPAHO YIIPABJIECHUE HA

KOHTpOJIa.

3. MeTpoJIOTHYHOTO OCUTYPSIBaHE B CHCTEMATA 32 yNPaBJieHHe HA Ka4eCTBOTO

MeTpOonoru4HOTO OCUTYPSIBAHE MPEICTABIISIBA BAKEH €JIEMEHT OT IEMHOCTH. Upe3 TAxX
IIPOU3BOJICTBEHUTE OpPraHU3allMuy Cb3/1aBaT HYKHUTE MPEANOCTAaBKM 3a II0JyyaBaHE Ha
JOCTOBEpHA M3MepBareiaHa uHbopMaius. B ycrnoBusta Ha MHAYCTPUATHO MPOU3BOJICTBO CE
o0eMHIBAT OPraHU3AI[MOHHU U METOUYECKH AeHMHOCTH. Te ca HacOYeHH KbM OCUTYpsIBaHE Ha
IIPUTOIHOCTTA HAa U3MEPBATEIHUS IPOLEC 32 KOHKPETHATa KOHTPOJIHA 3a/a4a.

B Mexaynaponnus peunuk o merposorus (VIM) merposornynara npocieiumMocT €
CBOMCTBO Ha pe3yiaTara OoT H3MepBaHe. Upe3 HEro MoXe Ja ce CBbpPXKE C OIpelereHa
pedepeHins MocpeCTBOM Bepura oT kanuOpupanus. Tyk BCSKO OTIEIIHO 3BEHO JIOMpPUHACS
KbM Heolpezenenoctra Ha usmepnaneto (JCGM 2012, pp. 29).

B kxoHTekcTa Ha KOHTpOJIa Ha METaJIHM M3JENUs Ta3u XapaKTepUCTUKA MpUI00MBa
ChllecTBEHO 3HadeHWe. Ha ©0a3za wu3MepBaresHUTE pe3yiaTaTd ce B3eMaT ObJeIu
MPOU3BOJCTBEHN W YNPaBICHCKU pemieHus. [Ipu KOHTpos Ha pa3MepHa XapaKTepUCTHKA,
pe3yNTaThbT OT W3MEPBAHETO OMpEeeNs Al ACTalabT Iie ObJie JONMyCHAT /10 cleaBalla
TEXHOJIOTHYHA orepanus. Toi Moxe f1a ObJe BhpHAT 3a AOITBIHUTEIHA 00paboTKa UK J1a Obie
KIacuUIMpaH KaTo HEChOTBETCTBAlla MpOAyKIus. [Ipu MexaHWYHHTE W3MUTBAHUS
pe3ynratuTe MoraT aa 0bAaT OCHOBaHME 3a MpueMaHe Ha marepuaia. Morar ga mOTBBPAST
HErOBUTE XapaKTEPUCTHUKU WM Ja YCTAaHOBST OTKJIOHEHHUS OT HW3HUCKBaHUATA CHIPSIMO
TEXHUYECKaTa cerupuKaus.

[lo TO3M HAUMH M3MEPBATEITHUAT MPOLEC U3MBJIHIBA €IHOBPEMEHHO TEXHUYECKA U
ynpaBieHcka GyHKIus. Texunueckata QyHKIHsS ce U3pa3siBa B ONMPEACISTHETO Ha ChOTBETHATA
XapaKkTepUCTHKa. YTpaBlieHCKaTa — B M3IO0J3BAHETO Ha pe3yliTaTa Karo OCHOBAaHME 3a
pemienue. Tazu ABolicTBEHA (PYHKIIHMS Hajara HE0OX0AUMOCTTAa METPOJIOTUYHOTO OCUTYpPSIBaHE
Jla ce BrpajJiy B LJIOCTHATa CUCTEMa 3a YIPaBJIEHUE Ha Ka4e€CTBOTO.

Oco0eHo BaXKHO € Jla ce pa3rpaHHyaBar ONEpaLUUTe Kalubpupaune Ha usmepeamenro
cpeocmeo 1 ocucypasane Ha npueoOHOCMMA HA U3MepP8amentus npoyec.

Kanubpupanero ycTaHOBsBa METPOJOTMYHU XapaKTEPUCTUKH MPH OMpEIesieHU
ycinoBus. To ocurypsiBa uHbopMalus, KOATO € HyXHa, 3a Ja C€ MpOCiIeAd M OLEHU

MPUTOJHOCTTa Ha oOopyaBaHeTo. ToBa OT CBOA CTpaHa HE M3MECTBa HEOOXOAMMOCTTA OT
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IIpoOBEpKa Jajin I/I36paHOTO CpE€ACTBO OTroBapss Ha HN3HCKBAHHATA Ha KOHKPETHaTa
HU3MCpPBATCIIHA 3aia4a.

Pa3I‘paHI/I‘ICHI/ICTO € CBIICCTBCHO 3a MNPCAINPUATHUATA, KOUTO HPOU3BCKIAT MCTAIHU
n3acims. EI[HO M CBhIIO U3MEPBATCIIHO CPCACTBO MOXKE aa 6”[;,[[6 IIPUTTOKUMO IIPpH OIIPECACIICHU
AOIIYCKHM MW HCIOAXOAAINO IIpU APYTH. Toma ¢ npuirHaTa I/I360p’BT Ha HU3MEPBATCIIHO
060pyz[BaHe Aa CC OCHOBaBa Ha CbOTBCTCTBHUCTO MCIKAY BB3MOXKHOCTHUTC Ha 060py,Z[BaH€TO n

M3UCKBAHUATA KbM KOHTPOJIMPAHUS IPOIYKT.

4. llpunoc Ha ISO 10012:2026 kbM yHpaBJIeHHETO HA H3MEPBATEJTHUTE NIPOLECH

ISO 10012:2026 e ocHoBa 3a cucTeMaTU3UpaHE HAa METPOJIOTMYHOTO OCUTypsBaHE B
OpraHMU3alMKUTEe, YUSITO OCHOBHA LIEJI € J1a OCUTYPH HaJIekKAHHU U3MEPBATEIIHU PE3YJITATH.

HeroBoTo 3HaueHue ce wu3paszsiBa B IMpexojJa OT yHOpaBlIeHHE Ha OTICIHUTE
M3MEpBaTENIHU CPEACTBA KbM OOIINO CHCTEMAaTHU3MPAHO YIPaBJICHHWE HA H3MEpBATEIHUTE
IIPOLIECU U CBBP3AHUTE C TAX JIEHHOCTH.

HoBoto n3nanue € cTpyKTypupaHo B CbOTBETCTBUE C MEXAYHAPOJHUTE CTAaHAAPTH 32
CUCTEMH 3a ympasieHue. ToBa cb3/laBa NPEANOCTAaBKU 3a MO-JIECHOTO My MHTETPUPAHE CBHC
CBILECTBYBAILlM CUCTEMH 3a yIpasieHue Ha kadectBoTo (ISO 10012: 2026, pp. 5-6).

BaxxHo e, 4ye cTaHmapThT pas3riexja U3MepBaHHUATa KaTo yrpasisieMu Ipouecu. Te
cienBa Ja ObAAT TUIAHUPAHM, U3ITBIHSBAHM, HAOJIOMaBaHU, OIEHSBAHU U MOJ00psBaHH. 3a
IIPOU3BOJICTBOTO HA METAJIHU U3JIENHsI TO3U IOJXO/ [T03BOJISIBA METPOJIOTUYHUTE AEUHOCTH J1a
CE CBBP)KAT C €TAlIUTE OT NPOU3BOJCTBEHUS LIMKBJI. TakuBa ca BXOZIAIL KOHTPOJ, MEXINHEH
TEXHOJIOTUYEH KOHTPOJI, OKOHYATEJIEH KOHTPOJI U U3MUTBAaHE Ha rOTOBATa MPOAYKLHS.

4.1. OpraHnu3alMOHHO 3HAYeHHe HA CTAHAAPTA

[Ipunaranero Ha ISO 10012:2026 naBa Bb3MOKHOCT Ha OpraHM3alMATa Ja ONpeaean
OTTOBOPHOCTUTE 32 METPOJOTMYHOTO OCHUTypsiBaHe. M3BexIaT ce mo-iecHO HeoOXOIUMHTE
pecypcH M ce OINpeaessT U3UCKBaHUATa KbM KOMIETEHTHOCTTAa M YCJIOBHATA, IIPU KOUTO Ce
U3BbPUIBAT U3MEPBAHUSITA.

[To TO3M HAYMH METPOJIOTMYHATA JEHHOCT Ce BKJIIOYBA B OOIIAa OpPraHM3alMOHHA
cTpykrypa. Ts cnupa na (yHKIMOHHMpa KaTro CaMOCTOSTENHA TeXHHW4Yecka aenHoct. Ot
3HAUEHUE € PA3NPEIEIITHETO HA OTTOBOPHOCTUTE MEXy IIPOM3BOJCTBEHUTE 3BE€HA, OTIENA 32
KOHTPOJI Ha Ka4eCTBOTO U JIUIIaTa, yIpaBisBalld U3MepBaTeIHOTO o0opyaBane. [Ipu numca Ha
MojI00Ha KOOpAWHAIMS MOXE J1a Bb3HUKHE CUTYyalMs, MPH KOATO TEXHUYECKH M3IPABHO
o0opy/BaHe J1a ce U3IOJI3BA 110 HETIOAXO I METO UJIH 3a 3a/1a4a. 32 Hesl € Bb3MOXKHO J1a He

IpUTEekKaBa HEOOX0IMMaTa U3MEPBATEIHA CIIOCOOHOCT.
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4.2. 3HayeHHUe 32 IVIAHMPAHETO HA KOHTPOJIa
Hpyr 3nauum npunHoc Ha [SO 10012:2026 e cp3maBaHeTO Ha BB3MOYKHOCTTA
M3HMCKBAaHUATA KbM U3MEPBATEIHUS MpoLieC ja ObAAT ONPEEIISHU OILE Ha €Tall IUIaHUpaHe.
[Tpu mpOU3BOACTBOTO HA METAIHU U3ENUS U3MEPBATEIHUTE IEHHOCTH CE OPraHU3UPaT
Clie]l ONpENeNsIHETO Ha TexHojoruyHusi mponec. Ilo-ehekTUBHUAT moaxon mpearnonara
M3HCKBAHUATA KbM KOHTpOJA J1a ObJaT chOoOpa3eHu ¢ 0COOEHOCTHTE Ha MPOJIYKTa OIlle Mpu
pa3paboTBaHETO HA TEXHOJOTHYHATA U KOHTPOJIHATA IOKYMEHTALIUS.
ToBa o3HayaBa npeABapUTEIHO Aa ObAAT yCTaHOBEHHU:
®  XapaKTepUCTUKUTE, KOUTO MOJJIekKAT Ha KOHTPOT,
® MPUWIOKUMHUTE TEXHUYECKU N3UCKBAHMUS;
® MOAXOASIIUTE METOAM 32 U3MEPBAHE WM U3IHUTBAHE;
e HeoOX0JIMMOTO U3MEPBATEITHO 00OpYABAHE;
® YCIIOBHUSATA 32 IPOBEXAAHE HA KOHTPOJIA;
® KPUTEPHUUTE 3a IPUEMAHE HA PE3YITATUTE;
e HEOOXOAMMHUTE 3aIlMCH 32 I0Ka3BaHE Ha ChOTBETCTBUETO.
Taka u3MepBaTeIHMUAT MpPOLEC C€ MPEBpPbHINAa B MPEABAPUTENHO IUIAHUPAaHA YacT OT
MIPOU3BO/ICTBEHATA IEHHOCT.
4.3. YnpaBieHue Ha MeTPOJIOTHYHUS PUCK
ComectBena ocodenoct Ha ISO 10012:2026 e uHTErpupaHeTo Ha PUCK-0a3MPaHOTO
MHUCIIEHE B YIpaBJIE€HHETO Ha M3MepBaTeIHHMTE Mpolecd. To Mo3BojsABa Ja c€ OTYETe
pa3nuyHaTa 3Ha4MMOCT Ha U3MEPBAHMUATA 32 KAUECTBOTO U 0€30MacHOCTTa Ha POLYKIHATA.
HpI/I nU3CJIsa C BUCOKU M3UCKBAHWA KBM HAACKIHOCTTA, MOCICAUIUTE OT I'pCIIHOTO
M3MepBaHe MoraT J1a ObJaT 3HAUUTEIHO MO-CepHo3HU. ToBa € mpuyMHaTa METPOJIOTMYHOTO
ocurypsiBaHe J1a 0b/le chOOPa3eHO C TEXHUYECKHTE XapaKTEPUCTUKU Ha 0OOPYABAHETO M C
BB3MOKHUTE IOCIEICTBUS OT HENPABHIHOTO pElIEHHE 3a ChOTBETCTBUE. TyK MOXke Ja ce
HU3BCAC €IWH OT OCHOBHUTEC IPUHOCH Ha CTaHAApTa KBbM YIPABJICHUCTO Ha KAa4Y€CTBOTO.
Memponoeuunusam puck ce pasenexcoa Kamo uacm om o0wus pUuck 3a Kauecmeomo Ha
npooyKma, a He Kamo U30IUpaH MexHuuecKu npooiem.
4.4 3naveHue 3a JOKYMEHTHPAHETO U NMOJ00PABAHETO
ISO 10012:2026 cB3gaBa enuHHAa pamka. T8 BKIOYBA yOpaBJICHHE Ha
JOKYMEHTHpaHaTa HHQOpMallysl, OlIeHIBaHE Ha Pe3yJITaTUTE, KOHTPOJ Ha HEChOTBETCTBUTA U

HO,Z[O6p$IBaH€ Ha U3MCpBaTCIiHaTa CUCTEMA.
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3a npeanpusATHiATa OT MeTanooO0paboTBallaTta MPOMUILICHOCT TOBa O3HAayaBa
BB3MOKHOCT J1a OBJIaT MPOCIIEASIBAHN PE3YJITATUTE OT KOHTPOJIA U YCIOBUSATA, P KOUTO ca
nonyyenu. [Togobna nndopmarys e neHHa 3a yCTaHOBSIBaHE Ha IPOM3BOJICTBEHH OTKIIOHEHHUSL.
3HayMM € M aHAJIW3bT HAa NPUYMHUTE 3a HEChOTBETCTBUA. B mossa me Ob1e nmpu KIMEHTCKU
peKIaMaliy 1 MOCJIEBAI0 YChbBbPIICHCTBAHE HA KOHTPOJIHUTE MPOLEAYPH.

[TpunocsT Ha ISO 10012:2026 ce mposiBsiBa B TpU B3aUMOCBbP3aHU HAIIPABICHUS:

1) noBuIIaBaHEe HA OPraHU3allMOHHATA YIPABIAEMOCT Ha U3MEPBAHUATA;

2) orpaHMyYaBaHe Ha PUCKA OT HEJIOCTOBEPHU PE3YyJITaTH;

3) Cb3aaBaHC Ha IMPCAIIOCTABKU 3da HCIIPECKbCHATO HOI[O6p${BaHe.

5. Ilpuaoxkumoct Ha ISO 9001:2026 m dynkuuonanna B3amMoBpB3ka ¢ ISO
10012:2026

ISO 9001:2026 ompenenss obmara pamMka 3a uU3rpaxaaHe, (YHKIUOHHUpAHE U
YCHbBBPUIEHCTBAHE Ha CHUCTEMHUTE 3a YINpaBieHHE Ha KadecTBOTO. [Ipuioxumoctra my e
HacoueHa KbM OCHUIypsiBaHE Ha CIIOCOOHOCTTa Ha OpraHu3aluATa [OCJIEI0BaTEeHO [Ja
IIPEOCTaBs MPOIYKTH U YCIIyTH, ChOTBETCTBALM Ha n3uckBanusaTa (ISO 9001: 2026, pp. 1).

3a NpOU3BOAUTEINTE HA METAIHY U3ENNS CTAaHAAPTHT MMa ChLIECTBEHO 3HaueHue. Toi
o0eauHsBa peauua 3BeHa. TakuBa ca YNpaBIEHMETO Ha MPOM3BOACTBEHUTE IIPOLIECH,
pecypcute, KOMIETEHTHOCTTa, JOKYMEHTUpaHaTta HWHQpopManus, HaOII0JAEHUETO Ha
pe3ysITaTUTE M NPEANPUEMAHETO Ha KOPUTHpallu AeWcTBHA. B paMkuTe Ha Ta3u cucrema
M3MEpBaHUATA NPECTABISIBAT OCHOBEH M3TOYHUK Ha 00EKTHBHA MH(OpMAIHs 3a €EKTUBHOTO
IIPOM3BOJICTBO HA MPOLECH U ChOTBETCTBAIIN KPAWHU MPOIYKTH.

Otrtyk mpoustnya M (¢QyHKIMOHanmHaTa Bpb3ka Mexay [SO 9001:2026 u ISO
10012:2026.

[TepBUAT cTaHAAPT OmMpeaess OOUUTe MPUHLIUIN U OPTaHU3AUOHHUTE N3NCKBAHUS 32
yIpaBlieHHE Ha KayecTBOTO. BTOpuSAT mocTaBs crenuain3dpaHa paMKa 3a yIpaBjieHHE Ha
M3MEpBaTEIHUTE MPOLECH, KOUTO MOANOMArar J0Ka3BaHETO Ha TOBA KauecTBO.

JlBara ctaHjmapra He MOrar W He OuBa Ja ce pas3riexaaT Karo B3aUMO3aMEHSIEMH.
TsxHaTa NMPUIOKUMOCT ce MPOSABSIBA HAa PAa3IUYHU CBBP3aHM (YHKIMOHAIHM paBHUINA. Ha

Ta6J'II/II_Ia 1ce NpeaACTaBsaA CPABHUTCIICH aHAJIN3 HAa MPHUIIOKUMOCTTA UM.
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Tabmuma 1

Hanpasjenue

ISO 9001:2026

ISO 10012:2026

OCHOBHA HACOYEHOCT

praBHeHI/Ie Ha Kady€CTBOTO B

praBHeHI/Ie Ha U3MCPBATCIIHUTEC

opraHusanusra IIpOLIECU
OpranuzalvoHHU u | I3mepBarennu  IEWHOCTH W
Oo6xBat
IIPOU3BOJICTBEHHU IIPOLIECH CBBP3aHUTE C TAX PECYPCU
Omnpenensie Ha neny, pecypey, | OnpenensiHe Ha W3UCKBAaHUA U
IInanupane
IIPOLIECH U PUCKOBE YCIIOBUS KbM U3MEpBaHUATA
KomnerenTHocT Ha nepconana | KommeTeHTHOCT, HEOOX0qMMa 32
KomnerentHOoCT 3a U3IBbIIHCHHE Ha | HANEKIHOTO U3IIBIHEHUE Ha
BB3JIOKEHUTE JEHHOCTH W3MEPBATEIHUTE MPOLECH
HaGmtonenue u oueHsBaHe Ha
OcurypsiBaHe Ha BaJUAHOCTTA U
Kontpon CBOTBETCTBUETO Ha
HAJICKTHOCTTA HA PE3YNITATUTE
MPOAyKIMATA
PuckoBe, Bimsemn  BBpXY | Puckose, CBBbp3aHU c

anaBneHI/Ie Ha pUCKa

Ka4yeCcTBOTO U AEHHOCTTA

HU3MCPBATCIIHUTC ITPOLIECH

3amucu 32 WU3MEpBATEITHHUTE
JlokazaTencTBa 3a U3MBIHCHHE
JlokyMeHTupaHe JIeHOCTH u TAXHATA
Ha U3MCKBAHUATA
HaJCKTHOCT
ITonobOpsiBane Ha cucremata 3a | [logoOpsBane Ha
[TonoOpsiBane

yrpaBjieHNE Ha KaYeCTBOTO

M3MEpBaTEIHUTE MTPOLIECH
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CpaBHUTENHUAT aHAJIU3 MOKa3Ba, ye JABaTa CTaHJIapTa MOrar jga ObJaT MHTETPUPAHU
ype3 oOmia mporecHa joruka. MsuckBanusita Ha ISO 9001:2026 xbM yImpaBieHHETO Ha
pecypcuTte 3a HaOII0IeHHE U U3MEPBaHE Ch3/IaBaT HEMOCPEACTBEHA BPh3Ka C M3MCKBAHUATA HA
ISO 10012:2026 xbM cucTeMara 3a yIrpaBlIeHUE Ha U3MepBaHuATa. B3auMoBpb3kaTa MOXke Ja
Obse 00001IeHa Upe3 caeaHaTa MoCae0BaTeIIHOCT:

HN3uckBaHe KbM Ka4vecTBOTO HAa MPOAYKTa — IUIAHWPaHe HA KOHTpoJa —
ynpaBjieHHe HA W3MEpPBATEJHUsI MPolec — TMOJy4aBaHe HA HaJeXKJAeH pe3yJrar —
OlleHSIBaHE HA CbOTBETCTBHETO — JOKYMEHTHPAHO JI0KA3aTeJICTBO 32 Ka4eCTBO.

3a IpOU3BOJCTBEHUTE MPEANPUATHS PAKTUYECKATa CTOMHOCT Ha 10/I00HA MHTETpalus
JlaBa BB3MOXKHOCT J1a c€ M30erHaT OpPraHu3allMOHHU HECHOTBETCTBUS MEXKIY NPOIYKTa H
KOHTpPOJIHATa CUCTEMA.

TexHonornyHaTa JOKYMEHTAIUS MOXKE J1a OTpeiessl JOMyCTUMO OTKJIOHEeHUE, Oe3 1ia ce
MIpaBH OILIEHKA Jalli W3MOI3BaHUTE U3MEPBATEIIHUA CPEACTBA M METOH MO3BOJISIBAT HAJICHKIHO
YCTaHOBSIBAHE HA TOBA OTKJIOHEHHE. B TakaBa cuTyanusi HATMIHETO HA (POPMAITHO U3ITBIHCHA
KOHTPOJIHA OIepalis HE € OCHOBAHUE 3a JJOBEPUE B PELICHUETO 32 CbOTBETCTBUE.

[Tpunarane Ha nBaTa cTaHJapTa MO3BOJSIBA TE3U 3aBUCHMOCTH Jia ObJaT aHAIM3UPAHU
Ol1[e MTPH TUTAHUPAHETO Ha MTPOU3BOJICTBEHUS U KOHTPOJIeH mporiec. ChIecTBEHO 3HaYSHHE UMa
U BB3MOXHOCTTAa METpoJIOrMYHaTa WHGpoOpMalus Ja ce H3IMO0JI3Ba KAaTo HHCTPYMEHT 3a
1o100psiBaHe Ha MPOU3BOACTBOTO. CUCTEMHOTO aHAIM3UpaHe Ha U3MEPBATEIIHUTE PE3YJITaTH
Mo/IIoMara OTKpMBaHETO HA TEXHOJIOTUYHU OTKJIIOHEHHsI, HECHOTBETCTBHUS U HEOOXOJUMOCT OT
MIPOMSIHA HA KOHTPOIHUTE MPOIIETyPH.

Wnterpamusara mexay [SO 9001:2026 u ISO 10012:2026 uma nokaszareincTBeHa U
npeBaHTHBHA (QYHKIUA. TS ch3aBa MPEANOCTaBKH 3a MPEMUHABAaHE OT KOHTPOJI KbM

yHrpaBJICHUEC, TPCAOTBPATABAIlO YCIOBUATA 3a TAXHOTO Bb3HUKBAHC.

6. MerposioruyHa NPOCJEIUMOCT, KOMIIETEHTHOCT ¥ OLEHsIBAaHEe Ha
ChbOTBETCTBUETO

HanexxngHusT KOHTpON Ha METaJHM W3JeIHS 3aBUCH OT OOIIOTO JeicTBHE Ha
B3aMMOCBBp3aHu ¢pakTopu. Cpell TIX BaXKHO MACTO 3aeMaT METPOJIOTHYHATA MPOCIEIUMOCT,
KOMIIETEHTHOCTTA U IPaBUIIHOTO UHTEPIPETUPAHE HA U3MEPBATEIHUTE PE3YIITATH.

MertposiornuyHaTa MpPOCIEAUMOCT OCHIypsBa Bpb3Ka Ha pe3yiTara ¢ MOAXOJAINA
pedepennus. HelitHoTo 3HaueHMe ce MposiBsiBa BbB Bb3MOKHOCTTA OJIy4eHaTa U3MepBaTelIHa

CTOMHOCT J1a Ob/1e 000CHOBAHA M CHIIOCTABSIHA MIPU ONIPENIEIICHU YCIOBUSI.

281
Fundamentals and Technical Means of Design, october 2026



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

B npaktukara obaye HaJM4YMETO Ha KaJIMOPUPAHO H3MEPBATEIHO CPEJICTBO HE Ce
OTBX/IECTBSABA C AaBTOMAaTHUYHO JIOKA3BaHE HA CbOTBETCTBUETO HA MPOAYKTA.

PesynTarbT OT M3MepBaHETO TpsOBa Ja ce OLEHSABAa CIPSAMO H3MCKBAaHUATA Ha
KOHKpEeTHaTa KOHTpPOJHAa 3adaya. Tyk ce BKJIIOYBA M OTYMTAHETO HA peJeBaHTHATa
HEOIPEIETCHOCT U MPUIIOKUMOTO MPaBUIIo 3a pemeHue. B tazu Bpb3ka [SO 14253-1:2017 uma
3HAUEHUE IMIPU JOKAa3BaHETO HAa CBOTBETCTBME WJIM HECHOTBETCTBHE HA I'€OMETPUYHU
XapaKTePUCTUKH, 0COOCHO KOTaTO U3MEPEHUTE CTOMHOCTH ca 6in3ku 1o rpanunute (ISO 2017,
pp. ).

OCHOBHUSAT NPAaKTUYECKU MPoOIeM Bb3HUKBA, KOTATO U3MEpPEHaTa CTOMHOCT ce HaMHpa
HENOCPEACTBEHO JI0 JOIycTMMaTa rpaHulla. B nogoOHu cioyyaum 3akiIlOYEHHETO 3a
CbOTBETCTBUE HE CE OCHOBAaBAa CaMO Ha CPABHSBAHETO HAa OTYETEHATa CTOMHOCT C IIOCOYEHUS
nomnyck. ToBa 00CTOATENCTBO M3BEXJa HEOOXOJUMOCTTA OT MPEIBAPUTEIIHO ONpPEEIIssHE Ha
KpUTEPUUTE 32 IPUEMaHEe U HAaYMHA Ha ThJIKyBaHE Ha pe3yJITaTuTe.

3aeqHO C  METpOJIOrMYHAaTa MPOCIEAMMOCT, CBHLIECTBEHO 3HA4Y€HUE HMa
KOMIIETEHTHOCTTA Ha IIEpCOHAJIa U Ha 3BEHATa, KOMTO U3BBPIIBAT KOHTPOJIHU U U3IUTBATEIHU
neiinoctu. B Tasm oOmact ISO/IEC 17025:2017 ompexnenst MeXAyHapOIHO TpHU3HATH
U3HUCKBAHUS KbM KOMIIETEHTHOCTTA, OE3NMPUCTPAcTHOCTTA U IOC]eAoBaTeNHaTa paboTa Ha
M3NUTBATEIHUTE U Kamuopupammrte nadoparopun (ISO/IEC 2017, pp. 1).

CrangaptsT MMa JombiBamia ¢yHkius no otHomenue Ha ISO 9001:2026 u ISO
10012:2026. Toii He 3aMecTBa oOl1aTa cucTeMa 3a yIrpasieHHe Ha KauyecTBoTo. He moxe na
ObZle OTBHXKIECTBABAH C YIPABICHUETO HA BCHUYKM IPOM3BOJCTBEHU H3MEPBAHUS.
Creunpurynata My HOPUIOKUMOCT C€ IPOSABSIBA MPU JEHHOCTH, CBBP3aHU C U3IUTBAHUS U
KanmuOpupanus. 3a TAX € HEoOXOAUMO OCHUTypsSBaHE U JIOKa3BaHE Ha TEXHUYecKa
KOMIIETEHTHOCT.

[Tpy nmpou3BOACTBOTO HAa METAJHU M3JEIMS Ta3d B3aUMOBPB3Ka € Ba)KHA, KOraTro
pe3ysTaTuTe M3MUTBAHUS CE M3IIOJI3BAT KAaTO OCHOBAHME 3a NpHEMaHe Ha MaTepuaiu WIu
Mpe/icTaBsIHE Ha TOTOBA MPOYKIHSI.

[lpunaranero Ha cTaHAapTUTE MOKE Ja OBbJAE pasMiieaHO Ha TPH (DYHKIHMOHAIHU
paBHUILA:

. Opranuzammondo papaume: [SO 9001:2026 ocurypssa oOmiara paMmka 3a
yIpaBJIEHUE Ha KAYECTBOTO.

. Metposiornudo pasauie: ISO 10012:2026 ocurypsBa CUCTEMHHUS TOAXO

KBbM YIIPaBICHUETO HAa U3MEPBATEIIHUTE IPOLIECH.
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. JladopaTopuo paBaumie: ISO/IEC 17025:2017 onpenens U3UCKBaHUATA KbM
KOMIIETEHTHOCTTa Ha JIa0OpaTOPUUTE B PAMKUTE Ha TEXHUTE U3MHUTBATEIHU U KaauOpupau
JEHHOCTH.

PasrpannvaBaneTo Ha Te3U (YHKINHU O3BOJISIBA MEKAYHAPOIHUTE CTAaHAAPTH J1a ObaatT
MpUJIaraHu 1eJIeHacoueHo. Te He Mo3BoygBaT AyOnupaHe HA JCHHOCTH WM HENPaBUIHO

pasmupABaHC Ha TCXHUA 00xBar.

7. Puck-0a3upaH nmoaxoJ Npu OPraHu3upaHe HA KOHTPOJIA HA MeTAJHHN U31eJIus

[Tpunaranero Ha puck-0azupaHUs TOJAXOJ HpPEIACTaBisBa BB3MOXKHOCT  3a
YCHBBPIICHCTBAHE HAa METPOJOTUYHOTO ocurypsisae. [lo To3u HauMH ce W3BBpIIBA
cbOOpa3siBaHE HA KOHTPOJIHUTE JEHHOCTU CBhC XAPAKTEPUCTUKUTE M TOCIEICTBUATA OT
HENpPaBWJIHUTE H3MepBaTeaHU pe3yiaratd. OCHOBHOTO MpPEAMMCTBO Ha TO3M MOJXOA €
BB3MOXHOCTTA DA3JIMYHUTE H3MEPBATEIHU MPOLECH Ja C€ YIpPaBIsABAT C IOAXOAAIIA
WHTEH3UBHOCT B 3aBUCUMOCT OT KPUTHYHOCT UM.

B ycnoBusita Ha MeTanoo6paboTBaIOTO MPOU3BOACTBO HE BCUUKH XapaKTEPUCTUKHU ca
YEIHAKBEHU €JHO3HAYHO OTHOCHO (PYHKIIMOHAIHOCT, HAAEKIHOCT M 0€30MacHOCT Ha
U3JIeIHsTA.

OTKIIOHEHNETO IIPU BTOPOCTENIEHHA I€OMETPUYHA XapaKTEPUCTHKA MOXKE Ja UMa
OTPaHUYEHO BIUSHUE BBPXY NPEJHA3HAYEHHETO Ha olpeaeneHo u3nenue. HempasBuimHoTO
onpesiesisiHe Ha MEXaHWYHa XapaKTepUCTUKAa MOXKE Ja IMOCTaBU I0J ChbMHEHUE HeromaTa
TOJJHOCT IIPU €KCITI0ATallus.

ToBa Hamara pecypcuTe 3a METPOJIOTUYHO OCHUTypsiBaHe jAa ObJaT MIaHUpaHu B
CBHOTBETCTBUE C PUCKA HA U3MEPBATEIHA IEHHOCT.

3a nenuTe Ha HaCTOSIIOTO U3CIIE/IBaHE Ce Ipeiara KpUTHYHOCTTA Ha U3MEPBATEIIHUTE
MIPOLIECH J1a C€ OLIEHSBA Bb3 OCHOBA HA TP OCHOBHU KOMIIOHEHTA!

1. 3HaUMMOCT Ha  KOHTpOJIMpaHaTa  XapaKTepUCTHKAa 3a  KadecTBOTO,
(YHKIIMOHATHOCTTA U 0€30MacHOCTTa Ha U3/EIHETO.

2. BeposiTHOCT 3a mony4yaBaHe Ha HEIOCTOBEPEH pe3yiTaT NMPU KOHKPETHUTE
YCIIOBHUS HAa U3MEPBaHe.

3. ITocnencTBus OT HEMPABUIIHO PELIEHUE 32 CbOTBETCTBUE.

Te3n KOMIOHEHTH MoraT Ja ObJaT W3MOJ3BaHU 3a KAueCTBEHO KJIAcHU(UIMpaHE Ha

M3MEpBaTEIHUTE IPOLIECH B TPU YCIOBHU IPYIIH.
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Tabmuua 2
IIpenopbunTesien
Karteropus XapakTepucTuka
NOIX0/1
OrpaHu4eHu MocaeACTBUS OcHOBeH perjamMeHTHpaH
Hucka kputuanocT
MIPU HEMPABWIIHO PEIICHUE KOHTPOJI

BB3MOXXHO BIUSIHHE BBPXY
3acuiieHo HAOIIOIEHNE U
Cpenna KpUTUYHOCT Ka4eCcTBOTO U
MEPUONYHA OIICHKA
TCXHOJIOI'NYHUA HpOHCC

ChIecTBEHH MOCTIEICTBHS Pasmmpen xoHTpoI,
3a (QyHKIHATA, JOIIBJIHUTEITHA MTPOBEPKA U
Bucoka xputuyHoct
HaJISKJHOCTTA WM II0-CTPOTO yIpaBlICHNE Ha
0e3omacHocTTa pe3yiaTatuTe

[TpennoskeHara kauecTBeHa KJIacU(pUKAIMs Ha U3MEpPBATEITHUTE MPOLECH B Tabauma 2
MMa OpraHU3allMOHHO-METOANYECKH XapakTep. Ts He 3aMeHsl TEXHUYECKUTE U3UCKBAaHUS WU
olpezieNIeHUTe KpUTEPUH 3a IpUEMaHe, a MojroMara INIJaHUPaHEeTO Ha KOHTPOJIHUTE JICHHOCTH.

[Ipy BUCOKOKPHUTHYHMTE H3MEpBATENHU MPOLECH MoraT jaa ObAaT MNpeaBUAECHU
JOIBITHUTEIHU MEPKH. Te OCUTypsIBaT KOMIIETEHTHOCT, IPOCIEANMOCT, MEKIUHHHI IIPOBEPKU
Ha O00OpyJIBaHETO U HE3aBHCHMO MOTBbp)KJaBaHe Ha pesyaTtarure. llo To3um HauuH
METPOJIOTHYHUTE PECYpPCH MOrar Jia Ob/1aT HaCOYEHHU KbM JEHHOCTH, IPU KOUTO BH3MOKHUTE
MOCTIE/ICTBUSL OT HEMPAaBUIIHO pEIICHHE ca Hal-ChIIECTBEHU. Bh3mpuemMaHeTo Ha MoaoOeH
MOJIXO/1 Ch3/1aBa YCIOBUS 3a MM0-e()eKTUBHO chueTaBaHe Ha u3uckBanusaTa Ha [ISO 9001:2026 u

ISO 10012:2026.

8. HHrerpupaH oOpraHu3alMOHHO-METOAUYECKH MOJeJ 32 MeTPOJIOTHYHO
OCHTYpsIBaHE HA KOHTPOJIA HA METAJIHU U3/1eJTusl

Bb3 ocHOBa Ha WM3BBPIICHHS CPABHHUTENICH aHAIW3 M YCTAHOBEHUTE B3aMMOBPBH3KU
MEXy pas3riiefJaHUTe CTaHJIApPTH Ce MpeJjiara WHTErpUpaH OpraHU3allMOHHO-METOANYECKU
MO/I€JI 38 METPOJIOTUYHO OCUTYPSIBAHE HA KOHTPOJIA Ha METaJIHU u3aenus. Toil € HaCOYeH KbM

npeoaoIsIBAHC Ha OPraHU3allMOHHOTO Pa3srpaHUYCHHUC MCKAY TCXHUYCCKHUTC HW3UCKBAHUS,
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[JJAHUPAHETO Ha KOHTPOJIA, YIPABJICHHETO HAa CPEICTBATA M B3€MAHETO HA pELICHUs 3a
cboTBeTcTBUE. OCHOBHATA KOHIICTIMS CE€ OCHOBaBa Ha pa3OMpaHETO, Y€ METPOJIOTUYHOTO
ocurypsiBane TpsOBa ga ObJe OpraHM3MpaHO KaTo IOcieAoBaTeNieH mpouec. Toi 3amoua ¢
M3MCKBAHETO KBbM H3JENIMETO W 3aBbpIIBA C JOKYMEHTHPAHO M OOOCHOBAHO pEIlECHHE 3a
HEroBOTO CHOTBETCTBUE. MoaenbT o00eAuHABA TPU B3aUMOCBBP3aHU KOMIIOHEHTA!
HOPMAaTUBHO-CTaHJapTU3aLlHOHEH, OpraHU3alMOHHO-YIIPABIECHCKH u KOHTPOJIHO-
JI0Ka3aTEJICTBEH.

HopMmaTuBHO-CTAHAAPTH3ALMOHHUSAT KOMIOHEHT 00XBalla UISHTU(DUIUPAHETO U
MpUJIaraHeTo Ha U3UCKBAHUATA KbM MPOJYKTA.

Oprasnn3anMoHHO-YNPaBJEHCKUAT KOMIIOHEHT BKJIIOUBA IUIAHUPAHETO, PECYPCHOTO
OCUTYpSIBaHE U YIIPaBJICHUETO Ha U3MEPBATEIIHUTE MPOLIECH.

KoHTpo/IHO-10Ka3aTeICTBEHUAT KOMIOHEHT OOeAMHSIBA H3BBHPIIBAHETO Ha
W3MEPBAHUATA, OLCHSIBAHETO HA pe3yJTaTUTE M JOKYMEHTHUPAHETO Ha pEIIeHUsATa 3a
CbOTBETCTBHUE.

Etanu Ha npeasioxeHus: Mojaes

Ertan 1. HUpenTudpuuupanHe Ha NPHIOKMMHTE H3UCKBAHUSl - ONPEIEIAT Ce
TEXHUYECKNUTE, HOPMATUBHUTE, CTaHAAPTU3AUUOHHUTE M JIOTOBOPHUTE W3UCKBAaHUSA KbM
METAJIHOTO U3JIEJHeE.

Etan 2. OnpenesisiHe Ha KOHTPOJHMPAHUTE XaPAKTEPUCTHKM - YCTaHOBSIBAaT ce
XapaKTEPUCTUKUTE, KOUTO IIOJUIEKAaT HAa W3MEPBAaHE WM H3MMTBAHE; ONPEACIAT Ce U
CHOTBETHUTE CIELU(PHUKAIIMOHHN I'PAaHULIU ¥ KPUTEPHUH 3a TPUEMaHe.

Etan 3. OuensiBaHe Ha KPUTHYHOCTTA - ONPEEIIs C€ 3HAUMMOCTTa Ha KOHTPOJIHATA
JEHOCT U Bb3MOKHUTE MOCJIEICTBUS OT MOJTy4yaBaHe Ha HEMIPaBUJICH U3MEpBaTeIeH pe3yJITar.

Ertan 4. IlnanupaHe Ha KOHTPOJIHATA JeHHOCT - N30UpaAT Ce MOAXOJAIU METOAH,
MOCTIeIOBATEIHOCT Ha OMNEpaluuTe, HEOOXOAUMHUTE pecypcu M OTTOBOPHOCTHTE 3a
U3MbJIHEHHE.

Eran 5. OcurypsiBane Ha U3MepBaTeJIHO 000py/ABaHe - TPOBEPSIBA CE MPUTOTHOCTTA
Ha M3MOJI3BAaHOTO 000py/ABaHE CIPSIMO M3MCKBAaHMUATA HA KOHTPOJIHA 3aaua.

Etan 6. OcurypsiBane Ha MeTPOJIOTMYHA MPOCJEIUMOCT - YCTaHOBSBAT Ce€
HE0O0XOIMMUTE JIEMHOCTH 3a KaIMOpUpaHe, METPOJIOTHYHO MOTBBPIKIaBaHe U JOKYMEHTHPaHe
Ha IPUTOJITHOCTTA Ha CPE/ICTBATA.

Eran 7. U3nbjHeHHe HA H3MepBaTeJHHUSI NMPOLEC - KOHTPOJHATA JAEHHOCT ce

HU3BBbPIIBA TPHU ONPCACICHUTC YCIOBUA, YPE3 CbOTBCTHUA MCTOA U OT KOMIICTCHTCH IICPCOHAJI.
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Etan 8. OuensiBane Ha M3MepBaTeJHHUTEe Pe3yJTATH - aHATU3Upa Ce IMOTydYeHaTa
uHpopMaIHs.

Etan 9. Biemane Ha pemieHue 3a CbOTBETCTBHE - PE3YJTAaTUTE CE CBHIOCTABAT C
MPUJIOKUMHUTE U3UCKBAHUS UPEe3 MPEABAPUTETHO ONPEAETICHOTO MPABUIIO 32 PEIICHUE.

Eran 10. loxymeHTHpaHe W mOJ00psiBaHe - CBbXpaHsABa ce HeoOxoaumara
nHpOpMaNKA 3a U3BbPIICHUTE JEHHOCTH, aHATTM3UPAT Ce YCTAHOBEHUTE HECHOTBETCTBHS H CE€
OTIpeIeNIAT BH3MOXKHOCTH 3a Mo100psIBaHeE.

[IpennoxeHUAT MoJesl MOke Aa Obae 000011eH upe3 ciieiHaTa MOCIeI0BaTeIHOCT:

IIpuiiokuMo U3MCKBaHe — KOHTPOJIMPAHA XapaKTePHCTHKA — OLlEeHKA HAa PUCKA
— IUVIAHHPAaHe HA KOHTPOJIa — M3MepBaTe/ieH pouec — HaJles/AeH pe3yJiTaT — pelleHne
3a CbOTBETCTBHE — JIOKYMEHTHPAHO 0Ka3aTeJCTBO — aHAJIM3 U oJ00psiBaHe.

CpliecTBeHO MPEAMMCTBO Ha IMOCOYEHATa IOCIENOBATETHOCT € BBH3MOXKHOCTTA 3a
MpociesBaHe Ha Bpb3KaTa MEXAy MbPBOHAUATHOTO M3MCKBAaHE KbM H3JEIHETO M KPaHHOTO
peleHne 3a HEroBOTO MpHeMaHe. 3a 1a Ob/ie MPUIIOKUM B IIPOU3BOACTBEHA CPela, MOJCITHT
MOXe Ja ObJie pealln3upaH 4pe3 €IUHEH PETHCThP WIM KOHTPOJIHA MaTpuua. Ts chIbpika
nH(pOopMaIIns 3a XapaKTepUCTUKATa, M3UCKBAHETO, METO/1a, 000PY/IBaHETO, OTTOBOPHOTO JIMIIE,

pe3yiiTaTta U peUICHUECTO 3a CbOTBCTCTBUC.

9. IIpakTHyecka NPHJIOKMMOCT H Bb3MOKHOCTH 32 BbTPelIHOQUPMEHO
CTAHJAAPTU3AIHOHHO OCUTYPSIBaHE

[TpakTHyeckata MTPHIOKUMOCT Ha TMPEATOXKEHUS MOJET C€ u3pas3siBa BbHB
BB3MOXHOCTTA MEXKIYHAPOJHHUTE CTAHJAAPTH Ja OBJAT TpaHCPOPMHUPAHU B IOCIIETOBATEITHA
CUCTEMa OT OpPraHWU3alMOHHY NPABWJIA U KOHTPOJIHH JCHHOCTH. Te OoT cBOs cTpaHa Iie ObaaT
cboOpa3eHn CbhC crnenudukara Ha KOHKPETHOTO MPOU3BOJACTBEHO  MPEIIpUSTHE.
MexnyHapoJHUTE CTaHAApTH Ch3aaBaT oOIla paMka 3a ympaBlieHHe. TSXHOTO mpuiaraHe
HU3UCKBAa KOHKPETU3UPAHE Ha OTTOBOPHOCTHUTC, HNPOUCAYPHUTEC, MCTOAWUTC W HAYUHHUTC 3a
JNOKYMEHTHpaHe. Ta3um HEOOXOAMMOCT OTpeselis 3HAYCHWETO Ha BBTPEITHOPUPMEHOTO
CTaH/IaPTU3AI[MOHHO OCUTYpSIBaHE.

[Tpu mpon3BOACTBOTO HA METATTHU U3/IENHsI BHTPEIIHUTE MMPABUIIA MOTAT J1a U3IIBIIHABAT
CBBbp3BaIIa (QYyHKIUS MEXKIy TEXHHUECKaTa JOKYMEHTAIMs, MEXIYHAPOJAHUTE CTAHIAPTU U
JeWCTBUTETHATAa OPTaHU3aIMs Ha IPOM3BOJICTBEHNTE Tiporieck. Ha 6aza mpeioskeHus: MoJen
MOXe J1a Objie pa3paboTeH BhTpemHOGUPMEH CTAaHAAPT WM pErIaMeHTHpPaHa MpoIeaypa 3a
MCTPOJIOTHYHO OCUTYPSABAHC HA KOHTPOJIa HA MCTAJIHU U3ICIIU . HO,Z[O6€H JOKYMCHT 6I/I MOTI'BJI

Aa BKJIIOYBaA pPa3JIMUHA H3WCKBAHUA. Te morar Ja 6’I>I[3.T HAaCOYCHU KbM IUIAHUPAHCTO Ha
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KOHTPOJTHUTE JIEHHOCTH, OMPECIITHETO Ha TOAXO/SIINA METOIM U 000pYIBaHEe, OIICHSIBAHETO
Ha KPUTHYHOCTTA, JOKYMEHTHPAHETO Ha PE3YJATATHTE W YNPABICHHETO HA YCTAHOBEHUTE
HechOoTBEeTCTBUSA. Heo0X01MMo € BhTpeIHOUPMEHHST JOKYMEHT Jla KOHKPETU3Upa HauuHa,
10 KOMTO TE€3H M3UCKBAHUS CE PEATM3UPAT B YCIOBHSTA HAa TPOU3BOJICTBO.

[To TO3M HauWMH BBTpPENIHATA MPOIEAYpa MOXE Ja OIpPENeNisi OTTOBOPHOCTUTE U
KPUTEPUHTE, N0 KOUTO CE B3eMa pEIICHUE 3a MPHUTOJHOCTTa Ha O0OPYJBAHETO KBbM JaJCHA
KOHTpoNHa omeparusa. OOmuTe NPUHIMUIKM 3a YIpaBIeHHE Ha pHCKa Morat ga Obaar
KOHKPETU3UPAHU Ype3 BHTPEIIHA KIIACH(PUKAIIMS Ha U3MEPBATEITHUTE TIPOIIECH CIIOPE]] TSXHATA
KPUTHYHOCT.

B T0o3u cmucea NpCAJIOKCHUAT MOJCI Ch3JaBa HNPCAINNOCTABKH 3a IMOBUIIIABAHC Ha
YIPaBISIEMOCTTA UPE3:

® [10-sCHA BPB3Ka MEXK]Iy TEXHUYCCKUTE U3MUCKBAHUS U KOHTPOJIHHUTE MPOLICAYPH;
®  CTANHO pa3mnpe/esieHHe Ha OTTOBOPHOCTHTE;

e 000cHOBaH U300p Ha U3MEPBATEIIHU METOIU U CPEJICTBA;

¢ HaMaJIIBaHC Ha pHUCKa OT HCIIPAaBHUJIHU PCUICHHSA 3a CbOTBCTCTBUC,

e noAoOpsiBaHEe Ha MPOCIEIUMOCTTA Ha KOHTPOJIHATa HH(OpMaIus;

e Chb3/IaBaHE Ha YCJIOBHUA MOJ00psBaHE HA MPOU3BOACTBEHUTE MPOIECH.

Oco0eHo 3HaYeHHEe NMa Bb3MOKHOCTTA MOJIENTBT Aa ObJie U3IMONI3BaH pU pa3paboTBaHe
Ha eIMHHY BHTPEIIHH MpaBUa 3a MPEANPHUSITHS, B KOUTO KOHTPOI'BT CE U3BHPILBA OT PA3IUYHU
OpraHU3aIiOHHN 3BeHAa. B TakwBa ciy4an oOImaTa OpraHM3allMOHHO-METOIWYECKa paMKa
MOXKE Oa CT)I[CI\/’ICTBa 3a YCAHAKBABAHC Ha NOAXO0Ja KbM HM3UCKBAHUATA, OTTOBOPHOCTUTC U
JTOKyMeHTHpaHeTo. EQeKkTHBHOCTTa Ha MOJiella MOXE BIIOCIIEJCTBHE Aa ObJe OIlCHEHa upe3
MOKa3aTeH KaTo YCTAaHOBEHH METPOJIOTUYHHU HECHOTBETCTBH S, TOBTOPHU U3MEPBAHUS, CITy4au
Ha M3II0JI3BaHE Ha HETMPUTOIHO 000OpyABaHE, peKiaMaliu u apyru. [logoOpsiBaHeTo Ha Te3H
MoKa3aTey He MOXKe Ja Objie MpeaBapuTEeIHO MPHUETO 3a JAOKa3aH pe3yirar oT Monaena. To
Mpe/ICTaBIsiBa OYaKBaHAa BB3MOXKHOCT, KOSTO TOUISKM Ha TMOCIenBalia MpPaKTUYecKa

IIpOBEpKaA.

HN3Boau n 00001eHNs

MeTposIOrH4HOTO OCUTYPSIBAHE IIPEICTABIISIBA ChILIECTBEH KOMIIOHEHT Ha CUCTEMATA 3a
yr[paBJIeHI/IG Ha KQ4E€CTBOTO HpI/I HpOI/I3BOIICTBOTO 148 KOHTpOJIa Ha MCTAJIHU U3ACIINS. HCFOBOTO
3HAQYECHHE MPOM3THYA OT HEOOXOIUMOCTTA PEIICHUATA 32 ChOTBETCTBUE Ja OBbAAT HAICKIHH,

MPOCJEeIMMHU U MPAaBUITHO Pa3yeTEHHU.
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Herinoctute, Oasmpanu Ha ISO 10012:2026 u ISO 9001:2026 mnoka3Bat
BB3MOXXHOCTUTE 33 MHTETPUpPAHE HA W3MEPBATEIHUTE IPOLECH B 00IaTa OpraHu3alMoOHHA
cucteMa 3a ympapiieHue Ha kadecTBOoTo. ISO 10012:2026 cb3maBa paMka 3a CHUCTEMHO
yIIpaBJICHUE Ha HM3MEpBaHUATA M CBbp3aHUTE ¢ Tiax puckoBe. ISO 9001:2026 ocurypsia
o0mMTe NPUHLMNKA 32 I[UIAHUPaHe, YIpaBlIeHUE, OLEHSBaHE M MOoJ00psBaHE Ha
npou3BojacTBeHara aeiHocT. JombiaBama ¢ynkuus usnbiaassa ISO/IEC 17025:2017 mo
OTHOIIICHHE HAa KOMIETEHTHOCTTA HA M3MUTBATEIHUTE U KAIUOPUPALIUTE JTa00PATOPUH.

OcoOeHocTuTe Ha METAJIHHUTE WU3JENUS HamaraT JudepeHlHupaH TMOAX0A KbM
METpPOJIOTHYHOTO ocurypsiBane. Toil TpsOBa na Oblie ChOOpa3eH C XapaKTEPUCTUKHUTE Ha
MPOAYKIMATA, TPUIOKUMHUTE TEXHMYECKHM HW3UCKBAHUS M 3HAYUMOCTTA HA KOHTPOIHHUTE
JNENHOCTH.

[IpennoxkeHusIT UHTErpUpaH OPTraHU3AlMOHHO-METOIUYECKH MOJIeN OOeIMHSBA Te3U
3aBHCHMOCTH B IOCJI€IOBaTeNHa cucTeMa. Ts 3armouBa ¢ uACHTU(PUIIMPAHETO HAa U3UCKBAHUATA
KbM U3/IEJINETO U 3aBBPIIBA C JOKYMEHTHPAHO PEILIEHUE 3a ChOTBETCTBHE U 0OpaTHa Bpb3Ka 3a
nogoOpsiBaHe.

OcHOBHaTa Hay4HO-NPUJIOKHA 3HAYMMOCT CE€ M3pa3siBa BbB BH3MOKHOCTTA OOIIHUTE
M3HUCKBAaHUS HAa MEXKIYHAPOJHUTE CTAaHAAPTH Aa ObJaT CUCTEeMATU3UPAHU U alaliTUPAHU KbM
KOHKPETHUTE YCJIOBMSI Ha IPOU3BOJACTBEHHUS KOHTpoia. [lo TO3M HayMH METPOJIOIMYHOTO
OCUTYypsIBaHE MOJKe Ja ObJe pasriiekIaHo KaTo CPEACTBO 3a MOAIbPKaHe Ha U3MEPBATEITHOTO
o0opy/IBaHE U KaTO UHTETPUPAH OPTaHU3AIMOHEH MEXaHU3bM 32 MOBUIIIABaHE Ha IOBEPHUETO B
pe3yaTaTUTE OT KOHTPOJIA.

Pa3pabotenusart moaen npeocTaBsi OCHOBA 3a MOCJEABAILO MPAKTUYECKO U3CIIEABAHE U
3a ch3JlaBaHE Ha BbTPEIIHO(DUPMEHH MpaBuia U poueaypu. TsaxHaTa HACOUEHOCT UMa 3a L1eJ
€MHCTBEHO /1a YCHhBBPIIEHCTBA HOPMATUBHOTO M CTaHAAPTU3ALMOHHOTO OCUTYpSIBaHE MpPU

MMPOU3BOACTBOTO HA MCTAJIHU U3ACTIUA.

JIMTEPATYPA / REFERENCES
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ETROLOGICAL ASSURANCE OF METAL PRODUCT CONTROL IN THE
CONTEXT OF ISO 10012:2026 AND ISO 9001:2026

Abstract: Quality assurance of metal products is linked to the reliability of
measurement processes. These processes are used to establish the conformity of products with
specified requirements. Such requirements include technical, regulatory, and contractual
requirements. As international standardization develops, metrological assurance assumes
significant importance through its technical activities within systematic quality management.
This article analyzes the applicability of ISO 10012:2026 and ISO 9001:2026 in the
organization and management of metal product control. The functional interrelationships
between the two standards are examined. Metrological traceability, personnel competence, and
the reliability of measurement results are considered. Risk management in conformity
assessment is presented. The complementary function of ISO/IEC 17025:2017 with regard to
laboratory testing and calibration is also discussed. Based on comparative and systems analysis,
an integrated organizational and methodological model for the metrological assurance of metal
product control is proposed. It brings together various results into a single unified sequence.

These include product requirements, control planning, management of measurement processes,
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and documentation of results. The possibilities for the practical application of the model as a

basis for improving in-house standardization assurance are identified.

Keywords: metrological assurance, metal products, ISO 10012:2026, ISO 9001:2026,

quality management, standardization, conformity assessment.
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I'EOMETPUYEH AHAJIN3 HA KOPEKTHOCTTA HA JAHHU CHETH OT
MECTOITPOUSHIECTBUE

aou. a-p unxk. Bacuia Ilenuen
ac. nnk. Iloss1 Betnnosa
ac. uHK. I'eprana /leaupanesa

Texnuuecku ynusepcumem — Cogus

Pe3rome. B myOnukanusaTa € mpecTaBeH MOAX0 1 3a TPOBEPKa Ha KOPEKTHOCTTA Ha JaHHU, KOUTO
ca CHETH NIPHU HU3BBPIIBAHE HA OIJIe] HAa MECTONMpOu3IIecTBUe. Bbh3 OCHOBa Ha Moaxona ce
YCTAaHOBSIBA U OLICHSBA KAaueCTBOTO HAa W3BBPIICHOTO MPOIECYaTHO CIIEACTBEHO ACHCTBUEC U

KOMIICTCHTHOCTTA Ha pascCjicABalius OpraH.

Kniouoeu oymu: Ornen Ha MECTONPOU3LIECTBHE, NBTHOTPAHCIOPTHO IIPOM3ILECTBHE,

KOPEKTHOCT, JaHHU

1. OrJien Ha MecTONPOU3LIECTBHE U JAHHU CHETH NPH U3BHPIIBAHETO MY

[Tpu u3BBpILIEHO MpECTHIUIEHHUE OT OOII XapakTep € HeOoOXOAMMO Ja C€ M3BBbpIIAT
I'bpBOHAYAIHU W HeoTNnoxkHU cienctBenu neiictBus (HIIK). Tesm peiicTBus 3amouBaTr ¢
U3BBPIIBAHETO HA OIJIEJ HA MECTONPOU3ILECTBUE, KATO B KOHKPETHHUS CIIy4ai ILIe pa3riieaaMme
IIpUMEP 3a IBTHOTPAHCIIOPTHO TAKOBA.

W3BBpIICHUAT Orjie OT pas3ciieiBalllis OpraH € JOKYMEHTHpaH, upes ,,[IpoTokoin 3a
OrJIe ] Ha MECTOIPOU3ILIECTBHE™ B , KOMTO MPOTOKOJI C€ ChABPIKA Isi1aTa MH(POPMAIUI OTHOCHO
(dakTuTe U 006CTOSATEICTBATA YCTAHOBEHU KBM TO3HM MOMEHT OT BpEMe, 3a€/IHO ¢ PUKCUpPaHE Ha
HaxoJIKu. B MBTHOTpaHCIOPTHHUTE MPOM3IIECTBHSI OCHOBHM HAXOJKH, KOMTO CIIEJIBA J1a CE
(¢buKcupaT U TOKyMEHTHpPAT ca MOJIOKEHUS Ha YYACTHUIIUTE B KOHKPETHOTO MPOU3IIECTBUE —
MIPEBO3HUTE CPEICTBA YCTAHOBEHH B ChCTOSIHUE Ha MOKOM cies chouTneto. KopekTHocTTa Ha
¢uKcupaHe Ha Te3M TOJOXKEHHS ca C O0COOEHAa BAXKHOCT 3a MOCJeNBAIMS HH)KEHEPHO-
TEXHUYECKU aHAIIM3 Ha IPOU3IIECTBUETO, YPE3 HU3TOTBSIHE HA aBTOTEXHMYECKA EKCIIEpTU3a
HazHaueHa oT cbhoTBeTHUs opradH. B (Penchev 2025) ca mpeacraBenu pa3nuyHU HAYMHH 32
JOKyMEHTUPaHE Ha HaXOJKH IIPYU U3BBPIIBAHE HA OIJIE] HA IbTHOTPAHCIIOPTHO POU3IIECTBUE
U TAXHOTO (pukcupane. JlanHUTE, 0COOEHO T€OMETPUYHHUTE MapaMeTpH, CHETH Ha MSCTOTO Ha
IIPOU3LIECTBUETO CAa BAXKHM, 3a J]a CE ONPEAEIU B IOCIEACTBUE B3aUMHOTO IIOJIOKEHHE Ha
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HaXOAKHUTC, (1)I/IKCI/IpaHI/I B MSICTOTO Ha HAaCTbhIIBAHC Ha C’B6I/ITI/IGTO, KaKTO U ITIOJIOKCHHETO UM

CIPSIMO HaYaJIHATa TOYKA KOSATO € n30paHa 3a TAXHOTO JOKYMEHTUPaHe, T, Hap. ,,OpueHTHp*

2. [Ipo6y1eMbT U HAYMH 32 PeIIABAHETO MY

B npoTtoxkout 3a orsien Ha MECTOITPOU3IIECTBUE B KOETO YUACTHULIM €A YETHPUKOIECHO U
JIBYKOJIECHO ITPEBO3HO CPEJICTBO € BhBE/IeHA MMOApoOHa HH(MOpMAIIHSI, KOSTO € He0OX0oaruMa 3a
MOCJIeIBAIINS aHATTN3 Ha ChOUTHETO.

»wAemomobunvm @opo ........ yeHmwvp Ha 3a0Ha nA8a 2yma ce Hamepu Ha 33,10 m crneo
,, Opuenmupa ““ u 50 cm 8 0scno om ocesama aunus. Llenmvp Ha npedua na8a 2yma ce Hamepu
Ha 38,4 m cneo ,, Opuenmupa““ u na 2,26 m 8 0sacHo om ocesama auHus....

ToBa e u3BajKka OT NMPOTOKOJIA 3a OMJIEJ B KOSTO € (PUKCHpAHO IOJIOKEHHETO Ha
YETUPHUKOJIECHOTO MPEBO3HO CPEJICTBO YUYACTHUK B KOHKPETHOTO CHOUTHE.

W3non3Baiiku reoMeTpusiTa € Ch3AaaeHa Mamabna ckuna (www.autodesk.com) B kosiTo

Ca HAHCCCHU CbOTBCTHUTC pasMCPU, CHETH OT MACTOTO HAa HACTHIIBAHC Ha CHOHUTHETO.

Jg 40

Sis HAGAoHHT dase HY admaomodusg

30440 agfo woseno
)
o Aunug He OpueHmups

Apagre abo koedo

3310
4/ %‘
o
Oceda aunug

¢ur. 1 — T'eomeTpruHa BU3yaiu3aus Ha ONUCAHUTE NO-TOPE JaHHU

Ilo aHanuTHWYeH OBT Inpu peliaBaHC Ha 3alada 3a IpPaBOBI'BJICH TPUBI'BIIHUK

annaraﬁKH HI/ITaFOpOBa TCOpEMa U 3aMCCTBAHC C KOHKPCTHUTC CTOMHOCTH Ce noJjry4daBa:

1* = /(38,40 — 33,10)2 + (2,26 — 0,50)2 =

={/5,32 + 1,76% =+/28,09 + 3,0976=5,5845m (1)

[To reoMeTprYeH M aHATMTUYCH HAYWH € TIoJTydeHa JbJDKUHATA Ha Ha/UThKHATa 0a3a Ha
aBromoOmia. [lo karamokHu JaHHU aBTOMOOWJI, ChIIaTa MapKa, MOJIeT U MOAU(UKAIINSI UMa
IBIDKUHA Ha HAIThKHATa My 0a3a 3,32 M, KOeTo Mmoka3Ba ChlllecTBeHa pa3iuka (5,58-3,32=2,26
M) MEXKJIy yCTaHOBEHaTa B MOMEHTAa Ha M3BBPIIBAHE HA OTJiela CTOWHOCT U Ta3u, KOSTO € B

JIEUCTBUTEITHOCT.

292
Fundamentals and Technical Means for Design, october 2026



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

HN3Boau u 00001menns

Iloxa3aHusAT npUMep HE € M30JIMpPaH Cllydall IIpM W3BBpPLIBAHE HA OrJel] Ha
MECTONPOM3IIECTBIE M B YAaCTHOCT JOKYMEHTHPAaHE Ha IOJIOKEHUSATA HAa OOCKTHUTE Ype3
reoMEeTpUYHU NapameTpu. B Te3u ciyuan paboTara Ha aBTOEKCIepTa, KOWTO € Ha3HA4eH 3a
U3rOTBSIHE HA TEXHUYECKMs aHAJIU3 Ha IPOM3IIECTBUETO, CE YCIIOXKHSBA, MIOPaJAd OCHOBHATA
MPUYMHA, Y€ MOJIO)KEHHETO Ha 00EKTa He € KOPEKTHO U O JIOBEJIO 10 HEKOPEKTHU KpailHU
u3Boau. B TakuBa ciydall € HEOOXOQMMO Ja C€ U3IO0J3BaT APYTd METOAU U CPEeACTBa 3a

OoNpCAC/IAHC HAa TOYHOTO ITOJIOKCHUC Ha 00eKTHUTE.

JIMTEPATYPA
Hakazarenno npouecyaien koaexc (HIIK)

[IEHYEB B., AHYEBA-IIOIIOBA M., KOJIEBA [I., TexHuuecku OCOOCHOCTH Ha
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GEOMETRIC ANALYSIS OF THE ACCURACY OF DATA COLLECTED FROM
THE SCENE OF AN INCIDENT

Abstract. This paper presents an approach for verifying the accuracy of data collected during
an on-site inspection of the scene of an incident. Based on this approach, the quality of the

investigative procedure carried out and the competence of the investigating authority are

established and assessed.

Keywords: Inspection of the scene of an incident, road traffic accident, accuracy, data
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MOJAEJIMPAHE HA BYJITO3EPHO I'PEBJIO B 3BABUCUMOCT OT
OYHKIIMOHAJIHA U ITPOU3BOACTBEHHU U3NCKBAHUA

ri1. acucreHT a-p Hukogai Payes
Texnuuecku Ynusepcumem - Cogust

kam. ,, OCHOBHU U MeXHUYeCKU CpeoCcmea 3a KOHcmpyupare *

Pe3wome. [Ipodunbt u popmara Ha Oyi03epHOTO TPEOIIO Ca OT CHIICCTBEHO 3HAUYCHUE
3a rpaBwiIHaTa pabota Ha MaimHaTa. ChIIECTBYBAT pa3IMYHU MPUIIOKEHUS Ha rpediiaTa,
KOETO 00yciaBsi TEXHHTE PaOOTHUTEC HATOBAPBAHHUS M TPOU3BOIAUTEIHOCT WU ITOCTABS
CHGIII/I(i)I/I‘IHI/I HU3UCKBAHHUA KBbM TICOMCTPUYHHUTC, KHHCMATHUYHUTC W CUIOBHUTC UM
XapaKTePUCTHKH. [ €COMETPUYHUTE MapaMeTpu Ha TpedJIOTO WrpasT BaykHA pOJIs 3a
ONTUMAITHOTO MY H3IIOJI3BAaHE B PA3JIMYHU IMPOU3BOJCTBEHH W TOYBCHH YCIOBUS. B
pabotara € TpPEeNJo)KeH TeOMETPUUEH aHadu3 Ha Oyijgo3epHO Tpebdio ¢ 1en
NpeaAOTBPATABAHCTO HAa €BCHTYAJIHU YCJIOKHCHUA Ha q)YHKIII/IOHaJ'IHOCTTa n pa6OTHI/ITe

HAaTOBApPBAHUA Ha MalllMHATA.

Knrouosu oymu: 6ynmosepHo rpedio, npodus, reoMEeTPUYHU ITapaMeTpr

1. YBox

W3BecTHM ca pa3ivyHM BUAOBE Npoduiu Ha Oyngo3epHH Tpebia, pa3paboTeHH 3a
W3ITBJIHEHNE Ha KOHKPETHU CTPOUTEITHH, 3€MEKOIHH W TIOCIOWHM pPa0dOTH TMPH Pa3InIHA
BHui0Be mouBH (Xia, 2008), (Jere, 2026), (You, 2022). Pazpadorenust (Kim, 2019 vol. 23(7))
TpUMEpEH MOJie] TO3BOJIABA /1a c€ MPEABUAM TOCOKaTa Ha JABM)KCHHE HAa Marepualia Mpu
pascTuiiaHe, HaYMHA Ha BpsA3BaHE Ha pexelus pb0 Ha rpebioTo, Mpu IMpeMecTBaHe Ha 00eM
nouBa u Ap. Paznuunu reomerpuunHu gopmu (Abdeldayem, 2024), (Hirayama, 2019) ca
MpUjaraHd 3a CUMyJIMpaHe Ha Ipolleca Ha ps3aHe W MpeMecTBaHEe Ha rodyBarta. brimre Ha
psi3aHe U CMECTBaHE Ha I10YBaTa I10 BUCOYMHA Ca OT ChIIECTBEHO 3HaUEHHE 32 e(peKTUBHATA MY
pabora (Kim, 2019 vol. 106).

Haii-yecto wu3noi3BanuTe mpoduim W TreoMeTpus Ha Oyijo3epHHTE Trpedia ca
npeacraBenu Ha ¢ur. 1 (ITanos, 2009). [Ipodun @) e 3a 3aBbpTariy ce rpedna, mpodui 0) - 3a
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MIPEMECTBAaHE Ha roJIsIM 00eM 1MouBa, MpoduII 8) € MpeIBUICH 3a paboTa Ha OyJio3epa upe3 mo-
MaJIKO TPUEHE M0 BpeMe Ha BJIaYCHE Ha MoYBaTa 10 3eMHaTa MOBBPXHOCT. CTOMHOCTUTE HA
BIIIMTE, KOUTO CE MPHJIAraT 3a U3UepTaBaHeTo Ha Mpoduia, ca onucanu B Tadi. 1. Ipmkunarta
Ha rpe6ioro ([lanues, 1990) ce n3bupa B quanazona ot 3 10 4" mbTu BUCOYMHATA MY, KaTo B
HacTosIarta padoTa He ce pa3riiexk/ia Mo-moJpoOHO TO3H MapaMeThp Ha rpedsioto. ChIo Taka
KBbM Ipo¢uia ce 100aBs T. Hap. KO3UPKA, Ype3 KOATO CE MOCTHUTa MO-TOJIsIM 00eM BiIaueHa Ipe
Oyngo3epa mouBa. Jlomycka ce IONBJIHUTETHO W3MEHEHHME Ha HSIKOM OT T€OMETPUYHHTE
napameTpu Ha mnpoduiaa Ha TpedIOTO, HO TOBAa BEUYE CE€ H3BBPIIBA B 3aBHCUMOCT OT
cnenu(puKaTa Ha MPUWIOKECHUETO HA MalllMHATA W JONBIHUTCIHUTE PUKAYHU YCTPOKCTBA,

KOWTO MOTAT Ja ObJaT U3IOJI3BAHU 110 Bpeme Ha padorara u (Abdeldayem, 2025).

.,

& X

®ur.1 - Popma Ha rpebnoTo.

Heo6xonumocTtTa oT pazpaboTBaHe Ha pa3iWyHM MpopMIM Ha rpeboTo ce Hajara

3apaJd TEXHOJOTMYHOTO M3MEHEHHE M Pa3BUTHE HAa TO3M TUIl MAIUIUMHHU. 3a MpHUMeEp, Ipe3

MOCJEeNHUTEe 2 - 3 JeceTWIeTHs, KWHEMAaTUYHOTO 3aJBHKBaHE Ha TpeOJoTO 3aBUCH
CnumBOAM N O3HAYeHUA
a bMbJ1 HA pA3aHe Ha NoYBaTa
€ ‘bIb/1 Ha HAKNOH Ha npoduna
g b/l HA HAKJ/I0H Ha BbPXa
Wk BIbJ1 HA HAK/IOH HA KO3MpKaTa
H BMCOYMHA Ha rpebnoTo
R paaunyc Ha KpMBMHaA Ha npoduna
Hik BMCOYMHA Ha KO3MpKaTa
W LEHTPA/IEH BIbA
b BMCOYMHA Ha AbraTta

AOM'BJIHUTCIIHO OT BECPHUIKHOTO 3aJIBUKBAHC HA MaIJ_II/IHaTal. Ha (1)1/11“. 1 He e moka3aH PEKCIINA

HOX Ha rpedIIoTo.

296
Fundamentals and Technical Means for Design, october 2026



OcHogu u mexHu4ecku cpedcmaea 3a Koncmpyupatue, okmomepu 2026

2. OCHOBHHM 32aBHCHMMOCTH 32 H34epPTaBaHe HA 0Yy/1/103€PHOTO rped.10

PaguycwT Ha 1brara Ha npoduiia ce onpeens ypes:
R=(08 +-09)H. (1)
Bucounnara Ha rpe6soTo ce nu3bupa B 3aBUCUMOCT OT HOMUHAJIHATA TETJIUTEIHA CHUJIa

Ha Oyno3epa, a IEHTPATHUS BI'bJI CE OIPELII Upes3:

b
=2 n—, 2
w arcstR (2)

KbACTO BHCOYMHATAa Ha AbIaTa b ce I/I36I/Ipa TaKka 4€ Abrara Ja 6’5,[[6 06pa3yBaHa CIIpAMO

BCPTHUKAJIHATA OC, KaKTO € IIOKa3aHO Ha (1)1/11". 1.

3. len
Llenta Ha HacTosIara padoTa € Ja ce MPEI0KHA CAMH NeOMETPHYEH I0JIXOJ] 3a
paroHaIM3upane Ha Tpoduia Ha OyII03epHOTO Tpedsio, 3a MOCTHTaHe Ha IO-TOoJsIMa

e(EeKTUBHOCT IPH KOHKPETHOTO MY MPHIIOKEHHE.

4. PazpaGoTBane Ha Mojie] HA 0yJi103epHO rpedJio

OOMKHOBEHO BiaueHaTa npej rpedyioTo moyBa ce NpeAcTaBs KaTo MpU3Ma, 4pe3 KOsITO
ce ompenens HeiiHus ob6em’. HelHUTe TreoMeTpUUYHHM pasMepH, 3aBUCAT OT Hpoduna u

pasmepure Ha rpedIoTo.

Tabnuua 1 - CroifHOCTH Ha reOMETpUYHUS TPOPUI Ha TpedI0TO
a=55°
e=75°

w=65°
l//K:900

Pa3zpaboTen e reomeTpruyueH MOJIe Ha MOTYYHHUBEPCATHO OYJII03€pHO rpe6n01, KOETO €
¢ obmra Bucounna 1747 mm. MonensT € pazpaboTeH Ha O6a3ata Ha rpedsio Ha Oyymo3ep THI
CAT D8!, Ho ¢ u3BecTHH H3MeHEHHUs ChOOPA3EHU ¢ TEOPETHUHUTE U3UCKBAHHSA 32 OQOPMIHE
Ha rpebi0To, Criopel yClIoBUATa Ha paboTa Ha MamMHaTa. KoHkpeTHo, mpoduiabT Ha Mozena
Ha rpe6isioTo e ¢ BucounHa 1280 mm, 6e3 pexxerus HOX U Ko3upkaTa. PaanychT Ha aprara Ha

npoduia e u3dpan 1024 mm. [llupunara Ha rpednoro e 4042 mm.
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Ha ¢ur. 2 e npeacraBen Mojena Ha mpoduia Ha rpebIoTo’ ¢ MOCOUYEHHUTE PasMepH,
KaTo M3TJe] @) MoKa3Ba npoduiia Ha rpebIoTo - CTpaHudYeH H3TIEeH, 0) - MOTJIe] OTrope, 8) -
o011 B, 2) - pa3rbBKa.

Upe3 M3MEHEHHE Ha CTOWHOCTUTE Ha HSKOM OT TapaMeTpHTe, JIECHO MOXE Ja ce
nocTurae npoduia Ha rpedioTo, KOMTO M0 M3BECTHA CTEINEH Ja 3aMECTH ITbPBUTE JIBa WU

I'BPBUSAT U MOCTSIHUAT TUI NPodUiH, TOKa3aHu Ha ¢wur. 1.

1280 }

®ur.2. Mogen Ha rpebnoTo.

[Topaau U310KEHUTE MO-TOPe OCOOEHOCTH Ha paboTa Ha OYIA03epUTE, TOJISIM HHTEPEC
Ou mpeAu3BUKAll W 3aBBPTAHETO Ha TPEOIIOTO OKOJIO OCTa Ha JABMXKEHHE Ha Oymmosepa.
Ha ¢ur. 3 e npeacrasen pa3pe3 u ceueHHe Ha 3aBbpPTaHe Ha rPedIOTO B HAJTHKHA MOCOKa. Ts
MOKa3Ba €BEHTYATHOTO M3MEHEHUETO Ha JIBIDKEHHE Ha TOYBaTa 1Mo mpoduiia Ha rpediioTo, 1o

BpEMC Ha pa60Ta Ha MallilMHaTa, IIpH pa3JIndIHU MMO3UIIUHU HA 3aBbPTAHE MY.

A //\

L

dur.3. Paspes u ceyeHme Ha rpebnoTo npu
3aBbbTaHe B HaA/bXHa NOCOKa.

[Tpu octananuTe BuaoBe mpodrmm Ha Oyinmo3epHOTO Tpedito (Gur. 1 6 u 8) € BB3MOKHO

Jla ce MOCTUTHE MUHHMAJIHO W3MEHEHHEe Ha mpoduia MpH 3aBbpTaHeTo My. Taka mie ce
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IIOCTUTHE MakcuMajiHa €(EeKTMBHOCT Ha pa0oTa Ha MalllMHaTa, CIOpe] Bb3MOYKHOCTUTE M
NpeIBUICHU Ha eran mpoekTupaHe. ChIo Taka, TOBa M3MEHEHHE Ha Mpoduiia BIUsSE U HA
HATOBapBallUTEe YCWJIHSA, TOPOJEHHM B PpabOTHOTO CHOPHKEHHE HA  MAaIlIMHATA.
[IpenBapuTEIHUAT TE€OMETPUYEH aHAJIU3 CIIOMara 3a IMPEeNOTBPATABAHE HA HENPEIBHUICHU
HAaTOBapBaHUs, M3MEHEHMsS B IpaBUIIHAaTa paboTa U HempeABHJEHA (YHKLMOHAIHOCT Ha

MalniMHara.

HN3Boau u 00001I€eHUA

1.  Pa3ButHeTro Ha cbBpeMeHHHUTE OyJa03epH M3MCKBAa M3MEHEHHETO Ha mpoduia Ha
rpebioTo My, Taka 4e Ja OTTOBOPH €JHOBPEMEHHO Ha MO-TOJISIM OpOi TEXHOJIOTUIHU
M3HUCKBaHUS, KOUTO ONpeessT eeKTUBHOCTTA Ha paboTa Ha MallIMHATA.

2. Cb3gafeHUAT TEOMETPUYEH MOJEN IO3BOJIABA Jla CE HAIpaBU IIPEIBApPUTEICH
reOMETPUYEH aHAINU3 Ha rpebIoTo ¢ 111 MOBUILABAHETO HA Heropara e(heKTUBHOCT,
IIPU KOHKPETHU MPUIIOKEHHUSI.

3. PasrpBkara Ha OCHOBHaTa dYacT Ha TIpeOOTO TMpeaonpeneis HauyuHa Ha
IIPOU3BOJCTBOTO MY.

4.  VYcTaHOBEHO €, Y€ MHMHHUMAJIHOTO H3MEHEHHe Ha Mpoduina Ha rpebroTo, MpH
3aBbPTAHETO MYy B HaJJIBKHA MOCOKa, OJaronpusTcTBa JABM)KEHHME Ha IOYBATa IO

IMOBBbPXHUHATA MY.

baaromapuocru

ABTOpPBT Osarofapy Ha pbKOBOJIUTEINSI U KOJIETUTE C KOUTO € padOoTHII, 3a TOCTUTAHETO

Ha HAYYHUTC ICJIU U Bb3MOXHOCTHU 34 6’[:,[[6].].[0 pa3BUTHC.
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