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Abstract. In the XXI century, a comfortable light environment in architecture is becoming a
category associated not only with a specific material space. When designing architectural objects, it
IS necessary to take into account the interests of different groups of citizens united by public spaces.
Creating a comfortable environment is associated with the understanding of personal freedom and
the problem of creating conditions for the development of an open society. The article presents the
basic principles in the field of “environmental design”, outlines the methodological basis for the
study of the complex of lighting means in architectural systems and describes in detail the general
methodology for studying the “light component” of architectural systems. The study contains
methods and criteria for assessing the lighting of architectural systems and a methodology for
studying the formative and comfortable functions of light in architecture. Light has a significant
impact on the architecture of buildings and structures, shaping the proper level of object quality,
cost-effectiveness of solutions and artistic expression. The appropriate level of lighting in buildings
is an important prerequisite for creating favorable conditions for human life, for increasing their
creative and productive activity. The analysis of scientific papers allowed us to identify a number of
unresolved issues: a general methodology for studying the “light component” and the
methodological basis for studying the complex of lighting means in architectural systems has not
been improved. Thus, the methodological basis for the study of the complex of lighting means is in
the field of urgent issues of architectural systems. One of the main factors that shape the parameters
of the light environment, indoor microclimate, and insolation conditions is the legislative
regulations presented in the Laws of Ukraine: “On Environmental Protection” of 1991, ‘On
Architectural Activity’ of 2012. The relevance of the topic of this work is due to the need to
improve the scientifically based methodological basis of the study, taking into account modern
lighting means.

Keywords: urban development, architectural education, comfortable environment, urban
improvement, natural and artificial lighting, complex of lighting means, research methodology,
evaluation criteria, interior and exterior spaces, architectural environment, exterior, interior, comfort
of the light environment.
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Introduction. The modern problems of ensuring a high-quality architectural environment in
cities, psychological comfort for people's life, effective use of the aesthetic potential of natural and
artificial light, and innovative industrial lighting technologies are extremely important. Light has a
significant impact on the architecture of buildings and structures, shaping the proper level of quality
of objects, cost-effectiveness of solutions and artistic expressiveness in interaction with them. The
appropriate level of lighting in buildings is an important prerequisite for creating favorable
conditions for human life, for increasing their creative and productive activity.

One of the main factors that shape the parameters of the light environment, indoor
microclimate, and insolation conditions is the legislative regulations presented in the Laws of
Ukraine: “On Environmental Protection” of 1991, ‘On Architectural Activity’ of 2012.

The relevance of the topic of this work is due to the need to improve the scientifically based
methodological basis of the study, taking into account modern lighting means.

Analysis of recent research and publications. The main studies in the field of solar
radiation and insolation theory in architecture are scientific works: M.V. Obolensky, V.O. Belinsky,
M.M. Gusev, N.N. Kiireev, F.F. Erisman, A.N. Rimsha, V.G. Makarevich [3], V.M. Firsanov,
R. Hopkinson, C.L. Coulson, E. Nieman, A. Olgay, P. Peterbridge [10], H. Ronge, J. Graska.

Among the important scientific developments that formed the basis for determining the
methodology of this study, we should highlight the works: O. Serhiichuk, O. Pidhornyi, V. Urenov,
M. Demin, O. Sleptsov, T. Panchenko, L. Kovalskyi [4], V. Kutsevych, I. P. Gnes, V.O. Timokhin,
V.V. Tovbych, G.I. Lavryk, L. Berg, T. Kuhn, G. Ropol, J. Stengers, J. Tinbergen, A. Toibney [14].

The analysis of scientific papers allowed us to identify a number of unresolved issues: 1) a
general methodology for studying the “light component” in architectural systems has not been
identified; 2) the methodological basis for studying the complex of lighting means in architectural
systems has not been improved. Thus, the methodological basis for the study of the complex of
lighting means is in the field of urgent issues of architectural systems.

Statement of the objective. In the broadest sense, architecture is the art of creating a spatial
environment for human life and society as a whole. An architect is a professional who creates
various spaces (internal and external), thinking in terms of the geometric characteristics of the
object being created for human life. The result of an architect's creative work is the design of
buildings and structures. The main distinguishing feature of which are: enclosing structures, their
geometry, which is the basis of the architectural appearance. Urban planners create relatively
different spaces in which, due to their size, the vertical dimension is different in relation to the scale
of the plans, and their work is often called territorial planning. The geometry of design becomes a
dimension, starting from the numerical marks of the plans.

In the spaces created by architects, human life exists, forming its own development scenarios.
Architects create residential projects. Internal light spaces flow into each other, forming a common
living area (habitat) that requires a comfortable light environment for life [1].

Creating a comfortable light environment for people is an important task. How to define what
this concept of «comfortable light environment» means for a particular person, what it includes, and
how professionals should approach its creation? There are many opinions and definitions of this
concept: from narrowly professional ones that exist in psychology and hygiene to global political
ones expressed in government programs, plans and standards. There are many suggestions on how
to approach the creation of a comfortable environment. This article considers the scenario of
development of designing the light environment of spaces from personal to public.

Light is an indispensable and modern means of compositional shaping. Within the framework

of the creative concept of an ecological approach to the formation of the human environment, the
problem of using natural and artificial light in architecture comes to the fore.
Mastering the methods of rational organization of the light environment and increasing the
expressiveness of buildings remains one of the most pressing tasks of modern architecture [2].
Building standards for lighting require significant clarification, as sunlight has light, heat, and
radiation aspects, and this is extremely important in design.
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Topical issues of optimizing architectural methods and means of designing the lighting
environment are among the important problems noted in the recommendations of scientific
seminars at research and educational institutions of architectural profile in Ukraine and abroad.

The aim of the study is to develop a general methodology for the study of a comfortable light
environment in architectural design.

Research objectives: - to improve the methodological basis for the study of a complex of
lighting means in architectural systems; - to identify a general methodology for the study of the
“light component” in architecture.

The scientific novelty of the study is that for the first time: 1) the methodological basis for the
study of the complex of lighting means in architectural systems has been improved; 2) a general
methodology for the study of the light component in architectural systems has been identified.

Main material and results. Given the specific nature of the problem under study, the
systemic and integrated approaches were chosen as the general strategy of the work. The
methodological basis of this study can be the systemic approach as a direction focused on the study
of: specific characteristics of complexly organized objects and the variety of connections between
elements, their different qualities and subordination.

Cognition of an object as a system includes: determination of system elements; organization
or system of connections; system properties; determination of possibilities of creation and trends of
system changes. For an architectural object, the elements are localized (illuminated) spaces, the
relations are their hierarchical subordination based on function, and the order of elements in these
relations is their connections in accordance with the function [3].

Personal space. Everyone has a personal space. It implies a kind of personal zone of light
comfort, where a person feels calm and confident. The personal area should be inaccessible to
outsiders or have very limited access for them. Psychology determines the average physical size of
a person's personal space. Intrusion into this space by strangers is perceived as «negative» [4].

Mikhailov 1.B. defines the subject-spatial system and structure: «A system is a set of elements
that are interconnected and create a certain holistic unity. The system consists of elements, structure
and performs a certain function. Architectural elements are relatively indivisible parts of a whole
object. Architectural structure is a stable and regular relationship between the elements of a system.
Architectural function is an external manifestation of the properties of an object in a system of
relationsy.

In the twenty-first century, a new idea of illumination and interior space has emerged, which
forms the material world. Much in achieving a state of personal comfort and security depends on
the level of education, the specifics of upbringing and the perception of the surrounding material
components of the spatial environment - sounds, smells, text and artistic works reproduced with the
help of technology and electronic devices. Today, entire industries have emerged that offer their
services in creating the comfort of an individual personal space, and formulate proposals for
creating a comfortable personal lifestyle.

In design, personal space can be viewed in a much broader sense than in psychology, with the
main feature being individuality and the nature of personal use. Aesthetics, a set of functions and
objects that make up the design concept of this space are the face of the customer (Fig. 1).

Communicative space. Personal communication space is a zone of personal comfort. In
psychology, there is a physical concept of social space that extends from 1.2 to 3.6 meters. This is a
zone of communication, which includes those with whom we have a private conversation, are
comfortable in the presence of the interlocutor, or he is in the zone of our attention at the level of
contact, communication [5]. A communication space that belongs not only to you.
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Fig. 1. Antonello da Messina «St. Jerome in the Cell»; City Gallery: Antonello & the Architect [6]

Such a zone of communication space is private property. From the point of view of the law,
this is one of the forms of property of an individual or legal entity or a group of individuals that the
law is designed to protect. It has different types: individual, corporate, cooperative, joint stock,
intellectual, copyright, and any other non-state form of property.

System structure is a description of a set of elements (system composition) and the most
stable relationships between them. The systemic approach focuses the researcher on revealing the
integrity of the object, on identifying various types of connections in it and bringing them together
into a single theoretical picture [7].

Heron of Alexandria discovered that a ray of light passes between the eye and the light source
along a shorter path. Later, physicist E. Fermi formulated the principle of light behavior: light
chooses the path that requires the least time to travel from all possible paths connecting two points,
because nothing happens in the world that does not make sense of some maximum or minimum.

The most understandable level of creating a comfortable environment is the living space, what
we traditionally consider private space. A dwelling, apartment or private house is a space for living
together and communicating with a close circle of people [8]. Environmental design has developed
this part of the spaces created by architects in the most detailed way. The design of apartments and
private houses is the field of work of a large number of professionals.

The private spaces of houses and apartments are being combined into villages, condominiums,
and apartment buildings. These are communicative spaces of a more complex level. Participants can
negotiate with each other through neighborliness [9]. They can be helped in this matter not only by
the law, but also by a designer who can organize the life of a community of people in a professional
manner, whose interests he can take into account during personal communication or communication
with representatives to whom the customers have personally declared their rights and wishes. The
main thing is direct contact and the possibility of personal discussion.

The second part of the communicative spaces is occupied by the objects of environmental
design that are collectively owned or used by one relatively permanent or united by common
interests group of people. From a legal point of view, collective ownership is a form of ownership
of property by partnerships, cooperatives, associations and other cooperative, joint-stock and
partnership organizations. Collectives of people united by common interests can be communities of
residents of the same building, house or yard, owners and regular customers of a private enterprise,
coffee shop, narrowly specialized store, beauty salon or sports club. Communicative spaces are the
territories of housing and communal services and rural settlements. In the twenty-first century, the
social media space emerged as the fourth dimension of the communication space. Social networks
such as Twitter, Facebook, Myspace, Mixer, Sine Weibo, and many others create platforms for
communication [10]. This sphere of communication relations is aimed not only at establishing
personal contacts, but also at creating public opinion, shaping tastes and preferences, and
conducting educational processes. Social networks support the programs of groups and societies,
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and create communities that can begin the process of creating public space improvements. For
example, the stories of the creation of New York's High Line and Low Line parks.

Public space. This refers to the internal space and the right to public property owned,
managed and used by society, which is considered as a single entity. This is the most difficult level
of work with light space to understand. Architects, sociology, economics, statistics, and many other
social sciences study it. Society or society is extremely difficult to describe, but taking into account
its interests is extremely important when working with public spaces [11]. For the improvement of
residential and public spaces, the customer will be the human community, which is represented by
relations, forms of interaction and association of different communities of people. Sociology
describes models of social relations that act as a set of relationships between people. Society can be
characterized, systematized, and divided according to many features: cultural, state, national,
territorial, temporal, and even by means of production. In sociology, such a social division is
described by the geological term for the arrangement of the earth's layers — «stratification.

G. Lavryk notes that the principle of compactness and the principle of defining features
belong to the qualitative (metric) aspects of architectural theory. The principle of structure
invariance is of a qualitative (relational) nature [12]. The researcher made an important conclusion:
the relationship between the elements (subsystems) of integral architectural lighting objects is
invariant for all objects.

Systems analysis is a scientific method of cognition, which is a sequence of actions to
establish structural relationships between variables or elements of the system under study.

The task of designing the environment of public spaces is to create a comfortable light
environment. Therefore, the issue of sociology and drawing up a social portrait of the intended
users of light spaces is an extremely important task. It is important to understand: - how and on
what grounds it is possible to unite people into social groups to work on the lighting of architectural
objects; - how to distinguish these features; - how, based on the interests of the groups identified in
accordance with the identified features, to form a comfortable lighting environment [13].

The task of architectural public spaces is to create opportunities for the formation of an open
society. A comfortable light environment can only be created when a person feels personal freedom
and equality of opportunity. For this purpose, conditions for the formation of internal spaces were
created in architectural spaces by designing the material environment.

A new professional course called «Spatial design», which can be translated as «architectural
design of residential and public spaces», is being introduced in educational institutions in the UK.
As with any new field of knowledge, courses vary in scope and ambition from school to school. But
it can be said that this new discipline, whose concept is still being developed, has already acquired a
number of common, quite definite characteristics [14]. It is at the intersection of design, building
architecture, landscape architecture, landscape and interior design, and public art. Its professional
tasks focus on the connections that provide value in understanding the boundaries of the private and
public spheres of people’s lives. The emphasis in this new discipline is on research with people and
space. Special attention is paid to creating a unique image of a place. Interior design covers
different scales of perception: from detailed design of interior lighting to the design of development
ideas for large regional strategies.

The analysis of the decision-making problem in the hierarchy analysis method begins with the
construction of a hierarchical structure that includes three levels: Level | - the goal of choosing
space lighting; Level Il - criteria; Level Il - alternatives and other lighting factors that are
considered and that influence the choice of a solution. The top of the hierarchy is the main goal, the
elements of the lower level represent a set of options for achieving alternatives, and the elements of
the intermediate levels correspond to the criteria or factors that link the goal to the alternatives [15].
Building such a structure helps to analyze all aspects of the problem and delve deeper into the
essence of the research task. Each element of the hierarchy can represent different aspects of the
problem to be solved, and both tangible and intangible factors, quantitative parameters that are
measured and qualitative characteristics, objective data and subjective expert opinions can be taken
into account. The main task of the hierarchy is to evaluate higher levels based on the interaction of
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different levels of the hierarchy, rather than direct dependence on the elements at these levels [16].
A hierarchical system is more stable and flexible - small changes have a small effect, and additions
do not destroy the overall characteristics.

In theory, architectural systems are classified as «openy» and «closed». A system is «closedy if
it has no environment, i.e., no external systems that interact with it. Closed systems also include
those systems that are not significantly affected by external systems. A system is called «openy if
there are other systems connected to it. All living systems are «open» systems. Non-living systems
are relatively «closed» [17]. The presence of feedback endows them with some incomplete
properties of living systems related to the state of equilibrium.

Systems can be divided into «deterministic» and «timed» by their nature. In «deterministic»
systems, the elements unambiguously interact in a precisely defined way. In such a system, the
relationships between elements are unambiguously defined, deterministic, and therefore they are
called «deterministicy systems [18]. For «deterministic» systems, the concept of integrity is
important. In «terminated» systems, the connections between elements are random.

An architectural system is an open system because there are other systems connected to it (the
environment, human society, and others) that influence it and are influenced by the system.

There are no unchanging systems; theoretically, in addition to dynamic systems, there are
static systems that keep their parameters and relationships virtually unchanged over the entire time
interval of interest to the researcher. Statistical systems are more often referred to as abstract or
theoretical objects than real ones. For «open» systems, along with the concept of «internal» systems,
the concept of «external» architectural environment is used, with which the system exchanges
information, resources, substance, etc. Information itself becomes a system, begins to dominate
lower-level systems, and «information begins to exist independently».

The following ensure the implementation of the principles of forming an ecologically
balanced architectural environment: a systematic method of architectural and ecological approach,
orientation design using internal or external lighting of the space, modeling, transformation, a set of
energy and economic measures.

Conclusions. 1. The present study can be attributed to the moder profession of «Spatial
design», or architectural design of a comfortable light environment. The principle of forming
residential and public spaces of different formats is laid down. The principle of a strategy for
sustainable development and the existence of indoor and outdoor space was developed. It was
necessary to take into account the interests of selected groups of people, the possibilities for the
development of architectural residential facilities, as well as the needs of such areas of public life as
education, leisure, and ecology. To create comfortable interior and exterior spaces, the principle of
maximum accessibility and the of creating conditions for the development of new social relations
was taken into account. If we consider the architectural design of a comfortable light environment
as a factor that connects the traditional design solution, then the light environment can become
comfortable only when it creates conditions for the development of environment of people.

2. The methods of research and criteria for assessing the «light componenty of architectural
systems, as well as the methodology for studying the formative and comfortable function of light in
architecture are considered.

3. The research methods are based on the demo-systemic and eco-systemic approaches, which
are based on the interaction of a natural source with architecture. The concept of the study is based
on the positive and negative impact of the natural source, as the main climatic factor, on humans
and the environment.

4. The architectural system has the main components: 1 - the production sphere (production of
technical products); 2 - the non-production sphere (service); 3 - the recreational sphere as a special
type of activity and health improvement of the human body; 4 - the communication sphere
(connections between these three components). The role of solar energy for each of these
components is specific and requires separate case studies.

5. Various methods can be used in scientific research, such as monitoring, expert subjective
assessments, analytical method, and structural modeling.
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2 Hayionanonuii yuigepcumem «Ilonmascvra I[lonimexuixa im. FO. Konopamworxa»

Anoranisa. Y XXI cromitri koMpOpTHE CBITIOBE CEPEIOBUIIIE B apXITEKTYP1 CTA€ KATETOPi€lo,
MOB'SI3aHOI0 HE JIUIIE 3 KOHKPETHUM MaTepialbHUM IpocTopoM. [Ipu mpoekTyBaHHI apXiTEKTYpPHUX
00'eKTiB HEOOX1IHO BpPaxOBYBaTH IHTEPECH DPI3HUX TPYyN TPOMAJsH, 00'€HAHUX T'POMAJCHKHUMHU
npocropaMu. CTBOpEeHHSI KOM(OPTHOI'O CepelOBHILA MOB'sI3aHE 3 PO3YMIHHIM OCOOUCTOI CBOOOM
Ta MpoOJIEMOI0 CTBOPEHHST YMOB JIJIsl PO3BUTKY BIIKPUTOTO CYCIIILCTBA. JlaHe HOCTiHKeHHS MOKHA
BifHecTH 110 cydacHoi mnpodecii «lIpocropoBuil au3aitH», abo apxXiTEKTypHE NPOEKTYBaHHS
KOM(OPTHOTO CBITJIOBOTO CEPEOBMINA. 3aKJIaJeHO MNPUHIUN (OPMYBaHHS JKUTIOBHX 1
IPOMAJICBKUX MPOCTOPIB pizHOro (Gopmary. Po3pobiaeHo mpuHIMI cTpaTerii cTajlloro po3BUTKY Ta
ICHYBaHHSI BHYTPILIHBOTO 1 30BHIIIHBOTO MPOCTOPY. Y CTATTI MPEJICTaBICHO OCHOBHI MPUHIUIHN B
rajgysi «au3aiiH cepeoBHUIIa», OKPECICHO METOAOIOrYHI 3acaid JOCTIDKEHHS KOMIUIEKCY 3ac001B
OCBITJICHHSI B apXiTEKTypHHX CHCTEMax Ta JIETabHO OMHCAHO 3arajlbHy METOAMKY JTOCIiKEHHS
«CBITIIOBO{ CKJIaIOBOTI» apXITEKTypHUX CUCTeM. J[OCHiKEHHS MICTUTh METOAM Ta KPUTEPii OLIIHKU
OCBITJIEHHSl apXITEKTYpHUX CHCTEM Ta METOJUKY JOCHIKEHHS (OpMOTBOPUOi Ta KOMGOPTHOL
¢byHKLIN cBiTHa B apxiTekTypi. CBITJIO Mae 3HaYHMU BIUIMB Ha apXiTEeKTypy OyaiBenb 1 CHOpY.,
dhopMyrOUM HAJIEKHHUM PIBEHb SIKOCTI 00'€KTa, €KOHOMIYHICTH PINICHb Ta XYIOKHIO BHUPA3HICTb.
HanexHuii piBeHb OCBITJIIEHHS B OYyJIIBJISX € BaXJIMBOIO MEPEIyMOBOIO CTBOPEHHS CHPUATIMBHUX
YMOB ISl dKUTTEAISUTHHOCTI JIFOAMHM, TABUIIIEHHS i1 TBOPYOT Ta MPOAYKTUBHOI aKTUBHOCTI. OTHUM
3 OCHOBHHX (pakTOpiB, 110 (OPMYIOTH MHapaMeTpH CBITIOBOIO CEPEIOBHUIINA, MIKPOKIIMaTy B
MPUMIIIEHHSAX Ta YMOBH 1HCOJISAIIT, € 3aKOHO/IaBYl HOPMHU, MpecTaBiieHl B 3akoHax Ykpainu: «lIpo
OXOpOHY HaBKOJHUIIIHBOTO MPUPOAHOTO cepenoBuiia» 1991 poky, “Ilpo apXiTeKTypHY HisUIbHICTH
2012 poky. AKTyaJIbHICTh TEMH J1aHOT poOOTH 00YMOBJIEHA HEOOXITHICTIO YIOCKOHAJICHHS! HAYKOBO
OOI'PYHTOBAHOT METOIMYHOT 0a31 JTOCIIIKEHHS 3 ypaXyBaHHIM Cy4YaCHHUX 3aC001B OCBITJICHHS.

Kurouosi cioBa: xompopTHE CBITIOBE CEpeNOBUINE, apXITEKTYpHUN MPOCTIp, IPUPOJHE 1
IITYYHE OCBITICHHS, KOMILUIEKC CBITIOBUX 3aco0iB, METOAMKA JOCHIKEHHS, KPHUTEpii OIIHKH,
BHYTpILIHIN NPOCTip, apXITEKTypHE CBITJIOBE CEPEIOBHIILIE.
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