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Abstract

The frescoes of the Bukovina and Dalmatia Metropolitans’ Residence, partially lost and
partially restored, are an integral part of the architectural ensemble, included in the UNESCO
World Heritage List in 2011. During World War II and the post-war years, the decoration
(including frescoes) of the complex’s buildings and individual rooms suffered considerable
losses. Since the 1970s, active restoration of the frescoes and interiors has been carried out
using various techniques and materials. The article details the experience of professional
restoration of the Three Saints’ Seminary Church frescoes, carried out by leading Ukrainian
restorers in the last quarter of the twentieth century, and the restoration of the destroyed
painting of the restoration insert of the Metropolitan Palace Marble Hall. The sequence of
conservation work, the composition and content of the project documentation, the results of
chemical studies, painting technique, plaster composition, and pigment properties determining
its physical and mechanical stability, and the nature of degradation processes are described.
The impossibility of applying unified approaches to the frescoes’ restoration and the need to
substantiate conservation measures with preliminary material and technical studies are
substantiated. It proved that a differentiated approach allows for ensuring material stability
and preserving authenticity.

Keywords: Bukovina and Dalmatia Metropolitans’ Residence; Frescoes;, Documentation;
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Introduction

Monumental painting has been a kind of marker of prominent human settlements since

ancient times. Over time, this painting has become an integral part of architecture.
It is worth noting that the murals of sacred architecture traditionally serve not only an artistic and
decorative function but also an educational one. The Bukovinian churches of the boyar-princely
period are characterized by the sacred mural cycles’ historiosophical content. Frescoes outside
and inside the churches are a kind of medieval panoramic screen for demonstrating the history of
the development and triumph of the Christian idea in society.

The medieval churches of Southern Bukovina are included in the UNESCO World
Heritage List under the title “Churches of Moldavia”—a unique phenomenon of European sacred
art of the 15"-16" centuries, where monumental frescoes play a leading formative and theological
role. As indicated in the nomination dossier: “These eight churches of northern Moldavia, built
from the late 15™ century to the late 16 century, their external walls covered in fresco paintings,
are masterpieces inspired by Byzantine art. They are authentic and particularly well preserved.
Far from being mere wall decorations, the paintings form a systematic covering on all the facades
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and represent complete cycles of religious themes. Their exceptional composition, the elegance
of the characters, and the harmony of the colors blend perfectly with the surrounding
countryside.”[1].

A feature of these ensembles is the transfer of the fresco historiosophical cycle to the
fagade planes. The compositions of "Last Judgment," "The Tree of Jesse," and "Akathist to the
Virgin”perform not only a decorative but also a didactic function. Here, the fresco painting aims
to transmit knowledge, ideas, values, and instructions through an object, image, or phenomenon,
transforming the architectural volume into a carrier of a complex theological concept. Thus, three
of the eight churches included in the UNESCO List—the Church of St. George (1488) of the
Voronets Monastery (Romanian: Manastirea Voronet), the Church of the Resurrection of the Lord
(158-1586) of the Suchevytsia Monastery (Romanian: Manéstirea Sucevita), and the Church of
the Annunciation (1532) of the Moldovytsia Monastery (Romanian: Manastirea Moldovita)—are
distinguished by their holistic iconographic programs that cover both the interior and exterior
surfaces of the church walls, forming a continuous visual theological narrative [2].

In addition to the above-mentioned world-class objects, some churches are not so
famous but no less valuable. For example, the interior frescoes of the Church of the Nativity of
the Blessed Virgin Mary in Luzhany (Northern Bukovina), 1453 [3]; the Church of the Beheading
of St. John the Baptist in Arbore (Romanian: Biserica Taierea Capului Sfantului loan Botezatoru
din Arbore, 1502); or St. Nicholas (1542) of the Rishka Monastery (Romanian: Manastirea Rasca)
[2]. The colors, ornamental motifs, and compositional structure of the paintings are consistent
with the architecture of the interiors, emphasizing the rhythm of the constructive elements and
forming a holistic artistic image of the space [4], [5], [6].

The historiosophical tradition is also reflected in the murals of the ceremonial rooms and
churches of the architectural complex of the Bukovina and Dalmatia Metropolitans’ Residence
in Chernivtsi as well as in the modern trends of that period.

Materials and Methods

Scientific and methodological approaches to the restoration of the murals

The restoration of fresco paintings as a scientific discipline was formed under the influence
of the development of historical consciousness and the protection of monuments in the 18"-19%
centuries. The initial interventions to restore murals were mostly artisanal in nature and were aimed
at “renewing” or aesthetically correcting the images. However, already from the second half of the
19" century, in the context of the formation and development of the monument preservation theory,
restoration begins to acquire a systematic, scientifically based character [7], [8].

In modern restoration work practice, scientists engaged in mural restoration must have
knowledge and skills that enable a comprehensive approach to solving problems of varying
degrees of complexity from different fields of science. In the 20" century, the development of
natural sciences, in particular analytical chemistry and materials science, laid the foundation for
the creation of a scientific basis for the preservation of cultural heritage (heritage science). Studies
of plaster stratigraphy, pigments’ chemical composition, carbonization, and biodegradation
processes became an integral part of restoration techniques. Thus, the restoration of frescoes
transformed from an artistic and practical activity into a comprehensive scientific discipline.

The main factors of mural destruction are the loss of stability of the structures or their
damage, such as roof leakage, roof destruction, and foundation subsidence. These processes can
be classified as active destruction.

In addition, the state of mural preservation is influenced by such factors as humidity,
capillary suction of salts, temperature fluctuations, microbiological activity, and previous
unsuccessful restoration interventions. As a result of these processes, such phenomena as peeling,
grinding of the painted layer, and efflorescence occur, which occur gradually, so to speak, as
slowed destruction [4].
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Restoration intervention requires a balance between the conservation of authentic
material and the aesthetic reintegration of the composition. The principles of minimal
intervention, reversibility, and material compatibility have become fundamental in the modern
practice of mural restoration and conservation.

The world practice of restoring monumental painting demonstrates the evolution of
methods from radical “repainting”to conservation-oriented strategies. One of the most famous
examples was the restoration of the frescoes in the Sistine Chapel at the end of the 20™ century,
during which a large-scale cleaning of the painting layer from later layers and soot was carried
out. The project sparked a wide international discussion about the limits of permissible
intervention and the interpretation of the author’s intention. An example of the technological
conservation and restoration process of the Sistine Chapel frescoes by Michelangelo was
highlighted in scientific publications [5], [6], [7].

Conservation and restoration practice indicate the absence of a single universal approach
to interventions, since optimal methods are determined by the individual characteristics of the
object, its state of preservation, the results of scientific research, and the scientific interpretation
of researchers.

Another confirmation of this observation is found in the work of N. Nikitenko [8], where
significant attention is focused on the story of the restoration and research of the frescoes of the
UNESCO World Heritage Site—St. Sophia of Kyiv—and on the individuals who were directly
involved in this process. Even the restoration of the same fresco, carried out in a short period of
time by different specialists, can give different results.

Another illustrative example is the conservation of frescoes in Pompeii, where restorers
face the challenges of salt corrosion, atmospheric factors, and tourist traffic. Modern non-invasive
diagnostic methods are actively used here: infrared reflectography, X-ray fluorescence analysis
(XRF), and Raman spectroscopy, as well as innovative materials for strengthening plaster, in
particular nanodispersed lime suspensions (nanolime) [9], [10].

Studies of new excavations have shown that after the removal of paintings from the
burial environment, fluctuations in temperature and humidity cause the crystallization of soluble
salts, the formation of efflorescence, microcracks, and peeling of the paint layer. Comprehensive
diagnostics, including microclimatic monitoring and spectroscopic analysis, substantiate the need
for phased stabilization of the frescoes and controlled adaptation to exhibition conditions [11].
The example of Villa Arianna highlights the need for an integrated strategy combining historical-
technological analysis, plaster stratigraphy, and digital modeling, as this approach allows
predicting the consequences of interventions and ensuring their material compatibility with
ancient techniques [12].

A particular difficulty is the determination of the execution technique ("buon fresco" or
"a secco"), as this directly affects the choice of cleaning and consolidation methods. The
identification of layers executed "a secco,” which are more sensitive to moisture, necessitates the
use of controlled or dry techniques and a careful selection of consolidants [13].

A separate aspect of the frescoes’ conservation and restoration is the monitoring of the
intervention behavior. This aspect is illustrated in detail by the example of the works with the
frescoes of the Probota Monastery (Romanian: Manastirea Probota) [14], [15]. Between October
1996 and August 2001, UNESCO, with the financial support of Japan and in cooperation with the
Ministry of Culture of Romania and the Archbishopric of Suceava and Radauti, implemented large-
scale restoration works, during which the interior and exterior frescoes and the iconostasis of the
church were carefully restored. During the works, layers of lime mortar were successively removed
from the facades, which revealed the full cycle of wall paintings. In addition, the church was
thoroughly strengthened and heated. According to the results of the monitoring, it was determined
that the conservation and restoration work carried out on certain areas of the interior frescoes led to
the formation of physical, structural, and chemical characteristics that meet the criteria of
compatibility between ancient artistic techniques and modern interventions [14], [15].

http://www.ijcs.ro 1107



‘T. MARUSYK et al.

In the 21% century, the emphasis is shifting from reconstructive restoration to
conservation and stabilization of the material [16].

Digital methods of frescoes’ research and documentation

For the recording and study of cultural heritage sites, various methods and tools are used.
According to research [17], the use of digital surface photogrammetry in combination with other
multispectral analyses (3D laser scanning, IR, T-Ray imaging, Infrared Thermography and
reflectography, UV-Ground penetrating radar, and GPR) allows you to create high-precision 2D
orthophotomaps and 3D models with millimeter accuracy, as well as detect microcracks, pigment
degradation, and plaster peeling, which are not visible to the naked eye.

Many scientific works confirm that the use of Structure from Motion (SfM) algorithms
allows for ensuring the geometric reliability of documentation, which is a "digital twin" of the
research object, and allows you to monitor the condition over time. In addition, in many materials
of the CIPA (International Committee for Documentation of Cultural Heritage) conference,
photogrammetric documentation is a reference method for recording objects before, during, and
after restoration since in the “digital twin”it is possible to overlay and correct historical layers of
paintings and extract precise patterns and color CMYK, PMS, and RGB codes of shades of
frescoes, paintings, and mosaics.

However, using purely photogrammetry to capture objects is not enough, as several factors
affect the formation of "noise" on 3D mesh models after processing photos in programs such as
Leica Cyclone 3Dr, Reality Capture, Cloud Compare, MeshLab, and others: 1) incorrect
reproduction of shiny surfaces; 2) dependence on insolation; 3) technical complexity of
calculating polygonal models of large areas of paintings with the most accurate texture and color
reproduction; 4) complexity of the study surface.

To obtain a high-quality reproduction of shiny exterior surfaces, it is recommended to
shoot in cloudy weather, before sunrise and after sunset, when the light is maximally diffused and
uniform over the entire surface and color shades become monotonous. During photo-video
fixation, it is important to use Target markers — visual contrast points for scaling and color
templates for correct color correction in programs.

The 3D laser scanning (TLS) method is best suited for fixing a complex surface, which
best conveys the geometry of the surface. Studies published by Remote Sensing and ISPRS prove
that this method allows you to obtain a high density of the point cloud, based on which you can
model ultra-precise surfaces, which allows you to reflect the appearance of surface defects that
appear over time.

The Charter on the Computer-based Visualization of Cultural Heritage provides examples
of modern methods of fresco fixation, which involve the integration of geometry from 3D laser
scanning with high-resolution texture from photogrammetry [16], [17], [18].

Results and discussion

Murals in the Seminary Church of the Three Saints in the Bukovina and Dalmatia
Metropolitans’ Residence (1878)

The Seminary Church is part of the Seminary Building complex. The main portal of the
entrance to the Seminary Church, with a monumental stone tympanum and openwork tracery
with stained glass windows above it, faces it. There were four more entrances to the church:
symmetrically from two side facades and also from the transitional galleries to the galleries of
the prayer hall (walled up).

The walls of the Seminary Church are covered with murals in the Neo-Renaissance style,
in compliance with Orthodox church canons.

It should be noted that, unlike the aforementioned medieval Moldavian churches, the
Seminary Church of the Three Saints of the Bukovina and Dalmatia Metropolitans’ Residence

1108 INT J CONSERYV SCI 17, 3, 2026: 1105-1126



REPRODUCTION OF THE FRESCOES IN THE BUKOVINA AND DALMATIA METROPOLITANS’ RESIDENCE

lacks pre-Christian themes: The Old Testament line or the iconographic cycle of ancient
philosophers (praeparatio evangelica).

Another difference between the church’s paintings and traditional Orthodox paintings is
the absence of signatures on the images that record the names of saints on all images, from icons
to monumental murals. Therefore, it is possible to assume that this is a certain tribute to the
fashion of the time.

The best Viennese masters of the time worked on the murals of the Seminary Complex
and the Church of the Three Saints—the artist brothers Franz and Karl Jobst—with their own
decorating firm, "F. & K. Jobst." In addition to them, the local artist Anibal Epaminandos
Buchevskyi was involved in the church’s murals.

The Seminary Church frescoes have a multi-stage structure. Its construction is based on
the principle of image differentiation according to their placement in height: from large figures
and monumental subjects in the lower part of the interior, the basis of the compositional structure,
to small and bright ornaments on the upper registers of the dome’s drum.

The largest frescoes in terms of size and height of the figures are located on the second
tier of the church above the galleries and in the altar area. Two frescoes, symmetrically located
opposite each other, are inscribed in a semicircle of supporting arches, each measuring 34 m?.

Fig. 1. Location plan of the frescoes of the Seminary Church of the Three Saints at the mark +3.300: 1. Nativity of
Christ; 2. Ascension of Christ; 3. Descent of the Holy Spirit on the Virgin Mary and the Apostles; 4. Evangelist Luke;
5. Evangelist Mark; 6. Evangelist John; 7. Evangelist Matthew; 8. Iconostasis (drawing by 1. Korotun, 2026)

Above the left gallery, on the north wall of the church, there is a scene of the Nativity of
Christ (Fig. 1, position 1). Compositionally, the fresco consists of three parts. The central one
depicts the Bethlehem cave with a manger. In them, the baby Christ is surrounded by the Blessed
Virgin Mary and Joseph the Betrothed. These three images fix the fresco compositional center.

On the right hand of the newborn, the Virgin Mary is turned towards him with her hands
folded in prayer. On the left hand, Joseph the Betrothed has knelt and folded his hands in prayer.
In the background of the manger, a bull and a sheep are depicted, as well as realistic structures
supporting the shaky substance of the wooden roof. Outside the cave, at the very forefront of the
image, two wise men (on the right) and two shepherds (on the left). The postures of the shepherds,
shown in bowing, skillfully convey awe and deep respect.
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The Magi are represented by a composite image consisting of two figures. Which is a bit
strange, since there should have been three shepherds and three Magi—Melchior, Caspar, and
Baltazar. One of the Magi bowed his knee; the other bowed his head respectfully. In the lower
left part, in the background of the composition, houses are depicted; on the right are bushes and
tree trunks. Above the figures is a golden sky with milky-cream and lilac clouds.

The fresco on the opposite, southern wall is dedicated to the Gospel story "The Ascension
of Christ." In the center of the composition is a 3-meter figure of Christ with a halo above his
head. He hovers over the open sarcophagus of the Holy Sepulcher in a halo of golden rays and
clouds, in an oval mandorla of rainbow radiance. Christ is girded with a white-blue tunic. His
right hand is raised in a gesture of blessing. In the foreground, to the left of the figure of Christ,
an angel is depicted in a seated position. The composition is completed by three figures of Roman
soldiers, whose poses demonstrate confusion and fear. The background for this dynamic
composition is lilac-colored rocks with a brown tint and trees with lush crowns.

Another monumental fresco, measuring 22 m?, is located in the altar apse. Its plot recreates
one of the most significant evangelical events—the Descent of the Holy Spirit on the Virgin Mary
and the apostles (Fig. 2). In the center of the composition, on the throne, the Most Holy Virgin
Mary sits, surrounded by 6 apostles on the left and right.

Fig. 2. Photographic recording of the condition of the fresco "The Descent of the Holy Spirit" in the altar apse of the
Seminary Church, 1982: a, b, ¢) before the start of restoration; d) after the completion of restoration works

Above their heads, on the vault ceiling against the background of a golden mandorla, is a
symbolic image of the Holy Spirit in the form of a snow-white dove. Above the heads of the
Virgin Mary and the Holy Apostles, above the halos, is a canonical image of tongues of fire. The
background for the figures is a well-written interior—the walls of the Zion Chamber with 12
niches-lunettes. The next structural tier of frescoes, located above the described ones, is the sails
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of the dome drum. Traditionally, they depict the four evangelists. The southeast sail is the
Evangelist Luke in a light-yellow tunic and a blue cloak with a pinkish-brown lining. He sits on
a marble stasidium. His attention is absorbed in the scroll that he holds in his right hand. With his
left hand, he sends a blessing. At his feet, on the right side, lies a sacred winged bull, depicted in
brown-red tones; its wings are designed in white and green tones.

On the northeastern sail is the Evangelist Mark (Fig. 3a). In his right hand, he holds a
stylus; in his left are unrolled scrolls. Apparently, he is depicted in the creative process of writing
a text. His clothes are a blue chiton, over which is thrown a pink cloak-himatius with a green
lining. On the left leg is depicted the symbol of the Evangelist Mark—a winged lion. The images
of the animals—a lion and a bull—are given only in half of the body; the other half is as if hidden
by the arches on which the drum of the dome rests.

The southwestern sail bears the image of the first Evangelist Matthew (Fig. 1, position 7,
Fig. 3b). His bright red himation, the free part of which seems to be blown by the wind behind
his back, is thrown over a green tunic. He holds an unrolled scroll in both hands, and behind his
right hand is depicted a yellow-golden eagle with powerfully spread wings. All four evangelists
are placed on a golden background with a pattern that imitates a mosaic. The golden background
is limited by an extended triangle of sails, the sharp ends of which are decorated with flowers that
resemble the David Star outlines.

Fig. 3. Seminary Church murals after restoration: a — Evangelist Mark; b — Evangelist Matthew
(photo by 1. Korotun, 2007)

The northwestern veil is given to the evangelist John; his tunic is in lilac and pink colors,
his himation is bright yellow with red shades of shadows, and it has a green lining (Fig. 1, position
6). He is also absorbed in work, holding a stylus in his right hand, and with his left, he holds a
scroll lying on his lap. Behind his back, on his left hand, an angel is traditionally depicted. He
stands, dressed in a blue tunic, and his gaze is directed at the text of the holy scripture.

In the lower part of each of the images of the evangelists and the frescoes of the Nativity
and Resurrection of the Lord, the author’s signature—Jobst with the date 1878 AD [19]—has
been preserved.

The tectonic structure of the Seminary Church dome drum is represented by 5 cylindrical
registers sequentially arranged in height. In the lower, first register of the drum, there are waist
images of 12 apostles with scrolls in their hands, inscribed in squares. The clothes of the apostles
are designed in lilac, pink, blue, green, and red tones. The background for the figures is a frame
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in the form of geometric figures—squares with rounded corners, filled with a golden background
imitating Byzantine mosaic (rubbed gold). The squares are separated by triple columns, covered
with an imitation of the texture of natural stone—rows of red sandstone and yellow limestone.
They rest on a massive belt decorated in the same way. The belt serves as a base for the columns
and separates the drum registers from the sails. The second drum register is decorated with
lucarnes, and in the triangular piers between them are depicted six-winged seraphim. Above is a
register with 24 windows, separated by painted piers with columns. Above the windows are two
more tiers of lucarnes with ornaments and seraphim.

For a long time, since the consecration of the church, the frescoes were not restored.
Moreover, since the Second World War, the church was closed for a long time until, in 1963, the
university computer center was located in the Seminary Church. In 1978, the computer center
was removed and replaced by a more appropriate function—the university museum was
organized here [19]. At that time, the head of the museum, Viktor Freilich, restored the lost parts
of the iconostasis and returned the large central censer. Almost simultaneously, the university
initiated the restoration of the murals of the Seminary Church.

Characteristics of the base and paints

The lower tier of the walls to the level of the balcony cornices is an imitation of natural
stone with alternating rows of white-yellow and red-pink colors. The height of the rows is 40 cm.
This coating is made on a thin primer with adhesive paints in the alfresco painting technique. The
original painting was done with tempera-adhesive paints.

The base for the mural is laid in 2 layers: the lower, plaster, and covering, a thin layer of
adhesive-painted soil. The most complex ornamental painting is done by pouncing.

All the Seminary Church frescoes with images of faces and figures are made with tempera
paints. The background for the images of the holy evangelists and holy apostles is crushed gold
with an imitation of a mosaic background. Ornaments and alfresco paintings are made with
adhesive. Areas of the walls covered with stenciled paintings imitating natural stone are painted
with significantly diluted adhesive paints.

The condition of the mural at the end of the 20" century. Types of damage

Due to the unsatisfactory condition of the complex roof, in the 1970s, the roof tiles were
completely replaced after 100 years of operation. The tiles installed at that time lost their
operational qualities after 30 years. Accordingly, the roof leaked in many places on the upper
floors of the complex’s buildings. It should be noted that large-scale roof repair work on all three
buildings of the architectural ensemble of the Bukovina and Dalmatia Metropolitans’ Residence
began in 2008 and lasted almost 10 years.

Already in the first restoration project of the Residence carried out by the Ukrainian
Specialized Scientific and Design Institute "Ukrproiektrestavratsiia,”a leak in the roof above the
apse of the Seminary Church was noted. A combination of factors related to the inappropriate
operating conditions of the Seminary Church premises and its roofs negatively affected the
condition of the murals (Fig. 2a, b and c).

After the roof above the apse was repaired in 1980, during the years 19801985, the murals
of the Seminary Church were restored.

Restoration of the Seminary Church mural

Restoration work on the murals in the Seminary Church was carried out by the Ukrainian
Special Scientific and Restoration Production Department "Kyiv Interregional Special Scientific and
Restoration Production Workshop." The execution of the mural restoration work was preceded by the
preparation of design and estimate documentation [19]. The restoration work was carried out by
restorers of the highest category: V. Polunin, V. Serdiuk, T. Marampolska, and A. Marampolskyi, who
had considerable experience in the restoration of the St. Sophia of Kyiv frescoes.

In the inspection reports, which took place and were recorded in detail throughout the
restoration process, the condition of the murals of each element is carefully described and
documented, using photographs: all drum registers, arches, sails, frescoes with images of the

1112 INT J CONSERYV SCI 17, 3, 2026: 1105-1126



REPRODUCTION OF THE FRESCOES IN THE BUKOVINA AND DALMATIA METROPOLITANS’ RESIDENCE

apostles, evangelists, the Nativity of Christ, the Resurrection of Christ, and the Descent of the
Holy Spirit.

A separate description of the painted layer and plaster condition of each of the above
elements is provided. The reports confirm the surface’s total contamination with a layer of stale
dust, soot, and cobwebs. It is noted that the mural’s painted layer surface is overdried. The surface
was subjected to spraying ("grinding") of the paint layer and peeling in significant areas,
especially ornamental areas, made with adhesive paints and significantly diluted adhesive paints
(imitation of stone texture). Here, significant shedding of the painted layer occurred due to drying.
The most severe paint spalling occurred in areas covered with soot, ochre, and imitation gilding.
The surface is significantly damaged by fine cracking with hairline cracks.

The documentation shows that the surface area of the large fresco "The Nativity" was
crossed by large, deep cracks with gaps up to 1.5 cm. A deep, branched crack crossed the figures
of the Magi and the young man; through the tree under the image of the elder, there was a loss of
a layer of plaster, together with the painting, with an area of up to 10 cm?. Another crack crossed
the roof of the stable and continued through the figure of the Mother of God, through the face of
the baby—without loss of the paint layer.

Large creasing of the plaster and peeling of the paint layer and deep cracks on the clothes
and left knee of the figure of the shepherd. A large branched crack was also recorded in the lower
right part of the frame.

In addition, there is a large structural crack with plaster destruction, loss of the paint layer,
and creasing on the vault adjacent to the fresco surface plane.

Similar impressions of the vault are recorded on the opposite side of the transept, on the fresco of
the Resurrection of the Lord.

But the fresco of the Descent of the Holy Spirit on the Virgin Mary and the Apostles

suffered the greatest losses. Its condition was affected by a long-term leak in the roof. Significant
areas were in a state of disrepair. In an area of 3 m?, a layer of plaster was lost to the brickwork,
along with the painting — the image of the upper parts of the figures of the apostles (Fig. 2a and,
b).
As noted in the project documentation, "The painted layer is peeling, falling off, affected by
fungus and mold, and in many places it has leaked. Solid abrasions of the painted layer. Loss of
the painted layer on the clothes, head, and hands of the image of the Virgin Mary and on the
hands, clothes, and chest of the images of the apostles. On the vault and in the window slopes—
traces of leakage" [19].

In the sacristy, the lower row of the mural imitates stone; the upper part is a painting of a
complex ornamental pattern. The loss of plaster, including the painting, amounted to 120x150
cm, peeling, and the painted layer was scattered.

Performing laboratory tests, 1982
Before developing recommendations on the methodology and technology for performing
restoration work, a microchemical study was carried out, and the percentage composition of deep
moisture was determined. Laboratory studies were carried out by chemical engineers Y.
Strilenko, N. Borysova, V. Terpylo.
Before the start of the work, samples were taken from individual sections of the walls.
Results of microchemical examination of samples.
The layer of the mural painting of the southern wall:
* base — lime-sand plaster with vegetable glue;
* layer of yellow ocher on animal glue;
* layer of red ocher on casein-oil binder/blue layer of paint, pigment — blue layer on marshalite
base, binder — animal glue;
In other samples, red ocher on a casein-oil binder was applied over the blue layer.
Emporium, north-eastern side:
* lime-sand plaster with vegetable glue and gypsum,;
« thin layer of chalk on vegetable glue;
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* layer of fab with a high content of animal glue, yellow ochre with particles of black, blue, and
red pigments.

Mural painting of the dome drum:

* base — lime-sand plaster with a vegetable glue layer;
« thin layer of chalk primer on vegetable glue;
* layer of yellow ochre on a protein-containing binder;
* other samples — red ochre on a protein-containing binder.
Dome drum, "gilding":
* lime-sand plaster (a lot of sand), weak, with vegetable glue;
* a layer of yellow ocher on a binder containing protein;
« the top layer is copper foil on a resin varnish.
Blackened "gilding":
* a thin glue-chalk layer;
« a layer of yellow ocher with particles of red ocher on a binder containing protein;
* a thin layer of Berlin azure with lead yellow on an oil-resin binder;
« the top layer is copper foil on a resin varnish.

Results of mycological analysis of samples. During the surveys, selected samples of the
Seminary Church mural were studied. As a result of the mycological analysis of "gilding"—3
samples—and a layer of blue-green paint with plaster—1 sample—it was established that the
mural was not affected by fungi.

Methodology, technology, and progress of restoration work carried out at the Seminary

Church (1982-1985)

The places and boundaries of the plaster detachment from the brickwork were determined
by a simple craft tapping method. The places of technological holes for the injection of the resin
mixture were determined and marked with chalk. The holes were drilled with a hand drill into the
brickwork, in places of reinforcement with dowels—they were deepened a few centimeters into
the masonry in such a way that the dowel entered the masonry and did not protrude above the
surface of the painting.

The plaster was reinforced by the method of injection with a resin composition of a 5-7%
solution of polyvinyl chloride resin in tetrahydrofuran with fillers: grated brick and marble flour
2:1.

The composition was poured with a pump or a large syringe after preliminary blowing the
hole free of dust (rubber bulb). In some places, with the use of dowels and a press. When
introduced into the cavity, the solution simultaneously fills small gaps. To prevent the solution
from leaking through holes and cracks, cotton swabs are applied to them, and in some cases, they
are sealed with "cigarette" paper with a 3—5% solution of sturgeon glue.

If the delamination is significant or emergency presses with pillows were used, a wooden
board or plywood board with a lining of cotton wool or cardboard. A dowel is inserted into the
holes intended for the dowels immediately after injection.

If the delamination cavities are insignificant, a resin composition of a 5-7% solution of
polyvinyl chloride resin in tetrahydrofuran without filler is used in small portions [20]. The
injection pointed out small cracks and consolidated the plaster layer, its connection with the
masonry, and the brickwork itself.

If the painting layer was lost in the area of the mural, the destructive plaster was removed
and replaced with a new one, similar in composition to the authentic one.

The composition of the plaster applied to the places of lost paintings and the destroyed
plaster layer was determined by chemical analysis: 1 part slaked lime, 2 parts sand, and 0.5 part
crushed brick.

The places of application of new plaster, in some cases, if necessary, were reinforced with
copper wire wound on nails driven into the masonry, especially on the vaults. The adjacent places
with preserved wall paintings were protected from contamination with the solution using
transparent thin paper (tracing paper) or thick paper, which was attached with sturgeon glue.
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In places where the plaster was destroyed due to moisture ingress, the plaster was
strengthened as follows: first, in the places of disturbance, the remains of efflorescence and mold
were removed with a soft brush. After that, the places of destruction were disinfected. For
disinfection, 1.5% bactericidal katapin in an alcohol mixture of 1:1 or, in some cases, 1.5:1 to
reduce the moisture content of the plaster and accelerate drying [21]. When preparing a
disinfectant solution, katapin is first dissolved in distilled water, and then alcohol is added. To
obtain a 1.5% solution of katapin bactericide, 21 g of katapin is taken per 500 g of water, and 500
g of alcohol is added. The solution is applied with a soft brush to the entire affected surface.
Strengthening of destroyed plaster by impregnation. For impregnation, a solution of a silicone
resin copolymer (polymer) in Nefras C2-80/120 or in xylene was used.

To strengthen the plaster, the surface was treated with soft brushes with the specified

solution several times at daily intervals.
Some areas of the mural, due to moisture, completely lost both the plaster and the layer of
painting, although individual fragments of the painting were preserved in relatively good
condition. In this case, the surviving fragments were removed from the wall, with a subsequent
return to their previous place.

We present the domestic technology of delamination and transfer of the fresco to a new
base. The fragment was cut with metal tools. As a rule, before removal, the surface is cleaned of
contamination, after which it is glued with several layers of mica paper, cut on a format kit, and
gauzed on a 10% solution of sturgeon glue with honey (1:1) and an antiseptic—sodium
pentachlorophenolate (0.1% by weight of dry glue). After drying, a reinforcement frame made of
wooden slats with a cross-section of 25%30 cm is glued to the removed fragment to prevent
destruction. The rigidity of the frame should be ensured by the intersection of horizontal and
vertical rails, fastened with screws of the appropriate length and diameter.

The marking into fragments is carried out before gluing to avoid seams in critical areas—
faces, arms, legs, etc.—and they are marked for further joining. The mural is cut into fragments
with a medical saw with sharp teeth to a depth of 8-10 mm, depending on the thickness of the
plaster layer. During the cutting, the corners remain undivided, and they are carefully cut with a
scalpel or a sharp knife. Before cutting, special marks are made on the lines of the cuts, which
must coincide during the subsequent alignment and tinting. The fragment is peeled off the wall
using a spatula or other tool that lifts the plaster around the perimeter. The peeled fragment is
taken onto a strong shield.

After removing a fragment of the fresco from the back, the surface is leveled, bumps are
cut off, depressions are leveled, and the plaster is fixed with a putty based on polybutyl
methacrylate (PBMA, 15% solution in acetone) with a filler (chalk). The old plaster is removed
from the place where the fragment was removed, and new, healthy plaster is applied in its place.
The fragments are glued after the plaster has completely dried, after two weeks, on a creamy paste
based on a 5% polyvinyl chloride resin solution in tetrahydrofuran with chalk. The paste is
prepared as follows. 50 g of resin is taken per 1 1 of tetrahydrofuran. Slowly pouring the resin,
the solution is vigorously mixed until the resin is completely dissolved; then chalk is added to the
required consistency. The paste is applied to the plaster, and the fragment is applied, making sure
that the marks match. After that, the fragment is pressed with a press and left to dry completely.
The gauze and paper are removed from the surface of the painting after pre-soaking the glue with
warm water [19], [20].

The destructured putty with the lost painting of the murals of the Seminary Church was
removed, and a new one was applied in its place. The composition of the putty recommended by
the project: water — 1 L; Casein — 120 g; borax — 10 g; varnish — 50 g; drying oil — 50 g; chalk —
until a working consistency is obtained [19]. The casein was previously soaked in water with
borax, then heated in a water bath until the casein was completely dissolved. The resulting glue
is combined with varnish and drying oil, mixed thoroughly to obtain an emulsion. The chalk must
be well dried and sieved. The putty is applied with spatulas, and after some time, it is washed off
with warm water. If necessary, the process is repeated. The putty is brought to the level of the
painting surface.

The surface of the new plaster is covered with the same composition.
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The putty is applied in several layers, and each time it is cleaned and sanded with
sandpaper. Before applying the putty, the plaster surface is first glued with a 6% casein-oil
emulsion and dried. For this, an emulsion is used, which is prepared for putty by diluting it with
water. The shelf life of the emulsion is 1-2 days, provided that it is stored in a cool place.

The restoration of lost areas of painting on complex ornaments was carried out with
tempera paints of the highest quality, with the restoration of the author’s drawing and color. The
patterns of the ornament were transferred to tracing paper and reproduced using pouncing or a
stencil. Areas of minor losses on figured compositions were also restored.

At the same time, other areas were jointed and cracked. In some places, by the decision of
the restorers, fragments of the mural were temporarily removed and returned after removing the
destroyed plaster and applying new plaster (the technology for removing the mural fragments is
given above). Using this technology, the surviving sections of the fresco "The Descent of the
Holy Spirit" were removed and subsequently installed in their previous place (Fig. 2a and b).

The foamed adhesive-chalk soil and peeling pigments were consolidated by impregnation
with a solution of silicone resin (copolymer) 5—10% in Nefras C2-80/120 or white spirit in several
steps.

Surface contamination was removed in two steps by a dry method and using a paste. The initial
removal of dirt was carried out with a vacuum cleaner and a flat and round soft brush. It is documented
that a good result was obtained when using the method of rolling dirt from the surface of the mural
with bread crumbs. A paste was also used, the composition of which was baby soap (400 g), baking
soda (sodium bicarbonate) (50 g), glycerin (glycerol) (25 g), and water (up to 8 liters).

When rolling dirt from the surface of the mural, it is necessary to carefully monitor
whether the painted layer is taken. At the first sign of pigment grinding, rolling is stopped. In
areas with signs of paint grinding, the pigments are pre-hardened. After that, an alcohol-water
mixture (1:1) was used to remove surface contaminants.

To remove surface contaminants, reagents such as soap paste and alcohol-water mixture
were used. To remove efflorescence and disinfect, a bactericidal, 1% solution of katapin was
used—a technical mixture of alkylbenzylpyridine chlorides or polybenzylpyridine chlorides, a
cationic surfactant in the form of brown liquids or ointment-like substances that dissolve well in
water, poorly in benzene, and do not dissolve in ether or white spirit; resistant to the action of
diluted solutions of mineral acids and alkalis.

Incidentally, it should be noted that the treatment of frescoes with bactericidal agents and
antibiotics is known in the practice of mural restoration. For example, the frescoes of the Villa of
the Mysteries in Pompeii were treated with the antibiotic amoxicillin, which removed manganese
dioxide that had seeped into the paintings from the ground and streptococci that had fed on the
pigments and caused their destruction [22], [23], [24].

Splicing and filling cracks. Cracks on the surface of the plaster are filled, if necessary,
reinforced with copper or aluminum wire, and closed with a lime-sand mortar. In the case of
peeling plaster along the edges of the cracks, it is fixed with dowels. Holes are drilled in different
directions. As indicated in the project, "...small cracks in figured images should not be filled,
since their edges are strong" [19]. It is recommended that these cracks, after preliminary cleaning
from dust and dirt, be filled with casein putty with chalk filler and with the addition of drying oil
and varnish.

Also, when restoring the murals of the Seminary Church, such types of work as putty and
primer of individual areas, as well as new plaster, were used. Making templates and stencils from
the original remains of the painting, cartograms. Transferring the drawing to the walls by
pouncing, drawing contours, supplementing lost places on figures and complex ornaments,
retouching, and toning.

The lower tier of the murals, imitating natural stone, was repainted with adhesive paints
by the painters-alfreyschiks of the Kamianets-Podilskyi Building Scientific and Restoration
Production Workshop.

After the restoration work was completed, the tempera painting was strengthened by
100%, covering the entire surface with the specified 5% solution of organosilicon resin in Nefras
C2-80/120.
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The current condition of the Seminary Church of the Three Saints frescoes is generally
satisfactory. However, peeling of the paint layer is observed on some parts of the dome and walls.
This is caused by episodic roof leaks, which occurred due to roof violations before the work on
replacing and restoring the roof, as well as the peculiarities of the roof configuration [25], [26],
27].

Lost paintings of the Metropolitan Palace

The main building of the architectural complex of the Bukovina and Dalmatia
Metropolitans’ Residence is the Palace of the Metropolitans. The ceremonial rooms of the palace
are arranged in an enfilade on the second floor of the building. In the center, on the main axis of
the complex, under the central risalite, is the main ceremonial room of the Metropolitan Palace
of the Residence—the majestic Marble Hall, or the meeting hall of the Great Synod; another name
is the meeting hall of the Congress. The Marble Hall is one of the most magnificent halls of the
Residence, which, in different historical periods, was visited by prominent state and public figures
and famous figures of education, science, and culture from different countries of the world [18].

The Marble Hall received its name due to its authentic original decoration with white and
black marble, from which the floors, columns, and wall surfaces were made.

The interior of the Marble Hall is a two-light (open on 2 floors) volume, which, even after
the loss of the authentic ceiling, impresses with its harmonious dimensions and grandeur of the
architectural solution. The overall dimensions of the Marble Hall: in plan, 22.4 x 16 m; height,
11.8 m (modern). The total area of the "Marble Hall" is 380.4 m?, and the existing volume of the
room is 4,606.40 m3. The first tier of the hall forms an arched peristyle of black alabaster columns,
on which the arches rest. On the second tier of the hall (mezzanine) there is a circular gallery—a
place for students, musicians, and technical staff to stay on special occasions. It is also framed by
arches on smaller alabaster columns.

The tympanums of the arches of the lower tier contained 11 frescoes, executed according
to sketches by the Viennese master of Czech origin, Karel Svoboda. Their subjects are dedicated
to the historical narratives of the Orthodox Church in general, as well as Bukovina: The
appearance of the sign of the Holy Cross to Emperor Constantine the Great; The blessing of Jesus
Christ on the 12 apostles; The Epistle to the Apostles; The First Ecumenical Council in Nicaea
(325); The transfer of the relics of St. John of Trebizond from Belgorod to Suceava (1402); The
Synod in lasi (1643); The determination of the place for the construction of the Putna Monastery
by the Moldavian ruler Stephen the Great; The spread of Christianity among the population of
Dacia; The establishment by Alexander the Good of the bishopric in Radovtsi; The solemn oath
of the people of Bukovina to the imperial Austrian house (1777); Proclamation of the Bukovina
Diocese as the Metropolis of Bukovina and Dalmatia [19]. Sketches of the Marble Hall frescoes
were made by a Viennese artist of Czech origin—Karel Svoboda (Fig. 4).

In addition to frescoes and marble decoration, another of the majestic decorations was the
wooden coffered ceiling—a three-tiered ceiling. Its height was 8 meters, and the total height of
the Marble Hall was 19 meters.

The “colored halls” of the Residence adjoin the Marble Hall. On one side is the Red Hall,
or the Small Hall of the Holy Synod; behind it is the reception and ceremonial office of the
Metropolitan — the Green Hall. These rooms have preserved the authentic decoration of the
ceilings—wooden, coffered, and with hemispheres inscribed in them. The ceilings are painted
with bright, multi-colored ornaments with gilding; the performers of the work are the decorating
firm "F. & K. Jobst."

On the other, right side, there was a library—the Blue Hall—and behind it, the Pink Hall.
The right wing of the floor is closed by the Great Refectory, with windows on the northern facade
looking into the park. As well as the house-metropolitan church of St. John of Suceava, which
ends with a high, white stone tower [28], [29].
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Fig. 4. Interior of the Marble Hall: a—early 20" century; b—after the fire in 1944 (own archive 1. Korotun)

In 1944, all the rooms of the right wing and the roof suffered losses due to fire. The fight
against the fire lasted almost six hours. The fire destroyed the decoration of all the ceremonial
rooms, the frescoes and ceiling of the Marble Hall, the columns, frescoes, and vaults of the
Refectory (Fig. 5), and the iconostasis and paintings of the Metropolitan House Church.
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Fig. 5. Interior of the Great Refectory (now the Shevchenko Hall): a) before the fire of 1944; b) after the fire;
¢) entrance to the Great Refectory after the fire of 1944 (own archive 1. Korotun)

The following year, a temporary thatched roof was constructed over the burned eastern
wing. By special order, colored tiles were made at the Chernivtsi Brick Plant, which partially
covered the roof. Restoration work in the interiors of the destroyed part of the Metropolitan
building continued during 19491951, then was suspended due to lack of funds. During this
period, it was possible to partially restore the columns of the Refectory Hall, some details of the
stairs, and the corridor.

In December 1955, according to the Resolution of the Council of Ministers of the
Ukrainian SSR No. 1465, the architectural ensemble of the Residence of the Metropolitans of
Bukovina and Dalmatia was transferred to the balance of Chernivtsi State University.

The following year, the rector of the university, Kostiantyn Leutskyi, filed a petition to
prepare technical documentation for restoration work, which emphasized the need to preserve
authenticity as much as possible.

The development of a project to restore the ceiling and roof of the Marble Hall was
completed in 1959. According to the project, a horizontal coffered ceiling was installed above the
Marble Hall, which was suspended from the wooden trusses of the attic floor and installed to
replace the destroyed wooden roof structures in 1945.

The artistic solution of the restoration ceiling insert repeated, in 2D projection, the
authentic pattern of decorative paintings of similar ceiling elements of the Red and Green Halls.
So, instead of the original spatial solution of the ceiling of the Marble Hall with three ledges to
the middle part and a large number of small domes in caissons and three large domes in the central
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part, a restoration insert was installed in the form of a flat caisson ceiling with lacquer paintings
according to sketches developed by the architect and restorer.

As time has shown, the paintings of this restoration insert were made in violation of
technological requirements, which, over time, affected their condition. Because of this, intensive
peeling of the paintwork surface from the wooden base began later.

Restoration of individual parts of the Marble Hall ceiling, arches, and vaults was carried
out several times, in particular in 1997 and 2000. Lack of funds did not allow for its
comprehensive restoration.

In 2011, the Residence of the Metropolitans of Bukovina and Dalmatia (now Yuriy
Fedkovych Chernivtsi National University) was included in the UNESCO World Heritage list.
This fact strengthened the responsibility of the university community for the protection and
preservation of the monument and led to the need to find funds for restoration work.

After the completion of the repair and restoration work to replace the roof on all buildings
of the complex, which was completed in 2009, no budget funds were allocated.

The university submitted its first application for participation in the competition for a grant
from the US Ambassador’s Fund for Cultural Preservation (AFCP) in 2020. Due to the COVID-
19 pandemic, none of the proposals were considered. The following year, a new application was
prepared. Eighty Ukrainian institutions participated in the 2021 competition, of which only ten
passed the second round. After a thorough review of the submitted proposals by AFCP experts,
the university won the "Large Project-2021" competition with the project "Preservation of the
19™_century Marble Hall of Chernivtsi University" and won a grant in the amount of $363,784.
After completing the procedural requirements, preparatory work on the restoration of the ceiling,
vaults, and arches of the Marble Hall was to begin in February 2022. Due to the full-scale invasion
of the Russian Federation into Ukraine, the implementation of the project was suspended. After
the relevant procedures, the US Ambassador to Ukraine, Bridget Brink, extended the said
agreement for the next two years. At the same time, in accordance with the current legislation,
the permitting procedure was launched a second time. When the university reached the finish line
and the restorers were to begin restoration work, a 90-day pause was announced in the provision
of American assistance to countries around the world in order to assess the effectiveness of the
programs and their compliance with US foreign policy.

The aforementioned decree caused the postponement of the start of restoration work for
the second time. After the embassy confirmed the legitimacy of the grant agreement, in the
winter-spring period of 2025, repair and restoration work was started to restore the ceiling
painting of the Marble Hall.

The work was carried out by Lviv restorers led by the artist-restorer of monumental and
easel paintings of the highest qualification category—Oleh Ryshniak. After the installation of the
scaffolding, before the start of the work, an additional examination of the ceiling surfaces and a
chemical examination of the composition of the previous layers of painting were carried out. The
marks found on the ceiling indicated that the painting was created in the period from December
12, 1966, to April 4, 1967, by a Lviv brigade of 8 people under the leadership of Berezhnytskyi.
As for the examination result, it was found that when performing the paintings, a preparatory
layer—chalk glue—was applied to the sanded wood. The applied levkas primer has weak bonding
with wood (adhesion). This led to peeling and destruction of the painting's surface.

Also, the head of restoration works Oleh Ryshniak noted that previous restoration works
each time added restoration layers to the author’s painting. The layering of putty (primer) reached
1 mm and created tension. The lower layer of primer turned out to be weaker than the restoration
layers. In the period after the installation of air conditioning, the temperature regime changed,
which led to overdrying of the upper layer and rapid destruction. At the time of drawing up the
design documentation, the loss of the painted layer was 1.9 m?, and at the time of the start of
restoration works, it was 19 m?. The indicated areas of the ceiling had been destroyed by the
painting and required complete restoration. At the suggestion of the restorers, the restoration
committee approved the use of acrylic primer, as one that would provide the best adhesion. It is
universal; you can work on it with oil paints, casein-oil tempera, and PVA tempera. The soil
provides ample opportunities for recreating the painting itself.
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In addition, peeling and destruction began on large areas. In these areas, repair and
restoration work was carried out to strengthen the authentic layers (Fig. 6). The entire area of the
wooden painting was cleaned of surface dirt and mold in an area of over 90 m?.
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Fig. 6. Photographic recording of the emergency state of the paint layer on the Marble Hall ceiling, 2024
(photo by T. Marusyk)

According to the design documentation, it was planned to cover large parts of the painting
with varnish. This recommendation caused skepticism among the restoration workers due to the
property of varnish to create a dense vapor-tight film, which negatively affects the condition of
the painting when the temperature and humidity conditions change. If moisture present in any
walls has no way out, it begins to destroy the layer that holds it. On the other hand, varnish coating
is an additional protection against pollution. Therefore, the masters proposed to apply varnish by
spraying from a can. The method is more expensive, but it does not give a dense film. This method
corresponds to the design proposals and preserves the vapor permeability of the surface. At the
same time, the previous layer of varnish was, albeit partially, removed in an area of 39 m? In
areas of completely restored painting, varnishing was performed by spraying from a can.
Restoration work on the Marble Hall ceiling paintings was completed at the end of August 2025
(Fig. 7).

Fig. 7. Photographic recording of the restoration process, 2025: a) cleaning of the lost layer of painting; b) primer, 2025
(photo by T. Marusyk)
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Fresco of the House for Visitors

It is also necessary to dwell on the iconic fresco, "Metropolitan Sylvester as the Patron of
Artists," which was opened on August 27, 2020. The fresco depicts the 4th Metropolitan of
Bukovina and Dalmatia, Sylvester (Morar-Andrievich), surrounded by artists (Fig. 8).

Fig. 8. Fresco: "Metropolitan Sylvester as the patron of artists." From left to right: 1. Dimitrie Buchevski — a
representative of graphic art (with the magazine Candela in his hand); 2. Isidor Vorobkevych — composer, author of
religious music (with two students); 3. Metropolitan Sylvester Morariu Andrievi¢, patron of the arts; 4. Karl Jobst —a
Viennese artist; 5. Pislia — an artist who was engaged in carving church buildings; 6. Epaminonda Buchevski; 7. Yevhen
Maksymovych—an artist known for their works on religious themes. The author of the fresco is Yevhen
Maksymovych; after 1882 (the diagram image was generated using Al Gemini 3.4 based on a real photo)

In Soviet times, the fresco was considered lost forever. The search for the fresco was
carried out by Mykola Kostash, a researcher at the Historical and Architectural Museum Complex
of the Yuriy Fedkovych Chernivtsi National University. Comparing various sources allowed him
to understand that a mistake had been made in the previous descriptions of the location of the
fresco by Yevhen Maksymovych, including those by Tatiana Duhaieva [30]. He calculated that
the fresco could be located in the arch of the door portal of the vestibule of the main entrance of
the House for Visitors. When trying to uncover the paint layer, it turned out that unknown people
had covered the fresco with glass and painted it against the background of the wall. Thus, the
fresco was saved from destruction in Soviet times.

Documenting frescoes using 3D scanning in 2022

To ensure maximum accuracy in fixing the frescoes of the Residence of Metropolitans and
Dalmatia, available methods of digital fixation were used—photogrammetry using digital
cameras of a camera and a phone. This work was carried out by the Department of Architecture,
Urbanism, and Preservation of UNESCO Sites, Assoc. Prof. Ye. Popovich. The process began
with the preparation of the object for photo-video fixation and scanning, namely, the placement
of a system of control marks (Fig. 9a) (target markers, control points (CPs), and ground control
points (GCPs)) together with color templates (color markers and ColorChecker), which allow
post-editing RAW photographs for authentic color reproduction, including correction of
brightness balance and elimination of chromatic aberrations, which allow achieving standard
color reproduction (Fig. 9b). Adobe Lightroom or Capture One is usually used.
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A more complex and comprehensive method of laser 3D scanning using Leica and Riegel
equipment, combined with drone photography and professional equipment, was employed by the
contractor company Skeiron. The process began with preparing the object for photo-video
fixation and scanning, namely, placing a system of control marks (Fig. 9a) (target markers,
control points (CPs), and Ground Control GCPs) together with color templates (color markers
and Colorchecker), which allow post-editing RAW photos for authentic color reproduction,
including correction of brightness balance and elimination of chromatic aberrations, which made
it possible to achieve standard color reproduction (Fig. 9b). Usually Adobe Lightroom or Capture
One is used [31], [32], [33].
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Fig. 9. Preparation of photo-video fixation and scanning: a — control points-markers for aligning and scaling objects;
b — color template for correcting color reproduction, brightness, and saturation. Author - Y. Popovych

The next stage of work involved processing the data (photographs) in the Reality Capture
program. Recognition of control points and alignment of photos is an automated algorithm;
however, in some cases, it is necessary to independently check the correctness of the definition
and comparison of control points by the program. After processing, a point cloud was created
(Fig. 10/1a, b and c) that recorded the position of objects in the photographs with an accuracy of
1-5 mm. Based on the point cloud, a dense polygonal 3D model was built — a 3D mesh (Fig.
10/2a, b and c). Using the built-in Reality Capture tools — Selection tools, Filter tool, Check
topology, clean model, and close holes—the 3D model was cleaned of noise and unnecessary
details. Using the Texture command, the algorithm applied colored textures to the polygonal
model, creating a "digital twin" of the object under study. The final stage is the output of the 3D
model in OBJ format, and an important component for paintings and frescoes on complex
surfaces is UV map-texture pattern scanning (Fig. 10/3a, b and c). This allowed us to obtain
orthophoto planes of murals using the Orthoslice tool, where each pixel is tied to real coordinates.
After analyzing the 3D model surfaces from photogrammetry, it was found that the surfaces were
not reproduced accurately, with errors of 1-5 mm. To achieve maximum accuracy (<1 mm), a
complex processing method was used — using the exact geometric surface from laser 3D scanning
and the visual accuracy of textures from photofixation [34].

Laser scanning provides the creation of a highly accurate point cloud and polygonal model
that eliminates all geometric distortions. This processing method was used by Skeiron specialists
using laser 3D scanning equipment and professional drone photography to digitize the entire
ensemble of the Bukovina and Dalmatia Metropolitans’ Residence, commissioned by the Federal
Government Commissioner for Culture and the Media in 2022. During the scanning, more than
3,000 scanner stations and approximately 20,000 photos for photogrammetry were taken. The
size of the scan files is more than 2.5 TB. And if the scanning was carried out over a month, the
processing lasted almost six months [35]. The resulting point clouds and three-dimensional
models provide the possibility of detailed analysis of the morphology of the object, recording
damage, deformations, and changes in the structure of the material.
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Fig. 10. Scanning of the murals of the Metropolitan Palace: a — painting of the vault of the northern gallery — point
cloud; b — portal of the entrance to the House Church — fresco with the image of St. John of Suceava; ¢ — painting of the
portal of the entrance to the Metropolitan’s private chambers — Jacob’s Ladder; 1 — point cloud; 2 — construction of a
dense polygonal 3D model — 3D mesh; 3 — UV map — texture scan of the pattern. Author - Y. Popovych

The 3D scanning of the Residence was made possible thanks to the support of one of the
university's reliable partners—the Institute for German Culture and History of Southeast Europe
at the Ludwig-Maximilians University of Munich. An application for funding for the project to
digitize the Residence was submitted to the German Federal Government for Culture and Media
with a request to allocate funds for the implementation of the said project by the director of the
institute, Honorary Doctor of Yuriy Fedkovych Chernivtsi National University, Dr. Florian
Kiihrer-Wielach. After receiving a positive response, the Institute, represented by Dr. Kiihrer-
Wielach, was appointed as the authorized person for the administration of the funds allocated by
the department.

Conclusions

The Residence of the Metropolitans of Bukovina and Dalmatia represents a combination
of architecture and murals, characteristic of sacred architecture. This determines the specificity
of restoration approaches, since preserving the authenticity of such an object involves not only
the conservation of the material substance of the structures but also the restoration of the murals.
Of particular importance is the preservation of the artistic integrity and coloristic system of the
murals and the restoration of the original balanced integrity of the architectural and pictorial
components. That is why the study of technological and material science aspects of the restoration
of the facades and decorative elements of the Residence should be considered in the broader
context of preserving the organic synthesis of the arts, which constitutes its defining cultural and
artistic value.
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The murals of the architectural complex of the Bukovina and Dalmatia Metropolitans’
Residence should be considered not as an isolated decorative component but as a key element of
a synthetic artistic system, the preservation of which is a fundamental task of restoration and a
condition for maintaining the authenticity of the monument. The work on the professional
restoration of monumental painting in interiors gained particular importance after the inclusion
of the Architectural Ensemble of the Residence of the Metropolitans of Bukovina and Dalmatia
in the UNESCO World Heritage List.

The use of 3D scanning plays an important role in the processes of scientific
documentation, monitoring the state of preservation, and planning restoration work. 3D scanning
technologies allow obtaining highly accurate spatial data on the geometry of the object, its surface
structure, and the degree of preservation without physical intervention in the material of the
monument and carrying out labor-intensive measurement work.

Digital models allow creating accurate measurement drawings, orthophotos, surface scans,
and other types of analytical graphics, which significantly improve the quality of fixation of the
object.

In addition, three-dimensional data can be used for comparative analysis of the results of
repeated surveys, which provides the possibility of long-term monitoring of changes in the state
of the monument. Thus, 3D scanning forms a comprehensive digital archive of the object, which
is an important tool for both scientific research and practical activities in the field of protection
and restoration of cultural heritage. In modern cultural heritage preservation activities, the
integrated use of various methods and technical means of research, documentation, and
monitoring is important, which ensures a comprehensive study of monuments and contributes to
making scientifically sound decisions regarding their conservation and restoration.
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