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The purpose of the article is to analyse the modern visual digitally created artworks, to find out the particularity of
their application and to identify the relations between traditional and innovative methods in modern painting; to consider
the method of applying paint and the functional component of 3D printing in the process of paintings “production”. The
research methodology is a complex of several methods: analytical — to examine the historical literature and literature
on the art studies, theoretical and conceptual method — to characterise the terminological system of the research, and
also comparative and typological — to compare traditional technologies of painting with innovative and digital ones.
The scientific novelty of the research is to identify the features of the introduction of digital technologies in visual art.
Conclusions. It was revealed that with the help of technology of “artificial intelligence”, it becomes possible to recreate
the lost fragments of images. It was demonstrated that due to the technology of three-dimensional printing, it is possible
not only to make copies, but also to create unique artistic compositions. It was shown that thanks to the algorithmic
analysis and mathematical modelling, it is possible to establish a certain ratio of sign systems of musical and pictorial
works and, based on the identified results of algorithmic calculation, to establish a certain ratio of expressive means of art
in digital (mathematical) equivalent. Thus, due to “artificial intelligence”, it is possible to synthesize different types of art
in one work and use the methods of various branches of knowledge. Having analysed the facts of introduction of digital
technologies, algorithmic analysis of paintings and 3D printing technology, we can state the fact that algorithmic art is
only at the first stage of its development and has great prospects for the future.
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Introduction

Technological features of artwork creation have always been a relevant topic for the scientific research,
taking into account the introduction of technical innovations in all spheres of human life, which is confirmed
by a significant number of related publications.

Foreign scientific research by A. Ruesseler (2006), P. Daum (Daum et al., 2006), R. Askott (2004),
F. Stedman, as well as domestic research by V. Zatserkovnyi and N. Karevina (2014), Ya. Prudenko (2014),
Yu. Miliutina (2011) study the issue of innovation in art. As L. Molchanova (2010) rightly points out: “the
emergence of innovations in the visual art is connected with the cultural changes in society, with the devel-
opment of industrial civilization, which, unlike traditional civilizations, focuses on continuous scientific and
technical progress, accelerates and directly affects the artist” (p. 37). The author of this article agrees with this
view and at the same time emphasizes that these interactions can be applied to all types of art.

Methods of painting techniques, the use of various colours, mixtures and laws of colour are studied in
the works of the artist Zh. Viber (1961), graphic artist L. Feinberg and art critic Yu. Grenberg (1989). The
historical aspect of painting is considered in the scientific research of E. Berger (1961).

In recent years, significant historical, cultural and theoretical works have been published, where much
attention is paid to the introduction of digital technologies in various fields of art, including painting. In par-
ticular, D. Shavlygin and A. Obmorokova (2015) and V. Shcheglov (2017) explore the relationship between
digital technologies and art. V. Shcheglov points out to a number of repeated sequences in the context of
artistic content, which the author calls algorithms, and thus the painting — an algorithmic system. The signif-
icance of the introduction of digital technologies in the socio-cultural sphere is contemplated in the works of
M. Lovejoy (2004), F. Popper (2007) and D. Galkin (2013). However, among the significant number of scien-
tific studies that address the issues of painting, there is a lack of work devoted to the study of the introduction
of modern digital technologies in the art of painting.
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The scientific novelty of the research is that this article analyses the principles of creating of a modern
visual artwork with the help of digital technologies and also explores the uniqueness of such works for the
first time.

Purpose of the article

The purpose of the article is to analyse modern visual digitally created artworks, to find out the particu-
larity of their application and to identify the relations between traditional and innovative methods in modern
painting; to consider the method of applying paint and the functional component of 3D printing in the process
of paintings “production”.

Main research material

Painting technologies have been changed with time, trends, and the development of the technical compo-
nent of fine art. It is known that the first cave paintings were carved with stones and show images of the animal
world typical for that time (buffaloes, mammoths, rhinos, lions, etc.). The oldest image is about 40,000 years
old. At that time, the tools for creating the first drawings were stones and natural, organic pigments. An ex-
ample is the cave paintings in the Rock Shelters of Bhimbetka, India (about 9,000 years old), created with red
ochre, red and black pigments (Pic. 1).

As you know, the technology is a method of using tools (stones, pigment, brush, paint). In the historical
cross-section of art, there is a certain ratio of its technical and technological component: the more complex
is the technique (tools), the easier is the technology of its application for a person. And vice versa: using
of a simple tool requires more complex work. Example: it took primitive man a long time to carve an im-
age on a cave wall. However, now a person with a set of modern tools spends less time to create the same
drawing.

As the historical development of paintings shows, with the advent of new materials and tools (brushes,
paints, gouaches or tempera) the image application technology has been changing. Therefore, now there are
many painting techniques -tempera, gouache, pastel, ink, fresco, grattage, grisaille, glue paints, watercol-
ours, acrylics, wax painting, which names are often identical to expendable materials. Today, in the process
of painting, apart from tools and raw materials, computer equipment is used, which radically changes the
technology of making works of visual art.

Artificial intelligence is a technology that can be used to perform a number of manipulations in a certain
sequence programmed by a person. It is well known that copies of works by famous artists are created using
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artificial intelligence. The famous event was the New York auction, 2018, where a copy of Rembrandt’s “Ed-
mond de Belamy, from La Famille de Belamy” was sold for $ 432,500 (Cohn, 2018).

“New Rembrandt” (original name “The Next Rembrandt”) - a portrait-painting that reproduces the crea-
tive style of Rembrandt with exceptional accuracy, but is not a copy of the image of the famous paintings of the
master (Pic. 2). The work became possible due to the use of “artificial intelligence” technologies. Experts from
Microsoft, Delft University of Technology, the Mauritshuis Royal Picture Gallery and the Rembrandt House
Museum in Amsterdam, using Microsoft Azure computing resources and a number of specialized algorithms,
conducted a three-dimensional scan of 346 paintings of the artist and found out not only genre and stylistic
specifics, but also the artist’s typical techniques and techniques for working with oil paints. A painting, which
was created as a result of an 18-month-long study of the artist’s works with the help of 3D printing, showed
that artificial intelligence technologies could produce a unique art product that imitated the work of a famous
artist, but have its own content.

Picture 2. “The Next Rembrandt”, 2016.
Creators: ING Bank, J. Walter Thompson Amsterdam, Microsoft, TU Delft, Mauritshuis, Museum Het Rembrandthis

The example of the “New Rembrandt” shows that the mathematical analysis of the artists’ creation makes
it possible to detect certain algorithms of the artist’s (author’s) work, analyse the main components of an ar-
tistic work, and transform the sign system of art into a system of different organization — a numerical one. So,
the colour, shape, and location of the objects depicted on the canvas (a composition) are all converted into
numerical formulas and combinations. The graphic image is transformed into a digital, algorithmic one. A cer-
tain system of numbers is built, which makes it possible to use the obtained numerical combinations to group
works (of the same artist, epoch, art direction) into single systems-collections, analyse and identify similar
algorithmic chains and create new art products based on these algorithms.

The definition of “products of art” (not works of art) is used intentionally due to the fact that a work as
a result of the creativity can only be created by a person. And “artificial intelligence” technologies can produce
objects that can only claim a right to be considered artistic.

Now, with the help of “artificial intelligence” technology, you can recreate lost images and even damaged
fragments of famous paintings.

The painting of the famous Spanish artist Pablo Picasso “The Old Guitarist” was created on the canvas of
another, previously painted picture “Sitting Woman” (Pic. 3). This fact became known thanks to the radiog-
raphy during the restoration of the painting. However, it was not possible to see the distinct image, it was too
difficult to reproduce it for everyone to see. Using a neural network of artificial intelligence, which due to the
algorithmic analysis can distinguish the style of one artist from another (as with the work of P. Picasso - to dif-
ferentiate one period from another), researchers from the University College of London have created an exact
copy of the hidden picture of Picasso. The neural network is based on the technique of “neural style transfer”
by Leon Gatys (from the University of Tiibingen, Germany, 2015), according to which the machine scanning
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technique can determine the style of a picture and use it in the creation of a completely different image. Dur-
ing the study, researchers Anthony Bourached and George Cann analysed the style of another masterpiece
of Picasso’s Blue Period “La Vie” (1903) and using a 3D printer reproduced an image of a woman taking into
account the stylistic features of the artist.

If modern art products are created using algorithmic analysis, then the production process can also be
considered as an algorithmic art.

Algorithmic analysis is possible in various fields of art —
graphics, painting, architecture, music, and so on.

Researchers have been studying the synthesis of differ-
ent types of art for a long time — painting and drawing, mu-
sic and choreography, sculpture and architecture, theatre and
cinema. Artists inspired by music draw the pictures, and vice
versa, under the influence of visual art, musical, architectur-
al and screen works are created. These forms of interaction
between different types of art have been known for a long
time. However, today, it is possible to perform a comparative
analysis of several artistic works based on algorithmic calcu-
lation and establish a certain ratio of the expressive means of
art in the digital (mathematical) equivalent.

Significant within the framework of the research is the
work “Kandinsky” of Microsoft company created due to the
algorithmic analysis of Kandinsky’s paintings, the musical
work of Richard Wagner (the opera “Lohengrin”, 1916), the
atonal compositions by Arold Schoenberg, as well as works

Picture 3. “Sitting Woman” by Pablo Picasso of modern music.

Due to the generative neural network, the algorithmic
construction of the works of the artist, music compositions by R. Wagner, A. Schoenberg have been ana-
lysed, the ratio of the image and sound has been revealed. For example, each colour shade corresponds to
a certain sound, and the combination of dots and strokes corresponds to a certain leitmotif.

Changing the melodic pattern, the image is changing accordingly. Random combinations added to the
sound sequence start making changes to the visual content. There is an internal creative improvisation in
the creation of an image. Works of modern musical directions are also subjected to comparative algorithmic
analysis and accompanied by pictorial visualization in accordance with the algorithms for creating a painting
by the artist V. Kandinsky. Thus, artificial intelligence shows us how an artist would paint a picture today if
he listened to modern music, instead of being inspired by the work of famous expressionists.

“Generative adversarial networks are constructed in the following way — two networks contest with
each other — one, based on its stock of samples, creates new images, and the second evaluates them. This
method is used to solve a variety of issues, but it is the example of art that appeared to be the most obvious.
The picture allows us not only to understand better how modern methods of artificial intelligence work, but
also to get closer to understanding of the creative process itself,” said Vladislav Shershulsky Director for
Prospective Technologies, Microsoft Russia.

The example of this project shows how due to algorithmic analysis and modelling, a certain ratio of sign
systems of musical and pictorial works is determined. A person cannot predict how the images will change
and, in the end, what the final result of the work will be.

So, we can state the fact that artificial intelligence technology creates art products that are unique in their
kind. The production of digitally created art products is an algorithmic art. Painting created by “artificial
intelligence” becomes algorithmic painting.

At the same time, we do not deny the uniqueness of human activity and artistic creativity. Moreover,
we insist on the need to develop a symbiosis between man and digital technologies in art: to combine the
capabilities of “artificial intelligence”, aesthetic sensitivity and creative activity of a man.

Conclusions

It was revealed that with the help of digital technology, which is now called “artificial intelligence”, it
becomes possible to recreate the lost fragments of images of paintings. On the example of the painting by
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P. Picasso “Sitting Woman” it is shown that now only with the help of “artificial intelligence” it is possible to
reproduce hidden fragments of the image.

It was demonstrated that due to the technology of three-dimensional printing, it is possible not only to
make copies, but also to create unique artistic compositions.

It was shown that thanks to algorithmic analysis and mathematical modelling, it is possible to establish
a certain ratio of sign systems of musical and pictorial works and, based on the identified results of algorithmic
calculation, to establish a certain ratio of expressive means of art in digital (mathematical) equivalent. Thus,
due to “artificial intelligence”, it is possible to synthesize different types of art in one work and use the methods
of various branches of knowledge.

Having analysed the facts of introduction of digital technologies, algorithmic analysis of paintings and 3D
printing technology, we can state the fact that algorithmic art is only at the first stage of its development and
has great prospects for the future.
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A®POBI TEXHOJIOT'TI B CYYACHOMY | Cosrupa Tersina Iropisna
BI3YAJIBHOMY MUCTEUTBI | Kanouoam mucmeymsosnascmea, cmapwuii 6uxnaday,
Kuiscoxuti nayionanvnuil ynigepcumem
xkyaemypu i mucmeyms, Kuis, Yxpaina

Merta mociimpkeHHS — Ha OCHOBI aHaJi3y TBOPIB Cy9acHOTO Bi3yaJlbHOTO MHCTEIITBA, CTBOPEHHUX 3 BUKOPHUCTAHHIM
IU(POBUX TEXHOJOTIH, 3°sICyBaTH Cre}iKy X 3aCTOCYBaHHS Ta BUSBUTH CITIBBITHOIICHHS TPAAUIIHHOTO i IHHOBAIIHOTO
METO/IIB B Cy4aCHOMY JKHBOITUCI; BUSICHUTH CI10Ci0 HaHeceHHs GpapOu Ta GpyHKIIOHATBHUN cKIaJHuK 3D-1pyKy y nporeci
«BUPOOHMIITBA» KMBOMMCHHUX MOJOTEH. MeToosoriyna 6a3za NOCIiPKeHHsI CTAHOBUTH KOMIIIEKC KIJIbKOX METOJIIB:
AQHAJIITUYHOTO — JUTS PO3IVISLY ICTOPUYHOI Ta MUCTEIITBO3HABYOI JIITEPATYPH, TEOPETHYHO-KOHIICTITYaIbHOTO METOTY —
JUTSL XapaKTePUCTUKH MOHATIHHO-TEPMIHOIOTIYHOT CUCTEMH JOCIIIKEHHS, & TAKOXK MOPIBHSITEHO-TUIIOIOTIYHOTO — JIJIsT
TTOPIBHSHHS TPAIULIHHIX TEXHOJOTIH )KUBOITUCY 3 iHHOBaLliTHUME [T poBUMH. HaykoBa HOBH3HA TOCTIKSHHS TIOJIATAE
Y BHCBITJICHHI CcTIeIU(iKN 3ampoBaKeHHS HH(POBUX TEXHOIOTIH y BidyallbHe MACTENTBO. BrucHOBKU. BusBneno, mo 3a
JIONIOMOTOI0 TEXHOJIOT1{ «INTYyYHOTO IHTEJIEKTY» MOKHA BIITBOPUTH BTpadeHi pparMeHTH 300paxkeHb. BecranosieHo, mo
3aB/ISIKM TEXHOJIOTIT TPHBUMIPHOTO APYKY MOKJIMBE HE JIMIIE BUTOTOBJICHHS KOMIiM, a i CTBOPEHHS aBTOPCHKUX XyHAOXKHIX
KOMIO3Hu1ii. BUsIBIIEHO, 1110 HAa OCHOBI AITOPUTMIYHOTO aHAJI3y Ta MaTEMAaTHYHOTO MOJICITIOBAaHHSI MOYKHA BCTAHOBHUTH
CIIIBBIIHOIIEHHS 3HAKOBUX CUCTEM MY3WYHHX 1 YXMBOITMCHHUX TBOPIB Ta Ha OCHOBI BUSIBIICHUX PE3YJIbTATIB aJITOPUTMIYHOTO
00YHMCIICHHs] BCTAHOBUTH TIEBHE CITIBBIIHOIICHHS BUPA3HHUX 3aCO0IB MUCTEITB B LIUPPOBOMY (MaTeMaTHYHOMY) CKBIBAJICHTI.
Orxe, 3aBISKH «IITYYHOMY IHTEICKTY» MOXKIIMBE CHHTE3YBAHHS PI3HUX BHIIB MUCTELITBA B OJTHOMY TBOPI Ta BHKOPHCTaHHS
METOIIB Pi3HHX Tay3eil 3HaHb. [Ipoanani3yBaBIIH (aKTy BIPOBAKECHHS IM(DPOBUX TEXHOIOTIH, aITOPUTMITHOTO aHAII3Y
JKMBOITCHUX TOJIOTEH 1 TexHouoriil 3D-1pyKy, MOKHa KOHCTAaTyBaTH TOH (aKT, 110 alrOPUTMIYHE MUCTELTBO 3HAXOUTHCS
JIMIIE Ha MepIiil cTaii CBOro po3BUTKY Ta Ma€ 3Ha4HI IEPCIEKTUBH B MallOy THHOMY.

Kniouosi crosa: unpoBa TEXHOJOTIS; )KUBOIIKC; TEXHIKA; aJTOPUTMIYHE MUCTELTBO; FeHEpaTHBHA HelipoMepexa

HU®POBBIE TEXHOJIOI'MU | Cosrupa Tarbsina UropesHa
B COBPEMEHHOM BU3YAJIBHOM | Kanouoam uckyccmeosedenus, cmapwuii npenodasamens,
NCKYCCTBE | Kuescruii nayuonanvnwiii ynusepcumem
Kynemypol u uckycems, Kuee, Yxpauna

Lenps nccnenoBaHns — Ha OCHOBE aHAJIN3a TPOU3BEICHUH COBPEMEHHOTO BHU3YaJIFHOTO HCKYCCTBA C UCTIONB30BaHUEM
I(POBBIX TEXHOIOTHI BBIACHUTD CIIEIM(HKY HX UCHOIB30BAHHS U BBIIBUTH COOTHOIICHNE TPAINIHOHHOTO M HHHOBAIIHOHHOTO
METOZIOB B COBPEMEHHOMW XMBOIINCH; PACCMOTPETH CIIOCO0 HAaHECEHMsSI KPACKH U (DYHKIIMOHAIBHYIO COCTABIISIONIYIO
3D-medary B mporecce «Ipou3BOICTBAY KHUBOIMCHBIX TTOJIOTEH. MeTononorndeckas 0a3a nCcie10BaHHs MPEICTaBIsET
c000¥ KOMIUIEKC HECKOJIBKMX METOJI0B: aHAJTUTHYECKOTO — JUIS PACCMOTPEHHS NCTOPHUYECKON M HCKYCCTBOBEIUECKOM
JINTEPATYPBI, TEOPETUKO-KOHIIENTYaTIbHOI0 METOAA — ISl XapaKTEPUCTUKU NOHATUHHO-TEPMHUHOIOIMUECKON CUCTEMBI
HCCJIEIOBAHMUS, a TAK)KE CPABHUTEIBHO-TUIIOJIOTHYECKOTO — /ISl CPAaBHEHUS TPAAUIIMOHHBIX TEXHOJIOTHH KUBOIHUCH
¢ MHHOBaIMHUMY 1UGPoBbIMHU. HayuHast HOBU3HA HCCIIEJOBAHHSI 3aKIIFOUACTCS B OCBELICHHH CIIEIM(DUKN BHEIPEHUS
IU(POBBIX TEXHOIOTHI B BU3yalbHOE UCCKYCTBO. BhIBOABI. BEIABIEHO, UTO C TOMOIIBIO TEXHOIOTHN «HUCKYCCTBEHHOTO
MHTEIUIEKTa) MOXKHO BOCCTAHOBUTH yTEPSIHHBIE (hparMeHTHI H300paskeHHs. BBISICHEHO, UTO 3a CUET TEXHOIOTHH TPEXMEPHOM
re4aTy BO3MOXKHO HE TOJBKO N3rOTABIMBATh KOIIUH, a U CO3/1aBaTh aBTOPCKHE XY/10’KECTBEHHbIE KOMIIO3UINH. BoIsBIEHO,
YTO 3a CUET aITOPUTMUYECKOTO aHATIM3a U MaTEMAaTHYeCKOr0 MOZIEIMPOBAHUS MOXKHO YCTAHOBUTH COOTHOLIEHUE 3HAKOBBIX
CHCTEM MY3bIKAJIbHBIX U KUBOMHUCHBIX IPOM3BEICHUH 1 HA OCHOBE MOTYyYEHHBIX PE3YIbTaTOB AJITOPUTMUYECKOTO BHIUMCIICHUS
BBISICHEHO OIPEJIeJICHHOE COOTHOIICHNE CPEICTB BBIPA3UTEILHOCTH HCKYCCTB B IU(PPOBOM (MareMaTHIeCKOM ) SKBHBAJICHTE.
Takum 00pa3oM, 3a CUET «UCKYCCTBEHHOTO MHTEIUIEKTa» BO3MOKHO CHHTE3MPOBAHUE PA3HBIX BUIOB HCKYCCTBA B OJHOM
TIPOM3BEICHNH M UCTIONB30BAaHIE METOJOB Pa3HBIX obnacTelt 3HaHui. [Ipoanann3npoBas (GpakTel BHEAPEHUS IU(PPOBHIX
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TEXHOJIOTHH, aITOPUTMHYECKOTO aHAIN3a KUBOTIMCHBIX ITOJIOTEH W TEXHOIOTHH 3D-1medaTn, MO)KHO KOHCTaTHPOBAaTh TOT
(hakT, 9TO ANTOPUTMUYIECKOE UCKYCCTBO HAXOAWTCS JIUIIb HA TIEPBOI CTaUH CBOCTO Pa3BUTHUS U NMEET 3HAYUTEITHHBIC
MIEPCIICKTUBHI B OYIyIIIeM.

Kurouesvie cnosa: nmdpoBas TEXHOJOTHS, >KUBOIHKCH; TEXHUKA; AJITOPUTMHUYCCKOE HCKYCCTBO, TCHCpATHBHAS
HEUpOCeTh
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