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Regional features of the design of traditional women’s headdresses
of the Russian North (Karelia) in the technique of gold and pearl
sewing

Abstract:

The article is devoted to the original types of traditional applied art-gold embroidery and peatl
embroidery, in its deep traditions and the widespread of this art in the Russian North. The article
deals with the history of the development of the peatl industry in Karelia, provides data on the use
of gold and pearl embroidery in products, unique women’s hats and jewellery. The author analyzes
the materials, various techniques, ornaments and colour solutions of Karelian embroidery.
According to its artistic merits, embroidery in the North of Russia is the brightest page in the world
history of art. A creative approach to the study of folk values and culture makes it possible to
rethink and combine folk art with modern trends in modelling and artistic decoration of clothing
contributes to the formation of the designer’s personality. The article materials are intended for
researchers and scientists in the field of cultural heritage preservation.
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headdresses, pearls, traditional applied art, technological techniques, color scheme, national
teatures, folk traditions, ornament, clothing modeling, design.
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KAHAHMAAT IIEAATOTHMYECKUX HAYK, AOIIEHT

Kadpeapa XxyA0KeCTBEHHOH BBIITTUBKH

Bricrmas mkoaa HapoAHOro uckyccrBa (AkaseMus)
Caunxr-IlerepOypr, Poccus

E-mail: TMNosan@mail.ru

PermonaspHbIe 0COOEHHOCTH 0(POPMAECHUA TPAAUIIMOHHBIX
>KEHCKHX roA0BHBIX yoopoB Pycckoro Cesepa (Kapeann) B
TEXHHUKE 30A0TOMIBEHHOIO M YKEMYY>KHOTO IIUTHA

Annomayus:
Crarpl IIOCBAIIEHA OPUIMHAABHBIM BHAAM TPAAHUIIMOHHOIO IIPHKAGAHOIO HCKyCCTBA —
30AOTOINBEHHOMY M KEMYYKHOMY IIHUTBIO, B €rO TIAYOOKHX TPAAHUIUAX H IIHPOKOMY
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pacipocrpaneHuro 1oro uckyccrsa Ha Pycckom Cesepe. PaccmarpuBaercs ncropus pasBuTus
KEMYYKHOTO ITPOMBICAA B KapeAnn, mpuUBOAATCA AQHHBIE IO IIPUMEHEHUIO 30AOTOIIBEHHOTO 1
KEMUY/KHOTO IITHTHA B U3ACAHAX, YHUKAABHBIX JKCHCKHX TOAOBHBIX YOOPAX U YKPAILICHHUAX. ABTOP
AHAAMSHPYET MaTEPHAABI, PA3AMYIHBIC IPHEMBI, OPHAMEHT M IIBETOBBIC PEIICHHUA BBIITHBKH
Kapeann. Ilo cBommM xyaoxkectBeHHBIM AocTomHCTBaM BoimmBka Cesepa Poccun sBasercs
ApYadIIed CTpaHHUIIEd B MHUPOBOM HMCTOPHH HCKYCCTB. 1BOPYECKHH IIOAXOA K H3YYEHHUIO
HAPOAHBIX IIEHHOCTEH, KYABTYPHI AA€T BO3MOKHOCTH IEPEOCMBICAUTD M COEAMHHTH HAPOAHOE
TBOPYECTBO C COBPEMEHHBIMH HAITPABACHHUAMH B MOACAHPOBAHHNM U XYAOKECTBEHHOM OTAEAKE
OAEKABI, CITOCOOCTBYET CTAHOBACHUIO AMMHOCTH AU3aliHepa. MaTepruaAbl CTaTby IIPEAHA3HAYEHEI
AASL ICCAEGAOBATEACH U YUIEHBIX B OOAACTH COXPAHEHHUA KYABTYPHOIO HACACAHA.

Krueswvie crosa:

'oroBHBIE YOOPBL, KEMUYT, TPAAULIMOHHOE IIPHUKAGAHOE HCKYCCTBO, TEXHOAOTMYCCKHUCE IIPHCMBI,
LIBETOBAS TAMMA, HAITMOHAABHBIEC OCOOCHHOCTH, HAPOAHBIC TPAAULIIHI, OPHAMCHT, MOACAHPOBAHIE
OACKABI, AT3AITH.

Introduction

Karelia is a true treasure trove of artistic folk culture, one of the varieties of
which was the traditional art of embroidery. Our task is not only to preserve such a
rich artistic heritage but also to revive the past, as well as comprehensively studying
the beautiful old folk art to find further ways to develop folk craft, taking as examples
the best works that amaze with their simplicity and variety of compositions.
Researcher of folk-art M.A. Nekrasova writes that “folk art is the past, living in the
present, aspiring to the future with its dream of the unprecedented. It creates the
Wortld of Beauty, lives by the ideal of Goodness and Justice, and develops according
to its laws. It is the cultural memory of the people, inseparable from the deepest
aspirations of our time” (Bozheva, 2008).

Over the centuries, different regions have developed their aesthetic tastes and
traditions, as well as their methods of processing materials. However, folk art has
never been isolated. Coming into contact with the artistic creativity of the population
of neighbouring regions and peoples, it absorbed new features that the masters
creatively perceived and processed according to local tastes, customs, and conditions.

Domestic ornamental art reflected the spiritual culture, aesthetic views of its
creators. It sang the joy of work and creation, dreams of happiness and beauty. The
nature of the northern region was a constant source that inspired folk craftsmen on
various topics and forms of folk art. She provided them with the necessary materials.

All these features characterize the features of decorative art, characteristic of
Karelian folk art. Embroidery has long been almost the main form of decorative folk

art of Karelian women. The embroidered patterns of Karelians decorated clothes,
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women’s shirts, headdresses-magpies, povoyniks, kokoshniks, as well as towels,
valances, etc.

These products performed not only a utilitarian function. They formed an
essential part of numerous Karelian festivals and rituals, were part of the dowry of
the Karelian bride.

Depending on the materials, the Karelian folk embroidery was divided into
embroidery with cotton filament, silk, gold embroidery and pearl embroidery. Each
of them is characterized by certain types of equipment, its plot, stylistic features.
Embroidery was also divided on a territorial basis. The most ancient and striking
group was the geometric patterns that decorated the ancient headdresses made of
canvas material-magpies. Folk costume and its part — the headdress — are the most
massive type of traditional folk art, an integral part of our culture, a witness not only
to the national identity of a person. It bears the imprint of the time, the history of
the native land, the way of life, the social environment. The desire to preserve and
continue the traditions of ancient culture makes us constantly turn to folk art, so the

tfollowing tasks are faced by bachelor artists while training:

e  study of the traditional artistic heritage of the ornamented objects of peasant
art stored in the Karelian State Museum of Local History, headdresses (aesthetic
content of headdress forms, laws and rules of composition, ornamentation,
embroidery methods, fabrics, shape design, dimensions, pattern, colour);

e further improvement of products of applied and folk art, taking into account
the traditions and knowledge of wvarious techniques of embroidery of
headdresses;

e  preserving and reviving the traditions of folk-art craftsmanship, which is a life-
giving source for modern people in the space of decorative and applied art.
Thus, each craftswoman sought to achieve the utmost expressiveness in the

design, decorative processing, introducing the inherent artistic handwriting into the

created products, relying on the centuries-old traditions developed by the masters of
previous generations. Folk art is the result of collective creativity, its characteristic
continuity coming from the depths of centuries, the influence on the creative process
of future generations, who must preserve this tradition of studying, revising,
performing and preserving new products of applied and folk art.

The diversity of Karelia’s cultural heritage is a unique expression of human
achievements and serves as an irreplaceable source of spiritual and intellectual wealth.

The problems of preserving cultural values in their aesthetic and historical

significance, for the sake of modern and future generations, have always been the
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subject of research by scientists, politicians, art historians, and specialists of
traditional applied art of public figures in Russia: (I.LE. Grabar, D.S. Likhachev, M.V.
Lomonosov, A.V. Bakushinsky, 1.Y. Boguslavskaya, N.P. Bozhieva, N.P.
Burmistrova, L.A. Dinzes, A.P. Zhuravleva, N.M. Kalashnikova, S.V. Lebedev, E.E.
Knats, N.T. Klimova, A.P. Kosmenko, G.S. Maslova, N.A. Rodionova, M.A.
Sorokin, V.A. Faleeva, and others.

The traditional costume of the Russian North (Karelia) began to take shape in
the 12th and 13th centuries. According to scientists (I.Y. Boguslavskaya, G.S.
Maslov, A.P. Kosmenko, N.M. Kalashnikov, M.N. Mertsalov, M.A. Sorokin, L.F.
Kislukha, and others), the Russian ethnos was undergoing an intensive process of
formation during this period. One of the elements of the nation formation process
was the clothing of the ancient northern peoples (Russians, Karelians, Veps, Finns).
The Russian northern costume was quite peculiar. It was noticeably different from
others and successfully corresponded to the way of life of the people.

In the process of research analysis of the state of artistic heritage, festive
women’s headdresses, their aesthetic content of forms, laws and rules of
compositional solutions, ornamentation, embroidery techniques, fabrics, designs of
shapes, sizes, patterns, colours. Taking into account the traditions and professional
training in this field, regional-historical, informational-informing, instructive-
practical, artistic-technological, practice-oriented research methods are used in the
museum, which provides a unique opportunity to study authentic works of
traditional applied art in the field of artistic embroidery.

This article examines the history of the origin and development of the gold and
pearl art centres; technological features of the most common types of seams, with
detailed information about their performance in the traditional applied art of Karelia.

In the sections of the article, the technology of embroidery design of girls” and
women’s headdresses, reflecting the traditional art of the Karelian region, is given.
The principles of creative reinterpretation of the source, which consist of the
integration of folk traditions into modernity, are proposed. The application presents
a unique illustrative material (historical samples of works of folk masters of
traditional and applied art).

This experience of understanding methodological and theoretical aspects is of
great interest to artists-bachelors, masters, postgraduates, teachers of art universities,
additional education, for a wide range of readers, creative workers engaged in artistic

design and decoration of textiles, as well as for those who love and are interested in

folk art.
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1. History and technological features of traditional embroidery of women’s
headdresses of Karelia on the examples of ancient samples

As in all Russian provinces, the Olonets women’s costume was complemented
by specific headdresses on a rigid basis, such as a kokoshnik divided into girls’ and
women’s ones.

The gitl’s costume differed from the suit of women of other age groups by the
headdress. The gitls were supposed to wear a headdress that revealed their hair
above, which allowed them to see the braid running down their back. Maidenhair
was perceived by the peasants as a symbol of beauty, innocence, and marriage
opportunities. Many maiden headdresses that were previously considered festive:
‘oolovodets’, ‘pocholok’; ‘crown’ and others at the end of the 19th century turned
only into bride headdresses.

The products of applied and folk art undeservedly forgotten in our country
acquire their value and superiority over industrial designs. No wonder people have
always appreciated manual work as a source of emotional spirituality. Among such
well-known types of needlework as embroidery, the headdresses design with
embroidery and knitting of pearls occupy a special place. The headdress in the form
of a wreath, bandages of a ribbon, ‘pocholoks’ from brocade, a braid from damask
tabric, strips of calico with rich sewing with a gold filament, typical for the northern
regions, were made wide, on a dense basis. They were sometimes decorated with a
hemline or duckweed made of river pearls, chopped mother-of-pearl, or beads that
descended to the forehead.

The Karelian masters were perfectly skilled in gold and peatl embroidery, which
came from Pomeranian nuns (in some Karelian territories) (Nosan, 2000). As very
expensive and highly valued needlework, these original types of embroidery had the
character of craft production. There is information that at the beginning of the 18th
century, Olonets peatl ‘ochels’ were sold in large quantities at the fairs of Novgorod.
Headdresses were very expensive, so they were carefully preserved in families and
passed down by inheritance. As headdresses, women of the northern provinces wore
kokoshniks and kokoshniks- assemblies.

The kokoshnik, which was used mainly in the Russian North, in the north-
eastern and central provinces of Russia, occupies a special place among women’s
headdresses. (Fig. 1) The name of this headdress is interesting and unusual, going
back to the ancient pagan cults of the Eastern Slavs, their totems-protectors and
guards from evil spirits. Such totems were those animals and birds with which human
life was most closely intertwined: deer, elk, swans, ducks, roosters, chickens. It is

their images that can be seen in the patterns of the oldest counted embroidery, and
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the contours and individual details of the figures in headdresses. ‘Kokosh’ — ‘rooster
and chicken’ —is the literal translation of the name of this headdress, which originated
in the Russian North, which had a deep semantic meaning. It symbolized happiness
and unity in marriage, the warmth of the hearth (red rooster-fire), carried the idea of
tertility, and with it the infinity of the cycles of life, asserting the value of human
existence (Kosmenko, 1990). “The importance of the rooster and the hen in the
wedding ceremony was great: one of the dishes of the wedding table was made of
chicken, and a rooster dressed up and decorated with coloured ribbons was brought
to the groom’s house” (Nosan, 20006). That is why in wedding headdresses, a specific
preference was given to the kokoshnik. In front of the kokoshnik, a pearl or beaded
underside was usually hung — a net consisting of several pearl assemblies, woven to
hold beads, peatls, semi-precious stones, and glass inserts.

The podniz (a net or fringe of beaded, pearl filaments at the ancient female
headdress, descending to the forehead and temples) was attached to the eyeglass and
covered the woman’s forehead almost to the eyebrows (Fig. 2). On the side near the
ears, cassocks, or duckweeds, could be attached — strands of pearl or beaded grains
with filaments of braided metal (gold or silver) lace (Fig. 3).

Until the 1920s, in Petrozavodsk, Povenetsky, Pudozhsky and Kargopolsky
uyezds and the village of Kizhi, the festive women’s headdress was a one-horned
kokoshnik, on a solid base, with a flat upper part protruding above the forehead in
the form of a blunt horn. The decoration of the kokoshnik consisted of river peatls,
beads, mother-of-peatl dies and gold braid. From the lower edge to the forehead
descended several flounces — ‘lattices’, ‘one under the othet’, made of small river
peatls or beads (Fig. 4). These kokoshniks were worn with silk sarafans, and when
leaving the house, they wore handkerchiefs made of silk or white calico with a rare
small pattern embroidered with green filaments. The handkerchief was folded at the
corner and pinned under the chin. This headdress was common in Kargopolsky
uyezd of Olonets province. Such kokoshniks had small blades that covered the ears,
the back of the head-a strip of fabric on a solid base, sewn on the back, and the
underside-a peatl or beaded mesh descended to the forehead to the eyebrows or
slightly raised above it. Kokoshniks were decorated with gold embroidery, beads,
pearls, mother of the pearl. They were usually worn with a handkerchief folded on
the corner. The handkerchief was pinned under the chin or, crossing under it, tied
behind the neck. Such kokoshniki were common in Olonets province (Nosan, 2006).

The second type is in the cylindrical cap form with a flat oval bottom (Fig. 5, 6,
7). This cocoanut of the north-west did not have sewn-on blades and a headpiece. It

was usually made of braid, decorated with gold embroidery, glass in the sockets,
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beads, peatls, and had a small base of chopped mother-of-pearl. Around the
kokoshnik, along its ochelye, a folded handkerchief was tied with a ribbon, whose
ends descended to the back or were fixed on the crown of the head, crossing at the
back of the head (Fig. 8). “Strung kokoshnik... sewn taffeta with silver lace...” — such
an entry can be found in the acts of legal life of ancient Russia, dating back to the
18th century (Historical and legal acts of the Olonetsky Krai, 2016).

Kokoshnik assemblies are a headdress on a solid base (Fig. 9). The assembly
was made of brocade, braid, silk, velvet, embroidered with silver or gold filament on
cardboard.

A specific feature of such an assembly was a wide ochelye and a cone-shaped
elevation on the crown, laid in front with vertical and dense bolsters-bores. At the
back, the assembly was tightened to the top and decorated with a wide bow with long
ends descended to the back (Historical and legal acts of the Olonetsky Krai, 2016).
The assembly’s eyeglass was ornamented with beads, coloured glass in a metal frame,
replacing precious stones. Sometimes a beaded or peatl net-podniz that covered part
of the forehead, was attached to the assembly. The upper part of the cocoanut is
completely sewn with gold filaments. The front is laid in fan-shaped folds. The
ochelye is decorated with a pattern of large stylized flowers — tulips, decorated with
pearls, mother-of-pearl dies, faceted glass in metal sockets, and openwork podniz.

Kokoshnik assemblies of ‘borushki’ were festive headdresses of young women
of the Arkhangelsk province in the 19th century married. They were made by
professional craftsmen from factory fabrics using white beads, foil, glass, chopped
mother-of-pearl and river pearls in the ornamentation.

To perform the ornamentation of river pearls used belle. This is a twisted white
rope, cotton or linen, which is sewn on the material (linen, silk, velvet) in two or three
rows, according to the preliminary marking. And in the hollow between the rows,
pearls are already sewn (‘planted’). The drawing is clear, smooth and convex.
Sometimes the bel was laid out in one row, but then the impaled stones could unevenly
hold the line, so the single-row bel was used only in a very dense pattern, e.g., in the
Kargopol kokoshniks. The most specific ornaments were floral, as well as images of
birds. The forms of headdresses for the sarafan complex were different, e.g.,
kokoshniks in the form of a cap, with a high, elongated ochelye with blades decorated
with gold embroidery, covering the ears (Kargopolsky uyezd of the Olonets province).
Dressing, dressing with a silk ‘ribbon’ (Fig. 10). Girls’ and women’s headwear. The
bandage was a strip of cloth, most often made of brocade, with strings sewn at the

ends, which fastened the headdress at the back of the head. The front part of the
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headdress was decorated with beads, peatls, and gold embroidery. The nature of the
jewellery depended on the material wealth of the gitl (Nosan, 2000).

On ordinary days, the gitl wore a kerchief folded like a ribbon tied around her
head. Festive girls’ headdresses were varied in shape, material and decoration,
consisted of a rectangular strip of silk, often crimson, on a solid base (birch bark,
several layers of paper, fastened with bread glue), with ribbons on the back of the head.
In the Arkhangelsk province in the second half of the 19th century, the most common
testive girlish headdress was a bandage made of crimson silk (damask) or calico on a
solid base with wide ribbons (up to 85 cm long) that went down the back almost to
the waist. On the front side, above the forehead, a narrow strip of braid was sewn, and
above it, gilded filaments were embroidered with figures of birds or another strip of
the widest braid. These headbands were worn with silk and festive sundresses. In the
Olonets province (the second half of the 19th century), the festive headdresses of girls
of marriageable age were ‘bandages’, also called ‘ribbon’.

‘Bandaging’ is a gitl’s headdress in the form of a hoop made of birch bark,
cardboard or quilted in several rows of fabric, covered with brocade, silk, calico,
pestryad (fabric with a pattern formed in the process of weaving, using filaments, or
tibres of different colours (as opposed to the pattern formed by dyeing the finished
tabric), with ribbons tied behind (Fig. 11, 12). The height of the dressing is from 5 to
22-25 cm. High bandages had the form of a truncated cone, tapering upwards
(Historical and legal acts of the Olonetsky Krai, 2016; Sosnina & Shangina, 1998).
Podniz is a net on horsehair made of beads or peatls, which descended on the forehead
or rose above it, forming two or three arcs. Podniz, the grid consists of several peatl
collections. Two wide ribbons or one wide strip of brocade (up to 25 cm) decorated
with gold lace, braid, fringe, etc. were attached to the dressing back.

The bandaging is an old maiden’s headdress. The term was known in the 16th
and 17th centuries. Bandages in the 18th and 19th centuries were a festive headdress
for girls of marriageable age. It was worn only on special holidays: on Yule parties-
games, on spring and summer festivities. ‘Bandages’ consisted of a long rectangular
strip of crimson damask (length 45-48 cm, width 7-8 cm) on a solid birch bark base,
with ribbons on the back of the head. The ribbons were tied under the braid, and a
wide rectangular strip of silk was attached above, which descended to the back. The
front part of the headdress was usually embroidered with gilded filaments (Fig. 13).
The betrothed bride attached to the bandage a small circle — ‘temnik’, embroidered
with gilded filaments on one side.

‘Konura’; or ‘koruna’, is the headdress of a betrothed girl, is associated with

wedding ceremonies in the northern regions of Karelia, in the Arkhangelsk province.
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The bride wore the ‘konura’ on her head not only on the wedding day but also on
holidays (Nosan, 2006; Sosnina & Shangina, 1998). ‘Konura’ — an openwork roller
on a solid base-a hoop made of birch bark or pasted in several rows of cardboard,
glue board, covered on the outside with a gold or silver braid, decorated with beads,
beads, and on the inside-with calico or stuffing (Fig. 13). An openwork roller made
of taped canvas and a string of beads sewn on it was attached to the hoop. Then
beads, coloured glasses in a metal frame, oval medallions with enamel paintings,
pendants made of beads, brooches, buttons, and flowers made of starched canvas
were attached to the canvas. At the back of the kennel was tied a wide bow of silk
tabric, the ends of which fell below the shoulder blades. In the northern regions, the
‘konura’ was worn over a bandage sewn from a braid with ribbons or blades running
down the back (Fig. 14).

‘Crown’ is a gitl’s headdress. The Onega and Pudozhsky openwork crowns,
with a podniz, differ in refinement. The underside was made of elastic horsehair
strung by pearls to make the bend undulating. On the ‘crown’, the pearls were strung
on a strong filament (or hair), which was applied according to the pattern and
attached with another filament. The ‘crown’ also was decorated with a bright bugle.
In the Kem district, brides wore a special ancient headdress in the form of a crown
made on a solid base (Fig. 15). The band of this headdress (‘podchelok’) was
narrower comprising the girl’s bandage. A ‘crenate corolla’ was attached to the upper
side of the band. From the back of the head, from the edge of the band, a wide
rectangular strip of brocade or silk freely descended to the back (Fig. 16).

The headdress was tied with ribbons under the braid. The front side of the
‘podchelok’ was decorated with gold embroidery, pearls and beads, and metal-
rimmed glasses that imitated stones (Sosnina & Shangina, 1998).

‘Butterfly’ earrings, i.e., earrings made of pearls, beads, chopped mother-of-
pearl, metal are a metal rod with two blades on the sides of beads, peatls, mother-of-
pearl, strung on horsehair or thin wire, which are attached to the end of the rod of a
metal teardrop-shaped pendant, braided with a mesh of pearls (Fig. 17). The side
blades of the decoration resemble butterfly wings (Sosnina & Shangina, 1998).
‘Butterfly’ earrings were the most common jewellery in the Russian north. They were
worn with a festive costume, silk, brocade or velvet sundress, a shirt, a smart shower
jacket, a crown or a kokoshnik decorated with pearls.

‘Pochelok’ (‘podchelok’) was also called a crown with five rays- fences, cut out
of thick cardboard, pasted on the front side with a starched canvas, and on the wrong
side painted red (Fig. 18). On the front side, the pattern is laid out with a thick hemp

cord with white beads sewn on it (or two rows of thin cord-beads in the middle), i.e.,
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multi-petalled flowers with a large core. The petals (their middle) were filled with
birch bark (cardboard), sheathed with copper bits, cantilevers, huge pearls and
mother-of-pearl (Nosan, 2006; Sosnina & Shangina, 1998). Copper and brass leaves,
attached to the stems of the cantilever, decorated the crown. The crown was sewn
on a narrow but dense strip of fabric, the ends of which were tied under the braid.
At the back, a wide strip of silk or brocade with gold lace, ribbons, and fringe at the
end was attached to the ‘podchelok’.

‘Podchelok’ is an ancient maiden headdress dating from the second half of the
18th century. According to the observation of G.A. Grigorieva, in the collections of
Russian museums, there are only two similar headdresses, which are stored in the
Karelian Museum of Local Lore in Petrozavodsk. The front part (ochelye) on a solid
base, rectangular in shape, with a curly zigzag cutout along the lower edge. A narrow
strip of silk braid is sewn on the back, on which three long strips of ribbon on a hard
lining are attached. The glasses and ribbons are decorated with a stylized pattern of
complex geometric shapes, rosettes and diamonds, made in the technique of sewing
small transparent beads (‘pearls’) on white, metal sequins and glass beads. On the
wrong side of the ochelye, the plank and the ribbons are sewn with cloth-printed
linen fabric. References to such headdresses also exist in the old scientific literature,
e.g., at V.F. Miller, in his description of the collection of the Dashkovsky
Ethnographic Museum, where peasant clothing of the 1870s and 80s was plentifully
presented: “Girls in the old days wore ‘podchelok’ on holidays, now the head is
removed with ribbons ‘podbirushki’ and ‘bandages™.

Since the 1880s, the girl’s headdress ‘circle’, which was also called ‘rim’, was
widely distributed in the Olonets province.

‘Circle’ is the headdress of a betrothed girl of the Olonets province of the
Kargopol uyezd (Fig. 19). As a gitl’s headdress, it was a bandage 5-6 cm wide, made
of a handkerchief with a narrow strip of the paper lining. The bandage was wrapped
around the head in such a way that the top of the head remained open, and the ends
of the handkerchief were tied over the forehead. Sometimes in the Olonets province,
a circle was called a headdress under the name ‘rim’ (Sosnina & Shangina, 1998).

It was made on a solid basis in the form of a hoop covered with calico. On the
front part of it, above the forehead, openwork nets of peatls or beads in the form of
several flounces were attached one above the other. At the back of the head, through
a small loop, one wide ribbon was filamented or several narrow multi-coloured ones,
which were called ‘flags’, were attached to a small twig with a loop, which was more

typical for brides.
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Festive ‘circles’ were made of red silk and embroidered on the upper part with
gold filament. The band of everyday ‘circles’ was sewn from calico, pestryads; the
top was trimmed with braid. When leaving the house, the ‘circle’ was usually tied
with a handkerchief wrapped in a tourniquet or a strip of the braid.

‘Podcholok’ is an ancient and rare, unique in museum collections, the festive
maiden headdress of the 18th century of Olonets province, Kargopol district. It was
found in the city of Kargopol in a dilapidated state. From the back of the headdress,
two genuine straps open for attaching ribbons made of beautiful silk braid on a red
cloth lining, ending in two loops. The ‘podcholok’ is made of wool, silk, linen, cotton
tabrics, paper, white, beads, sequins, metal and glass buttons (Fig. 20). Beading. The
ochelye is 27 by 19 cm, the length of the ribbons is 49 cm (Grigorieva, 2002).

A handkerchief is a square cloth made of wool, silk, brocade, linen or cotton
fabric, of various sizes, from small ones that only cover the head or shoulders, to
large ones that wrap the entire figure of a person. The headscarf was an integral part
of the girls’ and women’s headdress and an independent headdress, as well as a neck
decoration for women and men (Fig. 21). In the 19th century, it became part of many
headdresses. It was worn with a kokoshnik, magpie, and povoynik. In the late 19th
and early 20th centuries, the headscarf became the main headdress tied in many ways.
In the Kargopolsky uyezd of the Olonets district, handkerchiefs with gold filament,
gilded spun silver, whipping, and silk filaments embroidered on the corner of floral
patterns were very popular (Fig. 22, 23). The headscarf was used to decorate a festive
costume and was considered a great family value (Nosan, 2000).

‘Povoynik’ is a traditional headdress of a young woman. Its purpose is to cover
her hair. According to ancient beliefs, the hair had magical powers. This power was
given to women by Mother Earth. When a woman married, she became a member
of someone else’s family, and in order not to bring misfortune to her husband and
his relatives, she had to carefully hide her hair.

Pomor ‘povoyniks’ (from the Old Believers) sewed in the form of a soft cap,
completely covering the hair, braided in two braids and laid on the head. It is simple
in cut: an oval crown was cut out (from the Old Believers of Zaonezhye) and a ‘band’
was sewn perpendicular to it, which bifurcated from behind, forming ‘wings’; laces
(braid) were sewn to them, with which it was tightly attached to the head. This is one
of the oldest headdresses in Karelia (Fig. 24).

The ‘povoynik’, which was used on weekdays, was made of canvas, calico, satin,
calico and other inexpensive fabrics. Festive povoynik was sewn from crimson or
blue velvet, silk, brocade, cashmere (Grigorieva, 2002). It was decorated with gold
embroidery, beads, peatls, glass beads, braid, etc. in the upper part.
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In the 19th century, real gold and silver filaments were replaced by gilded and
silvered copper. River pearls were gradually replaced by cheaper beads and artificial
pearls. The motifs of gold embroidery on the povoyniks are fantastic flowers and
stylized double-headed eagles: the tree of life was embroidered with pearls. The soft
depth of the velvet and the matte gloss of the ornament enhanced the decorative
effect, revealing the features of the pattern. Especially interesting are the Pomor
povoyniks — ‘latushki’, decorated with river pearls from the northern rivers of
Karelia. In the 18th and 19th centuries, gold was sewn on a map (the base is birch
bark) (later on cardboard), sheathed first with woollen filaments, and then with gold,
silver, and peatls (Fig. 24, 25). The upper part was embroidered with gilded and silver
filaments and a thick cord around it, placed on the wrong side (Fig. 26, 27).

‘Povoynik’ was always covered with a handkerchief: silk or cashmere on
holidays and canvas, calico, or satin on weekdays. It was considered very indecent to
go out on the street in one raincoat, without a headscarf, or to be at home in front
of strangers, and sometimes at home (Nosan, 2006). The methods of tying the scarf
were different and depended on the local tradition. The first method: the
handkerchief was folded diagonally or twice around the perimeter, put on the head
in such a way that part of the ochelye was visible. It was pinned or tied under the
chin. The second method: the handkerchief was folded diagonally several times so
that a ribbon was obtained. It was laid in a spiral, crossed on the back of the head,
laid on the sides or tied with a bow on the crown. Gitls’ headdresses were the main
decoration of the young Karelka on weekdays and holidays. They reflected the
ethnographic features of the Karelian people.

Headdress ‘Magpie with Sderikha’ — the oldest female headdress of the Olonets
province (Fig. 28). ‘Sderikha’ is a kind of cap made of homespun canvas, in the upper
part with a ‘crown’ in the form of a hoof. ‘Magpie’ — the second part of the headdress
— was worn on ‘sderikha’. ‘Magpie’ — the most ancient headdress of married women
— was usually made of calico, silk, velvet on a canvas or calico lining. It was sewn
from 3 parts: a low triangular ochelye, embroidered with silver or gold filament,
decorated with beads and beads; triangular side wings; the back part is the tail (a cloth
covering the crown and the back of the head) (Nosan, 2006). All parts were
connected so that the headdress took the form of a cap with a rectangular oval top.
If the ‘tail’ was short, then it was almost completely sewn together with the ‘wings’.
If long, then a significant part of it descended to the shoulders.

Along with the ‘magpies’ in the form of caps, ‘magpies’ were also common, not
completely sewn: connected, there were only eyeglasses with a ‘tail” and ‘wings’ with

an eyeglass. Such ‘magpies’ in a flattened form resembled a bird with a long tail and
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triangular wings located on the sides. Ordinary ‘magpies’ were made of pestryad and
calico. Old women wore ‘magpies’ with white or sparse black embroidery. ‘Magpie
with Sderikha’ was distributed in Kargopol, Povenetsky, Pudozhsky, Petrozavodsk
and Vytegorsky counties in the middle of the 19th century.

In addition to the ‘magpies, the Karelians also wore caps (Fig. 29). The cap —
the headdress of the bride and the young woman, in its appearance was close to the
‘magpie’, and differed in that it had the shape of a circle and was embroidered with
gold filaments. Holiday caps were different from everyday ones. Karelian caps, which
were worn by older women, were made of silk, half-wool, woollen fabric lined with
canvas and calico. The upper part of the cap was stitched, connected in front and
along the bottom line was processed by ‘obtachka’ (a cut detail used in sewing for
finishing cuts and cutouts of textile and leather products), the back of the cap was
tied with a satin ribbon (Nosan, 2000).

By the beginning of the 20th century, women wore a ‘tattoo’ — a ‘skolok’ like
the Arkhangelsk one (Fig. 30). In the dictionary of V.I. Dal, an explanation is given:
“a tattoo, a kind of cap, a variety of headdress; the same for merchants: a silk
handkerchief with lace, artfully tied and pinned; a hole pattern, a stencil, for a tattoo
or rash pattern.” For several years, the most valuable material was collected bit by
bit, and a unique female headdress was restored (Grigorieva, 2002).

Regardless of the colour of the ‘couple’ (jacket and skirt), the ‘nakolok’ were
sewn red, scarlet, crimson, burgundy, pink — in a word, a reddish shade. It is
interested in the wedding ‘nakolok’ worn by the bride when she was surrounded after
removing the wax wreath. Traditionally, they put it on behind the ears, tightening it
from behind and tying it on a string (or ribbon), the ends of which were hidden under
the cap. The wedding ‘nakolok’ of the masters was made of ‘bursa’ — a silk Persian
fabric, shiny and noisy. For the rich, the ‘nakoloks’ were made more difficult, with
the figure stitched, and for the poor, it was easier. The cap was matched with a cotton
lining. The ‘nakolok’ was embroidered with beads, beads, glass beads. Lace was only
used for those who were poorer.

Thus, the wedding headdresses and headscarves were particularly beautiful.
They were sewn with gold and silver formed an essential part of numerous Karelian
testivals and rituals. They were part of the dowry of the Karelian bride. According to
the beliefs of distant ancestors, it believed that an embroidered ornament containing

magical symbols and images plays the role of a kind of amulet.
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2. Pearl sewing in the traditional applied art of Karelia

Pearl mining, as reflected in the church books, was carried out in Karelia, in the
north of Russia, in the 9th and 10th centuries. With the developed water system of
Karelia, most of the villages were located on the banks of rivers and lakes. In the
15th and 16th centuries, pearls were mined in the rivers of the Kerets region, in the
Kemi region. “In the 17th century, peatls were known in the rivers of Karelia, the
Kola Peninsula, and were found in the rivers of the Arkhangelsk, Vologda,
Leningrad, and Kirov regions” (Grigorieva, 2002).

Historical evidence suggests that the extraction of river peatls, of which there
were a lot, was the main source of income for the local population. It is interested in
historical documents indicating that Peter the Great decree was preserved. According
to them, specific officials were sent to the Russian North for the extraction of peatls.
They were charged with the duty to hire ‘hunters’ (volunteers) for work, but if there
were no such people, then “take them into bondage at their discretion” (Fersman,
1954).

In 1721, Peter the Great issued a decree on the regulation of the pearl industry,
as production began to decline sharply due to the mass destruction of shells. People
blocked the rivers: Megrega, Olonka, Povenchanka, Kem, which were shallow up to
1 meter deep, and then forced their children 7-12 years old to collect pearl shells. It
led to a reduction in pearl production since all shells were collected, not selectively,
opened and discarded. In the 19th century, the peatl fishery began to disappear in
Karelia, so taxes were imposed on its production. After that, peatl shells began to be
selectively caught with the help of a birch-bark telescope. This led to a reduction in
peatl production. While on the raft, the peatl diver lowered a birch telescope into the
water, selected the right huge shell, took a pole with an iron hand on the end, lowered
it into the water and through the pipe with an iron palm raised it through the pipe to
the surface of the raft.

Pearls in Russia have always been treated with specific respect. It was obtained
only in a joyful mood, not allowing abusive words and quarrels. In the 19th century,
pearl seekers went fishing necessarily after the bath, wearing clean clothes and
receiving absolution from the priest, such as the tradition of successful fishing
(Nosan, 2009).

On the eve of the 20th century, A. Khrebtov wrote in his study The Situation in
the Pear! Industry of Russia: ... Russian peatls in general, and especially those extracted
in the Kem district, are very good in color, luster and shape” (Khrebtov, 2017).

In Karelia, pearls were mostly silvery-white or bluish shade. Peatls were sewn

especially festive women’s headdresses-crowns, which received the name
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‘zemchugat’ from Karel. The zemchugat consisted of three parts: a valance, a
‘podniz’; and a wide ribbon attached to the valance from behind. Young married
women to this headdress added a velvet povoynik, embroidered with gold.

The ability to string peatls required painstaking work and great artistic skill. The
embroiderer prepared the drawing in advance, then, having drilled a hole in each
pearl strung them on a cord, hair or metallic filament and laid out the peatl filaments
according to the prepared drawing,.

An ornament made of pearls consisting of rosettes stylized waterfowl and plants
(branches, shoots, flowers, trees) covered the entire surface of the headdress as if
emphasizing its special significance and solemnity. The torment was worn by the gitl
at the moment of the main event in her life, e.g., the wedding day, as it was proof of
her well-being. The basis for embroidery was silk, velvet, and other fabrics. The
forms of northern headdresses, despite the names that unite them, were very diverse
even in the surrounding areas. The favourite decorative materials used in the
ornamentation of northern headdresses were white beads, foil, glass, chopped
mother-of-pearl and river pearls.

Pearls were highly valued, and the documents and samples that have survived
to our time show the widespread of pearl sewing in the Russian North and its deep
traditions. Until the 17th century, this art developed mainly in boyar, princely palaces
and monastic workshops, but it was especially widespread in peasant sewing —
women’s and gitls’ headdresses, bangs, headbands, kokoshniks, ‘korunas’. It was
believed that the more rows of peatls in the ‘podchelok’, the richer the bride.

In 1897, in the Olonets Provincial Gazette, in the article Geographical and
Historical Description of the City of Kargopol, they wrote:: “Girls and women undress in
headdresses, the former has a certain kind of wreath, covered with peatls, and called
after their ‘koruna’, instead of a necklace, they have a ‘velvet’ or ‘naborshnik’ like a
tie, and above the ‘velvet’ atop two inches wide is tied lying; a ‘gribatka’ on the
shoulders, and all this, except for the ‘naborshnik’, is tied with peatls. The woman’s
head is covered with a cocoanut covered with peatls. Some of them have a price of
more than a thousand rubles” (Olonetsky gubernskie vedomosti. 1897, 2016).

Pearl sewing was in different ways. Most of the ornamental compositions of
pearl embroidery were contoured, graphic. Pearls on the contours were sewn with a
specific technique. A string of peatls was laid out on the cords sewn in two rows.
Each peatl was attached with a cross-stitch. Unique is the openwork slotted pearl
embroidery used to decorate maiden crowns and rizas (oklads) for icons. Pearl
embroidery was complemented by the decoration of mother-of-pearl dies, mirror

and coloured glasses, precious stones and other materials. Karelian craftswomen
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perfectly mastered gold-embroidery and pearl craftsmanship. These original types of
embroidery, very expensive and highly valued needlework, had the character of craft
production.

In the early 17th century, Olonets peatl ‘ochels’ were sold in large quantities at
the fairs of Novgorod. In the 20th century, pearl embroidery was preserved in
Olonets county (Sudalitsa Village, Kokshigora Village, and Olonets city). Karelian
pearls — uneven white, black (greyish-matte), pink. In the rivers that flow into Lake
Paanojarvi, pink and black pearls were caught, which were sold abroad. Customers
brought pearls to the craftsmen, and they made headdresses — festive, wedding.
Beads of various colours, from tiny, 1 mm in diameter, to large glass beads, were also
sold on the provincial market. White beads were used to replace pearls — either they
completely replaced the more expensive material from the headdress, significantly
reducing its cost, or they were combined with peatls in different proportions.

Thus, the products of the Olonets craftsmen enjoyed great fame, they were able
to cut peatls with a specific skill, make necklaces, podnizs, earrings, pendants and
wedding maiden headdresses (zemchugats) on which peatls meant for the bride the

purity and innocence of a girl entering a new stage of her life.

3. Technological techniques of gold embroidery in the design of women’s
headdresses by the masters of the Russian North — Karelia

Gold embroidery with metal gilded and silver filaments was also very expressive,
and the masters who performed it were called gold embroidery. Gold embroidery
decorated the clothes, vestments of the clergy, items of church utensils, headdresses-
kokoshniks, povoyniks, which had the form of small oval caps. In southern Karelia, the
thieves sewed from velvet, and in the north-from silk. They were the property of wealthy
peasants, distinguished by expensive and masterly embroidery, so they were very
cherished, passed down from generation to generation and worn only on big holidays.
The decorative effect in gold embroidery was achieved using a variety of different
techniques and materials. Sewing was carried out with metal drawn to gold or silver
filaments or spun filaments. Filaments were also used in the form of a narrow thin strip
of the precious metal-to beat, in the form of a thin wire twisted in the form of a spiral —a
rope.

The embroidery technique is a rather complex process: after receiving an order,
the craftswoman cut out drawings from cardboard, attached the material to the
embroidery frame, laid out the cut patterns on the fabric and embroidered with gold
or silver spun filament (smooth technique), so that the cut patterns remain under the

embroidery, and the pattern turned out convex. The ornamental motifs on the gold-
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embroidered povoyniks are vegetable (trees, flowering bushes, sometimes with birds
on the branches), made in rounded curved contours of sewing.

A specific feature of gold embroidery is the seam — ‘in the middle’. The metal
filament was superimposed on the fabric and attached to it with small stitches with
a thin silk or linen filament in the colour of gold, silver or colour contrast, depending
on the artistic task. Goldsmiths owned a large stock of various patterns-attachments
that create additional geometric shapes on the sewing surface under colourful names:
‘berry with a stalk’; ‘simple berty’, ‘coccyx’, ‘money’, ‘rows’, ‘fence’, ‘feathers’, etc.

Expensive imported velvet, silk fabrics, and fine muslin were used as a
background for gold embroidery. The embroidery was complemented with peatls,
precious stones, gems, gilded ornamented plates, small plaques, and sequins.
Ornamental compositions of gold embroidery include plant motifs, images of birds,
animals and fantastic animals. The festive kokoshniks were specially decorated. The
characteristic of gold embroidery was the outline of the pattern along the contour
with small openwork loops.

A diversity of women’s headdresses always completely covered the hair
(according to popular beliefs, they had magical powers). To go bareheaded was
considered a disgrace, a sin, for a married woman. The nature of the headdress
reflected not only family but also social and property status. The technique of sewing
with gold filaments is significantly different from the usual embroidery. The gold
filament is difficult to filament through the fabric since the spun gold would wear
out, and the dragged one would not lie flat on the surface of the fabric. Therefore,
as a rule, sewing with gold is one-sided. Metal filaments are most often reinforced
according to the pattern on the front side of the product and are rarely used as a
normal working filament for sewing ‘on the opening’.

The sewing technique with gold and silver is very diverse, but the diversity can
be reduced to three main seams. There is a cast (or forged) seam, seam ‘in-split’ and
‘in-attachment’.

A ‘cast seam’ is a smooth seam in gold (Fig. 31). At the beginning of the work,
the gold filament is passed with a needle from top to bottom through the fabric near
the edge of the embroidered form (cardboard or flooring) and fixed. Next, ‘in-
attachment’ sewing is used, in which the gold filament is superimposed in parallel
stitches on top of a defined contour (Nosan, 2006). Each stitch of gold filament is
attached along the sewing borders to the fabric with a twisted silk or cotton filament
attached. A needle with this filament is pricked out at the edge of the shape, grabs the
gold filament and pulls it into the same hole of the puncture. The golden filament is
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transferred to the opposite side of the motif, and everything is again repeated. Stitch

to stitch are laid very tightly, without gaps, but also without overlapping.

Horizontal figures are embroidered from left to right, i.e., the superposition of
stitches goes from left to right, and vertical ones from bottom to top. At the same
time, you need to pay attention to two important points:

e in horizontal figures, when the stitches are placed vertically, the lower part of the
stitch is tightened more strongly, and the upper part is smaller. And accordingly,
the right side of the attachment is tightened more than the left with a horizontal
arrangement of stitches;

e  when embroidering a horizontal shape, the needle is pricked out to the right of
the gold filament, wraps around it and returns to the same puncture hole to the
left of the gold filament. Accordingly, in vertical forms, the needle is pricked out
from the upper side of the gold filament, and returns from the lower, ie., the
needle always makes a movement back relative to the direction of applying the
gold stitches.

On the wrong side, the filament stitches are attached in the form of eights (Fig.
32). It is very important to feel the filament tension. The gold filament stretches on
the wrong side, just a little bit on the form borders. When embroidering rounding on
forms to preserve the stitches parallelism, they are made quite rarely on the bulges, and
in the concave part of the pattern, they are placed tightly. In the meantime, the stitches
do not fall off, and they are laid tightly, without gaps.

With a soft, dense lining fabric, the gold filament may not stretch instead of
piercing, but ‘drowns’ in it. In this case, you can work without an awl, and the awl must
be used when working with leather, suede and other dense, thick materials, where, to
achieve a smooth cast seam, you need to pierce the points of the beginning and end
of the gold stitch in advance.

The seam ‘in-split’ is performed similarly to the casting seam, only along the split
line the gold filament is broken and pulled by the filament of the attachment (Fig. 33).
The result is a relief pattern. Usually, the seam ‘in the split’ is made when sewing on
cardboard or string. In a stylized plant ornament, a solid split line is usually drawn in
the middle of the petals or leaves. This line is sometimes closed with a chain of frills
or sequins. The ‘in-split” seam is used when filling in whole forms (Fig. 34). In the
drawing, a fragment of the pattern is filled with split lines of the same size made on
the cardboard in a staggered order according to the count of the gold stitches, which
are tightly adjacent to each other.
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When sewing with a seam ‘in-attachment’, gold and silver filaments, as in the
previous seams, are superimposed on top of the fabric in parallel rows and attached
to it with silk stitches or cotton filaments so that by arranging the stitches of the
filament of the attachment, the desired pattern is achieved. Sewing is performed
directly on the fabric or the flooring. In contrast to the ‘in-split’ seam, the filament of
the fastener does not tighten, does not split the stitch of the gold filament, but remains
on the surface. The silk stitches of the attaching filament, drawing the gold filaments
one after the other, form a concave line, and the non-attracted filaments create a shiny
convex surface.

Depending on the tension of the filaments, a more or less relief pattern is created.
When it is necessary to more clearly depict a pattern or ornament, rather than a relief
pattern, then usually a contrasting silk filament is attached. The fastening stitch is
doubled or even tripled, without strongly attracting the gold filament. In the meantime,
the silk is visible. Also, the impression is created of a pattern embroidered with silk on
a gold background. When using cardboard for flooring, a pattern is applied to it. Then
it is fixed with a gold filament. When sewing ‘in-attachment’ on the filaments or ropes
flooring, the fastening is performed according to the filament count. For the correct
execution of the seam ‘in-attachment’, it is very important to first lay a gold stitch from
edge to edge (one or more, depending on how many gold filaments will be captured
by one stitch of the filament attached to the pattern), secure, make sure that it is laid
straight, and only then attach the filament according to the pattern.

If the direction of the gold stitch is skewed, the fixing stitch will shift, and the
pattern will be distorted. This procedure is done if the gold filament is not pulled
strongly by the filament attached between the ropes or according to the pattern on the
cardboard. The patterns made based on the seam ‘in-attachment’ are very diverse.
Stylized plant shapes are rare, mostly combinations of simple geometric shapes. This
diversity of patterns used in gold embroidery is reduced to eight main groups. They have
traditional names that have come down to us from ancient times.

In the patterns of ‘rows’ or ‘oblique row’, the stitches of the fastening filament are
arranged so that they form parallel diagonal lines (Nosan, 2009). Depending on how
many gold filaments are captured with one stitch and how thick the rope or filament of
the flooring is, the angle of inclination of the ‘oblique row’ changes. When sewing on
cardboard, the gold filament is attached according to the applied pattern. When sewing
on a string, it is done according to the number of filaments (Fig. 35).

‘Fence’, or ‘hoof’, is a pattern in the form of a broken line or zigzag. The

sharpness of the zigzag, as in the previous pattern, depends on the number of gold
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tilaments captured by one stitch and on the thickness of the filaments or ropes of the
flooring. The sharper the angle, the more graceful the zigzag (Fig. 306).

The pattern ‘money’ consists of the same zigzags, but in the ‘fence’, they are
parallel to each other, and in the ‘money’, they are made up of the points of the corners.
It is better to start the attachment with a stitch that defines the shape, in this case, the
junction of the corners (Fig. 37).

‘Berry’ pattern is a regular one in a cage (Fig. 38). ‘Adjustable Cage’ is the same
pattern ‘berry’, only the cells are divided by stripes (Fig. 39). ‘Stalk with a Berry’ is the
traditional complex name of a simple rare braid consisting of straight stripes. This
pattern is found on ancient Russian sewing monuments mainly in a diagonal design,
L.e., the given pattern is rotated by 45 degrees (Fig. 40).

‘Klopets’, klopchik’, ‘matting’ is the way when the gold filament is fixed in a
staggered order (Fig. 41). To make the pattern, horizontal parallel lines are evenly applied
to the cardboard, or the filaments of the flooring are sewn on the fabric and the fastening
is carried out according to the number of filaments (Nosan, 2006). ‘Klopchik’ is mainly
in two, three, four filaments. Depending on how many gold filaments are captured, the
width of the braid strips changes.

‘Feathers’ is a ‘berry’ kind, the cells of which are divided by parallel horizontal lines
into triangles. Most often used for embroidery of the wings of angels (Fig. 42).

Each of these pattern groups includes several complicated variants, e.g., ‘simple
money’, ‘money with a berry’, ‘money in four cells’ or ‘berry with one stitch’, ‘berry with
a cross’, ‘double berry’, etc. Some patterns can not be attributed to any of these groups.
The gold filament in them is fixed with stitches of the filament attached without a
specific pattern. This technique is called ‘free attachment’.

In ancient monuments of liturgical sewing, there is a rather rare ‘double complex
seam’ (Fig. 43), which began to be used in Russia at the late 15th century in the grand-
ducal workshop with the appearance of Elena Voloshanka, the wife of the son of Ivan
the Third, the daughter of the powerful Moldavian ruler Stephen the Great. To make
a double complex seam, first, the filaments of uncoiled silk are vertically superimposed.
Then they are overlapped horizontally with twisted silk filaments attached with small
stitches of the fastener in a staggered order between the parted lower filaments. This
seam did not receive further significant continuation and was rarely used by Russian
craftsmen.

Modern gold seamstresses use all the described types of seams and many
traditional patterns in their works. The combination of the ‘casting’” seam with others

and the use of various floorings open great opportunities for creating a rich and
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diverse texture of embroidery. Torzhok gold seamstresses have kept the secrets of
performing many ancient seams, and some long-forgotten ones have been restored.

‘Broading’ seam is performed on cardboard or string, using the seam ‘in-split’
(Fig. 44). The ‘broading’ seam is like brickwork: the split lines are staggered. It is
similar to the ‘klopets’ seam. When performing a seam on cardboard, the split line is
pre-pierced with an awl and cleaned.

‘Goose’ seam is also performed on cardboard or string (Fig. 45). The form of
cardboard is drawn evenly in horizontal parallel lines with 2.5 mm from each other,
using a seam ‘in-split’ through the line and through the filament (one filament is
pulled). This is followed by a staggering move again through the line and the filament.
Similarly, the seam with the flooring is performed ‘on a string’.

Wavy seam, ‘samite sewing’, seam ‘on samite work’ refer to one seam, which is
a soft, embossed, looped texture (Manushina, 1983). To achieve convexity, a thick
sliding cord with an undefined twist, a round wire with a braid or thin tubes are used.
The selected material is cut into segments and attached to the top of the form. This
seam is sewn without cardboard and flooring (Fig. 46). The lengths of the cord are
placed at equal distances from each other. The gold filament is laid in the shape
across the flooring and attached in the gaps between the cords. At the same time, the
line of attachment must be smooth and clear. At the end of sewing, the cord is pulled
out, and the gold filament retains a voluminous, wavy shape. For this seam, it is better
to use a twisted gold filament. When performing it, you need to make sure that it
does not unwind. In ancient times, this seam was called ‘for samite work’, ‘samite
sewing’. For its implementation, a needle attached to form loops was used and then
pulled out. Such loops often covered only the contour of the ornament, sewn with
silk or gold, so in the inventories, the expression ‘sewing on the edges of the samite
gold” was often found.

‘Basket’ seam is cut out of cardboard, pasted on the fabric and covered with long
stitches with gold filament by the technique of cast seam over the entire shape. Then the gold
filament is intertwined with a coloured (contrasting) or silver filament in a staggered order
according to the number of filaments (Fig. 47). On the wrong side, the coloured filament
goes in a circle (double-sided smooth). The size of the cells depends on the number of
filaments laid. It is sewn under tension. The seam on a cord (rope), or a smooth roller-the
seam, is used as a contour (Fig. 48). Usually, it is sewed the contours of fragments of the
headdress ornament and decorated the embroidery instead of a twisted gold cord performed
on the principle of a ‘casting’ seam. When sewing round shapes, the stitches on the inside of
the fragment are laid more tightly than on the outside to obtain uniform sewing, The thicker

the flooring cord, the more pronounced the seam is.
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Thus, the gold embroidery of gitls” and women’s headdresses, presented in the
Local History Museum of Karelia, is a bright, original art that attracts a specific
expressiveness — the magic of sunlight. Gold embroidery is a rather complex type of
embroidery. It requires special attention, painstaking and accuracy. The art of gold
embroidery was not owned by every craftswoman. The ability to embroider with gold
was passed down in the family, from generation to generation. It was taught in
parochial schools, monasteries of Kargopol, reaching the highest level. The brilliant,
festive headdresses and ornaments of the masters of the Karelian Russian North

have always been luxury items and an indicator of the wealth of their owner.

Conclusion

Thus, the research activity on the revival, preservation and application of ancient
technologies of embroidery of women’s headdresses in the traditional applied art of
Karelia is of great interest to researchers, as a storechouse of the diverse cultural
heritage of Karelia, being a unique expression of the achievements of humanity,
serves as an indispensable source of spiritual and intellectual wealth. In the process
of research analysis of the state of artistic heritage, festive women’s headdresses, their
aesthetic content of forms, laws and rules of compositional solutions, ornamentation,
embroidery techniques, fabrics, designs of shapes, sizes, patterns, colours; taking into
account the traditions and professional training in this field, regional-historical,
informational-informing, instructive-practical, artistic-technological, practice-
oriented research methods are used in the museum, which provides a unique
opportunity to study authentic works of traditional applied art in the field of artistic
embroidery.

Presented in the local history museums of the republic, samples of folk clothing
and headdresses are a vivid illustration of the features of traditional everyday culture.
These masterpieces of folklife are an important component of the general culture of
the peoples living on the territory of Karelia. The folk costume is an inexhaustible
source of creativity. It concentrates an infinite wealth of ideas, which can be achieved
by a diversity of forms, unusual design solutions of headdresses as a whole and their
elements, colourful embroidery. The richness of forms and unexpected solutions
give us the hats presented in the article. Original forms of structures and unusual
compositions allow to meaningfully transform the sources and find expressive,
complete, imaginative artistic solutions, which significantly contributes to the
renewal and enrichment of modern products. Ancient, national headdresses are
presented as an example of original forms, designs and interesting ornamental

solutions. They are widely represented by the combination of different materials and
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textures. The headdresses most clearly show the features of national identity, which
can serve to create new compositions of folk national colour in the future. When
developing modern hats, you need to consider the fact that such products can be
used in creating a wedding ensemble or evening dress.

The artist who creates modern clothing does not copy the forms of folk
costume and embroidery but creatively reworking them, achieves expressiveness and
imagery of the solution.

The theoretical significance of the research is that it contributes to the theory
and methodology of professional education and professional competencies in each
specific art form in the process of teaching the technology of artistic embroidery and
improving the skill of artistic embroidery. Summing up all the above, it can note that
the article collects, analyzes and summarizes the material on northern headdresses,
which can serve as an invaluable creative source for the work of modern artists and

designers of clothing.
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Appendix

Figure 1. Kargopol kokoshnik. The second Figure 2. Kargopol kokoshnik. The second half

half of the 19th century. Olonets province, of the 18th century. Olonets province,
Kargopol uyezd. Glass beads, beads, river Kargopol uyezd. Glass beads, beads, river
pearls, mother-of-pearl dies, gold-plated spun  peatls, mother-of-pearl dies, gold-plated spun
silver, beat, gold cord, calico, gold silver, beat, gold cord, calico, gold embroidery
embroidery ‘in-attachment’, sewing with ‘in-attachment’, sewing with beads and peatls.

beads and peatls.
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Figure 3. Kargopol kokoshnik. The second half
of the 19th century. Olonets province,
Kargopol uyezd. Glass beads, beads, river
peatls, mother-of-pearl dies, gold-plated spun
silver, beat, gold cord, calico, gold embroidery
‘in-attachment’, sewing with beads and peatls.

Figure 4. Ancient women’s headdress
kokoshnik. Kargopol uyezd, Olonets
province. Early 19th century. Gold
braid, river peatrls, beads, mother-of-
peatl dies, white lace, gold threads;
knitting. Embroidery with beads, pearls.
Gold embroidery ‘in-attachment’

Figure 5. Women’s headdress —
kokoshnik. Povenetsky uyezd. The first
half of the 19th century. Velvet, braid.
Embroidery with colored foil, cannetille,
spangles

Figure 6. Women’s headdress — kokoshnik.
19th century. Olonets province. Damask,
gold-plated spun silver, gold cord, braid, silk
braid, linen knockout. Gold embroidery 'in-
attachment'
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Figure 7. Women’s headdress — kokoshnik.
19th century. Olonets province, Vytegorsk
uyezd, Vytegorsk volost. Velvet, gold-plated
spun silver, gold cord, cotton printed fabric
(knockout), silk braid, tinsel braid. Gold
embroidery ‘in-attachment’

Figure 9. Festive women’s headdress —
kokoshnik assembly type. Early 19th century.
Arkhangelsk province. Spun gold-silver
threads, gold, chopped mother-of-pearl,
faceted glass, peatls, gilded foil is pierced with
rounded prongs of river pearls. Lived in the
villages along the Mezen River

Figure 8. Women’s headdress-
kokoshnik on a solid base with a hem
made of chopped mother-of-peatl.
19th century. Olonets province.
Cardboard, shtof, canvas (lining),
metal lace, mother of peatl, peatls,
sewing, knitting, metal thread, glass
in cufflinks and sockets

Figure 10. Dressing, dressing with
silk ribbon late 19th century.
Olonets province. Braid, foil,

cardboard, chintz, glass beads, beads,
mother-of-peat] dies
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Figure 11. Bandaging. Late 19th and Figure 12. Bandaging, Late 19th century,

early 20th century. Olonets province, Olonets province, Kargopol uyezd. Under the
Kargopol uyezd, Usachevsky volost. bottom, the grid consists of several pearl
Braid, river peatls, beads, mother-of- collections. Sewing with peatls, beads, gold
peatl dies, calico, cardboard; Gold embroidery on a high card ‘in-attachement’
embroidery, embroidery with peatls
and beads

Figure 13. ‘Konura’ or koruna — a maiden
wedding headdress. Late 19th century. Vologda
province, Solvychegorsk. Cardboard, calico
(lining), braid, braid, metal fringe, glass inserts,
beads, beads, sewing, knitting, glass and metal
brooches, silk ribbons

Figure 14. ‘Konura’ or koruna —a
maiden wedding headdress. Late 19th
century. Vologda province,
Solvychegorsk. Cardboard, calico
(lining), braid, braid, metal fringe,
glass inserts, beads, beads, sewing,
knitting, glass and metal brooches,
silk ribbons
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Figure 15. ‘Crown’ is a girl’s festive headdress. Figure 16. ‘Crown’ is a girl’s festive

Olonets province, Pudozhsky district, 19th headdress. Olonets province, Pudozhsky
century. Gold thread, beads, glass beads, colored district, 19th century. Gold thread,
glass, mother-of-pearl cardboard; mesh podniz.  beads, glass beads, colored glass, mother-

Casting peatls on horsehair, ribbon of-peatl, cardboard; mesh-under the

bottom. Knitting pearls on horsehair,
ribbon, ‘butterfly’ earrings

Figure 17. ‘Butterfly’ earrings, 19th century. Olonets ~ Figure 18. ‘Pochelok’ (Podchelok) —

province, Pudozh district. Beads, chopped mother of also called the ‘crown’ with five
pearl, metal, casting river peatls on horsehair rays-fences. The second half of the
18th century. Novgorod province.

Cardboard, paper, gold threads,

sewing ‘in-attachment’, tinsels,

glass. Ribbons for the crown:
brocade, silk, gold embroidery
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Figure 19. ‘Citrcle’ and ‘flags’ of the betrothed girl Olonets

province, Kargopol uyezd 18th century. Wool, silk, linen,

cotton fabrics, printed fabrics, paper, linen, beads, tinsels.
Embroidery with beads

Figure 20. Podcholok — a festive maiden headdress of the 18th century
Olonets province, Kargopol uyezd. Wool, silk, linen and cotton fabrics, paper,
linen, beads, tinsels, metal, glass buttons, strung pearls and beads
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Figure 21. The golden handkerchief of the 19th
century. Olonets province, Kargopol uyezd,
Lodyginsky volost. Cotton cloth, paper, gold-plated
spun silver, lace, silk and cotton threads, fringe;
gold threads ‘in-attachment’, vestibule seams

AR 2

Figure 22. Golden handkerchief of the 19th  Figure 23. Handkerchief golden end of the
century. Olonets province, Kargopol uyezd, 19th century. Olonets province, Kargopol

Lodygino volost. Mitkal, gold threads, uyezd. Cotton canvas, gold-plated spun
paper. Gold embroidery ‘in-attachment’, silver and gold, paper. Gold embroidery ‘in-
vestibule seams attachment’, vestibule seams
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Figure 24. Povoynik The beginning of the 20th Figure 25. Povoynik. The second

century. Arkhangelsk province, Mezensky uyezd. half of the 19th century.
Yurom parish, the village of Malaya Nisogora. Arkhangelsk province, Kem uyezd,
Tinsel brocade, kumach, calico Vygostrov village. Velvet, spun

silver, river peatls, cardboard, wool
blend. Gold embroidery ‘in-
attachment’ on the high map

Figure 26. ‘Magpie’. 19th century. Figure 27. ‘Magpie’. 19th century. Olonets
Olonets province, Kargopol uyezd. Silk province, Kargopol uyezd. Calico, shtof,
fabric, pestryad, linen cloth, spun silver, Chinese, braid, gold-plated spun silver, gold

gold cord, thread, foil, peatls, beads, glass ~ cord, glass beads, metal tinsels; hand sewing,
beads, gold embroidery ‘in-attachment’, gold embroidery ‘in-attachment’, sewing with
embroidery with beads beads
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Figure 28. ‘Magpie’ with sderikha. 19th century.
Olonets province, Kargopol uyezd. Calico, silk, velvet,
canvas or calico lining, silver or gold threads, beads,

beads
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Figure 29. Karelian caps of the beginning of the 20th century. Olonets province, Kargopol
uyezd
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Figure 30. Skolok. Late 19th century. Figure 31. ‘Casting’ seam
Arkhangelsk province, Kholmogor uyezd,
Bystrokursk volst, Pogost village.
Dvoelikaya taffeta, mitkal, paper

Figure 32. Seam ‘in-attachment’”  Figure 33. Seam ‘in-split’ Figure 34. Seam ‘in-split’

Figute 35. Seam ‘Rows’ Figure 36. Seam ‘Fence’
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Figure 39. Seam ‘Adjustable cell’

Hd/L £l
mimimimim
o 2 et | bt | o
IR T
sallegllsel
R —
; g /4

Figure 41. Seam ‘Klopets’

Figure 38. Seam ‘Berry’
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Figure 40. Seam Stalk with a
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Figure42. Seam ‘Feathers’
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Figure 43. ‘Double Complex Seam’ Figure 44. Womanish seam
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Figure 45. ‘Goose’ seam Figure 46. Wavy seam of
Aksamite Sewing
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Figure 47. ‘Basket’ seam

Figure 48. Seam by ‘cord, (string)’ or
‘smooth roller’
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Abstract:

This article is devoted to the decision of the actual scientific and applied problem which consists in the
development of a method of definition of levels of the basic and secondary electromagnetic radiations
in the urban environments at the expense of perfection of models of their distribution. The necessity
in the increased efficiency of use of devices of monitoring of an electromagnetic situation on the basis
of the analysis of features of distribution of electromagnetic radiations in the urban environment and
lacks of the existing mathematical device for their description is proved. The nature of the interference
and the distance in real operating conditions and the corresponding graphical and mathematical
dependences were obtained, which formed the basis of the method of improving the models of
electromagnetic radiation propagation. Scientific methods of synthesis of the detailed structural scheme
of processes of detection and localization of uncontrolled and unlicensed devices of information
transmission on radio channels, including development of the software for definition of a zone of
electromagnetic accessibility indoors are substantiated. An original approach, algorithm of functioning
and methods of synthesis of search means in the conditions of radio interference and detection of
sources of electromagnetic radiation are developed.
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MeToAM OLIHIOBAHHA TA IIPOTrHO3yBaHHA PiBHIB
€AE€KTPOMArHITHUX BUIIPOMiHIOBaHb B YPOaHI30BaHUX
CepEeAOBHIIIAX

Anomayin:

AaHa crarTd HpUCBAYEHA PIIICHHIO aKTYaAbHOI HAYKOBO-IIPUKAAAHOI 3aAadl, KA ITOAATAE B
PO3pPOOII METOAY BU3HAYCHHA PIBHIB OCHOBHUX T2 IIOOIYHUX €ACKTPOMATHITHUX BHIIPOMIHIOBAHB
B ypOaHI30BAHHUX CEPEAOBHUINAX 3a PAXYHOK YAOCKOHAACHHA MOACACH IX PO3IOBCIOAKEHHS.
OOrpyHTOBAaHO HEOOXIAHICTD B IIABHITIEH] €(DEKTUBHOCTI BUKOPHCTAHHA IIPUCTPOIB MOHITOPHUHIY
EAEKTPOMATHITHOI ~OOCTAHOBKH HA OCHOBI aHAAI3y OCOOAMBOCTEH  PO3ITOBCIOAKEHHA
€AEKTPOMATHITHUX BHUIIPOMIHIOBAHb B YpOaHI30BAHOMY CEPEAOBHIII Ta HEAOAIKIB ICHYFOYOTO
MATEMATHYHOTO armapary AAf ix ommcy. IIpeacraBAeHO MOAEAb OIIHKHM —E€HEPreTHYHHX
XAPAKTEPUCTUK CHTHAAIB B TOYII CIIOCTEPEKEHHA HA OCHOBI EKCIIEPUMEHTAABHHUX AOCAIAKEHD
3aTyXAaHHA €ACKTPOMATHITHUX BUIIPOMIHIOBAHD B 3aA€KHOCTI BIA YACTOTH, XaPaKTEPY ITEPEIITKOAN
Ta BIACTaHI B PEAABHHX YMOBAaX €KCIAyaTaril Ta OTPUMAHO BIAIIOBIAHI rpadpidni fi MaTeMaTHYHI
3AA€KHOCT], IO AATAM B OCHOBY METOAY VAOCKOHAACHHA MOAGAEH PO3ITOBCIOAKECHHSA
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CAEKTPOMATHITHUX BHIIPOMIHIOBaHb. OOIPYHTOBAHO HAyKOBI METOAH CHHTE3y ACTaAi30BaHOL
CTPYKTYPHOI CXEMH ITPOIIECIB BUABACHHA Ta AOKAAI3aIlli HEKOHTPOABOBAHHX T4 HEAIIIEH30BAHUX
IPHUCTPOIB IepeAaBaHHA iH(MOPMALI] IO PAAIOKAHAAAX, IO BKAIOYAIOTH PO3POOKY IIPOTPAMHOIO
3a0e3IeUeHHA AAfl BUSHAYEHHA 30HU EACKTPOMATHITHOI AOCTYIIHOCTI BCEPEAHMHI IIPHMIIIIEHHS.
Pospobaeno opuriHaabHUI ITAXIA, aATOPUTM (DYHKIIOHYBAHHA Ta METOAM CHHTE3y 3aCOOIB
IIOIIIYKY B YMOBAX PAAIOIIEPEIIKOA Ta BHABACHHA AJKEPEA €ACKTPOMATHITHUX BUIIPOMIHIOBAHB.

Karwwuosi caosa:

IIOOIYHI ~ EAEKTPOMATHITHI ~ BHUIIPOMIHIOBAHHS,  30HA  EACKTPOMATHITHOI  AOCTYIIHOCTI,
POSIIOBCIOAKEHHA PaAlOXBHAB, MOAEAb Xarta, moaeap COST 231 MWM, wmonitopuHr
€AEKTPOMATrHITHOI OOCTAHOBKH, KOEMIIIIEHT 3aTyXaHHS.

Bcryn

KomMmiiaekcn  paAlOMOHITOPHHIY €ACKTPOMATHITHOI OOCTAHOBKH — IIIHPOKO
BHKOPHCTOBYIOTBCA K IHCTPYMEHT AASl BUPIIIICHHSA IIPOOAEM y pisHIX cdepax — BiA
VIIPABAIHHA BUKOPHUCTAHHAM PAAlOYACTOTHHX PECYpPCIB AO BHU3HAYEHHA OOAACTEH
EHEPIeTUYHOIO IIOKPUTTA IIPH OIIHIN fAKOCTi paalo3p’sasky. Ha aAopatox Ao
KOHKPETHHX 3aBAAHBb PAAIOMOHITOPHHIY BHKOPHUCTAHHS BUINE3a3HAYECHUX METOAIB
3HAXOAUTH CBOI 3aCTOCYBaHHA AAfl TOTpeO eAekTposp’sasky. Lle, B cBoro wepry,
IIPU3BOAUTE AO HEOOXIAHOCTI PO3PAXYHKIB 30HH «IOKPUTTA», a00 30HH EMA, Ta
IHTETpAIliI0 PAAlOYACTOTHUX CHCTEM, HAHOIABII AOLIABPHHUX 3 TOYKH 30Dy BHUMOT
ePEeKTUBHOCTI ~ BUKOPHUCTAHHA  PAAIOTEXHIYHUX  IIPUCTPOIB  MOHITOPHHIY
€AEKTPOMATHITHOI OOCTAaHOBKH.

ITpukAasHa 9acTHHA, IKA BAKOPHCTOBYETHCH AASl BUPIITIEHHA AAHOTO 3aBAAHHS,
BKAIOYA€ IIEPEBIPKY AHAAITHYHHX ITAXOAIB Ta PO3POOKY METOAIB 3a0e3IIEUECHHA
MOHITOPHHIY  E€ACKTPOMATHITHUX  BHIIPOMIHIOBaHb,  OIHKY  OII€PaIliifHOl
epeKTUBHOCTI AAfl 320€3IIEYEHHA EAEKTPOMATHITHOI AOCTYIIHOCTI 3 ypaxXyBaHHAM
BIIAUBY  ypOaHI30BAHOIO  CEPEAOBHINA HA  XapaKTep  PO3IIOBCIOAKEHHSA
€ACKTPOMATHITHUX BUIIPOMIHIOBAHb.

[Ipobaema mmiaBuITICHHA €(DEKTHBHOCTI BUKOPHCTAHHSA IIPUCTPOIB MOHITOPHHIY
EACKTPOMATHITHUX BHIIPOMIHIOBAHb CTaAd aKIYAABHOIO BHACAIAOK —30IABITICHHS
KIABKOCT] MIZKHAPOAHIX KOHTAKTIB Ta AlDepaAi3amii pUHKY 3aCO01B PaAlO3B’A3KY, 4 TAKOXK
3arpo3 3 OOKy 3AOBMUCHHKIB, fKI 30MpParoTh IH(OPMAIIO IIPO IPOMUCAOBI Ta
EKOHOMIYHI TAEMHHII AEPKABHUX Ta KOMEPIMHHUX ycraHoB. [lofgBa Ha HOBOMY piBHI
pobAeMH 3axucTy IH@OpMaIl Ta PO3PAXYHKY IIEPUMETPIB KOHTPOABOBAHUX 30H
HAOYHO IIPOAEMOHCTPYBAAHU IIEBHE HAYKOBE 1 OCOOAMBO TEXHIYHE BIACTABAHHSA
BITYU3HAHUX 3aCOOIB PaAIOMOHITOPHHIY, 3AATHHUX AACKBATHO IIPOTUCTOATH AAHIMUI
3arpo3aM IIPH IIPOBEACHH! KOHTPOAFO PIBHIB EACKTPOMATHITHHUX BHIIPOMIHIOBaHb,

BUABACHHI 1 AOKaAi3amil IOTEHIINHO HEOE3IIEYHUX AKEPEA PaAIOBUIIPOMIHIOBAHH,
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BUABACHHI EAEKTPOMATHITHUX BHIIPOMIHIOBAHB 1 HABEACHD, 3AATHHX IIPH3BECTH AO
BUTOKY KOH(IAEHITIHHOT iHdopMmariii.

MeTor0 AAQHOIO OPHIIHAABHOIO AOCAIAKEHHS € IIABUINIEHHA e(EeKTHBHOCTI
BUKOPHUCTAHHA IIPHAAAIB  PAAIOMOHITOPHHIY B yMOBAX CKAQAHOTO — XapakTepy
PO3IOBCIOAKEHHSA PAAIOXBUAD BCEPEAMHI IPHUMIIIEHb. BIAIIOBIAHO AO HBOro OyAO
3AIIPOIIOHOBAHO  METOA  PO3PAXyVHKIB  pIBHIB ~ OCHOBHHX T4  IIOOIYHHX
CAECKTPOMATHITHUX BHUIIPOMIHIOBAHb AAfl ITOTPEO PAAIOMOHITOPHHIY, IO 3AATEH
BPaXOBYBaTH BTPATH IIOTY/KHOCTI PAAIOCHTHAAY Ha IOAOAAHHA PI3HUX THIIB
reperrkoA BcepeanHi mpumirnens (baxriapos, AL, 2019). Buepine pospobaeno
METOA OIIHFIOBaHHA PIBHIB €AEKTPOMATHITHUX BUIIPOMIHIOBAHB PaAlOTEXHIYHUMU
32CO0AMHU MOHITOPHHIY EACKTPOMATHITHOI OOCTAHOBKH, IO IIOAATa€ B CHHTE3I
YOTHPBOXETAIIHOIO IIPOIIECY BUABACHHSA IX AJKEPEA B YPOAHI30OBAHOMY CEPEAOBHIII]
B YMOBAaX CKAAAHOI CTPYKTYPH E€AEKTPOMATHITHOIO IIOAf, IO AO3BOASIE 3MEHIIIUTH
TPUBAAICTD IIOIIIYKOBOTO IIPOLIECY Ta INABHINUTH AOCTOBIPHICTb OAEP/KaHOL
indopmarii. TakoxK YAOCKOHAACHO IIPHHIUIIN OITHMAABHOIO IIPOEKTYBAHHSA
PAAIOTEXHIYHUX BY3AIB Ta IIPUCTPOIB MOHITOPHHIY €AEKTPOMATHITHOI OOCTAHOBKHU
yepe3 BpaxXyBaHHA ACTEPMIHOBAHUX Ta BHITAAKOBUX BIAXHACGHB IIapaMeTpiB
€ACKTPOMATHITHOIO IIOAfl BCEPEAWHI IIPHMIIIEHB, IO AO3BOAHAO ITABHIIIATH
IHTErPaAbHY YYTAHBICTD 3aCOOIB MOHITOPHHIY E€AEKTPOMATHITHOI OOCTAHOBKH Ta
TOYHICTb IIPOTHO3YBAHHSA E€AEKTPOMATHITHOTO IIOAA 3 YPaXyBaHHAM OCOOAMBOCTEH
AKEpPEeA BUIIPOMIHIOBAHb.

Bci mpeacraBaeHi B AaHIM pOOOTI AHAAITUYHI PE3YABTATH OTPHUMAHI 3
BUKOPHUCTAHHAM  HACTYIIHHX  MATEMATHYHHUX  alapaTiB:  METOAM  Teopil
PO3ITOBCIOAKEHHA EAECKTPOMATHITHUX BUIIPOMIHIOBAHb — AAfl aHAAI3y 3aTyXaHHA
€ACKTPOMATHITHOTIO ITOAfl B 3aA€KHOCT] BIA YACTOTH Ta BIACTAHI B PEAABHUX YMOBAX
EKCIIAYATAIlll; METOAH MATEMATHYHOTO MOACAIOBAHHA — AAfl IIEPEBIPKU AACKBATHOCTI
PO3POOACHHX MOACAEH Ta AATOPHUTMIB; METOAH OOPOOKH EKCIIEPUMEHTAADHHUX
AAHHUX — AAfl YTOYHEHHA MOACAL PO3ITOBCIOAKEHHA PAAIOXBHAD.

B mepeaixy AlTepaTypHHX AKEpeA IIPEACTABACHI IIPOMDKHI €Talld XOAY
AOCAIAKEHHA — aBTOpaMu  AaHOI  crarti:  «OcoOAmBOCTI  BHOOPY — MOAEAI
PO3IOBCIOAKEHHA EACKTPOMATHITHUX BHIIPOMIHIOBAHb BCEPEANHI IIPUMIITICHHM)
(baxtiapos, AL, 2019), «Meroamka MoAepHI3amil MOAEAI PO3IIOBCIOAKECHHS
PAAIOXBHAD B CEPEAMHI IIPUMIIIEHHA AAfl IIOOYAOBH KOHTPOABOBAHOI 30HU
kopuoparusHoi mepexi» (baxriapos, Al 1 Kosarok 1.O., 2019), “Evaluation of
energy availability of means to communicate with UAVs in conditions of
radioelectronic countermeasures by the enemy” (Bakhtiiarov, D., 2016), «Orinka

MOKAMBOCTI IIEPEXOITACHHA CEMAHTHYHOL iHcpopMauii' 32 PaxXyHOK MMOOIYHUX
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€AEKTPOMATHITHUX BHIIPOMIHIOBaHB Y BIA€OCHCTEMI IEPCOHAABHOTO KOMII FOTEPA»
(baxrispos, AL, 2020), «[TopiBaaabHuIIT aHaAl3 IepeTBOpeHHA Pyp’e, KOCHHYCHOIO
IIepeTBOpeHHA Ta BellBAeT-mepeTBOpEeHHA AK CIIEKTPAABHOIO aHaAI3y IudppoBHX
moBHuX curHaAiBy (Komaxoswma, I'®. 1 immm, 2015), “A Digital Speech Signal
Compression Algorithm Based on Wavelet Transform” (Konakhovych, et al., 2016).

ITpormiec BUABAEHHA AYKEPEA €ACKTPOMATHITHIUX BUIIPOMiIHIOBAHb B YMOBaXx
CKAAAHOI €A€KTPOMAarHiTHOI 00CTAHOBKH

OAHIM 3 HAIIPAMKIB MOHITOPHHIY €ACKTPOMATHITHOI OOCTAHOBKHU € IIOIIYK 1
BHABACHHSA CIIEIIAABHO OPTaHI30BAHUX 1 IIOTECHIINHUX pPaAIOKaHAAIB BHTOKY
mdopmarii. BuABAeHHA TEXHIYHUX KaHAAIB BUTOKY — CKAQAHHI OaraTOETaITHHIT
IIPOLIEC, AKUI B CIPOIIECHOMY BHIAfIAl MOMKE OYTH IIPEACTABACHHI y BHIAAAL
CYKYITHOCTI PSIAY €TalliB, IIPEACTABACHHUX Ha iA. 1.
IT Eran

III Etan IV Etan

_ I Eran )

KonTtpoas

9aCTOTHOTO

JianazoHy,
OTpHMAHHA Ha3u

«BIZOMHX»

| BHODOMIHWBAaHb |
M S

«Bigomin

BIdl'IpO.\Ii.I—]}OB aHHA

Busigaenus
«HEBITOMHYX» M0
BIIHOIIEHHIO 40
DasH «BIIOMHX»

eIeKTPOMATHITHH

X BHI'IpD)IiHIOBaHb

Tlepemix «HepiTOMITD

BHITPOMIHIOBAHb

Omniaka HefieaneKH eTeKTPOMATHITHAX
EHOPOMIHIOBAHE 3 TOUKH 30pY BHTOKY
indopmanii; nocmmxenns IIENBH;
EH3HAYEHHA IEPHMETPY
KOHTPOJILOBAHOL 30HH Ha 0CHOBI
OTPHMAHOI0 MATEMATHIHOIO AMAPATY

A

Kpox 1
Tlogamizanii MicIe3HAXOTHEHHT TRepeTa
STeKTPOMATHITHIX EHITPOMIHIOEAHE

Kpox 2
ITpoTHILT HECAHKIIIOHOBAHOMY OTPHMAHHIO
(HTORY) KoHbiTeHmIHHOT iHbopMaI]

[Tepenik 1meHTHGIKOBAHNX
2IeKTPOMATHITHHY BHIIDOMIHIOBAHE

CVEKVIHICTE MapaMeTPiE @TeKTPOMATHITHHY

EHIIDOMIHEOBAHE
.

Ilepemik 9acTOT EHAETSHHY OTEHIIHHHEY

KaHaTIB BHTOKY 1HbOopMami

| Konrponsorana soHa (3oma 2)

=

-

KoopmumaTs MictesHaxoxeHn TxepeTa
EHIIPOMIHIOEAHHT B KOHTPOILOBAHIH 30H!

3HICKEHHA PIBHIE OCHOBHIX Ta IT0OIMHHX
EHIIPOMIHIOBAHE 33 PAXYHOK (OPMVEAHHA
ZABA] HA X 9acTOTax

Iarocrparia 1. OcHOBHI eTanu IpoIIeCy BUABACHHS TEXHIYHUX KaHAAIB BUTOKY IH(OpPMAIIii.

BiA moBHOTH BHpiIIEHHA 3aBAAHB IIOINYKOBHM OOAQAHAHHAM 32ACKHTD

TPHUBAAICTD IIPOIIECY HOIIYKY 1 AOCTOBIPHICTh OAepKyBaHOI iHdopMmaril. [TosHoTA 1
IIBUAKICTh 1X IIPOBEACHHS, €(PEKTUBHICTb IIOIIYKOBOI CHCTEMH, AOCTOBIPHICTB
oaepkanoi iHdOpManii Ta BIPOTIAHICTD IPHUHHATTA PIMIEHHA 3aACKATb BIA
CTPYKTYPHU HOIIYKOBOI CUCTEMH 1 XapaKTEPUCTHK BUKOPUCTOBYBAHHUX B Hil 32COOIB.

I Eran nepeabauae aHaAil3

IIOTOYHOIO 3aBAaHTAKEHHA Alalla3oHy 1

HAKOITMYEHHA AAHHX IIPO YACTOTH, PIBHI 1 XapaKkTep eAeKTPOMATHITHUX

BUIIPOMIHIOBAHb B po6oq0My AlAITa30H1 9aCTOT 3 IPUB’A3KOIO0 AAHHX AO MICIA
TTHia

HAKOITMYCHUX 32 IICBHHUI iHTCpBaA gaCcy AaHHX HpO 3aBaHTAXXCHHA A,iaHQSOHy,

IIPUITOMY. «BIAOMIMI» BHIPOMIHIOBAHHAMHU  PO3YMIETBCA  CYKYIIHICTD
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OTPUMAHUX 32 PE3YABTATAMU IIPOBEACHHA IIOTOYHOrO KOHTPOAO. Ilpu 1pomy
IIepeADada€ThCA, 10 HEOE3IIEYHI CUTHAAN BIACYTHI, IO AOCATAE€THCA, HAIIPHUKAAA,
ITOCTYIIOBHM HAKOIIMYEHHAM «BIAOMUX» BUIIPOMIHIOBAHb 3 PETEABHOIO IIEPEBIPKOIO
KO’KHOTO 3 BUIIPOMIHIOBAHb.

IT Etan. Ao mepeAiky «HEBIAOMIX» BKAIOYAIOTBCA AAHI IIPO BUIIPOMIHIOBAHHS,
CYKYIIHOCTI TIapaMeTpiB fAKUX 33aAOBOABHAIOTH 3aAAHHM KPHUTEPIAM IIOIIYKY.
Buxopucranusa «onopHoOD» aHTeHH IepeADadac HAABHICTD y CKAAAl IIOIIYKOBOL
CHCTEMH aHTEHHOTO KOMYTATOPA, IO 3a0€3IIEYyE [IOYECPIOBE MAKAIOYCHHS OAHIET 3
IPUIOMHHX (B BHAIAGHOMY IIPHMIINIEHHI) aHTEH Ta «OIOPHOD» aHTEHH, IO
3HAXOAUTHCA 11032 KOHTPOABOBAHOIO 30HOIO IIPHUMIIIEHHA, aAe 3a0e3Iedye
HAAIMHIH ITPUHOM BCIX 30BHINIHIX CHTHAAIB.

III ETam nepeabGadae IIPOBEACHHS TECTYBAHHS, 110 AA€ IIEBHUM eDEKT fAK IPHU
BUABACHHI PaAlOMIKpOOHIB 0e3 3akpuTTA (BHUIIPOMIHIOBAHHA B BHAIACHOMY
IIPUMIIIEHH] CIIEMIAABHO CHHTE30BAHUX aKYCTUYHHUX CHIHAAIB), Tak 1 IIpH
nposeacHH! crenpocaiakens Ha [IEMBH  miasxom  BIATOBIAHOI MOAyAsIIii
irdopmaTuBHEX mapamMeTpis BurpomiaioBans (baxriapos i AL, Kosarox 1.O., 2019;
Bakhtiiarov, D., 2010).

Aas Bukonanus [V Erany HeoOXIAHO 3AIIICHITH HOPIBHAHHA MAKCHUMAABHEX (3
BHUXOAIB aHTEH B KOHTPOABOBAHIN 30H1) KOMIIOHEHT CIIEKTPA 3 PIBHAMU BIAITOBIAHUX
KOMIIOHEHT IIOIIEPEAHBO HAKOIIMYECHHUX Y BHUAIACHOMY IIPHUMIIIIEHHI «BIAOMIX»
€AEKTPOMATHITHUX BUIIPOMIHIOBAHb (IIPH ABHIH BIACYyTHOCTI BunpomiHiobaab 3I1) i
I'PAHIYHHUM PIBHEM AAfl BIAIIOBIAHOI 9aCTOTH, 4 ITOTIM 32 PE3YABTATAMU ITOPIBHAHHSA
IIPUIMAETHCA PIIEHHA PO HAABHICTD (BIACYTHICTB) «HEBIAOMHX» BUIIPOMIHIOBAHD B
koHTpoAbOBaHIN 30H1 (baxrtiapos, Al, 2020). Koopansarn mpu MOHITOpPHHTY
€AEKTPOMATHITHOI OOCTAHOBKH OOpaHi 3 CYKYIIHOCTI CIIEKTPAABHHX BIAAIKIB Xk (], 72)

ycepeAHeHHX 110 R peaaisarriii eHepreTU9HOTO CIIEKTpPa.

Xp (i) = =X TE_ ey,
A€/ - HOMEp aHTEHU, MAKAFOYEHOI AO BXOAY allapaTypu MOHITOPHHIY.
CepeaHsl TTOTYAKHICTH BHUIIAAKOBOTO 1poriecy U, (?), IpPeACTaBAEHOTO B 9aCTOTHIN
0OAACTI CYKYIIHICTIO 3HAYEHD XR(},/7) HOMEPAMH BIA i AO /yan, IPOIIOPIIIHA CyMi

X BIAAIKIB:

~

Pim = 10lg(Znlsr . Xr (G, 1)) + 1, AB

- A€ U - TIOIPaBOYHUN KOEMIIIEHT, AKUIT BUSHAYAECTHCA KAAIOPYBAHHAM AHTEHH 1

anapaTypI/I BI/IKOpI/ICTOBYBaHOFO KaHaAy MOHiTOpI/IHI'y' CA@KI’pOMaFHiTHOI OOCTAHOBKHA

(MEO).
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3aIIpOIIOHOBaHA CTPYKTypa IIOIIYKOBOI CHCTEMH, fKa PEaAI3ye AaHUIN
aATOpUTM 1 3a0e3Iledye IMpPH I[bOMY INABHINEHY IHTEIPAABHY UYTAUBICTD 1
MaKCHMAABHY IITBUAKOAIFO, MICTUTB: KOMITAEKT IMHPOKOAIAIIA30HHUX aHTECH, OAHA 3
AKX («OITOPHA») BHHECEHA 32 M€Kl BUAIAGHOTO IPHUMIIIECHHA; KEPOBAHUN aHTEHHUI
KOMYTATOpP; KEPOBAHHI IO YACTOTI HPUHMAABHUM TPAaKT 3 IMHPHHOIO CMYTH
nporryckaass o [T4; npucrpiit anasoro-nudpoBoi 0OpOOKH HA OCHOBI IIBHAKOTO
nepersopenna  Pyp’e; kKepyroumil HOPHUCTPIA 13 3MIHHOIO CTPYKTYPOIO, fAKa
BH3HAYAECTHCA 3AIIPOIIOHOBAHUM IIPOTPAMHIM 320€3IICICHHAM.

ITiasumenns edexkruBHOCT! BUkOopucTaHHA amapatypu MEO npu aanomy
crroco01 3a0e31edyeThCsl: BUKOPUCTAHHAM ITAHOPAMHOTO aHaAizy Ha ocHoBi LIITIP
(Konaxosud, I'.®. i immmi, 2015; Konakhovych, G.F., et al., 2016); ckopouenusam
0o0cAry  OOpOOAIOBAHHX — AAQHUX  IIPU  BHKOPHUCTAHHI  0asm  «BIAOMHX»
€AEKTPOMATHITHUX BUIIPOMIHIOBAaHBb 400 CHTHAAIB 3 BUXOAY «OIIOPHOD» aHTEHHU.

B ocHOBY AaHOTO CITOCOOY ITOKAAACHO BIAOME ITOAOKEHHS €ACKTPOAMHAMIKK IIPO
pI3HHIT XapakTep 3MIHHM HAIIPYKEHOCTI €AEKTPOMATHITHOIO IIOAfl B OAMGKHIN 1
AaABHIE 30HaX. KoMITOHEHTH BEKTOpa HAIPYKEHOCTI EAEKTPUYHOIO ITOAM,
BHIIPOMIHIOBAHOTO EACKTPHUYHUM AHUIIOAEM p, B CHEPUIHUX KOOPAMHATAX

BH3HAYAIOTbCA BUPA3aMU:

—— r—k) cosO|plexp[—iwt],

2
{ Eg = 4—; (r—3 - = k—) sin 0 |p|exp[—iwt], >
|
Ae 7, 8 ta @ — cdepruni koopannary, Ey, Eg, E,- xommonenTn manpyxerocti
CACKTPUYHOIO IIOAfl B COEPUYHUX KOOPAMHATAX, &, [ — CACKTPUYHA 1 MArHiTHA
IIPOHUKHOCT] BIABHOTO CEPEAOBHITIA, (0 - KPYTOBa YaCTOTA BUIIPOMIHIOBAHH.

AUIIOABHHA MOMEHT IIOB’A3aHHII 3 BHIIPOMIHIOBAHOI IOTYxKHICTIO W

CIIIBBIAHOITICHHAM:
4
w - 2
= — &
oo HVerlpl”
MoAyAb HAIIPYKEHOCTI €AEKTPHUIHOTO OAA BU3HAYAETHCA BUPA3OM:

_ [1znw 1 1 k2\? K2\
uenw* \/(27‘[8)2 r6 ) cos?0 + - (4me)? ((_ t 7) t r_4') Slnzg’

MaKCI/IMYM MOAYAS HaHPY)KCHOCTl CACKTPI/I"IHOI“O IOASI IIO BCIX MOMKAHBUX

HaHpHMaX 0, HPI/I 3aAAHOMY 7 BU3HAYA€THCA BI/IPZLSOMZ

, 12w 1 k2 1 1 k2\%  k?
Emax(r) = a)4\/ (2 5)2 (r +r_4)'(4n£)2 ((r_3+7) +r_4)}’
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Ha 1a. 2 mpeacTaBAeHI 33aA€KHOCTI MAKCHMAABHOIO 3HAYECHHA MOAYAA
HAIIPYKEHOCTI  €AGKTpUYHOrOo 1oAfl  E,,, IIO HIOPOAXKYETbCA HOPIBHAHO
maronoTyxauMA (100 MxBT 1 1 MBT) Akepeaamu EMB 3 wactoramum 30 1 300 MI'y
B BUAIACHOMY IpumimernHi Ha BiacTaHAX R BiA 1 Ao 10 M. Ha Tux xe pucyHKax
npusBeAeHl  3aAexHOCTI motyxkHEX (100 BT)  AxepeA  eAeKTPOMArHITHHUX
BUIIPOMIHIOBAHb, HAIIPUKAAA, PAAIOMOBHHX CTAHIIH, BIAAAAGHHX BIA BHAIAGHOTO
IIPUMIIIEHHA HA 3 KM.

AHaAI3 XapaKTepy 3MIHI KPUBHX ITOKAa3ye, mo B OAmxkHIl (1...8 M) 30HI piBeHb
BUIIPOMIHIOBAHHSA BiA MAAOIIOTYIKHUX AXKEPEA, fAK 1 CAIA OYAO OUIKYBATH, IIEPEBUIIYE
pIBEHD IIOTYKHHX, aA€ BIAAAACHUX AKEpeA. AAfl peaaisariii MOKAUBOCTI BUABACHHS
MaAOHIOTYKHUX PAAIOMIKPOOHIB B YMOBAaX CKA2AHOI 3aBAAOBOI €AEKTPOMATHITHOL
OOCTAHOBKH 1 IIABHIIECHHA €(EKTHBHOCTI IIOIIYKOBOI CHCTEMH B BHAIACHOMY
IIPUMIITIEHH] PO3MIIIYIOTBCA AEKIABKA (2...4) aHTEH 3 KBa31i30TPOITHUMU AlarpaMaMu
CIIPAMOBAHOCTL. BOHI BCTAHOBAFOFOTBCA 3 TAKIM PO3PAXYHKOM, IIIO IIPU OYAB-AKOMY
pO3MIITIIEHH] paAloMIKpodOHA HOro BIACTAHB AO aHTEHH CkAaAe 1.5 mMerpis, 110

BIAITOBIAA€ «OAMKHIF» 30HI IPUHOMY.

H
1]
i
1
i z
o i
0.2 i
!
|
'

H
Emax 1 ".

Emax_1 i

MakcuMallbHe 3HAYEHHS HAlIPY&AeHOCT1 MOJYIA 1. MOMA, B/m
MakcumaibHe 3HauYeHHA HAMpPYXKEeHOCTI MOAYJIA eJ1. 110714, B/M

-~

-

Bizcrans, M Bincrans, M

(2) ©)

Iarocrpamis. 2. 3asexnicts Emax BiA BIACTaHI AO A’KE€PEAA BUIIPOMIHFOBAHHA HA 9aCTOTI:
(a) 30 MI't mpm sHavennaAx noryxHocTi 1 MBr (Emax_1), 100 mxBr (Emax_2), 100 Br
(Emax_3);
(6) 300 MI'x mpu 3mauennax noty:xuocti 1 MBr (Emax_1), 100 mxBr (Emax_2), 100 Br
(Emax_3).

Takuil METOA AA€ MOMKAHBICTD BHAIAUTH aHTCHY, CHTHAA 3 BHXOAY fAKOI mMae
HAWOIABIIMET  piBeHb. [lumM AOCATarOTBCA Taki MOKAMBOCTL: BIACEACGKTYBATH

BunipominioBandsa  3I1 mHa QoHI BHIIPOMIHIOBAHb INTATHUX PaAlo3acoOiB;
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KOMIIEHCYBATH HEPIBHOMIPHOCTI AlarpaMy CIIPAMOBAHOCT! KBa31i30TPOIIHUX aHTEH B
PI3HHX IPOCTOPOBUX CEKTOPAX.

MOKAMBICTD ITIAKAFOUYEHHS AO OAHOTO 3 BXOAIB KOMYyTaTOpa 3OBHIIIIHBOL
(«oIIOpHOI») aHTEHU ICTOTHO 30IABIIYE HMOBIPHICT PO3PI3HEHHS 3O0BHIIIHIX i
BHYTPIIIIHIX AXKEPEA BHUIIPOMIHIOBAHD B CKAAAHIM EAECKTPOMATHITHIN OOCTaHOBII,

ITABHIIIYE IIIBUAKOALFO ITOIIYKY HOBHX CHUTHAAIB.

MeTtoAnKa BUABAEHHA AYKEPEA «HEBIAOMIX» €ACKTPOMATrHiTHIX BUIIPOMIHFOBAHb
B 30HI €A€KTPOMArHiTHOI AOCTYITHOCTI 3 YPAXyBaHHAM A€TEPMIHOBAHHUX T
BHITAAKOBHX BIAXHA€HB IIAPAMETPIiB €ACKTPOMATrHITHOIO IOAA

/AaHa METOAHKA CKAAAAETBCA 3 HACTYITHIX KPOKIB:
1. PaalonpuiiMaABHUM IIPUCTPI HAAAIITOBYETBCA Ha AIASHKY dYacTOT, IIIO

aopisuroe emysi AF (q) 3 Homepom ¢ pobouoro aiarazony RD, g = 17,2, ... Q,

_RD
Q=%
2. AHTCHHHN KOMYTAaTOp INAKAIOYaE AO BXOAy mpucrporo MEO «omopay»
aHTEHY 3 HOMEpOM / (j=1)
3. 3a BIAAIKOM  CIOCTEPEKYBAHOIO  EHEPIETHYHOIO  CIIEKTPa  BXIAHOIO

N

BUITAAKOBOI'O HpOHCCy Ha OCHOBiZ 6}2,1-0‘{_ = _N N
p~ YNc

X Ying6, Xn, PO3PAXOByETHCH

OIIIHKA IHTEHCUBHOCT] IIIyMy.

4. IlpoBOAMTBHCS BUSIBACHHS BY3bKOCMYIOBHUX CHUIHaAiB B cmysi wacror AF(q) i
3aIIaM'ATOBYBAHHS BCIX KOMIIOHCHT, IIIO IIEPEBUIINAH IIOPOTOBE 3HAYCHHII.

5. AHTEHHHUII KOMYyTaTOp IIAKAIOYAaE€ AO BXOAy npucrporo MEO anteny 3
HOMEpOM | = 2, ..., ] HmiCAsl 90r0 BUKOHYIOTHCS ALl BIATIOBIAHO AO KPOKIB 3, 4.

6. AAA KOKHOIO 3 BHABACHHUX CHTHAAB Uy, (f,t),j = 2,..,] BH3HAYAIOTHCA
HOMED / 1 CEpPEAHA TIOTYAKHICTD, AASl AKOTO FA’]-’m MaKCHMAaAbHA, 4 TAKOXK Isl'm AASL
OIOpHOI aHTeHH (7 = 7).

7.  AAf KOXKHOIO 3 BHUABACHHX CHIHAAIB PO3PAXOBYETHCHA OIIHKA BIAMIHHOCTI

cuocrepekyBanol  inteHcuBHOCTI  APoer 32 mpasumaom: AP =
ﬁ'm .

101g (13]—) + (e — Ho), A€ j = 2, ., ] 3 IepepaxyHKOM IIOIPABOYHNX
im

KoedimieHTiB [, Ta [, BIAIIOBIAHO AO I1apamerpi anTeH B K3 («curHaAbHIX»)
1 «OIIOPHO.
8. Bmusmauaerpca Kaac AKEpeAa EAEKTPOMATHITHHX BHIPOMIHIOBAHDb  Cp,

BIAITOBIAHO AO IIPAaBHAAQ:
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Pxsz, AKILO APCHOCT > APnop 2
¢m = { HE€ BU3HAUEHO, AKIO AP opq < ARyoer < APop 2, A€ Pys - 0b'eanye
Psopu, AKIIO APCHOCT = APnop 1
AKepeAa, mo HaAexKaTb K3, a Pyopy — BIAAAAEHI AJKEPEAQ BUIIPOMIHIOBAHb.
9. Aaai mporeaypa IIOBTOPIOETHCA AASl BCIX AIATHOK POOOYOro AlarmasoHy, ToOTO

All To myHKTaM 1-9 AMst ¢ = 21 T.A.

Bukopucrosysani moporu APy, 1 i APy 2 MOKYTB B KOKHOMY KOHKDETHOMY
BHITAAKY KOPHIYBATHCA 3 YPaxXyBaHHAM BAACTHBOCTEH OOAACTI KOHTPOAKO 1
PO3MIIIIEHHA IPUIMAABHUX aHTEeH. KpiM TOro, AaHi IIOPOTA MOKYTh OyTH PI3SHIMH
AAAL PI3HUX AIATHOK CITEKTPa BIAITOBIAHO AO PEAABHUX ITAPAMETPIB €ACKTPOMATHITHOL
ob6cranoBku. Ha OCHOBI BHKAAAGHOTO MOXKHA 3pPOOHUTH BHCHOBOK, IO BHABACHI
CTPYKTYPHI 3aKOHOMIPHOCTI PO3IIOAIAY EAEKTPOMATHITHOTO IIOAfl BCEPEAHHI
IPUMIIIIEHb  MOXKYTb OyTH  peEaAi3oBaHi AAfl  ITIABHINCHHA e(EKTHBHOCTI
BUKOPHCTAHHA PAAIOTEXHIYHHUX IIPUCTPOIB Ta 3aCODIB TEACKOMYHIKAINH AASA
MOHITOPHHIY EAECKTPOMATHITHOI OOCTaHOBKH, IIOIIYKy IIPHUCTPOIB HETAaCHOIO
3HIMaHHA KOHMIAEHIINHOI 1H(OpMALIii Ta TEXHIYHUX KAHAAIB BUTOKY 34 PaXyHOK

ITOOIYHUX €ACKTPOMATHITHUX BHIIPOMIHIOBAHDb O(DICHOI TEXHIKH.

Omninka e(peKTUBHOCTI BUKOPHCTAHHA PAAIOTEXHIYHUX IPUCTPOIB
MOHITOPHHIY €A€KTPOMAarHiTHOI 00CTaHOBKH

ITia edpexruBHIcTIO pobOoTH mpucTpois MEO OyaeMO po3ymity BIAHOITICHHS
KIABKICHO BHPa:KEHUX PE3YABTATIB, OTPUMAHHX 32 AOIIOMOIOIO AZHOTO IIPHCTPOIO 32
3aAQHUI TIEPIOA YaCY, AO TIOTEHIIIITHIX 2400 MAKCIMAABHO MOKAMBHX 32 TOU 7K€ IIEPIOA.

Edexrupnicts Bukopucranad npuctpois MEO B 3HavHIN Mipi 3aAEKHTH BIA
oro YHKIIOHAABHAX 1 TEXHIYHHX MOKAHUBOCTEH, IO BHU3HAYAIOTH X
IIPOAYKTHBHICTb T2 BHPOOHHYY IIOTYKHICTH IIPH BHPIIIIEHHI OCHOBHUX 32aBAAHD
paalomoniTopunry (Kaaroxmsrni 1 tarmi, 2013; Cucrema ynpasaigas saxictro, 2009).

BiAmmoBiaHO AO A€TEPMIHOBAHOTO IIPOCTOPOBO-YACTOTHO-IACOBOTO IAXOAY AO
oriHroBaHHA edpekruBHOCTI pyHKIioHyBaHHA IprcTpois MEO (KaAroxxHbIi 1 iH1m,
2015; Kaarommpri 1 immm, 2013) iX OPOAYKTHBHICT B 3araAbHOMY BHTAfAAI

Bru3HavaeThcsA BupazoM (Kaarowmsrii 1 1ammi, 2015):
1 = AS x AF(7),

Ae AS, AF u AT — naorma 3oun EMA, gactoTHmit AlammasoH 1 9ac KOHTPOArO; T —
IIepioA gacy (roAnHa, 3MiHa, A0DA).
Toal BupoOHmuy motyxHiCTh npuctpois MEO Moxba omiamtH fAK

(Kaarosxkmsrit Ta iamm, 2015):

European Scientific e-Journal — Issue 6 (6) — December 29, 2020



7 = I1 X Ty, mE0»
A€ Ty MEO — IAAHOBHIT 9aC PAAIOKOHTPOAFO (MICSALIb, KBAPTAA, PIK).

Texmoaoria BukopuctaHaa Ipuctpois MEO 3aAeKUTh BiA KOHTPOABOBAHOL
PAAIOTEXHOAOTII], XapakTepy BHUPIIIYBAHUX 3aBAAHb, PIBHA aBTOMAaTH3aIi IX
BUpIIIIEHHA 1 KBaAl(pikariii ormepaTopis.

BianmoBiaro A0 (Cucrema yrapasainas sxicrio, 2009) Aep:xaBHe IMAIIPHEMCTBO
«VKpalHCBKHIT AEP/KaBHUH LIEHTP PAAIOYACTOTY 3AIMCHIOE ITAAHOBHI IEPIOAMIHIIHI
(IMOMICAYHMI)  TEXHIYHUH  PaAlOKOHTPOAb  BumpomiHroBanb  PE3 23
PAAIOTEXHOAOTIH 3araABHOTO KOPUCTYBAHHA IPOTATOM Iy, Mpo = 21 poGoworo aAus
npu TpuBaAOCTI pobowoi 3minm T, = § TOAMH 3 HAAAHHAM IIOMICAYHOI Ta
y3araAbHEHOI IOKBAPTAABHOI eAeKTPOHHOI 3BiTHOCTL 32 3T, Mpo = 63 pobounx
AuA. Ilpu mpomy BUpPIIIVIOTBCA Takli 3aBAAHHA MOHITOPHHIY €ACKTPOMATHITHOL

OOCTaHOBKH 3 KIABKICHO BHPQKCHHMH PE3YABTATAMIE:

®  KOHTPOAB BIAIIOBIAHOCTI ITapaMeTpiB BHIIPOMIHIOBaHBb 3apeecTpoBaHux PE3

HOPMATUBHHUM AOKYMCHTAM;
®  KOHTPOAB 3aHHATOCTI CMYT PAaAIOYACTOT;
° BUABACHHSA HEAIIIEH30BAHUX TAa HE3AKOHHO BCTAHOBACHHX PaAlOIIEpeAaBAdIB;

®  BHABACHHSA AJKEPEA PAAIO3ABAA.

3 0araTpOX HPUYNH OO’€EKTHBHOIO 1 CYO €KTUBHOTO XapaKTepy (HECIPaBHOCTI
aIapaTypu KOHTPOAIO 1 TPAaHCIOPTHHX 3ac00iB MOOiAbHHX mpucrpois MEO,
HEAOCTATHA KBaAlIKaIliA OOCAYTOBYFOYOTO IEPCOHAAY 1 1H.) Aefki THIIN TPHCTPOIB
MEO ne MOKyTb OYTH BHKOPHCTaHI AAf BHKOHAHHS 3aBAAHb PaAIOMOHITOPHHIY
BECh IIAAHOBHH IIE€PiOA Ty, Mmpo- AAA BHABACHHA KOHKPETHUX IIPHYHH TAKOIO
XaPaKTEePy AOLIABHO BBECTH IIOKA3HUK 1 KpUTEPid e(EKTHBHOCTI BUKOPUCTAHHSA
IIPUCTPOIB MOHITOPUHIY €AEKTPOMATHITHOI OOCTAHOBKH.

B skocti Takoro IIOKa3sHHKAa IIPOIIOHYETHCA KOEMIIIEHT (ITOKA3HHK
epeKTHBHOCTI) BUKOPUCTAHHSA ICHYFOUOTO HepeAiky npucrpois MEO.

O1iHIOBAHHA ITOKAa3HUKIB €(DEKTHBHOCTI Ma€ BAKAUBE IIPAKTUYHE 3HAYCHHSL
3a porromororo rtokasuuka (Kaaroxmeni 1 1arm, 2015):

Tp

E =—
.MEO ,
A€ Tl , Tlp— PEAAPHA T2 IOTCHIIIHA IPOAYKTUBHI IIOTY/KHOCTI.

Ouianra edpextuBHICT poboTH KOKHOIO Iprctporo MEQO 3a mmaaHOBHIT 11EpIOA

MOKHAa:

Z J zj
_ 2z=1X Yj=1 Tanmeo

B
THJI.MEO
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A€ Zlex Z§=1 — IIOKAa3HUKH HPOAYKTHBHOCTI mpuctpois MEO B meBHOMY
IIPOCTOPOBO-YACTOTHO-9ACOBOMY KOHTHHYYMI y3araAbHEHI 32 3aBAAHHAMH 1 KAacam

PaAIOTEXHOAOTIH], THZJI].MEO — KIABKICTb POOOYMX 3MIH AAA BHUPIIIEHHA 32A24i
MOHITOPHHIY €ACKTPOMATHITHOI OOCTAHOBKI.

[ TpoAeMOHCTPYEMO IIPAKTHYHY CIIPAMOBAHICTD BUKAAACHOTO METOAIYHOTO IMAXOAY
AO OMIHKI e(DEKTUBHOCTI POOOTH 1 BUKOPHCTAHHSA ICHYIOYOIO HepeAiky mprcrpois MEO.

Buxoasa4n 3 supasy (Kaaroxkmeni 1 1, 2015):

AT = ATy] + AT,
HEOOXIAHO BH3HAYHTU 1 PO3PAXYBATH IIPOAYKTUBHI 1 HEIIPOAYKTUBHI BUTPATH 9aCy IIPU
BUKOHAHHI ITPOLIEAYPH MOHITOPHHIY E€AECKTPOMATHITHOI OOCTAHOBKH. BIAIIOBIAHO AO
(Cucrema yupasaiana sxictio, 2009) OyAO BH3HAYEHO, IO 3araAbHI HEIIPOAYKTHBHI

BUTPATH YaCy BKAFOUAIOTH B ceOe:

e  uyac AT}; TOCTAHOBKH 3aBAAHB OIIEPATOPAM Ha 3MIHY;

e uyac ATy Ha mposeaeHHs KOHTPOATO (pyHKITIONyBarHs iprucTpois MEO;
e uac AT}, PyX AO MiCITs ITPOBEACHHS MOHITOPHHTY;

e  wac AT, ma posroprauns / sropranus npucrpois MEO;

e  uac ATy, Ha KiHIIEBY OOPOOKY PE3yABTATIB PAAIOMOHITOPHHLY.

3 ypaxyBaHHAM TEXHOAOTII BukopuctaHHA npuctpois MEO HempoaAykTuBHI
BUTPATH YACy AAfl CTAIIIOHAPHUX, MOOIABHHX 1 IIOPTATUBHHUX 3aCTOCYBAHb OYAYTbH
BiapisHATHCA. HempoAykTuBHI BUTpaTH 9acy AAf crarmioHapHux npuctpois MEO
PO3PaXOBYIOTHCH fAK:

ATHZé]Hp.CTaL[ = ATHZSJ + ATKZ(; + ATKZOJ

HempoaykruBHI BUTpaTH 9acy AAL MOOIABHUX 1 TOpTaTHBHUX HpucTtpois MEO
BU3HAYAIOTHCA HACTYITHIMH YaCOBUMH IaPAMETPAMU:

AT, oo = ATws + ATg + AT + AT,y + AT

[Ipu nboMy HEOOXIAHO BPaXOBYBATH TaKOXK Te, IO HE BCi MOOIABHI IIPUCTPOL
ITOTPEOYIOTh B PO3TOPTaHHI alapaTypH Ha MICIIEBOCTI 1 MOXKYTbh 3AIMCHIOBATH

BUKOHAHHA HEOOXIAHUX (DYHKIIIOHAABHUX OIIEPAIINd B ABTOMATHYIHOMY PEKHUMI ITIA
i
gac pyxy. B mpomy Bumaaky gac ATp3] = 0.
/A0 IIPOAYKTUBHHUM BHTPAT 9aCy HA MOHITOPUHT €ACKTPOMATHITHOI OOCTAHOBKH

oaHoro PE3 cramionapaumu, MobiApHUME 1 mTopratuBHEME npuctposmu MEO

OyAH BiAHECEHL:

Zj1 .o . .
o yac ATMEO HAa BUKOHAHHSA OIEPAI II0 MOHITOPHUHIY CACKTPOMATHITHHUX

BUIIPOMIHIOBAHD;
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zj1 .
e  uac Aché Ha POPMYBAHHS EACKTPOHHOIO IIPOTOKOAY BHMIPIOBAHB;

Zj1 .
o wacAT" ma IIEPBUHHY OOPOOKY PE3YABTATIB.
BiAmOBIAHO 3araAbHI IPOAYKTHBHI BHTPATH YaCy AAfl BCIX THIIB IIPHUCTPOIB

MEQO AOpIBHIOIOTS:
AT" = ATylo + AT 0" + AT,

AAf IIPOBEACHHA BIAITOBIAHHX PO3PAXYHKIB OYAO IIPOBEACHO XPOHOMETPAK
IIPOAYKTUBHUX 1 HEIIPOAYKTHBHUX BHTPAT 49acy. PO3poOArOBaHMIT IPUCTPIiil HA OCHOBI
METOAY BHKAGACHOIO yMOBHO mnosHadnMo sk AADB-511 Ta mnopiBasiemo fioro
XPOHOMETPaK BUKOPHUCTAHHSA 3 HanrrorrmpeHirmmyu rmpuctposmu MEO 1mipu oAHakoBIi

IIPOAYKTHBHOCTI Ta BUPIIIICHH] 3aBAAHb MOHITOPHUHIY €ACKTPOMATHITHOI OOCTAHOBKIL.

. . zj1
3araapHi IpoAykTHBHI BHTpatH vacy AT 7" AAfl 3aIIPOIIOHOBAHOTO IIPHCTPOIO
3aMeHIIHUAUCh Ha 10 XB B ITOPIBHAHHI 3 CEPEAHIM YaCOM AAA MOOIABHHX IIPUCTPOIB

MEOQO, mo cranosuth 40 %; B ITOPIBHAHHI 3 CEPEAHIM YACOM AAfl CTAIIOHAPHUX

. i1
pucrpois MEO ATHij 3MEHIIHAOCH Ha 33 XB, IO cTaHOBUTH 08.75%. PesyapraTn

ITOPIBHAHHA 300paskeHi B Ta0Ammi 1.

Taobanm 1.
[TopiBHAHHA ITPOAYKTUBHUX 1 HEIIPOAYKTUBHHUX BHTPAT YaCy IIO BHpimreHHIO 3aBAaHB MEO 32
pobouy 3miHy
ITpoaykTuBHI 3aTpaTH HenpoaAykrusHi
Jacy 3a po6ouy 3MiHy 3aTpaTy Jacy 3a
AT x8 pobouy 3miny
mp zj
JLY
MobiabHnit:
PM-1300 XX, PM-1300-
2P3, PM-1300-P3/5, PM- 10 55
1300-P3/5M
CranioHapHwMit:
PM-172, PM-2500P, AIK- 33 5
C, AIK-CI16, UMS-100
BucuoBkn

B pesyaprati mpOBEAGHHUX HAYKOBHX AOCAIAKEHB 32  PO3STAAHYTHMH
IIPOOAEMAMH OTPHMAaHI TaKi HAWBAKAUBIII HAYKOBI PE3YABTATH:
1. OOrpyHTOBaHO HAyKOBI METOAM CHHTE3y OaraTOETAIIHOIO IIPOIIECY BHABACHHS

TEXHIYHHUX KAaHAAIB BUTOKY iHcpopMauﬁ', ITIO BKAFOYAE €TAITH: OTPUMAHHSA BIAOMITX»
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EMB (1), Busasaenns «aesisomux» EMB (1), iaerrrudpixariii ta oriHky HeOe3meKu
EMB i [TEMBH (III) ta 11o6yA0Ba HepUMETPY KOHTPOABOBAHOL 30HM, AOKAAI3ALLl
MICIISl PO3TAIIYBAHHA BHABACHOIO AKEPEAA EACKTPOMATHITHUX BHIIPOMIHIOBAHb 1
npotuall 3HiMaHHFO (BUTOKY) iH(opmarmii (IV). Pesyaptatm mnposeaeHHX
AOCAIAKEHB: «BIAOMD BUIIPpOMIHFOBAHHA (1), ITepeAik «HeBIAOMIX» BUITPOMIHIOBAHb
(II), mepeaixn 1aerTH(IKOBaHIX EMB, mapamerpis nmudpoBUX PaAlOCHTHAAIB 1
JaCTOT BUABACHHUX ITOTEHIIHHUX KaHaAB BUTOKY (III), koopAmmary posrarnysanas
AKEpeAa EACKTPOMATHITHHX BHIIPOMIHIOBAHb B BHAIAGHOMY IIPHMIITICHHI,
dopMyBaHHA IPUIIIABHIX ITIEPEITKOA Ha 9aCTOTaxX iAeHTH]IKOBaHUX Axkepea EMB
1 3HIDKEHHSA PIBHA IOOIMHHUX BHIIPOMIHIOBAHB IIEPEBIPEHUX TEXHIYHUX 3aCO0IB
().

2. Po3poOaeHO OpHUITHAABHHM ITAXIA, AATOPUTM (PYHKITIOHYBAHHS Ta METOAU CHHTE3Y
OAHOKAHAABHUX AIIAPATHO-IIPOIPAMHHUX 3aCOOIB ITOIIYKY T4 BUABACHHS TEXHIYHUX
KaHAAIB BUTOKY IH(DOPMALLi, 110 BUPIIIIYEOTH 3aBAAHHS BUABACHHA HECAHKIIIOHOBAHO
BCTAHOBACHOTO B OOMEKEHOMY IIPOCTOPl PaAloMIKpopoHA Ta 3a0E3IIEIyIOTh
ITABHUIIICHHSA ITIBUAKOALl BHABACHHS B YMOBAX PAAIOIIEPEIIKOA, B TOMY HHCAlL BIA
PAAIOMOBHIIX CTAHII, BUABACHHSA PAAIOIIEPEAABAYIB, BUKOPHCTOBYBAHIX OYAB-AKIX
BHAIB MOAYAAITHL.

3. PospaxoBaHO  3araAbHI  IIPOAYKTHBHI  BHTPATH  d9acy ATHij Laan

3arporioHoBaHoro mnpucrporo MEQO, mio smenmmance Ha 10 xB (40 %) B

ITOPIBHAHHI 3 CEPEAHIM FacoM AAA MOOIABHIX npucTpois MEO; B mopiBHAHHI

. . .. zj1
3 CEPEAHIM YaCOM AASA CTarioHApHHX npuctpois MEO ATHF{ 3MEHIITUAUCH HA

33 xB (68.75%).
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AKTyaAbHOCTPH IIPUMEHEHUA TEOPUH HEUETKAX MHOYKECTB IIPHU
pacuére CTpaTerm4ecKoy 0e€30IIaCHOCTH CAOYKHOM TEXHIYECKOM
CHCTEMBI

Amnromayusa:

AKTyaABHOCTB TEMBI CBA3aHA C IPOOAEMOIT 3AIHTH 1 O€30IIACHOCTH TEXHITIECKUX CUCTEM B 3TIOXY
rao0aAmsaruu 1 MH(POPMAITHOHHON BOMHBI, 4 TAKKE OIPEACACHHA CTPATEIMYECKOTO 3aIraca
CTAOHABHOCTH AAA IIPOU3BOACTBEHHBIX IINKAOB. OOBEKTOM HCCACAOBAHIA CTAAN MATEMATHIECKIIE
METOABI MOACAUPOBAHUSA IIPOU3BOACTBEHHBIX IIPOIIECCOB U OIPEACACHHE TOYKU CTAOMABHOCTH
IIPOU3BOACTBEHHOII cucTeMbl. LleAbro mccAeAOBaHUSA ABAAAOCH IIPUMEHEHIE AITIIAPATa HEIETKIX
MHOKECTB  AAf  OIIPEAGACHUA TOYKH CTAOHMABHOCTH IIPOM3BOACTBEHHON CHCTEMBL. AAf
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pCaAI/IBaL[I/II/I AAHHOTO HMCCACAOBaHMUA OBIATL TIPUMCHECHBI MCTOABI CTATHCTHYCCKOIO aHAAM3A,
prnHHpOBKa AAHHDBIX, paH)KI/IpOBaHI/IC BI)I60pKI/I, METOABI MCCACAOBAHHUA KOMIIOHCHT BpCMCHHOI‘O
pHAa. B XOA€ UCCACAOBAHUA OBIAM ICITO AB30OBAHEI Hay9IHBbIC MaTepI/IaAI)I BCAYIIHIX HCCACAOB&TCACﬂ
B 0DAACTH HEUETKUX MHOMKECTB ¥ MATEMATIYIECKIX MCTOAOB pacqéTaX Pa3SAHYIHBIX KOMIIOHCHTOB.
P€3YAI)T2.TBI HNCCACAOBAHUA IIPCAHASHAYAFOTCA AAS CIICTTHAAMICTOB K I/ICCACAOBQ.TCACfI B obAacTm
pa3pa60TKH U IIPUMCHCHHUA MATCMATHYCCKHUX MCTOAOB B MOACAHPOBAHHN 3SKOHOMHYCCKHX
ITOKA3ATECACH TEXHOAOTMYCCKIX IIPpOTIECCOB HA IIPCAIIPHUATHUAX.

Kamwuesvre cr06a: Teopus HEIETKHX MHOKECTB, CTPATETHYECKas OE30IIACHOCTDH, TEXHUYIECCKHUE
CHUCTEMBI, OOAACTD CTAOMABHOCTH.

Introduction

The fuzzy sets concept was introduced by Lotfi Askar Zadeh back in 1965 in
the article Fuzgy Sets in the journal Information and Control (Zadeh, 1965). He extended
the classical set concept and allowed that the characteristic function of a set, or the
membership function for a fuzzy set, can take any values in the interval specified. Set
theory is the basic branch of discrete mathematics. The understanding of its other
sections (graph theory, network theory, automata theory, etc.) is based on the set-
theoretic representation of the processes of modelling objects of the surrounding
wotld (Zadeh et al., 1975).

Fuzzy sets are based on solving the problem of processing and using fuzzy
knowledge in image recognition systems. Fuzzy logic is one of the core technologies
for developing efficient and efficient image recognition systems (Volokhin, 2020).

The relevance of the topic is related to the problem of protection and security
of technical systems in the era of globalization and information warfare, as well as
determining the strategic reserve of stability for production cycles. The variability of
the area of stable economic activity of the enterprise makes it possible to flexibly
plan all systems and modules. Therefore, it is necessary to develop mathematical
models and methods for determining the strategic stability reserve for any production
system.

The object of the research is the mathematical methods of modelling
production processes. The subject of the study is to determine the point of stability
of the production system.

The study purpose was to use the fuzzy set device to determine the point of
stability of the production system.

Based on the goal, the following tasks were set during the study:

e  develop a mathematical model for calculating the strategic stability reserve for

the production system;
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e develop a method for determining the strategic stability reserve for the
production system;

e test the mathematical model of calculation and the method of determining the
strategic stability reserve;

e  determine whether it is possible to calculate the point of economic stability in
parameters’ range specified.

To implement this study, mathematical and statistical analysis, data grouping,
sample ranking, and methods for studying time series components are used.

The research used scientific materials of L.A. Zadeh, G. Siegfried, R.E.
Bellman, E. Polak, and other leading researchers in the field of fuzzy sets and
mathematical methods for calculating various components.

The study results are targeted at specialists and researchers in the field of
development and application of mathematical methods in the modelling of economic

indicators of technological processes at enterprises.

Methods and Materials

One of the most important indicators of this process is the Break-even Point
Analysis (BEP Analysis). It allows determining the volume of production, sales, at
which all costs associated with the manufacturing, are compensated. This indicator
also forms the minimum required production capacity for successful operation.

By defining this point, we identify the volume, at which production breaks even
when it is in it. However, if there is a deviation during economic activity influencing
internal or external factors, the company ‘goes into negative territory’ and becomes
unprofitable.

If there is a break-even point, then the existence of a stability point and a
stability interval is logical. Having calculated it, the specialist receives a certain range
of acceptable indicators, which is a criterion for maintaining economic stability. It
helps to form the necessary counteraction and not reduce the efficiency of
production. As a result, it is obvious that the indicators of conducting financial and
economic (manufacturing) activities of the enterprise should be in the range of values
of this desired interval.

Turning to the basic concepts of fuzzy set theory and fuzzy logic, it should note
that the fuzzy system was the first proposed by the Polish mathematician
Lukasiewicz in 1920. In fuzzy systems, the concept of weighted membership is

introduced, i.e. an element can be more owned or less owned. In the 1960s, Lotfi
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Askar Zadeh, an American scientist of Azerbaijani origin, continued this work at the
University of Berkeley.

Developing the Theory of Fuzzy Sets, Lotfi Askar Zadeh took steps to combine
the accuracy of classical mathematics and the inaccuracy of the real world. The
scientist believed that an excessive desire for accuracy began to have an effect that
negates control theory and systems theory, leading to the fact that research in this
tield focuses exclusively on those problems that can be accurately solved. Many
classes of significant problems in which the data, goals, and constraints are too
complex or pootly defined to allow for accurate mathematical analysis have been left
out for the sole reason that they are not amenable to mathematical interpretation.

Lotfi Askar Zadeh believed that the more complex a system is, the less the
researcher can make accurate and at the same time practical judgments about its
behaviour. In systems whose falsity exceeds the established threshold, accuracy and
meaning become opposing parameters.

During the study, the advantages of fuzzy systems were identified:

e  operating with qualitative and quantitative data;

e  stability under the action of various perturbations on the system;
e  building models of approximate human reasoning;

e  operating under uncertainty;

e  use of expert knowledge.

The advantages of fuzzy systems listed above were compared with the
disadvantages of the system:

e no improvement in the accuracy of calculations compared to the probabilistic
approach;

e  impossibility of mathematical analysis by existing methods;

e the lack of a standard methodology for designing fuzzy systems.

In the Theory of Fugzgy Sets, the main approaches are probabilistic and fuzzy.
Thus, fuzzy sets are a collection of elements, concerning which it is impossible to say
with complete certainty whether they belong to a given set or not.

If it should write this expression mathematically, it is got:

A tuzzy set C is a collection of ordered pairs composed of elements x of the
universal set X and the corresponding degrees of membership p¢ (X), which is a
membership function that shows to what extent the element x belongs to the fuzzy
set C.

C = {0, pc (0))|x € X}
There:
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the set of values of an x is tuple,
x is an element of the universe,

X is the universe itself.

Solving a practical problem

The results of the theoretical part of the research were verified based on a
virtual production enterprise operating at the level of standard capacities and under
conditions of certain dynamic stability. In the practical part of the study, an event
was modelled that leads the enterprise out of the state of system stability.

It was proposed to introduce the concept of a stability domain with a set of
stability points. It is obvious to assume that by representing the stability point as the
value of the break-even point ((*) BEP) to which a 100% margin of reliability is
added, it is expected to get a necessary and appropriate result. The best example to
illustrate the correctness of this decision is the human body. For example, to open a
door, one hand is needed, but to do this reliably, even under the influence of certain
factors, the second hand provides absolute stability to this process.

The above can be represented as a formula:

(-)STABILITY = (-)BEP + 100%

In this version, a question appears. Given that the problem is solved with
respect to strategic enterprises and industries, which, due to their complexity, high
cost and uniqueness, exist in the singular, then 100% in absolute value can represent
hundreds of millions or billions of units of monetary equivalent. There is a strategic
need to optimize or minimize the ‘insurance’ resources.

In this case, it is proposed to apply the apparatus of fuzzy sets to the problem
being solved:

The values were phasified (\)STABILITY:

0% — instability

yl — 25% — uncertain stability

y2 — 50% — satisfactory stability

y3 — 75% — stable stability

y4 — 100% — full stability

It is reasonable to assume that the phasification of the above values can remain
constant, but change if necessary, to use the ‘working terminology’.

Next, the factors or influences affecting the system were phasified:

x1 — loss of customers

x2 — loss of quality
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x3 — reduced customer demand

x4 — competitive activity

In this case, the above factors can be formed exclusively by expert means and
will relate to a specific object of the application.

Thus, universum 1 is the factors or influences that affect the system:

X = {x1,x2, x3, x4}
Universum 2 has values of (-)STABILITY :
Y ={yl,y2,y3, y4}

The mutual influence of universes can be expressed in tabular form, by expert
evaluation of the interdependence values. These values can be either constant or refer
to any set of values. Moreover, the values of the universum 2 can change over time,
i.e., they can be dynamic characteristics that can be tracked using, e.g., a simulation

model. The record will be made using the table 1.

Table 1. Indexing universum 1 factors.

yl. o ]y2 y3 y4
x1 1 0,8 0,5 0,1
x2 0,8 0,7 0,5 0,3
x3 0,7 0,5 0,2 0,1
x4 0,5 0,4 0,3 0,2

The mathematical model of the function will have the form of a matrix:

1 08 05 01

0,8 0,7 015 0’3
Mf (monenb GyHKIUSA) = 07 05 02 01

05 04 03 0,2

or a linear record:
F={(<X1,Y1>,1),(<X1,Y2>,0,8),(<X1,Y3>,0,5),(<X1,Y4>,0,1),
(<X2,Y1>,0,8),(<X2,Y2>,0,7),(<X2,Y3>,0,5),(<X2,Y4>,0,3),
(<X3,Y1>,0,7),(<X3,Y2>,0,5),(<X3,Y3>,0,2),(<X3,Y4>,0,1),
(<X4,Y1>,0,5),(<X4,Y2>,0,4),(<X4,Y3>,0,3),(<X4,Y4>,0,2) }
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Fuzzy relationships should also be displayed as a graph:

X1 Y1
X2 Y2
X3 Zf ; ; E g Y3
X4 Y4

Figure 3. The graph of fuzzy relationships

Results

This article presents the study results of the possibility of using the fuzzy sets
apparatus for solving such problems. It should consider that in the real production
and industrial sector, it is necessary to conduct research using observations of
dynamic characteristics. It is reasonable to assume that the practical implementation
will require the creation of serious software support for the calculation, calculation
and processing of the studied characteristics. In this study, using the minimax
composition apparatus, the final solution of this function was made for one series of

mutually influencing universes:

1 0,8 0,5 01 | Smin01
08 07 0,5 03 | -min03
Mf = 07 05 0,2 0,1 S mino, Maxmin 0,3
05 04 03 02 | - mino02
l l l l

max 0,8 max0,8 max0,8 max0,8
minmax 0,3

The values of minmax 0.3 and maxmin 0.3 are the same. Therefore, they are

optimal.
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Thus, the 30% value (*)STABILITY: is optimal under the given conditions.

Discussion of Results

The calculations carried out in the framework of the study gave a positive result.
By representing the stability point as the break-even point ((*)BEP) value, to which
a 100% margin of reliability is added, a result that uniquely satisfies all the system’s
security indicators was expected. However, the Theory of Fuzzy Sets application
showed that in the situation modelled during the study, a 30-per cent margin is
adequate in terms of reliability and optimality. The savings of 70% of the resources
from the ‘insurance’ reserve become obvious. Calculations showed that the saved

resources are enough to ensure two more similar projects.

Conclusion

The apparatus of fuzzy sets used in this work turned out to be practically
applicable and convenient for use. The empirical data obtained carry a huge practical
potential for applicability. A significant feature of the proposed method is the
possibility of saving more than half of the ‘insurance’ resources. In the meantime,
the security provided by a complex technical system is close to 1 or, in more
understandable terms, the system is resistant to the expected possible threats.

Thus, as one of the study results, a conclusion was formed about the need to
apply the theory of fuzzy sets to a wide range of practically solvable problems.
Various expert values of universes were used in the calculations. Of course, they have
a margin of error. But even in this vein, there is an undeniable interest in the
subsequent study of this issue. The author sees the main directions of further study
of the development of methods for ensuring the security of a complex technical
system in focusing on the development of methods using a computer, possibly with

a dynamic component.
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