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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 pearl 

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 pearl 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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Региональные особенности оформления традиционных 

женских головных уборов Русского Севера (Карелии) в 

технике золотошвейного и жемчужного шитья 
 

Аннотация:  

Статья посвящена оригинальным видам традиционного прикладного искусства – 

золотошвейному и жемчужному шитью, в его глубоких традициях и широкому 
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распространению этого искусства на Русском Севере. Рассматривается история развития 

жемчужного промысла в Карелии, приводятся данные по применению золотошвейного и 

жемчужного шитья в изделиях, уникальных женских головных уборах и украшениях. Автор 

анализирует материалы, различные приёмы, орнамент и цветовые решения вышивки 

Карелии. По своим художественным достоинствам вышивка Севера России является 

ярчайшей страницей в мировой истории искусств. Творческий подход к изучению 

народных ценностей, культуры дает возможность переосмыслить и соединить народное 

творчество с современными направлениями в моделировании и художественной отделке 

одежды, способствует становлению личности дизайнера. Материалы статьи предназначены 

для исследователей и учёных в области сохранения культурного наследия. 

 

Ключевые слова: 

Головные уборы, жемчуг, традиционное прикладное искусство, технологические приемы, 

цветовая гамма, национальные особенности, народные традиции, орнамент, моделирование 

одежды, дизайн. 

 

 

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 

World 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 

following tasks are faced by bachelor artists while training: 

• 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); 

• further improvement of products of applied and folk art, taking into account 

the traditions and knowledge of various techniques of embroidery of 

headdresses; 

• 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.E. Grabar, D.S. Likhachev, M.V. 

Lomonosov, A.V. Bakushinsky, I.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 girl’s costume differed from the suit of women of other age groups by the 

headdress. The girls 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: 

‘golovodets’, ‘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 

fabric, 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 pearl embroidery, which 

came from Pomeranian nuns (in some Karelian territories) (Nosan, 2006). 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 pearl ‘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 

fertility, 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, 2006). 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, pearls, 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 pearls, 

beads, mother-of-pearl dies and gold braid. From the lower edge to the forehead 

descended several flounces – ‘lattices’, ‘one under the other’, made of small river 

pearls 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 pearl 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, pearls, 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 pearl 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, pearls, and gold embroidery. The nature of the 

jewellery depended on the material wealth of the girl (Nosan, 2006). 

On ordinary days, the girl 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 

festive 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 girl’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 

fibres of different colours (as opposed to the pattern formed by dyeing the finished 

fabric), 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 pearls, which descended on the forehead 

or rose above it, forming two or three arcs. Podniz, the grid consists of several pearl 

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 

fabric, 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 girl’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, pearls, 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 girl’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 pearls 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 

fabrics, 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, 2006). 

‘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, pearls, 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 pearls (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. Girls’ 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, 2006). 

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 

festivals 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, pearls 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 pearls, 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 pearls. 

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 pearl fishery began to disappear in 

Karelia, so taxes were imposed on its production. After that, pearl shells began to be 

selectively caught with the help of a birch-bark telescope. This led to a reduction in 

pearl production. While on the raft, the pearl 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 Pearl Industry of Russia: “... Russian pearls 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. Pearls 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 pearls 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 pearl 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 girl 

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 girls’ headdresses, bangs, headbands, kokoshniks, ‘korunas’. It was 

believed that the more rows of pearls 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 pearls, 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 pearls. The woman’s 

head is covered with a cocoanut covered with pearls. 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 pearls was laid out on the cords sewn in two rows. 

Each pearl 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 pearl ‘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 pearls in different proportions. 

Thus, the products of the Olonets craftsmen enjoyed great fame, they were able 

to cut pearls with a specific skill, make necklaces, podnizs, earrings, pendants and 

wedding maiden headdresses (zemchugats) on which pearls 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 berry’, ‘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 pearls, 

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: 

• 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; 

• 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, i.e., 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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filaments 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. 36). 

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, 

i.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 girls’ 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 storehouse 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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Figure 1. Kargopol kokoshnik. The second 
half of the 19th century. Olonets province, 
Kargopol uyezd. Glass beads, beads, river 

pearls, mother-of-pearl dies, gold-plated spun 
silver, beat, gold cord, calico, gold 

embroidery ‘in-attachment’, sewing with 
beads and pearls. 

Figure 2. Kargopol kokoshnik. The second half 
of the 18th century. Olonets province, 

Kargopol uyezd. Glass beads, beads, river 
pearls, mother-of-pearl dies, gold-plated spun 
silver, beat, gold cord, calico, gold embroidery 
‘in-attachment’, sewing with beads and pearls. 

https://www.perunica.ru/tradicii/10210-zhemchug-starinnoe-ukrashenie-severnoj-rusi.html
https://www.perunica.ru/tradicii/10210-zhemchug-starinnoe-ukrashenie-severnoj-rusi.html
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Figure 3. Kargopol kokoshnik. The second half 
of the 19th century. Olonets province, 

Kargopol uyezd. Glass beads, beads, river 
pearls, mother-of-pearl dies, gold-plated spun 
silver, beat, gold cord, calico, gold embroidery 
‘in-attachment’, sewing with beads and pearls. 

Figure 4. Ancient women’s headdress 
kokoshnik. Kargopol uyezd, Olonets 
province. Early 19th century. Gold 

braid, river pearls, beads, mother-of-
pearl 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 8. Women’s headdress-
kokoshnik on a solid base with a hem 

made of chopped mother-of-pearl. 
19th century. Olonets province. 

Cardboard, shtof, canvas (lining), 
metal lace, mother of pearl, pearls, 
sewing, knitting, metal thread, glass 

in cufflinks and sockets 

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, pearls, gilded foil is pierced with 
rounded prongs of river pearls. Lived in the 

villages along the Mezen River 

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

cardboard, chintz, glass beads, beads, 
mother-of-pearl dies 
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Figure 11. Bandaging. Late 19th and 
early 20th century. Olonets province, 
Kargopol uyezd, Usachevsky volost. 
Braid, river pearls, beads, mother-of-

pearl dies, calico, cardboard; Gold 
embroidery, embroidery with pearls 

and beads 

Figure 12. Bandaging, Late 19th century, 
Olonets province, Kargopol uyezd. Under the 

bottom, the grid consists of several pearl 
collections. Sewing with pearls, beads, gold 
embroidery on a high card ‘in-attachement’ 

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. 
Olonets province, Pudozhsky district, 19th 

century. Gold thread, beads, glass beads, colored 
glass, mother-of-pearl cardboard; mesh podniz. 

Casting pearls on horsehair, ribbon 

Figure 16. ‘Crown’ is a girl’s festive 
headdress. Olonets province, Pudozhsky 

district, 19th century. Gold thread, 
beads, glass beads, colored glass, mother-

of-pearl, cardboard; mesh-under the 
bottom. Knitting pearls on horsehair, 

ribbon, ‘butterfly’ earrings 

Figure 17. ‘Butterfly’ earrings, 19th century. Olonets 
province, Pudozh district. Beads, chopped mother of 

pearl, metal, casting river pearls on horsehair 

Figure 18. ‘Pochelok’ (Podchelok) – 
also called the ‘crown’ with five 

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. ‘Circle’ 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 

Figure 22. Golden handkerchief of the 19th 
century. Olonets province, Kargopol uyezd, 

Lodygino volost. Mitkal, gold threads, 
paper. Gold embroidery ‘in-attachment’, 

vestibule seams 

Figure 23. Handkerchief golden end of the 
19th century. Olonets province, Kargopol 

uyezd. Cotton canvas, gold-plated spun 
silver and gold, paper. Gold embroidery ‘in-

attachment’, vestibule seams 
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Figure 24. Povoynik The beginning of the 20th 
century. Arkhangelsk province, Mezensky uyezd. 

Yurom parish, the village of Malaya Nisogora. 
Tinsel brocade, kumach, calico 

Figure 25. Povoynik. The second 
half of the 19th century. 

Arkhangelsk province, Kem uyezd, 
Vygostrov village. Velvet, spun 

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

Figure 26. ‘Magpie’. 19th century. 
Olonets province, Kargopol uyezd. Silk 
fabric, pestryad, linen cloth, spun silver, 

gold cord, thread, foil, pearls, beads, glass 
beads, gold embroidery ‘in-attachment’, 

embroidery with beads 

Figure 27. ‘Magpie’. 19th century. Olonets 
province, Kargopol uyezd. Calico, shtof, 

Chinese, braid, gold-plated spun silver, gold 
cord, glass beads, metal tinsels; hand sewing, 
gold embroidery ‘in-attachment’, sewing with 

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 

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. 
Arkhangelsk province, Kholmogor uyezd, 

Bystrokursk volst, Pogost village. 
Dvoelikaya taffeta, mitkal, paper 

Figure 31. ‘Casting’ seam 

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

Figure 35. Seam ‘Rows’ Figure 36. Seam ‘Fence’ 
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Figure 37. Seam ‘Money’ Figure 38. Seam ‘Berry’ 

Figure 39. Seam ‘Adjustable cell’ Figure 40. Seam ‘Stalk with a 
Berry’ 

Figure 41. Seam ‘Klopets’ Figure42. Seam ‘Feathers’ 
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Figure 43. ‘Double Complex Seam’ Figure 44. Womanish seam 

Figure 45. ‘Goose’ seam Figure 46. Wavy seam of 
Aksamite Sewing 

Figure 47. ‘Basket’ seam Figure 48. Seam by ‘cord, (string)’ or 
‘smooth roller’ 
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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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Методи оцінювання та прогнозування рівнів 
електромагнітних випромінювань в урбанізованих 

середовищах 
 
Анотація: 
Дана стаття присвячена рішенню актуальної науково-прикладної задачі, яка полягає в 
розробці методу визначення рівнів основних та побічних електромагнітних випромінювань 
в урбанізованих середовищах за рахунок удосконалення моделей їх розповсюдження. 
Обґрунтовано необхідність в підвищені ефективності використання пристроїв моніторингу 
електромагнітної обстановки на основі аналізу особливостей розповсюдження 
електромагнітних випромінювань в урбанізованому середовищі та недоліків існуючого 
математичного апарату для їх опису. Представлено модель оцінки енергетичних 
характеристик сигналів в точці спостереження на основі експериментальних досліджень 
затухання електромагнітних випромінювань в залежності від частоти, характеру перешкоди 
та відстані в реальних умовах експлуатації та отримано відповідні графічні й математичні 
залежності, що лягли в основу методу удосконалення моделей розповсюдження 
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електромагнітних випромінювань. Обґрунтовано наукові методи синтезу деталізованої 
структурної схеми процесів виявлення та локалізації неконтрольованих та неліцензованих 
пристроїв передавання інформації по радіоканалах, що включають розробку програмного 
забезпечення для визначення зони електромагнітної доступності всередині приміщення. 
Розроблено оригінальний підхід, алгоритм функціонування та методи синтезу засобів 
пошуку в умовах радіоперешкод та виявлення джерел електромагнітних випромінювань. 
 
Ключові слова: 
побічні електромагнітні випромінювання, зона електромагнітної доступності, 
розповсюдження радіохвиль, модель Хата, модель COST 231 MWM, моніторинг 
електромагнітної обстановки, коефіцієнт затухання. 

 

 

Вступ 

Комплекси радіомоніторингу електромагнітної обстановки широко 

використовуються як інструмент для вирішення проблем у різних сферах – від 

управління використанням радіочастотних ресурсів до визначення областей 

енергетичного покриття при оцінці якості радіозв’язку. На додаток до 

конкретних завдань радіомоніторингу використання вищезазначених методів 

знаходить свої застосування для потреб електрозв’язку. Це, в свою чергу, 

призводить до необхідності розрахунків зони «покриття», або зони ЕМД, та 

інтеграцію радіочастотних систем, найбільш доцільних з точки зору вимог 

ефективності використання радіотехнічних пристроїв моніторингу 

електромагнітної обстановки. 

Прикладна частина, яка використовується для вирішення даного завдання, 

включає перевірку аналітичних підходів та розробку методів забезпечення 

моніторингу електромагнітних випромінювань, оцінку операційної 

ефективності для забезпечення електромагнітної доступності з урахуванням 

впливу урбанізованого середовища на характер розповсюдження 

електромагнітних випромінювань. 

Проблема підвищення ефективності використання пристроїв моніторингу 

електромагнітних випромінювань стала актуальною внаслідок збільшення 

кількості міжнародних контактів та лібералізації ринку засобів радіозв’язку, а також 

загроз з боку зловмисників, які збирають інформацію про промислові та 

економічні таємниці державних та комерційних установ. Поява на новому рівні 

проблеми захисту інформації та розрахунку периметрів контрольованих зон 

наочно продемонстрували певне наукове і особливо технічне відставання 

вітчизняних засобів радіомоніторингу, здатних адекватно протистояти даними 

загрозам при проведенні контролю рівнів електромагнітних випромінювань, 

виявленні і локалізації потенційно небезпечних джерел радіовипромінювання, 
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виявленні електромагнітних випромінювань і наведень, здатних призвести до 

витоку конфіденційної інформації. 

Метою даного оригінального дослідження є підвищення ефективності 

використання приладів радіомоніторингу в умовах складного характеру 

розповсюдження радіохвиль всередині приміщень. Відповідно до цього було 

запропоновано метод розрахунків рівнів основних та побічних 

електромагнітних випромінювань для потреб радіомоніторингу, що здатен 

враховувати втрати потужності радіосигналу на подолання різних типів 

перешкод всередині приміщень (Бахтіяров, Д.І., 2019). Вперше розроблено 

метод оцінювання рівнів електромагнітних випромінювань радіотехнічними 

засобами моніторингу електромагнітної обстановки, що полягає в синтезі 

чотирьохетапного процесу виявлення їх джерел в урбанізованому середовищі 

в умовах складної структури електромагнітного поля, що дозволяє зменшити 

тривалість пошукового процесу та підвищити достовірність одержаної 

інформації. Також удосконалено принципи оптимального проектування 

радіотехнічних вузлів та пристроїв моніторингу електромагнітної обстановки 

через врахування детермінованих та випадкових відхилень параметрів 

електромагнітного поля всередині приміщень, що дозволило підвищити 

інтегральну чутливість засобів моніторингу електромагнітної обстановки та 

точність прогнозування електромагнітного поля з урахуванням особливостей 

джерел випромінювань. 

Всі представлені в даній роботі аналітичні результати отримані з 

використанням наступних математичних апаратів: методи теорії 

розповсюдження електромагнітних випромінювань – для аналізу затухання 

електромагнітного поля в залежності від частоти та відстані в реальних умовах 

експлуатації; методи математичного моделювання – для перевірки адекватності 

розроблених моделей та алгоритмів; методи обробки експериментальних 

даних – для уточнення моделі розповсюдження радіохвиль. 

В переліку літературних джерел представлені проміжні етапи ходу 

дослідження авторами даної статті: «Особливості вибору моделі 

розповсюдження електромагнітних випромінювань всередині приміщення» 

(Бахтіяров, Д.І., 2019), «Методика модернізації моделі розповсюдження 

радіохвиль в середині приміщення для побудови контрольованої зони 

корпоративної мережі» (Бахтіяров, Д.І. i Козлюк І.О., 2019), “Evaluation of 

energy availability of means to communicate with UAVs in conditions of 

radioelectronic countermeasures by the enemy” (Bakhtiiarov, D., 2016), «Оцінка 

можливості перехоплення семантичної інформації за рахунок побічних 
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електромагнітних випромінювань у відеосистемі персонального комп’ютера» 

(Бахтіяров, Д.І., 2020), «Порівняльний аналіз перетворення Фур’є, косинусного 

перетворення та Вейвлет-перетворення як спектрального аналізу цифрових 

мовних сигналів» (Конахович, Г.Ф. i інші, 2015), “A Digital Speech Signal 

Compression Algorithm Based on Wavelet Transform” (Konakhovych, et al., 2016). 

 

Процес виявлення джерел електромагнітних випромінювань в умовах 

складної електромагнітної обстановки 

Одним з напрямків моніторингу електромагнітної обстановки є пошук і 

виявлення спеціально організованих і потенційних радіоканалів витоку 

інформації. Виявлення технічних каналів витоку – складний багатоетапний 

процес, який в спрощеному вигляді може бути представлений у вигляді 

сукупності ряду етапів, представлених на iл. 1. 

 

 

Від повноти вирішення завдань пошуковим обладнанням залежить 

тривалість процесу пошуку і достовірність одержуваної інформації. Повнота і 

швидкість їх проведення, ефективність пошукової системи, достовірність 

одержаної інформації та вірогідність прийняття рішення залежать від 

структури пошукової системи і характеристик використовуваних в ній засобів. 

І Етап передбачає аналіз поточного завантаження діапазону і 

накопичення даних про частоти, рівні і характер електромагнітних 

випромінювань в робочому діапазоні частот з прив’язкою даних до місця 

прийому. Під «відомими» випромінюваннями розуміється сукупність 

накопичених за певний інтервал часу даних про завантаження діапазону, 

Ілюстрація 1. Основні етапи процесу виявлення технічних каналів витоку інформації. 
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отриманих за результатами проведення поточного контролю. При цьому 

передбачається, що небезпечні сигнали відсутні, що досягається, наприклад, 

поступовим накопиченням «відомих» випромінювань з ретельною перевіркою 

кожного з випромінювань. 

ІІ Етап. До переліку «невідомих» включаються дані про випромінювання, 

сукупності параметрів яких задовольняють заданим критеріям пошуку. 

Використання «опорної» антени передбачає наявність у складі пошукової 

системи антенного комутатора, що забезпечує почергове підключення однієї з 

прийомних (в виділеному приміщенні) антен та «опорної» антени, що 

знаходиться поза контрольованою зоною приміщення, але забезпечує 

надійний прийом всіх зовнішніх сигналів. 

ІІІ Етап передбачає проведення тестування, що дає певний ефект як при 

виявленні радіомікрофонів без закриття (випромінювання в виділеному 

приміщенні спеціально синтезованих акустичних сигналів), так і при 

проведенні спецдосліджень на ПЕМВН шляхом відповідної модуляції 

інформативних параметрів випромінювань (Бахтіяров i Д.І., Козлюк І.О., 2019; 

Bakhtiiarov, D., 2016). 

Для виконання IV Етапу необхідно здійснити порівняння максимальних (з 

виходів антен в контрольованій зоні) компонент спектра з рівнями відповідних 

компонент попередньо накопичених у виділеному приміщенні «відомих» 

електромагнітних випромінювань (при явній відсутності випромінювань ЗП) і 

граничним рівнем для відповідної частоти, а потім за результатами порівняння 

приймається рішення про наявність (відсутність) «невідомих» випромінювань в 

контрольованій зоні (Бахтіяров, Д.І., 2020). Координати при моніторингу 

електромагнітної обстановки обрані з сукупності спектральних відліків XR (J, n) 

усереднених по R реалізацій енергетичного спектра. 

𝑋𝑅(𝑗, 𝑛) =
1

𝑅
× ∑ |𝑐(𝑟)(𝑛)|

2𝑅
𝑟=1  , 

де j - номер антени, підключеної до входу апаратури моніторингу. 

Середня потужність випадкового процесу Um(t), представленого в частотній 

області сукупністю значень XR(j,n) номерами від nmin до nmax, пропорційна сумі 

цих відліків: 

𝑃̂𝑗,𝑚 = 10𝑙𝑔(∑ 𝑋𝑅(𝑗, 𝑛)
𝑛𝑚𝑎𝑥
𝑛=𝑛𝑚𝑖𝑛

) + 𝜇, дБ , 

− де 𝜇 - поправочний коефіцієнт, який визначається калібруванням антени і 

апаратури використовуваного каналу моніторингу електромагнітної обстановки 

(МЕО). 
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Запропонована структура пошукової системи, яка реалізує даний 

алгоритм і забезпечує при цьому підвищену інтегральну чутливість і 

максимальну швидкодію, містить: комплект широкодіапазонних антен, одна з 

яких («опорна») винесена за межі виділеного приміщення; керований антенний 

комутатор; керований по частоті приймальний тракт з шириною смуги 

пропускання по ПЧ; пристрій аналого-цифрової обробки на основі швидкого 

перетворення Фур’є; керуючий пристрій із змінною структурою, яка 

визначається запропонованим програмним забезпеченням. 

Підвищення ефективності використання апаратури МЕО при даному 

способі забезпечується: використанням панорамного аналізу на основі ШПФ 

(Конахович, Г.Ф. i інші, 2015; Konakhovych, G.F., et al., 2016); скороченням 

обсягу оброблюваних даних при використанні бази «відомих» 

електромагнітних випромінювань або сигналів з виходу «опорної» антени. 

В основу даного способу покладено відоме положення електродинаміки про 

різний характер зміни напруженості електромагнітного поля в ближній і 

дальній зонах. Компоненти вектора напруженості електричного поля, 

випромінюваного електричним диполем р, в сферичних координатах 

визначаються виразами: 

{
 
 

 
 𝐸𝑟 =

1

2𝜋𝜀
(
1

𝑟3
−

𝑖𝑘

𝑟2
) cos 𝜃|𝑝|𝑒𝑥𝑝[−𝑖𝜔𝑡] ,

𝐸𝜃 =
1

4𝜋𝜀
(
1

𝑟3
−

𝑖𝑘

𝑟2
−
𝑘2

𝑟
) sin 𝜃|𝑝⃗|𝑒𝑥𝑝[−𝑖𝜔𝑡],

𝐸𝜑 = 0.

 , 

де r, 𝜃 та  𝜑 – сферичні координати, 𝐸𝑟, 𝐸𝜃, 𝐸𝜑- компоненти напруженості 

електричного поля в сферичних координатах, 𝜀, 𝜇 – електрична і магнітна 

проникності вільного середовища, ꞷ - кругова частота випромінювання. 

Дипольний момент пов’язаний з випромінюваної потужністю W 

співвідношенням: 

𝑊 =
𝜔4

12𝜋
𝜇√𝜀𝜇|𝑝|

2 , 

Модуль напруженості електричного поля визначається виразом: 

|𝐸⃗⃗| = √
12𝜋𝑊

𝜇√𝜀𝜇𝜔4
√ 1

(2𝜋𝜀)2
(
1

𝑟6
+
𝑘2

𝑟4
) 𝑐𝑜𝑠2𝜃 +

1

(4𝜋𝜀)2
((

1

𝑟3
+
𝑘2

𝑟
)
2

+
𝑘2

𝑟4
) 𝑠𝑖𝑛2𝜃, 

Максимум модуля напруженості електричного поля по всіх можливих 

напрямах 𝜃, при заданому r визначається виразом: 

𝐸𝑚𝑎𝑥(𝑟) = √
12𝜋𝑊

𝜇√𝜀𝜇𝜔4
√𝑚𝑎𝑥 {

1

(2𝜋𝜀)2
(
1

𝑟6
+
𝑘2

𝑟4
) ,

1

(4𝜋𝜀)2
((

1

𝑟3
+
𝑘2

𝑟
)
2

+
𝑘2

𝑟4
) } , 
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На iл. 2 представлені залежності максимального значення модуля 

напруженості електричного поля Emax, що породжується порівняно 

малопотужними (100 мкВт і 1 мВт) джерелами ЕМВ з частотами 30 і 300 МГц 

в виділеному приміщенні на відстанях R від 1 до 10 м. На тих же рисунках 

приведені залежності потужних (100 Вт) джерел електромагнітних 

випромінювань, наприклад, радіомовних станцій, віддалених від виділеного 

приміщення на 3 км. 

Аналіз характеру зміни кривих показує, що в ближній (1...8 м) зоні рівень 

випромінювання від малопотужних джерел, як і слід було очікувати, перевищує 

рівень потужних, але віддалених джерел. Для реалізації можливості виявлення 

малопотужних радіомікрофонів в умовах складної завадової електромагнітної 

обстановки і підвищення ефективності пошукової системи в виділеному 

приміщенні розміщуються декілька (2...4) антен з квазіізотропними діаграмами 

спрямованості. Вони встановлюються з таким розрахунком, що при будь-якому 

розміщенні радіомікрофона його відстань до антени складе 1...5 метрів, що 

відповідає «ближній» зоні прийому. 

 

(а)                                                                                                (б) 

 

Такий метод дає можливість виділити антену, сигнал з виходу якої має 

найбільший рівень. Цим досягаються такі можливості: відселектувати 

випромінювання ЗП на фоні випромінювань штатних радіозасобів; 

Ілюстрація. 2. Залежність Еmax від відстані до джерела випромінювання на частоті: 
(а) 30 МГц при значеннях потужності 1 мВт (Еmax_1), 100 мкВт (Еmax_2), 100 Вт 
(Еmax_3); 
(б) 300 МГц при значеннях потужності 1 мВт (Еmax_1), 100 мкВт (Еmax_2), 100 Вт 
(Еmax_3). 
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компенсувати нерівномірності діаграми спрямованості квазіізотропних антен в 

різних просторових секторах. 

Можливість підключення до одного з входів комутатора зовнішньої 

(«опорної») антени істотно збільшує ймовірність розрізнення зовнішніх і 

внутрішніх джерел випромінювань в складній електромагнітній обстановці, 

підвищує швидкодію пошуку нових сигналів. 

 

Методика виявлення джерел «невідомих» електромагнітних випромінювань 

в зоні електромагнітної доступності з урахуванням детермінованих та 

випадкових відхилень параметрів електромагнітного поля 

Дана методика складається з наступних кроків: 

1. Радіоприймальний пристрій налаштовується на ділянку частот, що 

дорівнює смузі ∆𝐹(𝑞) з номером q робочого діапазону RD, q = 1, 2, ... Q, 

Q = 
𝑅𝐷

∆𝐹
 

2. Антенний комутатор підключає до входу пристрою МЕО «опорну» 

антену з номером j (j=1) 

3. За відліком спостережуваного енергетичного спектра вхідного 

випадкового процесу на основі: σ̂уточ.
2 =

N

Nр−Nс
× ∑ xnn∉θс , розраховується 

оцінка інтенсивності шуму. 

4. Проводиться виявлення вузькосмугових сигналів в смузі частот ∆𝐹(𝑞) і 

запам'ятовування всіх компонент, що перевищили порогове значення. 

5. Антенний комутатор підключає до входу пристрою МЕО антену з 

номером  𝑗 = 2,… , 𝐽 після чого виконуються дії відповідно до кроків 3, 4. 

6. Для кожного з виявлених сигналів 𝑢𝑚(𝑗, 𝑡), 𝑗 = 2, … , 𝐽 визначаються 

номер j і середня потужність, для якого 𝑃̂𝑗,𝑚 максимальна, а також 𝑃̂1,𝑚 для 

опорної антени (j = 1). 

7. Для кожного з виявлених сигналів розраховується оцінка відмінності 

спостережуваної інтенсивності ∆𝑃спост за правилом: ∆𝑃спост =

10 lg (
𝑃̂𝑗,𝑚

𝑃̂1,𝑚
) + (𝜇𝑐 − 𝜇𝑜), де j = 2, .., J з перерахунком поправочних 

коефіцієнтів 𝜇𝑐 та 𝜇𝑜 відповідно до параметрів антен в КЗ («сигнальних») 

і «опорної». 

8. Визначається клас джерела електромагнітних випромінювань 𝜍𝑚 

відповідно до правила: 
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 𝜍𝑚 =  {

𝜌кз, якщо ∆𝑃спост > ∆𝑃пор 2
не визначено, якщо ∆𝑃пор 1  <  ∆𝑃спост  <

𝜌зовн, якщо ∆𝑃спост  ≤  ∆𝑃пор 1

 ∆𝑃пор 2, де 𝜌кз - об'єднує 

джерела, що належать КЗ, а 𝜌зовн – віддалені джерела випромінювань. 

9. Далі процедура повторюється для всіх ділянок робочого діапазону, тобто 

дії по пунктам 1-9 для q = 2 і т.д. 

Використовувані пороги ∆𝑃пор 1 и ∆𝑃пор 2 можуть в кожному конкретному 

випадку коригуватися з урахуванням властивостей області контролю і 

розміщення приймальних антен. Крім того, дані пороги можуть бути різними 

для різних ділянок спектра відповідно до реальних параметрів електромагнітної 

обстановки. На основі викладеного можна зробити висновок, що виявлені 

структурні закономірності розподілу електромагнітного поля всередині 

приміщень можуть бути реалізовані для підвищення ефективності 

використання радіотехнічних пристроїв та засобів телекомунікацій для 

моніторингу електромагнітної обстановки, пошуку пристроїв негласного 

знімання конфіденційної інформації та технічних каналів витоку за рахунок 

побічних електромагнітних випромінювань офісної техніки. 

 

Оцінка ефективності використання радіотехнічних пристроїв 

моніторингу електромагнітної обстановки 

Під ефективністю роботи пристроїв МЕО будемо розуміти відношення 

кількісно виражених результатів, отриманих за допомогою даного пристрою за 

заданий період часу, до потенційних або максимально можливих за той же період. 

Ефективність використання пристроїв МЕО в значній мірі залежить від 

його функціональних і технічних можливостей, що визначають їх 

продуктивність та виробничу потужність при вирішенні основних завдань 

радіомоніторингу (Калюжный i інші, 2013; Система управління якістю, 2009). 

Відповідно до детермінованого просторово-частотно-часового підходу до 

оцінювання ефективності функціонування пристроїв МЕО (Калюжный i інші, 

2015; Калюжный i інші, 2013) їх продуктивність в загальному вигляді 

визначається виразом (Калюжный i інші, 2015): 

Π = Δ𝑆 × ΔF(
ΔT

𝑇
), 

де Δ𝑆, ΔF и ΔT – площа зони ЕМД, частотний діапазон і час контролю; T – 

період часу (година, зміна, доба).  

Тоді виробничу потужність пристроїв МЕО можна оцінити як 

(Калюжный та інші, 2015): 
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𝜋 = Π × 𝑇пл.МЕО, 

де 𝑇пл.МЕО – плановий час радіоконтролю (місяць, квартал, рік). 

Технологія використання пристроїв МЕО залежить від контрольованої 

радіотехнології, характеру вирішуваних завдань, рівня автоматизації їх 

вирішення і кваліфікації операторів. 

Відповідно до (Система управління якістю, 2009) Державне підприємство 

«Український державний центр радіочастот» здійснює плановий періодичний 

(щомісячний) технічний радіоконтроль випромінювань РЕЗ 23 

радіотехнологій загального користування протягом 𝑇пл.МЕО = 21 робочого дня 

при тривалості робочої зміни Tзм = 8 годин з наданням щомісячної та 

узагальненої щоквартальної електронної звітності за 3𝑇пл.МЕО = 63 робочих 

дня. При цьому вирішуються такі завдання моніторингу електромагнітної 

обстановки з кількісно вираженими результатами: 

• контроль відповідності параметрів випромінювань зареєстрованих РЕЗ 

нормативним документам; 

• контроль зайнятості смуг радіочастот; 

• виявлення неліцензованих та незаконно встановлених радіопередавачів; 

• виявлення джерел радіозавад. 

З багатьох причин об’єктивного і суб’єктивного характеру (несправності 

апаратури контролю і транспортних засобів мобільних пристроїв МЕО, 

недостатня кваліфікація обслуговуючого персоналу і ін.) Деякі типи пристроїв 

МЕО не можуть бути використані для виконання завдань радіомоніторингу 

весь плановий період 𝑇пл.МЕО. Для виявлення конкретних причин такого 

характеру доцільно ввести показник і критерій ефективності використання 

пристроїв моніторингу електромагнітної обстановки. 

В якості такого показника пропонується коефіцієнт (показник 

ефективності) використання існуючого переліку пристроїв МЕО. 

Оцінювання показників ефективності має важливе практичне значення. 

За допомогою показника (Калюжный i інші, 2015): 

𝐸пл.МЕО =
𝜋р

𝜋п
  

де 𝜋р , 𝜋п– реальна та потенційна продуктивні потужності. 

Оцінити ефективність роботи кожного пристрою МЕО за плановий період 

можна: 

𝐸в =
∑ × ∑ 𝑇пл.МЕО

𝑧𝑗𝐽
𝑗=1

𝑍
𝑧=1

𝑇пл.МЕО
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де ∑ × ∑ −
𝐽
𝑗=1

𝑍
𝑧=1  показники продуктивності пристроїв МЕО в певному 

просторово-частотно-часовому континуумі узагальнені за завданнями і класам 

радіотехнологій, 𝑇пл.МЕО
𝑧𝑗

 – кількість робочих змін для вирішення задачі 

моніторингу електромагнітної обстановки. 

Продемонструємо практичну спрямованість викладеного методичного підходу 

до оцінки ефективності роботи і використання існуючого переліку пристроїв МЕО. 

Виходячи з виразу (Калюжный i інші, 2015): 

Δ𝑇𝑧𝑗 = Δ𝑇пр
𝑧𝑗
+ Δ𝑇непр

𝑧𝑗
 

необхідно визначити і розрахувати продуктивні і непродуктивні витрати часу при 

виконанні процедури моніторингу електромагнітної обстановки. Відповідно до 

(Система управління якістю, 2009) було визначено, що загальні непродуктивні 

витрати часу включають в себе: 

• час Δ𝑇пз постановки завдань операторам на зміну; 

• час Δ𝑇кф на проведення контролю функціонування пристроїв МЕО; 

• час Δ𝑇рм рух до місця проведення моніторингу; 

• час Δ𝑇рз на розгортання / згортання пристроїв МЕО; 

• час Δ𝑇ко на кінцеву обробку результатів радіомоніторингу. 

З урахуванням технології використання пристроїв МЕО непродуктивні 

витрати часу для стаціонарних, мобільних і портативних застосувань будуть 

відрізнятися. Непродуктивні витрати часу для стаціонарних пристроїв МЕО 

розраховуються як: 

Δ𝑇непр.стац
𝑧𝑗

= Δ𝑇пз
𝑧𝑗
+ Δ𝑇кф

𝑧𝑗
+ Δ𝑇ко

𝑧𝑗
 

Непродуктивні витрати часу для мобільних і портативних пристроїв МЕО 

визначаються наступними часовими параметрами: 

Δ𝑇непр.моб
𝑧𝑗

= Δ𝑇пз
𝑧𝑗
+ Δ𝑇кф

𝑧𝑗
+ Δ𝑇ко

𝑧𝑗
+ Δ𝑇рм

𝑧𝑗
+ Δ𝑇рз

𝑧𝑗
 

При цьому необхідно враховувати також те, що не всі мобільні пристрої 

потребують в розгортанні апаратури на місцевості і можуть здійснювати 

виконання необхідних функціональних операцій в автоматичному режимі під 

час руху. В цьому випадку час Δ𝑇рз
𝑧𝑗
= 0. 

До продуктивним витрат часу на моніторинг електромагнітної обстановки 

одного РЕЗ стаціонарними, мобільними і портативними пристроями МЕО 

були віднесені: 

• час Δ𝑇МЕО
𝑧𝑗1

 на виконання операцій по моніторингу електромагнітних 

випромінювань; 
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• час Δ𝑇фп
𝑧𝑗1

 на формування електронного протоколу вимірювань; 

• час Δ𝑇по
𝑧𝑗1

 на первинну обробку результатів. 

Відповідно загальні продуктивні витрати часу для всіх типів пристроїв 

МЕО дорівнюють: 

Δ𝑇пр
𝑧𝑗1

= Δ𝑇МЕО
𝑧𝑗1

+ Δ𝑇фп
𝑧𝑗1

+ Δ𝑇по
𝑧𝑗1

 

Для проведення відповідних розрахунків було проведено хронометраж 

продуктивних і непродуктивних витрат часу. Розроблюваний пристрій на основі 

методу викладеного умовно позначимо як АДБ-511 та порівняємо його 

хронометраж використання з найпоширенішими пристроями МЕО при однаковій 

продуктивності та вирішенні завдань моніторингу електромагнітної обстановки. 

Загальні продуктивні витрати часу Δ𝑇пр
𝑧𝑗1

для запропонованого пристрою 

зменшились на 10 хв в порівнянні з середнім часом для мобільних пристроїв 

МЕО, що становить 40 %; в порівнянні з середнім часом для стаціонарних 

пристроїв МЕО Δ𝑇пр
𝑧𝑗1

 зменшилось на 33 хв, що становить 68.75%. Результати 

порівняння зображені в таблиці 1. 

 

Таблиця 1. 

Порівняння продуктивних і непродуктивних витрат часу по вирішенню завдань МЕО за 

робочу зміну 

 

 Продуктивні затрати 
часу за робочу зміну 

𝚫𝑻пр
𝒛𝒋𝟏

, хв 

Непродуктивні 
затрати часу за 

робочу зміну 

𝚫𝑻непр
𝒛𝒋

, хв 

Мобільний: 
РМ-1300 ХХ, РМ-1300-
2Р3, РМ-1300-Р3/5, РМ-
1300-Р3/5М 

 
 

10 

 
 

55 

Стаціонарний: 
РМ-172, РМ-2500Р, АІК-
С, АІК-СП6, UMS-100 

 
33 

 
5 

 

Висновки 

В результаті проведених наукових досліджень за розглянутими 

проблемами отримані такі найважливіші наукові результати: 

1. Обґрунтовано наукові методи синтезу багатоетапного процесу виявлення 

технічних каналів витоку інформації, що включає етапи: отримання «відомих» 
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ЕМВ (I), виявлення «невідомих» ЕМВ (II), ідентифікації та оцінки небезпеки 

ЕМВ і ПЕМВН (III) та побудова периметру контрольованої зони, локалізації 

місця розташування виявленого джерела електромагнітних випромінювань і 

протидії зніманню (витоку) інформації (IV). Результати проведених 

досліджень: «відомі» випромінювання (I), перелік «невідомих» випромінювань 

(II), переліки ідентифікованих ЕМВ, параметрів цифрових радіосигналів і 

частот виявлених потенційних каналів витоку (III), координати розташування 

джерела електромагнітних випромінювань в виділеному приміщенні, 

формування прицільних перешкод на частотах ідентифікованих джерел ЕМВ 

і зниження рівня побічних випромінювань перевірених технічних засобів 

(IV). 

2. Розроблено оригінальний підхід, алгоритм функціонування та методи синтезу 

одноканальних апаратно-програмних засобів пошуку та виявлення технічних 

каналів витоку інформації, що вирішують завдання виявлення несанкціоновано 

встановленого в обмеженому просторі радіомікрофона та забезпечують 

підвищення швидкодії виявлення в умовах радіоперешкод, в тому числі від 

радіомовних станцій, виявлення радіопередавачів, використовуваних будь-яких 

видів модуляції. 

3. Розраховано загальні продуктивні витрати часу Δ𝑇пр
𝑧𝑗1

для 

запропонованого пристрою МЕО, що зменшились на 10 хв (40 %) в 

порівнянні з середнім часом для мобільних пристроїв МЕО; в порівнянні 

з середнім часом для стаціонарних пристроїв МЕО Δ𝑇пр
𝑧𝑗1

 зменшились на 

33 хв (68.75%). 
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Abstract: 

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 study object was mathematical methods of modelling 

production processes and determining the point of the production system stability. The study 

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

To implement this study, methods of statistical analysis, data grouping, sample ranking, and 

methods for studying time series components were used. During the study, the scientific materials 
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of technological processes at enterprises. 
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Актуальность применения теории нечётких множеств при 

расчёте стратегической безопасности сложной технической 

системы 
 

Аннотация: 

Актуальность темы связана с проблемой защиты и безопасности технических систем в эпоху 

глобализации и информационной войны, а также определения стратегического запаса 

стабильности для производственных циклов. Объектом исследования стали математические 

методы моделирования производственных процессов и определение точки стабильности 

производственной системы. Целью исследования являлось применение аппарата нечётких 

множеств для определения точки стабильности производственной системы. Для 
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реализации данного исследования были применены методы статистического анализа, 

группировка данных, ранжирование выборки, методы исследования компонент временного 

ряда. В ходе исследования были использованы научные материалы ведущих исследователей 

в области нечётких множеств и математических методов расчётах различных компонентов. 

Результаты исследования предназначаются для специалистов и исследователей в области 

разработки и применения математических методов в моделировании экономических 

показателей технологических процессов на предприятиях. 

 

Ключевые слова: теория нечётких множеств, стратегическая безопасность, технические 

системы, область стабильности. 

 

 

Introduction 

The fuzzy sets concept was introduced by Lotfi Askar Zadeh back in 1965 in 

the article Fuzzy 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 

world (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: 

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

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

production system; 

• test the mathematical model of calculation and the method of determining the 

strategic stability reserve; 

• 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 

field 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 poorly 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: 

• operating with qualitative and quantitative data; 

• stability under the action of various perturbations on the system; 

• building models of approximate human reasoning; 

• operating under uncertainty; 

• use of expert knowledge. 

The advantages of fuzzy systems listed above were compared with the 

disadvantages of the system: 

• no improvement in the accuracy of calculations compared to the probabilistic 

approach; 

• impossibility of mathematical analysis by existing methods; 

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

In the Theory of Fuzzy 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 fuzzy set C is a collection of ordered pairs composed of elements x of the 

universal set X and the corresponding degrees of membership 𝜇𝐶 (𝑋), which is a 

membership function that shows to what extent the element x belongs to the fuzzy 

set C. 

𝐶 = {(𝑥, 𝜇𝐶 (𝑥))|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 

y1 – 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 = {𝑦1, 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. 

 y1 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: 

 

𝑀𝑓(модель функция) = |

1 0,8 0,5 0,1
0,8 0,7 0,5 0,3
0,7 0,5 0,2 0,1
0,5 0,4 0,3 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: 

 

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: 

 

 
 
 

𝑀𝑓 = 
 

 1 0,8 0,5 0,1  → min 0,1  
 
 

𝑚𝑎𝑥𝑚𝑖𝑛 0,3 

 0,8 0,7 0,5 0,3  → min 0,3 

 0,7 0,5 0,2 0,1  → min 0,1 

 0,5 0,4 0,3 0,2  → min 0,2 

↓ ↓ ↓ ↓   

max 0,8 max 0,8 max 0,8 max 0,8   

𝑚𝑖𝑛𝑚𝑎𝑥 0,3   

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

optimal. 

Figure 3. The graph of fuzzy relationships 
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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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