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Abstract:

The textile industry is one of the largest consumers of water, which is especially present in
dyehouses where synthetic chemicals and dyes are used. Natural dyes are generally environ-
mentally friendly and have certain advantages over synthetic dyes in terms of production and
application. In recent years, there has been interest in the application of these dyes due to their
biodegradability and high compatibility with the environment. The paper discusses the review
of the work of researchers in 2024. in the field of applying dyes from natural sources that can
be used to dye textile material. From an ecological point of view, replacing chemical dyes
with “natural products” for dyeing textiles can be convenient and can represent a strategy to
reduce risks and pollutants. Also, it is an opportunity for new markets and new businesses that
can be developed by including ecology in the market policy.

Keywords: natural dyes, textile, dyeing, ecology.
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Introduction

Textile dyeing with dyes from natural sources dates

back to the past with variable success. Until the end
of the nineteenth century, natural dyes were avail-
able to textile makers as the main means of dyeing.
The development of synthetic dyes, at the beginning
of the twentieth century, led to a more complete lev-
el of quality and more reproducible dyeing proce-
dures [1].
In recent years, there has been an increasing interest
in natural dyes - traditional dyeing techniques are
reviving, and natural dyes are increasingly used for
handicrafts. According to experts, there is a great
potential of using natural dyes, so that in some areas,
synthetic dyes could be easily replaced by natural
dyes [2,3].

Today, there is a noticeable renewed interest in
the use of natural dyes in textile dyeing processes of
different origins. It seems to be related to the easier
availability of dyeing raw materials and the require-
ments related to the protection of the environment
and the human body. Objects dyed with dyes of nat-
ural origin are labeled “ecological dyes” [3].

Natural Dyes

Natural dyes are organic compounds found in the
cells of plants, animals and microorganisms. These
compounds are usually isolated by extraction, and
the choice of solvent depends on their chemical
properties. The most commonly used solvents are:
water, ethanol, methanol, ether, etc. When dyeing
textile material, dye molecules create complexes of
the desired tone with metal ions with which the fiber
has been pre-mordanted.

Depending on the metal salts used, a wide range of
tones is obtained. The following metal salts are most
often used as wetting agents: potassium aluminum
(IIT) sulfate or the so-called alum, copper (II) sul-
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fate, potassium bichromate, iron (II) sulfate, tin (II)
chloride and others [4, 5].

Natural dyes are classified according to chemical
constitution, origin, tone or areas of application. The
classification according to the origin or according to
the areas of application is not unique, and the most
accurate classification is according to the chemical
constitution [4].

Dyeing Of Textiles With Natural Dyes?

Although natural dyes cannot be an alternative to
synthetic ones, today in recent scientific literature
there are more and more works on their application,
which is closely related to environmental problems.
Accordingly, synthetic dyes with better dyeing prop-
erties, better substantivity, and dyeing procedures
that require less energy and water consumption were
also developed.

Today, there is a conflict between the interests of
ecologists and manufacturers of synthetic dyes. The
opinion of ecologists is to reject all “chemical” and
“synthetic” products and replace them with “bio”,
“eco” and “natural” products. On the other hand,
producers of synthetic dyes say that natural dyes
cannot be an alternative due to the lack of natural
resources, the depletion of nature, the impossibility
of dyeing synthetic fibers, ecologically questionable
and demanding dyeing procedures, the impossibili-
ty of textile dyeing in industrial processes, weaker
color fastness, higher dyeing costs and production
etc. [5].

The reality seems to be somewhere between [5, 6]:

* The future of the chemical industry will be based
on ‘“soft chemistry” - the processing of chemical
substances that are not foreign to nature.

* Frequent energy crises based on the shortage of
oil and its derivatives - the basis of chemical pro-
duction.

* Better biological degradability and generally bet-
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ter tolerability of natural dyes in relation to the en-
vironment.

* Natural dyes show less toxicity and allergenicity
than synthetic ones.

* The harmony achieved by dyeing textile products
with natural dyes is also used for therapeutic pur-
poses.

Newer Research On Natural Dyes And Dyeing
Possibilities.

In the last decade, various research groups have
been conducting research on the possible use of nat-
ural dyes in textile dyeing processes. It is very im-
portant to find reliable sources of natural dyes.

Research by Prant et al. [7], analyzes the latest
developments in natural environmentally friendly
dyes and biomordants for textile dyeing, highlight-
ing how they can reduce the sector’s environmen-
tal impact. Through the analysis of several natural
sources, extraction processes and application meth-
odologies, this study clarifies the efficacy, longevity
and color fastness of environmentally friendly dyes
and biomordantes.

Figure 1 presents the application of natural dyes
for ecological dyeing. Natural dyes offer transparen-

Textile coloration ’

UV protective fabric

Anti-bacterial fabric

Moth and insect repellent fabric

Figure 1. Application of natural dyes in environ-
mentally friendly dyes [7]

TEXTILE AND GARMENT MAGAZINE

cy, provide sustainable benefits and a sophisticated
look.
Natural dyes used to dye textiles come from a vari-
ety of sources, including minerals, plants, animals,
and even microbes. Different sources of natural dyes
are presented in Figure 2.

Figure 3 presents the mechanism of dyeing natural
dyes with biomordants.

Natural dyes

Plants Microbes

Animals

g

Fungi and Lichens

Minerals

Figure 2. Main sources of natural dyes for
textile dyeing [7]

The study by Do et al. [8] provides an analysis of
alizarin, a natural dye, in terms of its historical as-
pects and its potential for functional applications in
textiles. The functional properties of natural alizarin
were analyzed, including its antimicrobial activity,
antioxidant activity, insect repellency and protection
against ultraviolet radiation.

A diagram of conventional and advanced extraction
methods to obtain alizarin from its botanical sources
is shown in Figure 4.

A1



Figure 3. Mechanism of dyeing natural dyes with biomordants [7]

Figure 4. Diagram of conventional and advanced alizarin extraction methods [8]

The effect of varying the concentration of alizarin anti-fungal property of alizarin is attributed to the
on its antibacterial activity against E. coli and St. presence of —OH group which indicates the potential
aureus is shown in Figure 5A,B. Alizarin inhibited of alizarin as a natural anti-fungal agent.

the growth of Candida albicans (Figure 5C). The
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A) Escherichia coli

Before

| Alizarin

After

®) —
Before
After

Figure 5. Antibacterial activity of alizarin against A, Escherichia coli and B, Staphilococcus aureus, C,
Effect of alizarin on the growth of Candida albicans [8]

The aim of the research by Akram et al. [9] is to
discover the process of dye extraction using the ul-
trasonic method and environmentally friendly dye-
ing of organic cotton knitted fabric. Post-wetting
was done using natural lemon juice to improve color

fastness.
Figure 6 shows three different shades of dyed cotton,
b, ¢ and d. Under a is raw cotton.

Figure 7 shows the dye extraction and dyeing pro-
cess.

Figure 6. Shades of the OCS dyed samples [9]

The study by Taherirad et al. [10] focuses on the
sustainable use of quinoa plant components, espe-
cially its leaves, as a waste agricultural material
for natural dyeing applications. Two different qui-
noa genotypes, Titicaca and Giza, were selected for

TEXTILE AND GARMENT MAGAZINE

their natural coloring properties, Fig. 8. Wool sam-
ples dyed with different plant parts such as flowers,
leaves and stems showed a distinct yellow tint, with
the leaves showing the highest intensity of staining.
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Fresch Syzyguim Cumini leaf Dried leal Leal powder
]i * ‘ ‘.‘I * B
[ ‘.'-ﬂ‘ --.I' y
Filtration Color extraction by Sonification Mixed powder with water
4
& - ) -
Pure dye liquor Sample dyeing using Sonification Dyed Sample

Figure 7. Dye extraction steps and dyeing of OCS using Syzygium cumini leaf [9]

Figure 8. Plant images of Titicaca (left) and Giza (right) quinoa genotypes,
performing their flowers, leaves and stalks used as natural dyes for wool dyeing [10]

Figure 9 shows the antibacterial activity of dif- showed antibacterial activity against S. aureus, but
ferent parts of the quinoa plant extract against E. did not show any zone of inhibition against E. coli.
coli and S. aureus. The results confirmed that wool
samples dyed with the leaves of Giza Quinoa variety
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P Giza-1-Fe NN Giza-L-Cr

()Illl Fe

(]

Giza-L-5n
Giza-1 ~
Giza-L-Al (l!ll-(l::

} Raw wool samle

Figure 9. Antibacterial activity of wool dyed with leaves of Giza Quinoa variety using various metal
mordants against E. coli (left) and S. aureus (right), highlighting its potential for textile applications [10]

Yameen et al.’s [11] research aims to optimize yarn during dyeing process with annatto seed pow-
the silk and wool dyeing process using natural dyes der extract under selected conditions. A schematic
from Bika orellana (annatto). This research aims to representation of the dyeing and bio-mording pro-
optimize the silk and wool dyeing process using nat- cess using microwave processing is shown in Figure
ural dyes from Bika orellana (annatto). 10.

New shades were achieved on silk fabric and woolen

Dyed wool yarn

Microwave treatment

h

Dyed silk fabric

Red sumac Weld Pomegranate

Figure 10. Schematic representation of natural dyeing of silk fabric and woolen yarn with the help
of microwave oven using bio-mordant [11]
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The color and shade coordinates of the dyed silk fabric using the selected high yield wetted material are
shown in Table 1.

Table 1. Selected dyed silk fabric darkening quality parameters with annatto seed powder extract before and
after chemical and bio mordanting [11]

Conc. (g/

Mordant 100 mL) KIS L* a* b* c* h Dyed silk fabric

Fe 2% pre 53125 5673 3499 56.53 66.48 5825 -

Fe 2.5% post 27.1642 5275 39.78 54.69 67.63 53.97 -

Al 1.5% pre 25.8546 5388 36.77 5756 683 5744 -

Al 25% post  17.4695 63.36 4287 6081 7441 5482 -

A 1.5% pre 30.4102 5545 36.69 6324 73.11 5989 -

A 1% post  31.1503 5471 3757 61.76 7229 5869 -

Red sumac 2%pre 164063 585 36.13 60.03 70.06 5896 -

Red sumac 2% post  40.1178 5217 4757 54.56 7239 4892 -

P°::eglmnm 1.5%pre 16.3784 54.16 3623 51.35 6285 548 -

P°F':‘ei%”““e 25%post 17.4779 5957 3337 6496 73.03 6282 -

Weldflower | o pre 12,1658 647 3116 6864 7538 6559 -

Weldflower 5 gor post  21.6494 6631 3359 7831 8521 6679 -

The research of Batool et al. [12] is aimed at inves- and properly dried before being crushed into pow-

tigating the possibility of using sugar beet leaves as der.
a natural dye source for dyeing cotton fabrics. The dye filtrates obtained by the extraction process
Sugar beet leaves were collected from vegetable were used for dyeing cotton fabric (Figure 11).

fields and the freshly obtained leaves were cleaned

Sugar beet plant and powder

' Dyeing

Cotton fabric Dyed cotton fabric
Extracted dyes

Figure 11. Demonstration of dyeing process on cotton fabric using natural dye obtained
from sugar beet leaves [12]
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The use of bio-mordants showed a more sustainable approach in achieving a darker shade, as shown in Table
2.

Table 2. Color and shade characteristics of ribbed cotton fabrics dyed with sugar beet leaf dye extract [12]

Mordanted sample L* a* b* Color shade
Chemical pre-mordanted 1% TA 50.83 1532 2294
Chemical pre-mordanted 4% FeSO, 66.12 876 3022
Chemical pre-mordanted 4% K2Cr207 83.47 —1.10 1317
Chemical pre-mordanted 6% CuSO4 80.01 —-8.19 99|
Chemical post-mordanted 6% FeSOy4 62.78 821 27.11
Chemical post-mordanted 6% TA 57.66 11.65 18.14
Chemical post-mordanted 6% K2Cr207 85.44 —0.05 7.6|
Chemical post-mordanted 4% CuSO4 75.60 —12.20 7.72
Bio—pre-mordanted 8% pomegranate 70.32 —-1.46 3927
Bio—pre-mordanted 6% onion 68.33 5.89 1967
Bio—pre-mordanted 6% henna 75.08 094 1836
Bio—pre-mordanted 6% turmeric 68.24 533 2349
Bio—pre-mordanted 6% golden shower bark 70.89 941 2321
Bio—post-mordanted 6% onion 65.06 9.21  19.14
Bio—post-mordanted 6% henna 61.71 357 2278
Bio—post-mordanted 4% turmeric 65.74 1142 2866
Bio—post-mordanted 4% pomegranate 66.64 -580 1799
Bio—post-mordanted 6% golden shower bark  63.92 996 25.17

The research [13] deals with the optimization of the
woolen fabric finishing process using certain plant
extracts in order to obtain textiles with improved
performance. It strives for multifunctionality, i.e.
achieve multiple effects on the textile material with
one functional treatment. Aqueous and ethanolic ex-
tracts of the flowers of the medicinal plants Mari-
gold, St. John’s wort and Roselle were used in these
processes of refining woolen textile materials, when,
in addition to coloring, antimicrobial and UV pro-
tection is achieved.

Procedures with best results:

* The best results of dyeing wool fabric with ex-

TEXTILE AND GARMENT MAGAZINE

tracts of calendula, St. John’s wort and hibiscus
were achieved by processing in one bath, at a con-
centration of plant extract 100%, regardless of the
extraction solvent (aqueous or alcoholic), bath ratio

1:30, at a pH of 3.5 (wine acid), processing time 60
min and temperature 60 °C.

* The mordant samples were checked, preference
was given to potassium-sodium-tartrate and alum
(3%), because they are the least ecologically unde-
sirable compounds, with solid achieved effects.

* Part of the research was done with the use of ul-
trasonic waves, i.e. with the help of an ultrasonic
device ELAC Nautik GmbH, bath ratio 1:200, pH
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3,50 °C, for 60 min. The following parameters of
the ultrasound machine were used: power 50 W, fre-
quency 2.1 MHz, reflected power 7.

Table 3 shows the appearance of dyed samples of
wool fabric, dyed with varying origin of extract,

method of extraction, type of mordant. Depending
on these factors, different shades of color appear
from gray to purple. The shade of the dyed samples
is mostly influenced by the type of mordant.

Table 3. Appearance of dyed fabric samples after dyeing with plant extracts

Content of the recipe

Content of the recipe

unprocessed

H:0, calendula, aluminum
potassium sulfate

unprocessed

ethanol, calendula, aluminum
potassium sulfate

H,0, calendula, potassium
sodium tartrate

ethanol, calendula, potassium
sodium tartrate

H:0, St. John's wort,
aluminum potassium sulfate

H-0, St. John's wort,
potassium sodium tartrate

ethanol, St. John's wort,
aluminum potassium sulfate

ethanol, St. John's wort,
potassium sodium tartrate

H:20, Roselle,
aluminum potassium sulfate

ethanol, Roselle, aluminum
potassium sulfate

H:20, Roselle,
potassium sodium tartrate

ethanol, Roselle, potassium
sodium tartrate

Conclusion

Dyes that come from natural sources and can be
used in textile dyeing will represent an important
factor in the future, as a competitor to convention-
al dyeing procedures with synthetic dyes. The rea-
sons are very significant, and they primarily concern
ecology and health.

Namely, textiles, as an object with a greater or
lesser degree of “closeness to the skin”, can be risky

48

(allergies), while on the other hand, the classic dye-
ing of textiles with synthetic dyes is characterized
by high environmental pollution and a high health
risk for people who handle harmful substances.

In order to reduce the high pollution that charac-
terizes modern textile dyeing processes, the partial
replacement of synthetic dyes with natural dyes in
textile production can represent a risk and pollutant
reduction strategy.
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N3CJIIEABAHE TIPOMSAHATA HA JEBEJIMHATA
HA JABA CJ10OA ITAMYYHA THbKAH, BbB BPB3KA C
HATHUCKA BbBPXY TAX

Pas CrosinoBa
I03Y ,,H. Puicku“ — baaroesrpana
Texunueckn pakyarer Karegpa ,,MamimHHO HHKEHEPCTBO*
Email: rajkach@swu.bg

Pesrome:

Hacmoswomo uscneosane e npoowvasxcenue Ha npedXoOHU HAYYHU NYOIUKAYUU HA a8mopa, papabomenu
KAKmo camocmosimenuo, maxka u 6 ekun. Llenma na uzcieoearemo e 0a ce ycmauogu uoa Ha epaguunama
3A8UCUMOC — NPOMAHA HA O0ebeluHama Ha 08a Cl0si Om eOHd NAMYYHA MBKAH N0 HANpasieHue OCHOB8A-
OCHOBA OM KbM UYesama cmpana 6v6 epwv3ka ¢ Hamucxka — npu 200 g, 300 g u 400 g. Omodenno om moaa,
ce yenu ¢ ghynkyuama Trend line upesz epagpuuno npocnosupane ¢ Ekcen, 0a ce ycmanosu meHOeHyusma Ha
epaguunama 3a8UCUMOCH - NPOMAHA HA 0ebeluHama Ha 068a Clos MbKAH NO HANpasleHue 0CHOBA-0OCHOB8A U
JUYyesa cmpama u npu CMoUHOCMU HA HAMUCK, KOUMO He ca NOA36aHU npu ekxcnepumenma — no-maiuko om 200
g u nogeye om 400 g.

Hsmepsanusma ca ussvpuienu c oueumanen unouxamop Textil-Dikenmesser J-40-T. Omuemena e
Oebenunama Ha eOuH CIOU MbKaH U OeberuHama Ha 08a Cl10Si MbKAH 8 HANpAsieHue OCHO8A Om luyesd
CMpPAana Ha eOUHUs C10U OM MbKAHMA NO OCHO8A TUYE6A CMPAHA 3a Opy2usl cloll Ha mvkanma. Koumaxmuama
naow Ha NpumMuUcKawjusi OUCK Ha oueumanuus oederomep e 20 cm2, macama Ha OUSUMANHUS YACOBHUK C
npumuckawus ouck e 0,200 kg. Uzmepsanus ca uzevpuwienu npu Hopmanen namuck om 200 g (cobcmeena
maca Ha npumuckawus ouck), 300 g (+100 g) u 400 g (+200 g). C nocmassane Ha 0ONbAHUMENHU MEAHCECMU
no 100 g ce npomens Hamucka.

Excnepumenmannomo uscneosane e uzgvpuiero ¢ namyurnu morkaru 100 % namyk, Ha ¢ paznuuna cnaumia,
niaowHa maca u op. paziuxu. Tvkanume ca npouzgedenu 6 3a600 ,, Cmpymamexc *“ — bnaeoesepao, bvneapus.
Bcneocmeue na excnepumenma ce ycmanoessa:

Ilpu ananuz na epaghuunume 3asucumocmu ce ycmanossasa, ye N02ApUMMUYHA DYHKYUs — OIU3KA 00
JIUHeUHama, udeaiHo OnuUced 3a8UCUMOCMMA - NPOMAHA HA 0ebeluHama Ha 08a C10s MbKAH NO HANpasienue
OCHOBA-OCHO8A OM KbM UYEBAMA CIMPAHA, 8b8 8PB3KA C HAMUCKA.

I'pagpuunama 3asucumocm Ha dederunama Ha 08a ClOs MBKAH NO HANPAGILEHUEe OCHOBA-OCHO8A OMKbM
auyesama cmpana 3a NAMYYHU MHKAHU € J02apUmMMU4HAd, Kamo C Hapacmeane HAa HAMUCKd, HAMAlAaed
Odebenunama Ha 08ama Clos. MbKAH.

Yemanoesesa ce, ue npu mamucxk om okono 25 g 0o 50 g, epagpuxama e cmpvmMHa, KAmMo HA4aAiI0mMo Ha
CMPBOMHUSL YUACMBK CbOMBEMCMBA HA 0eDelUund, PABHABAUA ce HA alleeOpudHa cyma om Oebenunama Ha
08a cnos mvKaH, usmeperu noeouruuno npu 200 g namuck (camo om macama Ha NPUMUCKAWUA OUCK HA
Oebenomepa,).

Bcuuku epagpuxu ca npu éucox oosepumenen xoegpuyuenm R2 > 0,99. Cmoiinocmume Ha 0osepumenus
Koeghuyuenm R2, koumo ce eudicoam noo epaguurnume ypasnenus 8 epaguxu NeNe | +~ 5, xapaxmepusupam
coOnudMICasanemo Kamo Mooei ¢ MHO20 00OPO U UOEAIHO KAyecmeo, npu Hopma 3a oocmoseprocm Hao 0,85.
3a mvkanume cvc cnaumka Kenwvp 3/1, 3a6ucumocmma oebenuna Ha 08a cos om mvKaHma no HanpasieHue
OCHOBA-OCHO8A OM KbM JUYe8ama CMpaHd 6b8 8Pb3KA C HAMUCKA Modce 0d ce Noi3d NpUOIUUMENHO
cneonomo ypasrenue y = 0,2 In(x) + 2.

KiiouoBu gymu: namvyynu mvkanu, oebeiuna Ha eOur u 08a Ciosi MbKaH, HAMUCK
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RESEARCH THE CHANGE IN THE THICKNESS OF TWO
LAYERS OF COTTON FABRIC, IN RELATION
TO THE PRESSURE ON THEM

Raya Stoyanova
SWU “N. Rilski” - Blagoevgrad
Technical Faculty Department of Mechanical Engineering
Email: rajkach@swu.bg

Abstract:

The present study is a continuation of the author’s previous scientific publications, developed both inde-
pendently and as a team. The purpose of the study is to establish the type of graphic dependence - change
in the thickness of two layers of one cotton fabric in the warp-warp direction from the facing side about the
pressure - at 200 g, 300 g, and 400 g. Apart from that, the aim is to use the Trend line function through graphic
forecasting in Excel to establish the trend of the graphic dependence - change in the thickness of two layers of
fabric in the direction base-base and front side and at pressure values that were not used in the experiment —
less than 200 g and more than 400 g.

Measurements were made with a Textil-Dikenmesser J-40-T digital indicator. The thickness of one layer of
fabric and the thickness of two layers of fabric in the warp direction from the facing side of one layer of the
fabric on the warp facing side for the other fabric layer are measured. The contact area of the pressure disc
of the digital caliper is 20 cm2, the mass of the digital watch with the pressure disc is 0.200 kg. Measurements
were made at normal pressures of 200 g (own mass of the pressure disc), 300 g (+100 g) and 400 g (+200 g).
By placing additional weights of 100 g, the pressure changes.

The experimental study was carried out with cotton fabrics 100% cotton, with different weave, basis weight,
etc. differences. The fabrics are produced in Strumatex factory - Blagoevgrad, Bulgaria.

As a result of the experiment, it is established.:

When analyzing the graphic dependencies, it is found that a logarithmic function - close to the linear one
- perfectly describes the dependency - a change in the thickness of two layers of fabric in the base-base direc-
tion from the front side, in relation to the pressure.

The graphic dependence of the thickness of two layers of fabric in the warp-warp direction from the front
side for cotton fabrics is logarithmic, and as the pressure increases, the thickness of the two layers of fabric
decreases.

1t is found that at pressures of about 25 g to 50 g, the graph is steep, with the beginning of the steep section
corresponding to a thickness equal to the algebraic sum of the thicknesses of two tissue layers measured indi-
vidually at 200 g pressure (from the mass of caliper pressure disc).

All graphs are at high confidence coefficient R2 > 0.99. The values of the confidence coefficient R2, which
can be seen below the graphical equations in graphs, characterize the convergence as excellent and ideal
quality, with a confidence norm above (.85.

For fabrics with a 3/1 twill weave, the dependence of the thickness of two layers of the fabric in the warp-
warp direction from to the face about pressure can be approximated by the following equation y = 0.2 In(x)
+ 2.

Keywords: cotton fabrics, the thickness of one and two layers of fabric, pressure
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YBox

Haii-mmpoxko n3non3BaHuTe ThbKaHU, U3paOOTEHU
OT €CTECTBEHM BJAKHA, Ca NaMyYHUTE TbKaHHU.
HIupokoTo UM NMPUIIOKEHUE € KaKTO 3a U3padoTBaHe
Ha OOJIEKJI0, Taka U 3a JIOMAallleH TeKCTUI W Jp.
[laMmykbT € OCHOBHAa CypOBHMHA 3a TEKCTUJIHATa
MPOMUILIEHOCT. Ta3u MbPBEHCTBAIIA POJIS C€ IBIIKU
Ha J00puTe My TOIIOM30JAIllMOHHU CBOICTBa,
koM(popT mpu HOCeHa Ha 00JIeKIa OT MaMy4YHa ThKaH
U BUCOKa crienu@uyHa SIKOCT MpPEeABU HHUCKATa MY
mrbTHOCT [1]. OcHOBHUAT (akTop, yHpaBIIsBall
mpoiieca Ha B3aUMOACHCTBUATA MEXIY BJIAKHATa
U TEKCTUIHHUTE MAIllMHU, € TPUCHETO Ha HUILIKUTE
OT €IMH CJION ThKaH B JIPYyT ClIOH ThKaH [2], TpueHe
ThKaHTA B TBBPAU MOBBPXHOCTH Ha Mmebenu, ¢
TamUIEpUHU, YaCTU OT TSAJIOTO U Kocarta Aap. [3 - §]
XapakTepuCTUKHUTE Ha TPUEHE Ha ThKAaHUTE MOTaT 1a
OMpEeaeNsIT CTOMHOCTUTE Ha TaIKOCTTa U MEKOTaTa
Ha ThKAaHTA MPH OMUII.

[Ipu pa3nuyHUTE YCIOBHUS Ha OKOJIHATa cpefa
KAaTo TeMIEeparypa, BIAXXHOCT HA Bb3JyXa, MOXE
Jla oBelle 10 MPOMsSHA Ha CBOMCTBaTa Ha ThKaHU
[9], koeTo Boau U 10 MpOMsIHA HA TPUOOJTOTUYHOTO
MOBE/ICHUE Ha ThKaH, H3pab0TeHa OT MaMyK.
CoritacHo 3akoHa Ha TpUueHeTo Ha AMOHTOH [ 10, 11],
CUWJINTE HAa TPUEHE MEXAY CyXU €JaCTUYHH TBHPAU
TeJa ce MOJYMHABAT Ha ClieJHaTa 3aBUCUMOCT:
Fr=p .N. (1)
Cunara nHa tpuene Ff Mexny aBe makporena
€ JIMHEWHO MNpPONOpPLMOHATHA HA HOPMAJHUA
Hatuck N. Tyk, @ e koedunueHT Ha Tpuene. Ilo-
KbCHH BapUaHTH HA ypaBHEHUETO HA AMOHTOH C€
MPEACTABSAT B CIEIHUS BU:
Fr=t. AREAL+u.N. (2)
Tyk 1 e edexTuBHaTa SIKOCT Ha CpsA3BaHE Ha
KOHTAKTyBalIUTEe Tejla NpH peaiHaTa KOHTAKTHA
1oy AREAL.
B ypaBHeHue (2), mbpBHUAT KOMIOHEHT OT
T.ARE-
AL OTYHMTa BB3ICHCTBHETO BCIEACTBHE aJXE3UATA

AsiCHaTa CTpaHa Ha 3HAKa 3a PaBCHCTBO
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(cuma Ha TpUeHE NpU HYJIEBO HATOBAapBaHE) U €
CBbpP3aHO C IMOsIBA Ha MEXIYMOJEKYIHUTE CHIIN
MEX/1y KOHTaKTyBallUTE€ C€ IOBbpPXHOCTH [12,
13, 14]. BTopusT KOMIIOHEHT B ypaBHeHHETO (2)
oTuuTa €(eKTa OT HaTOBAPBAHETO U € CBbP3aH ChC
ChIbpIKAHUE, CIUIUTKA U peied Ha TeKCTUIHATA 110
noBbpXHOCT [15,16].

[To-ceBpemMeHHM U3CieBaHUS cOYarT, Y€ Bpb3Kara
MEX]ly CHJIaTa Ha TPUEHE M HOPMAJTHUS HATUCK HE €
nuHeitHa [17].

Enuu or Hait-oOcToliHnTe H3cieasanus Ha Wilson
[18] , xouTo ce 3aHMMaBaT ¢ e(ekra Ha peayHara
IUJION] HA KOHTAKT MPU TPUEHE MEKIY ThbKaHU, KAaKTO
U TEOPETUYHHUS AaHaJN3 M EKCIePUMEHTAITHHUTE
pesynratu Ha Bhuvana and Subramaniam [19],
MOKa3BaT, Ye peasiHaTa KOHTAKTHATA ILIOL] € BaKeH
dakTop TpH ompeneNsHeT0 Ha (PUKIHOHHHUTE
XapaKTepUCTUKU Ha THKAHTA.

Lenra Ha HacrosmaTa paboTta € Ja ce u3cjienBa u
YCTaHOBH 3aBUCHMOCTTA MEKIY HATUCKA U TTPOMSTHA
Ha ne0envHaTa Ha JBa CJOS ThKaH, NMPUTHCHATU
€/IMH B ApYT.

EKCHepI/IMeHTa.TIHO H3cjaeaBaHe
MaTepnaJ]n U MEeTOAU
HaCTOHH_IaTa pa60Ta CC sABsABa IIPOABIIKCHHUC

Apyru
KaKTO CaMOCTOATCIIHU,

n J0pa3BHBAaHC Ha ny6nm<a1mp1 Ha

aBTOpa — Taka U C
KOJIEeKTUB. B MoHorpaduueH Tpya Ha aBTopa €
HalpaBeHO H3CJeBaHA Ha HSAKOU TPUOOJIOTHMYHU
XapaKTEPUCTUKH Ha HAKOU NTaMy4HHU ThKaHH [20].
ExcniepuMeHTaaIHOTO M3CIENBAaHE € U3BbPLICHO
¢ namy4Hu Tbkanu 100 % mamyk, Ha c pa3iauyHa
CIUIMTKA, IUIOIIHA Maca U JIp. pa3IuKu. TbKkaHUTE ca
MPOU3BEEHH B 3aB01 ,,CTpymarekc' — biaroesrpa,
bearapus. TeXxHHYECKUTE XapaKTEpPUCTHKU HaA

TBKaHUTC Ca IIOCOYCHHU B Ta6m/1ua 1.
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Tabnuua 1. Ilapamempu nHa usciedéanume namyyru MeKCMuIHU Mamepuu

No |Aptukyn | Comutka | Iupo-| Coerm- CscraB JIluneiHa I'scTuHa
YHHA (huurO ILTBTHOCT
IUTOITHO
TeriI0
min g/m? % tex op.
HHUIIKH/d1m)
1. OCHOBAa ocHoBa 40 | ocHoBa 386
Kiparis | Kemsp 3/1] 1510 247 100% C
BBTHK BsTBK 50 | BETBEK 180
100% C
2. Boro Kemsp 3/1 1510 282 OCHOBA OcHoBa 36 | ocHOBa 384
100 % C
BBETHK BeTeK 60 | BETEK 200
100 % C
3 Boby Kemsp 3/1 1510 261 OCHOBA OcHoBa 36 | ocHoBa 386
100 % C
BBTBK BeTek 60 | BETEK 182
100 % C
4. Pirin Jlurto 1500 235 OCHOBA Ocnora 44 | ocHora 270
100 % C
BETHK BeTeK 44 | BETEK 208
100 % C
5 Vatex | Arma3 1500 350 OCHOBa Ocnosa 30 | ocHOBa 498
100% C
BETHK BsTEK 30X2| BETEK 238
100% C
N3mepBanusaTa ca W3BBPUIEHU C JAUTHTAJIECH JIUTUTAJIHHS YACOBHUK C NpUTHUCKamusa auck e 0,200

uaaukarop Textil-Dikenmesser J-40-T. Ortyerena
e nebOennHaTa Ha €IWH CIOM THKaH M Je0enuHara
Ha JiBa CJIOS THhKaH B HANpaBJICHHE OCHOBA OT
TUIeBa CTpaHa Ha EAWHHS CIIOM OT THhKaHTa IO
OCHOBA JIMIICBA CTPaHa 3a JPYTHUs CJION Ha ThKAHTA.
KoHTakTHaTa IUION] HA TPUTHUCKAIIHUS JUCK Ha
murutanaus aederomep e 20 cm2, macara Ha

TEXTILE AND GARMENT MAGAZINE

kg. M3mepBaHus ca M3BBPLIICHH NPH HOPMAJICH
Hatuck oT 200 g (cobcTBeHa Maca Ha MPUTUCKAIINS
muck), 300 g (+100 g) u 400 g (+200 g). C
MOCTaBsIHE HA JIOMBJIHUTENHU TexkecT o 100 g ce
NIPOMEHsl HaTHCcKa. Pesynrarure OT M3MepBaHUATA
ca HaHeceHu B Tabiuia 2.
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Tabnuya 2.

Ne Aptukyn HarorapraneB g u | /[ebemiHa Ha
HaIlpaB/IeHHe Ha J[Ba CII0A
clIoeBeTe ThKaHH THKaH B Im
j §F Kiparis OJIC-0OJIC 100 g 1,54
JebenmHa Ha equH c1oH ThKaH - 0.89 mm | OJIC - OJIC 200 g 1.3
OJIC-0OJIC300 g 1,31
2. Boro OJIC-0OJIC 100 g 1,43
JlebenmHa Ha equH ci1oi ThKaH - 0.80 mm | OJIC - OJIC 200 g 150
OJIC-0OJIC 300 g 1.25
& Boby OJIC-0JIC 100 g 1,41
Jlebemmna Ha equH cioii ThKaH - 0,75 mm | OJIC - OJIC 200 g 1,29
OJIC - OJIC 300 g 127
4. Pirin OJIC-0JIC 100 g 0,96
Jlebemmna Ha equH cioii ThKaH - 0,52 mm | OJIC - OJIC 200 g 0,84
OJIC-0OJIC 300 g 0,77
& Vatex OJIC-0JIC 100 g | B4
JlebenmHa Ha euH c1oi ThKaH - 0.64 mm | OJIC - OJIC 200 g 1.14
OJIC-0OJIC 300 g 1,09

Pesynraru

Ha 6a3a nomydenurte cTolMHOCTH 3a JAeOenrnHa Ha
JIBa CIIOSI ThKaH, 32 TPH HOPMAalHU HATOBApBaHUS
200 g, 300 g m 400 g. C pynkuusara Trend line upe3
rpaduuHO TporHo3upane B Excen, ce ycraHOBsBa
TEHJCHIIMSITA HA TpadUyHaTa 3aBUCUMOCT - IPOMSTHA
Ha JeOerHaTa Ha JBa CJI0S ThKaH MO HalpaBlIeHUE
OCHOBA-OCHOBA M JIUIIEBA CTpaHa U MPH CTOHHOCTH

25
: y =-0,21In(x) + 2,5064
R*=0,9934

' .. .\*\—.

Thickess; [mm]

0,5

0 100 200 300 400 300
Press; [g]

I'paguxa 1. Tpeno na npomsana na
Odebenunama Ha 08a C10s1 MbKAH APMUK)T
Kiparis ¢ nanpasnenue ocHoga-ochosa om

KbM AUYesama cmpand.
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Ha HATUCK, KOWTO HE Ca TIOJI3BaHH MPH EKCTIEPUMEHTA
— mo-maJko ot 200 g u moseye ot 400 g. OnpenencH
e Buaa Ha rpaduyHoTo ypaBHeHue. Ha rpaduku
NoNo 1 -5 ca mokazaHu TEHJICHIIMUTE HA TPOMSHA Ha
nebenrHaTa Ha JIBa CJ0s OT €1Ha ThKaH MPUTUCHATH
10 HAIpaBJIEHUE OCHOBA — OCHOBA OT KbM JIUIICBATa
CTpaHa, BbB BpPb3Ka C IPOMSHA Ha HaTHCKA.

25
y =-0,163In(x} + 2,1828
R* =0,9395

15

Thickess; [mm]

0,5

0 100 200 300 400 300
Press; [g]

I'paguxa 2. Tpeno na npomsana na
Ooebenunama Ha 08a C10s1 MbKAH APpMUK)
Boro 6 nanpasnenue ocnosa-ocnosa om Kom
Juyesama cmpana.
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2,5 1,6
y =-0,173In(x) + 2,2065 i y =-0,173In{x} + 1,7565
R*=1 14 1 R=1
2
_ ; 12
= E
;&; “\_.\_. _____ § 0.8
g ! S o6
= B
0,5
0,2
0 o
0 100 200 300 400 500 0 100 200 300 400 500
Press; [g] Press; [g]
I'paghuxa 3. Tpeno na npomsna na I'paghuxa 3. Tpeno na npomana na
oebenunama Ha 06a Cl0si MbKAH APMUK)IL oebenunama Ha 06a c0s MbKAH

apmuxyn Boby é nanpasnenue ocnosa-
OCHOBA OM KbM Uy esama cmpaua.

BOby 6 HanpaeJjleHue OCHoea-ocHoeda om
KbM juyesama cmpanda.

i
ta

y =-0,118In{x} + 1,764

16 R* =0,9997
14 e
£ 10 '—\_.\-.
= ik
g 08
]
= 0.6
£
04
0.2
o
] 100 200 300 400 500
Press; [g]
I'pagpuka 5. Tpeno na npomana na Cnumka 1. Cnumka Ha oueumarnen
Oebenunama Ha 08a C10s1 MbKAH oebenomep Textil-Dikenmesser
apmukyn Vatex 6 nanpasnenue 0cCHO8a- J-40-T. [22]

OCHO8d Onl KbM juyesama cmpaHd.
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Jluckycus v 3aKJIIO4YeHHE

B pesynTar Ha mpoBeEHOTO U3CIIEABAHE MOXKE Ja
ce 00001H:

[Tpu anamm3 Harpaduxute NeNe 1 +5 ce ycranossiBa,
ye JIorapuTMHUYHa (QYHKIUS — OJIM3Ka 70 TMHEWHATa,
UJCaNHO ONKCBA 3aBHCHUMOCTTa - IMpPOMSHA Ha
neOeMHaTa HA JBa CJIOS ThKaH 10 HAINPaBJICHUC
OCHOBa-OCHOBA OT KbM JIMIIEBAaTa CTPAaHA, BbB BPb3Ka
c HaTucka. Moxe ma ce 0000mu, ye rpadudnara
3aBHUCHMOCT Ha jcOenWHaTa Ha JBa CJIOS ThKaH
[0 HANpaBJCHHE OCHOBAa-OCHOBAa OTKBM JIUIICBATa
CTpaHa 3a MaMy4YHU THKAaHU € JIOTAPUTMHUYHA, KaTO
C HapacTBaHE Ha HATHCKA, HaMaJIsIBa JieOeTnHaTa Ha
JIBaTa CJ0s THKaH.

YcraHoBsiBa ce, 4e TpPU HATUCK OT OKOJio 25 g
1o 50 g, rpadukara € CTpbMHA, KaTO HAYaJIOTO HA
CTPBMHHUSI y4YaCThK CBOTBETCTBA Ha JeOeiuHa,

Jluteparypa:

[1] Variability of fiber friction among cotton vari-
eties: Influence of salient fiber physical metrics. F.
Hosseinali, J. A. Thomasson, Tribology Internation-
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paBHsIBAIlla c€ Ha alreOpUyYHa cymMa OT AcOennHaTa
Ha JIBa CJI0S1 ThKaH, U3MEPEHU MoeanHUYHO Tpu 200
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SAIIUTHA MACKNPOBBYHA EKUIIMPOBKA B 30HHA
C YMEPEHO KOHTUHEHTAJIEH KIIUMAT

Mapus I'eopruesa, Ilers I'enueBa
HUHCTUTYT 10 OTBPAHA ,,ITIPO®ECOP IBETAH JIASAPOB”, BYJL. ,,JIPO®ECOP IIBETAH
JIABAPOB” Ne 2, 1592 CO®USA
E-MAIL:M.GEORGIEVA@DI.MOD.BG1 P.GENCHEVA@DI.MOD.BG

PROTECTIVE CAMOUFLAGE EQUIPMENT FOR
TEMPERATE CONTINENTAL CLIMATE

Mariya Georgieva, Borislav Genov, Petya Gencheva

ABSTRACT:

The protection of military personnel on the battlefield has become increasingly critical amid escalating
global conflicts. Modern military operations require apparel that prioritizes safety, communication, and com-
fort. This paper examines the integration of smart and multifunctional textiles, next-generation materials,
and systems that provide optimal protection during combat and training.Focusing on protective camouflage
equipment designed for temperate continental climates, the study highlights the need for gear that adapts to
seasonal variations in temperature, humidity, and natural colors. Camouflage patterns are selected based on
climatic zones, using a color palette of green, brown, yellow, and gray to reflect seasonal transformations.
The equipment must balance durability, strength, and lightweight design while ensuring thermal comfort
and protection from adverse weather. Functional textiles enhance military clothing with properties such as
mechanical resistance, water repellency, fire resistance, and UV protection. Additionally, smart textiles offer
high-tech garments that integrate multiple functionalities, including thermal protection and noise reduction.
To create effective military gear for these climates, thorough testing is essential to ensure protection against
freezing and overheating. The CLO rating system is utilized to measure thermal insulation properties, using
the BDS EN ISO 9920:2009 standard for assessing insulation and evaporative resistance. This research aims
to improve understanding of how CLO ratings contribute to the design of military apparel, ensuring effective
heat retention and comfort in cold conditions, thus enhancing operational efficiency in temperate continental
regions.

KEY WORDS: Equipment, climate zones, field combat uniform.
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YBOJI

yMepeHO-KOHTI/IHeHTaJIHI/ISIT KJIIMMart, CBbC
CBOUTC OTUYCTIINBU CC30HU u MMPOMCHJIMBA
YycCJ10BUA, IIOCTaBA 3HAYUTCIIHN N3NUCKBAHUS

IIpeJ BOCHHOCIYKEIIUTE, KOUTO pa3yuTar Ha
MacKHMpOBKa 3a YCIIEIIHO M3IIBbIHEHUE HA 3a/laud B
npuponHa cpena. HezaBucumo nanm craBa BBIIPOC
3a BOGHHU MHCHUM WJIM Pa3y3HaBaTEIHU OIEpaluH,
epeKTUBHATa MAaCKHUpPOBbYHA  EKUIIUPOBKA €
OT CBIIECTBCHO 3HAYCHHE 3a CbUETAaBaHE Ha
MPUKPUTHE U 3auuTa. Ta3u ekunupoBKa TpsiOBa /1a
[I03BOJIIBA Ha BOEHHOCIY)KELIUTE Jla CE CIUBAT C
OKOJIHATa Cpenia, KaTo ChLUICBPEMEHHO 'Y IpeATa3Ba
OT HeONaronpusATHUTE AarMoC(epHU  yCIOBUS,
XapaKTEPHHU 3a TO3H KJIIMMAT — OT TOPELIMHUTE IIPe3
JATOTO 10 HUCKUTE TEMIEPaTypu Ipe3 3HMMara.
VYenexpT B TakuMBa YCJIOBHS M3UCKBA BHUMATEIHO
noAOpaHy MaTepuay 1 JU3aiiH, KOUTO J1a OCUTYPAT
KaKTO IPUKPUTHE, TaKa U KOM(OPT.
YMEpEeHO-KOHTUHEHTAHUAT KIUMaT C€ Cpella B
pa3nu4YHU 001aCTH 110 CBETA, TPEJUMHO B CEBEPHOTO
NOJIYKBbI00 Ha IUIAaHEeTara, KbAETO HMMa TIOJEeMHU
KOHTUHEHTaJTHH MacuBH. Toil oOxBaimia paiioHUTE,
KOUTO ca Jjasied ot okeanute. OCHOBHHUTE 00JIaCTH B
KOWTO € pa3npocTpaHeH ca bakaHCKMs OIyoCTpOB
B KOUTO ce Hamupa u bearapus. OcobeHoctute Ha
KJIMMaTa B TO3M PETHOH Ca CyXO U IOpeuio JsATO U
CTy[leHa 3MMa. TeMIepaTypHHTE pPa3iIMKd MEXIy
CE30HHTE ca 3HAYMTENIHO rosnemu. Jlpyra roisma
obnact e M3rouna u Llentpanna EBpona xbaeto ce
HaOII0aBaT rOPEIIN JIETHU MECELIU U CTYAECHU 3UMHU
C SICHO H3pa3eHa CE30HHOCT M YMEPEHH BAJICKHU
[3]. C TakbB knumar ca 30HM B CeBepoM3TOUYHA
Asua u CeBepHa AMepuka. 3a Te3W paloOHU ce
XapaKTepU3UpaT ¢ KPaTKO U TOPEIIO JISATO U 3UMa
c TeXKU cTyneHu gponrose. B CeBepna Amepuka
TEMIIEPATYPHUTE PA3JIMKH MEXAY CE30HUTE ca
3HAYUTEIIHU, KaTO 3UMUTE Ca CTYICHHU U CHEXHHU, a
nerara — ropemu. CesepeH Kuraii 1 Manmxypus
€ JApPYr PEerMoH ¢ TO3M KIMMar M MOJOOHO Ha
N3touna EBpoma 3umuTE Cca CTyIEHH, a Jerara

ropely U UMa pe3Ku TeMIIepaTypHU pa3iauku. To3n
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KJIMMAT € XapaKkTepeH 3a IoKHHUTe yacTu Ha Cubup
u MoHronusi, KbAETO 3UMUTE Ca HU3KIIOUUTETHO
CTy[leHHU, a JieTaTa Morar jJa ObAaT CpaBHUTEIHO
torud. Hsikon wactu Ha BeTpemHocTTa Ha FOXHA
ABcTpayus ChIIO WU3MUTBAT MOJOOHU KIMMATUYHU
XapaKTEePUCTUKH, MaKap U B Mo-Meka (popma mopaau
reorpadckara IMpHuHa.
B te3u pernonu ymepeHo-KOHTUHEHTATHUAT KJIUMaT
Ch3/1aBa YCJIOBHUS 3a SICHO U3Pa3€HU CE30HU U CUIIHU
TEeMIEpaTypHU aMILTUTY/IH.
YMepeHO-KOHTUHEHTATHUAT KIIMMaT € XapaKTepeH
3a mo-roisiMata 4act oT bbiarapus, ocobeHo B
CeBepHa bbirapus u 3analHATE YaCTU HA CTpaHaTa.
To3u Tum KIUMaT ce Oompenesis OT BIUSHHUETO Ha
KOHTMHEHTAJIHUTE BB3AYIIHU Macu OT WM3Touna
EBponna u otyactu or CpeauzeMHO MOpe HuMa
3HAYUTEHU PA3IUKU MEXIy 3UMHHUTE U JICTHHUTE
temreparypu. lIpe3 ndaToTo Temmeparypute moratr
na nocturHar 38-45°C, mokaro mpe3 3umMara MoxKe
Jla ©Ma TIEPUOJI ChC CTYNIeH (DPOHT U TeMIieparypu
nof -30°C, ocobeno B CeepHa bwirapus [3].
JIstoro B bwearapus e ropemo u cyxo, ocoOeHO
B paBHUHHUTE, JIOKATO 3MMara € CTyJIeHa C YeCTH
CHETOBaJIC’k U, Hail-Beue B IJITAHUHCKUTE U CEBEPHUTE
paiionn. Banexure ca CpaBHUTEIHO PaBHOMEPHH,
Karo TpoJieTTa M HaAyajJoTo Ha JISTOTO ca Hau-
J'bKJI0BHU, TOKATO €CEHTa U 3uMaTa ca Mo-CyXH.
Yetupure ce3oHa B brarapus ca sicHO U3pa3eHHU.
[Iponerra u eceHta ca MpPEexXoAHU CE30HU, C MO-MEK
KJIMMAT, JOKATO JISTOTO € TOPEIL0, a 3MMaTra CTyAeHa.
Betposete ca yecTH, 0coOeHO Npe3 3MMHUTE MECeLr
Y MOrar Jia JoBeaT A0 3acTyasBaHe. Biausuuero Ha
KOHTUHEHTAHHSI KIIUMAT Ch3/1aBa YCIOBUS 32 Obp3u
U pe3KH MPOMEHHU B Temreparypara. To3u kiaumar e
tunuyeH 3a JlyHaBckara paBHuHa, [IpendOankana u
yacTtu oT Tpakuiickara Hu3uHa [1].

Boennute yHudopmu, mnpeaHasHadeHH 3a
YMEPEHO KOHTHMHEHTAJIEH KiIuMmar, TpsOBa Jda
ocurypsiBar koM(opT W 3ammTa B pa3sHOOOpa3HU
METEOPOJIOTUYHH yCIIOBUS, KaTo BHUCOKHU
TEeMIIepaTypH Mpe3 JIITOTO U CTYAOBE IMpe3 3uMara.
Tesnm yuudopMu ca amanTUpaHd 3a UYETUPUTE
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Ce30Ha M BKJIIOYBAT PA3IMYHU BHAOBE OOJEKIIO 3a
pa3IMYHATE KIMMAaTHYHH OCOOCHOCTH.
OCHOBHUM BHJIOBE BOEHHA 3all[UTHa MACKUPOBBYHA
eKHUITIPOBKA 32 YMEPEHO KOHTHHEHTAJICH KJIMMaT ca:
1. Jletnu yaudopmu
Ju3aiiHa Ha Te3u yHU(OpPMHU ca ¢ MO-KbC PbKaB
WIN OT TO-THbHKM MaTephaiy, 3a Ja MO3BOJSBAT
no-no0pa TOIJIOTO
Kamy¢naxuure mapku 4ecTo ca aganTUpaHU 3a

BEHTWIALUA B BpeMe.
3€JICHM WJIM CyXM DalloHM (Hamp. ropa, TOJeTa).
Enementn kbM kKaMmydraxkaara yHHpOpMA ca JIEKU
TaKTUYeCKU OOYBKH, KOWTO ca u3pabOTEHU OT
CUHTETUYHA KO’Ka WJIM TEKCTHJI C BOAOOTOIBCKBAIIA
MeMOpaHa (Hanpumep Gore-Tex). M umar nosuiieHa
CTaOUITHOCT U 3alllUTa MPU HEPaBEH TepPEH, CUCTEMa
3a IUPKyJanus Ha Bb3/AyXa 3a MpeAoTBpaTsBaHEe Ha
M3MOTSABAHE W OJIEKOTEH JW3ailH C OMEKOTSBAallla
crenka. Jlpyr eJeMeHT € JIeKO TaKTHYECKO SIKe
(3a xJagHW Be4yepHw) U3PAOOTEHO OT JUIIAIIH
U BETPOYCTOMYMBH MaTE€pUH, OOUKHOBEHO OT
MOJIMECTEP WJIM HAWJIOH C TOAIUIaTa 3a Mo-A00pa
n3osanus. Hakon Mojenum uMar M BOAOYCTOMYMBA
obpabotka. [IpoekTupanu ¢ eproHOMHYHU KPOUKH
3a cB0OO/Ia Ha JBUKEHHE, OCOOCHO B paMEHETe U
pbKaBUTE, C MHOXKECTBO KOOOBE 3a TAKTHYECKH
aKCecoapH, BKIIOYUTEIHO BBTPEIIHHU KOOOBE 3a
[IEHHU BEIY, MAHIIETH M Kadyjka 3a 3alura OT
BATHD U CTyA. JIECHOTO CrbBaHe W NpEHACSHE B
paHuna 3a Obp3 TOCTHII MPU HYXk A, TO MPABU BaXKEH
€JIEMEHT OT 3alllUTHATa MAaCKUPOBbUHA EKUITUPOBKA.
Kene nny manka 3a 3a1ura ot CIIbHIETO U3padoTeH!
OT JIeK, JUIIAIN] IJIaT KaTo MaMyK WUJIU TMOJUECTEp C
UV 3ammura. /Ipara ko3upka 3a CsiHKa Ha JIMLETO U
ounte. Perynupyema seHta Ha rppOa 3a mo-go00po
npwisirane. C BEHTWIALIMOHHU OTBOPU 3a IIO-
no0pa nupKyianus Ha Bb3ayxa. Kamydnaxuu wim
HEYTpaJIHU TOHOBE 3a CIMBAaHE C OKOJIHATa Cpeja.
Te3u eneMeHTH ca BaxxHH 3a KoM(opTa u 3ammrara
[IPU TAKTUYECKH JIEMHOCTH HA OTKPUTO.

2. 3uMHU yHUDOPMH

Marepuanure or KOWTO ca u3paboTeHu ca To-
nebeny, W30JIUpAIId, Karo BbJIHA, MOJAp WU
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cuHTeTHYHH n3onanuu (Hamp. Thinsulate) 3a 3amura
ot cryga. CbCTaBeHU ca OT HAKOJIKO CJI0Sl 00JIEKIIO,
KOWTO OCHTYpsIBAaT TOIUJIOM3OJNALUA M TPEAna3Bar
OT HUCKHM TemIieparypu. MHorocioiiHata cucrema
€ 4YecTo cpeliaHa, Karo BKJIIOYBA 0a30B CIOH
(BIarooTBeKIAI), MEXAMHEH CIIOH (3a M30J1aIus) |
BBHIIIEH CJION (BOMIO- M BETPOYCTONYMB).

EnemMeHTH KBbM 3UMHHTE YHUPOPMHU Ca TEKKHU
TAaKTUYECKU SIKETa W MaHTaJOHU, OOTyIIH ¢ A00pa
W30JIallks, 3MMHH HIANKH, PbKaBUIM, TEPMOOEIHO.

3. IlponetHu u eceHHH yHU(DOPMHU (MEKIUHEH
CE30H)

CpenHo nebenu MaTepuu 3a TaKbB TUIT YHH(POPMU
ca OOMKHOBEHO KOMOWHAIIMS OT TAMYK U CHHTETHKA,
KOUTO OCHUTypsiBAT KOMQOPT MpHU MPOMEHIUBU
yCIIOBUSL.

VYHUPOPMHUTE 32 TPOJIET ¥ €CEH YECTO Ca HAIIPABEHU
Taka, 4e Ja Morar Ja ce HOCSAT B KOMOWHaus ¢
pasnuuHu cioeBe. Te ca ynoOHU 3a TeMmIepaTypHH
KoJ1e0aHwMsI Ipe3 JIHs, KOTaTo CyTPUHHTE Ca CTYCHH,
a cienobenute Torud. EneMeHTH KbM TAX ca JeK
TAKTUYECKU TMaHTAJOH U sIKe, BOAOOTONBCKBAILU U
BETPOYCTOMUMBH OOJIEKJIa M CTAaHJIAPTHU BOCHHU
00yBKH.

4. Kamyduaxx 1 MacCKHpOBKa

B ymMepeHO KOHTHHEHTAJIHHS KJIMMAaT BOCHHUTE
yHHU(OpMHU ca OOMKHOBEHO B KaMy(Ja)KHU 1IBETOBE,
KOWTO Ca aJanTUpaHu KbM MECTHATa PacTUTEIHOCT
u reorpadckute yciaoBus. B 3aBucumoct ot ce3oHa,
KaMy(rnaxxbpT Moxe Ja ObAe B 3€JICHH TOHOBE
(mponet u 7o) MM KasiBO-KBJITH (€CEH U 3UMa),
KaTo Ce M3MOJI3BaT U CHE)KHU MACKHPOBBYHU JIPEXU
npe3 3umara. Crpanute Ha HATO wusnonssar AG-
SCI-095 ,,Ykazanus 3a OIleHKa Ha KaMmyduiaka
c momoinra Ha HaOmomarenu [2], JOKYMEHT,
odepTaBall] METOJOJOIMH U CTaHJApTH 3a OLIEHKa
Ha e(EeKTUBHOCTTa Ha Kamyduiaka, 0COOCHO BBHB
BOCHEH WJIM TAKTUYECKU KOHTEKCT.

JIOMbIHUTETHN €JIeMEHTH ca IBXKI00paHu u
BOJIOYCTOMYMBHM SIKETa 3a 3alllUTa NpU IBXKI U
BJIQYKHO BpEMe.

TakTuuecko 0OJEKIO C TEPMOpPETYNalus € ApYyr
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BaXCH €JIEMEHT, KOETO Ja HMMa BB3MOXKHOCT 3a
peryaupaHe Ha TejecHaTra TeMIeparypa npu O0bp30
IIPOMEHSIIN CE€ METEOPOJIOTUYHHU yCII0BUA [6].
[[InemoBe W MIANIKK OCOOEHO JIETHHUTE IIANKH
3a 3alMTa OT CIBHLETO W 3MMHUTE ULIANKU 3a
TOIION30JIaLHSl.
3a cienManHUTe YacTU U BOCHHU MOJpa3ieIeHUs
e pazpaborena PCU (Protective Combat Uniform)
CUCTEMA 3a CTYAEHO M XJaJHO BpEME, KOATO €
MpOEKTHUpaHa Taka ue, 1a Obe Jieka, Obp30ChXHela
U ynoOHa, KOETO II03BOJIABA HA BOEHHUTE J1a
neiicTBar e(eKTUBHO MPU pPa3HOOOpa3HU ONepaluu
U TpU EKCTPEMHH KIMMaTUYHU YCIOBUSA. TS e
pe3yaTar oT ABJITOTOJUIIHU Pa3pabOTKH U TECTOBE
B peajHu OOHM yCJOBHSA, 3a Ja OCHIYpH Ha
OoHIuTe ONMTHMAalHA 3alluTa U MOOWIHOCT. Tasu
MOJTyJTHa CUCTEMA MO3BOJISIBA HA BOCHHOCIYKEIIUAT
1a KOMOMHHpa JpEXUTe CHU CIOpPEeA TEeKYILIUTE
METEOPOJIOTUYHH YCITIOBHSI, KOETO 51 TPaBU 0COOEHO
10JIe3HA 32 BOCHHU OIEpaly U TAKTUYECKHU MUCHH.
MHorocnoiiHa ¥ aganTyuBHA, 3a Ja IMPEAOCTaBs
MaKCMMaJlHa T'bBKAaBOCT M 3alllUTa B pa3jIUYHU
YCIJIOBUS1, BCEKU CJI0M Ha 00JIEKJIOTO MMa crienupuyHa
¢bynkuus. [IspBusr e 6a3os cioii (Layer 1), kouto e
Ch3/aJieH Ja OTBEXJa Biarara (IoTTa) OT TSUIOTO
U J1a MOJIbpXkKa KO)KaTa Cyxa, KaTo ChIIEBPEMEHHO
3aabpka TolUIMHaTa. M3paboTeH € OT Jeku u
auiany Matepuanu. M3onanuonnu cnoese (Layers
2,3, 4) — Te3u cioeBe NpeaOCTaBsIT pa3InYHU HUBA
Ha TOIUIOM30JIalusl, KAaTo IO3BOJSABAT PETyIUpPaHE
Ha TeMIepaTypara B 3aBUCUMOCT OT KIMMAaTUYHUTE
ycloBUs. 3aabpika TOIUIMHATA HA TSUIOTO, KAaro
OOMKHOBEHO BKJIOYBAa TEPMOMU3OIUPAIIN MAaTEPHU.
3ammtan cnoeBe (Layers 5, 6) — Bxirousar
JpexH, KOUTO 3allluTaBaT OT BATHP U BOJA, KAaTO
BETPOYCTOMYMBUA M  BOJOYCTOMYMBHM sIKE€Ta U
naHTanoHu. BeHimen cnoit (Layer 7) ToBa e ciow,
KOMTO OCHUTYypsiBAa MaKCHMajHa TOIUIMHHA 3allluTa
B U3KJIIOYUTENHO CTyleHu ycnoBus. Ilpeanassa or
IBXK]T, BATHP U CHAT, KaTo € BOJOYCTONYMB U AUIIAII.
PSU (Protective System Uniform) cuctemara 3a
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00JIeKIIO € MpeAHa3HaYeHa 3a OCUTypsSBaHE BUCOKO
HUBO Ha 3ammrta. M3mon3Ba ce B cpeau, KbAETO €
He0oOXOMMO 3alIUTa CPelry CHIeHU(PUIHN 3arIaxH,
KaTo XWMUYECKH, OMOJOTHUYHU, PAAMOIOTHYHU U
sanapean (CBRN) areHTu, kakto u cpemty JIpyru
OMAacHOCTH, CBBP3aHM C OKOJIHATA Cpela WIH
uHaycTpuaHu yciaoBus. PSU 0OMKHOBEHO c€ HOCH
B CIICIHUTE CUTYaIlUU:

1. Xumuueckn ¥ OMOJIOTMYHU 3aIljlaXyd — MPH
paboTa B cpeau, KbJIETO UMa PUCK OT M3JaraHe Ha
OTMAcCHU XWMHUKAJIU WU OUOJIOTHYHHM areHTH. Toa
MOJKE JIa BKJIFOYBA BOGHHU OTepaliuu uin pabora B
1abopaTopuu ¥ MPOU3BOJCTBEHH CPE/IH.

2. Pagnonornunu nnm siapenu cpenu — PSU moxe
Jla OCUTYPH 3allUTa B 30HU C pajualds WU HpU
paboTa ¢ aIpeHn MaTepuaH.

3. UHnycTpuasiHi U TPOU3BOJICTBEHH YCIIOBUS —
M3M0J3Ba C€ B MPOMUIIIEHU MPOU3BOJICTBA, KbJETO
paboTHHUIIMTE TPSIOBA @ ObIAT 3AITUTCHU OT OTIACHU
BEIIECTBA, TOKCHYHU Ta30Be WM XUMHUYECKH
pa3iuBH.

4. BoeHHU WM CIACUTETTHU ONEpalliy — U3IO0JI3Ba
Cceé OT BOEHHHU, CIACUTEITHW U aBAPUMHH EKUIH
mpu  Karactpou, KbIETO MMa XUMHUYECKO WU
OHMOJIOrMYHO 3aMbPCSBAHE.

Cucremara ECWCS (Extended Cold Weath-
er Clothing System) e MHorocmoiiHa cucrema
3a o0nekno, pa3paboTeHa 3a aMEepUKaHCKHUTE
BOCHHHU C TIeJT 3all[UTa Ha BOMHUIIUTE B CTYJIECHU U
€KCTPEMHHU KIIMMAaTUYHU yciioBus. Ts mo3BossiBa Ha
MoTpedUTENnuTe 1a ce o0JIMuYaT Ha IUIacTOBE, KaTo
TaKa ce MpUCIoCco0sBaT KbM Pa3InNuHU TEMIIEpATypH
U METEOPOJIOTMYHHU yCII0oBUA [4].

ECWCS BkitouBa pa3jaindyHu CI0€BE JPEXH, KOUTO
Morar Ja ObJaT KOMOMHUPAHU CTIOPE HYKIUTE:

1. ba3oB cnoit — 3a oTBeXJaHe Ha MOTTa U Bjlarara
OT TSUIOTO.

2. Cpenen uzonaiuoneH cioit — [Ipegna3znaven 3a
3aJbpKaHe Ha TOILJIMHATA.

3. BbHieH cioit — 3a 3ammTa oT BATHD, IbKI U
CHSIT.
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Cucremara e paszpaboTeHa, 3a Ja OCUTYypsiBa

MakCHMajHa (YHKIMOHATHOCT U KOoM(OpT mpu
pa3IMYHU ONepaluu, KaTo MOXe Jla ce M3I0JI3Ba B
[IMPOK JTUAITa30H OT TEMIEPaTypy — OT YMEPEHH 10
eKCTPEMHO CTYACHHU YCIOBUSI.

Cuctemara 3a OONEKJIO 3a CTYJIEHO BpeMme
(GEN 1III ECWCS)
NpefoCTaBs Ha BOHHMIIMTE MHOTOCTENIEHHA U

OT TPETOTO IIOKOJICHUEC

I'bBKaBa M30JIAIMOHHA CHUCTEMa, KOSITO MOXeE Jia ce
aJanThpa KbM pasHOOOpa3HUTE PaOOTHU yCIIOBUS U
arMocdepHu BIusHUSL. [5].

Kommnekrst GEN III ECWCS ce cbcTon ot
12 4vacTH, KOMTO IIO3BOJISIBAT HA BOWHUIIUTE J1a
KOMOMHUpAT pa3IHuyHU CJIOE€BE B 3aBHUCHUMOCT
OT cHelu(pUYHUTE H3UCKBAHUA HA MHCHUITA U
ycioBusita Ha cpenara. Cucremara pabotu upes
W30JIallvs, HacNOsIBaHe W BeHTUmanus. V3omanusara
MpeIoTBpaTsiBa IMPEAaBaHEeTO Ha TOIUIMHA, YJaBs
BB3/lyXa U OTBEXa BiararaoT Tsuioto. HacmosiBaneto
yBeJIMYaBa BB3IYIIHUS O0EM M TO3BOJISBA JIECHO
peryiupaHe Ha T[OCOKaTa Ha AaKTUBHOCTTa Ha
BOMHHWKA, a BEHTWIAIMATA CJEA HM3MAPEHUETO Ha
Briarata. Upe3 KoMOMHUPAHETO HAa KOMIIOHEHTUTE Ha
GEN III ECWCS, BoliHUIIUTE MOTarT Ja Ce 3allUTAT
oT Temneparypa, Bapupaiu ot 40°F no -60°F, koeto
ocurypsiBa KoMpopT u 0e30MacHOCT B €KCTPEMHHU
YCIIOBUSL.

Mertop 3a ornpeniessiHe Ha eproHOMUIHHS KoMpopT

TEXTILE AND GARMENT MAGAZINE

[Ipn cb3maBaHe Ha BOCHHA TIOJIEBA CKUITUPOBKA
3a YMEpPEHOKOHTHHEHTAJeH KIUMaT, € Ba)XXHO Ja
ce MMaT MPEeABUAAT OCOOCHOCTUTE 3a BCEKU OT
YeTHPUTE CE30HM M KIMMAaTW9IHaTa OO0JIaCT, Taka
4e Ja MOXKE Jla ce TapaHTHpa 3alluTa Ha TSUIOTO Ha
0oella KakTo OT 3aMpb3BaHe, Taka U OT MperpsBaHe.
3a ompenensHe Ha EpProHOMUYHHS KoMpopT Ha
BcsAKka ekunupoBka € BbBeneH CLO pedTuHrsbT,
KOMTO moMara Jia ce u3MepsT TOIUIOU30JIAlMOHHUTE
cBoiicTBa Ha npexurte. CTaHAApTHT, W3MOI3BaH 32
M3MEepBaHEe Ha TOIJIOU30JAIIMOHHUTE CBOWMCTBA Ha
npexute ¢ nomonira Ha CLO pelitunra, e BJIC EN
IS0 9920:2009 ,,Epronomust Ha TOTUIMHHATA cpeaa‘.
OrneHka Ha TOIUIOM3OJIALIUATA M CHIPOTHBICHUETO
Ha U3MapsBaHe Ha KOMIUIEKT 001ekI0. CTaHaapThT
BBBEXKJA METOMIU 32 OIICHKAa Ha TOILJIOM30JIAlUATA
U M3MapUTEeHAaTa ChIPOTHBA HA JPEXHUTE, KAKTO
U W3MEpBaHE Ha W30JIALIMOHHUTE CBOMCTBA B
pa3IMYHMA CJIOCBE M KOMOWHAIMH Ha OOJICKIIO,
M3MOJ3BAKM KAKTO CTaTUYHU, TaKa U JTUHAMUYHU
TECTOBU METONHU. TOH € MOoAXOOAIl 3a U3CJIEeABAHU
Ha TOIUIMHHUS KOMQOPT B paboOTHA cpena, CIOpT
U eXelHeBHa ymorpeba Ha apexu. CTaHAapTHT
MOKa3Ba KOJIKO J00pe najeHa JApexa WIu CJiou
APEXU MOXKEC J1a 3aAbPKH TOIJIMHATA HaA TAJIOTO U 14
ocurypu KoM(opT B CTy/IEHU YCIOBHSI.
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CLO’

INSLUILATION i

0.08-011  0.08-CLO
0.5CLO 0.5CLO

0.3 CLO : Light jacket
0.5 CLO : Light jacket

1.0 clo

St Er 1

0,0CLO ; 0.3CLO |

CLO

1.00 CLO

2.CLO ; 2.0CLO

1.5 " CLO v C

fans

1.0CLO 0.5CLO :Light jacket' 1,0 CLO . 2..0 CLO

@Due. 1. Buzyanno npeocmassne na ,,CLO peiimunevm [7].

Pelitunrer CLO pedTHMHrBT € Mspka 3a
TOIUIOM30JIAlIMIOHHUTE  CBOMCTBA

Konkoro mno-Bucok ¢ CLO pedTHHIBT, TOJKOBA

Ha JIpexXuTe.
no-no0pa e wm3omanusara Ha apexara. Emua CLO
(ot “clothing”) ce ompeznenss kKaTo KOJIUYECTBOTO
n30JalMs, HEoOXOQMMO, 3a Ja MOALbp)KAa YOBEK
B CEJHAJIO TIOJOXKEHHME IIpU TemIeparypa Ha
okoinHara cpeza, kato 1 CLO = kom¢opTt npu 21°C
C MUHUMaJIHa (pU3MUECKa aKTUBHOCT.

3AKVIIOYEHUE

B 3axnrouenue Moxe Ja ce Kaxe, ye 3alluTHaTa
€KUIIMPOBKa, BKJIIOYBAIA MACKU M OOJIEKJIO, Urpae
KJIIOUOBA POJISi 32 OCUTypsiBaHE Ha 0€30MacHOCTTA
u KombopTa HAa BOEHHOCIYKEIIUTE, H3I0KEHU
Ha Pa3sHOOOpa3HM BHHIIHM YCIOBUS B YMEpPEHO-
KOHTUHEHTAJICHUAT KiauMmar. To3u TUI KIUMaT ce
XapakTepu3upa ChC 3HAUUTEIHU CE30HHU KojieOaHus
B TEMIIepaTypara, BIa)KHOCTTa U BaJIEXKHUTE, KOETO
M3HUCKBA I'bBKABU PEILICHUS 32 3aIUTA. 3AIlIUTHUTE
MacK{ MpeJrna3BaT OT 3aMbpPCIBaHUS Ha Bb3AyXa U
TOKCUYHU BEILECTBA, I0KAaTO OOJIEKJIOTO OCUTYpsIBa
Cpelly IPOMEHIIMBUTE

koMpopr u  3ammra
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arMocdepun ycnoBusa. [lpm mpaBuwiHO TomOpaHa
BOCHHOCIIY)KEIIUTE  Morar  Ja
M3BBPILBAT ACHHOCTH B TAKUBA YCIIOBHS C HAMAJICHU

CKUIIMPOBKa,
PUCKOBE 3a 3IpaBCTO U 0e30I1acHOCTTA.
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JAMCKA POKJIA B CTHUJ 70-TE

Capuna BacuuieBa I[lerpoBa' u Mapusi Panresnona Kosiea?
IO ,,Kusrunsa Mapus Jlynza“ - Cogus *FOrozananen ynusepcurer ,,Heopur Puiickn®,
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PE3IOME

* Bovxnoserno om xunumama 6 Hadaiomo Ha 70-me 2oounu na 20mu eex
» Ecmecmeenu mamepuu

* Axcecoapu

* Obemuu npuyecku

* bsickve u ckpomen epum

WOMEN’S DRESS IN THE 70S STYLE

Sarina Vasileva Petrova' and Maria Rangelova Koleva?
'"Princess Maria Luisa Secondary Educational Institution - Sofia
“Southwestern University “Neofit Rilski”, 66 Ivan Mihaylov St., Blagoevgrad, Bulgaria

ABSTRACT

* Inspired by the hippies of the early 1970s
* Natural fabrics

* Accessories

* Volumetric hairstyles

* Glamorous and modest makeup.
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JIMTEPATYPEH OB30P

* BiiusiHueTo Ha BOMHUTE, My3UKara, IPOTECTUTE, XUIU JBUKEHUETO OT Kpast Ha 60-te ronuuu Ha 20-Tr
BEK;

* MonnuTe nu3ailHepH Ha 1€CETUIIETUETO;

* MOJIHN UKOHU,;

* BuyioBe THIIMYHU 00JIEKIIa U CTHIIOBE.
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Tengenuun
* [IBeTs
* [Ipo3paunocr

* ['uranTcku 4aHTH
* [Inarpopmu

Alexander McQueen SS24 Chanel SS24

Gucci SS24
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Pa3paborku Ha MOAHU CKULH
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Texnnuecko onucanue M N300p Ha MaTepuaIn

* PameHeH apTuKyl TN JaMCKa POKJISA B IIOJYBTAJIEH CUIIYET OT 3 4yacTH — | mpeaHa u 2 3aHHU, C JABJIbI
KJIOLIMpaH PbKasB;

* KopcersT € cheTaBeH oT 7 yacTu — 3 IpeHU U 4 3a1HU;

* Marepuan: OCHOBEH - BUCKO3a C KOIIPUHA; BTOPH - MTOJIUECTED;

* [IBAT: MHOrOLIBETEH; KasiB.
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3akiIroueHue

70-1e roquau Ha 20TH BEeK ChYETaBaT B ce0C CH €JIEMEHTH OT MUHAJIOTO ¢ MOJIEPHOTO BIIKJIaHE HAa HOBOTO
nokosienre. OT XumuTara, Ta 49ak JI0 IMCKOTO, TOBA JIECETUIIETHE HU JIaBa roJisiMa CBOOO/IA MPH Ch3/IaBaHE Ha
MOJTHA KOJIEKIIHS, MPEBBILTHINABAIIA TyXa HA BPEMETO.
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