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EXPERIMENTAL INVESTIGATION OF MECHANICAL
PROPERTIES OF NATURAL FIBER
WOVEN FABRIC COMPOSITES

Mehmet Karahan and Nevin Karahan
Uludag University Vocational School of Technical Sciences
Gorikle-Bursa TURKEY
e-mail: mkarahan@uludag.edu.tr

ABSTRACT

The development of polymer composites containing natural fibers as a sustainable alternative
material for certain engineering applications, particularly aerospace and automotive applications, is a
popular area of research. In this study, the mechanical properties of flax, jute and jute/carbon woven
fabric composites were investigated and comparedwith those of 3K carbon woven fabric composites. The
results of this study demonstrate the utility of natural fibers in composite applications. Furthermore, it is
observed that the mechanical properties of natural fibves are significantly affected by changes in
temperature. Experimental results prove that the mechanical properties of natural fiber composites are
significantly lower than those of carbon fiber composites, but the hybridization of carbon and jute fibers

can result in a composite material with enhanced mechanical properties.

Key Words: Natural fiber composites, mechanical properties, impact properties.

INTRODUCTION

The mechanical properties of natural fibers vary
greatly with the age of the plant from which they are
derived, geographical location, climatic growth
conditions, the harvesting method employed, the retting
and combing techniques applied, etc. [1], unlike those
of synthetic fibers. The variability of these mechanical
properties, the compatibility between the matrix and
natural fibers and moisture absorption [2] are the
principal disadvantages that may prevent the large-
scale production of natural fiber composites [3]. The
properties of the most widely employed natural fibers,
such as flax, hemp, jute, sisal, and kenaf fibers, were
studied in previous review articles at the fiber scale [4].

Owing to the adverse effects of composite materials
on the environment, their high cost, and other
unfavorable properties, researchers have begun to
explore natural fiber-based hybrid composites. Hybrid
composites, which are obtained by combining synthetic
and natural fibers, have been developed to overcome the
aforementioned shortcomings. Natural fibers
themselves can be treated as composites, which makes
them tougher than synthetic fibers; furthermore,
appropriately configured high-quality natural fiber-
reinforced hybrid composites possess good strength
and stiffness values that approximate those of glass
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fiber-reinforced composites. It has been observed that
the partial replacement of artificial fibers with natural
fibers allows for the formation of artificial-natural
hybrid composites, which show characteristics
intermediate between those of purely natural and purely
synthetic fiber-based composites. Indeed, researchers
have demonstrated that improved properties can be
achieved by hybridizing natural fiber-based composites
with glass fibers.

It is clear that, despite the significant advantages of
natural fibers, because of their limited mechanical
properties, they are not favored for use alone in
composite materials to obtain adequate reinforcement
in certain applications requiring high mechanical
performance [5]. In this case, hybridizing with
conventional carbon and glass fibers may lead to better
results [6]. Unlike those of synthetic fibers, the
mechanical properties of natural fibers show a wide
range of variation; therefore, it is particularly critical to
determine the properties of these materials in fabric and
composite structures because the properties of
composite plates can also vary with the properties of
yarn and fabric. Thus, the aim of this study was to
investigate the mechanical properties of flax, jute and
jute/carbon woven fabric composites and compare
them with those of 3K carbon woven fabric composites.
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MATERIALSAND METHODS

The properties and production parameters of the
jute, flax, jute-carbon and carbon woven fabrics and
fibers that were used in this study are presented in Table
1 and Table 2. The properties of the jute and flax yarn
and fabrics were experimentally determined. All woven
fabrics were produced under the same conditions and

with the same weaving machine. The hybrid fabrics
were designed to have the same yarn density as 100%
carbon fabrics. In the hybrid fabrics, the warp yarns
were composed of carbon, whereas the weft yarns were
composed of jute. Araldit LY 564 epoxy resin and XB
3486 hardener were mixed in a weight ratio of 100:34 to
produce the composite materials.
Table 1
Properties of the woven fabrics used in this study

Reinforcement Definition Flax fabric Jute fabric Jute-Carbon Carbon fabric
Hybrid fabric
Reinforcement Code R1 R2 R3 R4
Weave type Plain woven Plain woven Plain woven Plain woven
Number of threads (threads/cm)
Weft yarn 12 7 6 6
Warp yarn 12 7 6 6
Yarn linear density (Tex)
Weft yarn 46 230 230 200
Warp yarn 46 230 200 200
Yarn type
Weft yarn Ring Ring Ring Filament
Warp yarn Ring Ring Filament Filament
Yarn definition and composition
Weft yarn 100% Flax 100% Jute 100% Jute 100% Carbon
Warp yarn 100% Flax 100% Jute 100% Carbon 100% Carbon
Yarn crimp in the fabric (%)
Weft yarn 5.8 7.7 4.2 0.1
Warp yarn 6.0 6.3 3.0 0.1
Mass per unite area (g/m?) 120 300 150 210
Table 2
Properties of the fibers used in this study
Parameters A-38 Carbon’ Flax [1] Jute [1]
Fiber diameter, um 7 15-50 40-350
Fiber Young modulus, Gpa 240 27 26.5
Fiber strength, Mpa 3800 500-1500 393-773
Fiber ultimate elongation, % 1.6 2.7-3.2 1.5-1.8
Fiber density, g/cm’ 1.78 1.53 1.3
": manufacturer data sheet Table 3
Properties of the composite plates
Sample Code Cl C2 C3 C4
Reinforcement Type R1 R2 R3 R4
Fabric Ply Number 12 12 12 24
Stacking direction 0°/90° 0°/90° 0°/90° 0°/90°
Plate thicknesses (mm) 4.93+0.19 10.58+0.11 8.72+0.15 6.32+0.032
Fiber Volume Fraction (%) 43 40 45 52

Composite Production

The fabrics used in the production of the composite
materials were cut into 50x50 cm pieces. The end
(ends/cm) and the pick count (picks/cm) of the fabrics
may have differed from one another. Thus, the fabrics
were slightly unbalanced with respect to the total fiber
volume content in the warp and weft directions. To
balance the warp- and weft-directional fibers in the
composite laminate, the fabric layer orientation was
alternated when laying the half-ply of samples.

Table 3 shows the main production parameters of
the composite samples, such as the ply arrangement,
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number of fabric plies and thickness of the composite
plates. The vacuum-assisted resin infusion method was
used to produce the composite plates. All samples were
produced on a glass plate. The samples were held under
vacuum to harden for aminimum of 12 hours after resin
infusion and were post-cured at 80°C for 4 hours in an
oven.

The thicknesses of the finished samples were
measured using a caliper. The fiber volume fraction (V)
was obtained based on the fabric weight and plate
thickness as follows:
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(1

where 7 is the number of fabric plies, m is the areal
fabric weight, p is the fiber density and / is the plate
thickness.

The following equations were used to calculate the
fiber volume fraction in the warp and weft directions
separately for the hybrid composites because the warp
and weft yarns were different from one another:

Opy 100+ 0, T
— wai . warp wa 2
M= 1000 100 ! @)
Op 100+ @, T
— weft . weft weft 3
M ="T000 100 ' G)
where m,,, and m,,, are the areal weights of the

warp and fill yarns, respectively, o is the yarn density
per meter, ¢ is the yarn crimp percentage and T is the
linear density in units of tex. The warp and weft
subscripts indicate the yarns in the warp and weft
directions, respectively. The fiber volume fractions in
the warp and weft directions (V. and V., ) were
separately identified as follows:

f-warp

n.m
I/- warj = — 4
! v warp'h ( )
nm,
I{ weft P _hf (5 )

where p,,, and p,, are the densities of the warp and
weft fibers, respectively. The total fiber volume
fractions (V,,,,) of the hybrid composites were obtained
as follows:

Vw =V

f - total f - warp

+V

/- (6)
Fiber volume fractions calculated for each
composite sample are presented in Table 3.

Tensile Properties of Composites

Tensile tests of composite samples were performed
on an Instron 4505 test device with a crosshead speed of
5 mm/min in accordance with the ASTMD 3039
standard. The samples were cut into 25x250 mm pieces
using a water jet, and aluminum end tabs were adhered
to the ends of the samples using epoxy glue. A video
extensometer was used in the tests as an optical
extensometer with a precision of approximately 0.01%
strain.

Impact Behavior of Composite

The impact behavior of each composite was
evaluated according to (ASTM D256) at room
temperature. [zod and Charpy impact tests were used to
test the polymeric materials.

In these tests, the calculation of the impact strength
and fracture toughness depended on the calculation of
the energy required for fracture. The impact strength
was calculated based on the following equation:
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G.= E
A

where,

Gc is the impact strength of the material (J/m?),

Uc is the amount of absorbed energy (J), and

Aisthe cross-sectional area of the specimen (m").

Fracture toughness, which describes the ability of a

material containing a crack to resist fracture can be
expressed as

K.=yG.E

where:

Kc is the fracture toughness of the material
(MPa.m'"?)and

E is the elastic modulus of the material (Mpa).

(7)

(8)

Water Absorption Properties of Composite

The water absorption properties of samples were
determined according to BS EN ISO 62. The samples
were cut to dimensions of 10x10 mm. Water absorption
tests were conducted by immersing the composite
specimens in a deionized water bath at 25 °C until the
samples nearly reached saturation. After immersion for
2 and 24 h, the specimens were taken out from the water
and all surface water was removed with a clean, dry
cloth; the specimens were then weighed. The
percentage of water absorption in the composites was
calculated by the difference in weight of the samples
immersed in water and the dry samples.

RESULTS AND DISCUSSIONS

Tensile properties of composites

The results of the tensile tests are presented in Table
4, and Figure 1 a-d shows a diagram of stress vs. strain
for the warp and weft directions.

Although all samples were produced under the
same conditions, the yarn and fiber volume fractions of
the natural fiber woven composite structures were
determined to be relatively lower than those of the
carbon fabric composite due to yarn construction. Gaps
between the yarns in the woven structure due to the
circular cross-section of the yarns led to the formation
of resin-rich areas. Furthermore, the hydrophilic
properties of the natural fibers caused more resin to be
absorbed between the fibers in the yarns. Therefore, the
fiber volume fractions of all samples were normalized
to 52% to allow for meaningful comparison of tensile
properties between samples. The normalization of the
fiber volume fraction was exact for the UD composite
along the fiber direction. For the cross-ply or woven
composite, the normalization provide only an
approximation, neglecting the transverse stiffness of
the 90° plies.

In Table 4, the values of the Young's modulus and
tensile strength are also presented for all samples after
being scaled to a total fiber volume fraction of 52%.
Scaling the results to the same fiber volume fraction
allowed for the trends to be viewed more objectively, as
discussed below.
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The tensile strengths of the composites in the weft
direction ranked as follows, in descending order:
sample C4, sample C3, sample C2 and sample C1. The
tensile strengths of samples C3, C2 and C1 were 2.36,
2.56 and 4.76 times lower than the tensile strength of
sample C4, respectively. The tensile strengths in the

warp direction ranked as follows, in descending order:
sample C4, sample C3, sample C2, and sample C1. The
tensile strengths of samples C3, C2 , and C1 were 2.21
times, 2.29 times, and 4.73 times less than the tensile
strength of sample C4, respectively.

Table 4
Experimentally determined tensile properties of composites
o Young's I\Y/[zléiiss Tensile S%:rjlglfh Strgin at
Sample | Direction Modulus o Strength o Failure
(Gpa) @52% V, (Mpa) @52% V; (%)
(Gpa) (Mpa)
c1 Warp 4.85+1.40 5.86+1.40 52.34+4.50 63.29+4.50 1.40+0.15
Weft 5.17+1.32 6.25+1.32 53.41£6.25 64.58+6.25 1.52+0.12
2 Warp 6.84+1.84 8.89+1.84 84.74+6.45 110.16+6.45 1.84+0.22
Weft 7.23£1.91 9.40+1.91 80.34+5.82 104.44+5.82 1.9140.20
C3 Warp 9.58+1.00 11.07£1.00 97.82+11.50 113.03£11.50 1.03+0.08
Weft 9.76+1.04 11.47+1.04 95.74+8.15 110.63+8.15 1.04+0.15
ca Warp 57.84+7.4 57.84+7.4 363.10+£12.10 363.10£12.10 0.67+0.02
Weft 56.7242.3 56.72+£2.3 372.30£15.50 372.30+£15.50 0.63+0.02

The samples showed nearly identical properties in the
warp and weft directions due to the stacking sequence
formed during composite manufactu-ring; thus, the
tensile properties in both directions were quite similar.
The strength of the flax-reinforced composite was
determined to be approximately 63-64 MPa for 52% V,
which is very low compared to that of glass- or carbon-
reinforced composites.

For the flax-epoxy composite, a serious non-linearity
could be observed in the corresponding stress-strain
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curve above a certain amount of strain (Figure 1.a). Itis
believed that this behavior is related to the initiation of
damage on the flax yarn. The Young's modulus of the
flax-epoxy composite was approximately 6 GPa. A
non-linearity was observed on the stress-strain curve
above 0.5% strain, and the non-linearity increased
gradually. The Young's modulus of the composite was
3.1 GPa, thereby decreasing by approximately 48%
between 0.5% strain and the ultimate strain.

100
904-(®)
801

70
5?160_
S
=50
S40-
30
20
101

— Warp
— Weft

0,01 0,015 0,02

Strain

0 0,005

| @

— Weft
— Warp

0 0,001 0,002 0,003 0,004 0,005 0,006 0,007 0,008
Strain

Figure 1 Stress-strain variations for different composite materials:
(a) Sample C1; (b) Sample C2; (c) Sample C3; (d) Sample C4.
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The tensile properties of a 100% carbon fiber
composite material were measured for comparison with
those of the hybrid composites. The tensile strength and
Young's modulus of the carbon fiber composite are
shown at Table 4. Furthermore, the corresponding
stress-strain curve is presented in Figure 1.d. Initially, a
linear characteristic was observed for the stress-strain
response. However, as the load level increased, the
curve became non-linear and showed a stiffening effect.
This behavior is characteristic of carbon fibers, as
indicated in the previous studies [5, 6]

The tensile strength of the carbon fiber composites
was 4.7 times higher than that of the flax composites
and 2.7 times higher than that of the jute composites.
Similarly, the Young's modulus was 8 times higher than
that of the flax composites and 5 times higher than that
of the jute composites. These findings demonstrate that
the mechanical properties of the natural fiber
composites are too low and incomparable to those of
carbon fiber composites.

The results obtained for the carbon-jute composites
were lower than expected. The results re gathered in
Table 4, and the corresponding stress-strain curves are
shownin Figure I.c.

The Young's modulus and tensile strength of the
carbon-jute hybrid composites were higher than those
of the 100% jute composite but still lower than
expected. For the carbon-jute hybrid composite, the
Young's modulus and tensile strength only increased by
approximately 24% and 2.6%, respectively, relative to
those of the 100% jute composite. The Young's modulus
and tensile strength of the hybrid composite were,
respectively, 4.2 times and 2.2 times lower than those of
the 100% carbon fiber composite. Similar behavior for
carbon-flax composites was reported by Dhakal et al.
[7]. However, the tensile strength and Young's modulus
can increase to a certain level by hybridizing, which
holds for fibers that exhibit similar tensile strengths and
Young's moduli. Combining a fiber that has high tensile
strength and Young's modulus values with another that
has lower strength and modulus values cannot provide
the expected hybrid effect. This situation can be
attributed to a split in the weak fibers, which eliminates
their load-carrying ability. Consequently, it is clear that
combining carbon and natural fibers cannot increase the
tensile properties of the composites as expected. The
slope of the stress-strain curve of C3 (Figure 1.c)
supports this reasoning: there is no appreciable change
in the slope of the stress-strain curve of the hybrid
sample.

For natural fiber-reinforced composites, one of the
most widely used materials is jute fibers. The results of
tensile tests applied to jute-epoxy woven composites
are presented in Table 4, and the corresponding stress-
strain curves for the warp and weft directions are
presented in Figure 1.b. According to these results, the
tensile strength of the jute-epoxy composites was
measured to be approximately 110 MPa and the
Young's modulus was measured to be approximately 9
GPa for 52% V, Compared with those of the flax
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composites, the tensile strength and Young's modulus
of the jute-epoxy composites were 33% and 42%
higher, respectively, for 52% V',

It is interesting that when the fabric strength values
are compared with those of the composite materials, a
serious decrease is observed. This situation can be
explained by effect of the higher yarn crimp on the
woven structure and the process temperature during
composite production. The trend observed for the
tensile strength between the dry fabrics and composites
is quite different. The formation of the fabric structure
may affect the tensile strength when it is in composite
form. The structure may change due to factors such as
tension and contraction during fabrication, which may
not affect the properties of dry fabrics but may affect
composites.

Impact properties of composite

The impact energies of the composites ranked as
follows, in descending order: sample C4, sample C3,
sample CI1, and sample C2. The impact energies of
samples C3, C1 and C2 were 36%, 58%, and 83% lower
than the impact energy of sample C4, respectively. The
impact strengths of the composites ranked as follows,
in descending order: sample C4, sample C3, sample C2,
and sample C1. The impact strengths of samples C3, C2
and C1 were 53%, 72%, and 76% lower than the impact
strength of sample C4, respectively.

The strength and fracture toughness measured
based on Izod and Charpy tests were calculated using
equations 7 and 8. The results are shown in Table 5. The
impact test results are very similar to the tensile test
results. The flax-epoxy composites' impact strength and
toughness values were 16% and 27% lower than those
of the jute-epoxy composites. The carbon-epoxy
composites showed the highest impact strength.
Compared to those of the 100% flax-epoxy composites,
the strength and fracture toughness were 3.1 and 5.8
times higher, respectively. Furthermore, the carbon-
epoxy composites' impact strength and fracture
toughness were 2.5 and 4.4 times those of the jute epoxy
composites, respectively. These results show that
carbon-epoxy composites with a high Young's modulus
and strength also exhibit a much higher impact strength
than that of natural fibers [5].

By hybridization, the impact strength and fracture
toughness of the composites increased by a certain
amount. Results prove that by hybridizing, the impact
properties increased to a greater degree than did the
tensile properties. Therefore, it can be concluded that
jute fibers slightly increased the toughness of the
composite materials. The jute-carbon hybrid
composites' impact strength and fracture toughness
improved by 65% and 51%, respectively, compared to
those of the 100% jute material. However, the jute-
carbon hybrid composite materials' impact strength and
fracture toughness were 1.11 and 2.56 times lower,
respectively, than those of the 100% carbon fiber
composites.
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Table 6

Experimentally determined impact toughness, water absorption and density of composites.

Impact Properties Water Absorbtion (%)
Samples Impact Energy Impact Strength Fracture Toughness After 2 h After 24 h
J) (kJ/m®) (MPa.m™) immersion immersion
Cl 0.727 £ 0.05 6.291 £0.30 177.42 £6.92 0.192 +£0.010 0.499 £+ 0.030
C2 0.289 £ 0.05 7.292 +0.95 226.43 £ 8.83 0.376 +0.025 0.775 £ 0.041
C3 1.101 £0.22 12.059 £ 1.05 34147 £3.19 0.200 £+ 0.040 0.686 +0.035
C4 1.723 £ 0.25 25.843 +£1.52 1215.8 £26.1 0.041 +0.018 0.050 £ 0.021

Water absorption

The water absorption of the composites after 24 hours of
immersion ranked as follows, in descending order: sample
C4, sample C2, sample C3, and sample C1. The water
absorption values of samples C2, C3 and C1 were 46%, 52%,
and 65% less than the water absorption value of sample C4.

Due to the extremely hydrophilic character of natural
cellulosic fibers, the effect of their water absorption
properties on their mechanical properties is a common
research topic. Although water absorption generally
improves mechanical properties such as the tensile strength
and Young's modulus of cellulosic fibers in yarn form, water
absorption causes a decrease when the fibers are used in
composite materials. In composite form, absorbed water
diffuses to the fiber-matrix interface and decreases the
adhesion force, which causes a serious decrease in the
mechanical properties of composite materials.

The water absorption properties of the composites are
presented in Table 6. The water absorption properties were
evaluated according to the differences between the dry
weight of the composite materials and their weight after 2 and
24 hours of soaking. According to the results, the natural
fiber-reinforced composites exhibited very high water
absorption values. The water absorption values of the flax-
reinforced composites were 0.19% and 0.49% after being
soaked for 2 and 24 hours, respectively. The water absorption
values of the jute-reinforced composites were greater than
those of the flax-reinforced composites. The water
absorption values of the jute-reinforced composites were
95% and 55% greater than those of the flax-reinforced
composites after soaking for 2 and 24 hours, respectively.

The water absorption values of the carbon-epoxy
composites were very low. Specifically, the values were 3.9
and 8.2 times less than the water absorption values of the
flax-reinforced composites after soaking for 2 and 24 hours,
respectively. Similarly, the water absorption values of the
carbon-epoxy composites were 8 times and 13 times less than
the values of the jute composites after soaking for 2 and 24
hours, respectively. The water absorption values were
observed to increase with hybridization. The water
absorption values of the hybrid composites were 46% and
11% less than those of the jute-reinforced composites after
soaking for 2 and 24 hours, respectively. The water
absorption values of the hybrid composites were much
higher than those of the carbon fiber composites. The water
absorption values of the hybrid composites were 3.8 and 11.7
times greater than those of the carbon fiber composites after
soaking for 2 and 24 hours, respectively.

It is well known that water absorption has a significantly
negative effect on the mechanical properties of composite
materials. Thus, such materials would not be suitable for
applications that involve direct contact with water.

CONCLUSIONS
In this study, the properties of natural fiber woven fabric
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composites were investigated experimentally. The following
results were obtained:

- The tensile strength and Young's modulus of jute-epoxy
composites were 33% and 42% higher than those of flax-
epoxy composites.

- The mechanical properties of carbon-epoxy
composites were significantly higher than those of natural
fiber composites. However, hybridization with carbon fiber
made the hybrid materials stiffer, giving rise to stronger
mechanical properties those of the jute fiber composite
samples. This finding demonstrates that the hybridization of
carbon and jute fibers can result in a composite material with
improved tensile properties.

- The flax-epoxy composites' impact strength and
toughness were 16% and 27% lower than those of the jute-
epoxy composites. The impact strength and fracture
toughness of the carbon-epoxy composites were
significantly higher than those of the natural fiber
composites. However, the results show that the hybridization
of carbon and jute fibers can give rise to significantly
improved impact properties.

- The water absorption values of the jute-reinforced
composites were 86% and 55% greater than those of the flax-
reinforced composite after soaking for 2 and 24 hours,
respectively. The water absorption values were observed to
increase with hybridization. Due to their remarkable
sensitivity to moisture, the natural fibers examined in this
study were determined to be easily influenced by
environmental effects.
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HAHOMATEPUANTN U HAHOTEXHOJIOINI
B TEKCTUJIHOTO NMPON3BOACTBO
N TAXHOTO Bb34EVNCTBUE
BbPXY 3APABETO HA XOPATA N OKOJIHATA CPEAA

Bacunka NeHueBa, CtosaH lNeHues, NeTbp MeTpoB
NHcTUTYT Nno enekTpoHuKa "Akag. Emun IkakoB" - Bbnrapcka Akagemna Ha Haykute

PE3IOME

Hsknrouumenno Owvp30mo Hasuuzame Ha HAYYHUME OOCMUNCEHUS U UHOBAMUBHU MEXHUKU OMm
obnacmma Ha u3C1e08aHusma Ha HaHoMamepuaiume 6 No4mu 6CUYKU CbB8PeMEeHHU Npou3800Ccmad,
BKIIOUUMENHO U 8 MEKCMUIHUMeE Npou3eo0Ccmed, Npo8oKUpA OC8eH ONpasoaHu uxHmepecu, maxa u
peouya 6bnpocu OMHOCHO Oe30nacHocmma um 3a 4oeeka u npupooama. Kakxmo ecaxa opyea mosa
MeXHON02US, MAKA U HAHOMEXHONO02UUME Ce HYHCOAAM Om CbNp0o800d HA MOMUBUPAHO KPUMUUHO
omHouleHue.

Knwuosu 0yMll Hanomamepuaiu, HAaHOMEeXHUKU 6 meKcmuia, bezonacHocm

NANOMATERIALS AND NANOTECHNOLOGY
IN TEXTILE PRODUCTION AND THEIR INFLUENCE
ON HUMAN HEALTH AND NATURAL ENVIRONMENT

Vasilka Pencheva, Stoyan Penchev, Peter Petrov
Institute of Electronics - Bulgarian Academy of Sciences

ABSTRACT

A boom of implementation of the scientific achievements and innovative techniques in the area of
nanomaterial research is marked in nearly all contemporary productions including textile. Except
reasoned interest, it raises a series of inquiries about their safety to human population and the
surrounding medium. Like every other novel technology, nanotechnologies require the attendance of

motivated critical attitude.

Keywords: nanomaterials, nanotechniques in textile, safety of clothing

BbBEJIEHUE

B nactosmara pabora e mpencTaBeH aHaIW3 Ha
poOieMuTe, KOUTO BH3HHUKBAT TP M3MOJI3BAaHETO Ha
HAHOTEXHOJIOTUYHUTE TPOIYKTH, TIPe3 BCHUKU €TaIlH
Ha M3CIIEBAHETO, MPOU3BOICTBOTO U MPUIOKECHUETO
¥M, KaTo HE C€ MPOIMyCKa OT KOHTPOJI 1 6€30MacHOCTTa
3a YOBEMIKOTO 3[paBe M OKoJHATa cpema. EmHa ot
penopbKuTe Ha EBporieiicka areHIms 3a 6€301macHOCT
u 3apaBe, kbM EBponeiickara komucus, ot 2008 ., [1],
mpu paboTa ¢ HaHOMAaTepHalld € CBbp3aHa C TIOITY-
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JNSPU3UPAHETO HAa BB3HUKBALIUTE MPOOJIEMH NpHU
CTaHIApPTHU3ALUATa U METPOJIOrHiTa B o0nacTra Ha
NPUIOKEHHE Ha HAHOTEXHOJIOTHHUTE B Pa3JINYHH 1IPO-
M3BOJICTBA M BH3/ICHCTBUETO HA HAHOYACTHIIUTE BHPXY
YOBEKa M OKOJTHATa cpelia. 3a Moj3ara U pUCKOBETE OT
Ha-U3MOA3BaHUTE HAHOMATEpPHAIX B CHBPEMCHHHS
JKHBOT, TOPaJIM BCE TI0-YECTOTO UM IIPHCHCTBUE B MHO-
TO MTOTPEOUTEIICKU TTPOAYKTH - OT pa3HO(PYHKIIMOHA-
HH MaTepHaIU JI0 TeKCTHII M HETOBHUTE PHIIOKEHHUS 32
o0JieKa 1 B IOTpeOHOCTHTE Ha OUTA.
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OO0aukbT Ha 21-TO cTOJIETHE, O€3 CHbMHEHUE, 1€ CE
ompesens OT yCIeXHTe Ha HAHOTEXHOJOTUUTE B
pa3UYHUTE MPOU3BOACTBA U OOCIYXKBAIIUTE TH
HaydHH obsnactu. HayuHuTe nocCTHIKeHHs Tpe3
MOCIIEIHATE JECETUJIETHS HalpaBHUXa PEATTHOCT W3-
MoJI3BaHeTo Ha (ynepeHute, rpadeHa, HAHOMETAIHUTE
(cpebpo, 3mato...), HaHookcuaute (Si02, TiO2,
Zn0...), HaHOKOMIIO3UTHUTE, KBaHToBUTEe ToukH (Cd-
Te, Cd-Se, Ga-As...), MHOr000Opa31eTo OT HAHOKOHCT-
pyKimu ot opranndecku yactunu (Quzypa 1) [2].

HaHOTeXHOTOTHUTE W TEXHUTE NPOHU3BOJIHU
CTPEMUTEIIHO TMPEB3eMaT BCUYKU CPEepu Ha JKUBOTA.
Hasnmn3anero Ha HAyYHUTC NOCTUKCHHA U UTHOBATUBHU
TEeXHUKH C M3MOJ3BAaHE HAa HAHOMAaTEpHAald, YBEIHIN
HEMMOBEPHO W BB3MOXHOCTHUTE 3a Ch3JlaBaHE Ha
MOMYJIIPHUTE MHTEIUTCHTHW/ YMHU/ WHTEPAKTUBHU
ThKaHU - (Smart/ interactive textiles - SIT), [3]. Te3u
MaTepUH CE OKa3axa M3KIFOYUTEIHO (PYHKIIMOHAIHH,
3aII[0TO Ca Ch3/IaJICHH J]a IyBCTBAT M pearupar macuBHO
Wi 00paTMMO Ha CTUMYJIHpaHE OT Pa3HOPOJCH Xa-
pakTep: CBETIIMHHO, MEXaHHYHO, TEPMHUYHO, XUMHYHO,
CJICKTPUYHO, MAIrHUTHO U IP. OCHOBHO TSIXHO Ka4eCTBO
e, 4e TIPUTEeXKaBar MOYTH HEOTPaHIMIEH! Bh3MOKHOCTH
3a CTHMyJHMpaHa MpoMsSHAaTa Ha IBeTa CH, Onaroja-
peHHE Ha HAHOMOOABKUTE B IMKBJIA HAa MPOU3BOJCT-
BOTO M aKTUBHUPAHCTO OT NOCOUYCHUTEC CTUMYJIAHTHU Ha
TEeXHUATE PU3UKO-XUMHUIHH CBOWCTBA.

TynepeHiA

BuriepagHu HEHOTpBOWIRE

HaHoqacTium Ha
METANMTE (aNaTo,

HaHaromMIoaMTH

Hayunute wm3cinenBaHus W TPUIOXKEHHSITA B
o0acTTa OTBapSIT IIMPOKO BpaTaTa Ha €IIH HOB CBSIT, C
HEMOJIO3UPaHu J0Cera Bb3MOXKHOCTU Ha MaTepuira,
JIOKa3aTeJICTBO 3a KOoeTo JaBa BpbueHarta HoOemosa
Harpama mo ¢msuka 3a 2016 . ma JleitBun Tayrmec,
Hbukan Xonzaeitn u [Ixeit Koctepnun 3a orkpurusara
¥M, KOUTO TTO3BOJINXA I0-100p0 TEOPETUIHO pa3doupa-
HE Ha 3araJKuTe Ha MaTepHUsITa U Ch37a10Xa HOBH MEP-
CIIEKTHBH 3a pa3paboTBaHEe HA HOBATOPCKU MaTEPHAIH
C eK30THYHH CBOICTBA, KAKTO C€ ChOOIIaBa B KOMIOHH-
keto Ha HobOeoBus KOMUTET.

[Tpon3BoaCcTBOTO U MOTPEOICHUETO HA TEKCTHUII, B
IIUPOKISI M CMHUCHIT, KaTO BIAKHA, ThKAHU, TPUKOTAXK,
HETHhKaHW MaTepHaH, B CBETOBEH Maad He HaMasiBa
o0ema cH, Iopu HapacTBa, IPOTOPIIMOHAIIHO C HAPACT-
BaHe Ha JieMorpadckusi Opoii Ha xopara, IOpu He ce
BIIUSIC CBHIIECTBEHO OT PAa3IMYHUTE CBETOBHH KPHU3H.
[Ipomenst ce 3HAYUTEIHO reorpadusiTa Ha BOICIINTE
npousBonuTeNu B cBeta, (Kuraid, Typrus, Mamus) u
3HAYUTEIHO I0-MaJIKO C€ MPOMEHST OCHOBHUTE
KoHCyMaTopH Ha Tekctuna - EBpoma, CAII, SAnonus,
Pycus. [Ipe3 nocneanute necetusieTus ce Habmonasa
KadecTBeHa MPOMSIHA HAa ACOPTHMEHTHUTE TEKCTHII
(TeXHHYECKH, MEIUIINHCKH, 32 BOCHHH MPHUIIOKEHHS,
3a CIOPTHH, MOJIHU, 3alllUTHU O0JeKIia, 3a oduca u
JIoMa), TBJDKAIM CE Ha pacTAIaTa pojisi Ha HAaHOTEX-
HOJIOTHHTE B TPOU3BOJICTBOTO HA TEKCTHUIL.

HaHouacTuLM Ha KBaHTosK TOMEM
ORCHOWTE Cd-Te, Cd-Se,
Ga-As

Si0g, Ty, Zn0

She

KoHeTpyupaHA
OpradYHIA HAaHOHSETHLA

®urypa 1 MHOrooOpa3HuTe MOCTUKEHUS HA ChBPEMEHHUTE HAHOTEXHOJIOTHH [2].

TouHOTO OmpenensHe HA MPOAYKIHUATA MPOU3BE-
JICHA C HAHOTEXHUKH € TPY/HO Jia ce ieUHMpa, 3a cera
TSI UMa MPEAUMHO OIICHBYECH XapakTep, 3aImoTo
OTCHCTBa SICHO ONpeJeNieHUuEe, pa3rpaHruvaBamio
npoaAyKHIHrATa 1OJIyd€Ha ¢ KOHBCHIIMOHAJIHU OT Ta3u C
HaHOTEXHOJIOTHH [4].

[Tpou3BOACTBOTO M M3IMOJA3BAHETO HA HAHOTEXHO-
JIOTUYHUTE MPOJYKTH MOCTABY U HAJIOXKH JIa CE IIPUEME
JIOCTaThUHO KOPEKTHA JNeHUHUIIMS 32 HaHOMATepHall.
Ha to3u mpo6item Oe oTAesIeHo CIeITHaTHO BHUMAHUE B
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ITETHUTE KAPTH 32 Pa3BUTHEC Ha HAHOTEXHOJIIOTUHUTE BHB
Bozpewute crpanu - CAILI, 2008 r. [5], EBponelicku
¢b103, 2011 1. [6], SAnonus, Pycus, Kutaii.

Yeunusita Ha pejiuiia ClelUaIHA OPTaHU3allnH, B
paMKuTe Ha cTpaHuTe OT EBporiedickus cbio3, cien
B3auMeH OOMEH W aHaIu3 Ha WHQPOPMAIUATA, TT03BO-
nuxa B pamkute Ha CemuHap B EBporneiickara koMucus
ot 29.11.2011 r., bprokcen, [6], EC nmbpBu na uznese ¢
neduHuIMs 3a HaHoMmarepuaiuTe. DopmynpoBKaTa
OMHMCBa HaHOMAaTepHaJIHWTe, KaTo "eCTeCTBEH,
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ChIBTCTBAIL WJIKM MPOU3BCACH MaTCpHall, CbAbpPiKalll
YaCTHUIT B HEOOBBP3aHO CHCTOSHUE WM 1o popmara
Ha arperar, WiIHd arjioMepar, IpH KOETO BHHIIHUAT
pa3Mep B €IIHO WU TToBeYe u3MepeHus Ha rioHe 50% ot
o01ust Opoit yacTuim e B ooxpara 1 - 100 nm".

[IpernopruBa ce ToBa omMcaHWe Ja € B CHJia 3a
pa3IMYHUTE CEKTOPH W Jla C€ HM3MOJI3Ba 3a BCIKAKBH
perynaropuu 1enu. Jlo neguHHINATA, KATO CONHIHO
ompeJesieHne, ce € JOCTUTHAIIO HA OCHOBAaTa Ha akTyall-
HU MMPCHMU3HNU HAYYHU JAaHHU U IIHUPOKO JOMMUTBAHEC 10
KOMIICTEHTHHTE CpeIr Ha 00TmHOcTTa. OTIpeIeIcHIeTo
€ HeoOXOoAMMO Ha MPOMUIICHOCTTa 3a SICHOTa U
ChINIACYBAaHE HA peryjaropHaTra paMKa, B Ta3W BakKHA
WKOHOMHYECKa 00JacT, 3a MOTpeOUTeNuTe, KOUTO
3aciry’kaBaT TouyHa WH(OpMAaIws OTHOCHO yrmoTpebara
Ha Te3H BEIIeCTBA.

N3non3BaHeT0O Ha HAHOTEXHOJOTHUYHUTE IIPO-
OYKTH IIOCTaBM M Hajara Jia ce peld 3ajadara 3a
obe3neyaBaHe Ha 0E30MACHOCT OTHOCHO 3JIPaBETO Ha
XOopara B3aMMOJIEHCTBAIN C Te3H NponykTH. Heobxo-
JIUMO € JIa c€ TIOCTUTHE OaJlaHC MEeXTy 0e30ITacHOCTTa
Ha HAHOTEXHOJIOTMHTE BbPXY 3/IPABETO HA CEra Hacelsl-
BalllMTE IJIAHETaTa Xopa ¥ OBJCHIMTE MMOKOJICHHUS, OT
e/lHa CTpaHa, ¥ HeoOXOAMMOCTTa Jia He Ce CIIHpa Mpor-
peca B MpOU3BOACTBOTO M BHEAPSBAHETO HA HOBH BHJIO-
BE HAHOMPOJYKTH, C TIOJIE3HU 3a Xopara U MpHupojara
CBOMCTBA.

HAHOYACTUIIU U HAHOTEXHOJIOT'UAN
Hanowactunure He ca HOBO u3o0OpereHue. Te
CBIICCTBYBAT B MpUpPOAATa B OmpeneieHdu (OpMH,
pasiivdHu OT TE3W Ha CHUHTC3UPAHHUTE OT AHTPOIIO-
TeHHa HOeiHOCT. B mpu3eMHmsA aTMocdepeH CIoi,
HaTpuMep, TIoTaaT HAHOYACTHUITH, KOUTO Ca CIICACTBHE

- O
& @

oo

TAHTUTENE

=t

OT peIHIla €CTECTBEHO MPOTHYAIIW HPUPOJHH IPO-
LIECH, KaTO U3XBBPJISIHE HA FOJIEMH KOJIMUYECTBA IEIeI
[IPY BYJKaHWYHA IEHHOCT, AUM OT MOXKApH, IPEHOC Ha
MACHYHM MAacH OT IYCTHHHUTE, KPUCTAIH COJ OT
MOPCKHUTE M OKEaHCKH BOAHU OaceiiHu u ap. XKuBure
OpraHM3MH Ha HallaTa IUIaHeTa Ca CBOJIIOMPAIN B
cpena, ¢ HE3HAUYMUTEJHO KOJIMYECTBO E€CTECTBEHHU
HaHOpa3MepHHU yacTuly. ToBa € HaBsIpHO MpUYMHATA
3a JIMIICA Ha M3rpajieHd ChOTBETHH MEXaHM3MHU 3a
3amuTa CripsaMo TAX. HaHO‘IaCTI/I]_II/ITe, rnopaau MaJKu-
T€ CH pa3MepH, ca CIIOCOOHM C YIMBUTEIHA JIEKOTa A2
MPEONOJIsIBAT 3AIIUTHUTE MEXaHU3MHM M IpennazHu
OapuepH: Ha KOXKaTa, Ha IUIAIlEHTaTa, Ha KICThYHUTE
MeM6paHI/I, Ha UMYHHaTa CUCTEMaA, Ha AUXaTCiHaTa U
xpanuTtenHara cucreMu (Dueypa 2).

[IperneabT Ha CHBPEMEHHOTO HPOM3BOACTBO HA
HAaHOpa3MEpHU MaTepuand U MPUIOKEHHETO UM B
pa3Ho00pa3Hu MPOAYKTHU MOKa3Ba, ye nosede ot 90%
OT TSX ca HAHONpaxoBeTe (M3MOJI3BAHETO MM €
3anoyHa’o oie npeau S0-te roquuu Ha 20-TH BEK U J10
"HaHOOYMa' T€ ca HapUYaHH YATPAIUCIICPCHH ITPAXOBe
[7]), n3non3Banu B TEKCTUIHATA UHIYCTPHUs, HAHOKA-
TaJIM3aTOPUTE U HAHOIIOPECTUTE Marepuanu (Guirpu-
Te). EnuH BUI OT ynTpagucriepcHUTE IPaxoBe - IOJINX-
mopupaHuTe OM(PEHWIN B TOJIEMH KOJHUYECTBa ca
J00aBsSIHU KaTO KOMIIOHEHT B IPOMUIIJICHUTE TUCIICKT-
PUYHH TEYHOCTH 32 EJIEKTPONPOU3BOJCTBO U B €JIEKT-
porexuukarta. Jlocera, B armocdepara ca U3XBbpICHU
OTPOMHH KOJIMYECTBA OT TSIX, KOUTO Ca CE HATPYTaJU B
JKUBUTE OPraHU3MHM U TH NPaBIT H3KIIOUHUTEIHO
ycroiiunBH Ha ouonerpagauus. [lo mociaequu oneHkn
TE ca eJIMH OT OCHOBHHUTE 3aMbPCUTEIIH HA cpeliara 3a
oOuTaBaHe, Hapea ¢ XJIOPOPraHUYHUTE MECTULUAN U
paauoHykauauTe [8].

Gakrepus

S

pakosa
KNeTKa

[uanascs Ha paamepuTe

% Ha HEHOYACTULIWTE W
HaxocTpykTypuTe: 1-100 nm

d)nrypa 2 CprnocraBKa Ha PasMEPUTEC B HAHOCBETA U KOHBCHIIMOHAJIHUS ) KUBOT
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CHUHTE3UpaHUTE HAHOYACTHUIM CHIICCTBYBAT B
MHOTOUYHCJICHN BapWaHTH, MPHUTEXKABAT Pa3TUIHU
CBOICTBa, KOETO T MPaBU HEOOMYAWHU ¥ TPHUBIIEKA-
TEJIHH, [TPe]yIaraT HOBU Bb3MOXKHOCTH 32 IPUIIOKEHUE,
KOUTO OTCHCTBAT B KJjacHMYecKara XMUMHUS Ha I10-
eapoMaiiadHKUs ChCTaB Ha CHOTBETHHUTE BEIICCTBA.
TsxHara YHUKaJHOCT, CBbp3aHa C MaHUITYJUpaHE Ha
pa3mepa UM, ce IIbJDKU Ha TOBA, Y€ JIOKATO 32 YaCTHIIH C
pasmepu okono 100 nm, Bce orie ca B cujia 3aKOHUTE Ha
KJIacn4yeckara (pu3uka, To 3a o-MajJKuTe pasMepH, 6e3
psi3Ka TpaHUIla, Bede HapacTBa poJsiTa Ha 3aKOHHUTE Ha
KBaHTOBara (U3WKa, OTTOBOPHU 3a TPOMEHUTE B
CBOICTBaTa: pa3TBOPUMOCT, IIPO3PAYHOCT, IIBSIT, CICKT-
POIIPOBOIHOCT, TEMIIEpaTypa Ha TOIICHE, OTpaKaTeaIHa
crocoOHoCT U ipyru. HaHoyacTUIIMTE MPUTEIKABAT I10-
ToJIIMa PeaKIMOHHa CIIOCOOHOCT, Thil Karo OposT Ha
MOBBPXHOCTHUTE MM aTOMH pacTe C HamalsiBaHEe Ha
reoMeTpudHust uM pasmep. [lopaaum wu3BecTHata
CKJIOHHOCT Ha TMOBBPXHOCTHUTE aTOMH Ja 00pa3yBar
ChEeIMHEHMs, C€ Hajlara HeoOXOMMOCTTa HAHOYACTH-
nuTe Ja OBbJaT MOKPUBAHU WIW CHbXpaHSIBAaHU B
CIICIMAIIHU 3alIUTHU Cpen, (Ta30BU, TCUHH), 32 Ja Ce
OTPaHMYU CBBP3BAHETO IMOMEXKAY UM WU C JPYTH
YaCTUIIM W yBEJIMYAT pa3Mepa cu. Bucokara KOHIIECHT-
parysi Ha TTOBBPXHOCTHUTE aTOMH B HAHOKITECTEPUTE,
KOUTO C€ CBhIBPIKAT MPEAUMHO B HEHACHUTCHUTE
XUMHYECKU ChEJMHCHUS, MPaBU TE3H HaHOMATe-
puasuTe 0COOCHO NMPAaKTUYHH B IMPOIECUTE Ha
Karaau3a, (yCKOpsSBa XUMUIHUTE PEaKIIUN 0e3 pa3xom
Ha KaTaJu3aTrop W BCE MO-TIOMYISIPHA B XUMHUYECKHUTE
METOJIM MPUJIATAHU B TIPOM3BOJICTBATA HA ChBPEMEHHA-
Ta TeKCTUIHA UHAYCTPUSL.

TexcTniTbT, MPOU3BEACH Upe3 U3IM0I3BaHE HA HAHO-
TEXHOJIOTHH, C€ Pa3InyaBa 1o MPUHIINIIA Ha Ch3/IaBa-
HeTo cu: "oTrope-Hanony" win "oTnomy-Harope'", T.e.
ype3 pazapolsBaHe Ha cyOcTpatuTe (B IIMPOKUS
CMUCHJI Ha JyMata), 10 HaHOpa3MepH B (popMupaHeTo
OT HAaHOYACTHUITM Ha 00EMEH MTPOAYKT WIH camocOopka
OT HAHOYACTHUITU Ha 00eMeH MpoayKT. M B 1BaTa cirydas
OTIPENICICHUETO Mojpa3dupa, Oe3yCIOBHO, CTPOTO
OpraHu3MpaHa OT HAHOYACTHIM CTPYKTypa Ha HAHO-
MpOAyKTa W TOsSBaTa Ha HOBHW WM CBHIIECTBEHO
moo0peHn cBoiictBa Ha Matepuana [4]. [lox TakoBa
M3KMCKBAaHE 32 HAHOMATePHAaIIM TOMaaT MaJlka 4acT OT
TEKCTWIIHUTE MaTepuaiu. [10100HO € 1mo-JI0KEHUETO U
B MHOTI'O JIpyT' 00JIACTH Ha HAayKaTa U TeXHUKara. M3k-
JIIOYEHHE TIPaBU 00JIaCTTa Ha eNIEKTPOHUKATA, OTKb/e-
TO BOJISAT HAYAJIOTO CH HAHOTEXHOJIOTUUTE BHOOIIIE.

WNma TexcTui, Mpou3BEACH C HW3MOI3BAHETO Ha
rOTOBU HAHOYACTHIIM, ITPEIBAPUTEIIHO MTOJIYUYCHHU Ype3
METOJINTE HAa HAHOTEXHOJIOTHUTE, T.€. "'0Trope-Hamomy"
unu "otnony-Harope" M Te3uW BUIAOBE "'MojaepeH"
TEKCTHJI ca TpeolIiajaBaiio MHOTO, KaTo MPUTEKABAT
HOBH KaueCTBa, HOBHU (DYHKIIMOHAJIHU MPUIIOKEHUsI. 32
noTpeduTeNnnuTe, B KpaiiHa CMETKa, MMa 3HaYCHHUE HE
TOJIKOBA MMPUHIIAITHT, Ype3 KOUTO € TOTyUeH IPOITyKTa,
a € BAXHO KayeCTBOTO, HOBHUTE (DyHKIMH M Oe3omac-
HOCTTA.
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BUJOBE HAHOBJIAKHA U OBJACTH
HA ITPNJIOKEHUE

Brakna ¢ HaHOpasMepeH IMaMeThp MOXE Jia ce
IIPOM3BEIKAT, U T10 JBaTa TEXHOJIOTMYHHU MeToza: "oT-
Joiry - Harope', upe3 camocOopka u "otrope - Hamony'",
Ype3 pasieruieHue Ha CTPyYsITa Ha BIIaKHOOOpa3yBallus
MOJUMEp B NMPHUCHCTBHETO Ha EIEKTPUYHO TOJIE,
H3BECTHO, KaTo ejekTpodopmupane (electrospinning).
Texnomnorusita € ¢ YHUBEpPCAJIHU BB3MOXHOCTU U CE€
mpuiara 3a BIaKHOOOpa3yBally IMOJMMEPH C ecTe-
CTBEH, U3KYCTBEH M CHHTETHYEH CchcTaB. OCHOBHOTO
V3HMCKBAaHE € J]a HsAMa JIeCTPYKIHUS Ha TOJMMepa B
MPOLIECUTE HA pa3TBapsiHE U TOICHE, aHAJIOTUYHO Ha
HU3UCKBAHETO IIpU MPOU3BOACTBO Ha XUMHUYCCKH
BJIaKHA TI0 TpaaunuoOHHUTE (rutepHu Meromu [1, 9].
Bucokara cTOWHOCT Ha TPOM3BOACTBOTO MO Ta3H
TEXHOJIOTHUS BCE OlIle TO OTPaHNYaBa, HO Ce HaOIoIaBa
HapacTBaHe Ha oOema Ha npoxykiusiTa. [Ipunoxenue-
TO Ha TE3M HAHOBJAKHA C PA3JUYHO ChIbPIKAHUEC €
OCHOBHO 32 METUITIHCKH IIEJIH - U3paboTBaHe Ha METH-
LWHCKO 3aIUTHO OO0JEKI0, GUITPH U JPYTH BHIOBE
TEXHUYECKU TEKCTHUII.

[Ipennarar ce Bce Mo-akTUBHO U JIPYT BUJI BJIAKHAa,
KOWTO C€ 3aIThJIBAT C HAHOYACTHUIIH, C BApHUPAIIl ChCTAaB,
pasmepu u ¢popmu. ToBa ca HAHOTIPOIYKTH OT BTOPH
Tur, kakto Oe mocoueHo. [IpomsBopcTBOTO Ha TE3U
BJIaKHA € I10 TpaJUIITMOHHUTE METOJH, KATO HAHOYAaCTU-
MUTC CC€ BBBCXKIAT B pasTBOpa WM B CTOIICHHUA I10-
JIUMEp, OT KOWTO ce U3TEIIAT BiakHaTa. B 3aBucumoct
OT ChCTaBa Ha BBHBEJACHWUTE HAHOUACTHIIM BJIaKHATa
npuI00MBaT HOBH EJIEKTPOIIPOBOIAIIH, (oTO-, OHO-,
MAarouToO-akKTUBHU U JPYyT'U CBOMCTBA WJIM 3HAYUTEIIHO
Mo00psIBAT M3XOIHUTE CH CBOMCTBA, MeXaHHYHATa
3[paBWHA, HarmpuMmep. To3W BWJ BIIaKHA C€ HapHyaT
OIIE ¥ KOMITO3UTHH, & CBOMCTBATA UM CE OTPENICIAT OT
CBOMCTBara Ha MaTpunara U Ha HaHOHAIIbJIHUTCIIA.
O06emMbT, HAa TPOMU3BEICHUTE IO Ta3U TEXHOJOTHUS
BJIAKHA, € CHIO OTPAHWYECH B CpaBHEHHE C oOeMa Ha
TPaJIUIIMOHHO TIpou3BeieHnTe. [Ipon3BOACTBOTO UM €
CKBIIO M € CBITPOBOZICHO BCE OILIE OT MPOOIEMHU ChC ChB-
MCCTUMOCTTAa Ha HAHOYACTULIMUTC M MaTpulara Ha
MoJIMepa, Bb3HUKBAT MPOOJIEMH C pa3TBOPUTE U CTO-
MMUJIKUTE Ha ITOJIMMEPUTE TTPU U3TOYBAHE Ha BIIAKHATA.
TexHonorunte ca B MpoIeC HA HACTPOMKA U ONITUMHU-
3anuys, TbpCAT C€ Bb3MOXHOCTU 3a MOCBTUHABAHE Ha
npou3BoaCcTBOTO. O6IacTTa HAa MPIIIOKEHNE HA KOMIIO-
3UTHUTE BJIAKHA, 3aITBTHEHN C HAHOYACTHIIN, CE OTIpe-
JIeJISE OT U3KITIOYUTEITHO PUBJICKATETHUTE U (DYHKITHO-
HAJTHUTE UM CBOICTBa. Te ca HOBOTO OKOJICHHUE CBPBX-
JICKU, CBPBX3ApaBU KOHCTPYKTHMBHH KOMIIO3HUTHU C
MPHUIOKEHWE BHbB BCHYKH BHUJAOBE TPAHCIOPTHH
CPE/CTBa, 32 3alTUTHA MHOTO(QYHKIIMOHAITHHU 00JIeKJIa,
3a TEKCTWJI TPEIHA3HAYCH 32 CIIOPTHU U MEIUIIMHCKH
IIPOLYKTH.

OKO0JI0 HOBOTO IOKOJICHHE OHMOTEXHOJOTHYHU
BJIaKHA, CBbP3aHU C TeHHOMOIM(UITNPAHU €CTECTBEHH
BJIaKHA, C€ TOSBUXa MPOTHBOPEYNBH MHEHHUS, JJOKOJI-
KOTO 'Y CBBP3BAT C POYKTHUTE NPEIaraHu OT hupma-
ta "MoHcaHTO", npumoduiIa He 0cobeHo o0pa cBe-
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TOBHA M3BECTHOCT. Pupmara pa3paboTBa M OTIISKIA
reHHoMoauuimpan namyk, ¢ 30-40% mo-Bucoka
MeXaHWYHa yCTOMYUBOCT, B CpaBHEHHE C HEMOIU(H-
LMpaH BUCOKOKauecTBeH namyk. [lopaau pen Bce ore
OTBOPEHU 3a JIUCKYCHs IPOOJIEMH, TO3H BH/I TAaMyYHH
BJIaAKHA HE MOJyYHMXa MIHPOKO Pa3MpOCTpPaHCHHE.
OCHOBHOTO UM TIpeJHa3HAYCHHE € 3a M3padoTBaHEe Ha
TEKCTUJI C TOBUIICHA MEXaHW4YHAa YCTOWYUBOCT, 3a
BPBXHU NIAMYYHH OOJICKJIa, [TOJIaraHi Ha U3HOCBAaHE,
n30e/IBaHe C arpecHBHM IperapaTH, MPHU KOETO €
ryost 10 20% o1 3apaBuHaTa Ha M31enuneTo [ 1].

Cw3naseHa € TeHHOMONU(UITMpaHa HHIIKA, KaTo
Ta3u B NasHKUHHUTE, MPEBB3XOKJIAIIa M0 3paBUHA
BCHYKHU €CTCCTBCHU U XMMHUYCCKHU BJIAKHA, C CKBHBA-
JICHT Ha 3/[paBUHATa JIOPH 110-100bp OT TO3M HA CTOMA-
HEeHa KHIIa ChC chinaTa aedenmHa. J[o ch3gaBaneTo M
Ce e CTUTHAJIO CJIe]l U3y4aBaHe CTPYKTypara Ha FreHoMa
Ha MaspKUHHATA HUliKa. M3BecTeHo e, 4ye 37paBuHaTa
Ha HUIIKAaTa Ha MashKWHATa MHOTOKPATHO IPEBHUIIIaBa
Ta3W Ha KOTIPMHEHATa HUIIKA, M3TpPeIeHa OT KOIpHHe-
Hara Oy0a, Makap 1o XUMHYEH ChCTaB U JBETE ca Ha
OenTbyHAa OCHOBA, UMAINU OJIM30CT, HO C PA3JINYCH
HA0OpP HA AMHUHOKHUCEJIMHUTE, Pa3jIndHa TCOMETPHS Ha
MaKpPOMOJICKYJIUTE Ha OeIThKa, pa3InueH XapakTep Ha
B3aMMOJICHCTBHETO Ha TE€3HW MOJIEKYJIH, KOETO OIpe/ie-
7S M pasziuKara B MeXaHW4HaTa uMm 3napaBuHa. Ciep
TOBa C€ MMILJIAHTHPA B ariapara Ha HaCJIeJCTBEHOCTTa
Ha KonpuHeHa Oy0a, Ha JAPOXKIU M HA OMPENEICH BUJI
MHUKPOOPTaHU3MH, TeHH OTTOBOPHH 3a MPOM3BOJICTBO
Ha OENTHK HJICHTHYEH C TO3W Ha HUIIIKATA Ha TTasDKUHA-
ta. Haii 1oObp pe3ynrar ce e moay4duii TP MUKPOOpra-
HU3MHTE. TeXHUSAT MUKPOOHOIOTHYEH TeHHOMOAUDH-
mupaH OeNThK € W3IMOJI3BaH 3a TPOM3BOACTBOTO HA
OeNThUHU BJIAKHA OT BHAa "'maspkuuHa Humka'. Tosa
M3KJIFOYUTEITHO 3/IPaBO BIAKHO HAMUPA NIPUIIOKEHHUE B
0051acT, KbJIETO ca HEOOXOIUMH JIEKH K MHOTO 37]paBH
MaTepHuaii: 3a OPOHSKUICTKH, UMIUIAHTH B MEIHUIIHU-
HaTa, BBIIPEKH MHOTO BHCOKaTa My IIeHa.

OoGemaBarll € ONMUTHT Ja ObIaT HAYYSHH KOTIPHUHE-
Hu OyOu J1a BJIOXKAaT B U3pab0TBaHATA OT TSAX KOTIPUHEHA
HUIIIKA BBIVIEPOJHN HAHOTPHOUYKH, KOMTO Ipe/aBar
JIBA ITHTH TIO-TOJISIMA 37[paBUHA HA HUIIIKATa U TSI MOXKe
Jla U3AbpKU Hal-Manko 50% Mo-BUCOKO HANpEKEHUE
MIPEJIH J1a Ce CK'bCa, B CPAaBHEHHE C TPAIUITUOHHO TIOTY-
4yeHa TakaBa. byOuTe ca XpaHeHH ¢ JINCTa OT YEPHUIIA,
Hanpbekanu ¢ 0.2 % BomeH pa3TBOp ¢ BBIIIEPOIHH Ha-
HOTpBOMUKH [ 10]. [Tpr 0OpaboTBane, Ha BeUe yCyKaHH
TPAJUIIMOHHO TONYYCHH TMAIIKYIHd, € HeoOXOIUMO
HAHOBBIVIEPOA Ja ObJie Pa3TBOPEH C TOKCUYHU XUMHU-
YECKHU Pa3TBOPUTEIIH, KOUTO MOYKE JIa OCTAHAT B KOTIPH-
Hata. Komprunenunre BirakHa ce 3arpssar 1o 1050°C, 3a
Jla ce KapOOHM3Hpa KOTIPUHEHUST IPOTEHH U CJIE]] TOBa
Cce Hu3Ccie[Ba TAXHATa MPOBOAMUMOCT M CTPYKTypa.
Pesynrarute mo-kaspar, ue BaKHaTa Ha MOIUUIIpa-
HaTa KOIPMHA MMAaT IMO-MOJPE/ICHa KPUCTaaHa CTPYK-
Typa ¥ TPOBEXKIAT EJICKTPUUYECTBO, 33 pa3ihKa OT
0OWKHOBEHUTE KOTIPHHEHH BIIaKHA.

Cpen BiakHara OT HOBO IOKOJICHHE Ca U TE3W Ha
OCHOBaTa Ha MOJMMJICYHATa KIUCEIUHA - TOJIMIAKTH/I-

40

HHU BJIAKHA, IMOJIy4YaBaHH I10 CJIOKHA TCXHOJIOTHSA, KOM-
OmHmpama OWoTexHoJorHYHA (Da3a TMOCjeaBaHa OT
TpaJMIMOHHA XUMHUYecKa TexHosorus. V3xomnara
CYpPOBHHA € OT €CTECTBCHH MaTepHaliv, ChIbPIKaIlH
nojimzaxapuau (1apeBuia, KapTodu), OT KOUTO Ce
oJiyyaBa IJIFOKO3a U MJICUHA KHCEIMHA Ype3 CIaKo-
kucena pepmentanus. [locienoBarenHo ce noryyaBar
JAKTHU]l U TOJUIAKTH]I, OT KOUTO 4pe3 TpaJullMOHHA
XUMHYECKA TEXHOJIOTHUS CE€ MOTyYaBar MOJUIAKTUTHH
BJIaAKHA. HpI/IJ'IO)KeHI/IeTO UM € B McJHUIIMHATa 3a
n3pabOTBaHE HA UMIUIAHTH.

OT mperiesia Ha Pa3IUYHUTE BUIAOBE HOBO IMOKO-
JICHHE BJIAKHA, MOXKeE J1a ce 0000111, Ye 3a TPOU3BOJICT-
BOTO UM HE Ca HeO6XOI[I/IMI/I BBITICBOAOPOAU, KOCTO I'
MpaBU MHOTO MEPCIIEKTUBHU 32 OBJICIIETO, TO3BOJISIBA
Ha/IMpaXJaHe ¥ MOJCPHU3UPAHE HA TPAJUIIMOHHUTE
TEXHOIIOTUHU 3a TPOHM3BOACTBOTO MM. HeobOxommmo e
OINITUMHU3UPAHO Pa3BUTHUC HAa TCXHOJOTUYHHUTE IIPOLIC-
CH, € 11eJT JIa € HaMaJIu IIeHaTa Ha TPOU3BOJICTBOTO U Ja
ce YBEJIMYM KOHKYpPEHTHATa CIIOCOOHOCT C eCTecTBe-
HUTE U XUMHUYECKHUTE BIaKHA Ha BBIJICBOIOPOIHA 0a3a.

OBJIACTU HA NMPUJIOXKEHUE HA PA3-
JUYHUTE BUJOBE HAHOTEKCTHUJI

B ocHoBara Ha BcHYKHM BHIOBE ThKaHU Cca BIIaKHA-
ta. TpaIWIIMOHHUTE M HAHOBJIAKHATA IIMPOKO CE M3-
MOJI3BAT 3a Ch3JaBaHe Ha pa3HOOOPa3HU KOMITO3UTHHU
MaTepHualiv, KbAETO 3a MaTpHulla ce M3MOI3BaT TOJsIM
Opoii monmmMepH, a 3a HAITBIHUTENN C€ YIOTpeOsBaT
pa3inuyHu Marepuaiu mox opmara Ha (PUHU TIPaXOBe
(OT MHKpO- JI0 HaHO-pa3MepeH Maiiad) ¢ eCTeCTBEeH
WJIM XUMHKOTEXHOJIOTHYEH npousxof. [IpucberBuero
Ha HAaHOpa3MEpPHUTE HAITBJIHUTENN OCUTYpPSBA TOIsIMa
3paBUHA Ha KOMITO3UTHHTE MaTepUaNH, TOpPaal
yBEJIMYCHATa BHHINHA MOBBPXHOCT Ha B3aUMOJICH-
CTBHE U BB3MOXKHOCTTA I C€ TIPOSIBSAT MEXKTyMOJIEKYJI-
HUTE CHJIM Ha CLETUICHHE MEX/y HAaHOYACTUIUTE Ha
HAITBJTHUTENS. ¥ MaKpOMOJIEKYJIUTE Ha TMOJMMepHaTa
Marpuna. [[pon3BoJCTBOTO HA HAHOKOMITO3UTH B CBE-
TOBEH Mamal e eJJHO OT Hal-IMHAMUYHO Pa3BUBAIUTE
Ce HampapJieHHs B TPOU3BOJICTBOTO Ha HOBO TIOKO-
Jenre ThkaHu. ToBa MPON3BOACTBO CTUMYIIHPA Pa3BU-
THETO Ha (U3WKaTa W XHUMHATA Ha TOJWMEpHTE,
HAHOTEXHOJIOTUYHHUTE MPOU3BOICTBA HA HAITBITHUTEIIH,
KaTo HAHOYACTHUIM OT BBIVIEPOA C Pa3ludHu (hopmu
(HaHOTPBHOMUKH, BBIVICPOJIHU BJIaKHA, (ylepeHuc,
rpadeH u ap.), pa3NIUYHN HAHOPA3MEPHH METAIH
(3maro, cpebpo u 1p.), OKCHIN Ha MeTalnu (CUIIUIUH,
TUTaH, aTyMUHUH, TAJINH, IIMHK) U Pa3JIUYHU 110 ChCTAB
BEIIIECTBA.

CBoiicTBaTa Ha HOBHWTE THKaHH, MOIyYEHH HYpe3
"yMHUTE" TEXHOJIOTHH, CJIe]] OTKpUBaHEe MEXaHU3Ma Ha
neiictue npu edekra "noroc", "xameneon" u aApyru
3aMMCTBaHU OT TPHUPOJIATA, TH HANPaBUXa M3KIFOUH-
TEJIHO YHUBEPCAITHH 110 OTHOIICHHE Ha MPUIOKESHUETO
uM. Te mpuchcTBaT OT aepo- U KOCMHUYECKATa WH]IY-
CTpH JI0 MPOAYKTUTE Ha OOJIEKIIO0TO, loMa 1 oduca. Te
ca HaBCSKB/IE€ OKOJIO HAaC: BOJIO- U Maciao(hoOHHU, camo-
MOYHCTBALM CE, TEeMIEepaTypoyCTOHYMBU U OTHE3a-
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UIUTHH, OAKTEPUIIUAHNA ThKaHH, 3alIUTHU O0JIeKsa OT
BCEBB3MOXKHHU ONACHOCTH, 3a BOEHHM, MEIUIMHCKH,
HayuyHu npuioxenus 11,12, 13].

KonkoTo M pa3rernmmBu na ca CTaTUCTHYECKHUTE
[OKa3aHusl, CIOPE] TSX, PEATHUAT IPUHOC HA HAHOTEX-
HOJIOTUUTE B CBETOBHATa MKOHOMHKA CE OLIEHSIBA KbM
2009 r., Ha yuactue B 1015 npoaykra, OT KOUTO KaTo
HaHOTEKCTHII ca omnpeneneHu 115 nponykra. Jlugeper-
BOTO B TO3HM CBETOBEH IIPUHOC KbM IPOU3BOIACTBOTO
npuHamnexu Ha CAILl, FOroustouna Asus, EBpormetic-
KH Ch03. 32 LIJIOTO TOBA TPOU3BOJICTBO Ca N3IOJI3BAHU
Hal-ToJIeMH KOJTMYeCTBA KOJIOUIHO cpedpo - B 259 ipo-
JIyKTa, CIEABAHO OT HAHOBBIVIEPOIHUTE - B OKOJIO 82
MPOAYKTa, THTAHOBUA AMOKCUA - B Haa 50 mpoaykra.
[IpousBoactBoTo Ha (ynepenn (C60) e mocturHano
okoio 500 ToHa TOAMIIHO, HA HAaHOBBIIEPOJIHU
TpbOUYKHU 0K0JIO 100 TOHA FOMUIIIHO, HA HAHOCHJTUIIHIA
okojio 100 000 ToHA TOAWIIHO, HA TUTAHOB JTMOKCH]T
okojro 5000 ToHa TOIHMIITHO, HAa IIMHKOBU OKHCH OKOJIO
20 tona romumHo [4]. Ta3u cTaTucTHKa € MocovYeHa
JIOTOJIKOBA, JJOKOJIKOTO O MOTJIa /1a HY Iajie pecTaBa
3a KOJMYECTBAaTa HAHOCTPYKTYpPUPaHU BELICCTBA,
KOUTO €€ MPOU3BEXKIAT M NPWIAraT KbM HACTOSIIMS
TIEPHOJT B €5KETHEBHHUS HU JKUBOT.

I'opuuBHAT ONUT HA YOBEUECTBOTO C IIPUIIOKEHHE-
TO Ha a30ecTa, NeCTUIUANTE, TEHHOMOANUIIUPAHUTE
MPOIYKTH OM TPsIOBAIO J1a M30CTPSAT CETUBHOCTTA HA
Xopara KbM BCE II0 HapacTBALIOTO IPOU3BOIACTBO U
M3II0JI3BaHE HAa HAHOMATEepHajH, MO0 OTHOIICHHE W Ha
KOHTpOJIa HaJl eBEHTyaJHHU HEXeNaHu eQeKTd. 3a 1aa
HaBpeIsAT HA YOBEIIKOTO 3ApaBe, HAHOYACTHLIMTE
TpsiOBa Ja monajgHar B opraHusma Hu. EauH oT Te3u
"mpo3opru" Ha NMPOHMKBAHE € YOBEIIKaTa KOXa, C
IUIONI OT OKOJIO 2 m’. 3/ipaBaTa Koka MMa CBOMTE 3a-
LIUTHU MEXaHU3MH, HO T€ ca OTcIa0CHM NP HapaHs-
BaHETO W, a MHEHHTA 3a TIOBEJAEHHWETO M OTHOCHO
MIPOHUKBAHETO HAa HAHOYACTHIIMTE 3acera ca JocTra
IUCKyCcUOHHH [ 14, 15].

Jpyr HauuH Ha NMPOHUKBAHE HAa HAHOPAa3MEpPHHUTE
BEIIECTBA B OPraHU3MHUTE HU € CTOMAIIHO-YPEBHUST
TpakT (ycTara KyXWHa, XPaHOMPOBOABT, YPEBHHUAT
amapar), KOuTo uMaT ol okoso 2000 m’, OTHOBO, 32
CH)KaJCHUE JIMIICBAT CHCTEMAaTUYHHU, LIEJICHACOYCHH
M3CJIEABAaHUS] OTHOCHO IIOBEIEHHETO U PEaKLUUTE Ha
TMOTIaTHAJINTE B TO3U TPAKT, @ OT TaM U B KPBBHHS ITOTOK
HaHowacTui| [14]. OxecroueHu ca NPOTHBOpPEUUATA
MEXY YUYEHHUTE, KOraTo CTaBa BbIIPOC 32 IPEHACSHE Ha
U3BOJM OT €KCIEPUMEHTH, HallpaBeHU C OIMUTHU KU-
BOTHH U IPEHACSIHETO UM KbM XO0pa.

OOOHATETHUAT EMUTEN Ha HOCHATA KyXHHA, MaKap
¥ C IIOII OT 5 cm’, He € 3a peHeOpersaHe, OT MPOHUK-
BaHEe Ha HAHOYACTUIMTE, Opagu OIM30CTTa 10 ThKa-
HUTE Ha [VIaBHUS MO3bK. B TsX, mopanu Hajauuuero Ha
XeMoeHIedaruTHaTa 6aprepa - €iHa CI0KHA MHOTOC-
TENEHHM CHCTEMa 3a 3alluTa, KOATO OrpaHHUYaBa
JOCThIIa HA XUMHUYECKH BEILECTBA JO HEBPOHHUTE U
[JIMATHUTE KJIETKH BBTPE B MO3bKA, KOSITO CIIHpa II0-
elpoMaliadHUTe YacTUIM, 33 Cera He € W3CIICABAHO
3abJ004CHO, KaKBO € IMOBEJCHUETO U MPH HaHOMa-
1aOHU YaCTHIIH.
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Benure npoboBe, akTUBHATa IJIOIL HA KOHWTO
nocTH-ra okono 140 m’ (MpuGIM3KMTETHO C pasMep Ha
KOPT 3a TEHHUC), € BEPOSTHO HAW-IIINPOKO OTBOPEHUST
MIPO30pell 3a MPOHNKBAaHE HA HAHOYACTHUIINTE B KUBUTE
JIUTIAIINA OPTAaHU3MHU. 32 MEXaHU3MUTE Ha B3aUMO/ICH-
CTBHUE HA YaCTUITUTE C TO3H BUJI YOBEIIKA ThKaH, BUIO-
BeTe 3a00JIeBaeMOCT, OT MPOIBJDKUTEITHO BB3ZCH-
CTBHE, OT BH/JIa Ha TIONAIHAJIOTO BEIIECTBO HIIK pa3Me-
pUTE MY, CBIIECTBYBa HE MAJIKO KOJIMYECTBO W3CIEI-
BaHMS HaJ Nymadyud u paboremu B 3ampamieHa/
3aMbpCeHa Cpefia, KOUTO OMxa XBBPJIMIN CBETIMHA H
BBbpXY NMpOOJIEMHTE, B CiIydas ¢ HaHOpa3MEepHH cyO-
crannuu. W3cnensanus u3BbpuieHH B [epmaHus,
npu3HaTH 1 0T CBeTOBHATA 37jpaBHA Opranmu3arys [ 14],
HacouBaT KbM M3sIBEHA BPB3Ka MEXJy YecToTara Ha
WH-(PapKTUTE HA CHPIUETO U JUIIAHETO HAa BB3IYX C
BHCOKA KOHIIEHTPAIIXs Ha HAHOYACTHUIIH, C TIpe-TpaTKa
KBM CHJTHO 3aMbpCEHaTa rpajicka cpesa.

[IpoHnkBaHeTO Ha HaHOMAMIAOHW CyOCTaHIIMH B
o6uocdepara He O MOTIIO J1a Ce MMPOTHO3UPA, 0 KAKBU
MPOMEHHU WM NpoOJIeMH MOXKE Ja JOBele - JIUICBa
HaTpymaHa uHpopmanus. ONUTHT Ha YOBEYECTBOTO, C
olla3BaHEe Ha cpeqara Ha oOWTaBaHe Ha IJIaHeTaTa HH,
M0Ka3a MOYTH HEMPEOJ0JIMMH TPYAHOCTH, Hepa3oupa-
He, HeXKeJIaHKe Ja e pa3xoABaT CpeicTBa 3a ode3omna-
csABaHe, HEyTpalM3WpaHe Ha OTXOJHUTE Ta3oBe,
[Pax0OBHU, TCUHHU U TBBP/IM TEXHOJOTHUHHU OTIAbIIU OT
pa3HO00pa3HUTE aHTPOTIOTCHHU JiciiHOCcTH. Hanute ca
HapylieHuss B OallaHCUpaHUA ChCTaB Ha 3eMHATa
atMocdepa, Bojemn A0 HaOOp OT HEOIATONPHATHU
KJIMMaTUYHH TPOMEHHU.

3AKJIOUEHHUE

3aBugHATa IO OBP3MHA CKOPOCT Ha Ch3aBaHE H
BHEJIPSIBAHE HA HAHOMATEPUAIUTE B CBETOBEH ACIICKT,
KOETO HaOJIroaBaMe 1pe3 MOCHISAHUTE TOUHHU, KOHT-
pactupa ¢ HM30CTaBalIUTE W JOPH JHUIICBAIU
M3CIE/IBAHUS M BBBEXKJIAHETO HA HOBH JOKYMEHTHU 3a
KOHTPOJI, (XapMOHU3ALKATA UM C JI0Cera JeiCTRallH-
T€), Kacaelly MPEeBEHIUATa Ha 3[PaBeTO Ha IIPOU3BO-
JIUTEIN ¥ OTPEOUTENHN HA MHOBATUBHUTE TIPOJYKTH U
OTKJIMKA B OKOJIHATA CpeJia.

He mpaBsar mskiodeHre W mpoOiIeMHuTe OT TO3H
XapakTep W B 00JacTTa Ha MPOU3BOACTBOTO HA TEKC-
TUIIHU U3CIIUA. B HaYLIHI/I HY6J'II/IKaHI/II/I U MCIUU HEC
JUTICBAT TMPEAYNPEKICHUS OT CTpaHa Ha YYCHU H
HETPaBUTEICTBEHH OPTaHU3AIMH, B KOUTO CE MOCOYBA,
ye MKOHOMMYECKHUTE H3rOIM OT HM3II0J3BaHE Ha
HaHOMaTCpI/IaHI/I U HAHOTCXHOJIOTMHU B TCKCTUJIHATA
WHYCTpPHS Ca TOJKOBA TOJIEMH, Y€ HETAaTUBHUTE MPOO-
JIEMH, KOUTO MOTAT JIa Bb3HUKHAT [TOPaId HEJ0CTAThY-
HO OCBh3HATa M MpeHeOpernara HeoOXOTUMOCT Ja ce
Mpoy4H 3aabJIO0YCHO W OCUTYpPU OE30MacCHOCT 3a
BCHYKH 3aCETHATH, MOXE J1a CTPYBa TBBbPJIC CKBIIO HA
LSIJTOTO OOIIECTBO.
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NMPUNOXEHUE HA 3D NEYATAHETO
B MOOHATA UHAYCTPUA

pou. aA-p nix. Papka AtaHacosa, Maprapura CtonHoBa
KaTegpa, TekCTuHa TexHuKa", TexHnueckn yHuBepcutet — Codus

PE3IOME

Lenma na pazpabomkama e 0a ce npedcmassim mexHoIo2uume 3a Omne4ameane Ha MmpuusMepHu
obexmu u 0a ce aHANU3UPA NPUTONHCEHUEMO UM NPU NPOeKmupaune u Npou3eo0cmeo Ha 001eKIo.
Xapakmepusupanu ca Hail-yecmo u3NON36aHUmMe MAMepuait U ca Npociedenu nocied08amenHume
emanu Ha Hali-paznpocmpanerus Mmemoo 3a 3D neuam na ob1eKI0 ¢ noMowma Ha nPaxoe Mamepuan u
cevp38awo sewgecmeo. I onama yacm om mo3u mun ooneKaa ca om UHOBAMUBHU MAMEPUATU, KOUMO Ce
nooodasam Ha peyuKIupaHe.

KuarouoBu xymu: mexunonozuu c nacnossane na mamepuar, 3/] npunmepu, Mooa, uie6Ha unoyCmpusl.

APPLICATION OF 3D PRINTING IN THE
FASHION INDUSTRY

Assoc. Prof. Radka Atanasova PhD, Margarita Stoynova
Technical University of Sofia, Department of Textile Engineering

ABSTRACT

The aim of the work is to present and to analyse the application of technology to print three-
dimensional objects for design and production of clothing. There are characterized most commonly used
materials and traced the consecutive stages of the most common method of 3D printing clothing using
powder material and an adhesive. Much of this type of clothing is made of innovative materials capable
of being recycled.

Keywords: additive manufacturing, 3D printing, fashion, garment industry.

BbBEJIEHUE

NHoBaTMBHUTE WHIYCTPUAIHU TEXHOJOTUH
JIHEC YBEPEHO HABJIM3AT B MOJAaTa U B UHYCTPHUSI-
Ta 3a 00Jeky0. B epara Ha BUCOKHTE TEXHOJIOTUU
IU3alHBT Ha OOJIEKJIO Ce€ HAaco4uBa B IIOCOKA Ha
MHAMBUAYyanu3anua. Jlu3allHEpU, MHKEHEPU U
apXUTEKTH PabOTAT 3a€THO B €KUII, MPEIaraikKu

MAGAZINE TEXTILES AND GARMENT

YMHHU pelieHus 3a npuiioxkenue Ha 3D neuaraneto
B MoziHaTa uHAyCTpusi. CEpuO3HUTE €KOJIOTMYHU
npo0eMu ChILI0 MOCTaBAT BhIPOCA 3a POU3BOJI-
CTBO Ha OOJICKJIO C M3IOJI3BaHE HA TEXHOJOIUU C
HacJI0sBaHE Ha MaTepHall, C BHUMaHUE KbM U34ep-
IIAEMUTE IPUPOIHU PECYPCH Ha IIJIaHETATA.
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Te3u CBETOBHHM TEHJIEHIIMM OKa3BaT CBOETO
BJIMSIHHE BHPXY Mojara - au3aiiHepu karo Mpuc
Ban Xeprnen mpeacTaBAT KOJIEKLIIMU OT 0OJeKIa,
n3paboTeHU OT MOJMMEpPHU Marepuanu Ha 3D
MPUHTEpP B CEIMUIIA HAa MOJara; TOJIEMU MOIHU
KOMITAaHUHW CU TIAPTHUPAT C MHKCHEPHHU QUPMHU, 32
Ja u3paboTAT 00JeKIa OT HMHOBAaTUBHU MPUPOJIO-
chOOpa3Hu Marepuany; aktpucara Ema YorcwH ce
NosBsIBA Ha 4YepBEHMsI KUIUM ¢ pokist Ha Calvin
Klein u Eco Age, kosTo e n3paboreHa u3IsIo OT
peLMKIupaHa IacTMaca.

a) [11]

AHAJIMTUYHA YACT

OO0ekT Ha u3cieBaHe U aHaJIu3 B HACTOsIIATa
pa3paboTka € TEXHOJOTHusATa 3a TPHUU3MEPEH
nevart uiau 3D meuat (mpuHTHpaHe) - €IHa ChBpe-
MEHHa TEXHOJOTHUS 3aM3paboTKa Ha TPUHU3MEPHU
M3IEeNUs C MpOM3BOJIHA (opMa C MOMOIITa Ha
uudpoB mozen. [ledaranero ce peanusupa Karo
aUTUBEH MPOILEC, KaTO C€ HaHACAT MOCJIeq0Ba-
TEJIHM CJOEBE OT Marepuana 10 opopMsHE Ha
KpailHus Jetaitn. B To3u cMUCHI TPUU3MEPHUSAT
revyar € KOPEHHO pas3JIMueH OT TPATUIUMOHHUTE
TEXHHUKH, TMPU KOUTO 3a OpOpMsiHE HA HCKAHUS
npeaMeT OOMKHOBEHO C€ OTHEeMa MaTepuai
(HarpuMep psi3aHe, CTPYroBaHe, KPOCHE).

B) [12]

®urypa 1 [Ipogykru Ha 3D neuatane B MOAHATA UHIYCTPUS

1. CbmHoCT HAa MeTO/a

Tpuu3MepHUAT IeyaT ce 0OCHOBaBa Ha LU ppo-
BUTE TeXHONOTuH. [I5pBUAT paboTel Tpuu3MepeH
npuHTEp € cb3najeH npe3 1984 r. or Ubk Xbi1. Ot

Hayajo0To Ha 21-Bu Bek ce Ha0JII0/1aBa yBEIUYEHHUE
B MIPOAXONTE HA TE3W MPUHTEPH IIPU ITOCTOSHHO
penyLupaHe Ha [IEHATa UM.

i
!

®@urypa 2 3D npunTHpaHu pokiu, 1u3. Upuc Ban Xepren [4]
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ropel] CWIMKOH, KOMTO 110 CIIy4aliHOCT BIABXHOBS-
Ba n300petrsaBaneTo Ha FDM. (*TepMuHBT "Mode-
Jupamne upez omnazane Ha pazmonen mamepuan' u
HeroBara abpesuarypa FDM ca 3amazeHa mapka
Ha Stratasys Inc. EKBUBaJIeGHTHOTO HAUMEHOBaHUE
- IPOU3BOJICTBO Ype3 pas3TalsiHE Ha BJIaKHA WU
FFF e Bp3mpueto ot obnrHOCTTa HAa RepRap karo
IOPUANYECKH CBOOO/ICH 32 M3I0JI3BAHE TEPMUH. );

v" ExcTpyaupaHe Ha macra - Excrpyaupa-
HETO Ha macra € mpouec, cBbp3ad ¢ FDM, npu
KOWTO €eMH Marephall € eKCTPyIupaH Ipe3 Ha-
KpalfHUKa U MTOJIOXKEH B IBJITa HUIIIKA, KOSITO 0op-
Ms oO6ekTa. BMecTo pa3ransHeTo Ha IIacTMacoBO
BJIaKHO, TYK C€ M3I0JI3Ba CTylE€HA WU JIEKO
3aToIlIeHa MoJ00Ha Ha MacTa KOHCHCTEHIIHS,
ortaM u umero. Ciea ToBa MaTepUalbT Ce
buKcupa WK ce U3CyIIaBa Ha Bb3AyX;

v' Muorocrpyen meroa (Polyjet) - Muoro-
CTPYHMHHUST MpPOLIEC € Cpel Hal-HOBUTE MOIbJ-
HEHHUs B CeMEUCTBOTO Ha 3D meyaTHUTE MPOIIECH.
[Tomo6HO HAa SLA, TyK CBIITO CE U3MOI3Ba BTCUHEH
¢orononumep. Ho 3a pasnuka or SLA, Kbaero
00EKThT € TOTONIEH BbB BaHA OT CMOJIa U BCEKH
IJIaCT ce ToJjara v BTBbP/IsBa OT/IEIHO C IOMOIITa
Ha Jla3ep WM YATPaBUOJIETOBA JlaMIla, MHOIO-
CTPYHHUAT MpoIlec pa3uuTa Ha Ieyaralla Ijasa,
KOSITO Hamojo0sBa Ta3W Ha MOMYISPHUTE
MaCTUJICHOCTPYHHU TPHUHTEPHU 3a JUPEKTHO
BIPHCKBAHE WJM HAcjarBaHe, KaTo BCE OIlle
TEUHUSAT HAl-TOPEH IUIacT c€ BTBbPASBA C YJITpa-
BHOJIETOBA CBETIIMHA. MHOrOCTpYHHUAT IPOILEC
mpejiara BUCOKa Pe30JIIolus, MHOr0OOpas3ue npu
MaTepuaIuTe U IBETOBETE M € HM3KIIOUUTEITHO
MOJXO/IAII] 32 IPOU3BOJCTBOTO HA Hall-peaaucTuy-
HUTE MPOTOTUIIN C IIaJIKa IOBBPXHOCT U yCELlaHe
3a HaIThJTHO 3aBBPIIEH TPOIAYKT.

2. UHoBauusi B MOIHMS AU3AHH U MaTepua-
JuTe

Karo nwpBu npoxnykr Ha 3D npunHTHpaHe B
MonHara unayctpus ce cuuta "The Black Drape
Dress" (uepHa npanupaHa pokisi), KOATO € Ipo-
IYKT Ha CbBMECTHATa paboTa Ha MHAYCTPHAIHUTE
nuzaiinepu Kupu Eenxync m JXan Kutbohen,
2010 r. mo Meron Ha mpousBoAcTBO - SLS.
(@Duzypa 1 a). I1pe3 2013 1. apxutekTsT OpaHcuc
butontn n momuuAT nu3aitHep Maiikba [IMuar
CHU TIapTHUpPAT M Ch3/1aBaT HEBEPOSTHATA POKJIS 32
Oypneck auBara Jluta ®on Tuiiz. Poxmsra ce
cberon oT 2500 Bb3ena, CBbP3aHU U JIETIEHU HA
pbKka. OcHOBaTa € 00pabOTEeH HAMIIOH, MTOJIUPaH C
YepeH JIak U nHKpycTupad ¢ Hax 12 000 kpucrana
Caaposcku. (@uzypa 1 6). Ha peBioTO Ha U3BECT-
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HaTa Mapka 6enbo Victoria's Secret B JIon1oH npe3
2013 1. ce mosgBABAa MHOBATHBEH OHU3aliH O€bo,
nu3paboren Ha 3D mpunrep. Monenst, JIunazu
EnuHrchbH, € HalrbJIHO CKaHMpaHa U U3EIIUETO €
CH3/1a/ICHO 0 MEPCOHATHUTE i aHTPOIIOMETPHY-
HU MepKH. JIM3ailHBT C€ CBhCTOM OT CHEKHUHKH,
MPUKPETICHNU €IHa KbM JApyra, KOUTO oOpa3yBar
Marepus, Haloao0sBaIla TPUKOTaKeH 1at. To3u
HOB MOJIeJ1 6eIb0 Ch3/1aBa HAITBJIHO HOBA ITEPCIEK-
THBa 3a MPEOCMUCIISTHE Ha W3aiiHa HA UHTHUMHO
00JIEKJIO KaTO HEJIBYCMUCIIEHO IO MPHOOIIaBa KbM
no-Bucin kjgac moxaa. (@Queypa 1 6). Cpen
HoBaropuTe B 3D mpUHTHpaHETO B MO/IHATA UH/TY-
CTpUs C€ HapexkJa M XOJIaHJCKaTa Ju3aiiHepKa
Npuc Ban Xepnen. Be3nurannuka Ha MHCTHTYTA
3a M3kycTBa B ApHXeM M OHBIIA CTaXaHTKa 3a
McQueen, npe3 2015 1. Ts1 crapTrpa CBOSI MapKa -
HERPEN. Tsa e cpen nbpBUTE OU3AWHEPH,
oCcMeNnwIM ce Aa mpenctaBatr 3D mpuHTHpaHH
Mojenu Ha nonuyma Ha Cenmuniata Ha moaara. Ot
2011 r. 1o MOMEHTa T MPEACTaBs E€XKEroJHO
KOJIEKLIMH, IJIOA HE caMO Ha HEMHOTO BbOOpa-
KEHHEe, HO M pe3yiTarT Ha 3aJbJI00YeHU HayyHU
U3ClIe[IBaHUsl HA JWTUTAIEH MOJEH AM3ailH U
cBoiicTBa Ha matepuanurte. (Queypa 2). C
HaBnu3aHeto Ha 3D mpuHTepuTe B Mojara u
HEOOXOIMMOCTTA OT KPEaTUBHOCT U eKCTIEPUMEH-
TUpaHe B o0jacTTa Ha Ju3aiiHa ce MOsBsABa U
MOTPEOHOCT OT HOBU MaTepuaiu, KOUTO Aa ObaaT
CBIIO TOJKOBAa MHOBAaTHBHHU, KOJKOTO U METOIUTE
Ha MPOM3BOICTBO Ha AeTannute. [[pumep 3a ToBa e
pabGorata Ha Anyk Bumpexrt - Spider Dress 2.0
(Poxust masix) - @uzypa 3 a. Kakto moackassa u
MMETO Ha POKJIATA, TS € Ch3/1aJieHa OT TPUU3MEPHO
NPUHTHPAH MaTepuaj C BrPajJeHU CEH30pH 3a
JBWDKEHUE, KOUTO HAMoA00sBaT MHCTUHKTHTE Ha
Opa3uicKus mask, U3MOJI3BaH KaTo BIbXHOBEHHE.
Jpyr npumep 3a Taka HapedyeHuTe "smart"
MaTepualu € MNPOEKThT Ha XOJaHJCKaTa
nu3aitnepka Maprxe mwxkkcetpa - "Hard Core Vein
2.0"-2014 r. leraiinbT npeacTaBisiBa CUMYALHS
Ha KPbBOHOCHA CHCTeMa C BTpaJeHH
mUpKyaupamu cyocranuuu - @ueypa 3 6. Ouie
€IMH pe3yaTaT Ha HaydeH TpyA U Ju3aiiHepcka
WHOBaIUs € NpoekThbT Ha Hepu OxcmaH -
"Wanderers: wearables for interplanetary
pilgrims" - @uzypa 4 6. KommnoneHTHTE Ha TOBa
"o0Onexs10" uMar BBTPEIIHM KyXWHU M CBIOBU
CTPYKTYpH, HamomoOsBalld OPTaHUYHU KIIETKH,
KOUTO MPUTEKABAT CBOICTBATA HA OJIE3HUTE OaK-
TEpUU J1a OTACIAT KUCIOPOJI UITH Ja TIPOU3BEKIAT
O6uomaca, OmoropuBa, KaJlui U APYTH.
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B ocHoBara Ha Bceku 3D npuHT cTon uudpon
3D monmen Ha neraiina (HalH-4eCcTO ce M3IOI3BaT
Mozenu, ch3aanaeHu B pazinuau CAD nporpamn).
MozenbT Moxke Aa ObAe U pe3ylaTrar OT I'bJIHO
CKaHMpAaHE Ha TAJOTO WJIU MPEAMETa, CHOPSIMO
KOWTO II1e ce M3padoTH AaieHus AeTailn. MonenbT
ce pa3ps3Ba Ha XOPU3OHTAIHHU CIIOEBE M BCEKU

a) [9]

1. Bunose Texnosoruu 3a 3D meuar

v" Crepeonunrtorpapus (SLA) - Crepeo-
autorpadusTa € mbpBara TexHosorus 3a 3D
[IPUHTHpPaHE, IpeBbpHaa ce oT JabopaTopeH eKc-
NEPUMEHT B KOMepcuaseH NpoayKt. Ctepeoauror-
padusTa e nmporec, KOUTO U3MOI3Ba POTOMOTHME-
PHU3UPAHETO - TEXHOJIOTHSI, KOSITO CE € U3MO0JI3Bajia
U B TPAJAMLIMOHHUS 0()CETOB Meyar, 3a Jja ce Mpous3-
BeX1aT penedHu mioun 3a gruexcorpadcku mneyar.
®oTONONMMEPHT € TeUEH MOJIUMEP - CMOJIA, KOSITO
ce BTBbP/ISIBA IPU M3JIaraHe Ha CBETIMHA;

v' Ce/IeKTHBHO JIa3epHO CHHTEpOBaHe
(SLS) - CenexkTuBHOTO Ja3epHO CHUHTEPOBAHE €
JIpyra Ba)KHA TEXHOJIOTHS, KOSITO C€ M3IOJI3Ba 3a
3D npunTupane. [Ipu Tepmuuna 06paboTka cuieH
Ja3ep CIosiBa ¥ Hacjiarsa CJIO€BE OT IPpaxooOpa3eH
Marepual. ThHHBK CIIOW OT Mpaxa ce€ HaHacs ¢
poJiKa BbpXY paboTHaTa MOBBPXHOCT, CJIE KOETO
Ja3epbT OYepTaBa CEUEHMSTA Ha OOEKTa BbPXY
npaxa, BTBbpAsABaiiku ro. Cieq BCEKM LUKBJ Ha
na3epa paboTHATa MOBBPXHOCT C€ CHUXKaBa U HOB
CJI0H mpaxoo0pa3eH MaTepua ce pa3CTUiia BbPXY
MOBBPXHOCTTa HAa OOEKTa OT CTPAHUYHO CTOSIL]
KOHTEMHED;

v/ MacTHJIEHOCTPYITHO MPUHTHUPAHE € Mpax
(3DP) - IIpunTuUpaHETO C MaCTHJIEHO-CTpYyHHa
MyZipa U3M0J13Ba 0A00EH HauuH 3a HacllarBaHe Ha
npax kato SLS TexHonorusita. BMecro repmuuHa-
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0) [10]
®urypa 3 TpunszmepHa MoJa C BIOKEHU UHTEJIINTEHTHU MaTepUaIn

ciioii 6uBa npeseieH B X U Y KOOpJAUHATH, KOUTO
ce mojaBaT Karo BXOAHM [JaHHU Ha IleyaTHaTa
maBa. Cnex toBa 3D NpUHTEPHT MpouyuTa TE3U
KOOPAMHATH ¥ MPUHTHPA OOCKTa CIION IO CIIOH,
HacJlarBaliki Marepuajia Taka, 4ye Hakpas Ja ce
odopMu TBHPT GU3UIECKU OOCKT.

B) [6]

Ta 00paboTKa Ha Ipaxa ¢ Jiazep, BbpXy Marepuana
ce IpbCKa CBbP3BaTEl, KOWTO J1a CBBPIKE OTACIHU-
T€ 4acTULM. Ta3u TeXHOJOTHs U3I10I3Ba MaCTHIIE-
HOCTpyiiHa MeyaTHa IvlaBa, [IpUIMYalla MHOTO Ha
Ta3W B HACTOJIEH IPUHTEp, 3aTOBAa M CaAMMSAT
IIPOLIEC HAa IPUHTHUPAHE PUINYA MHOTO Ha [1eyaTa
BBbPXY XapTus. 3apaju M3IO0JI3BAHETO HA MacTH-
JICHOCTpYIiHa [e4yaTHa Iv1aBa, HIKOU OT MalllMHUTE
3a MacTWIEHOCTPYWMHO NpPUHTHpAHE Ha Myapa
[peyiarar I'bJIHATa [IBETHA FaMa 3a [1eyar;

v IIpou3BOICTBO HA 00EKTH Ype3 JTaMHUHH-
pane (LOM) - IIpu LOM TtexHonorusira npuHTe-
pHUTE IPOU3BEKIAT O0CKTH, JIAMUHUPANKU THHKU
JUCTa MaTepuan eAuH BbpXy JApyr. Hampeunure
CEUEHHs Ce U3PsI3BaT OT CJIOEBETE C HOXK WIIU T0-
CpPEeNCTBOM JiazepHO ps3aHe. Koraro mpuHTHT e
TOTOB, MOJIENBT CE€ BaJW OT MOHOJUTHHUS OJIOK
Marepuall, B KOMTO € BIpaJicH;

v MozeaupaHe 4pe3 oTiiaraHe Ha pa3ToneH
matepuaa (FDM)* - MogenupaHneTo upe3s
OTJIaraHETO Ha Pa3TOINlEH MaTepuaj € MpOoLeC Ha
3D mneuar, B KOMTO TEPMOIUIACTUYHO BIIAKHO C€
BKapBa B pa3TOIsABAIlla KAMEPA U B [TOCIIEACTBUE CE€
eKcTpyaupa rpe3 HakpaitHuK. O0eKTHT ce oopmst
4ype3 Te3U pa3TOIEHHU BIIAKHA, KOMTO CE CBbP3BAT €
IPEIXOJHUS IUIACT MOCPEICTBOM TOILJIMHA U CE
BTBBP/SIBAT BEJHAra cliell €KCTPyIHpaHeTo.
[TpouechsT Hamogo0sSBa TO3M HA MUCTOJIETUTE 3a
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A A 3

A

J d A

®durypa 4 ABTOPCKH TU3AaHHEPCKHU pEIICHUs 3a 00IEKII0,
MOIXOJIAIIN 32 TPOU3BOJCTBOTO HA 3D nipuHTEp

PE3VIITATHU

TexHosorusiTa 3a TPUU3MEPEH IMeYaT JOKa3Ba
0€3CIOpHO CBOETO MPEBB3XOJCTBO MpEJ OCTaHa-
TUTe METOAM 3a M3padOTKa Ha JAETANTU U aBaH-
rapJaHu 00JeKIa B MOHATa HHIyCcTpus. Ha Hac-
TOSIILIMS €TAall IPOEKTUTE ca pe3yaTaT IPeIUMHO Ha
TU3aiHEPCKN EKCIEPUMEHTH W Hay4YHH H3CIel-
BaHMs. TsAXHaTa MPEU3HOCT U HEBEPOSITHA Kpea-
TUBHOCT 00aye JI0Ka3Ba, Y€ HOBUTE TEXHOJIOTUU
MPeIOCTaBsAT Oe3rpaHUYHU BH3MOKHOCTH. Mare-
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pHaIuTe, KOMTO C€ M3IMOJ3BaT ca yCTOMYMBU Ha
BBHIIHU BB3ACHCTBUSA, MPUPONOCHOOpPA3HU U
00eKT Ha ObP30 U e(heKTUBHO PEIUKIUPAHE B Kpast
Ha JKU3HEHMs UM LUKbI. [IponieckT Ha n3paboTka
e Oe3 3aryba Ha Matepual, koeto npasu 3D mneua-
TAHETO METOJ] Ha TPOU3BOJCTBO C PECIIEKT KbM pe-
cypeute. Upes Ta3u TeXHOJIOTHH C€ TOCTUTra BUCO-
Ka TOYHOCT Ha M3paboTKa U HEOrpaHuueH Opoit
UICHTUYHHU TOBTOPEHHUS, CJIEJ] KaTo BEIHBK €
Ch3MIaJICH TUTUTAIeH moaen Ha aetaina. Cpen
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npeauMcTBara Ha 3D mpuHTEpUTE ce Hapekaa
TsXxHaTa Obp3a MOMYISAPHOCT U JOCTBIIHOCT [0
[IUPOK KPBT OT MOTPEOUTENU C OPUTHHAIIHU UJIEH,
Cpell KOMTO U He caMo nu3arHepu. [Ipe3 nmocnen-
HUTE TOAMHU ce HabmromaBa pa3paboTka Ha
nocTeneH codpryep 3a 3D mMomenupane oOT
HECIeIUaT3Upand GUPMH C OIIIUS 33 SKCIIOPT U
3D neuar. HaBnuzaneto Ha 3D npuHTEpUTE KaTO
METOJI Ha TPOM3BOJICTBO B MOJHATA WHIYCTpPUS
MOBHUIIIABA COIMATHUTE CTaH/IapTH, KaTO HamaJls-
Ba CITy4auTe Ha eKCILI0aTalisl Ha YOBEIIKU PECyp-
cu (c M3MON3BaHE Ha TEXBK (DU3UUECKU TPy,
nojjlaraHe Ha MOHOTOHHa pabota). OT npyra
CTpaHa, aBTOMaTH3alusATa Ha PabOTHUS Mpolec
HaMaJIsiBa MOTPEeOHOCTTA OT YOBEIIKHU PECYPCH.

Karo menocrarbk Ha 3D npou3BOACTBOTO MO-
JKe J]a ce OT4eTe MOTPeOHOCTTa OT BUCOKOKBAIH-
duIUpaH nepcoHa, KOUWTo a o0y4Ir peIoBy Ka-
pH 3a paboTa ¢ To3u TUN TexHojorus. Llenure Ha
3D mpuHTepuTe M MaTepuana 3a medyaT KbM
MOMEHTa CBHII0 HAJXBBPISIT ONTUMATHATA CTOM-
HOCT 33 IOCTUTaHE Ha KOHKYPEHTOCIOCOOHOCT Ha
nasapa.

Ot exonoruyHa IieHa ToYKa, BHIPEKH Ue He
TeHepupar 3ary0ou, IPUHTEPH OT TO3H THUII paOOTIT
IpU CWJIHO HArpsiBaHe Ha MaTepualia U OTACIIIHE
Ha TOTJIMHA, KOETO 3acuJiBa NMPOOJIEeMHUTE C
[100aTHOTO 3aTOIUISIHE Ha TUIaHeTaTa.

Karo pesynrar ot paspaboTkara METOIBT 3a
TPUU3MEPHO MPOU3BOJCTBO Ha OOJEKIO € Mpen-
CTaBEH ChC CBOUTE MPEIUMCTBA U HEJJOCTATHIIH OT
e Ha TOYKa Ha JU3ailHEpH, MPOU3BOICTBEHHU
dbupmu u norpedutenu. [pennoxenu ca aBToOpcKu
JMU3aHEPCKU PEIICHHsI 32 XYI0KECTBEHO MPOCK-
THpaHe Ha 00JeKJIa, TTOIXOMSIIN 3a TPOU3BOJICT-
BOoTO Ha 3D npuHTEp.

n3BOAU

Pesynratute OT NMpoOBEAEHOTO H3CJEABaHE
MoraT Jia ce 0000IIAT MO CIIeTHUS HAYHH:

1. Texnomoruure 3a 3D npuHTHpPaHE OTBAPAT
npea TBOPLIUTE HOBU XOpH30HTHU. [luzaiinepute
MoJiyyaBaT yHUKaJHA Bb3MOXKHOCT J1a U3pa3siBaT
ce0e cH ¥ 3aeHO C TOBA J1a ¢a 4acT OT €1Ha [J100a-
Ha UJes 3a IpUpPOJO0ChOOPA3HO MPOU3BOACTBO HA
WHTYCTPHAIHU TPOTYKTH.

2. Karo TexHosiorus B rpoiec Ha pa3sutue, 3D
MPUHTUPAHETO Ha OOJIEKIIO € B €Tall Ha Pa3BUTHE,
TECTBaHE, YChBBPIICHCTBAHE U PA3NIPOCTPAHEHUE.

3. Tlpu nmpowusBomcTBo Ha oOnexknao Ha 3D
MPUHTEP CC HAMaJsBaT 3aryoWTe HA Marepuall U
PUPOTHU PECYPCH.

4. Bbopeku orpaHUuYCHHsATA, CBBP3aHU C
BUCOKaTa IleHa Ha HeoOxomumus codrtyep u
XapAyep 3a TPUMEpHO MevyaraHe, KBalupuuupan
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nepcoHall, BACOKUTC IMMPOMU3BOJACTBCHHU pa3Xxo/au 3a
00JIEKJIO B HAKOU IMPOU3BOACTBCHU HCAOCTATbIU,
TexHoJIoruuTe 3a 3D medar 3aemMaT CBOCTO rapaH-
TUPAHO MACTO B MOJJHATA MHAYCTPHL.

3AKJITIOYEHUE

Cnen npoy4BaHe ¥ aHAJIU3 HA CbCTOSHUETO HA
TEXHOJIOTHHTE 3a IIPOU3BOACTBO Ha OOJIEKIIO Upe3
HacjosBaHe Ha Marepuan c nomoiura Ha 3D
IIPUHTEP SICHO CE€ OTKPOsiBa BPb3KaTa MEKIY
U3KYCTBO U HOBH TEXHOJIOTUHU B MPOEKTUPAHETO U
IIPOM3BOJCTBOTO Ha oOsekyo. Pesynrarure mo-
Ka3BaT, 4€ TEXHOJIOTHsTA 3a OTIe4YaTBaHE Ha
TPUU3MEPHU 00EKTH Upe3 100aBsHe Ha MaTepHan
JlaBa I'bJIHA cBOOOJA HA AM3alHEPCKOTO BHOOpa-
’KeHue. B chI10TO BpeMe € MOoCIaHue 3a eKOJIoro-
CbOOpPA3HO MPOU3BOJACTBO M MHOBALIUSA B PEIUK-
JIMPAHETO.
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NMPOEKTUPAHE HA XXEHCKA HAPOAHA HOCUA
OT CYKMAHEH TUN

Ac. a-p Mapraper CUBOBA
TY - Codpus, ®akynteT 1 Konex - CnueeH, bbnrapusa
e-mail: margaret69@abv.bg

PE3IOME

B paspabomkxama ce npedcmaes mooenupane HA HCEHCKU CYKMAH - OCHOBEH eleMeHm Om
MPAOUYUOHHAMA CYKMAHEHA HOCUS, NPEOHA3HAYEeH 3a yenume HA Cb8PEeMEHHAmd Xy00dceCcmeeHda
camooetinocm. Bvpxy bazama Ha npedgapumento ymouHeHa 0CHOBHA KOHCMPYKYUsL HA OAMCKA POKIS 8
noaysmaineH cuiyem, nocmpoena no memoouxa na Muller & Soon, ca pazpabomernu mooennu sapuanmu
Ha cykman, xapakmepHu 3a CiueeHckusi pecuot. Mooenupanemo 8bpxy KOHCMPYKMUSHAMAa 0CHOBA €
0ChUecmB8eno upe3 npuiazane Ha cieOHume npUtiomMu: mpancopmupane Ha ceUsKume, OONbIHUMENHO
ujleHeHue Ha Oemailiume, HANPABA HA 4YNKU; KOHUYHO U YCNOPEOHO pazuupenue Ha Ooemauiume;
uMeHenue Ha hopmama u pazmepume Ha pameHHama obracm u pvkagnama ussuska. Pazpabomkama

ce basupana BJJC 8371-89.

Knrwuoeu dymu: xoncmpyupane u mooenupare Ha 001eK10, HAPOOHA HOCUS, CYKMAHEHA MHCEHCKA
Hocus, honknopna obnacm, cyenuyna onxnopna nocus, CiugeHcKuU pecuoH.

DESIGN OF FEMALE NATIONAL COSTUME
OF SUKMAN TYPE

Assist. Prof. Margaret SIVOVA, Ph.D.
Technical University of Sofia, College - Sliven, Bulgaria
e-mail: margaret69@abv.bg

ABSTRACT

The paper presents modelling of female sukman - an essential element of female national costume of
sukman type designed for of modern amateur art. On the basis of preliminary pr?cised primary structure
of ladies’ dress in slim silhouette, built in Methods of Muller & Soon, developed model variants of
sukman, typical from the region of Sliven. Modelling on constructive base is accomplished by applying on
the following principles: transformation of curves, further segmentation of the details, making tucks;
conical and parallel extension of the details; change the shape and dimensions of the shoulder and
armhole. The development is based on Bulgarian National Standard 8371-89.

Keywords: Structural modelling of clothes, traditional costume, female national costume of
"sukman" type, folklore region, stage folk costume, region of Sliven.
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BbBEJIEHHUE

CykmaHeHara *eHCKa HOCHsI € XapaKTepHa 3a
Tpaxkwuiickara ¢onkiopHa obnact. Cbecron ce ot
pH3a, CyKMaH, IPeCTUIIKA U Pa3HOOOPa3HU JOIIbJI-
HUTEIHU TopHU jApexu. CyKMaHbT € OCHOBHaA
Jpexa Ha >KeHCKaTa HOCHs, B TOpPHATa CU 4acT C
IBJIOOKO HM3psi3aHa Ta3Ba W 0e3 pbKaBU, a B
JIOJIHAaTa CHU YacT - C MIMPOKO Pa3KpOEHH IOJIH.
N3paboteH e oT BbiHa, 0osdIMCaHa C Pa3IU4YHU
I[BETOBE, CIIOpEJl MOjlaTa U Bb3pacTTa Ha )KeHaTa
[2]. IIpe3 Bropara nonoBrHa Ha 19 Bek CykKMaHbT
IIPY CIMBEHCKATa HOCHS € 3aMEHEH C €/lHa CpeJHa
dbopma MexTy CyKMaH U pOKJIs, psizaHa B KPbCTa, C
HAJUIUIEHU TIOJIM U ONbHAT KOpCaX, KOSTO c€
obnuya HaJ pu3ara M HsAMa PbKaB, a € IMOKa3aH
pBbKaBbT Ha pu3ara [4].

3a uenauTe Ha ChBPEMEHHAaTa Xy[OXKEeCTBEHa
camMozieHOCT (aHcamOIM 3a HApOJHM IECHU U
TaHIM, CaMOJIEHU W351BU, BB3IIPOM3BEXK/IAaHE HA
HapoAHU oOWYau W JAp.) MPHIOKEHHUE HaMupar
CIIEHUYHMTE HApOIHU KOCTIOMHU, KOUTO 3aMMCTBAT
OIpE/ICNICHHU €JIEMEHTH KaKTO OT TpaJuIMOHHATa,
Taka v 0T MOAU(UIIMpaHaTa HApOJHA HOCHS.

MopenHuTe BapuaHTH Ha CyKMaHH, MpeJcTa-
BEHU B pa3zpaboTKara , ca BAbXHOBEHHU OT peajHo
ChIIECTBYBAIIM HOCUU OT CITMBEHCKHS Kpa [2].

N3B0P HA KOHCTPYKTUBHA
OCHOBA
MogenHuTe BapuaHTU Ha JAMCKHUTE CyKMaHU
ce CTpoAT BBpXYy OazaTa Ha HpeIBapUTEIHO
YTOYHEHA OCHOBHA KOHCTPYKITUS Ha JAMCKA POKJISI
B [1OJTyBTaJIEH CHIIYET, IOCTPOEHA 10 METO/IMKA HA
Muller & Soon [5] 3a craHmapTeH TUIIOpa3MeEp
164-92-100 o obmepuu mannu cbracHo BJC
8371-89 [1] (@uzypa I). llpuetn ca ciemHute
npubaBKH 3a cBOOOJa KbM OCHOBHUTE KOHCTPYK-
TUBHU yYaCTbHIIH:
* KM momyoOukosikara Ha I'bpAMTE - TpeTa:
6,0+8,0 cm;
* Ksm nonmyobukoskara Ha Tanusra: 5,0+8,0 cm;
* KsM nonyobukonkara Ha xanma: 4,0+7,0 cm.
CykMaHBT ce NpOeKTHUpa C yIbIOOYEHA
pbKaBHA M3BUBKA U YIBJKEH Ipb0 B 0OIacTTa Ha
TUICIIUTE, XOPU30HTAIHO CpPsI3BAHE MO JIMHUS Ha
TaJHuATa, pAMEHHATa CBUBKA B T'bp0a € MpeMaxHaTa
[5]. 3a nenTa ca HaIpaBEHM CIETHUTE KOPEKIUHU B
OK na namcka poxist ot @ueypa 1, B pe3yarar Ha
KOETO € MOJy4yeHa HM3XOJHaTa MOJEJIHa KOHCT-
pykiust (MMK) na cykmana (@uzypa 2):
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3arnpoa:

I'spOBT ce paspsizBa Mo XOpPU3OHTaJIHATA
JIMHYWSA, MUHABAIIIA IPe3 BbpXa Ha CBUBKATA, T.€. 10
munaus [I-11,-11,, a cekTopbT HaJ Ta3u JUHUA C€
nopaura Ha 0,5+1,0 cm BeptukanHo. CienBa
II'BJIHO 3aTBAPSIHE HA paMEHHaTa CBUBKA.

Pamoto ce yapmxkasa ¢ 0,5+1,0 cm (19'-19" =
1,0 cm).

11-11"=2,0+3.0 cm - 1o CTpaHUYHUS ITIEB.

I1'-11" = 1,0+1.5 cm - nepneHIUKyIsIp Ha
CTpPaHUYHHS LLIEB.

19"-11" - kpuBa, MuHaBama npe3 1 21, omnpe-
nensima npeodopMeHaTa pbkaBHAa H3BHMBKA Ha
r1;p6a.1w 28

25 30 29

31

43

<

40, 41 47 . 1
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®urypa 1 OK nHa gamcka pokisi B MOTYBTAICH CIITYeT
Tunopazmep 164-92-100

3anpenHarayacrt:

[Ipennara wacTt ce pasps3Ba mo JuHusg 22-26,
CEeKTOpBT 26-22-27a-32' ce 3aBppTa B IOCOKA IIO
YaCOBHMKOBATA CTPEJIKA IIPU POTALUS C LIEHTHP T 26 Ha
pa3cTosiHME, PAaBHO Ha OTBapsiHETO B I'bpba mpu
3aTBapsiHe Ha cBuBKara (22-22' = 1,5+2,0 cm
BEPTHUKAIIHO).
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Pamoto ce ympmxasa ¢ 0,5+1,0 cm (27a-27a"= 1,0
cm).
I1a-11a"=2,0+3.0 cm - 0 CTpAaHUYHMUS LLIEB.
I1a’-11a" = 1,0+1,5 cm - nmeprneHauKyIAp HA CTpa-
HUYHUS IIEB.

27a’-11a" - kxpuBa, MUHaBaIIA TIPE3 T 22, OTPEAeis-
ma mnpeopopMeHaTa pbKaBHAa M3BUBKA Ha IpEIHATA
YacrT.

L 45 TS a7 48

®urypa 2 UMK Ha naMcku cykMaH
Tunopaszmep 164-92-100

MOJAEJIHU BAPUAHTU HA CYKMAH

KonctpykruBHO opmara Ha MpeAcTaBEeHUTE
Monenu cykmanu (@ueypa 3, 4, 5, 6 [2]) e pemieHa
ypes:

* XOPU30HTATHO KOHCTPYKTHUBHO CpsA3BaHE MO
JIMHUA Ha TAJUATa, KOETO pa3/ielisi CyKMaHa Ha J1Be
YacTH - KOPCAX U [10J1a;

* OTCHCTBHUE Ha CPEJICH 11IeB HA THPOA;

* TAJIMHU CBUBKU B KOpCaXa;

* TpaHchopMuUpaHa B CTpPaHUYHUS IIEB
paMeHHa CBUBKA;

MAGAZINE TEXTILES AND GARMENT

* JIEKO CKbCEHA, C €CTECTBEH HAKJIOH JINHUS Ha
pamoTo;

* IbJI00KO U3PA3aHO 10 (hopMa IEKOIITE;

* KOHMYHO W/MJIH YCIIOPETHO pasIINpEeHHe PU
1oJara;

* 3aKOIlYaBaHE C LIUII WM KOIYETa B JIEBUS
CTpaHUYEH LIEB.

ﬂ- s

®urypa 4 Monen 2
Anantupana (oaKiIopHa
HOCHUS Ha AHCaMOBI 32
HApOJIHH NECHHU U TaHIN
CnuBeH

®urypa 3 Mognen 1
AnanTtupana (oJIKIOpHa
HOcHs Ha AHCaMOBI 32
HApOJHH NECHU U TaHIIN
CnuBen

e’ Ny

®urypa 6 Mogen 4
CaarGeHa HOCHS OT C.
[IpnapeBo, CnuBeHCKO

®urypa 5 Mogen 3
[Tpa3HuyHa xeHcka HOCUS
ot ¢. Yoko0a, CauBeHCKO

MopaenHuTe BapHaHTH Ha CyKMaHHUTE ce
CTpPOSIT BbpXY KOHCTpYyK1usATa oT Duzypa 2. Ilpue-
Ta ¢ 6a30Ba Ib/HKMHA HA JOJTHATA YacT (I1oy1aTa) Ha
cykmana 72,0 cm.
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BAPUAHTHU 3A OPOPMSIAHE HA
KOPCAXA

16' 16a

16' 16a

®urypa 7 I'pp6 Bapuant | durypa 8 I'ps6 Bapuanr 2

30a .,
a2 20 32 30
31 3
31a 310312
310
13 -_l
o 26

®urypa 9 I[Ipeana gact
Bapmuanr 1

308, .,
30 -
31 .
d
31a
31
13
1;0‘

of 26

®urypa 10 [Ipenna yact
Bapuanr 2

308 .0
31
13 13a

13

13a
"3b 11b

®urypa 11 [Ipenna vact Purypa 12 [Ipenna yact
BapuanT 3 Bapuant 4

3a @Qucypa 7: BparHara u3BHBKa ce ybia0oya-
Ba, Taka 4e 1-1a = 0,5 cm, 16’-16a = 1,0 cm.
Pamennara nunaus ce ckbesia: 16a-19a= 13,3 cm.
PrkaBHaTa n3BHBKa ce 0OpMsI KaTo I1aJIka KpHUBa,
MuHaBama rnpe3 T 20a (cpenana 20-21).

3a @Quzypa 8: BparHata uM3BUBKa Ce€
yabinbodaBa, Taka ye 1-1a= 0,5 cm, 16’-16a = 1,0
cm. Pamennara nquHus ce ckbesiBa: 19'-19a = 3,0
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cm. PpkaBHara u3BHBKa ce 0opMs KaTo TiajKa
KpHBa, MUHaBaia npe3 T 20.

3a Qucypa 9: Pamennara CBUBKa ce 3aTBaps U
ce oTBapsi B CTpaHU4YHMS 1IeB 1o JuHus 11b-26
(11a"-11b = 3,0 cm). PamennaTa muHUs ce CKbCS-
Ba: 30'-30a=1,0 cm, 30a-27b = 13,0 cm. Opopms
ce oBaiHO Aekoite: T31a - cpena na 13a-30a; 31a-
31b =4,0 cm - nepnenaukyisap Ha 1uHus 13a-30a.
PrvkaBHaTa n3BuBKa ce ohopms Karo IiiaaKa Kpu-
Ba. BppxoBeTe Ha cBUBKHUTE ce n3mecTBaT Ha 2,0
cmoT T 26.

3a @ueypa 10: Pamennara cBUBKa ce 3aTBaps
Y ce OTBaps B CTpaHW4HMS 1B 110 JuHusA 11b-26
(11a"-11b = 3,0 cm). PamenHara jauHuS ce
ckbesBa: 30'-30a = 1,0 cm, 27a"-27b = 3,0 cm.
Odopwms ce V-o6paszHo aekonre: T 31a - cpena Ha
13a-30a; 31a-31b = 0,5 cm - nepneHAUKYIAp Ha
muans 13a-30a, rmagka nuaus 13a-31b-30a.
PpkaBHaTta u3BHBKa ce odopMs Karo Tiajaka
KpuBa. BppxoBeTe Ha CBUBKUTE C€ M3MECTBAT Ha
2,0cmorT26.

3a @ueypa 11: PamenHara CBUBKa ce 3aTBaps U
ce oTBapsl B CTpaHU4YHMS 1IeB 1o Junus 11b-26
(11a"-11b = 3,0 cm). PamenHara JuHUs ce
ckbesiBa: 30°-30a = 1,0 cm, 30a-27b = 13,0 cm.
Odopms ce npndoko u3psizano aexonte: 13a-13b
=3,0cm; 13a-13¢=1,0 cm; 13c-31a= % 13¢-30a;
31a-31b=4,1 cm - neprieHauKyJsAp Ha TuHKA 13c¢-
30a; 31¢-31d = 1,0 cm - nepneHAuKyasAp HA TUHUS
31b -30a. PrkaBHaTta u3BHBKa ce odopMmsi Karo
ajka KpuBa. BbpxoBeTe Ha CBUBKHUTE Ce€ H3-
MectBaTHa 2,0 cm oT T 26.

3a ®ur. 12: PamenHaTa cBUBKa ce 3aTBaps U ce
OTBapsi B CTpaHW4HUs 1meB mo jauHus 11b-26
(11a"-11b = 3,0 cm). Pamennara nuHus ce
ckbesaBa: 30'-30a = 1,0 cm, 30a-27b = 13,0 cm.
Odopwms ce nexonte: 13-13a="413-31; 13a-13b =
4,0 cm; 3akpbIvieHueTo Mexay adunuu 13a-13b u
30a-13b ¢ ¢ R = 3,0 cm. PpxaBHaTa mu3BUBKa ce
obopmMmsi KaTo Tiagka KpuBa. BbpxoBere Ha
CBUBKHUTE ce u3mecTBaT Ha 2,0 cm oT T 26.

BAPUAHTU 3A O®POPMSHE HA
ITOJIATA

ITosia Bapuanr 1 - ymepeHo pa3imupeHnue no
JIMHUSATA HA AbJIKUHATA

ITonara Ha JaMCKHUsI CYKMaH € OT ILIECT YacTH -
4 cTpaHWYHM M 2 CpEJHHU YacTH, JIMHUUTE Ha
BbTPEIIHUTE II€BOBE MHMHABAaT Npe3 TOUYKHUTE,
onpexaessimy BrajsiBaHero Ha UMK no nuHus nHa
TaJINATA.
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3a @Qucypa 13: Jlunuu B,-8', 24'-42'-46, 24''-
42'"-47 - TOMOILHH JIMHUH, OTIPEACIISIIIN U3XOTHO-
TO TMOJOXEHUE Ha BBTPEIIHUTE IeBOBe. JIMHUM
T,-T,uT,’-T,’ - tuHUM Ha cpsA3BaHE HA JETANINTE
3a MOCJEBAII0 KOHUYHO pPa3IIMpPEHHe Ha ChOT-
BETHUTE CEKTOPH.

247 37

10 & T

T CPEDA 3AIHAYACT MONA
CPENA MPEHA YACT MONA

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
N

®urypa 13 [TonroToBka 3a MojieTupaHe Ha rojara

sol bz o

3a Quecypa 14: CpenHa 3aJHa YACT: CEKTOPBT
6-8-8'-B,-B’-6 (0T @ucypa 13) ce 3aBbpTa B IOCOKA
o0OpaTHa Ha YaCOBHHMKOBATa CTpeJKa CIpPsIMO T 6,
taka 4ye 8-8, = 5,0 cm. JlombaHuTENHOTO pa3mupsi-
BaHe Ha mieBa € 3,0 cm. CTpaHMYHAa 3a/IHA YaCT:
cektopbsT Ta-43'-6-45-Tb-Ta (ot @uzypa 13) ce
3aBbpTa B IOCOKa oOpaTHa HAa YaCOBHUKOBAaTa
crpenka crpsimo T Ta, taka ye Tb-Tb, = 5,0 cm.
JlombJIHUTETHOTO pa3likpeHue Ha mesa e 3,0 cm.
CexropsT Ta-B''-B,-8'-Tbh-Ta (ot @uzypa 13) ce
3aBbpTa MO MOCOKAa Ha YaCOBHMKOBATA CTpEJKa
cupsimo T Ta, taka ue Tb-Th, = 5,0 cm. lonbiau-
TEJIHOTO pa3iliupeHue Ha mesa e 3,0 cm.

3a @uecypa 15: CpeaHa mpeaHa 4acT:
cektopbT 37-48-47-42"-24" (ot Duzypa 13) ce
3aBbpTa MO TMOCOKAa HAa YaCOBHUKOBATa CTpENIKa
cupssMo T 37, Ttaka ue 48-48, = 5,0 cm.
JlonbIHUTETHOTO pa3iupeHue Ha mesa € 3,0 cm.
Crpannyna npegHa yact: cektopsT Ta'-Th'-46-
42'-24'-Ta’ (ot @uzypa 13) ce 3aBbpTa B IOCOKA
oOpaTHa Ha YaCOBHHKOBaTa CTpejKa CHOPSMO T
Ta’,taka ye Th'-Tb,” = 5,0 cm. JlonrbaIHUTETHOTO

MAGAZINE TEXTILES AND GARMENT

pasmupenue Ha mesa € 3,0 cm. CekxtopsT Ta'-
Tb'-45a-0"-43a’-Ta’ ce 3aBbpTa MO MOCOKa Ha
yacoOBHUKOBara crpenka cupsimo T Ta’, Taka ue
Tb'-Tb,’=5,0 cm. JJonbIHATETHOTO pa3IMpEeHUE
Haenae 3,0 cm.

]

S s ==

®urypa 14 Monenupane Ha 3aJiHaTa 4actT
Ha Iojara
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®urypa 15 Moaenupane Ha npeHara 4act
Ha 1oJjiara
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ITosia Bapuanr 2 - cpeaHo pa3mupeHue 1o
JIMHHUSTA HA IbJLKHHATA

[Tonara Ha naMckusi CyKMaH € OT JBE YacTH -
MIpe/IHa U 3a/IHa, TP HEOOXOIMMOCT C€ JOIyCKa
CpeJieH IIIEB B 33JHATa YACT.

3a Queypa 16: 7-X, = X,-X, = X,-X, = V4 7-6.
TanuitHaTa CBHBKAa B 3aJHaTa 4acT C€ M3MECTBa
HaJISIBO /10 ChBMIAJaHe Ha BbpXa T B, C BEPTUKAJ-
HaTa JMHUS, MUHaBaia mpe3 T X,. 42-42a = 3,0
cm, TaJMiiHATa CBHUBKA B IpeJHaTa 4YacT ce
npeodopms. Jluauu B,’-/1,, T,-/,, T,-1, u42a-48’-
JIMHUY Ha CPSA3BaHE HA JICTAMIINTE 32 TTOCIICIBAIIO
KOHUYHO pa3IIMpPEHUE Ha ChOTBETHUTE CEKTOPH.

=
[S)

" T CPEDIA 3ATIHA YACT MOMA
CPEJIA NPE[IHA YACT MONA

g I il al 45| |asa 48

®urypa 16 IlogroroBka 3a MoaeaupaHe Ha MoJyiaTa

48

3a @ueypa 17: CextopsbT B,'-/1,-45-43'-B,’ (0T
@uzypa 16) ce 3aBbpTa B MOCOKAa OOpaTHA Ha
YaCOBHUKOBATa CTpesiKa COpSAMO T B,’ 710 MBIHO
3arBapsiHe Ha cBuBkara. CektopsT T,-I,-45-43'-
T, ce 3aBppTa B mocoka oOpaTHa Ha YaCOBHHUKO-
Bara ctpeika cripsimo T T, Taka e JI,-/1,’ = 6,0 cm.
CextopbT T,-[1,-45-43'-T, ce 3aBbpTa B MOCOKa
o0OpaTHa Ha YaCOBHHMKOBaTa cTpeiika crpsimo T T,,
taka ye J,;-/1," = 6,0 cm. [JonbaHutenHo pa3mu-
peHue Ha cTpaHnyHMs eB 45-45"=6,0 cm.

3a @ueypa 18: CextopbT 24''-422-48'-45a-6'-
43a’-24"" (ot @uczypa 16) ce 3aBbpTa M0 IOCOKA HA
YaCOBHUKOBATa CTPEJIKA CIPSIMO T 42a 10 I'bJI-HO
3aTBapsHE Ha CBUBKaTa. J[OMbIHUTEIHO pas-
LIMpEHUE Ha CTpaHUuYHuA 1eB 45a-45a"= 6,0 cm.

54

" TCPEDA 3ANHA UACT MONA.

®urypa 17 Monenupane Ha 3a/iHaTa 4acT Ha moJjaTa

CPEQA NPEHA YACT MOMNA

®urypa 18 Mozaenupane Ha npeiHaTa 4act
Ha Iojara

ITosia BapuanT 3 - yynku 1o JIMHUSA HA Ta-
JIMATA B 32HATA YacT U IOJAMO pa3lIdpeHue
10 TMHHUATA HA IbJIKUHATA

[Tomara Ha TaMCKUs CyKMaH € OT YeTUPH YacTH
- e[lHa IpeJHa, €Ha CpeJHa U ABE CTPAHWUYHU
3a/IHU YaCTH C YYIIKH I10 JINHUS HA TaJIUATA.
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[Ipennara yact e uaeHTUYHa C Ta3u ot Quzypa
18.

3asiHaTa 4acT ce MOZIEIUpPA BbPXY 1Ia0JI0HA OT
Quzypa l7.

3a @uzypa 19: I'otoBusr aeraiin ot Quzypa 17
ce paznens Ha Tpu cektopa C,, C, u C, o cneanus
HauyuH:

[TIoJIT: 6-T,=T,-T,=T,-43'=6-43'

o JI: 8-1,=1,-1, = 1,- 1, =73 8-/1,

C NyHKTUpPHU JIMHUM ca 0003HAYEHU JINHUHUTE
Ha CpsI3BaHE 3a [10CJIE1BAI0 YCIOPEIHO Pa3IBUK-
BaHE Ha CbOTBETHHUTE CEKTOPH C 11e]1 0POpPMsIHE Ha
YYIKU ¢ rojieMuHa o 6,0 cm.

3

CPEJA 3AIHA YACT NONA

Lo

®urypa 20 Monenupane Ha 4yIKU

T CPEQA 3AIMAYACT MOMA

OdopmMsiHETO Ha YYNKUTE IO JIMHUATA HA Ta-
JUSITA Ce U3BbPIIBA [10 aHAJIOTHSI HA OIMcaHara 3a
bpBara uynka (@uzypa 21) nocie 0oBaTeHOCT:

Jlunus 6,-P, e ornemanen obpa3 Ha 6,-6
OTHOCHO 6,-8,; JIunaus 6,’-P, e ornenanen oopas Ha
6,-P, ornocuo P,-P,, (P,-P, munaBa npes cpenara t

PHa6,-6,").
®urypa 19 [loxroroBka 3a MogenupaHe i
Ha 3aJ{HaTa yacT Ha roJjara 6 5‘\ F
MopnenupaHeTo Ha YyNKHUTE C€ JIEMOHCTpUpa \ P
BBpXy cektop C, (@Puzypa 20).

CexropsT 6,'-8,"-1,-T,-6," ¢ npenecen ycro-
penHo Ha pa3crostHue 6,0 cm OTHOCHO JTUHUSA 6,-8,
(@ueypa 20a). CextopsT 6,'-8,'-11,-T,-6," ¢
IIPEHECEH YCIOpPEIHO Ha pascrossHue 6,0 cm
OTHOCHO JTUHUS 6,-8, (Duzypa 200).

®urypa 21 OdopMmsHe Ha TYTIKH - HparMeHT
ot ®urypa 20

Ha @ueypa 22 e nokazana 3agHaTa 4acT Ha
oJiaTa B TOTOB BU]I.

MopenHuTe BapuaHTH Ha JAMCKUTE CyKMaHH,
noka3zanu Ha Queypu 3, 4, 5 u 6, ce noyyasar
Yype3 KOMOMHHUpaHe Ha U30paH BapHaHT KOPCax U
noJa.

Ha @ucypa 23 e npencraBeH KOHCTPYKTHB-
HUSAT YepPTEXK Ha JaMCKU cykmaH Mogen 1.
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" CREDA SAMAWACTNONA

| CREIHA 3ATIHA YACT NONA
H 1 pET
| TUIMOPASMER 164-92-100

®urypa 22 3agHa yact noJa

®urypa 23 KoncrpykruseH ueprex Ha Mopen 1

56

3AK/ITIOYEHUE

[IpencraBenu ca MoAenHH pa3pabOTKU Ha
YKEHCKH CYKMaHH OT CJIMBEHCKHS Kpai - OCHOBEH
€JIEMEHT OT CyKMaHeHaTa >KEHCKa HOCHUSI.

MonennpaHeTo € OChIIeCTBEHO BhPXY Oa3aTa
Ha MpEeJBAapUTENIHO yYTOYHEHAa U MHOTOKPATHO
W3M0JI3BaHa B MpAKTHUKaTa Ha aBTOpa OCHOBHA
KOHCTPYKIIMS Ha JaMCKa POKJIS B TOJyBTajeH
CHIIyeT, TIOCTpoeHa Mo meronuka Ha Muller &
Soon. Upe3 BHECEHM KOPEKIIMU U TMPOMEHU B
ocHoBHUTe aAetainun Ha UMK ca monydenu
MOJIEJTHUTE BAPUAHTH HA JKEHCKH CYKMaH.

Upe3z xomOMHUpaHe Ha M30paH BapuaHT
KOpCaXk W MOJia ce MollydyaBa pa3sHooOpasue OT
MOJIEJTHY BapUaHTH HA )KEHCKH CyKMaH.

Pazpaborkata Moxke na ObAe B MOMOII Ha
MoJelnrnepa KOHCTPYKTOp, 3aHMMaBall ce C
NPOEKTUPAHETO HAa CIEHUYHU KOCTIOMHU 3a
y4acTHE B Xy/I0)KECTBEHATa CaMOJICHHOCT.
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CTyaeHTCKM mogen Ha MiBoHa Pacuiicka oT odumumnanHaTa Konekuus
Ha cneumanHoct "MogenupaHe, TEXHONOMMA U MEHUAXKMDBHT B LUEeBHaTa MHAycTpuma"
Ha KOrosanagHus yHusepcuteT "HeoduT Punckun" - bnaroesrpag,.
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