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STUDY ON THE STRENGTH OF NEEDLE-PUNCHED NONWOVEN MATERIAL MADE ON
THE BASIS OF SOLE TRADER "MIRAS"
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Coarse sheep wool and wastes from the production of woolen yarns are currently considered to be a special
waste that requires large disposal costs due to low market demand. For this reason, wool has serious consequences for
the environment. However, this type of raw material is considered a promising insulating natural fiber due to its
thermal and acoustic properties. Moreover, wool meets the requirements of environmentally friendly materials that
are used for yurts, insulation of buildings, and acoustic insulation for the automotive industry. Nevertheless, the
sustainability and energy efficiency of insulation materials are currently evaluated comprehensively. In this context,
the correctness of the composition of nonwoven fabric, its thickness and strength characteristics, as well as the number
of layers play an important role. The purpose of this work is to study the relationship between strength characteristics
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and thickness, as well as the number of layers in nonwovens made of 100% wool mixed with coarse and fine fibers,
and to determine the most optimal variant of insulating nonwovens. 4 samples of one, two, three and four-layered
materials were used in the study. The tested samples of insulating materials were evaluated according to the parameters
of breaking load, strength and elongation. The results of the research showed that with an increase in the number of
layers of material, there is an increase in the tested two indicators: breaking load and strength. The elongation rates
were uneven. Consequently, by examining all three parameters, it was found that the best option is a three-layered
nonwoven material.

Keywords: sheep wool, waste reuse, strength, breaking load, nonwoven fabric, natural fiber,
insulation material.

HNCCIEAOBAHUE HA TIPOYHOCTD UI'JIOITPOBUBHOI'O HETKAHOI'O MATEPHAUIA,
HN3I'OTOBJIEHHOI'O HA BA3E UII «MAPAC»

DK K. BOPKYJIAKOBA*, *M.JT. MOJIC, *M.1II. ILIAPJJAPBEK, *E.U. BUTYC, *2.E. CAPbIFAEBA

(‘Tapasckuii pernonanbubiii yausepeurter um. M.X. Jly;iatu, Kazaxeran, 080012, r. Tapas3, y.. Tode 6u 60,
Poccuiickuii rocynapcreennbliii yunsepeutetr uMm. A.H.Kocbiruna, Pocecus, 117997,
MockBa, ya1. CaxoBanyeckas, 1.33, 31.1)
DJjekTpoHHas o4Ta aBTopa-Koppecnonaenra: janebklk@gmail.com*

I'pybaa oeeuva wiepcmv u omxoovl WiepcMONPAOUNBLHOZO NPOU3EOOCMEA 6 HACHIOAU(CE 8DEMA U3-3d
Hepeanu306anHoCmu CUUMAIOMca 0COObIM OMX000M, mpedyIowuM 6onvuux 3ampam na ymunuzauuio. Ilo smoii
HpUYUHe WepPCMb OKA3bl6AEH CEPbe3Hble NOCIeOCMEUs U 0N OKpycatouieil cpedvl. OOHAKO, IMOm U0 Cblpbs
cuumaemca NePCHeKMmueHbIM  U3ONAYUOHHBIM HAMYPATLHOIM 60NOKHOM 011a200aGpA  C8OUM MENN08bIM U
akycmuueckum ceoiicmeam. bonee mozo, wepcmo omeeuaem mpedosanuam IKOaI02UYECKU YUCHIBIX MAMEPUATIOB,
KOmopbule UCHONb3YIOMCA O 0P, YMENICeHUA 30AHUIL, WYMONOIOWEHUA 6 AGNOMOOUTbHOT RPOMBIUITIEHHOCHIU.
Tem ne menee, ycmouuueocmov u IHEP0IPHeKmuenocms U30IAUUOHHBIX MAMEPUANIOE 6 HACHOAUlee 8DeMs
0UEHUBAIOMCA KOMNIEKCHO. B dmom Konmexcme, npasunsnocms cocmaga HemMKano20 Mamepuand, e2o moaujunbl
U NPOUYHOCIMHBIX XAPAKMEPUCMUK, d MAKX}Ce KOIUYECMEA C/10e8 Uzpaiom 6axcuylo ponsv. Llenvio oannoii pabomut
AGNAEMCA UCCIE008AHUE 3AUMOCEAZU MEHCOY HPOUHOCHHBLIMU XAPAKMEPUCIMUKAMU U MOJUWUHON, 4 MAaKice
Konuuecmeom cioeg 6 HeMKaHvlX Mamepuanax, uzeomosnennvix us 100% wepcmu ¢ cmecu c zpy6oit u moukoii, u
onpeodenenue Haudonee ONMUMATLHOZ0 8APUAHINA U30JIAUUOHHO20 HEMKAH020 mamepuana. Hcnvimyemole 00pazyvl
U30NAYUOHHDBIX MAMEPUATIO8 ObINU OUEHEHbL RO RAPAMEMPAM PA3PLIGHON HAZPY3KU, RPOUHOCMU U yOnuHenus. B
uccne)osanuu 6ul10 ucnoav3oeano 4 oopasua o0nozo, 08yx, mpex u uemepipex cioee. Pesynomameul uccneoosanusn
noKazanu, umo ¢ yeeauueHuem KOAUUeCnea CJ10€8 MAamepuana HadII0aemca pocm Ucciedyemuvix 08yx
nokasameneii: pa3pvléHoil nazpy3xku u npounocmu. Ilokazamenu yonunenusa ovinu nepasomephst. Cnedosamensvmo,
uccieoya ece mpu napamempd, Obio yCmano8ieno, Ymo HaAuIyyuM 6apuanmom A61Aemca HemKanblil Mamepuan,
coCmoAwuIL U3 mpex cioes.

KiroueBble cj10Ba: 0BeYbsl HIEPCTh, IOBTOPHOE HCIOJIb30BAHME 0TX0/10B, IPOYHOCTh, PA3PbIBHASN
Harpy3Ka, HeTKaHblil MaTepuaJl, HATYPaJIbHOEe BOJIOKHO, H30JISILMOHHBII MaTepua.

"MHPAC" KK BA3ACHI HETI3IH/IE ’)KACAJIFAH MTHETECIM/II BEUMATA
MATEPHUAJIJIBIH BEPIKTIK CUITATTAMAJIAPBIH 3EPTTEY

DK K. BOPKYJIAKOBA*, *M.JT. MOJIC, *M.11I. ILIAPJJAPBEK, *E.U. BUTYC, *D.E. CAPbIEAEBA

(*M.X. Jyaatu ateiaaarsl Tapa3s enipaix yunsepcurerti, Kaszakeran, 080012, Tapa3 k., Tose 61 k-ci 60,
2A.H.Kochirun aTeinaarsi Peceii MemiekerTik yausepeureri, Peceii, 117997, Mackey K.,
CapnoBHuyeckas K-ci, yii 33, .1)

ABTOP-KOPPECTIOHIEHTTIH 3JEKTPOHIBIK mmorTackl: janebklk@gmail.com™*

Kammot Kot scyni men dcyn uipy oHOIpiciniH KanoblKmapvl Kazipei yakslmma icke dacblpbliMayblHa
oannansicmel Kadeze Hcapamyowvly, yIKeH WibI2bIHOAPbIH MAlan ememin epeKuie Kanovlk 0onvin cananaost. Ocwl
cebenmi HCyH KAN0bIKMApbl KOPULAZAH 0pmMaza 0a ayslp 3apoanmapusin muzizyoe. Anaiioa, wiuxizammaoly oyn mypi
JHCHLNY JHCoHE aKyCMUKAIbIK Kacuemmepine 6ailiansiCnmsl NEPCREKMUEAnbl OKUIAY1AZblid MaAdUu manauislk, 601bin
cananadol. CoHbIMeH Kamap, MCyH Kuiz yinep, 2umapammapost OKuwayiday, aeémomoodunb 6eHepKacidinoe
AKyCMuKablK OblObIC OKULAYIAZBIWL YIUIH KOJIOAHBUIAMbIN IKOJI02UAIBIK, MA3a MAMEPUaioapobly maianmapsina
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Jcayan oOepeoi. /lecenmen, OKWAynazvlui Mamepuanoapobly, mypakmoliviebl MeH IHepus muimoinici Kaszipei
yaxkstmma sncam-yucakmol 6azananaovt. byn mypevioa deiimamansiy OYpuic Kypamovl, OHbIH KATbIHObI2bI MEH DEepiKmiK
cunammamanapel JHcone Kabammap canvl Mamplzovl pos amxapaowl. Byn ocymvicmolyy makcamul-0epikmik
CURAMMAaMANAPbl MeH KATbIHObIZbL, COHOAU-aK, Kammul dcane mepunoc rycyh Kocnacvitnoa 100% scynnen scacanzan
Oelimamansvly KAOAMmap Cansvl apacblHOazvl OAUIAHBICIBL 3EPMMEY HCIHE OKULAYIAZbLUL DEMAMANDBIH eH OHMAalllbl

HycKacoln anvlikmay. OKwiaynazelt mamepuanoapovly ColHAK yazinepi y3y cyKmemeci,

Oepikmizi Jcone

canvicmolpmanl yapy napamempiepi ooiivinuia 6azananovl. 3epmmeyoe 0ip, exi, yui rcone mopm Kabdammuoly 4
yazici Konoansliovl. 3epmmey Hamuicenepi Mamepuan KadammapvlHbll CAHbIHbIY APMYbIMEH 3epmmelemin eKi
KopcemKiwimiy, ocyi OauKanamvlHblH Kopcemmi: y3y dcykmemeci icane Oepikmik. Canvicmuvlpmanvl y3apy
Kopcemkiwimepi 0ipkenki 60amaovl. CoHObIKMan 6apavlK yui napamempoi 3epmmeii OmMulpvin, ey, OHMailivl HYcKa
peminoe yui Kabamman mypamott 0eimama Mamepuaibl eKeHoici aHbIKmanobl.

Herisri ce3ep: Koii ’kyHi, KAIABIKTapAbI KaliTa naiigaaany, 0epikTik, y3y ’KyKTemeci, Oeiimara,

TAaOUFHU TaJAUbIK, OKIIAYJarbIlll MaTEepUuaJl.

Introduction

Over the past few years, the major problem
in Kazakhstan has been the problem of the
implementation of coarse wool and wastes from the
production of woollen yarns. Today, according to
the Ministry of Agriculture, about 70% of wool,
which is about 26 thousand tons of raw materials,
go to wastes. Natural unprocessed sheep wool, as a
rule, is completely biodegradable [1]. However,
when this wool is not used by the textile industry,
it passes into the category of agricultural special
wastes with high disposal costs. That is the main
reason for improper disposal of wool, which inturn
causes a number of environmental pollutants:
groundwater  pollution, the formation of
greenhouse gases during combustion, contributing
to global warming [2]. In this context, the best
solution to the above-mentioned problem is the
application of the concept of circular economy:
reuse and recycling of products and materials [3].
According to research of “Woolmark”, among all
textile materials, wool is the most reused and easily
recyclable fiber [4].

Basically, natural fibers obtained from
textile waste are used in the manufacture of thermal
and acoustic insulation products [5]. According to
the researches, nonwoven wool materials represent
a perspective alternative for use in the construction
and automotive industries as eco-friendly
insulation materials. Sheep wool mats have many
distinctive characteristics that fully comply with
current standards and exceed the characteristics of
inorganic insulators. In addition, the use of wool
waste as a new raw material in industry is an
excellent opportunity to support the circular
economy model, as it reduces the need for non-
renewable resources, lower the carbon footprint,
and is a resource-efficient ~method of
manufacturing industrial components. In general,
thermal and acoustic insulation from wool waste
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can play an essential role in saving energy and
reducing environmental pollution [6].

Currently, there are many different studies
that have shown the benefits of sheep wool
insulation boards, but tested materials contain
mixtures of various components and vary in
different parameters. Since the insulation
properties are influenced by many factors, the use
of such materials requires thorough research.
Therefore, the choice of suitable materials is
determined by a holistic approach, which takes into
account the structure of insulating materials, their
composition, surface area, optimal cross-sectional
characteristics, diameter and length of fibers,
strength characteristics, LCA analysis (life cycle
assessment), the impact of various conditions and
factors such as fire resistance, water resistance,
vapor permeability, pest, dust, fungi and bacteria
resistance, impact on the environment and human
health, etc.

The purpose of this work is to study the
relationship between strength characteristics and
thickness, as well as the number of layers in
nonwovens made of 100% coarse and fine wool,
and to determine the most optimal variant of layers
in insulating nonwovens. In the course of this work,
the parameters of breaking load, strength and
elongation were evaluated.

Materials and research methods

Studies of the strength characteristics of
sheep wool nonwovens were conducted in the
M.H. Dulaty Taraz regional university in the
laboratory of the Department of "Textiles,
materials science and standardization™. Nonwoven
woolen materials of four different layers provided
by sole trader "Miras" (Kazakhstan, Taraz) were
used as objects of research. The composition of the
material is 100% fine and coarse wool.

Nonwoven boards were obtained by needle-
punching method on a semi-automatic machine
220 (Fig. 1).
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Figure 1 — Technological scheme of the semi-automatic needle punch‘ing machine 220

Technical parameters of the machine:

1) Pretreatment shaft:

a) Working capacity of the shaft: < 550
rev/ min (idling)

b) Move: 60 mm

c) Width of the material: 2200 mm

d) Needle density: 4500 pieces/m

e) Material feed rate adjustment system:
0~6 m/min

f) Main engine: 11 kV (changing the
frequency of speed adjustment)

g) Electric motor of material supply: 1,5
kV (changing the frequency of speed adjustment)

h)  Electric motor for material output: 0, 75
kV (changing the frequency of speed adjustment)

i)  Electric motor of the rack lift: 1,1 kV
(spot move)

The strength characteristics of nonwovens
was determined according to SUST R 53226-2008
(State Union Standard). To determine the breaking
characteristics, 5 samples of the one, two, three,
and four-layered mats were taken, measuring
200x50 mm in length, and separately 50x200 mm
in width, respectively. The research was carried out
on a universal burst testing machine with dual
column H10-50KT/S by Tinius Olsen (Fig. 2). This
machine has a T/S configuration, i.e. it is equipped
with control from a personal computer with special
software, and a console control unit. Frame
capacity 50 kN, the maximum crosshead travel is
1075 mm, the speed range is within 0.001-500
mm/min. The machine's force measuring system

§
3
1]
3
S

1) The main shaft:

j)  Working capacity of the shaft: <600
rev/ min (idling)

a) Move: 40 mm

b) Width of the material: 2200 mm

¢) Needle density: 5000 pieces/m

k) Material feed rate adjustment system:
0~6 m/min

d) Main engine: 11 kV (changing the
frequency of speed adjustment)

e) Electric motor of material supply and
output: 1,5 kV (changing the frequency of speed
adjustment)

f)  Electric motor of the rack lift: 1,1 kV
(spot move)

and integrated deformation measurement system
fully comply with national and international
standards: SUST, ISO, ASTM, DIN, BS, EN, etc.
The feature of the machine is the automatic
calculation and display of the maximum and
breaking load and voltage, absolute and relative
elongation, average, median and standard
deviation. It is also possible to graphically display
the measurement results [7].

In the first study, the breaking load,
elongation and strength properties of a 1-layer
nonwoven fabric were analyzed. Samples of 1-
layer needle-punched material and the test
workflow are shown in Figure 3.

Figure 2 — The universal testing machine with dual column H10-50KT/S by Tinius Olsen
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Figure 3 — 1-layer material samples and testing process

2-, 3- and 4-layered nonwovens were tested
in a similar way.

The results of the study were calculated
using machine software. Statistical methods were
used to analyze the results of the research.

Literature review

Nowadays, widely used building insulation
materials are made of synthetic materials. About
60% of thermal insulation materials are mineral or
inorganic materials (glass wool, stone wool), 30%
are foam materials (expanded polystyrene,
extruded polystyrene, polyurethane), and the
remaining 10% are other non-traditional or
composite materials (insulating materials made of
wood sawdust and wool, foam gypsum, etc.) [8].
Inorganic insulation materials can have a
detrimental effect on both the environment and
human health. Fiberglass-based materials are
obtained from silica sources, mineral wool, glass
wool, polyurethane and polyester are produced on
the basis of petrochemicals, which has a
carcinogenic effect on the human body [9]. It is for
this reason that the demand for environmentally
friendly insulation materials has been growing
recently. These materials include panels made of
wool waste. Some of them are already on the
market, but are still at the stage of research and
development of new solutions.

In the work of Pennacchio et al., the
"FITNES" panel made of wool and hemp fibers
was presented. In that work hemp fibers were
added in order to improve the density of material,
compared to panels made of 100% wool. In this
material, wool acts as a binder. The production
process consists of 3 main stages:

1. Mixing wool and hemp fibers;

2. Treatment with soda solution. The
purpose of this process is the release of keratin
protein for gluing wool and hemp fibers, i.e. the use
of wool keratin as a natural glue.

3. Removal of soda solution residues and
drying the panel in a special oven.
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The most optimal chosen panel was a
material with a square size 0.468 cm? (90.00 cm x
52.00 cm), a thickness of 4.50 cm and a weight of
3 kg, made of wool and hemp in equal weight.
These panels were compared with other insulating
materials, such as Cartonlana panel made of sheep
wool and other insulation products available on the
market (soft panel made of 100% sheep wool,
semi-rigid panel made of sheep wool and polyester
(80/20%), semi-rigid panel made of 100% wool,
glass wool, stone wool, kenaf fiber material with
polyester). Thus, it was found that heat-insulating
panels with high density provide high thermal
characteristics, panels made of natural fibers
demonstrate less need for non-renewable energy,
and has less harm to the environment and human
health, and are also recyclable [10].

The research of Ye, Z. et al. was aimed at

studying the thermal characteristics of insulation
panels made of wool. The results of their work
showed that with a wool density of more than 11
kg /m®, thermal qualities increase. The authors in
this paper concluded that thermal resistance is
directly related to the thickness of nonwovens [11].

Cheung, H.Y. et al. in their work, studied the

mechanical properties of natural fibers that

represent the potential for use as reinforcing
materials for composite materials. In the course of

research, it was revealed that sheep wool, in

comparison with other natural fibers, has the
highest elongation at break, which ranges from 25-
35%, and a tensile strength of 120-174 MPa [12].

Petit-Breuilh et al. investigated natural fibers
with insulating potential, among which natural sheep
wool was also studied. Five samples were made of
various insulating materials for testing. When
studying the thermal conductivity coefficient of
materials, the main parameters affecting this indicator
were also considered: the thickness and density of
materials. According to the data obtained, the authors
concluded that sheep wool with an electrical
conductivity coefficient of 0.45 W /mK has the best
insulation performance. Since, along with other
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distinctive characteristics, it is the lightest natural
insulation material. The density of wool was 38.8
kg/m?, the thickness was 13.8 cm [13].

In the work of Schiavoni et al. a review and
comparative analysis of the main commercial
insulation materials was carried out, among them
sheep wool was also analyzed. It was found that
mainly the density of sheep wool materials ranges
from 10 to 25 kg/m?®, thermal conductivity from
0.038 to 0.054 W/mK and specific heat capacity
from 1.3 to 1.7 kJoules/KKkg. The tested samples
were characterized by high acoustic parameters and
high hygroscopicity values, which makes this
material an optimal humidity regulator [14].

Results and their discussion

Samples of one-, two-, three-, and four-
layered nonwovens were studied. During the study

450

m breaking load in width

Figure — 4. Breaking load in width and length

Figure 5 shows the comparative strength
characteristics of four tested materials in length and
width. The 4-layered samples have shown the
greatest strength (in width — 10.9 MPa, in length —
9.92 MPa). The lowest strength indicators were

] strengtﬁ |nW|dth
Figure — 5. Strength in width and length

Thus, the analysis of the breaking load and
strength of the tested samples shows that these
indicators are directly proportional to the number
of layers.

The study of sample elongation, the results
of which were also grouped into two groups by

of the breaking load in length and width, it was
found that the breaking load of honwoven material
increases linearly with increasing number of layers.
Moreover, the characteristics of the breaking load
in the width of all samples slightly exceed the data
in length. A comparative characteristic of the
breaking load in width and length is shown in
Figure 4. As can be seen from this figure, the
breaking load indicators of a four—layered
nonwoven fabric sample are the highest: in width —
435 N, in length - 397 N. A single-layered sample
has the lowest breaking load: 14.2 Nand 6.45 N, in
width and length, respectively. The breaking load
of 3-layered samples is slightly inferior to 4-
layered ones, i.e. it is 338 N in width and 332 N in
length. For all samples, the length indicators
exceed the width indicators.

435
'Bf

33843,

3 4

breaking load in length

also shown by single-layer samples (in width -
8.45MPa, in length — 8.31 MPa). The strength of
the three-layered samples was 8.45 MPa in width
and 8.31 MPa in length. The width indicators are
also slightly higher than the length indicators.

® strength in length
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width and length, shows that the indicators are
uneven (Figure 6). The largest percentage of
elongation in length was shown by a two-layered
sample — 104%, and in width — by a four-layered
sample - 87.2%.
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Figure — 6 Elongation in width and length

Comparing the results obtained, it can be
stated that the most optimal option to use for indus-
trial purposes is a three-layered material, since it
has good indicators of strength and breaking load.
The breaking load and strength of nonwoven
woolen materials is higher in the direction of width.
Consequently, in this direction, insulating
nonwovens have better strength properties.

The breaking load may depend on various
factors: the properties of the fibers, structure, fabric
density, thickness, formation methods, types of
textile finishing, etc. [15].

Conclusions

In this research work, the dependence of
strength characteristics on thickness and the
number of layers in nonwovens made of 100%
coarse and fine wool were studied. Based on the
study of the parameters of the breaking load,
strength and elongation of 4 samples of one-, two-
, three-, and four-layered materials, it was found
that nonwoven materials consisting of a single
layer are characterized by poor strength indicators.
Moreover, the results of the research showed that
with an increase in the number of layers of
material, there is an increase in the tested two
indicators: breaking load and strength. The
elongation rates were uneven. Consequently, by
examining all three parameters, it was found that
the best option is a three-layered nonwoven
material. The breaking load coefficients of such a
material were 338 N in width, and 332 N in length.
The strength in width is 8.45 MPa, in length — 8.31
MPa. The elongation data showed 76.8% and
86.5% in width and length, respectively.

Non-woven materials made of coarse and
fine wool can be used as an alternative raw material
for the production of heat and noise insulation
panels. The breaking characteristics of such a
material are high due to the use of natural fiber —
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wool, which surpasses all other natural fibers in
these parameters.

Moreover, aspects concerning  other
properties of natural wool insulation mats, such as
sound insulation, thermal characteristics, breatha-
bility, should be further investigated.
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COBEPHIEHCTBOBAHME ITPOIIECCA KPAILIEHUSA HIEPCTHU
HATYPAJIBHBIMU KPACUTEJIAMU

U A HABUEBA * 3.1 HCJIIAMOBA , BJI. XAMUJ]OBA

(TamkeHTCKHIA MHCTUTYT TEKCTUJILHOM M JIerKoii MPoMbIlLLIeHHOCTH, Pecnydauka Y30exkucras,
r. TamkenT, SIkkacapaiickuii paiion, yauna Illloxxxaxon NeS)
DJeKTpOHHAs IoYTa aBTOpa Koppecnonaenta: niroda@bk.ru*

B oannoii cmamve onucvieaemca npoyecc KpauwleHus 00eCyseueHHbIX-0mMOe1eHHbIX WEPCMAHBIX 6010KOH
HAMypanvHoIMU KPACUMENAMU C UCNONb308AHUEM 6 KAuecmee Npompasvl conell AlOMUHUA, Jicese3a U Meou
(uzyuenvl Konopucmuueckue ocobenHocmu npoyecca Kpawienua Kunoeapwio). Ilpoyecc okpawueanusn
OCYWeCmeIANCA 6 mPex Pa3NUYHbIX NOCIEe008AMENbHOCHAX: NPEOGAPUMENbHAA 00pPAtOMKaA RPOMpasamu, 3anem
oKkpawusanue ¢ pacmeope namypanvhozo kpacumenn (1); oonosannoe Kpawenue ¢ pacmeope Kpacumens u
npompaseul (I1); Kpawenue 6 pacmeope HAMypanbHOZ0 Kpacumens ¢ nociedyrowieil oopadomkoii npompasamu (I11).
Bnusanue nocnedosamenvHocmu OKpAUWIUGAHUA HA NOKA3AMENU KA4ecmea OKPACKU OUEHUBAIU NO OAHHbBIM,
onpeodenennblm npu cmanoapmuoi oceeuwjennocmu Des na naéopamopnom xonopumempe. B cmamve nokazana
3A6UCUMOCIb HPOYECCO8 KPAWLCHUA wiepcmu HamypanvHvimu kpacumenamu Mapenou (Rubia tinctorum L.),
Kypkymoui (Curcuma Ilonga) u Kapmunom (Minium - Kunosapv) om RpUCYMCMEUA U MeCA COel-npompas 6
mexnonozuueckoil nposooke. Cam Kpacumens Mapena oaem 3010mucmelii Yéem, a 6 RPUCYmMcmeuu cyibhama weou
u Jcenesa oaem 01e0HO-KOPUYHEBHII UGem, a duxpomam Kaiusa oaem ApKuil HacvluieHnolil Kpacuoiil yeem. Ilpu
Kpawienuu wepcmu Kpacumenem Kapmunom 6 npucymcmeuu e kauecmee npompag coneil jiceneza u meou
Kapmunosasn wepcmo 0aem 6 1,5-2,5 paza 6onee unmencusHvie memHo-KpacHuvle yema 6 3asUCUMOCHU O CHOCO0A
OKpacku, uem npu okpacke 6e3 coneii. Hzyuena 3agucumocms unmencugnocmu oxpacku om pH cpeowt ¢ yuemom
mozo, umo pH npouecca Kpawienusn enusem HA NPOYHOCHIHbIE U KOJOPUCHUYECKUE Rapamempysl OKpAcoK,
ROJIyYaemMblX HA WEPCMAHOM 60JIOKHE HamypanvHuimu Kpacumenamu. bovin nposeden UK-cnekmpanvnuiil ananus
00pasyo06, OKPAWEHHBIX UCCEOYeMbIMU KPACUMENAMU 6 CPAGHEHUU C HEOKPAUIeHHbIM 6070KHOM Wepcmu 04
6bLA6/ICHUA XAPAKMEPA 603HUKHOEEHUA C6A3€I IEPCMAHO20 60110KHA C HAMYPAIbHBIMU KPACUMENAMU.

KioueBbie ciioBa: miepcTb, KepaTHH, KOJOPHPOBaHHE, NMPHPOAHBIA KpacuTeilb, KOJOPUCTH-
YyecKHe XapaKTepUCTHKH.
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