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PROMISING METHODS AND SYSTEMS
OF QUALITY CONTROL OF INNOVATIVE
BAST RAW MATERIAL

Introduction. In advanced economies, oilseed flax is used not only for obtaining seeds, but also as a source of addi-
tional high-quality textile raw materials. In Ukraine, oilseed flax is the only domestic raw material resource that can become
an alternative to imported cotton and fiber flax used for the textile and pulp-and-paper industries and for the production of
reinforced composite materials.

The analysis of the status of standardization of products from oilseed flax stalks indicates the absence of regulatory
documents to determine their quality. Therefore, the development of such regulations and standards is a pressing problem
of our time, inasmuch as the organization of processing and the implementation of these products in the conditions of the
present-day market and customer requirements are impossible without appropriate standardization and certification.

Problem Statement. The need to develop standards for products from oilseed flax stalks to determine their quality and
commercial characteristics is urgent, since the approval of such technical specifications at the government level stimulates
the creation of markets for the sale of oilseed flax straw as raw materials for the production of fibers that have a wide indust-
rial application.

Purpose. To develop domestic regulatory documents in order to control the quality of "new generation” bast raw mate-
rial — oilseed flax straw — taking into account the modern consumer requirements.

Materials and Methods. Based on the qualimetry methods, a complex methodology for determining the general quali-
ty of oilseed flax straw as an industrial raw material has been developed.

Results. Technical specifications TUU 01.1-2303511525 — 001: 2016 Oilseed Flax Straw. Technical Specifications have
been developed and approved at the state-owned enterprise Khersonstandartmetrologia.

Conclusions. The certified domestic raw materials made of oilseed flax straw can be used in textile, pulp-and-paper and
other industries of Ukraine for the manufacture of innovative competitive products of various functional purposes.

Keywords: straw, oilseed flax, quality, and technical specifications.
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Recently, the Ukrainian textile industry has
faced many problems resulting from the finan-
cial crisis, outdated equipment and technical
documentation and, the most important, the
lack of local raw materials, which have led to its
decline. In Ukraine, the operation of textile in-
dustry enterprises for 80% depends on the im-
ported resources — fiber flax and cotton. At the
same time, Ukraine has got new opportunities
that can be used to reach a new stage in the de-
velopment and establishment of the industry in
Ukraine. The analysis of statistical data on the
bast crop area for the period 2000—2016 shows
that oil flax has been a leader for the last 11 years
(Fig. 1) [1].

Due to a high sale price of oil flax its cultiva-
tion in Ukraine is cost-effective. At the same ti-
me, the stalk portion of the above-mentioned
crops is practically not processed [2]. However,
as the world practice shows [2—5], oil flax is an
annually renewable biological source of a new
generation, which has many industrial applica-
tions (Fig. 2).

Researchers of the Kherson National Technical
University have developed technologies for pro-
cessing oil flax in order to put them into practice
of domestic enterprises [6]. In the laboratory and
industrial conditions, innovative products for
various purposes (cellulose-based semi-finished

products, filter paper, composite products, mixed
yarn, and nonwoven materials of various types:
flax batt, furniture and nonwoven fabrics) have
been manufactured [7—9]. Thus, it has been
proved that oil flaxen straw is a valuable cellu-
losic raw material, the main advantage of which is
availability and local production.

Today, the organization of an integrated indus-
trial straw processing of oil flax, manufacture of
innovative products and their sale on the domes-
tic and world markets is impossible without stan-
dardization, certification, and methodology for
determining the quality indicators of both raw
materials and innovative products made of them.
The absence of such quality control systems
breaks the entire chain of industrial processing of
oil flax stalks, from straw to finished goods for
various industrial purposes (Fig. 3).

Taking into account the aforementioned, the
world and domestic achievements of the theore-
tical and practical nature [3—12] have been ana-
lyzed in detail in order to identify the available
methodology and quality indicators of oil flax
straw as a commercial raw material (Table 1).

The analysis of the given data has testified to
the complete lack of standards and methodology
for assessing the quality of the research object.
As the world practice has shown, standardizing
the oil flax straw is a pressing problem not only
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Fig. 1. Dynamics of cultivated areas under bast crops in Ukraine, in 2000—2016
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Seeds

Human food: ingredient of healthy food, personal ca-
re products

Wild animals: fodder
Cattle: fodder

Human food: ingredient of healthy food, personal ca-
re products, bottled oil

Oumnist

Wild animals: fodder
Cattle: fodder ingredient

Industry: oilcloth, wax cloth, paints, dyes, varnishes,
wood stains, tars, and inks

Oil cake

Human food: ingredient of healthy food, further pro-
cessing

Wild animals: fodder
Cattle: fodder

Fiber

Pulp and paper industry: special and filter paper
Textile industry: fabrics

Technical and engineering application: geotextile,
insulatingand absorbing materials, plastic composites
of medium and high quality

Chemical industry: cellulose sweeteners, esters

Boon

Agriculture: bedding/litter

Construction materials: press boards, composite ad-
mixtures (pressure casting, artificial timber)

Power engineering: heat energy source, biofuel (bri-
quettes, pellets)

Chemical industry: activated coal (filtration), ext-
racted aromatic compounds (tars, antioxidants, an-
timicrobic substances)

Fig. 2. World trends in

application of oil flax straw Waste

Ground boon and fiber impurities: biofuel, construc-
tion materials

in Ukraine, but also in Canada, the USA, Egypt,
Northern Ireland, Finland, Poland, the Russian Fe-
deration, and the Republic of Belarus [3—5, 10].
Thus, in advanced economies of Europe, the
USA, and Canada, there are no standards for as-
sessing the quality of raw bast material. In these
countries, thee factories have been using the or-
ganoleptic method for assessing the quality of oil
flax straw. The quality of raw materials is con-
trolled by highly skilled certified specialists who
have a license for these works. They assess the oil
flax straw quality on the field before mowing, at

ISSN 2409-9066. Sci. innov., 2019, 15(3)

the request of processing factory and representa-
tives of the sowing operator. The main parameters
for the straw are bast output, technical (produc-
tive) length to total length ratio, color of the
straw, and impurity content.

In the case of more detailed assessment of the
quality of raw materials, at the request of factory,
additional parameters such as average diameter
of the stalks, which determines the intensity of
their machining, total length of the stalks, and
technical length to total length ratio are taken
into consideration.
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Flax growing farms: prob-
lems related to selling flax
straw for

Primary processing plants:
problems related to buying
raw flax straw and selling

fibers

The lack
of regulations
and standards for
raw oil flax stalks
and products based
on them

Fiber consumers: problems
related to buying raw mate-
rials and selling goods

Problems of flax growing farms are as follows:
* establishing the objective price for oil flax straw,
depending on its quality

Problems of primary processing plants are as follows:

« establishing prices for the purchase of raw materials,
as well as the processing conditions and predicting
the quality of fibers obtained;

* establishing prices for selling bast material, depending
on its quality;

« identifying the scope of application of the bast (fiber)

Problems with selling goods
on international and do-
mestic markets

for selling it to specific factories

Problems of potential consumers of bast or fiber (textile

factories, pulp and paper enterprises, manufacturers of

composite materials, etc.) concern the following:

* establishing raw material prices for purchase and
predicting the quality of products obtained,;

* establishing prices for sale of products, depending on
their quality;

* identifying the scope of application of products;

* marketing products in domestic and international
markets

Fig. 3. Relevance of quality management system at all stages of oil flax straw processing

Based on expert assessment, the farmer and the
processing factory make a verbal agreement (or
official contract, at the request of one or both par-
ties) on sale/purchase of straw, which clearly
identifies the price of raw material and the terms
for its delivery to the processing factory. When
the oil flax straw comes to the processing plant,
the technologists measure the moisture content
in the stalks and check the material for the pre-
sence of unusable (rotten) stalks affected by fun-
gal diseases (rust, fusariosis, polysporosis, anthra-
cnose, bacteriosis, etc.). It should be noted that in
the absence of standards for this raw material, in
fact, the result of quality assessment depends on
the subjective opinion of the expert, which is a sig-
nificant disadvantage of such assessment [3—35, 11].

In the CIS countries (Russia, Belarus, and
Ukraine), the oil flax straw quality is assessed in
accordance with the applicable standards for fi-
ber flax [13, 14]. At the same time, because of sig-
nificant differences in the morphological and an-
atomical characteristics and, consequently, in the

technological properties of the stalks of these two
types of flax, it is inexpedient to use fiber flax
standards for assessing the quality of oil flax
straw. For example, such parameters as sheave ex-
tension, strick length, suitability, color, and stalk
diameter are used for scoring the fiber flax straw.
However, these quality characteristics cannot be
used for assessing the quality of oil falx straw that
is formed only after combine harvesting of seeds,
which significantly changes the morphological
parameters of the stalks. It should be kept in mind
that oil flax straw is a fundamentally new raw
bast material. Therefore, to assess its quality, it is
necessary to develop and to approve appropria-
te standards. Thus, for the time being, the prob-
lem of general methodology and principles for as-
sessing the quality of oil flax straw has remained
unsolved.

In order to develop a promising system for oil
flax straw quality control, the authors have done
a research aiming at a detailed analysis of all the
peculiarities of the structure of the stalks of the

ISSN 2409-9066. Sci. innov., 2019, 15(3)



Promising Methods and Systems of Quality Control of Innovative Bast Raw Material

Table 1

Methods for Assessing the Quality of Raw Materials and Basic Quality Indicators
of Flax Straw Used by World R&D Centers and Oil Flax Processing Factories

Country Factories and R&D centers Basic quality indicators of flax straw
Oil flax straw quality assessment without the use
of standards (the organoleptic method)
Canada Primary processing of stalks, 6 factories: FlaxStalk / SWM (Manitoba), | Bast output from the stalks;
Biolin (Saskatchewan), Stalkergy (Ontario), Crailar Flax Fiber (British | technical length to total length;
Columbia), Stalkia, and Vegreville Decortication (Alberta); color of straw; moisture content;
fiber processing for manufacture of consumer goods; impurity content; average dia-
boon processing for manufacture of bioenergy products, 2 factories; meter; technical length
FibreCity innovation center
USA Stalk processing and product manufacturing plants in Minnesota, Mon- | Bast output from the stalks; co-
tana and North Dakota; lor of straw; moisture content;
Russell R&D Center (Athens, Georgia) under the direction of Dr. Den- | impurity content
ney E. Akin
Egypt National Research Center, Cairo (D. M. El Hariri and M.S. Hasaneinb); Bast output from the stalks; co-
Field Crops Research Institute (Amna Hafiz Hassan EL-Sweify) lor of straw; total length; tech-
nical length
Northern | Royal University (Belfast) (Sharma); Bast output from the stalks;
Ireland Department of Agriculture (G. J. Focha) stalk length; stalk diameter
Finland Agricultural R&D Center of Finland (C. Sankari) Bast output from the stalks; co-
lor of straw; moisture content;
impurity content
Poland Stalk processing stems and fiber recycling plants Madex, Ekotex; Bast output from the stalks; co-
Institute of Natural Fibers and Medicinal Plants (Poznan) (E. Man- | lor of straw; Weeds per total bast
kowski and A. Kubaki) crop area
OAssessment of quality of oil flax based on standards
for fiber flax (long-stalked flax)
Russian LenTechmash (Novosibirsk Region, Moscow Region, Volokolamsk); Bast output from the stalks; co-
Federation | Kostroma State Technical University (Kostroma) (Fedosova N.M., | lor of straw; impurity content
Pashin E.L., Novikov E.V.)
Central Research Institute of Complex Automation of Light Industry,
Federal State Budget Research Institute of Mechanization of Flax (Tver)
GOST 28285-89
Republic RadaLen 1td. (Minsk Oblast); Bast output from the stalks; co-
of Belarus | OJSC Shklovsk Flax Plant (Mogilev Oblast); lor of straw; impurity content;
OJSC Orekhovsk Flax Plant (Vitebsk Oblast); moisture content; technical
Institute of Flax (Vitebsk Oblast). length; total length
The organoleptic method and GOST 28285-89
Ukraine Kherson National Technical University (Chursina L.A., Tikhosova G.A., | Bast output from the stalks; to-

Putintseva S.V., Gorach O.0., Boyko G.A., Golovenko T.M., Bobir S.V.,
Menyaylo -Basysta 1.0.);

Askaniske, the NAAS of Ukraine (Kherson Oblast);

Experimental station of barn crops of the Institute of Agriculture of the
North East of Ukraine (Sumy Oblast);

Institute of Irrigated Agriculture of the NAS of Ukraine (Kherson Oblast).
GOST-14897-69 and GOST 28285-89

tal length; technical length; tech-
nical length to total length; color
of straw; moisture content; im-
purity content; average diame-
ter
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abovementioned crop and the identification of
those properties based on which the technologi-
cal value of raw materials can be predicted [6, 10,
15]. The results of theoretical studies on the iden-
tification of such morphological and anatomical
parameters, the chemical composition of oil flax
stalks, as well as their main technological proper-
ties, are summarized in Tables 2—5.

The critical analysis of world and domestic
practice in the processing of oil flax straw and
deep theoretical studies of all qualitative indica-
tors of oil flax stalks have showed that solving
the problems of mechanical processing of oil flax
stalks for obtaining the products of multi-sectoral
application largely depends on the technological
indices (Table 5). The limit values of the indices

Table 2
Morphological Parameters
of Oil Flax Stalks
Oil flax group
Parameter Intermediate| Crown
flax flax
Biologic and economic indicators
Average height of oil flax plant,cm | 57—90 25—78
Stalks from one root, pcs 57.0—90.0 [25.0—78.0
Branches in the inflorescence, pcs 1—-2 4—5
Number of seed boxes, pcs 12—14 12—18
Vegetation period, days 15—26 32—-50
Average output of straw, % 92—95 98—102
Average seed output, % 55.0—65.0 {60.0—77.0
Weight of 1000 seeds, g 20.0—25.0 [21.0—-27.0
Average oil output per seed, % 3.5—-68 | 3.7-7.3
Average weight of stalk, g 38.0—40.0 {38.0—48.0
Technical parameters
(generalized for the two groups)
Length:
total length of stalks, cm 25.0—90.0
technical length of stalks, cm 15.0—78.0
technical length to total length, % 60.0—86.0
Thickness (diameter), mm:
in the middle of the upper third; 1.01—1.10
in the middle of flax plant; 1.20—2.04
in the middle of the lower third 2.00—4.10
Length to width ratio 260—645 123
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significantly influence the quality of oil flax straw
as industrial raw material.

To substantiate the draft documents, the
abovementioned technological characteristics of
oil flax straw were experimentally studied in or-
der to determine the ranges of variation of indi-
vidual quality indicators.

Table 3
Anatomical Properties of Oil Flax Stalks
Average parameter for
Parameters InIi(Iildtl};eof ¥n the mlizll(;ll;eof
the upper middle of the lower
third | TAPINC | g
Wood content, % 51.6 40.8 69.8
Content of epidermis and
parenchyma, % 311 24.6 17.9
Bast layer content, % 4.0 34.1 5.6
Bast bunches in the stalk
cross section, pcs 14—26 37—45 21-38
Elementary fibers in the
bunch, pcs 15—-21 1927 12—19
Elementary fibers in the
cross section, pcs 210—546|703—1215|252—722
Length of elementary fi-
bers 9.5 mm
Table 4
Chemical Composition of Products Made
of Oil Flax Stalks
Average parameter
of certain products, %
Parameters
Bast | Fiber | Dleached
Cellulose 54.58— 61.28— | 92.40—
67.33 73.17 98.45
Lignin 1.89—2.09 |1.24—4.25| 0.5—0.84
Pectic substances 8.85—12.18|6.26—7.65| residues
Waxy substances n/a 2.5-3.0 n/a
Tannins n/a 2.0 n/a
Ash content n/a 1.0 n/a
Pigments(chlorophyll Green, yellow, or orange
and carotenoids)

Note: n/a — parameters have not been studied.

ISSN 2409-9066. Sci. innov., 2019, 15(3)
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Missing parts
of blossom clusters
after combing

Total absence of near- ¥
root part after mowing 7%
of stalks with cutter

L

Blossom
cluster

Productive
part

Near-root
part

Fig. 4. Schematic and natural appearance of oil flax straw and stalks: @ — straw after combine harvesting of seeds; b — stalks
after manual harvesting

The object for practical research is oil flax
straw obtained by combine harvesting of seeds and
stalks after manual harvesting. Since, in the case of
manual harvesting, the morphological structure of
stalks is not damaged and, consequently, their bio-
logical, economic, and technical properties are not
affected. Unlike, after harvesting of seeds by com-
bined harvester, the oil flax stalks undergo signifi-
cant changes: as a result of combing the seeds by
reaper, the upper part of the stalk loses its primary
morphological features and almost does not re-
main on the stalk. Fig. 4 shows a schematic and
natural appearance of the general shape of oil flax
straw and stalks harvested in different ways.

Table 5
Technological Properties
of Oil Flax Stalks (Straw)

Parameters Limit
Technological moisture content, % 6.0—8.0
Standard moisture content, % 19.0
Impurity content, % 5.0—20.0
Bast output from stalks, % 11.0—40.0
Straw color group I, 11, 11T
Total length, cm 22.0—90.0
Technical length, cm 15.0—78.0
Diameter, mm 1.0—4.1
Technical length to total length, % 60.0—86.0

ISSN 2409-9066. Sci. innov., 2019, 15(3)
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For sampling of oil flax stalks and straw there
were used the three varieties: Iceberg, Debut, and
Lyrina, at the stage of yellow maturity in field
conditions. To determine the limits of technologi-
cal properties of raw materials (oil flax stalks and
straw) it is necessary to make a detailed study for
different methods of harvesting.

The results of research can be used as frame-
work for the creation of standards for determi-
ning the oil flax straw quality, which will have
practical application in the industrial and re-
search spheres.

The parameters of oil flax stalks and straw qua-
lity have been experimentally studied at the re-
search laboratory for bast crops processing of the
Department for Merchandizing, Standardization,
and Certification of the Kherson National Tech-
nical University. The experiments were repeated
five times, and the obtained quality indicators of
the studied oil flax varieties have been generali-
zed. The calculations have been made in order to
establish the average values of physical and me-
chanical parameters of oil flax straw as industrial
raw material. This enables to disregard a particu-
lar variety or kind of oil flax, since processing fac-
tory can receive raw materials of different com-
position, in particular, straw of several varieties
or kinds. The generalized results of experimental
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studies of physical and mechanical parameters of
oil flax straw and stalks are given in Table 6.

Below, the values of qualitative parameters of
oil flax straw and stalks obtained by theoretical
(Table 5) and experimental (Table 6) research are
generalized. In addition, the technological pro-
perties of oil flax straw and stalk are divided into
the primary and the secondary ones, with their
limit values specified (Table 7).

Consequently, according to the theoretical stu-
dies, it has been found that oil flax straw should
be processed at a technological moisture content
of 6.0—8.0% and input at processing plant at a
standard moisture content of 19%. The total
length of the stalks is specified as maximum va-
lues, since it is impossible to get accurate values
of minimum length for oil flax straw after com-
bine harvesting of seeds. The maximum permis-
sible impurity content is up to 20%, based on the
theoretical analysis of the world experience of cul-
tivating oil and grain crops according to which
the impurity content shall not exceed 20—25%.

The next task of the research is to determine
the dependence of the general straw quality on its
primary technological properties. According to
the results of the study, a general methodology

Table 6
Average and Limit Values of Physical
and Mechanical Parameters of Qil Flax Straw
and Stalks Harvested by Different Methods

Straw Stalks
Parameters
Limit Average Limit Average
Impurity con-[5.29—6.63| 5.66 0.0 0.0
tent, %
Bast output from
stalks, % 34.2—38.5| 36.57 |15.3—29.1| 23.3
Straw color group 11 11 I-1I 11
Total length, cm |22.0—36.5| 27.5 |50.0—73.0| 57.0
Technical length,
cm 20.0—34.8| 24.8 |31.0—57.0| 39.7
Technical length
to total length, % | 69.4—83.3| 76.60 |58.5—78.1| 68.9
Diameter, mm 2.4-—3.0 2.6 1.6—4.0 2.7

and basic principles for determining the general
quality of oil flax straw need to be developed,
which will make it possible to estimate the fea-
sibility of its processing for the purpose of in-
dustrial application and to determine the func-
tional purpose of the resulting products. This
can be done with the help of qualimetry methods
[16,17].

Since the authors studied oil flax straw for
which there were no basic (standardized) values,
an expert method with the mathematical and sta-
tistical processing of the obtained expert assess-
ments was used to assess the straw quality [16].
The procedure for assessing the oil flax straw
quality by experts was carried out using elements
of the combined method. In order to determine
the importance of the quality indicators of the
straw stalks, the opinion of experts who are high-
ly skilled specialists in this field is really impor-
tant. Eight well-known specialists in processing
oil flax straw, employees of the laboratories of the
DPDG Askaniyske and the Institute of Irrigated
Agriculture of the NAS of Ukraine were engaged
in the expert assessment. To determine the quali-
ty of oil flax straw, the indicators given in Table 7
were selected. with the technological and stan-
dard moisture content combined into one quali-
tative parameter — moisture content.

Table 7
Technological Properties
of Oil Flax Straw
Parameter Value
Primary technological properties

Technological moisture content, % 6.0—8.0
Standard moisture content, % 19.0
Impurity content, % 5.0—20.0
Bast output for stalks, % 11.0—40.0
Straw color group I, 11, 111

Secondary technological properties
Total length, cm 22.0—90.0
Technical length, cm 15.0—78.0
Diameter, mm 1.0—4.1
Technical length to total length, % 60.0—90.0
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< 0.222 0.184
%n : 0.149 0.136
;E’ 0.094
S 0.1
S
=
.%D 0.083 0.080
=
0.052
0.01
Bast output Straw Moisture Impurity ~ Technical length  Technical Total Diameter
from stalks color group content content  to total length ratio  length length
in stalks of stalks of stalks

Straw quality characteristics

Fig. 5. Weighting coefficients of oil flax straw quality indices

For processing the data obtained from the ex-
pert assessment of the technological characteris-
tics of oil flax straw, the scoring method has been
chosen, and the total score R, has been calculated
(Table 8).

Analysis of data given in Table 8 has shown
that the majority of experts believes the main cri-
teria of oil falx straw suitability for industrial ap-
plication are as follows: bast output from stalks,
straw color, impurity content, and moisture con-

tent. The plausibility of expert assessment has
been confirmed by mathematical and statistical
methods of squared deviation for each parameter
(A?),squared deviation sum (5), and concordance
coefficient (Ku) (Table 9).

The weighting coefficients ¢, for each quality
indicator have been determined based on relative
importance, which enables to select significant
qualitative characteristics of straw important for
its primary processing. The weight of each index

Table 8
Scoring of Technological Properties of Oil Flax Straw
Expert score of quality indicators
Quality indicators of oil flax straw R;
1 2 3 4 5 6 7 8
Bast output from stalks 8 8 8 8 8 8 8 8 64
Impurity content 4 5 5 3 5 6 6 5 39
Straw color group 6 7 7 5 7 7 7 7 53
Moisture content 5 6 6 4 6 5 5 6 43
Technical length to total length 1 4 3 6 2 2 4 2 24
Technical length 3 2 4 7 3 3 2 3 27
Total length 2 3 2 1 4 4 3 4 23
Diameter 7 1 1 2 1 1 1 1 15
Total 36 36 36 36 36 36 36 36 288
Average score (7): 36
Control score Xx; 36
ISSN 2409-9066. Sci. innov., 2019, 15(3) 99
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has been calculated as arithmetical mean of its
weights assigned by all experts. The results of mat-
hematical calculations are shown in Fig. 5.

Having analyzed the results of the calcula-
tions, one can conclude that the most significant
of the above indicators are those with the highest
weighting factors: bast output from stalks (g, =
0.222), impurity content (g, = 0.184), straw color
group (g; = 0.149), and moisture content (g, =
0.136)). These are just those that showing the
quality of oil flax straw as a raw material for in-
dustrial use [16, 17]. Thus, as a result of the re-
search, it has been established that the general
level of oil flax straw quality shall be assessed
based on the three most important indicators: bast
output from stalks, impurity content, and straw
color group. This general indicator of quality as-
sessment is referred to as "oil flax straw index",
while moisture content is regarded separately.
According to preliminary theoretical studies
[2, 4, 6, 10], it has been established that oil flax
straw shall be processed at a technological mois-
ture content of 6.0—8.0% and input at a standard
moisture content of 19%, which affects the actual
weight of batch.

Table 9
Statistical Processing
of Qil Flax Straw Properties
Scoring Results
Oil flax straw Parameter
quality indicators R A, A?
Bast output from stalks 64 28 784
Impurity content 39 3 9
Straw color group 53 17 289
Moisture content 43 7 49
Technical length to total
length 24 -12 144
Technical length 27 -9 81
Total length 23 -13 169
Diameter 15 -21 441
Total 288
Squared deviation sum, § 1966
Concordance coefficient, Ku 0,731

Consequently, during the input of raw mate-
rials for industrial production, it is necessary to
take into account the two factors: moisture con-
tent and straw index (as established based on bast
output from stalks, impurity content, and straw
color group, the limit values of which are given
above). Since the quality that is determined by
the straw index depends on these indicators, they
have been ranked according to the five levels:
5, 4, 3, 2, 1. For example, the straw having an in-
dex of 5 is characterized by the highest quality
parameters, while the straw indexed 1 has the lo-
west quality. Table 10 contains the indexes of oil
flax straw and their permissible values for assess-
ing the feasibility of industrial processing of oil
flax straw.

The detailed analysis of world and Ukrainian
theoretical and practical research, as well as the
results of abovementioned experiments have
shown that the bast output from the stalks of stu-
died raw material varies from 11 % to 40 %, while
the impurity content in the straw ranges from 5%
to 20%. Therefore, to get more precise assess-
ment of oil flax quality using the differential met-

Table 10
Oil Flax Straw Quality Indicators

Quality indicators Value

Primary
Technological — 6,0-8,0
Standard — 19,0
Actual:
rolled straw — 20.0, at most
baled straw — 25.0, at most

Moisture content, %

10 measure the index of straw

Bast output from stalks, % 11.0-40.0
Impurity content, % 5.0-20.0
Straw color group I, II, III
Secondary
Total length, cm 22.0—-90.0
Technical length, cm 15.0—78.0
Diameter, mm 1.0—4.1
Technical part in total 60.0—90.0

length, %

100
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hod [16], relative values of these indicators have
been scored. The results of mathematical proces-
sing of impurity content and bast output values
are given in Tables 11, 12.

Based on the sum of scores of relative impurity
content and bast output from stalks, with straw
color taken into consideration, the oil flax straw
index is determined according to Table 13.

Table 11
Relative Impurity Content
in Qil Flaw Straw (score)

The oil flax straw index determined for the
sample characterizes the entire batch.

The introduction of any measures to improve
the quality of products should be economically
justified. Therefore, an important component of
the quality management system is economic effi-
ciency of quality improvement [17]. As a result of
the economic analysis, it has been established
that Ukraine has a sufficient amount of raw ma-
terials to ensure all-year uninterrupted operation
of oil flax straw processing factories. According
to official data, in 2016, oil falx plantations cov-

Impurity content in the straw | Impurity content in the straw ered 66.8 thousand hectares in Ukraine (Fig. 1).
" N With an average straw yield of 1 t / ha, 66.8 thou-
o score % score > .
sand tons of oil flax straw was produced in Uk-
5 100.0 13 385 raine, in 2016. The annual capacity of the desig-
6 83.3 14 35.7 ned flax processing mini-plant being 1113.6 tons,
7 714 15 33.3 it can continuously operate all the year round
8 62.5 16 313 using domestic raw materials. The results of eco-
9 55.5 17 294 nomic calculations are shown in Table 14.
10 50.0 18 27.7
11 45.4 19 26.3 Table 13
aole
12 A7 20 250 Oil Flax Straw Index Determination
Table 12 Straw Quality Score for straw by color, in points
Relative Bast Output from index I 1 -
Oil Flax Stalks (score) group group group
Bast output from stalks Bast output from stalks 5 200—132 - -
4 13198 200—110 —
% score % score 3 97—-79 109—82 200—90
uo [oms x| 6 D G | eiss | e
12 30.0 27 67.5
13 32.5 28 70.0
14 35.0 29 72.5 . — Table 14
conomic ciency
15 375 30 750 of Qil Flax Straw Processing
16 40.0 31 77.5
17 42.5 32 80.0 L At a bast output | At a bast output
Economic indices o o
18 45.0 33 82.5 of 11 % of 30 %
19 A7.5 34 850 Proceeds from sales,| 372380045 | 7270 583,04
20 50.0 35 875 UAHL
21 52.5 36 90.0 a) bast 2237144,45 | 6101303,04
22 55.0 37 92.5 b) boon 1 486 656,00 1169 280,00
23 57.5 38 95.0 Profit from sales, UAH | 1815931,26 5362 713,85
24 60.0 39 97.5 Profitability, % 95,18 281,08
25 62.5 40 100.0 Payback period, year 1,05 0,36
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The analysis of Table 14 data testifies to the
economic efficiency of oil flax straw processing
for the purpose of obtaining raw materials (bast
and boon) suitable for the production of innova-
tive products: composite materials of various
functional purposes, pulp and paper products,
and fuels in the form of briquettes, pellets, and
boon briquettes, which have undeniable advan-
tages over the counterparts.

CONCLUSIONS

As a result of comprehensive theoretical and
experimental research, a method for assessing
the oil flax straw quality has been developed. The
obtained results have shown that using this met-
hod it is possible to reliably assess the quality of
oil flax straw and, based on this assessment, the
expediency of processing oil flax straw primary
and using the obtained products in various in-
dustries. Based on the results of theoretical and
experimental research, technical specifications
TU U 01.1-2303511525 — 001:2016 Oil Flax Straw.
Specifications have been developed and approved

at Kherson Standartmetrology. This technical do-
cumentation for assessing the oil flax straw quali-
ty has enabled to introduce industrial processing
of this raw material at domestic factories. Certi-
fied raw materials can be used for the production
of competitive products of various functional
purposes.

According to the calculations, the cost of pro-
ducts made of domestic raw oil flax has been es-
tablished to be significantly lower than that of
products from imported raw materials. So, at a
minimum bast output from the stalks of 11%, the
net annual profit from the sale of products (bast
and boon) reaches UAH 18,15931.26. The profi-
tability of straw processing is 95.18%, and the
payback period is 1.05 years. At a bast output of
30%, the net annual profit from sale of oil flax
straw products (bast and boon) amounts to UAH
5362713.85; the profitability of straw processing
is 281.08%, and the payback period is 0.36 years.
Therefore, burning of oil flax straw in the field is
economically unfeasible.
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HEPCIEKTUBHI METO/IM 1 CUCTEMU KOHTPOJIIO AKOCTI
IHHOBAIIIMHOI TYBIHOT CUPOBUHU

Beryn. ¥V ekoHOMIUHO PO3BMHEHUX KpalHaX CBITY JIbOH OJIIMHUH PO3TJIAAETHCS He JIUIIe SIK KYJABTypa AJ1s1 OTPUMaHHS
HaCiHHS, a H K JPKepeJIo 0aTKOBOI BUCOKOSIKICHOI TeKCTUIbHOI cMpoBUHU. [[7151 YKpainu J1b0H omiitHII — 11e €[UHNH BiT-
YU3HAHUN CHPOBMHHUIT pecype, sIKMH MOKe CTaTH aJdbrepHATHBOIO IMIIOPTOBAHMM OABOBHI Ta JIbOHY-IOBIYHINO JIIst
BUKOPHCTAHHSI B TEKCTUJIbHII1, IEJI0JI03HO-TIANIEPOBiil TPOMUCIOBOCTSIX Ta JIJIsi BUPOOHUIITBA ADMOBAHUX KOMITO3HIIITHUX
MarepiaJiB.

Awmaia crany craHzapTHsaiii Ha TPOAYKILIO 3i cTebes JbOHY OJIITHOTO CBIUUTH PO BifICYTHICTh HOPMATHBHUX JI0-
KYMEHTIB JIIsl BU3HAYEHHsT 1X SKOCT, a, BIAMOBIZHO, PO3POOKA OCTAHHIX € aKTyaTbHUM TUTAHHAM ChOTOJCHHST, OCKIJIbKI
oprasizaiist mepepoOKy Ta peastisallist 3a3HaYeHOi MPOAYKILT B yMOBaX Cy4acHOTO PUHKY i BUMOT CITOKMBavYa HEMOKINBI 6e3
Bi/IMIOBiIHOT cTaHAapTu3aitii Ta ceprudikartii.

IIpoGaemaruka. HeoOxiaHicTh po3pOOKU CTAaHIAPTIB Ha MPOLYKILIIO 31 cTeOe JIbOHY OJIIITHOTO /1151 BUSHAYEHHSI SIKOCTI
Ta Ha/laHHS ilf TOBAPO3HABYOI XapaKTEPUCTUKHU €, HATATHHOIO, OCKIJTbKY 3aTBEPyKEHHs TaKoi TEXHITHOI TOKyMeHTallii Ha
JIeP>KaBHOMY PiBHI CTUMYJIIOE CTBOPEHHST PUHKIB peasrisallii COJIOMU JIbOHY OJIIITHOTO STK CHPOBUHMU JIJIsT O/IEP>KAHHS BOJIOKOH
MIXPOKOTO IIPOMUCJIOBOTO 3aCTOCYBAHHST 3 METOIO ii IEPBUHHOI 1I€pepOOKU.

Mera. Po3poOka BITYN3HSHUX HOPMATUBHUX JOKYMEHTIB JJis1 KOHTPOJIKO SIKOCTI JiyG'ssHOI CUDOBUHU <HOBOTO TIOKO-
JIIHHSA» — COJIOMU JIbOHY OJTIMHOTO, 3 ypaxyBaHHSAM BUMOT Cy4acHOTO CIIOKHBAya.

Marepianu it Metoau. MeTtojiamu KBasiiMeTpii CTBOPEHO KOMILIIEKCHY METOIOJIOTTI0 BUSHAYEHHST 3ara/IbHOTO PiBHST SIKOCTI
COJIOMU JILOHY OJIIITHOTO, SIK TIPOMHCJIOBOI CUPOBUHM.

Peayabratu. Po3po6iieHo Ta 3aTBepKeHO B [lepKaBHOMY HiATIPUEMCTBI « XePCOHCTAHAAPTMETPOJIOTIS» TEXHIYHI yMO-
B TY ¥V 01.1-2303511525 — 001:2016 «Cosoma b0Hy oditiHoro. TexHiuHi yMoBI».
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BucHosku. CeprudikoBana BiTUM3HSIHA CUPOBUHA 13 cTebes1 TbOHY OJIIHHOTO, a caMe CoJIoMa, MOKe OYTH BUKOPHCTaHA
TEKCTUJIbHUMHU, 1€JIF0JI030-TIAIIEPOBUMU Ta IHIIUMU BUPOOHUIITBAMU YKpAlHU /i1 BUTOTOBJIEHHSI IHHOBAIIHOT KOHKY-
PEHTOCIPOMOKHOI TPOYKITiT Pi3HOTO (DYHKIIIOHATBHOTO TIPU3HAYEHHSI.

Knwouosi crosa: conoma, Tb0H OJHHWUI, SIKICTh, TEXHIUHI YMOBH.

T.M. Ionosenxo’, T.HU. Suox?, IA. Boiixo’, A.C. [lazunes?, A.B. Illosxomyd !
L JIynkuit HalMOHATbHBIN TEXHUYECKUIT YHUBEPCUTET,
ya. JIbBoBckast, 75, JIyik, Boabirckas 0641, 43018, YipauHa,
+380 50 855 3480, tanyushkagolovenko@ukr.net
2 HarmoHa IbHbIH YHUBEPCHUTET MUIIEBBIX TEXHOJIOTHUIA,
ya. Bnagumupckas, 68, Kues, 01601, Ykpauna
+380 44 289 5472, ytatal3@ukr.net
3 XepcoHcKuit HATMOHATBHBIN TEXHUYECKHIT YHIBEPCUTET,
Bepuciasckoe mocce, 24, Xepcon, 75008, YkpanHa,
+380 50 8274885, galina_boyko 86@ukr.net
4 BuTe6CKUi rocy 1apeTBEHHBIN TeXHOJIOTMYEeCKUI YHUBEPCHUTET,
MockoBckuii mip., 72, Bute6ek, 210035, Pecny6nka Benapych
+375 212 4953 64, dygilev@gmail.com

INEPCIIEKTUBHDBIE METO/IbI 1 CUCTEMbI KOHTPOJISI KAHECTBA
MHHOBAIIMMOHHOTO JIYBAHOTO CbIPbA

BBenenue. B skOHOMIUECKN PAa3BUTHIX CTPAHAX MUPA JIEH MACJINUHBIN PAaCCMAaTPUBAETCS KaK KyJIBTYPa He TOIbKO /UL
IOJIy4eHUsI CeMsH, HO U KaK MCTOYHUK JONOJHUTEIbHOIO BLICOKOKAUeCTBEHHOTO TEKCTUIBLHOTO ChIPb. JI71s1 YKpauHbl JieH
MAaCJUYHBIN — 3TO eIMHCTBEHHBIN OTECUECTBEHHDBIN ChIPbEBON pecypc, KOTOPBI MOKET CTaTh aJbTePHATUBON UMIIOPTHOMY
XJIOTIKY U JIbHY-[OJITYHILY [JIsi HCIIOJIb30BAHUSI B TEKCTUIIbHOIL, 1EJLTI0I03H0-0YMakKHOM TIPOMBIIIJIEHHOCTSIX U JJIsI [TPOU3-
BOJICTBA aPMUPOBAHHBIX KOMIIO3UIIMOHHBIX MaTEPUAJIOB.

AHaJn3 COCTOSIHUS CTAHAAPTH3AIMI Ha MPOAYKIMIO U3 cTebsieil JbHa MaCJUYHOTO CBUAETEIBCTBYET 00 OTCYTCTBUH
HOPMATHBHBIX JJOKYMEHTOB JIJIsI OIPE/IeJIeHIsT NX KA4eCTBa, a, COOTBETCTBEHHO, Pa3paboTKa MOCITIEHUX SIBJSIETCS aKTyalb-
HBIM BOIIPOCOM COBpeMeHHOCTH. [T0CKOIbKY opraHusarust mepepaboTKI U peasin3aliist YKa3aHHON MPOYKIIMU B YCJIOBUSIX
COBPEMEHHOTO PbIHKA U TPeOOBaHMil IOTPeOUTESI HEBO3MOKHBI 0€3 COOTBETCTBYIONIEH CTAHAAPTU3AIMY U CePTU(hDUKATIUIL.

IIpo6aemaruka. HeoOxoaumMocTh pa3paboTKy CTAaHAAPTOB HA POAYKIIUIO U3 cTeOJIel JIbHA MACIUYHOTO JIJIS OTIpe-
JleJIeHNs KauecTBa U IIPEJI0CTaBICHUS elf TOBAPOBEUECKOI XapaKTePUCTUKHU SABJISAETCS HACYIHOMN, TOCKOJIBKY YTBEPIKIe-
HHUE TaKOW TeXHUYECKOIT IOKYMEHTAI[NH Ha TOCY/IAPCTBEHHOM YPOBHE CTUMYJINPYET CO3/IaHNe PBIHKOB PEATH3aIIH COJI0-
MBI JIbHA MACJMYHOTO KaK CBIPbS JIS TTOJIyYeHHS BOJOKOH ITIPOKOTO IIPOMBIIIIIEHHOTO IIPUMEHEHUS, C IIeJIbIO ee IepPBUY-
HOU 11epepaboTKHL.

Iemnb. PazpaboTka 0Te4ecTBEHHBIX HOPMATHBHBIX JOKYMEHTOB JIJIsi KOHTPOJISI KAYECTBA JIyOSIHOTO ChIPbsI «<HOBOT'O T10-
KOJIEHUST» — COJIOMBI JIbHA MAaCJIMYHOTO, C YI€TOM TPeOOBAHUIT COBPEMEHHOTO TIOTPEOHUTEISI.

Marepuasisl 1 MeTOBI. MeToaMut KBaIMMETPHUU CO3/IaHa KOMIIJIEKCHAsT METOJIOJIOTHS OIpeieJieHrst 0OIIEero ypOBHst
Ka4ecTBa COJIOMBI JIbHA MACTMYHOTO KaK IPOMBIIIJIEHHOTO ChIPHSL.

Pesyabrarpl. PazpaboTannl v yTBepsKIeHbl B [0Cy1apCTBEHHOM MPEATTPUSITHH «X€epPCOHCTAHIAPTMETPOTIOTHSI» TEXHH-
yeckue ycaosust TY Y 01.1-2303511525 - 001: 2016 «Cosroma sibHa MacanuHoro. TeXHUYeCKue yCaI0Busi».

BoiBoabl. Ceprudpui[poBaHHOE OTEUYECTBEHHOE ChIPbe U3 CTedIIell JIbHA MACIUYHOTO, @ UMEHHO COJIOMA, MOJKET ObITh
UCIOJIb30BaHA TEKCTUIILHBIMH, [EJUII0JI03HO-0yMasKHBIMU U JPYTUMU [POU3BOACTBAMU YKPAWHBI [IJIsT M3TOTOBJIEHHS] HHHO-
BaIMOHHO KOHKYPEHTOCIIOCOOGHON MPOAYKIIUHU Pa3INYHOTrO (DYHKIIMOHATILHOTO Ha3HAYEHSI.

Knwuesvie crosa: COJIOMa, JIEH MaC]II/I‘{HbeI, Ka4eCTBO, TEXHUYECCKNE YCJIOBUAI.
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