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UDC 674. Prof. O. Kiyko — UNFU; Dr. Uwe Kies, PhD — Internationales Institut fuer
Wald und Holz NRW e.V., Muenster, Germany; assist. R. Shchupakivskyy — UNFU

FURNITURE INDUSTRY IN EASTERN EUROPE: CHALLENGES AND OP-
PORTUNITIES FOR SUSTAINABLE DEVELOPMENT

The paper presents results of research performed for furniture industry. The present researching is
based on the comparison of the furniture industries for three ENP countries (Ukraine, Moldova and
Georgia) in the one hand and furniture industries of Poland and Austria from the other. In the process of
the researching authors of this paper: a) carried out analysis of the furniture industry development for the
period from 2008 to 2012 in researching countries on the base of absolute indexes; b) presented compar-
ative analysis for 2012 on the base of the main parameters for furniture industry of the mentioned above
countries on the base of relative indexes; c¢) identified regression model which determines dependence of
such very important value as turnover per capita in furniture industry from the following indexes - num-
ber of enterprises in furniture manufacturing per 1 mil inhabitants, average number of employees per en-
terprise in the national scale, GDP per capita, volume of the produced industrial round wood per capita,
volume of the produced fiberboard per 1000 persons, volume of the produced particleboard per 1000
persons. As a result on the base of the carried out researching it has been identified main challenges and
opportunities of the sustainable production for furniture industry in Eastern Europe.

Keywords: furniture industry, comparative analysis, regression model, ENP countries.

Introduction. Future sustainable development of the furniture industry in Eastern
Neighborhood Partnership countries, especially in such countries as Ukraine, Georgia
and Moldova is extremely important. There are at least a few reasons why it should
consider furniture manufacturing in these countries as such that deserves especial atten-
tion and additional researching:

e furniture industry is one of the most important consumer of such unique resource as forest [Os-
ses et al. 2013]and therefore development of this industry can offer a simple way to reduce the CO»
emissions that is the main cause of Climate Change, through the carbon storage effect of wood prod-
ucts and substitution effect of carbon-intensive materials;

e Ukraine, Georgia and Moldova have signed trade agreement with EU and have announced their
commitments to EU direction and nowadays economic development for these countries gains especial-
ly considerable value;

e there are some objective prerequisites in ENP countries for furniture industry development: they
hold sufficient forest resources [Kiyko 2009, Kiyko, Kiyko I. 2012, Gayda 2011-2015]; current level of
the furniture industry development is under average EU level and therefore needs considerable improv-
ing; there is constant internal demand for furniture pieces in these countries; comparing with some other
sub industries furniture manufacturing needs investments but in no such scale as others (for instance au-
tomobile industry or infrastructure development); the wood-based industries, emerging anew in post-
socialist economies, play a key role in regional development, as they could develop an even stronger im-
pact on regional production, employment and value adding on the basis of regional natural resources
simultaneously involving rich regional resource of highly qualified staff and using SMs potential;

e ENP countries hold considerable, yet less developed forest resources with a comparatively av-
erage lower land use pressure than in Western Europe [Kiyko O. 2009, Kiyko O., Kiyko I. 2012] and
the main point in this regard is the following - a constantly growing demand for wood raw materials in
European markets leads to higher raw material import and growing pressure on forests holding sub-
stantial, unexploited wood resources in neighbouring Eastern Europe. The main challenge here is to
support the development of sustainable management regimes of the abundant resource.

As a rule, for furniture industry development and perspectives evaluation it is us-
ing benchmarking approach [Hitka, Sirotiakova 2012, Smardzewski 2009] which allows

to determine current place in some hierarchy (regional, continental or whole world), in-
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dustrial network approach [Ratajczak-Mrozek, Herbe¢ 2014] or mathematical model
creation which allows to forecast some future directions for industry or economic sector
improving [Kiyko O., Kiyko I. 2012, Merkova et al.2012]. Each of these approaches has
some advantages and we can assume that combining them will give some positive syn-
ergetic effect for any researching.

Research methodology. The presented researching comprises three successive stages.

1. Evaluation of the furniture industry dynamic for five-year period beginning
from 2008 and finishing to 2012. Researching of the dynamics for the furniture industry
development was carried out only for four countries: Ukraine, Moldova, Georgia and
Poland. As the main parameters for any furniture industry identifying we used the
following absolute indexes: overall turnover; number of enterprises; number of employees.
Within the frameworks of the absolute indexes counting it was determine that level of the
2008 (the first year of the researching period) is equal to 100 %. The main aim of this stage
was an evaluation of the five-year period in regard to furniture manufacturing development
before and after world financial crises that was occurred in 2009-2010.

2. Comparative analysis of the furniture industry for five countries (Ukraine,
Moldova, Georgia, Poland and Austria). Within the frameworks of this analysis it was
used only the following relative indexes for 2012:

o turnover per enterprise in furniture manufacturing;

o turnover per employee in furniture manufacturing;

o number of furniture enterprises per 1 million inhabitants;
J average number of employees per furniture enterprise.

The main aim of this comparison was to identify some disadvantages of the furni-
ture industry in ENP countries.

3. Creation of the mathematical regression model for forecast making in re-
gard to furniture industry development. This stage included sample coefficient of the
correlation determining and regression equation receiving.

Sample coefficient of the correlation r was counted as shown in (1):

r:;m X) (Y y). o
(N -D-§.-§,
where: x and y are two random values between which sample coefficient of the correla-
tionwas counted; x and -y - two average samples; Syand Sy- two standard deviations.
As a regression equation it was used the first and the second degree polynomials.
Linear dependence it was presented as shown in (2):
y=b,+ Zk:bix,. + zk:bl.ux,.xu > (2)
i=1

iu=1

where: »,- free member; p, - factor’s coefficients; », - coefficientsfor fac-

wm

tor’sinteractions, moreover - 1£H.
Quadratic dependence it was presented as shown in (3)

y=b,+ ibixi + Zk:biuxixu + Zk:bﬁx2 3)
i=1 i=1

i,u=l
where: b, - coefficientsfor factorsin the second degree.

After verification of these two models linear dependence was chosen as an ade-
quate and more precise one. The accuracy ofthe modelwas determinedby means of such
parameter asthe sum of squared deviations of differences. In the case of linear model
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this sum was 1,4-10" and in the case of quadratic model this value was equal to 4-107,
The presented researching is based on the comparison of the furniture manufacturing in
three ENP countries (Ukraine, Moldova and Georgia) in the one hand and Polish and
Austrian furniture industries from the other. This “country choice” was motivated by the
following reasons:

e Ukraine, Moldova and Georgia are ones of the most important in economic terms representa-
tives of Eastern Partnership;

e Ukraine, Moldova and Georgia declare their commitments to the European way of develop-
ment and it is important to evaluate their “forest possibilities” at the beginning of this way;

e Austria has one of the most powerful forest sector in the Europe;

e Poland is a country which has passed the way from country of socialist camp to the one of the
EU leader;

e there are a lot of similarities between furniture sectors of Ukraine and Poland;

e there are some similarities between forest sectors of Moldova and Georgia.

Results and discussion. Analysis of the furniture industry development carried

out on the base of absolute indexes. The main indexes of the furniture industry devel-

opment for researching countries are presented in table 1.

Tablel. Furniture industry development in Ukraine, Georgia, Moldova and Poland
for period from 2008 to 2012

Parameters/ Years 2008 2009 2010 2011 2012
Ukraine
Turnover, bil. UAH 5,4 3,9 49 6,2 7,2
Number of enterprises, units 1676 1700 5539 1512 1548
Number of employees, ths. persons 51,3 39,8 38,7 37,1 38,5
Moldova
Turnover, bil. MDL 0,64 0,55 0,61 0,72 0,69
Number of enterprises, units 225 275 327 362 370
Number of employees, ths. persons 3,6 3,3 3,5 2,5 2,7
Georgia
Turnover, mil. EUR 9,82 7,56 23,52 38,82 42,76
Number of enterprises, units 193 434 418 401 387
Number of employees, persons 885 1166 1513 2325 2650
Poland
Turnover, mil. PLN 26419 27724 25728 | 30182 | 28788
Number of enterprises, units 24980 24806 26488 | 26488 | 27047
Number of employees, ths. persons 153,1 151,0 144,9 144,3 138,6

The main goal of the comparison regarding furniture industry development for
four countries was evaluation of the post crises situation in these countries. In order to
analyze overall situation in furniture manufacturing it has been used such three parame-
ters as turnover (fig. 1), number of enterprises (fig. 2) and number of employees (fig. 3).

Considering 2008 level as 100 % it is interesting that in 2012 the largest increas-
ing of the turnover for furniture industry we had in Georgia (335 %) butfor other coun-
tries —much less (33 % in Ukraine, 8 % in Moldova and 9 % in Poland (fig. 1)). As it is
presented in fig. 2, considerable changes in regard to number of the furniture enterprises
for five years period was identified in Moldova (+ 64%) and in Georgia (+100%) while
in Ukraine and in Poland we cannot call these changes as considerable ones (+8% and -
8% respectively). Analyzing such very important for any industry index as number of
employees it can point out that excluding Georgia (+199 %) it can observe decreasing
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of this number in all other countries (- 25% in Ukraine; -25 % in Moldova; -10 % in
Moldova).

450
350

300
250 /

200

150 /

100 4.%_,.#_-.25‘7
50 T T T T T 1

2008 2009 2010 2011 2012
Years

Turnover, % (2008- 100%)

«++# -+ Ukraine =M= Moldova
=—dr— (Georgia =— @ Poland
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Previous comparison carried out on the base of analysis of the dynamics of furni-
ture manufacturing for ENP countries (Ukraine, Moldova and Georgia) and EU member
(Poland) shows that:

e furniture industry of Georgia is the most dynamic manufacturing since for the five years period
from 2008 to 2012 increasing here was the following: 335 % in turnover terms; 100 % in number of
enterprises terms; 199 % in number of employee terms. It will be reasonable to explain such consider-
able and fast development by vital economic reforms in this country;

e furniture industry of Ukraine regarding it’s dynamics for five years period can be characterize
by the following features: 33% of the turnover increasing presents very weak growing, that can be
consider as an increasing within the frameworks of current inflation level; 18 % decreasing of the
number of enterprises and 25 % reducing of the number of employees indicate that furniture industry
of Ukraine is very weak branch of national economy and maybe the most suitable characteristic in this
regard is “unsustainable industry”;

e furniture industry of Moldova has a lot of similarities with furniture industry of Ukraine mentioned
in previous point but in reference to Moldova it is necessary to take into consideration poor forest recourses
of Moldova that exercises significant influence over the development of the furniture industry (0,05 billion
m® of overall timber stock in Moldova against 2 billion m? of overall timber stock in Ukraine);

e relatively constant parameters characterizing the Polish furniture industry, show that this indus-
try, in contradistinction to ENP countries, it can consider as more sustainable since even during the fi-
nancial crisis of 2008 it had no some sudden considerable reducing and negative changes.

In order to formulate final conclusion in regard to state of the furniture industry
we need to carry out some additional researching: to analyze for instance some other in-
dexes and factors and then to determine some mathematical relations.

Analysis of the furniture industry development carried out on the base of
relative indexes. As we can see in fig. 4, furniture enterprises in ENP countries and in
some EU countries are comparable since, for instance in Ukraine, turnover for average
company makes up 0,45 million EUR while in Poland this index is equal t00,26 million
EURper enterprise. At the first view it means that Ukrainian enterprise is more powerful
then Polish one but considering such index as turnover per one employee it turns out
that in average in ENP countries every employee produces much less furniture pieces in
money terms than in Poland and in Austria. This very interesting situation obviously has
some reason. In our opinion nowadays in Ukraine there are not so manyfurniture enter-
prisesthan in Poland (fig. 5). If to count number of the furniture enterprises per 1 million
of inhabitants it can observe that in Ukraine such number is 20 times less than in Po-
land. Additionally to previous information regarding turnover it is very useful to deter-
mine number of employees for average furniture enterprise in Ukraine, Moldova, Geor-
gia, Poland and Austria. As it shown in fig. 6, average Ukrainian furniture enterprise
employs 25 persons while in Moldova and Georgia this number makes up 7, in Austria
—9 and in Poland - 5.

There are two main ways of the furniture industry development — so-called Ger-
manand Italianways. According to the first of them it is necessary for succeeding in fur-
niture industry to develop this industry having not much but quite powerful furniture en-
terprises. The main advantage of such way is existence of medium-scale and large-scale
enterprises with possibility of expenditure reducing for providing of the competitive
price for furniture pieces. According to so-called Italian way of development in furni-
ture industry is provided by a lot of small and medium scale enterprises (sometimes
even it means micro scale enterprises) taking into consideration such positive factors as
strong competition and a wide variety of different furniture enterprises. According to
our analysis such EU countries as Poland and Austria and such ENP countries as Geor-
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gia and Moldova are moving considering their furniture industries in Italian direction
while Ukraine obviously has not defined its development path since there is not such
number like in Italy and such capacity like in Germany. In our opinion this is very
threatening economic situation.

B Turnover per enterprise in furniture manutacturing, mil. EUR/unit

Tumoverper employee in the furniture manufacturing, ths EUR/person

10,61

5.07
1.80 1.59
0!451421—0_050_75 0.2 0,99

Ukraine Moldova Georgia Poland Austria

Fig. 4. Turnover for furniture industry (2012)

Number of enterprises in furniture manufacturing. vnits
m Number of enterprises in furnituremanufacturing per 1 mil inhabitants
27047
1548 3146
- 34 370 103 387 gg 708 93
A — A —
Ukraine Moldova Georgia Poland Austria

Fig. 5. Number of enterprises in furniture industry (2012)

m Average number of employees per furniture enterprise, persons/unit
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Fig. 6. Number of employees of the furniture enterprise (2012)
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Regression model. As input values for the regression model creation we used in-
dexes according to our reckoning mainly determine future development of the furniture
manufacturing (tables 2, 3).

Table 2. The main indexes (2012) that impact on the furniture industry development

Number of | Average . Annual
enterprises | number Fiberbord Particle | - turnover
LeTpriS GDP | Industrial board of the
in furni- of empl. per 1000 .
. per | roundwood per 1000 | furniture
ture manu- | per furni- . . person,
. fact. per 1 | ture en- capita | per capita, | 3 /1000 | Person, manufact.
Country / indexes | Tact : (US$) | m’/person m3/1000 | per per-
mil inhab- | terprise persons
itants pers/unit persons son,
EUR/pers.
X1 X2 X3 X4 Xs X6 Y
Nen Nemp Ge Ir | Y Py Tt
Ukraine 34 25 3873 0,17 6,61 35,18 15
Moldova 103 7 2046 0,01 0,00 0,01 12
Georgia 88 7 3528 0,02 0,00 0,23 5
Poland 708 5 12876 0,86 83,01 127,49 184
Austria 393 9 48342 1,60 93,75 281,25 391
Table 3. The Value of the coefficient of the sample correlation
Number of | Average Particle
epterprlses number GDP | Industrial Fiberbord | board
in furni- of empl. per 1000 per
. per | roundwood
ture manu- | per furni- capita | per canita person, 1000
Indexes fact. per 1 | ture en- (UpS$) Ir)n By efsor; m3/1000 | person,
mil inhab- | terprise p persons | m*/1000
itants pers/unit persons
X1 X2 X3 X4 Xs X6
Nen Nemp Ge | % F» Py
Value of the coefficient of the
sample correlation between input 0,65 10,26 0,97 1,00 0,93 0,99
value and annual turnover
of the furniture manufacturing

As a result of the data treatment, have been receivedequation of the regression (1)
for output value (annual turnover of the furniture manufacturing per person)determining

depending on the six independent input values (table 2):
Te =2,4-10°+0,003 Ney+0,0002 - Negp-0,0022-G+236,17-1,+7,8-107-Fp, +
+3,44-10° P, +0,025 Nen Nempt1,04- 107 Ny Ge-2,06- 106Ny I+
+6,27-10° Nen* Fpt4,71-10° Nep* Pp-0,0004° Nemp® Ge+9,38:107 Negp® It
+5,76-10° Nemp® Frt0,0002° Nemp® Pb-0,0002- G- 1,-0,0003 G- Fy+
+0,0001- G¢- P,+2.27-107- I, F,+1,08-10- I, P,+1,34:10- Fy,- Py, 4)
Using this equation it is very easy to forecast or to count possible turnover of the furniture
manufacturing per person in curtain country changing some of the input values. Changing values of
these indexes for our regression model we should take into account real economic conditions, real eco-
nomic prerequisites. Since today’s output index is too law, for instance, it will be very interesting to
forecast furniture turnover in Ukraine (table 4). As it presented in table 4, there are three input indexes
increasing of which leads to increasing of the output value.
These are industrial round wood per capita (increasing of this index on 10 % leads to increasing
of the annual furniture turnover per capita on 31 % - the biggest change), number of enterprises in fur-
niture industry and particle board manufacturing. Nature of these relations is an obvious and there is
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no doubt about it since actually furniture turnover depends first of all on quantity of wood resources,
furniture capacity (number of the furniture enterprises) and quantity of the main construction material
— particle board. At the same time, according our regression model, increasing of the number of em-
ployees at the average furniture enterprise in Ukraine we can consider as ineffective in economic terms
and therefore such that leads to possible reducing of furniture turnover.

Table 4. Change (the forecasted, according regression model, value) of the furniture

turnover per capita for Ukraine after increasin

of the input parameter on 10 %

Existent | Increased | Existent value Forecasted Icreasing
value of | on 10 % | of the output value of the of the
Name of index the value of parametr - output para- output
input index | the input | turnover per | metr - turnover | parametr,
(2012) value capita (2012) per capita %
Number of enterprises in furni-
ture manufacturing per 1 mil in- 33,6 37,4 15,0 17,6 17
habitants
Average number of employees
per enterprise in the national 24,9 27,4 15,0 12,5 -17
scale, persons/unit
Industrial rougld-wood per capita, 0.17 0.19 15.0 19.6 31
m”/person
Particle b3oard per 1000 person, 352 38.7 15.0 165 10
m>/1000-persons

In reference to influence of the GDP per capita in Ukraine there is some contradiction since on
the one hand — the richer person the more possibility for internal furniture producing but on the other
hand GDP increasing in such poor country as Ukraine not always leads to improving of the furniture
manufacturing because existents of a lot of other demands beside furniture buying in this case. Taking
into account this contradiction, determining of the GDP impact on the annual furniture turnover needs
supplementary, circumstantial researching. And finally, in regard to influence of the MDF producing —
according our model, furniture turnover dose not considerably depends on this input index maybe be-
cause fiber board, especially in Ukraine, we cannot consider as a main furniture construction material
like particle board for instance.

We can accept that in Ukraine will be possible, will be real to increase such three indexes as
volume of the harvested industrial round wood per capita, volume of the produced particle board per
1000 person and number of enterprises in furniture manufacturing per 1 million inhabitants. Concern-
ing industrial wood — we can increase this value on at least to 40 % since now in Ukraine harvests ap-
proximately 17 million m® of the wood resources per year using only 50 % from annual increment and
therefore 40 % increasing in this case will mean only 70 % usage of annual increment that agrees with
international rules. There are a few quite powerful enterprises in Ukraine that all together produce an-
nually 1,6 million m? of particleboards and what is more there is some possibility for increasing of ex-
isting volume in regard to particleboards manufacturing at least on 30 %.

Taking into account such two factors as new law in Ukraine according which it will be gradual-
ly implement prohibition of the round timber export (it can forecast some reactivation in furniture sec-
tor) and existing so-called “shadow” sector in furniture manufacturing which must be eliminate we can
assume there is real future prerequisite for number of the furniture enterprises increasing. According
our model (1) possible such future changing grounded in real economic prerequisites — increasing of
the volume of the harvested industrial roundwood per capita on 40% (from existing 0,17 m>to forecast-
ing 0,25m%), increasing of the volume of the produced particle board per 1000 person on 30% (from
existing 35 m® to forecasting 45 m?) and increasing of the number of enterprises in furniture manufac-
turing per 1 million inhabitants on 100 % (from existing 34 units to forecasting 68 units) will lead to
final increasing of furniture turnover approximately in 4 times (from existing 15 EUR/person to fore-
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casting 61 EUR/person). In our Ukrainian example values of such factors as average number of em-
ployees per enterprise in the national scale, GDP per capita and volume of the produced fibreboards
per 1000 person were unchangeable because of economic difficulties of such changing providing.

Conclusions. Based on the results given in article it is possible to formulate the following con-
clusions. Furniture industry of Georgia is the most dynamic manufacturing that we can explain by vital
economic reforms in this country. In return it can consider furniture industries of Ukraine and Moldova
as very weak and such that need considerable improving.

1. In contradistinction to ENP countries, it can characterize furniture industry of Poland as more
sustainable and more advanced branch (taking into account labor productivity, number of enterprises).

2. Number of the furniture enterprises per 1 million of inhabitants in ENP countries is much less
than in Poland and in order to change this unfavourable situation it is necessary to carry out considera-
ble improving in regard to availability of forest resources and ease of doing business.

3. It will be reasonable to consider furniture manufacturing in ENP countries as very perspective
ones taking into account all favourable factors such as forest resources, economic feasibility, regional
importance etc. and there are some indexes increasing which it is possible to step up development of
the furniture industry (timber harvesting, particle boards manufacturing, fiber boards manufacturing).

4. Economic growing of furniture manufacturing in ENP countries has some challenges in regard
to sustainable development since it does not into consideration environmental factors.
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Me0JieBa IPpOMHUCIOBICTH B KpaiHax CxiaHol €Bponu:
BUKJIMKH I MOKJIMBOCTI JJIS CTAJIOT0 PO3BUTKY

[IpencraBneHo pe3ynabTaTd NOCHiIKEHb, SIKI MPOBEACHI Uil MebaeBoi mpomucioBocTi. Jlo-
CiipKeHHsT 0a3yeThes Ha MOPIBHAHHI MeOJIEBOT IPOMHUCIOBOCTI it Tphox Kpain Cximuoro IlaptHep-
ctBa (Ykpaina, MonnoBa i ['py3is) 3 onHiel ctoponu i MebneBoi npomucioBocti [Tonbimi Ta ABCTpii 3
1HImoi. B mporieci gocmiKeHHsT aBTOPH TaHO1 CTaTTi: a) MPOBEIN aHaIi3 PO3BUTKY MEOJIEBOI MPOMU-
cioBocTi 3a nepion 3 2008 mo 2012 pik B kpaiHax, 10 AOCHIKYIOThCS, HA OCHOB1 a0COTIOTHUX ITOKa3-
HUKIB; 0) MpOBEIM MOPIBHAIbHUN aHami3 3a 2012 pik Ha OCHOBI OCHOBHHUX IapaMeTpiB st MeOJIeBOT
IPOMHCIIOBOCTI MEPEPaxOBaHUX BHIIE KpaiH HAa OCHOBI BIJHOCHUX MOKa3HHKIB; B)pO3poOWIM pe-
TpeciiiHy, siKa BU3HAYA€E 3aJICKHICTh TAKOTO YK€ BAXJIMBOTO MapameTpa, s’k 000poT Ha JyIly Hace-
JIeHHs B MEOJIeBId MPOMUCIIOBOCTI BIATAKMX IMOKA3HHUKIB - KUIBKICTh MIANPHEMCTB y BHUPOOHHIITBI
MeOmiB Ha 1 MiTBHOH JKUTENIB, CEPEIHE YHCIIO MPaIliBHUKIB HA MANPUEMCTBI B HaIlIOHAJTLHOMY Mac-
mtadi, BBII Ha nymy HaceneHHs, oOCsr BUpOOHUIITBA KPYIJIMX JicOMaTepiajiiB Ha AyIly HaceJIeHHS,
00csr BUPOOHMIITBA BOJIOKHUCTHX IUIUT cepeaHboi mubHOcTI HAa 1000 ocib, oOcsar BUpOOHHIITBA
cTpykkoBUXIUIUT Ha 1000 oci6. B pe3ynbrati mpoBeneHNX JOCHTIKEHb 11eHTH(HIKOBAaHO OCHOBHI IPO-
0JIeMH Ta MOXJIMBOCTI CTAJIOTO BUPOOHUIITBA JJ11 MeOJIEBOT MPOMHCIOBOCTI B CXiHIN €Bpori.

KarouoBi cioBa: mebneBa MpOMHUCIIOBICTh, MOPIBHSUIBHUI aHaii3, MOAENb perpecii, KpaiHu
C€ll.
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RESOURCE EFFICIENCY AND RAW MATERIAL USE IN WOOD-
WORKING INDUSTRIES IN EASTERN EUROPE: CHALLENGES AND OP-
PORTUNITIES FOR SUSTAINABLE PRODUCTION

The paper presents the results of research performed for forest sectors. The present researching
is based on the comparison of the forest sectors three ENP countries (Ukraine, Moldova and Georgia)
in the one hand and Polish forest sector from the other hand. In the process of the researching was de-
termined and analyzed the main economic parameters of the forest sectors, the forest resources of the
forest sectors for mentioned above countries, the contribution of these forest sectors to national GDP.
As aresult it has been identified the following challenges of the sustainable production for woodwork-
ing industry in Eastern Europe: economic power of the forest sectors in Eastern Europe shifted towards
forestry; forest sectors in Eastern Europe differ by very poor productivity; there are very few enterpris-
es in forest sectors of ENP countries comparing with EU countries because of complicity of doing
business here; forest sectors of ENP countries produce much less products in in turnover terms; forest
sector’s share in ENP countries does not exceed level of 2 % from national GDP and there is tendency
to constant decreasing of this share.

Keywords: forest sector; turnover; number of enterprises; number of employees; ENP coun-
tries; forest resourses; main challenges and opportunities; sustainable development.

Introduction. Wood is remarkable material since there are at least four extraor-
dinary properties (so-called 4-R properties) of wood as a unique material [1-14]:
e wood is renewable material;
e wood is reused material;
e wood is recycled material;
e wood is refined material.

Some branches which have deal with wood it is possible to unite into forest sector
which we can consider as a very important sector because it offers a simple way to re-
duce the CO; emissions that are the main cause of Climate Change, through:

e the carbon sink effect of the forests;
e the carbon storage effect of wood products;
e substitution of carbon-intensive materials.

ENP eastern countries hold considerable, yet less developed forest resources with
a comparatively average lower land use pressure than in Western Europe (in total 15
million ha). A constantly growing demand for wood raw materials in European markets
(2010: 0.8 billion m?, 2020: 1,1 billion m®, increase by +38%) leads to higher raw mate-
rial imports and growing pressure on forests holding substantial, unexploited wood re-
sources in neighboring Eastern Europe. The main challenge here is to support the de-
velopment of sustainable management regimes of the abundant resource.

The wood-based industries, emerging anew in post-socialist economies, play a
key role in this context, as they could develop an even stronger impact on regional pro-
duction, employment and value adding -on the basis of regional natural resources. As
such, the ENP region is currently gaining in importance as a raw material supplier with
many downsides of a strategic new market for foreign investors (e.g. illegal logging and
timber trade, offshoring of production, cut-throat competition, corruption, etc.).

Wood manufacturing is shaped by a large number of SMEs, mostly lacking prop-
er organizational structures and staff to implement efficiency measures. Improvements
are however urgent, because this SME-dominated sector consumes huge amounts of
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raw material per employee, and in total (ENP eastern countries’ round wood consump-
tion: 10 million m*/y; total forest products: 20 million m*/y).

The forestry and woodworking sector in ENP eastern countries faces major socie-
tal challenges (the unsustainable use of forest resources and wood materials), but shows
decisive opportunities for improvement of the current state (increase of raw material ef-
ficiency and technological upgrading). And therefore it is very important in our point of
view to identify the main chalenges of the sustainable production for woodworking in-
dustry in Eastern Europe.

Odjective. The main objectives of the present research were the following:

e to determine and to analyze the main economic parameters of the forest sectors for such coun-
tries as Ukraine, Moldova, Georgia and Poland;

e to determine and to analyze the forest resources of the forest sectors for mentioned above coun-
tries;

e to determine and to analyze the contribution of these forest sectors to national GDP.

Methods. For researching we use definition ,,forest sector”. In such structure we
decided to include four branches (subindustries) which have deal mostly with solid
wood which we are considering as material that differs by very important economic, so-
cial and ecological mining: forestry, woodworking industry, furniture manufacturing,
carpentry and joinery. The view of one large forest sector was put forward by the Euro-
pean Union to promote a common strategy for sustainable development of one of its
largest industrial sectors. The main idea in this connection was nominally to unite the
main industries or subindustries in one sector regarding decisive significance such re-
source as “forest” to derive valuable conclusions/ideas/measures for guaranteeing of
sustainable development.

The present researching is based on the comparison of the forest sectors three
ENP countries (Ukraine, Moldova and Georgia) in the one hand and Polish forest sector

from the other hand. This “country choice” was motivated by the following reasons:
Ukraine, Moldova and Georgia are ones of the most important in economic terms representatives of
Eastern Partnership; Ukraine, Moldova and Georgia declare their commitments to the European way of
development and it is important to evaluate their “forest possibilities” at the beginning of this way; Po-
land is a country which passed the way from country of socialist camp to the one of the EU leader;
there are a lot of similarities between forest sectors of Ukraine and Poland; there are some similarities
between forest sectors of Moldova and Georgia.

As the main parameters for any forest sector identifying we used the following:
e overall turnover; number of enterprises;
e number of employees.

The present researching is conducted for the five-year’s time period beginning
from 2008 and finishing 2012 but the main comparing are made for 2012.

The forest recourse we characterized by the following indexes: square of the for-
est land, overall timber stock, forest land percentage, procurement of merchantable
wood and others value of which it is possible to derive from mentioned above with help
of some additional ones.

Results and discussion. The obtained results in regards to three main parameters
of the national forest sectors (turnover, number of enterprises and number of employ-
ees) are presented in Table 1. In order to analyze effectiveness of the forest resource for
the different national sectors it has been used ten main indexes presented in Table 2.
Additionally it has been determined these forest sector’s shares to the overall turnover,
to the overall number of employees and to the overall GDP that are presented in Tab. 3.
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Table 1. Main parameters of the national forest sectors in 2012

Name of the “forest” subindustry Totallv for
Main parameters of the national Wood- Furniture Carpentry Y
forest sector Forestry working in- |manufactur-|(45.22) + Join- national for-
(02) g . est sector
dustry (20) | ing (36.1) | ery(45.42)
Ukraine
Turnover, bil. UAH 6,1 10,3 7,2 0,82 24,42
Number of enterprises, units 991 3128 1548 601 6268
Number of employees, ths. persons| 66,2 43,1 38,5 3,91 151,71
Moldova
Turnover, bil. MDL 0,215 0,223 0,69 0,527 1,655
Number of enterprises, units 27 302 370 77 776
Number of employees, ths. persons| 3,75 2,7 0,95 8,8
|Georgia
Turnover, bil. EUR 6,91 43,59 42,76 - 93,26
Number of enterprises, units 78 213 387 - 678
Number of employees, ths. persons| 4,91 1,867 2,650 - 5,008
Poland
Turnover, bil. PLN 9,32 29,56 28,79 - 67,67
Number of enterprises, units 19190 35597 27047 - 82194
Number of employees, ths. persons| 31,1 101,5 138,6 - 271,2

Table 2. Some indexes which determine forest resources of the national forest sectors (2012)

Index’s name

Index’s value

Ukraine | Moldova | Georgia Poland
Square of the forest land, mil Ha 10,80 0,37 2,82 9,40
Overall timber stock, bil m? 1,80 0,05 0,45 2,40
Forest land percentage, % 15,70 12,70 40,50 30,00
Timber stock per enterprise, ths m>/unit 287,17 57,99 670,35 29,20
Turnover per timber stock, EUR/m? 1,31 2,29 0,21 6,88
Turnover per procurement of merchantable wood, EUR/m? 134,30 210,11 208,40 445,86
Procurement of merchantable wood, ths m? 17506,7 490,0 447.5 37045,0
Timber stock per inhabitant,m3/person 39,09 12,50 103,30 62,83
Population, mil persons 46,05 3,60 4,40 38,20
Square of the forest land per inhabitant, Ha/person 0,23 0,10 0,64 0,25

Table 3. Some parameters of the relative ranking for the national forest sectors (2012)

Index’s value

Index’s name Ukraine | Moldova | Georgia Poland
Forest sector’s share to the overall turnover, % 1,8 3,47 1,4 5,0
Forest sector’s share to the overall number of em- 6.6 12.1 1.0 9.0
ployees, %
Rank by turnover share 9 10 10 8
Forest sector’s share to the overall GDP, % 1,68 1,88 0,90 1,60

Structure of the forest sectors in turnover, number of enterprises and number of
employees terms for such countries as Ukraine, Moldova, Georgia and Poland are pre-
sented in Fig.1...Fig.3. As shown in these figures, structure of the forest sectors is de-
termined by share of different branches within the framework of these forest sectors.
Among these subindustries we used the following ones: forestry, woodworking indus-
try, furniture manufacturing and carpentry (Fig.1...Fig.3).
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Analyzing structure of the forest sectors in turnover terms it is possible to point out that
in Ukraine we have the largest share of the forestry in overall forest sector and it makes up 25
% (Fig. 1). As shown in Fig.3 in Ukraine the largest number of employees works in forestry. In
our opinion two last facts allow to conclude that in Ukraine we can observe “too much atten-
tion” to forestry comparing with other subindustries and other countries. In the same time in
Poland and in Georgia such very important branches which provide secondary timber treat-
ment and therefore can provide more value added as woodworking industry and furniture
manufacturing make up together approximately 90 % (Fig.1...Fig.3). Comparing these shares
with Ukrainian and Moldavian respective parameters we can observe much less such shares.
For instance, taking into account number of employees terms (Fig. 2), it turns out that sum-
ming share of number of employees in woodworking industry and furniture manufacturing in
Ukraine makes up only 54 % and in Moldova respective index is equal to 47%.

As a result, in our point of view, forest sectors of Eastern Neighborhood Partnership
need substantial improving since we can consider forestry in forest sector as raw material
branch, some extract branch saying about industrial capacities (in fact, forestry has some other
very important tasks as planting and saving of the timber stock using sustainable management
rules) and therefore we should replace industrial development to the site of deeper treatment,
towards development and growing of the secondary processing: woodworking industry, furni-
ture manufacturing and carpentry. These changes will allow to increase economical effective-
ness and number of employees. Using data from Table 1 it can determine so-called average en-
terprises for forest sectors of the different countries. In our opinion it is interesting to compare
such indexes as average turnover for forest sector’s enterprise (Fig. 4), average turnover per
employee (Fig. 5) and average number of employees (Fig. 6). As shown in the Fig. 4, in 2012
the largest turnover per forest sector’s enterprise we had in Ukraine while for other countries
from our researching list average turnover approximately is two times less than in Ukraine.

As we can see in Fig. 5 average turnover per employee in Poland is approximately three
times more than in three countries of Eastern Neighborhood Partnership but in Ukraine there is
the largest number of employees for average forest sector’s enterprise (Fig. 6). Analyzing these
three figures we can conclude that the most effective employee works in Polish forest sector
since in average such employee make production in three times more (in turnover terms) than
in other countries (Fig. 5). It is very interesting that the most effective enterprise (in turnover
terms) of the forest sector we have no in Poland as well since according our data the Ukrainian
enterprise differs by the largest turnover (Fig. 4). And what is more, average Ukrainian enter-
prise has more employees than other forest sector’s enterprises in Moldova, Georgia and Po-
land (Fig. 6). Of course there is some contradiction — the most economically powerful employ-
ee we have in Poland but the most powerful enterprise — in Ukraine. We can suggest some log-
ical explanation for this phenomenon — we can assume that in Eastern Neighborhood Partner-
ship countries and particularly in Ukraine there is considerable underestimation regarding
number of enterprises and as consequence number of employees in its forest sector.

There are some reasons of such underestimation. Among them we can determine exist-
ing shadow sector in ENP countries, concealment of real number of employees and enterprises
with purpose of real taxation avoiding. In order to draw some very important conclusions and
to elaborate some recommendations for forest sectors improving we in the process of our re-
searching made comparison for forest sectors of four countries determining four main parame-
ters: turnover, number of enterprises and number of employees. It turned out that the most
powerful forest sector we can assume the Polish forest sector by main parameters mentioned
above. In 2012 turnover of the Polish forest sector made up 16,5 bil EUR while in Ukraine this
index made up 2,35 bil EUR and respectively for Moldova and Georgia we have the same in-
dex — 0,1 bil EUR. There is similar picture in respect to number of employees (Table 1). In to-
day’s difficult social and economic conditions in Europe Union in regard to crisis manifesta-
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tions we tend to consider number of employees as one of the most important index which de-
pend from many different factors including number of enterprises.

As shown in Fig. 7 there is a huge difference between number of enterprises in Polish
forest sector in the one hand and other forest sectors in the second one. In order to lead this da-
ta to a common denominator we should eliminate the influence of such factors as number of
inhabitants and timber stock per inhabitant. In other words it is necessary to take into account
in this case certain country’s dimensions and existence of the forest resources. We can still ob-
serve a very large difference regarding number of enterprises even using such specific indica-
tor as number of enterprises per million of inhabitants (Fig. 8). This difference (between Polish
and other countries) approximately makes up more than a tenfold advantage in comparison to
Ukraine, Moldova and Georgia. And we cannot explain this fact by the difference of forest re-
sources availability since as shown in Fig. 9 Georgia has the largest index of timber stock per
inhabitant. We tend to think that beside such problem as large share of the shadow sector with-
in ENP countries’ forest sectors there is some other one and maybe more important - com-
plexity of doing business in the forest sectors of ENP countries.

In our opinion there are a lot of different conditions which complicate process of the en-
terprises creation in forest sectors such as availability of the timber in these countries, non-
effectiveness of the state ownership in different areas of the forest sector, procedure of the tim-
ber resources sale and some others.

As shown in Fig. 10 and Fig. 11, Poland produces more products in its forest sector in
turnover terms from 1 m® of procurement merchantable wood and from 1 m® of overall timber
stock as well. In this regard we can consider Polish forest sector as the more productive in
comparison to forest sectors of Ukraine, Moldova and Georgia.

Forest sectors structure in turnover terms Forest sectors structure in number of enterprises terms
(2012; %/subindustry) (2012; %/subindustry)
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Of course, there is considerable difference between price for forest sector’s prod-
ucts in EU, particularly in Poland and in ENP countries but nevertheless we should de-
rive value added from timber unit as much as possible because of exclusive ecological
and economical mining of timber using sustainable development approach.

There is some fact in our researching which we can consider as a common disad-
vantage, as shortcoming using which we can characterize forest sectors of four countries
from our searching list — forest sector’s share does not exceed level of 2 % from nation-
al GDP (Fig. 12). And what is more, according our researching this share has tendency
to constant decreasing, that we cannot consider as sustainability manifestation.
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Conclusions. As a result in the process of our researching we identify the following

chalenges of the sustainable production for woodworking industry in Eastern Europe.

1. Economical power of the forest sectors in Eastern Europe shifted towards forestry while sec-
ondary processing differs by poorer capacities and this fact hamper comprehensive sustainable devel-
opment of these forest sectors, cause very poor value added.

2. Forest sectors in Earsten Europe differ by very poor productivity, since in average, one em-
ployee produces much less than in EU and therefore forest sectors in ENP countries need considerable
productivity improving through, for instance new technologies, new tools and eguipment, innovations
and restructuring.

3. There are very few enterprises in forest sectors of ENP countries comparing with EU countries
because of complicity of doing business here: availability of the timber in these countries, non-
effectiveness of the state ownership in different areas of the forest sector, procedure of the timber re-
sources sale.

4. Forest sectors of ENP countries produce much less products in in turnover terms from 1 m* of
procurement merchantable wood and from 1 m® of overall timber stock as well and it is necessary con-
siderable increasing of secondary treatment effectiveness.

5. Forest sector’s share in ENP countries does not exceed level of 2 % from national GDP and
there is tendency to constant decreasing of this share.
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PREDICTION OF THE DURABILITY OF THERMOPLASTIC
ADHESIVE PINE WOOD JOINTS

Abstract. Presented here are the results of predicting the durability of thermoplastic adhesive
joints of pine wood by means of mathematical models. An analysis was made of the obtained results,
on the basis of which it is established that with increasing the ambient temperature, the durability of
thermoplastic polyvinyl acetate adhesive pine wood joints with the degree of load D4 decreases, and
when the ambient humidity increases, the durability, by contrast, is slightly increasing.
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Keywords: durability, adhesive joint, mathematical model, prediction, strength, humidity,
temperature.

Topicality. Among the basic requirements that are imposed upon adhesive wood
joints is ensuring adequate strength and durability. These requirements are interrelated
and determine the quality and reliability of the product; this depends on the physical and
mechanical properties of adhesives and materials to be glued, bonding process parame-
ters, operating conditions, physical loading, etc. [1, 2]. Strength is an important charac-
teristic of adhesive wood joints during operational service, but it does not offer a means
of obtaining quantitative indicators of service time of glued products. It is durability that
is the quantitative indicator of service time of any glued product. It is determined by the
time of operation, duration or period of service life [3].

On the basis of experimental and theoretical studies, using simulation and math-
ematical modelling, we obtained a mathematical model to predict the durability of
thermoplastic adhesive joints of oak wood [4, 5, 6, 7], which takes the following form:

@ . (@)
0 1_.11{ BO-AW j (1)

Copan+ A - AT®

where ATY is weighted average ambient temperature, °C; AW is weighted average
ambient humidity, %; Gipasis ultimate strength of the joint; the parameters A, B® ,C®
are dependent upon variations in the ambient humidity and temperature; 1 is the coeffi-
cient for wood species that takes into account theological , physical and chemical prop-
erties of oak wood. The coefficients for other wood species which would take into con-
sideration their physical and mechanical characteristics had to be calculated. The calcu-
lation of the coefficients for some wood species was given by the author in his previous
works [8]. Taking into account the coefficient for pine wood species, the mathematical
model of durability prediction will take the form:

o 0,635 BY AW
T = -In : :
O + A - AT

2pan.

2)

The results of the studies. The proposed mathematical model allows predicting
the durability of both cross-linked and uncross-linked thermoplastic polyvinyl acetate
adhesive joints of pine wood. That is, by specifying the degree of load for an adhesive
joint, the ambient humidity and temperature, it is possible to predict the durability for
thermoplastic adhesive pine wood joints by non-destructive method. During prediction
of the durability of adhesive joints, the ambient humidity and temperature were con-
sistent with their weighted average values for a 3-year period of long-term experimental
studies [9]. For example, Figs.1 and 2 show a graphical interpretation of the results of
predicting the durability of thermoplastic polyvinyl acetate adhesive joints of pine wood
obtained by means of mathematical modelling. As can be seen from these dependences
(see Fig.1), at weighted average ambient temperature of 4.19 ° C and weighted average
humidity of 65.46% the durability is 687 days. In the case of increasing humidity to
93.91% at this temperature, the durability is increased to 787 days, i.e. by 100 days, or
12%. A similar pattern is observed for weighted average temperatures of 7.89 °C and
12.23 °C for which the durability is also increasing by an average of 100 days.

That is, with increasing humidity from 65% to 92%, the durability increases, on
average, by 13% regardless of the operating temperature.

23



780 —
26 ——T=4,190C

= - = =T=7890C

g - | ----- T=12.230C
700 = - y

Durability. days

_ —
630 e’ T
660 — ——e
640 £= Jwz””
620 1—se=
600 *~
6546 80,54 91,93

Humidity. %

Fig.1. Prediction of the durability of adhesive pine wood joints bonded with cross-
linked adhesive with the degree of load D4 depending on humidity changes
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Fig. 2. Prediction of the durability of adhesive pine wood joints bonded with cross-
linked adhesive with the degree of load D4 depending on temperature changes

A similar pattern is observed for weighted average temperatures of 7.89 °C and
12.23 °C for which the durability is also increasing by an average of 100 days. That is,
with increasing humidity from 65% to 92%, the durability increases, on average, by
13% regardless of the operating temperature.

The effect of temperature on the durability (see Fig.2) shows that for the weighted
average temperature of +4.19 °C and humidity of 65.46%, the durability is 685 days,
while at a temperature of 12.23 °C the durability is reduced to 605 days.

The decrease in durability, on average, by 80 days with temperature change from
4.19 to 12.23 °C, also occurs at humidity values of 80.54 and 91.93%, but with higher
durability values ( for example, to 781 days at a humidity of 91.93% ). Thus, a rise in
temperature, on average, by 1 °C shortens the life of product by 10 days, while an in-
crease in humidity by 1% increases the service life by about 3 days.

Fig. 3 shows the predicted durability of adhesive pine wood joints glued with
thermoplastic adhesives depending on variation in weighted average temperature at var-
ious ambient humidity levels.
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Fig.3. Prediction of the durability of adhesive pine wood joints glued with cross-
linked adhesive at the degree of load D4 depending on weighted average temperature
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Fig. 4 shows predicted durability of adhesive pine wood joints glued with cross-
linked adhesives with load D4 depending on changes in weighted average humidity for
various operating temperatures.
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Similar results of prediction of the durability can be obtained using a mathematical
model for pine wood glued with uncross-linked thermoplastic adhesives. Thus, an increase
in ambient temperature results in reduced durability of thermoplastic polyvinyl acetate ad-
hesive pine wood joints with the degree of load D4, while an increase in ambient humidity,
on the contrary, leads to a slight increase in durability of such adhesive joints.

Conclusions. By using mathematical modeling, prediction was implemented for
durability of thermoplastic adhesive pine wood joints. Analyzed was the effect of the
ambient temperature and humidity on the durability of these adhesive wood joints. Iden-
tified were quantitative indicators of durability of thermoplastic polyvinyl acetate adhe-
sive joints of pine wood depending on the operating conditions.
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IIporuo3yBaHHsI JOBrOBiYHOCTi TEPMOIJIACTUHYHUX KJICHOBHUX 3'€/IHAHD JePEeBUHHU
COCHH

HaBeneHO pe3ynbTaTd MPOTHO3YBAHHS JOBTOBIYHOCTI TEPMOIUIACTHYHUX KICHOBHX 3’€THAHB
JICPEBUHH COCHHM 3a JIOTIOMOTOI0 MAaTeMaTUYHOT MOAeNi. 3AiiiCHeHO aHalli3 OTPUMaHHUX Pe3yNbTaTiB, HA
OCHOBI SIKOTO BCTaHOBJICHO, IIIO TPH ITiIBUIICHI TEMIIEPATypH HABKOJIHUIITHHOTO CEPEIOBHINA, TOBIOBI-
YHICTh TEPMOIUIACTUYHUX IMOMiBiHITAIETATHUX KICHOBHX 3'€IHaHb ACPEBUHU COCHU 13 CTYIICHEM Ha-
BaHTaXCHHS D4 - 3MEHIIYEThCS. A TIPH MiABHUIICHI BOJOTOCTI HABKOJMITHLOTO CEPEOBHINA HABIIAKH,
JIOBTOBIYHICTh HE3HAYHO 3POCTAE.

Kiio4uoBi cjioBa: 1OBroBiYHICTh, KJICHOBE 3’ €HAHHS, MaTEMaTHYHA MOJIeNb, IPOTHO3YBAHHS,
MIIHICTh, BOJIOTICTh, TEMIIEPATYpA.
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THE PECULIARITIES OF DISPERSION PAINT-AND-LACQUER MA-
TERIAL FLOW IN THE GAP OF ROLLER MACHINE

Abstract. The behaviour of paint-and-lacquer material in the application zone of roller ma-
chine has been examined using the hydrodynamic analysis of viscous-plastic fluid flow. The obtained
dependences are needed to substantiate the technological parameters for the thin-layer application of
water-dispersion paint-and-lacquer coating.

Key words: water-dispersion material, roller machine, viscous-plastic fluid, roller, gap, techno-
logical parameters.

Introduction and relevance of the problem. The most labor-intensive and im-
portant stage of the production process in woodworking is finishing of products. In re-
cent years, due to aggravation of energy crisis and adoption of more stringent laws on
environmental protection, there have been significant changes in the range of paint-and-
lacquer materials (PLM).The furniture industry is shifting to thin-layer finishing as the
most economic alone since it provides the reduction in PLM consumption rate, labor in-
tensity and cost price. Among the materials for thin-layer finishing, water-dispersion
materials currently occupy an important place.

Thin-layer application of PLM calls for the widespread use of roller equipment
that provides the application with a minimal consumption of the material.

An analysis of the studies and publications. Water-dispersion materials belong
to the group of soliquids of hydrosols, but if the solid particles are polymers and the
medium 1s water,suchhydrosols are called latexes. Latexes are obtained by emulsion
polymerization of monomer in water. Thus obtained latex is but one of many ingredi-
ents of the complex system which, apart from latex,also includes pigments, protective
colloids, emulsifiers, antifoam generators, stabilizers and sometimes plasticizers.

Protective colloid increases the viscosity of the dispersion medium and thus con-
tributes to the stabilization of the dispersed particles. It also influences the extent of vis-
cosity dependence on shear rate. This leads to the fact that the viscosity significantly
increases at low shear rate, the material does not drip from the surface, does not sag;
however, in case of considerably high shear rate, the latex flows easily in the process of
applying the material. Stabilizing system must be chosen so that the destruction of the
latex in the process of coating formation occurs at the right time. In the process of ap-
plying the latex, the water should form a continuous phase.

When the water evaporates, the latex is destroyed, that is the water becomes the
disperse phase, distributed in a continuous phase of the polymer. The destruction of the
latex should take place only after the film application on the substratum.

Presentation of the basic material. The latexes are characterized both by yield
point T, and a variable plastic viscosity . Depending on the shear rate dv/dy, their flow
can be modeled by the Shvedov-Bingham rheological equation [1]

T =1, + (dv/dy) (1)
where 1 1s shear stress.

Schematic application of PLM on the roller machine in the zone of the coating
formation is shown in Fig. 1. Hydrodynamic analysis of the viscous-plastic fluid flow
[2] makes it possible to identify the essence of the phenomena occurring in the defor-
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mation zone as well as the general character of the kinematics and dynamics of flow. It
turns out that the fluid flow is heterogeneous and consists of two zones of viscous flow
within the surfaces of the paintwork panel and roller and the plastic core in the middle
part, where the shear stress exceeds the yield point.

Y

K/

//""///j/7

Fig. 1. Diagram of the coating formation on the roller machine
1 - applicator roller; 2 - substratum; 3 — pressure distribution P(x);
4-velocity distribution of material movement

Equations for flow velocities:

- near the surface of the paintwork panel
_2hy-yidp )
2n  dx’

v, =u

- near the surface of the roller
(0 = y*)=2h(h—y) dp 3)
27 dx
On the surface of the roller and the paintwork panel, flow velocity is maximum
and is equal to u.

V,=uU—

h—h) d
- for plastic core Vo=U _%d_i , 4)
where u is the feed rate of the paintwork panel and the peripheral speed of the applicator
roller; hy and h; are the ordinates of viscosity zone; h is theheight of deformation zone;
y is the variable ordinate; dp/dx is the pressure gradient of the fluid.
Specific consumption of material is defined as the product of the height of the

cross-section by the flow velocity through the cross-section

g= [ pdc+ [ pydx (5)
ldp(2; }Hz(hz_hl
=uh———| =h ++—>—1
or q ndx(3h ) : (6)

During the movement of material through the area of deformation, specific pres-
sure ranges from 0in the cross-section of the entrance to the gapk{ —*}1) to a maximum
value in the cross-sectionk (—*1s) and again decreases to 0 in the section 2(-X2iS),
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The distribution of the specific pressure in the deformation region is asymmetrical, so
the pressure is determined separately for areas of accelerated motion of the material
dp1/dx and its deceleration dp2/dx.

The interaction of forces p1 and p2 creates a separating force F, which must be
compensated by the pressure force of the rollers

F= jpldx+ Jpzdx_ (7)

Conclusions. The analysis of obtained equations and their experimental verifica-

tion will allow creation of preconditions for substantiation of parameters of roller ma-
chines when applying water-disperse paint-and-lacquer coatings.
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CALCULATION FEATURES OF VARIABLES PROCESS LOADS ACTING ON
THE CABLE TIMBERTRANSPORTING PLANTS DRIVE

Improved the theoretical methods of calculation of technological tension in cable timber trans-
porting plants drives taking into account the duration of the technological cycle of the plant, multilayer
cable winding on driving drums, cable tension force that varies and depends on the working mode of
plant and operating parameters.

Keywords: cable timber transporting plant drive, technological loads, haul-lifting cable, cable
tension force.

Introduction. About one-third of forests in Ukraine are in the mountainous and
difficult terrain. The experience of logging in mountains in our country and abroad
showed that cable timber transporting plants are an effective means of primary timber
transport that best correspond modern environmental and industrial requirements [1, 5,
6, 7]. The creation of new and improvement of existing methods of calculating the basic
structural elements of cable timber transporting plants is an actual task.
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Formulation of the problem. According to the principle of work and the quanti-
ty of cables the majority of cable plants with carrying cable can be represented by a few
basic schematic (Fig. 1), that are inherent to the plants with mobile and stationary drives
[1,5, 6, 7]. Hauling cable can be simultaneously the lift(ing one (Fig. 1, a) [5,6,7].
6

o

COOO

© HO

Fig. 1. Schematic diagrams of timbertransporting plants equipped with carrying cable
and one- (a), two- (b) and threedrum (c) drives: 1 — carriage; 2 — drive; 3 — carrying
cable; 4 — hauling cable; 5 — lifting cable; 6 — bypass blocks.

A typical work cycle of cable systems (Fig. 1) includes the following stages:

» cable slack removing (characterized by a progressive increase in cable tension force to a value
equal to the weight of cargo);

» cargo lifting;

» cargo and freight carriage locking;

» the transfer of cargo carriage and cargo along carrying cable.

Besides mensioned the above stages, there may be auxiliary stages such as: mov-
ing and lowering empty lifting devices to a place of load coupling and pulling of wood
to the line of carrying cable.

The drive 1s complex and significant structural element of cable timbert-
ransporting plant, which determines its reliability and range of possible technological
operations. To study the internal loads arising in drive elements, it is necessary tocon-
sider the value and nature of external technical efforts, acting on the driving drums.

The study of complex technical systems, which are drives of cable transport sys-
tems requires simplification of fundamental schemes and consideration only the com-
mon essential features. In onedrum cable plant (Figure 1, a), all the operations are per-
formed by haul-lifting cable (load lifting, its locking and moving). In two- or threedrum
units (Fig. 1, b, ¢ ) load is mowed by hauling cable. But simultaneous switch of hauling
and lifting cable drums is rarely used (especially when performing installation and sup-
port operations) [1, 5, 7]. Therefore, to study the work of one- and twodrum cable plant
drives cable installations (Figure 1, a and 1, b) can be used onedrum schematic diagram
(Figure 2, a), and to study threedrum drive - twodrum schematic diagram (Fig. 2, b).

In the working process of cable plant drive cable tension force varies and depends
on the working mode of plant and many operating parameters (rope winding speed,
placement coordinate of cargo carriage in passage, lifting height, etc.).

In the analyzed research [1-8], that are focused on, taking into account the impact
of these factors is limited and mainly relates solving specific problems, such as deter-
mining the tension forces during cargo lifting [8] or moving cargo carriage [5]. In the
existing publications generalized analysis and systematization of theoretical studies of
variation of haul-lifting cable tension force and changes of rotation resistance moment
at driving drums of the cable timbertransporting plants are not done. The impact of mul-
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tilayer cable winding on the value of technological efforts is not taken into account.
Therefore, these objectives remain valid. The aim of this study is to determine the theo-
retical time dependance of the technological resistance moment for the driving drum of
cable timbertransporting plant, taking into account the duration of the technological cy-
cle of the plant, as well as multilayer cable winding on driving drums.

| [
%\ xdl)
7 7/ S
mm R mm
a) b)

Fig. 2. Fundamental diagrams of one- (a) and twodrum (b) timbertransporting plant
drives equipped with carrying cable: 1 — engine; 2 — coupling; 3 — mechanical trans-
mission; 4 — drive drum of working motion; 5 — haul-lifting cable; 6 — load; 7 —
reverce cable; 8 — reverse drive drum; L— the length of the cable plant; x, (t) — cargo
carriage coordinate in a span; [, — the length of the reserve cable.

The study ofthe influence of the tension force in haul-lifting cable. The ex-
pression to calculate the moment of technological resistance forces can be written as
follows:

M, (t)=S(t)-r, (1), (D)
where S(¢) — haul-lifting cable tension force (technological efforts); r,(z) — the radius

of the drum with a wounded cable.
Tension in haul-lifting cable when lifting cargo can be defined as follows [1, 8]:

CaB_lat _a_z. _ot 242 1.gj
S(t)—Sz—Q+T ,316 {Kl ,312] (1 2j+at}smﬁlt+

ot (2)
+ [(,312 —a’ )t + 2a]ﬁcosﬂlt},

where: S,— tension in haul-lifting cable when lifting cargo; [, = H, + Zn:lm — initial cable
i=1

length (load at the time of lift beginning); H_, — height of cargo lifting; 0 — cargo
weight; [, — length of hauling cable on i-section; v — speed of cargo lifting, which with
sufficient accuracy can be calculated as a linear cable winding speed; «, 8 — character-
istic equation coefficients; C,, — conditional reduced longitudinal stiffness of the cable
system during cargo lifting.

Conditional reduced longitudinal stiffness of the cable system during cargo lifting

. _ EKAK
[13 8]' C3B - +/1EKAK 2 (3)

1
ly
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2 n
where 1 =2, (1-siny,)+4,cosy, + el +A4, + 2/1 — reduced compliance of the
12Q i=1 COs 7/1 i=1

T - I, -T, 0+G+ qy L
0 2cosy (L—a)
T’ cosy L

the transverse direction; E,4, — longitudinal haul-lifting cable rigidity; £, — elastic

cable system; 4, =

— compliance of carrying cable in

module of haul-lifting cable; 4, — the total cross-sectional area of the cable wires; ¢, —
weight per meter of carrying cable; y, — slope angle of the span chord to the horizon; G
— the weight of the carriage; 7, =T, +r,S — tension of the carrying cable when (S+G);
T, =T, +r,(S+AS) — tension of the carrying cable when (S + G +AS); T, — mounting ten-
sion of the carrying cable loaded by the empty carriage; 4, — compliance of carrying
cable in the longitudinal direction; 2, — drive compliance; «,, y, — horizontal projection

and the slope angle to the horizont of i-section of the hauling cable; L — the total length
of the span. Taking into account the results [8], the expression to determine the tension

force in a cable at the time of locking is as follows:
/

C3B
S(t): 3 = P30 /! 'V'[t_IOC], 4)

0
where ¢, — auxiliary variable that takes into account the time of the initial locking peri-

od; S, — tension in haul-lifting at the moment of cargo locking; S,, — tension in haul-
lifting cable at the initial moment of locking taking into account the impact of cargo and
cargo carriage; /, =1, — H, — initial cable lengs at the moment of cargo locking [8]; 1,

— the length of the hauling cable between the carriage and the upper support at the initial
moment of time; C,,’ — conditional reduced longitudinal stiffness of the cable system

during cargo locking
Dependence for the calculation of auxiliary variable 7,. that takes into account

the start of locking can be written as follows:
1{O|L—x (t )
be == I: — :|+HG : (5)

v 3B

where x, (¢,) — the coordinates of the cargo carriage location on the route of transporta-
tion at the initial moment of timez, .

To determine the tension force of the cable at the initial moment of cargo and car-
riage locking it is necessary to consider its sharp increase as a result of an impact of
cargo to carriage. Having assumed that the kinetic energy of moving load is completely
transformed into potential energy of haul-lifting cable deformation [9] tension force in
the initial locking time can be defined by the formula:

1+ v
S, =5, \/Q'I:L_xf((to)].g > (6)

C3B
where §,, — the tension force of the cable at the initial moment of cargo and carriage

locking; S, — the tension force of the haul-lifting cable while lifting the load; g — free

fall acceleration.
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Conditional reduced longitudinal stiffness of the cable system during cargo lock-
i . I _ E Ay
mng [1, 8] C3B —m ) (7)
4 Tl
IO
2 n 3

where A, =4 siny, + 4, cosy, + — > Y, +> A5 — reduced cable system compli-
1285, 5 cosy, i=1

ance during locking.
The resulting expression for calculating cable tension force at the time of cargo

locking will look like:
/ L—- ¢
S(f)=S3=S30+C;/B [V-t—[Q[ XK(O):I—'_HGJJ' (8)

0 3B

When transporting cargo and the cargo carriage by the carrying cable the value of
tension force in haul-lifting cable depends on the external components of the movement
resistance forces of loaded cargo carriage [7, 8]:

S(t)=8,=8,+S,,+5,(1), 9)
where S, — tension in haul-lifting cable during the cargo transportation; S, — the re-
sistance force of cargo carriage movement by carrying cable; S,, — the resistance of
timber package tops sliding during semi-suspended transportation; s, () — raising re-
sistance force.

The magnitude of the movement resistance force of cargo carriage depends on:
the construction of the cargo carriage, the number and diameter of its running wheels,
hardness, deflection and the degree of carrying cable separation, the speed of cargo
transporting [7]. The total resistance force of cargo carriage movement can be deter-
mined from the expression [7]: S, =(G+0)- f, (10)
where f, — the total drag coefficient of the cargo carriage transporting (for cables of
standard 2688 [7]).

When transporting a timber in a semi-suspended state some part of the trunk
slides over the surface of the cutting area and creates additional movement resistance.
The sliding resistance force during semi-suspended transportation can be calculated by
the formula [5]: Sy =0 kp- [, (11)
where k,=0,2...0,4 — coefficient of cargo weight distribution [5,7]; f, — slide resistance
coefficient ( f, =0,4..0,8, [5, 7]).

The rising resistance force component is determined taking into account the
weight of the mobile cables. To the drive equipped with hauling cable (Fig. 2a) the

component of the resistance force of cargo rising, cargo carriage rising and mobile haul-
ing cable S, (¢) can be defined by the formula [5]:

S, (t):i[(G+Q)+ZOT (¢)-qx cosﬁ’}sin;/(t), (12)
where ¢, — linear weight of hauling cable; /; (r) — length of hauling cable between the
carriage and the upper support, which is located closer to the drive; y(¢) — variable an-

gle of cargo carriage lifting.
For the cable plant drive, equipped with hauling and reverce cables (Fig. 2,b) the
expression to determine the raising resistance force component of looks like [5]:
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S, (t) = i[(G +0)+ (I (1)-ax +[17 ()-8 (1)]- 4 )cosﬂ]siw(t), (13)
where ¢,, — linear weight of reverce cable; /;, (1) — the length of the part of reverce ca-
ble between the carriage and distant support; /,,(¢) — the length of reverce cable in
whole span; f — the slope angle of the span chord to the horizon; y(¢) — lifting angle of

cargo carriage.
When calculating the rising resistance force component S, (¢) one should consider

the variable angle of cargo carriage lifting that depends on the slope angle of the span
chord of carrying cable to the horizon [4]:

2X (t) —L( g, 0
t)=arctg| tgp + +=
7 (1) g{ ef+——, [Cosﬂ i (14)
where H — horizontal component of tension force in carrying cable.
r 2
et e 20 (15)
8f ... \cosf L

where f

max

— value of the maximum cable sagging.
Value of the cable sagging of timber transporting plants are within:

@:(L L] [1,2,5,7].
L 20 30

If the cable plant is equipped with a reverse cable (Fig. 2.1, b) one should addi-
tionally consider the resistance to rotation of the reverse cable drum and to reverse cable

movement [5]: S, ()= /G, /, dd—ci G (s (1) =1y (1)) cos -siny (1), (16)

B2

where ;' — factor for the drum braking (' =1,2...1,3, [5]); G, — weight of the drum drive
with wound reverse cable; f, — coefficient of friction in the bearings of the drum; d,. —
drum pin diameter; d,, — reverse cable drum diameter.

Cargo can be transported up and down the route of the cable plant. The transpor-
tation direction in expressions (12), (13) and (15) consider by positive or negative sign
(in the case of lifting - positive).

In real situation the plant drive work begins when the hauling cable is loosen, the
load is placed on the ground. Time from the run of the drive engine to the beginning of
the cargo movement may be greater than the time of of the engine work stabilization
[8]. Analysis of experimental research of such plants as VTU-3 [2] and LL-24 [8]
showed that in primary stage nature of the haul-lifting cable tension force change is
close to the straight line. Therefore, the definition of cable tension force in primary
stage we perform using the dependence: S()=S5, = tg-t , (17)

1
where S, — tension in haul-lifting cable during cable slack removing; 7, — the duration

of the initial period of cable slack removing (till the beginning of cargo lifting up from
the ground).
To determine the value of time 7 and the duration of the other stages of the work-

ing cycle of the cable plant drive we assume that conditional reduced longitudinal de-
formation of cable system for an initial time period ¢ is equal to the length of haul-
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lifting cable wound on a drive drum for the same time ¢ . Until the cargo is up off the

ground it is fixed. At the moment of the cargo lifting beginning the haul-lifting cable
tension force is equal to the weight of cargo. Expressing the conditional reduced defor-
mation of cable system as the weight of the cargo and equating it to the length of haul-
lifting cable wound during the time ¢, we get:

:cQ :Q[L_CXK (to)], (18)

where ¢, — coefficient of conditional longitudinal stiffness of cable systems.

V-t

Considering the expression (18), a condition to determine the time limits of pri-
mary stage of cable slack remowing would look like this:

o<y < 2LEe ()] (19)

Cys v

Time limits of the load lifting stage 7, are dependent on the speed of winding of
the cable on the drive drum and cargo lifting height:

O[L-x.(1,)] < Sl(Q[L—x,( (to)]+HG J (20)

Cip-v v Cy

where ¢, — the duration of the cargo lifting.
The period of the carriage and cargo locking ¢ is accepted on the basis of cable
plant observations in working conditions [8]. Locking time depends mainly on the skill

of the winch operator and continues 0,3..0,8 s, but sometimes, the time of joining cargo
and carriage can reach 2 seconds. Time limits of the locking period:

l(Q[L—xK (to):|+HG J<f3 SL(Q[L—’CK (to)]+HG JHC’ 1)

v 38 v 3B

where ¢, — the accepted time value of cargo and carriage locking; ¢,— duration of cargo

locking period.
Time to move cargo and carriage depends on the total length of the transport
route L and the location coordinates x, (z,) of the cargo carriage in the initial moment

of time. Duration of the cargo transporting stage can be determined from the condition
that the length of the wound during this time haul-lifting cable on the drum should not
exceed the length of the free part of haul-lifting cable between the drive and carriage
coordinate at the initial moment of time ¢,. As cable slack of timber transporting plants

are small, the length of the free area with sufficient accuracy can be calculated taking
the cable slack path as the parabola [2, 4, 7, 8]. Conditions for determining the duration
of the cargo carriage moving ¢, can be written as follows:

t4>l QI:L—XK(to):|+HG]+tC,
v Cyp
2 | 22)
. gl Q[L—XK(tO)]+HG+(L_xx(to))_l_(g%() '(L_)ch(tO)) cos B |+1,..
v C,, cos 3 24-H

where ¢, — duration of cargo and cargo carriage transportation period.
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Considering the (19 - 22), the final dependances to determine the haul-lifting ca-
ble tension force can be written in the following form:

. L—
&.I’Koﬂu OSZSM’
L—x, (to) Cy v
L- t L- t
S,,  Komu Q[ xK(O)]<tSl[Q[ xK(O)]+HG],
CaB'V v C’}B

(23)

I[Q[L_XK (tO):|+H J<t£l[Q[L_XK (to)]

S() = S, Komu — c. c. +HGJ+ZC ,

1 [Q[L—xK (to)]

t>—
Css

+H, |+t
\

S,,  Komu Q[L—XK(%)] oy +L—x1< (t0)+(g611<)2 .(L—XK(to))

<! G :
Cy cos ff 24-H

v

3
cosﬁ}+tc .

where S,,S;, S, — the haul-lifting cable tension force during cargo lifting, locking cargo

and cargo carriage and transportation of cargo carriage by carrying rope.
The research of cable multilayer winding influence. The expression (1) shows

that on the value of the process resistance forces moment Meo (1) also affects variable

radius of the drive drum with a wound cable. Considering that in cable
timbertransporting plants drives is used multilayer cable winding, drum radius with

wound cable ¥ (1) can be submitted by the length e (1) of cable wound on the drum.
This length can be submitted by known geometric dimensions of the drum and the di-
ameter and number of wound on the drum cable layers [3, 10]:

1 (1) =7z-§—3-n(t)-[d3 +C,-dy(n(t)-1)]

K 24
where 7, (1) — the length of cable wound on the drum; »(¢) — the number of Wound)on
the drum cable layers; d,, L, — the diameter and length of the working surface of the
drum; d, — diameter of the cable that is wound; C, — cable inset density ratio
(C, =0,85..1).

For one turn of the drive drum wounds one wind of cable. Therefore, a variable
number of wound cable layers n(7) we submit by the drive drum rotational speed or its

ng(1)-dy -t _ Wy (1) d -t

- s = no + - - s
60L, 27L, ’

where n,(¢),w, (1) — rotational speed and angular velocity of the drive drum with a

angular velocity: 7 (¢)=n, + (25)

rope; 71, —the number of wound cable layers at the initial moment of time.

The required length of haul-lifting cable that is wound on the drive drum, is the
sum of the lengths of cable in the plant span considering slack [2, 4, 7] and length of
cable stock 7, [3]. As general cable capacity of drive drum and the placement coordi-

nate x, (z,) of cargo carriage in span are well-known, the length of wound on a drum
cable at the initial moment of time taking into account the cable slack and the cable
3
Xk (to)+ QI2< "Xk (to)
cos 3 24H°

stock can be obtained from: b=l (1)) =1,+ cos S (26)
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where /, — extra cable reserve.

Substituting (26) into (24) and making arithmetic transformation, we obtain an
expression for determining the number of wound cable layers at the initial moment of

4C,d, 1
C,dy —dy + \/(dB ~C,dy) +#“
. . _ *Lp
time z,: 1 2C.d, . (27)
An expression to determine the variable radius of the drive drum with a wound
cable at the arbitrary moment of time can be written in the following form [10]:

r, (1) = %M dy-(n'(1)-0.5) (28)

where »'(r) — the number of wound cable layers, calculated by formula (25) and ap-

proximated to the bigger integer values, that is n'(r) = round [ n(z)].

Results. Numerical calculation example based on proposed dependences and us-
ing input data from Table 1 are shown in Fig.3, Fig.4. For this calculations Mathcad
15.0 system application was developed.

Table 1 Input data for calculation of process loads acting on the cable timber-
transporting plants drive

Parameter Designation | Dimension Value
Rotational speed of the drive drum Ny rpm 49
Diameter of the drum with haul-lifting cable d, m 0,3
Diameter of the drum with reverse cable dy, m 0,25
Mass of the haul-lifting cable drum mpg kg 30
Mass of the reverse cable drum mpg, kg 35
Length of the working surface of the haul-lifting cable I m 0.6
drum b ’
Length of the working surface of the reverse cable drum Lg, m 1
Diameter of the hauling (haul-lifting) cable dy m 0,0097
Diameter of the reverse cable dy, m 0,0081
Linear weight of haul-lifting cable dx kg/m 0,3835
Linear weight of reverce cable 9k, kg /m 0,2535
Length of the span L m 400
Cargo weight 0 kN 16
placemegt coordinate of cargo carriage at the initial mo- X, ( fo) m R0
ment of time
Length of spare hauling cable l, m 20
Length of spare reverce cable Iy m 35
Cable inset density ratio C, - 0,95
Height of cargo lifting H, m 4
Slope angle of the span chord to the horizon deg 30
Time of cargo and carriage locking le S 0,5
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Fig. 3. The time dependence of tension force in haul-lifting cable
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Fig. 4. The time dependence of the technological moment
acting on drive drum with haul-lifting cable

Conclusions. The time dependence of tension force in haul-lifting cable (Fig. 3)
shows that the maximum short-term efforts (23 kN) in haul-lifting cable occurs at the
time of locking of cargo and carriage at the fifth second of drive work.

Analysis of time dependence of the technological moment on the drive drum
(Fig. 4) showed that with increasing number of winding cable layers the moment of re-
sistance forces will increase and can grow closer in size to the moment of 3,8 ANm that
operates in the case of cargo lifting.

Therefore, research work requires not only drive work during a short transitional
regimes, but also the whole technological cycle of cable plant work. Particular attention
should be paid to the size and nature of dynamic loads in the drive at the time of wound
cable transition to a new layer.
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Obtained dependences, together with appropriate software era needed for mathe-
matical modelling of dynamic oscillation processes in drives and justification of choice
of their basic design parameters and safe modes of operation.
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YK 621.86.065 Ilpogh. €.M. JIromuit 0-p mexu. nayk; acucm. B.B. bapunsak,
Kano. mexu. Hayk; ooy. O.M. Yooeuywvkuit, kano. mexu. nayk — HJIITY Ykpainu

Oco001MBOCTI PO3paxXyHKY 3MiHHUX TEXHOJIOTIYHUX HABAHTAKEHb, 1110 Ail0Th HA
NMPUBOIU MiABICHUX KAHATHHUX JIiICOTPAHCIIOPTHUX YCTAHOBOK

Y I0CKOHAJICHO TEOPETUYHI METOJIM PO3PAXYHKY TEXHOJIOTIYHUX 3YCHUJIb y MPUBOJAX KAHATHUX
JICOTPAHCTIOPTHUX YCTAHOBOK 13 BPaxXyBaHHSAM TPHUBAJIOCTI €TalliB TEXHOJIOTIYHOTO MUKy pOOOTH yC-
TAHOBKH, 0araTonrapoBOro HaMOTYBaHHsI KaHATiB Ha MPUBO/HI OapabaHu, 3yCHIIIS HATATY, 110 3MiHIO-
€THCS 1 3AJICKUTH BiJl PSKUMY POOOTH KaHATHOI YCTAHOBKH Ta €KCIUTyaTaIlliHUX TTapaMeTpiB.

Knwuosi cnosa: mpuBoja KaHATHOT JICOTPAHCIOPTHOI YCTAHOBKH, TEXHOJIOT1UHI HaBaHTa)KEH-
HsI, TATOBO-BAHTAXXOMIIiIHMAbHUIN KaHAT, CHJIAa HATATY KaHaTY.

UDC 674 Assoc. prof. S.V. Gayda — UNFU

MODELING PROPERTIES OF BLOCKBOARDS MADE OF POST-
CONSUMER WOOD ON THE BASIS OF THE FINITE ELEMENT METHOD

An approach has been proposed to predict properties of blockboards made of Post-consumer
wood by using the finite element method. A model of physical and mechanical properties of PCW
strips has been proposed using finite-element analysis of blockboards based on cylindrical coordinate
system of the anisotropy of constant elasticity. Substantiation of new design of PCW-made blockboard
which is based on the use of the system of finite element analysis allows to identify the shortcomings
of these products at the conceptual stage of the project and correct them before fabrication according to
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the given engineering specifications. The proposed optimal pattern of layout of annual layers in adja-
cent strips of PCW-made blockboards, which provides improved shape stability (reduced warpage) of
the design while reducing stress arising from the increasing moisture content of the product in the pro-
cess of operation. Mathematical models that predict (describe) the strength and shape stability of
PCW-made blockboards have been proposed. The developed model can be applied to study and opti-
mize new designs of blockboard in terms of strength and deformability.

Keywords: wood, post-consumer wood (PCW), blockboard (BB), shape stability, strength,
mathematical models, modeling properties, predicting properties, finite element method (FEM).

Problem formulation. The use of post-consumer wood (PCW) under current
conditions for the material recycling is particularly relevant today [12-31]. As the re-
sources of primary wood in Ukraine are limited, the integrated use of secondary re-
sources solves two problems: the problem of virgin raw materials and the problem of
waste wood, which is wood after consumption — used wood [15-21]. Thus, it becomes
urgent to substitute the primary wood for PCW with appropriate characteristics, in par-
ticular in the manufacture of particleboard (PB) [16, 17, 19, 20, 27, 28] and of block-
boards (BB) [15, 22, 25, 30].

To ensure the quality of PCW-made blockboards in the form of new structures, it
is necessary to consider the physical and mechanical properties of PCW blanks and their
stress-strain state [4-7, 10, 31]. Strength, reliability, shape stability and durability of
PCW-made blockboards is strongly dependent on the correct dimensioning of strips,
laying of strips in cores, types of facing [8, 9, 24].

Today, a great variety of methods are widely used to assess the strength of prod-
ucts. Due to the development of information technologies in the research field, model-
ing of manufacturing processes has gained wide-spread acceptance. It has become pos-
sible to predict the stress-strain state of structures by using, above all, the finite element
method (FEM) [7, 8, 10]. All this enables the development and implementation of new
and effective methods of calculation and optimization of study objects, in particular
PCW-made blockboards. The study on the strength and shape stability of PCW-made
blockboards, based on the modeling of their deformation during shrinkage and swelling
with consideration for anisotropy of wood, is of great practical interest and belongs to
the priority direction of research activities at the UNFU [10-31].

The purpose of the study is prediction of the properties (strength and shape sta-
bility) of PCW-made blockboards by using the developed mathematical models.

The goal of the study is to increase the efficiency and quality of new PCW-made
constructions of blockboard by structural analysis based on the numerical methods of
calculation of stress-strain state and by reducing costs in the preparation of PCW to use.

The practical importance of the study — improving the shape stability of PCW-
made blockboards based on the modeling of their deformation during drying and swell-
ing, taking into account the anisotropy of the wooden strips.

Hypothesis of the study — modeling of manufacturing processes during recycling
of PCW into a high quality blockboard.

Innovation of the study — description of the stress-strain state of PCW-made BB
using the method of linear elements, which enables the development and introduction of
new and efficient methods of calculation and optimization of design objects.

The objectives of the study:

e to propose new designs of PCW-made blockboards and their analysis;
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e to develop an optimal pattern of arrangement of annual rings in adjacent strips in
PCW-made blockboards for reducing the waviness of the design while reducing the
stresses that can occur during wetting of the wood in the process of operation.

eto develop mathematical models for predicting the properties of PCW-made
blockboards;

e to develop a practical method of calculating the blockboard, which will take into
account the peculiarities of physical and mechanical properties of PCW.

e to propose, on the basis of the finite element method and the integral CAD/CAE-
systems, a model describing the properties of strips of PCW as the components of the
blockboard.

PCW-made blockboard design. Variously designed blockboards were used to
conduct a detailed study of the effects of PCW physical and mechanical properties on
BB shape stability. The PCW-made BB constructions involved the use of softwood
strips or strips cut out from wood particle board sandwiched between plywood or wood
fiberboard. Blockboards were also made of primary wood to compare the results ob-
tained. All the blockboards were fabricated 22 mm in thickness in accordance with the
DIN 68705-2:2014-10 [11] and GOST 13715:1978 [2].

The width of the strips amounted to 20, 40, 60 mm, while their thickness after
double-surface planing was 14 mm. Accordingly, the thickness of face decks that are
glued on either side of the blockboard was 44 mm each. The sizes in the blockboards
used for shape stability studies made up 450x450%x22 mm. PCW-made blockboards of
various constructions are presented in Fig. 1, Fig. 2 and Fig. 3.

~ 1- PCW(WPB)-made
N W BB, faced with WFB

o RIS LIK SRR 2 _ PCW(WPB)'made and
~ h\\\\\ \ \ \ \ \ \ \ PCW(solid wood)-made
RIS BB, faced with WFB

3 - PCW(solid wood)-made
\ \ BB, faced with plywood

“

IS YYINmi
N NS

L 1 ] ] 11

4 - Primary wood-made
\ \ 40— 1" BB taced with plywood
5 - PCW(WPB)-made and
// ) / ) ) ) J J } J } / ) J PCW(solid wood)-made
BB, faced with plywood
Fig. 1. Combined PCW-made blockboards with strips 40 mm wide.

To ensure shape stability of PCW-made blockboards which operate under condi-
tions of varying humidity, it is desirable to apply the 1:3 aspect ratio in the cross-section
of strips, while annual rings angle in the ends of the strips shall not be less than 60°. A
mathematical dependence has been first proposed which adequately describes the pre-
diction between shape stability of combined blockboards and the width of various
PCW-made strips. To ensure shape stability of PCW-made blockboards which operate
under conditions of varying humidity, it is desirable to apply the 1:3 aspect ratio in the

cross-section of strips, while annual rings angle in the ends of the strips shall not be less
than 60° (Fig. 4).
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Fig. 2. Combined PCW-made blockboards with strips 20, 40, 60 mm wide.
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Fig. 3. Combined PCW-made blockboards with different width strips
(PCW(WPB)-made and PCW(solid wood)-made BB, faced with plywood)
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Fig. 4. PCW-made blockboards with equally width strips
(to apply the 1:3 aspect ratio in the cross-section of strips,
while annual rings angle in the ends of the strips shall not be less than 60°)

The modeling technique. The methods of predicting the properties of block-
boards, which consist of glued strips (rods) made of PCW, is based on modeling the
stress-strain state of the product which occurs during the wood swelling when the hu-
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midity increases. The computer systems of the finite-element analysis allow for taking
into account the anisotropy of physical and mechanical properties of PCW, as well as its
characteristics during changes in humidity.

A great contribution to the study of the anisotropy of elastic and strength proper-
ties of wood was made by E.K. Ashkenazi [1]. For wood products, depending on the
shape, size and orientation in cross-section, it is possible to use the following types of
calculation patterns of anisotropy: orthogonal, cylindrical, rectangular or transversal.
Since wood is considered to be a body with a strongly pronounced cylindrical anisotro-
py of physical and mechanical properties, the structural characteristics of wood are not-
ed for explicitly marked differences in elastic properties in different directions. The ap-
plication of these patterns of cylindrical anisotropy for solving problems of mechanics
of deformed solids to calculate the PCW-made blockboard is important from a practical
point of view when it is impossible to neglect the curvature of annual rings, that is, in
the examination for shape stability of PCW-made blockboards and strips of PCW dur-
ing the swelling and shrinkage.

Using Hooke's law, elastic anisotropy of wood can be described using the theory
of elasticity for anisotropic body. Wood has a linear relationship between strain € and
stress o, in particular for short-term loads.

In the blockboard which contains PW strips with pronounced anisotropy, the flex-
ibility matrix [B], connecting the six components of the stress with components of the
strain, contains no more than 21 independent variable.

Normally, the PCW strips which are in the blockboard core can have an initial
strain due to temperature or humidity. Let {&,} denote this strain , then the stress will be
determined by the difference between the current and initial deformations.

In addition, the PCW strips which are in the blockboard core can have initial
stresses {Go}. Thus, under the assumption of elastic behavior of PCW strips, the ratio
between stresses and strains will be linear:

{0} =[B]({&} - {&0}) * {00}, or {&} =[B]({o} - {c0}) + {&}. (1)
where: [B] is the matrix of flexibility (elasticity), which contains characteristics of PCW
strips; {€} is the strain of the strips; o is the stress of the strips; oo, € are the initial
stress or deformation of PCW strips that are associated with moisture content.

The general view of the matrix [B] with the use of usual elastic constants — the
elastic modulus E and Poisson’s ratio v — takes the form:

T X v 0 0 0
1-v 1-v
1-v 1-v

o) TK— TK— 1 0 0 0

—v -v l-v
[B]= — "~ 12y 2)
(I+v)(1-2v) 0 0 0 0 0
2(1-v)
0 0 0 0 1-2v 0
2(1-v)
0 0 0 0 0 1-2v
i 2(1-v)
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Flexibility matrix for wood which has three planes of elastic symmetry, size 6 x
6, takes the form:

L - ﬂtr B ﬂar 0 0 0
—H, L —Ha 0 0 0
_llgum _ZI;um EL 0 0 0
ml=| S B R G)
0 0 0 — 0 0
Grt
1
0 0 0 0O — 0
Gm

1

0 0 0 0 0o —

where: E is the elasticity modulus of PCW; u is the coefficient of transverse defor-
mation (GOST 16483.29-73) [3]; G is the shear modulus (GOST 16483.30-73) [4].

To denote the transverse strain p with different directions of compression relative
to the annual rings and fibers, #4 will have two indexes: the first one indicates the direc-
tion of transverse strain, and the second one shows the direction of compression that is
causing the transverse strain. The direction along the grain is denoted by the index a, the
direction across the grain in radial direction — by the index r, and in the tangential direc-
tion - by the index ¢.

For the coefficients of transverse strain g, the following notations are used:

® L. ; Ll are the coefficients of the transverse strain in the radial and tangential di-
rections during compression along the grain;

® |, ; Ly are the coefficients of transverse strain along the grain and in the tangen-
tial direction when compressed in the radial direction;

® L ; Uy are the coefficients of the transverse strain along the grain and in the radial
direction when compressed in tangential direction.

For the shear moduli G, the following designations are used:

e Gy, is the shear modulus in the radial plane of the section under compression at an
angle of 45° to this plane and the direction of the grain;

e Gy, is the shear modulus in the tangential plane of the section under compression
at an angle of 45° to this plane and the direction of the grain;

e Gy is the shear modulus in the radial or tangental plane under compression at an
angle of 45° to these planes.

For orthotropic strips of blockboards (with the small cross section or volume of
wood), of 12 elastic constants, which are included in the flexibility matrix [B], only 9
are independent because the following conditions are always true:

Fra _ Har . Ha _ Pa . He _ Hy (4)
For transversely isotropic strips of blockboards (with the large cross-section or
volume of wood), of 12 elastic constants, which are included in the flexibility matrix

[B], only 5 are independent because always true are the following four conditions:
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The presented patterns of the orthogonal and transversal anisotropy of mechanical
properties of PCW strips can be implemented in CAD/CAE-systems. During the calcu-
lation of properties of blockboards, you must select a three-dimensional orthotropic el-
ement (strip) and specify its mechanical properties in three directions.

The initial strain €y or the stress oy for PCW strips, that are associated with hu-
midity, in matrix representation can be written in the form:

{80} :(W'Wo) [kr;kt;ka;O;O;O]:
or {oo} =(W-Wy) [k ; ks ka3 050 ;0] (6)
where : W, W, are final and initial moisture of PCW strips ; k; ; k; ; k, are the coeffi-
cients of shrinkage (swelling) in the radial, tangential and longitudinal direction, respec-
tively.

It is found that for structures with PCW-made blockboard, it is possible to use or-
thogonal, rectangular or transversal patters of anisotropy depending on the size of the
blockboard and the orientation of the fibers in the strips. A model of physical and me-
chanical properties of PCW strips has been proposed using finite-element analysis of
blockboards based on cylindrical coordinate system of the anisotropy of constant elas-
ticity. It is established that the practical use of cylindrical anisotropy pattern to solve
problems in mechanics of deformed solids to calculate the PCW-made blockboard is
advisable when it is impossible to neglect the curvature of annual rings, that is, in the
analysis of shape stability of blockboards and strips made of PCW when swelling and
shrinkage occur.

Mathematical models for predicting properties. Provision of a rationale for the
prediction of properties of PCW-made blockboards is based on the following reasoning:

¢ Physical and mechanical properties of PCW-made blockboards depend on the
PCW characteristics, in particular, moisture and cross-breaking strength of the strips.

e Physical and mechanical properties of PCW-made blockboards depend on the
type of strips, in particular, strips of solid wood (monolithic or jointed) and strips made
of chipboard.

e There is a close correlation between the width of the strips and the species and the
cross-breaking strength of the blockboard strips.

e The cross-breaking strength of the strips depends on the pattern of stacking of
strips in the blockboard’s core.The shear strength on the glueline region depends on the
type of facing material. The cross-breaking strength of the strips depends on the type of
facing material and the glue spread for jointing the strips together.

e There is a close correlation between the width and the types of the strips and the
shape stability. The shape stability depends on the grain angle in the strips.Bonding of
strips in the blockboard increases strength but decreases shape stability;

¢ The facing layer on each side of the blockboard should be more than 3 mm thick.

e The greater the width of the strips made of particleboard (PB) in comparison with
the width of the strips of solid wood, the higher the shape stability, but less strength.

To predict the properties of PCW-made blockboards, it is necessary that all com-
ponents that affect the indicators of the quality of the obtained blockboards should be
taken into consideration (Table 1).
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Table 1. Indicators and parameters of PCW-made blockboard

Parameter Designation Units of measurement
Width of strips a mm
Thickness of strips h mm
Width/thickness ratio Ksize (Ks) a’h —
Grain angle in strips o degrees
Coefficient of grain angle K, 90/a.
Cross-bending strength, PCW (solid) GPCW(solid) MPa
Cross-bending strength, PCW (particleboard) GPCW(pb) MPa
Ultimate cross-breaking strength, species Ospecies MPa
Ultimate cross-breaking strength, particleboard OPB MPa
Coefficient for PCW species Kspecies -
Coefficient for the type of particleboard Krs —
Moisture content in PCW (solid) Wpecew %
Moisture content in PCW (particleboard) Wpes %
PCW age N years
Facing material: plywood, WFB Mk —
PCW-made blockboard design BBcomm; BBcomb

Dependence functions of PCW-made blockboard properties on input components:
a) cross-breaking strength of strips: for common PCW-made blockboards

Gcomm = f (Opcwsolid); Ks; Ka; Kspecies; Wrpew; N; Mr); (7)
e for combined PCW-made blockboards
Gcomb = T (GPcW(solid); OPcw(PB) » Ks; Ko Kspecies; kp; Weew; Wes; N; Mr); (8)
b) shape stability: for common PCW-made blockboards

comm = f (GPCW(solid); Ks; Ko; kspecies; Wrew; MF), (9)
e for combined PCW-made blockboards
Scomb = f (Gpcwisolid); orcwB); Ks; Ka; Kspecies; kpe; Wrew; Wes; ME). (10)

Taking into account the results of theoretical studies and results of long-term experi-
mental studies and the nature of their trends, the mathematical logarithmic dependences (ap-
proximated functions of the research results) have been proposed to predict the characteristics
of PCW-made blockboards. Mathematical dependences have the form:

a) to predict the strength of PCW-made blockboards (ogs)

O = A-K,, +B-log, (C-0}ly (11)

where: A, B, C are approximation coefficients, which depend on the blockboard design, the
properties of PCW strips,type of facing and moisture content; K, is the coefficient which takes
into account the grain angle : K, = 90/a; Ks is the ratio of the width to the thickness of the
strips : Ks = a/h; opcw'” is and the strength of PCW strips.

b) to predict the shape stability of PCW-made blockboard (Sgg)

Spg=A4-K, +B‘10g1<S (C'S%W (12)

where: A, B, C are approximation coefficients which depend on the blockboard design, the
properties of PCW strips, the stress-strain state of PCW strips, type of facing and moisture
content; K is the coefficient which takes into account the grain angle: Ko = 90/a; K is the ra-
tio of width to thickness of strips : Ks = a/h; Spcw!” is and the shape stability of the PCW strips.
Mathematical models that predict (describe) the strength and shape stability of PCW-made
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blockboards have been proposed. The developed model can be applied to study and optimize
new designs of blockboard in terms of strength and deformability.

Conclusions. An approach has been proposed to predict properties of blockboards made of
Post-consumer wood by using the finite element method. It is found that for structures with PCW-
made blockboard, it is possible to use orthogonal, rectangular or transversal patters of anisotropy de-
pending on the size of the blockboard and the orientation of the fibers in the strips.A model of physical
and mechanical properties of PCW strips has been proposed using finite-element analysis of block-
boards based on cylindrical coordinate system of the anisotropy of constant elasticity.It is established
that the practical use of cylindrical anisotropy pattern to solve problems in mechanics of deformed sol-
ids to calculate the PCW-made blockboard is advisable when it is impossible to neglect the curvature
of annual rings, that is, in the analysis of shape stability of blockboards and strips made of PCW when
swelling and shrinkage occur.The applied methods of calculation of PCW-made blockboards have
been developed that take into account the peculiarities of anisotropy of physical and mechanical char-
acteristics of strips subject to shrinkage and swelling with changing temperature and humidity condi-
tions of the environment.Substantiation of new design of PCW-made blockboard which is based on the
use of the system of finite element analysis allows to identify the shortcomings of these products at the
conceptual stage of the project and correct them before fabrication according to the given engineering
specifications. The proposed optimal pattern of layout of annual layers in adjacent strips of PCW-made
blockboards, which provides improved shape stability (reduced warpage) of the design while reducing
stress arising from the increasing moisture content of the product in the process of operation. Mathe-
matical models that predict (describe) the strength and shape stability of PCW-made blockboards have
been proposed.The developed model can be applied to study and optimize new designs of blockboard
in terms of strength and deformability.To ensure shape stability of PCW-made blockboards which oper-
ate under conditions of varying humidity, it is desirable to apply the 1:3 aspect ratio in the cross-section
of strips, while annual rings angle in the ends of the strips shall not be less than 60°.A mathematical de-
pendence has been first proposed which adequately describes the prediction between shape stability of
combined blockboards and the width of various PCW-made strips.
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YK 674 Mou. C.B. I'anioa, kano. mexn. nayx — HJIITY Ykpainu

Moae/ir0BaHHS BJIACTUBOCTEH CTOJSAPHUX IUITHT
i3 BJKUBAHOI IePeBMHU HA OCHOBI MeTOy KiHIIeBUX €JIEMEHTIB

3arponoHOBaHO MiAXi MPOTHO3YBAaHHS BIACTUBOCTEH CTOJIIPHMUX IUIUT 13 B)KUBAHOI IEPEBUHU
Ha OCHOBI METOJy KiHIIEBHX €JIEMEHTIB. 3’scoBaHO, 0 B KoHCTpYKIisax CII i3 BXX]] moxxHa npumnucy-
BaTH OPTOTOHAJBHY, [IMJIIHAPUYHY 200 TPaHCBEPCAIbHY PO3PAXYHKOBY CXEMY aHi30TpPOIIii B 3aJI€KHO-
cti Bixg po3mipiB CII Ta opieHTaIlii BOJOKOH B peiKax. 3ampornoHOBAaHO MOJIETb (Pi3UKO-MEXaHIYHUX
BiactuBoctel perok i3 BXX/] mpu kxinneBo-enementHoMy anamizi CII Ha OCHOBI HMJIIHIPUYHOI CUCTE-
MU KOOPJAHMHAT aHI30TPOIii MOCTIHHUX MPYX)HOCTI. BCcTaHOBIEHO, 110 MPAKTHYHE BUKOPUCTAHHS CXE-
MU WTIHIPUYHOT aHI30TPOITIT i/l Yac BUPIMICHHS 33724 MEXaHIKU TBEPOTO 1e(hOpPMOBAHOTO TiNla AJIst
po3paxynky CII 13 BXK]] gomisbHO, KOM HE MOKIIMBO 3HEXTYBAaTH KPHUBHU3HOIO PIYHHX IapiB, TOOTO
npu aHanizi popmoctiiikocti CII ta petiok 3 BXK/] npu po3Oyxansi i ycyuii. Po3poGieno npuxiaana
Meroanka pospaxyHky CII i3 BX]JI, mo mo3Bomsie BpaxyBaTH OCOOJMBOCTI aHi3oTpormii (i3uko-
MEXaHIYHHUX XapaKTEPUCTHK PEHOK 3 ypaXyBaHHIM YCYIIKH 1 po30yXaHHS iX MPH 3MiHI TEMIIepaTypHO-
BOJIOTICHUX yMOB JMOBKULIsA. OO0rpyHTYBaHHsS HOBUX KOHCTpYKIiK CII i3 BX]I, sike 6a3zyeThcs HA BU-
KOPHCTAaHHI CHCTEM KiHIIEBO-EIEMEHTHOTO aHai3y, I03BOJISIE BUSBUTH HEAONIKM JaHUX BUPOOIB Ha
KOHIICTITYaJIbHIM CTa/ii MPOEKTY 1 BUIPABUTH iX 10 MOYATKY BUTOTOBIICHHS 3 YpaxyBaHHSIM 3aJaHUX
TEXHIYHUX YMOB. 3alpOIIOHOBAHO ONTHMAJIbHY CXEMY KOMIIOHYBaHHS PIYHUX IIAPiB B CYMDKHUX peii-
kax CII i3 BX]I, sxa 3a0e3neuye mokpamieHHs: OPMOCTIMKOCTI (3HMKEHHS JK0JI00JEHOCT1) KOHCTPY-
KLii TPy 0IHOYAaCHOMY 3MEHILECHHI HANpPy>XeHb, 1110 BUHUKAIOTh MPU 301JIBIIEHH] BOJIOTOCTI BUPOOY B
mporieci ekcruryaTaiii. 3anmponoHOBaHO MaTEMaTHYHI MOJIENI, SKi MPOTHO3YIOTh (OMHUCYIOTh) MIIHICTh
ta ¢popmocrtiiikicts CII i3 BXK]I. Po3poGiena moaens Moxe OyTu 3acTocoBaHa JUIsl TOCTiIKEHHS 1 on-
tumi3zanii CIT HOBUX KOHCTPYKIIii 32 yMOBaMH MIITHOCTI 1 nepopmatuBHOCTi. {15t 3a6e3nedenns ¢op-
Mmoctitikocti CIT 13 BXK]I, siki ekcrmyaTyloThCcsi B yMOBaxX 3MIHHOT BOJIOTOCTI, OakaHO 3aCTOCOBYBATH
CHIBBIIHOIIEHHS CTOPiH y MONEpEeYyHOMY Mepepi3i peiok 1:3, a KyT Haxwily piuHUX IIapiB B TOPII
periok moBuHeH Oyt He MeHme 60°. Briepie 3anpornoHoOBaHO MaTeMAaTHYHY 3aJICKHICTb, 0 aJeKBa-
THO onucye popmocTiiikicTs komOiHOBaHuX CII Bix mmpuHM pizHUX peitok 13 BXK/I.

Kiio4oBi cjioBa: nepeBrHa, BXKUBaHA JEPEBUHA, CTOJSIPHA TIUTA, (POPMOCTIHKICTD, MIITHICTB,
MaTeMaTHYHI MOJIENi, MOJICTIOBAaHHS BJIACTHBOCTEH, MPOTHO3YBAHHS BIACTMBOCTEW, METOJ KiHIEBUX
enementiB (MKE).

Assist. prof. Roman Shchupakivskyy, PhD — UNFU
(roman.shchupakivskyy@nltu.edu.ua);

assoc. prof. Andreja Kutnar, PhD — University of Primorska, Slovenia
(andreja.kutnar@upr.si)

UNDERSTANDING WOOD MODIFICATION THROUGH AN INTEGRATED
SCIENTIFIC AND ENVIRONMENTAL IMPACT APPROACH
(IN THE FRAMEWORK OF COST ACTION FP1407)

About. The COST Action FP1407 “Understanding wood modification through an integrated
scientific and environmental impact approach” started in March 2015 and will last until April 2019.
The main aim of the Action is to characterize the relationship between modification processing,
product properties, and the associated environmental impacts. This includes the development and
optimization of modified processing and quantification of the impacts of emerging treatment
technologies compared to traditional processing and alternative materials to maximize sustainability
and minimize environmental impacts. The Action provides the critical mass of Europe-wide
knowledge needed to achieve the future developments in the wood modification processing with
integrating assessment of process parameters, developed product properties, and environmental
impacts.

Members. The Action has members from 96 institutions (R&D and industry)
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coming from 24 European countries, 3 COST Near Neighbor Countries (Ukraine,
Albania, and Tunisia) and 5 COST international partner countries (USA, Canada, New
Zealand, South Africa, and Chile).

Key areas of the Action FP1407. Wood Modification & Product Category Rules:
Development of product category rules for modified wood based on the scientific and
industrial state-of-the-art of commercialized and developing modified wood products
and technologies. For details contact Dick Sandberg (SE):dick.sandberg@ltu.se

Environmental Impact Assessment & Life Cycle Assessments: Objective
environmental impact assessments of commercial modification processes and
incorporation of environmental impact assessments into wood modification processing
and product development, including recycling and upgrading at the end of service life.
For  details contact  ChristelleGanne-Chedeville  (CH):  christelle.ganne-
chedeville@bfh.ch.  Environmental Products Declarations: Development of
environmental product declarations of modified wood and harmonization of various
national EPDs in the field of wood modification. For details contact Callum Hill (UK):
enquiries@)jchindustrial.co.uk

Communication & Knowledge Transfer:Dissemination, evaluation, and
exploitation of the Action’s results together with establishing a strong network with the
relevant industrial stakeholders. For details contact Edo Kegel (NZ): edo@edokegel.nl

Networking Tools of the Action FP1407. Scientific conferences, scientific and
professional workshops, training schools, short term scientific missions.

To learn more about the Action FPI407. Visit web page:
http://costfp1407.iam.upr.si/en/; Follow us on Twitter, LinkedIn and like us on Face-
book. Get in touch: fp1407@iam.upr.sior roman.shchupakivskyy@nltu.edu.ua

Sidebar: Cooperation in Science and Technology, COST.

COST 1is the longest-running European framework supporting transnational
cooperation among researchers, engineers and scholars across Europe. Based on a
European intergovernmental framework for cooperation in science and technology,
COST has been contributing since its creation in 1971 to closing the gap between
science, policy makers and society throughout Europe and beyond. COST funds pan-
European, bottom-up networks of scientists and researchers across all science and
technology fields. These networks, called COST Actions, promote international
coordination of nationally-funded research.

Acucm. P.b. Il]ynaxiecvkuii, kano. mexu. Hayk —— HJIITY Ykpainu;
oou. Anopesa Kymmnap, kano. mexu. nayk — Illpumopcovkuii ynieepcumem, Cnoeenis

Tepmiune MoandikyBaHHA 1epeBUHN: OCHOBHI 3aCaJd B KOHTEKCTi iHTerpajJbHUX
HAYKOBO-eKO0JIOTYHMX acnekTiB (B pamkax npoekty COST Action FP1407)

OcHOBHa MeTa MPOEKTY — BCTAHOBJICHHSI 3aKOHOMIPHOCTEH MiX MpollecCaMi TEPMIYHOTO MO-
TUQiKyBaHHS JEPEBUHH, BIACTUBOCTSIMU OTPUMAHHUX MPOAYKTIB, @ TAKOXK TOB'SI3aHUX 3 HUMH BIUIUBIB
Ha HaBKOJIMIIIHE cepenosuine. [IpoekT nepeadadae onTUMI3aIliio iICHYIOUHX MPOIECiB MOAU(DIKyBaHHS,
OLIIHKY KiJIbKICHOTO BIUIMBY HOBUX TE€XHOJIOTiH TepMiuHOTO 0OpOOIEHHS B MOPIBHIHHI 3 TPaIULIIHOIO
00pOOKOI0 1 aTbTEpHATUBHUX MaTEPialliB 3 METO0 MAaKCUMaJIbHOTO 301IBIICHHS CTIMKOCTI 1 3BEJCHHS
710 MiHIMYMY BIUIMBY Ha HaBKOJIUIIIHE CEPEIOBHILE.

KoaiouoBsi ciioBa: TepmiuHe MonuQiKyBaHHS JEPEBUHH, IPUHIUIN KaCKaHOTO KOPUCTYBAaHHS,
OLIIHKA HUTTEBOTO UKy, BIACTUBOCTI MaTepialliB, EKOJOTIYHUN BIUIUB.
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FORESTRY // JICOBE 'OCIHOJAPCTBO
UDC 630*174.754 Doctoral candidate M.M. Lisovyy, PhD in Agr. Sciences

VEGETATIVE PROPAGATION OF TAXUS BACCATA L. CULTIVARS
'FASTIGIATA' AND 'AUREA'

Abstract. Analyzed were a number of literature sources related to the research theme.
Presented are the results of experimental studies on propagation by cuttings and microcloning of
two cultivars of Taxus baccata L.: (1) 'Fastigiata' and (2) 'Aurea’. The main aspects of in vitro
propagation of the plants under study have been described: decontamination of the explants, the
composition of nutrient media for initiation, multiplication and rooting; the substrate for adaptation
of regenerated plants to soil conditions. The results obtained have been generalized and analyzed.

Key words: Taxus baccata L., 'Fastigiata', 'Aurea’, propagation by cuttings, microcloning,
explant, sterilization, initiation, multiplication, nutrient medium.

Introduction. Common yew (Taxus baccata L.) is a relict species of the
Mesozoic era which is listed in the Red book of Ukraine having a nature-conservation
status of "vulnerable" [7]. However, the study species is sufficiently resistant under
conditions of the urbanized environment and has many ornamental cultivars (forms),
which makes it a valuable species for greening of human settlements [3]. The objective
of this study was to improve the technology of vegetative propagation of the study
cultivars of yew by vegetative means (cuttings and microcloning), since this ensures the
reproduction of plants genetically identical to the parent organism.

At present, there are a number of scientific works that are concerned with
vegetative propagation of Taxus baccata L.: Filonova, G.L. (1999); Usoltseva, A.G.
(2009); Z. Abbasin (2010) etc. [2, 4-6,]. However, the above mentioned works deal with
breeding standard forms of yew only, and not its ornamental cultivars.

Materials and methods. In our studies, cultivars of yew such as 'Fastigiata' and
'Aurea,' which are most often used in landscaping, were used as the parent tree.

The propagation by cuttings was carried out in two periods: in spring (March) and
in summer (June) according to the conventional methods [3]. To accelerate rooting, the
following plant growth regulators of different concentrations were used: naphthylacetic
acid (NAA) and the Kornevin product.

The studies on microclonal reproduction were conducted in the laboratory of
plant tissue culture at the Department of forest cultures and forest breeding, UNFU, by
conventional biotechnological methods in the following sequence: selection of a plant
donor; procurement of explants; decontamination of the plant material; initiation; multi-
plication; rhisogenesis and adaptation of the clones to the conditions in vivo [1, 6].

The decontamination of the explants was performed with the following reagents
of various concentrations and duration of treatment: flowing water (H,O) with detergent
(8-24 hours), H,O; (3-9 %; 5-15 seconds), C;HsOH (50-96 %; 10-30 seconds), NaClO
(10-30 %; 3-7 minutes), AgNO; (0.1 to 0.3 %; 5-15 minutes). After each chemical
agent, the explants were washed three times in sterile distilled water. The initiation was
carried out in the following modified nutrient media: MS (Murashige and Skoog medi-
um), RW (Risser and White medium), and LM (Litvay medium) (Table. 1).

Multiplication and rooting of the initiated regenerated plants were carried out in
the same nutrient media. For the phase of the rhisogenesis, the amount of mineral salts
was reduced by half.
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Table 1. Modifications of nutrient media for explants initiation

Experiment ) Applied phytohormones, mg/1

\I/)ariant Medium 24D PEEEC Y NAA BAP
1 - 0.1 0.1
2 MS 0.2 - 0.1
3 0.2 0.1 -
4 - 0.1 0.1
5 0.2 - 0.1
6 RW 0.2 0.1 -
7 - 0.1 0.1
8 LM 0.2 - 0.1
9 0.2 0.1 -

The results of studies. Propagation by cuttings. When applying treatment to
spring cuttings of T. baccata L.'Fastigiata', the best results are achieved by using the
plant growth regulator Kornevin, which provided a 73% rooting. The cuttings treated
with water were the worst to root - only 3 %. Similar results were obtained for T.
baccata L.'Aurea’ — 60 % when using Kornevin, and 13 % when treated with water
(Table 2).The propagation of yew and all of its morphological forms by green cuttings
shows a low percentage of rooting with the use of all plant growth regulators.

Table 2. The results of propagation by cuttings for the cultivars under study

. . NAA, mg/l Kornevin Water
Species,morphological form 30 | 50 ‘ 90 0.01 % :
Survival rate,%
Spring propagation
T. baccata L. 'Fastigiata' 60 63 60 73 3
T. baccata L. 'Aurea’ 40 53 50 60 13
Summer propagation
T. baccata L. 'Fastigiata' 40 47 33 50 0
T. baccata L. 'Aurea’ 30 37 33 43 3

Microcloning. The highest number of sterile explants (97 %) was obtained by the
following scheme of decontamination, which implies their sequential treatment by the
following reagents: flowing water with detergent (24 hours); a 6 % H,0O, (15 minutes); a
70 % C,HsOH (30 seconds); a 20 % NaClO (7 min.); and a 0.2 % AgNO; (15 min.).

The highest percentage of initiated explants of the study ornamental forms of yew
was observed in two types of nutrient media: LM and MS modified by phytohormones
2.4-D (0.2 mg/l) + BAP (0.1 mg/l) (Table. 3). Part of the explants had been actively ac-
cumulating phytomass up to the 20-25th day of cultivating, after which there was inhi-
bition and, in some cases, cessation of their growth. The other part had been rapidly
growing up to the 40-45th day and exceeded the linear size of the first ones almost two
times (Figs. 1, 2).

Table. 3.The results of initiation for the investigated forms of yew

The form under inves- The amount of initiated ex- The amount of initiated ex-
No. tigation plants on the 25th day,% plants on the 45th day, %
LM MS LM MS
1 'Fastigiata' 78 80 76 68
2 'Aurea’ 82 76 82 72
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The obtained results show that the intensity of the clone initiation for plants under
study was the highest when the nutrient medium LM was used.

I

Fig. 1. Initiation of explant Fig. 2. Initiation of explant
(the 25th day) (the 45th day)
Modifications of nutrient media for multiplication of explants and the results ob-

tained are shown in Table 4.

Table 4. The results of multiplication for the investigated forms of yew

. Phytohormones Multiplication indexes
No, | Nutrient me- 'Fastigiata' 'Aurea’
dium 2.4-D, mg/l BAP, mg/l | NAA,mg/l R.% | n.pes. | R.% | n, pes.
1 0.2 0.1 - 50 1.1 44 1.0
2 0.2 - 0.5 48 1.0 48 1.3
3 M - 0.1 0.5 54 1.2 50 1.3
4 0.2 0.1 0.5 72 2.2 80 1.3
5 0.2 0.1 - 28 1.0 32 1.0
6 MS 0.2 - 0.5 30 1.1 36 1.1
7 - 0.1 0.5 40 1.0 42 1.0
8 0.2 0.1 0.5 38 1.2 56 1.6

Note: R is the number of explants that formed microshoots; n - average number
of micro- shoots formed per explant

The highest percentage of explants that formed shoots was observed in the L M
nutrient medium modified by the following phytohormones: 2.4-D (0.2 mg/1), BAP (0.1
mg/l) and NAA (0.5 mg/l). The number of newly formed shoots in this variant of the
experiment was also the highest: 'Fastigiata' — 2.2 pcs and the form 'Aurea’ — 2.3 pcs. On
analyzing the obtained results, we can conclude that the NAA growth regulator is nec-
essary for multiplication of ornamental forms of yew.

Applied modifications of nutrient media for rooting of clones under study and the
results obtained are shown in Table 5.

The best root formation was observed in the nutrient medium 1/2 MS + 2.4-D
(0.2 mg/l) + NAA (0.5 mg/l), where the following results were obtained: 'Fastigiata' —
68% of rooted explants and 3.0 rootlets, 'Aurea’ — 80% of rooted explants and 2.9 root-
lets (Figs. 3, 4).
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Table 5.The results of explants rooting of the investigated forms of yew

) Phytohormones Multiplication indexes
Nutrient me- —
No. dium 2.4-D, mg/l NAA, mg/l 'Fastigiata' 'Aurea’
o ’ W, % n, pcs. W, % n, pcs.
1 0.2 0.5 66 2,2 66 2.0
2 1/2 LM - 0.5 68 1.6 68 1.8
3 0.2 - 50 1.1 44 1.2
4 0.2 0.5 68 3.0 80 1.9
5 1/2 MS - 0.5 66 1.9 70 1.7
6 0.2 - 52 1.5 50 1.4

Note: W is the number of explants that formed rootlets; n is average number of
rootlets formed per explant.

‘ by %
Fig. 3. Rooted clone Fig. 4. The adapted clone

After rooting, the clones obtained were removed from the tubes, washed in sterile
distilled water off residues of the nutrient medium and transplanted in pre-sterilized
substrate (a mixture of soddy soil with sand and peat (1:1:1) and ready-made peat tab-
lets of Jiffy brand). Regardles of the morphological differences of the study species, we
received, on average, 68 % of viable plants in the first variant and 82 % in the case of
using the ready-made peat tablets.

Conclusions. To propagate the ornamental forms of Taxus baccata L. by cut-
tings, it is advisable to use spring cuttings treated with the Kornevin plant growth regu-
lator. Microclonal propagation provides satisfactory results under the following condi-
tions: initiation is advisable to carry out in the nutrient medium LM + 2.4-D (0.2 mg/l)
+ BAP (0.1 mg/l); multiplication — LM + 2.4-D (0.2 mg/l) + BAP (0.1 mg/l) + (0.5
mg/l); rooting — 1/2 MS + 2.4-D (0.2 mg/l) + NAA (0.5 mg/l).
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YK 630*%174.754  Hoxkmopaum M.M. Jlicosuit, kano. c.-2. nayk — HJIITY Ykpainu

BereraTtuBHe po3MHO:KeHHsI KyJbTuBapiB Taxus baccata 1. 'Fastigiata' Ta 'Aurea’

[IpoananizoBaHO HH3KY JITEpaTYpHHUX JDKEpeN, SKi CTOCYIOTbCS TEMAaTUKH JOCHIIKEHb.
[IpencraBneHo pe3yabTaTH MPOBEACHUX EKCIEPUMEHTAIBHUX JOCTIIKCHb MO JKUBIIOBAHHIO Ta
MIKpPOKJIOHYBaHHIO JIBOX KynbTuUBapiB Taxus baccata L.: 'Fastigiata' ta 'Aurea’. OxapakTepu3oBaHO
OCHOBHI €Tany pO3MHOXEHHS METOJIOM i Vitro NOCTII)KYBaHUX POCIIHMH: JEKOHTaMiHAIls €KCTUIAHTIB;
CKJIaJ] KUBHJIBHUX CEPEIOBUII JJIS iHILIAIIT, MYJIbTUILTIKAII] Ta YKOPIHEHHS; CyOCTpaT A ajanTarii
POCIIMH-PETCHEPAHTIB JI0 IPYHTOBUX YMOB. ¥Y3arajibHEHO Ta IPOAHaTi30BaHO OTPUMaHI Pe3yJbTaTH.

Knrouoei cnosa: Taxus baccata L., 'Fastigiata', 'Aurea’; >KMBIFOBaHHSI MIKPOKIIOHYBaHHSI,
€KCIUIaHT, CTEPHJII3allis, 1HIMIaIisA, MyIbTUILTIKALIIS, )KUBUJIBHE CEPEIOBUIIIE.

UDK 630*181.9 Dozent V.V. Lavnyy, Dr., Dr. habil. — UNFU, Lviv

EINFLUSS DER BODENVEGETATION AUF DIE NATURVERJUN-
GUNG DER BAUMARTEN AUF DEN STURMWURFFLACHEN IN DEN UK-
RAINISCHEN KARPATEN

Im Artikel sind Ergebnisse einer Untersuchung prasentiert, die den Einfluss von Artenzusam-
mensetzung, Geschlossenheit und Hohe der Bodenvegetation auf den Prozess der Naturverjlingung
von Baumarten auf 42 Sturmwurfflichen erfassen, die auf den Territorien von 12 Betrieben mit ver-
schiedenen O0kologischen Bedingungen in den Ukrainischen Karpaten liegen. Darin wird festgestellt,
dal3 die groBite Anzahl der Sdmlinge und Jungwuchs von Baumarten bei hoher Geschlossenheit der
Bodenvegetation vorkommt, und zwar beim Wert 1,0 mit 28,3% der gesamten Anzahl vom aufge-
nommenen Sdmlinge und Jungwuchs und beim Wert 0,9 mit 17,1%. Die beste Naturverjiingung von
Baumarten auf den Sturmwurfflachen wurde bei der durchschnittlichen Hohe der Bodenvegetation von
20-60 cm ermittelt.

Schliisselworte: Bodenvegetation, Naturverjiingung von Baumarten, Sturmwurfflachen, Ukra-
inische Karpaten, Waldokologie.

Eine wichtige Besonderheit der Waldokosysteme besteht in ihrer Fahigkeit zur
Selbstverjiingung und Selbstregulation. Eine Schliisselrolle in diesem Prozess spielt die
Naturverjiingung von Baumarten. Aus diesem Grund hat die Untersuchung der Natur-
verjiingung von Waldbestdnden eine grofle praktische und theoretische Bedeutung. Der
Prozess der natiirlichen Verjiingung des Waldes wird von vielen Faktoren beeinflusst,
von denen wir einige bereits in unseren bisherigen Publikationen dargelegt haben [1-5].
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Nachfolgend wollen wir die Auswirkungen der Bodenvegetation auf die Naturver;jiin-
gung von Baumarten auf den Sturmwurfflachen analysieren.

Das Ziel unserer Forschung bestand darin, die Auswirkungen der Hohe,
Geschlossenheit und Artenzusammensetzung der Bodenvegetation auf den Erfolg bei
der Naturverjiingung von Baumarten auf den Sturmwurffldchen in verschiedenen Teilen
der ukrainischen Karpaten zu untersuchen.

Forschungsmethodik. Als Grundlage fiir die Untersuchung von Naturverjiin-
gung der Baumarten auf den Sturmwurfflachen diente die Methode der vergleichenden
Okologie (Vorobyev D.V., 1967; Pogrebnyak P.S., 1968). Der Waldtyp wurde auf
der Grundlage der Forst- und Umwelttypologie von Alekseyev und Pogrebnyak
(1967, 1968) aufgrund von vergleichbaren Merkmalen bestimmt.

Die Naturverjiingung von Baumarten auf den Sturmwurfflichen ermittelten wir
auf der Grundlage eines 2x2 m grof3en, diagonalen Rasters. Die Stufe der Verjlingungs-
erfolge wurde nach Prof. M.M. Horshenin festgestellt (Tab. 1).

Wenn ein gemischter Jungwuchs von verschiedenem Alter vorhanden war, ver-
wendeten wir Uberfiihrungskoeffizienten und bestimmten die Verjiingungserfolge laut
der Gruppe von 4-7 Jahren.

Die Koeffizienten betragen:

e fiir einjdhrige Sdmlinge — 0,15;
e fiir 2-3 jihrige Jungwuchs — 0,6,
e fiir Jungwuchs von 8 und mehr Jahre — 1,5.

Fiir jede Probefldache erfassten wir die Hohe iiber dem Meeresspiegel, die Nei-
gung und Exposition des Hanges, das Jahr des Windwurfs, die Grof3e der Sturmwurffla-
che und den Waldtyp. AuBlerdem charakterisierten wir die benachbarten Besténde.

Tabelle 1. Skala fiir die Bewertung der Naturverjiingung von Baumarten nach
Prof. M.M. Horshenin (Tsd. St. per ha)

. Alter des Jungwuchses, Jahre
Die Stufe 1 23 47 8 und mehr
Gut > 40 > 10 > 6 >4
Befriedigend 26-40 6-10 3-6 2-4
Ungeniigend 15-25,9 3-5,9 1-2,9 0,5-1,9
Unbefriedigend <15 <3 <1 <0,5

Die Forschungsobjekte lagen in verschiedenen Teilen der Ukrainischen Karpa-
ten in 12 Betrieben: Staatsbetrieb (SB) "Osmolodske Forstwirtschaft", SB "Vyhodske
Forstwirtschaft", SB "Broshnivske Forstwirtschaft", Naturschutzgebiet "Gorgany", Kar-
patischen Nationalpark, SB "Borynske Forstwirtschaft", Nationalpark "Skolivski Bes-
kydy", SB "Rakhivske forstliche Versuchsbetrieb", SB "Khustske forstliche Versuchs-
betrieb", SB "Volovetske Forstwirtschaft", SB "Mizhhirske Forstwirtschaft" und Karpa-
tischen Biosphirenreservat.

Insgesamt haben wir 42 Sturmwurfflachen fiir die Untersuchung ausgewiesen. Ih-
re Fliache betrug jeweils zwischen 1,1 und 33,0 Hektar. Die untersuchten Sturmwurffla-
chen lagen auf verschiedenen Hohen (475-1.250 m ii. NN.) und an den Héngen mit un-
terschiedlicher Exposition und Neigung (von 0 bis zu 45 Grad).

Ergebnisse der Untersuchung. Die Bodenvegetation hat einen wesentlichen
Einfluss auf die natiirliche Verjiingung der Baumarten. Deswegen widmeten viele For-
scher sowohl in der Ukraine als auch im Ausland ihre Aufmerksamkeit den Fragen nach
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den Zusammenhingen [2-5]. Die Bodenvegetation bestimmt weitgehend das Umfeld fiir
das Keimen der Samen, das Wachstum und die Entwicklung von Sdmlingen und Jung-
wuchs an den Sturmwurffldchen und hat einen wesentlichen Einfluss auf das Mikrokli-
ma der Bodenoberfliche.

Die Auswirkungen der Bodenvegetation auf den Fortschritt der natiirlichen Rege-
neration von Waldbdumen kdnnen sowohl positiv als auch negativ sein. Einerseits wer-
den unter dem Schirm der Bodenvegetation junge Bidumchen vor Frost und Sonnen-
brand geschiitzt. Aulerdem reduziert sich die Verdampfung in der Bodenoberfliche.
Auf der anderen Seite ist die Bodenvegetation fiir Sdmlinge ein Konkurrent fiir Licht,
Feuchtigkeit und Mineralstofferndhrung. Dariliber hinaus wirkt die Grasnarbe negativ.
Besonders das Land-Reitgras (Calamagrostis epigeios (L.) Roth.), Rasen-Schmiele
(Deschampsia cespitosa (L.) Beauv.) und Borstgras (Nardus stricta L.) beeintrachtigen
oder verhindern den Prozess der Wiederbewaldung. Wihrend der Aufnahme der
Baumartenverjiingung auf den Sturmwurfflichen in den Ukrainischen Karpaten be-
stimmten wir auf den Erfassungsquadraten auch die Geschlossenheit und die durch-
schnittliche Hohe der Bodenvegetation. Die Verteilung der Gesamtzahl von Sdmlingen
und Jungwuchs der Baumarten auf allen Erfassungsflichen in Abhéngigkeit von der
Geschlossenheit der Bodenvegetation ist auf der Abb. 1 dargestellt.

5200
4800 —
4400 —
4000 —
3600 —
3200 —
2800 —
2400 —
2000 —
1600 —
1200 — —
800 — —
400 (‘" —
0 —mm [

00 01 02 03 04 05 06 07 08 09 10

Geschlossenheit der Bodenvegetation

Anzahl von Sdamlingen und Jungwuchs, St.

Abb. 1. Verteilung der gesamten Anzahl von Simlingen und Jungwuchs der Baum-
arten auf den Sturmwurfflichen in den Ukrainischen Karpaten ist abhiingig von der
Geschlossenheit der Bodenvegetation

Die Analyse der Abb. 1 zeigt, dass die groflite Anzahl der Sdmlinge und Jung-
wuchs von Bidumen auf den Sturmwurfflachen in den Ukrainischen Karpaten bei der
hohen Geschlossenheit der Bodenvegetation ermittelt wurde. Dort haben wir auf den
aufgenommenen Erfassungsflichen mit der Geschlossenheit der Bodenvegetation 1,0
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die gesamte Anzahl von Sdmlingen und Jungwuchs mit 28,3% erfasst. Auf den Flachen
mit der Geschlossenheit der Bodenvegetation 0,9 wurden 17,1% von Sdmlingen und
Jungwuchs registriert und bei der 0,8 waren es 12,5%. Dies beruht auf einem positiven
Einfluss von Bodenvegetation auf das Wachstum von Sdmlingen und Jungwuchs, da
diese das Mikroklima auf den Sturmwurfflichen verbessern (Schutz gegen Sonnen-
brand, Frost, Wind und extreme Temperaturen). Doch neben der Geschlossenheit der
Bodenvegetation wirken sich auf den Prozess der natiirlichen Regeneration von Baum-
arten auf den Sturmwurffldchen noch viele andere Faktoren aus.

Die Verteilung der Gesamtzahl von Sdmlingen und Jungwuchs der Baumarten auf
den Sturmwurffldchen ist abhingig von der durchschnittlichen Hohe der Bodenvegeta-
tion und in Abb. 2 dargestellt.

Aus der Abb. 2 ist zu sehen, dass keine direkte Korrelation zwischen der durch-
schnittlichen Hohe von der Bodenvegetation und der Anzahl von Sdmlingen und Jung-
wuchs der Baumarten auf den Sturmwurfflichen besteht. Im Ergebnis wurde die grofite
Anzahl von Sdmlingen und Jungwuchs auf den Erfassungsflichen mit der durchschnitt-
lichen Hohe von Bodenvegetation 20-60 cm beobachtet. Und zwar bei der mittleren
Hohe der Bodenvegetation von 20 cm wurden 14,6% der Sdmlinge und Jungwuchs auf-
gezeichnet, bei deren Hohe von 30 cm — 16,9%, 40 cm — 14,6%, 50 cm — 15,9% und 60
cm — 16,0%. Bei einer groBBeren Hohe der Bodenvegetation auf den Sturmwurfflichen
dominieren Himbeeren, die die Sdmlinge und Jungwuchs von Bdumen unterdriicken.

Die Ergebnisse unserer Untersuchung zeigen, dass die Artenzusammensetzung
der Bodenvegetation auf den Sturmwurfflaichen weitgehend vom Waldtyp, dem Gestein,
der Grofe und Konfiguration der Sturmwurfflache, deren Hohe iiber dem Meeresni-
veau, der Exposition und Steilheit des Hanges, dem Vorhandensein und der Dichte der
den Sturm tiberlebenden Bdume und anderen Faktoren abhingt.
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Abb. 2. Verteilung der gesamten Anzahl von Samlingen und Jungwuchs der Baum-
arten auf den Sturmwurffliichen in den Ukrainischen Karpaten abhdngig von der
mittleren Hohe der Bodenvegetation
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Die Artenzusammensetzung der Bodenvegetation auf den Sturmwurfflichen ist
ziemlich reich und vielféltig. Unter der Pflanzen dominieren folgende Arten: Rubus
caesius L., Luzula sylvatica L., Deschampsia caespitosa (L.) Beauv., Vaccinium
myrtillus L., Rubus idaeus L., Oxalis acetosella L., Molinia caerulea (L.) Moench., My-
celis muralis (L.) Dumort., Mercurialis perennis L., Carex sylvatica Huds., Athyrium
filix-femina L., Dryopteris filix-mas L., Senecio fuchsii L., Dentaria glandulosa L., Den-
taria bulbifera L., Chamaenerium angustifolium Scop., Glechoma hederacea L., Cala-
magrostis epigeios (L.) Roth., Fragaria vesca L., Nardus stricta L., Prenanthes pur-
purea L., Melampyrum nemorosum L., Galeodolon luteum Huds., Stellaria holostea L.,
Festuca altissima All., Impatiens noli-tangere L., Hypericum perforatum L., Agrostis
gigantea Roth., Silene nutans L., Gallium odoratum (L.) Scop., Carex sylvatica Huds.,
Anemone nemorosa L., in den Niederungen — Scirpus sylvaticus L., Juncus effusus L.,
Polygonum hydropiper L., Matteuccia struthiopteris L., Petasites albus (L.) Gaertn.,
Carex acutiformis Ehrh. und Geum rivale L.

Die Moosschicht kommt in der Regel nicht flichendeckend vor, die Moossyntope
sind voneinander getrennt. Unter der Bryoflora dominieren folgende Arten: Polytrichum
commune Hedw., Sphagnum species, Dicranum scoparium Hedw., Hylocomium
splendens (Hedw) B.S.G., Eurhynchium striatum (Hedw.) Schimp., Rhytidiadelphus
triquetrus (Hedw.) Warnst., Hypnum cupressiforme Hedw. und Atrichum undulatum
(Hedw.) Beauv.

v, v 3 afe Gt

Abb. 3. Das Wald-Weidenrioschen auf der Sturmwurffliche im Staatsbetrieb "Vyhoda
Forstwirtschaft"

Besonders negative Auswirkung haben Brombeere und Himbeere auf die Natur-
verjiingung in den Sturmwurfflachen. Mit ithrer Verbreitung verschlechtern sich die Be-
dingungen fiir die Keimung und das Wachstum von Séamlingen und Jungwuchs. In Be-
reichen des dichten Vorkommens von Brombeeren und Himbeeren lauft der Prozess der
natiirlichen Verjiingung von Baumarten nur sehr langsam. Auf solchen Fldachen werden
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Jungbestinde mit ungleichmifBiger Dichte und lichtem Kronenschluss gebildet. Die
Wachstumsbedingungen der jungen Bdume und die zu erwartende Bestandsqualitét sind
erheblich verschlechtert. Daher ist das erste Jahr entscheidend fiir die Sicherung der gu-
ten Baumartenverjliingung auf frischen Sturmwurfflachen, bevor sich Brombeeren und
Himbeeren dort etablieren konnen.

Das Wald-Weidenroschen (Chamaenerium angustifolium Scop., Abb. 3) hat auf
den Sturmwurfflichen vorwiegend einen positiven Einfluss auf die Verjiingung des
Waldes. Es verbessert die physikalischen und chemischen Eigenschaften des Bodens.
AulBlerdem verhindert diese Pflanzenart die Verbreitung von Graspflanzen und Himbee-
ren auf den Flachen.

Zum positiven Einfluss der Bodenvegetation gehort auch die Minderung der Ver-
dunstung von Bodenfeuchte sowie der Schutz der Sdmlinge und Jungwuchs vor dem
Sonnenbrand. Letzteres ist in den Gebirgen sehr wichtig, vor allem auf den steilen und
sehr steilen Hangen, wo nahezu senkrechte Sonneneinstrahlung schon frith im Sommer
oft den Sonnenbrand an jungen Bdumchen verursacht.

Schlussfolgerungen. Die Bodenvegetation hat auf den Sturmwurfflichen einen
bedeutenden Einfluss fiir die Naturverjliingung der Baumarten. Sie bestimmt im gro3en
Malle das Umfeld fiir die Keimung von Baumsamen und das Wachstum von Sdmlingen.
Der Einfluss der Bodenvegetation kann sowohl positiv als auch negativ sein.

Die Ergebnisse unserer Untersuchung haben gezeigt, dass die grof3te Anzahl der
Samlinge und Jungwuchs von Baumarten auf den Sturmwurfflichen in den Ukraini-
schen Karpaten bei dichter Geschlossenheit der Bodenvegetation erfasst wurde. Bei der
Geschlossenheit der Bodenvegetation 1,0 wurden 28,3% der gesamten Anzahl von auf-
genommenen Samlingen und Jungwuchs gemessen.

Es wurde kein direkter Zusammenhang zwischen der durchschnittlichen Hohe der
Bodenvegetation und der Anzahl von Sdmlingen und Jungwuchs auf den Sturmwurffla-
chen festgestellt. Im Ganzen wurde die grofite Anzahl von Séamlingen und Jungwuchs
auf den Erfassungsflachen mit der mittleren H6he von Bodenvegetation 20-60 cm beo-
bachtet. Im Allgemeinen sind auf der Mehrzahl der Sturmwurfflichen in den Ukraini-
schen Karpaten unter Sdmlingen und Jungwuchs in betrichtlicher Zahl die Hauptbaum-
arten des umgebenden Waldtyps vertreten. Sie kénnen zur kiinftigen Bildung von Pri-
mirbestdnden entsprechend den Waldtypen beitragen.
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YK 630*181.9 Jou. B.B. Jlasnuii, 0-p c.-2. nayk — HIITY Ykpainu

BniuB :KUBOr0 HAATPYHTOBOI0 MOKPHUBY HA MPUPO/IHE TOHOBJIEHHS J1epPeB-
HHX MOPiJ HA BITPOBAJIBLHUX AUISTHKAX B Y KpaiHcbkux Kapnartax

[IpencraBneHo pe3ynbTaTH AOCHIIKEHHS BIUIMBY BHUIOBOTO CKIAJy, 3IMKHYTOCTI Ta BHUCOTH
’KMBOTO HAJIPyHTOBOTO MOKPHBY Ha MPOIEC IPUPOIHOTO ITOHOBJIECHHS AEPEBHUX HOpia Ha 42 BiTpO-
BaJIBbHUX JUISHKAX, [0 OyJIM PO3TAIIOBaHI y Pi3HUX EKOJIOTIYHMX yMOBax Ha Tepuropii 12 miampu-
eMCTB. BcTanoBieHo, 1110 HaHO1IbIIA KUTBKICTh CAMOCIBY 1 MIJIPOCTY JAEPEBHUX TOPIJl CIIOCTEpIranacs
IIPU BUCOKIN 3IMKHYTOCTI KHUBOTO HAJAIPYHTOBOTO MOKPHUBY, 30KpeMa MpHu Horo 3iMKHYTOCTI 1,0 Oyro
3adikcoBaHo 28,3% Bix 3aranbHOI KUIBKOCTI caMOCiBY 1 miapocty, a pu 0,9 - 17,1%. Haiikpaie npu-
pOJHE TOHOBJCHHS ACPEBHHUX IOPiN CHOCTEpiragocs MpHU CEpedHii BHCOTI KUBOTO HAAIPYHTOBOTO
nokpusy 20-60 cwm.

Karo4oBi ciioBa: xuBuil HAAIPYHTOBUI OKPUB, MPUPOIHE TOHOBIICHHS JAEPEBHUX TOPiJ, BiT-
poBabHI AUTSTHKY, YKpaincbki Kaprartu, mico3HaBCTBO.

UDC 630*181.9 Assoc. prof. V.V. Lavnyy, Dr., Dr. habil. - UNFU

The influence of the ground cover on the natural regeneration of tree species
on windthrow areas in the Ukrainian Carpathians

The article present the research results of the influence of species composition, canopy density
and height of the ground cover on the process of natural regeneration of tree species on 42 windthrow
areas in the Ukrainian Carpathians, that were located in different ecological conditions in 12 enterpris-
es. It was established that the greatest number of self-seeding and underwood of trees occurs by the
high canopy density of the ground cover, particularly by 1.0 was recorded 28.3% of self-seeding and
underwood, and by 0.9 - 17.1%. The best natural regeneration of tree species were observed by the av-
erage height of the ground cover 20-60 cm.

Keywords: the ground cover, natural regeneration of tree species, windthrow areas, the
Ukrainian Carpathians, forest ecology.
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JIO BITOMA ABTOPIB CTATEM

[Ipu migroroBii cTaTeil sl MIXKBIIOMYOTO0 HAYKOBO-TeXHIYHOTO 30ipHMKa "Jli-
COBe roCmnoJapcTBo, JiCOBa, ManepoBa i JepeBooOPoOHA MPOMHUCJIOBICTB' paguMo
aBTOpaM JIOTPUMYBATUCh TAKMX PEKOMEHIAITIH.

ABTOp MOIAHOT 0 JPYKY CTATTI MOBUHEH YiTKO YSIBUTH KOJIO YATAYiB, HA SIKE BiH
po3paxoBye. PekoMEHIyEMO TOTPUMYBATUCH JCSIKUX 3arajbHUX MPaBHI MOOYIOBU Ha-
YKOBO-TE€XHIYHOI CTaTTi: YITKO 1 3p03yMiI0 chOpPMYJIFOBATH MTOCTAHOBKY 3ajayi; JI0CTY-
ITHO BHKJIACTH METOJIUKY 11 pO3B'si3aHHs; 3p0OUTH BUCHOBKU HAYKOBISIM a00 AaTH MpakK-
TUYHI peKOMEHaIlli BUPOOHUYHUKAM.

HayxoBa mpatisi moBUHHA MICTUTH HEOOXIJHI XapaKTEPUCTHUKU OMUCAHUX KOHC-
TPYKIIiH YU cXeM, ajie B Hiii He Mae OyTH Hi 3aiiBOTO OIMUCY 1CTOPIi MUTAHHS, HI BIJOMUX
3 MIAPYYHUKIB UTIOCTpaLlii, JaHUX, MATEMaTHYHUX BUKJIAIOK.

Tekct crtarri obcsirom 5-20 CTOpPIHOK HEOOXITHO MOJAaBaTH YKPAiHCHKOIO YU
OyIb-SKOIO 1HITIOI0 MOBOIO, IPYKYBaTH Ha manepi ¢popmary A4 3a TOMOMOTO KOMII'TO-
Tepa y penakropi MS Word (mpudt — Times New Roman, po3mip — 14 points, psaku —
gyepe3 1.5 iHTEpBau, Mojs — 2 ¢M MO0 NepuMeTpy) 0e3 MPUCBOEHHS JKOJHUX CTHIIB 1
odbopmiaTu B Takik nmocmigoBHocTi. Ha nmouatky crarri OBOB'SA3KOBO npocrabiis-
etbea iHAeKkC YK (YHiBepcanbHOI JIecITKOBOI Kiaacuikailii), B 3arojIOBKy yKpaiHCh-
KO0 MOBOIO BKa3YIOThCS: BUCHE 3BaHHS, 1HIIIAJK 1 IPi3BUIIE aBTOpa (a00 aBTOpIB), Ha-
YKOBHUH CTYIiHb, CKOPOYCHA Ha3Ba 3aKJiady, B SKOMY BUKOHaHa po0OTa, Ha3Ba CTaTTi,
anoTarisa (500 3HakiB) Ta KJIHOYOBI cjoBa. Jlani — aHTIIMHCHKOK MOBOIO: 1HIIIAIM 1 Mpi-
3BHIIIE aBTOpa (a00 aBTOPiB), CKOPOUEHA HA3BA 3aKJIaly, B SIKOMY BUKOHaHA POOOTa, Ha-
3Ba CTATT1, aHOTAL[iA Ta KJIHYOBI CJIOBA.

CTOpiHKM PYKOIMCY HYMEPYIOTHCS, & Ha TOJISIX OJIIBIIEM BKAa3YIOThCS MICIS 1JTFO-
CTpauii 1 TabJIUIb, KO OCTAHHI I0AAIOTHCS 10 CTATTI HA OKpeMHX apkymax. Ocolmau-
By yBary HeOoOXi1JHO 3BEpHYTH Ha aKypaTHUi Habip ¢opMyll, 1HAEKCIB 1 MOKa3HUKIB, 3
BUKOPHCTAHHAM MOXJIUBOCTeH penaktopa MS Equation.

[Tpu miAroToBIl PyKOMUCY HEOOX1IHO KOPUCTYBATHCS HAYKOBO-TEXHIYHHUMH TE-
pMiHaMH BIJIIOBIIHO JI0 JIIFOYUX CTAHJIApPTIB HA TEPMIHOJIOTII0, HABEICHUN MaTepian He
NMOBUHEH JyOsroBat Taduili. CKOpOUYeHHS CJIiB, IMEH, Ha3B y TEKCTI CTaTTI HE JOMYC-
KarThCs. MOXIIMBE BUKOPUCTAHHS TUTBKU 3araJIbHOTPUAHATHX CKOPOYEHB - Mip (Tib-
KM Ticys nudp), XiMiyHUX, QI3UYHUX 1 MaTeMaTUYHUX BeauurH. Ha3Bu ycTaHoB, mian-
PUEMCTB, MAapKH MEXaHI3MIB 1 T.[I., 110 3TaIyIOThCSI B TEKCTI CTATTI BIIEpIe, HEOOX1THO
MUCaTH MOBHICTIO (BKa3ylOUH B JIy’)KKaxX CKOpPOYECHY Ha3BY); Hajali I Ha3Ba MOXE 3Y-
CTpIYaTHUCS Y CKOPOUEHOMY BUTJIS/IL.

VY tabnuusgx HEOOXiTHO TOYHO BKAa3yBaTH OJWMHUII (PI3MYHUX BEJIUYUH, y HA3BaX
rpad cioBa ckopouyBaTH HeOakaHo. Tabmuili HEOOXiTHO BUKOHYBATH MEPEBAKHO
B3JIOBX JIUCTA 3 MAaKCUMaJIbHOIO HACHYEHICTIO 1HGopMallii B psakax. Haaro rpomizakux
TaOJUIb CKIIA1aTH HE PEKOMEHIYETHCS.

Lmroctpamii (dotorpadii Ta pPUCYHKH) A0 CTaTTI MOMAIOTHCS B OAHOMY IIpH-
MipHuKYy. @oTtorpadii mOBHHHI OyTH KOHTpPACTHi, po3MipoM He MeHIue 9x12 cwm, pu-
CYHKH DPO3MIpOM He OijbIlle CTaHJAPTHOTO JTUCTKA, BUKOHAHI YOPHOIO TYIIIIIIO MIEPOM
Ha skicHOMYy manepi. JlomyckaeTbcss moaaHHs PUCYHKIB y dopMmari *.cdr (pemakrop
Corel DRAW), y popmari *.tif ado *.jpg (penakrop PhotoShop, 300 dpi, b/w ab6o Gray-
scale) un oopmienux y cepenonuii MS Excel. ¥ TekcTi cTaTTi HOCHIaHHS HA 1TIOCT-
pamii OepyThCcsi B Kpyrii AYXKKH, MO3WI[i Ha PHUCYHKAaX pPO3TAIIOBYIOTHCS 3a TO-
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JTUHHUKOBOIO CTPUIKOIO 1 TMOBHHHI BIAMOBIAaTH HaBeIEeHUM Yy TeKcTi. OKpeMo mojaHi
UTIOCTpalii Ha 3BOPOTHII CTOPOHI HYMEPYIOTHCS 1 MIMUCYIOTHCS OJIBIIEM.

[Ipu mocunaHHi B TEKCTI CTATTI HA POOOTH 1HIIUX aBTOPIB Y KBaJApaTHUX Ty>KKaxX
BKa3ylOTh HOMEp MO3HUIIii CIIUCKY JITepaTypH, siKa MOJA€THCs B KiHLl cTaTTi. CIMCOK JIi-
TepaTypu O(OPMIISIETBCS 3TIHO 3 BHMOTaMH 1 TpaBWJaMU CKJIaJaHHS 010ior-
padiyHOro ONUCY NOKyMEHTA. Y BUMAJAKY HaBEIEHHS LIUTATH HEOOXI1THO BKa3aTH, 3BiJI-
K1 BOHA B3siTa (aBTOP, Ha3Ba poOOTH, HOMEP TOMY, PiK BUAAHHS, CTOPIHKH).

VY KiHIIl CTaTTi JOAAIOTHCS Takl MaTepiaiv: Mpi3BUIIA Ta iHiiaJu aBTOpiB, Ha-
3Ba CTATTi; 3as1Ba 3i BKa3yBaHHSAM /IJIsl KOKHOT0 AaBTOPAa BYEHOr0 3BAHHA Ta Hay-
KOBOI0 CTYIEeHsI, I0Ca/Ii, MOBHOI Ta CKOPOY€HOI HA3BM 3aKJIajy, ¢ BUKOHAHA PO-
0oTa, cayxk00BOI YH JOMANIHBOI ajpecu, HOMepH TeaedoniB, E-mail, npisBuina as-
TOPiB 1JIs JMcTyBaHHA. OKpIM TOr0, HEOOXIJTHO MOATH BUTSAT 3 MPOTOKOJY 3aCiJaHHs
kadeapu Mpo MOXKJIUBICTH MyOiKallii cTaTTi, €KCIIEPTHUNM BHUCHOBOK, JIB1 peleH3ii -
BHYTPILIHIO 1 30BHILIHIO. Tako) BKa3yeThCs KUIbKICTh MPUMIPHUKIB 301pHHKA, SIK1 aB-
TOp XOTiB OM OTpUMATH 3 OMyOJIIKOBAHOIO HOTO CTATTEIO.

CrapaHHO BUBIPEHHUI TEKCT CTATTl MIAMUCYETHCSI aBTOPOM, IPOCTABIISIETHCA /1aTa
BIJIMIPABJICHHS YW TOJaHHS. Pefakiiis MokKe MMOBEPHYTH aBTOPOBI HEOXaHO 0(hOpMIICHY
CTaTTIO, MAa€ MPaBO MPOBOJUTH PEAAKIIHI BUIpaBieHHS. J[0 penakiii HaICHUIAEThCS
(mpuHOCUTBCA) OJUH PO3APYKOBaHHUM MpuMipHUK cTaTTi Ta CD-nuck 3 i TekcToM. AB-
TOPOBI (aBTOpaM) OJIHIET CTATTI BUIAETHCS OJUH 301pHUK 3 MO KAIII€TO.

VY HacTymHUX poKax 3alpollye JI0 CHIJIKYBaHHS IPaIliBHUKIB JIICOBOTO 1 JIepEBO-
00pOOHOTO KOMIUIEKCY, CITIBPOOITHUKIB CEPEIHbO-TEXHIUYHUX, BUIIMX HABYAJIbHUX 1 Ha-
YKOBO-JIOCTITHAX 3aKJIaiB, HAYKOBIIIB 3-32 KOPIOHY.

Crarri 3maBatu goi. C.B. I'aiimi, kopn. Ne2, syi. 3amizuska 11, 2 nos., kab. 22a;
tel1. po0. 238-45-04; Mm06. 067-79-12-522;
e-mail: gaida@e-mail.ua; e-mail: vmmax@ukr.net; e-mail: f-wood-ind@ukr.net
http:// forest-woodworking.nltu.lviv.ua
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301pHUK HAYKOBO-TEXHIYHHUX MPAallb
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Enextponna Bepcisi HaykoBOro (axoBOTr0 BUAAHHS 3HAXOAUTHCA HA JICTIO3UTAPHOMY
30epiranni y HamlonaneHiii 616miotreni Ykpainu im. B.1. BepHancbkoro

[Tinmucano a0 apyky 29.12.15. ®opmat 60x84/;6
[Mamip odcernuit. ['apuitypa Times. dpyk opceTHwmit
YMoB. apyk. apk. 3,72. YMoB. ¢apb. Bind. 3,95
Haxnan 250 npum. 3am. Ne 311/2015
CB10IITBO TIPO JEP’KaBHY PEECTPAIIIIO APYKOBAHOTO 3acO0y MacoBoi iH(popmartii
(Cepis KB, Ne 11890-76111P Bix 26.10.2006 p.)

3rimHo 3 mepemikoM Nel9, «JlicoBe rocrmomapcTBo, JTicoBa, MarnepoBa i 1epeBooOpoOHa TPOMHUCIIOBICTEY» HANICKHUTD JI0 Hay-
KOBHX (paXOBUX BHJIaHb YKpaiHH, B SKUX MOXKYTh MyOIKyBaTHCS PE3yJIbTATH AUCEPTAMIMHAX pOOIT Ha 3700yTTS HAYKOBUX
CTYIICHIB JIOKTOpA 1 KaHAMATa TEXHIYHUX HAYK 32 TAKUMH HaIpsMaMu:
TexHiuH1 Hayku ([onaTok 1o Hakasy MinictepcTBa ocBiTH 1 Haykn Ykpainu Big 21.12.2015 p. Ne 1328),
clbcbKoTOCIIoapehki Hayku (JlonaTok 1o Hakazy MinictepcTBa ocBiTH 1 Haykn Ykpainu Big 07.10.2015 p. Ne 1021)

BigapykoBaHO 3 TOTOBUX OpPUTIHAJIB.
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