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JIICOBE I'OCHHOJAPCTBO // FORESTRY

UDC 634.0.305 Prof. M.G. Adamovskyy; prof. M.P. Martyntsiv;
assist. O.V. Boratynskyy — UNFU

DESIGN CALCULATIONS OF MAIN COMPONENTS AND PARAMETRIC
SUBSTANTIATION OF CABLE YARDING SYSTEMS USED IN GROUP-
SELECTION FELLING OPERATIONS

Presented in this work are configurations of cable yarding systems used for timber extraction
from the cutting area and mechanization of group-selection felling operations. The relationships be-
tween dynamic loads and selection of tightening force for the running skyline have been determined.
An analysis of analytical dependences was made, and recommendations were given concerning the se-
lection of main parameters of the system.

Keywords: cable rigging, felling, loads, parameters.

A considerable practical experience and the studies done by loggers and foresters
have shown that exploitation of montane forests requires the use of special equipment
and technologies which would permit to conserve in the fullest measure the ecosystems
not only in the mountain regions but also in the adjacent flat country. The recently
adopted regulatory acts prohibit clear felling in mountain regions, also they impose
more rigid requirements on the machinery and equipment used in logging operations [1,
2, 3]. Many researchers have been engaged in the development of environmentally-
sound technologies and equipment for exploitation of montane forests [4, 5, 6]. New
types of cable yarding system have been proposed in recent years [7, 8, 9], the introduc-
tion of which will allow for meeting the requirements on the exploitation of montane
forests, also this will promote the mechanization of group-selection felling operations
[10]. Fig. 1 represents the configuration of a cable yarding system for extraction of tim-
ber from the cutting area.
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Fig. 1. Cable yarding system for extraction of timber from the cutting area



Positions II and III designated by dot-and-dash line, show the variants of reloca-
tion of intermediate supports of the cable system when preparing a successive corridor.
The cable yarding system consists of the running line 1 that passes over corner-2, bear-
ing-3, and movable blocks 4, 5, and the latter ones, in their turn, are structural elements
of corresponding articulated bearing-guide twin-block carriages 6 and 7 which are fixed
to detachable intermediate supports 8, the bearing-guide carriage 7 therewith is attached
to the detachable intermediate support 8 by means of movable bearing blocks 9.

The transportation of logs is done by means of a driving drum 10 and a haul-back
drum 11 with a drive unit (not shown), (also there may be a version with a cable-driving
pulley). The tightening and slackening of the cable 1 is done by means of the haul-back
drum 11 and the corner blocks 2. The quick-detachable grapple-transporting device 12
is fastened to logs 14 by means of a special choker-equipped cable 13.

Safety transportation of load through the carriage blocks is provided by availabil-
ity of complementary cable-holding flanges in the corner and bearing blocks, the spac-
ing between the flanges being b+ (J =35...10 mm — technological clearance). These
flanges get in contact with the working bearing part of the grapple-transporting device
the width of which being equal to b. The configuration of cable yarding system de-
signed for mechanization of group-selection felling operationiiisﬁ shown in Fig. 2.

2 DI | S 1RO

Fig. 2. Configuration of cable yarding system designed for mechanization
of group-selection felling operations

Positions II and 111, depicted by dot-and-dash line, in Fig. 2 show variants of relo-
cation of the intermediate support of the cable yarding system when preparing a succes-
sive logging corridor. Position IV shows a location variant of tightening line of the ca-
ble system. The cable yarding system consists of the running line 1 which passes over
corner blocks 2 and 3; loose block 4, and the latter ones, in their turn, are fastened to de-
tachable intermediate supports 5 through blocks 6 of the guide-bearing carriages 7 and
8, and through a cable-driving pulley 9 with a drive unit (not shown), (there also may be
a version with two drums instead of the cable-driving pulley). The tightening and slack-
ening of the cable 1 is done by means of the loose block 4, the corner block 10, the ca-

7



ble 11, and the driving drum 12 as well as the guide carriage, which constitutes a ten-
sioning device for one line of the running line 1. The grapple device is fastened to logs
14 by means of a special choker cable 13. In order to design systems of this type, it is
necessary to work out a procedure for calculating their elements and then to substantiate
the main parameters. The main component of the cable yarding system presented here is
a running skyline. The calculation scheme for such systems 1s presented in Fig. 3.

B,y

Fig. 3. Calcula-
tion scheme for
skyline systems

The movement pattern of the system presented can be described by the second-
order non-homogeneous differential equations [11]

11'¢1+Cz(¢1_¢3):M6 } (1)
L-¢,-Clp,~9,)=-M,,]
where: /, — general moment of the inertia of gyrating mass of the engine; /. — reduced
moment of the inertia of the cable system mass; ¢,, ¢, — angles of twist of the corre-
sponding masses; C, — reduced rigidity of transmission lines; M, — engine starting

. : I, N, -%
torque; M, —moment of the drive resistance, I=1,+=+ , (2)
i g

where: /,,/, — moments of the inertia of gyrating mass of the drive; i, — gear ratio of
the drive; @, — angular speed of the driving drum; N,,9, — respectively, tension and

travel speed of the running line.
In series connecting of the system’s components, the reduced rigidity can be de-

rived from the equation L = 1 + L + L , 3)
c. C C, C,

where: C,,C, — rigidity values of individual components of the drive; C, — rigidity of
the system: running line-support, C, = B4 B4 , 4)
ly Ly + @515




where: E, — elastic modulus of the system: cable-support which depends on the cable
tensioning and support’s rigidity [12]; 4, — metal cross-sectional area of the cable; /, —
the cable length which is considered to be linear function of rotation angle of the drum;
E 5
E- A4, O
it T 4
n l o
i-1 COS
where: E — elastic modulus of the cable; / — span length of the system; o — angle of
slope of the span chord to the horizon line; &, — displacement factor of the supports,

0,+0, 1
O_N _NO_CO}'!,

max

[ , —1nitial value of the cable length; », — the drum radius; E, =
1+

(6)

where: (5/1 + §np) — total displacement of the left and right supports, respectively; C, —
rigidity of elastic supports; N,

max’

N, — maximum and installation tensioning of the ca-

ble, respectively.

However, the running line and the load in the cable system perform complex mo-
tion, which should be taken into consideration when solving the system of equations (1).

In order to solve the system of the given equations and enable practical imple-
mentation of the mathematical model, a number of assumptions were made: the cable
has a shape of ladder lines that intersect at the point of load attachment; the supports in-
fluence on the change in the system’s rigidity is taken into account by means of the sys-
tem’s reduced rigidity; gyrating mass of the drive is reduced to the engine shaft; dissipa-
tion function is of linear character and is dependent on tractive resistance coefficient of
individual components of the system; transverse oscillation of the system cable is con-
sidered in vertical plane.

The maximum tensioning of the cable can be determined by method of static cal-
culation by catenary line [13, 14]. By using this method, the system of equations for de-
termining the parameters of the running line can be presented as follows

x, —C,.
Vi :leCh%_Csi;

' ; (7)

C, = %(xw + x, —2C,,arth y"l;y"j,

;[xk - x, +2C,arth yk;y”}
C}i = C“Ch

C. —Vu

where: C,,,C,,,C, — parametric coefficients of catenary lines; i — the numbers of the

cable lines, i=1...n.
At the beginning of calculations, the interaction force values between the cable
lines are given [14]. The maximum tensioning of the cable can be determined by

N, =Noch—(x3 A +arsh (yB(_yA)q ] +N,, (8)
2N, 2N0shM
2N,

o




where: N, — installation tensioning of unloaded line of the cable; g — weight per linear

meter of the cable. In order to provide for safe coupling of the cable with the driving
pulley (drum), there should be the following dependence between the maximum and in-

stallation tensions [15] 1,25 N oo <e", 9)
where: 1 — coefficient of cable-on-pulley friction; o — the angle of contacts of the ca-
ble with the driving pulley.

The common solution of the equations (8, 9) will enable to determine the forces
that occur in the running line. The moment of resistance, which the drive is overcoming,
can be determined by taking into account the total resistance to the system motion

M-y, +(C, + Cﬁ)'(x_(os )=V (@, -1, - 9,)-
M
_Va(a)3 T3 _'93)'r3 =——; M, =Ny,
3
where: M, — the weight of loads that are being transported; v, — coefficient of linear re-

: (10)

sistance; v,,v, — coefficient of linear resistance for the cable and drum, respectively; C,
— rigidity of the driving drum; @, — angular speed of the drum in operation; 9,9, — lin-
ear speeds of the cable when approaching the drum, and the loads in the system span;
N,y — the cable tension that occurs at a given point in time.

The common solution of the equations (1, 8, 9, 10) will enable to determine the
forces in the running line and select appropriate rigidity values for the system compo-
nents, the weight of loads, and the speed of their movement depending on the system
design features and operational conditions. As an example, let present diagrams of force
variation in the running line as a function of the system’s length and the weight of loads
(Fig. 4). The calculations were performed on PC by means of the “MATKAD-14" pro-
gram by using a subroutine of the numerical Runge-Kutt method for the following data:
a=30° F,=F,=..F =5kH ;[,=1,=..1 =20 m; 9=0..3 m/sec; the cable standard
being GOST 2688 — d, = 22.5 mm. The other data were taken in keeping with the rec-

ommendations [11, 12, 14] for cable yarding systems and their drives.

In order to determine dynamic load that takes place during operation, the cable
longitudinal oscillation should be considered.

The longitudinal oscillation that shows movement of the cable along the axis Ay
(Fig. 3). If it is taken that the cross-sections remain flat during operation while the cable
1s moving along the axis, the cable tension in any cross-section can be expressed as

N,=E, 4,22, (an
o¢
where: N, — dynamic constituent of the cable tension; U — transferring function,

U=U(,1).
The general view of the system’s oscillation can be obtained by way of superposi-
tion of series of main simple oscillation that corresponds to normal coordinates

¥, ¥,,... . For any coordinate y,, the general solution will be as follows [16]
l)[/i—’_niz"?yi:i@i;niz:g’ (12)
a, a,

1 1
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where: a,,C, — are constants that describe the design and properties of the system; @, —
generalized force that corresponds to the coordinate i/, .
The generalized force can be expressed by the cable tension

D, =N - Sll/l(2n+] j (13)
<
/ r /
40 3 ,/ ,/ // Fig. 4. Curves
4 / / of variation of
35 // 'r) // the running line
30 7 Z maximum ten-
25 '/ P sion as a func-
A // @ tion of the sys-
20 v A 1 tem parameters:
5 T~ Z [~ 1=100 m;
1~ | LA 2 1=200 m;
0 /// 3-1=300m
5 -
0 200 600 1000  #00 1800 2200 2600 MEXM kg

Provided that the origin of coordinates is point A while the axis is directed along the ca-
ble axis (Fig. 4), boundary conditions are found then at points A and B

Uyy=0; oy =0. (14)
0 C: /¢=l
Then the general expression for transferring in normal coordinates can be written

as follows U = igpﬂ sin(Zn; Iz CJ (15)
n=0

From the formula (15) we will ﬁnd— i on+l 7 (2’“’] 7

coS
=i

4) (16)

By substituting the value 2—(] into the formula (11) we will obtain the expression

for determining the dynamic tension of the cable
o 2n+l 7w £2n+1-7z- )

Na:Ek'Ak'Z(D (17)

- 2

An analysis of the dependence (17) will allow to obtaining the magnitude and

characteristic of dynamic constituent of the cable tension which occurs during operation
of cable yarding systems.

The diagram (Fig. 5) shows the mode of change in the tension N, for the follow-

ing data: /=300 m; a=30"; mziMl:SOOO kg; n=5;1 =60 m; N, =80 kH.

i=1
From these curves, it is obvious that the dynamic tension amounts to 8-15 % of N,
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depending on the cable travel speed, which should be taken into consideration when se-
lecting individual components for the system. The employment of the above methodol-
ogy under given operational conditions, boundary and initial conditions as well as
known parameters and specifications of individual components, will enable to deter-
mine main design and performance parameters of systems of this type, which would
make it possible to design reliable and competitive cable systems that will meet the re-
quirements of forest management and logging.

=
<
S / Fig. 5. Diagrams
0 , / \< of dynamic load-

~ ing change as a
\\< function of the

cable movement
T speed:

/ / \ 1-9=1 m/sec;

6 S~ 2—-9=2 m/sec;

% 3-9=23 m/sec
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DISTRIBUTION, STRUCTURE AND PRODUCTIVITY OF
OAK STANDS IN WEST UKRAINE

Oak forests in the study region cover an area of 461.5 thousand ha, which amounts to nearly
27.1% of Ukraine’s oak forests. The age structure of the stands analyzed, is essentially disturbed. A
major portion is made up of middle-aged stands (over 57.2%), somewhat less is represented by stands
of sapling stage (21.1%), and the smallest part is made up of mature stands (6.3%). It has been found
that in the most representative forest type (moist hornbeam oakery) in the western part of the study re-
gion, a substantial proportion of the area is occupied by secondary stands. For oak stands of fertile site
type forests in the study region, a clear-cut relationship is shown between the increase in the area of
secondary stands and periods of improperly conducted silvicultural measures of oak trees tending.

Keywords: oak stands, oak forests, structure, productivity.

According to the complex forest management zoning, the forest-steppe region oc-
cupies the central part of Ukraine as well as a considerable part of the study region ex-
tending from its western to eastern border. The western Forest-steppe includes the dis-
tricts of the Volyn heights, Male Polissia, Rostochia and Opillia, the Prut-Dnister dis-
trict and North- Western Podillia [1, 3]. The eastern border of this region coincides with
the wastern border of Khmelnytsk region. The relief of the forest management district is
broken: there are deep river valleys, gullies and ravines. The most commonly encoun-
tered types of soil in this area are Loess grey forest soils and Loess-like clay Loams; al-
so degraded chernozem soils are occasionally found there [1]. The characteristic feature
of Forest-steppe is alternation of steppe and forested areas among which an oakery-type
of forest is the most widespread (Fig.1).

The forest cover of the study region varies depending on the soil-an-climatic con-
ditions. In particular in the western and the northern parts, predominant are pine-oak,
pine and alder stands on soddy podzolic soils. The central part with its prevailing mid-
dle-productive soils boasts of beech, oak-beech and oak forests. In the eastern part of
the forest management district, hornbeam-oak forests growing on the highly productive
neutral and leached chernozem soils, occupy the greatest area [3].
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The pre-Carpathian forest management district occupying the southern part of the
study region, is located to the south of the Forest-steppe zone and is bordered by the
Carpathians along the line that runs from the western border of Ukraine through
Borislav, to the north of Bolehiv, to the south of Kolomyia, towards Beregomet and to
the border with Romania. The most abundant types of soil in the forest management dis-
trict involved, are soddy middle-and highly podzolic soils. The most representative
stands are oak stands the composition of which gradually changes: from pure oak and
hornbeam-oak stands to fir-beech-oak and fir-oak ones in the south-eastern part, and
beech-fir in its south-western parts [3].

Fig.1. The distribution of
oak stands in the Forest-
steppe part of the
study region

Common oak is one of the most valuable tree species growing on the territory of
Ukraine and within the study region in particular. Oak-participating stands in addition to
being a valuable raw material source, fulfill most important soil protection, water-
regulation, water-conservation and recreational functions. By absorbing a considerable
amount of surface water, they substantially diminish the surface, run-off and subse-
quently, reduce water erosion. The powerful root system of common oak tree helps the
formation of drought-resistant stands, which is of great importance for creation favour-
able microclimatic conditions on the adjaicent area of their distribution [4, 6].

In the past the geographic range of common oak was much wider than the present
one, but in response to adverse environmental effects as well as intensive human man-
agement activity, its range of distribution has significantly reduced in size. The oak for-
ests suffered the most losses in the study area during the period of 16™-19™ centuries.
The intensive forest cutting contributed to a decrease in the area of highly-productive
oak forests, in the past war period, beginning in 1950s-1970s, the excessive exploitation
resulted in considerable reduction in forest cover percentage in Lviv, Ivano-Frankivsk,
Ternopil and other regions. For example, from 1946 through 1956, the forest cover per-
centage in the above mentioned regions decreased: in Lviv region- by 0.9 %, Ivano-
Frankivsk region- by 1.5 % and in Ternopil region- by 0.5 % [3, 5 ].

At the same time, since the mid-20th century, a tendency for an increase in the
area occupied by oak-predominant stands has became evident in Ukraine. As of January
01, 1962 oak-predominant stands occupied an area of 1318400 ha, or 19.2 % of the total
area while in 1966- 1419000 ha (20.1 %) and as of January 01, 1966 their area increased
to 1710300 ha [7]. According to the statistics data on the forest area inventory in 2002,
the total oak stands area of the government agency of forest resources in Ukraine,
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amounts to over 1.7 mln ha, which corresponds to nearly 27 % of the forested area with-
in the western Forest-steppe and the pre-Carpathians zone, oak-participating stands cov-
er over 461500 ha, that is about 27.1 % of the oak stands total area in this country. The
most part of oak-predominant stands within the study region is in Lviv region (over
95600 ha), somewhat less in Ternopil region (81900 ha), and in Khmelnytskyy region
(78600 ha). The figures fall far short in Rivne region (58000 ha), Volyn region (58000
ha), Ivano-Frankivsk region (59100 ha) and in Chernivtsi region (30000 ha), the distri-
bution of which being considered for the study region (Table 1). In the above mentioned
regional forest management administrations, coppice stands constitute nearly one per-
cent of the oak stands area, the average volume of which in Lviv regional forest man-
agement administration amounts to only 118.8 m® per ha where as the average volume
of oak-participating high forests amounts to 189,6 m® per ha. Similar feature is observed
also in other regional forest-and-game management administrations.

In particular, the average volume of coppice oak stands in Ternopil region
amounts to 134.9 m’ per ha while the volume of high oak stands is 182.9 m? per ha in
Rivne region- 104.5 m® per ha and 174.2 m® per ha, in Ivano-Frankivsk region — 124.0
m® per ha and 160.7 m® per ha, respectively. Somewhat higher are the productivity in-
dexes for oak stands in Chernivtsi region where the volume of oak coppice stands aver-
ages to 175.5 m® per ha while 211.5 m® per ha for highstands and in Khmelnytsk region
—177.9 m® per ha and 193.1 m® per ha, respectively.

Table 1. The dynamics of variation in oak stand area in the Forest-steppe zone and
the pre-Carpathians according to year classes

The year | Seedling- | Sapling- | Middle- . Mature Percentage
Species | of inven- stage stage aged Maturing | and over Total, ha | of forest
stands mature
tory stands stands stands stands cover area
Lviv regional forest-and-game management administration
Common 1960 18623.0 | 16716.0 | 16566.0 | 4240.0 | 2854.0 | 58999.0 13.6
oak 1980 18520.0 | 20196.0 | 26919.0 | 6178.0 | 4112.0 | 75925.0 18.3
2002 6352.0 | 21048.0 | 54831.0 | 8567.0 | 4863.0 | 95661.0 22.2
Ternopil regional forest-and-game management administration
Common 1960 29533.0 | 12447.0 | 14477.0 | 627.0 1042.0 | 58126.0 39.9
oak 1980 13756.0 | 33578.0 | 24697.0 | 3566.0 | 1168.0 | 76765.0 52.6
2002 5773.0 | 15769.0 | 53662.0 | 4875.0 | 1832.0 | 81911.0 57.3
Khmelnytskyy regional forest-and-game management administration

Common 1960 15398.0 | 12528.0 | 10188.0 | 568.0 184.0 | 38866.0 23.5
oak 1980 10442.0 | 16845.0 | 18230.0 | 2615.0 335.0 | 48467.0 29.9
2002 8785.0 | 15219.0 | 42540.0 | 7159.0 | 4975.0 | 78678.3 46.7

Rivne regional forest-and-game management administration

Commonoak | 2002 | 4237.0 [11476.0 | 30542.0 | 3032.0 | 8714.0 [ 58001.0 | 10.0

Volyn regional forest-and-game management administration

Commonoak | 2002 | 4964.0 [ 13009.0 | 32426.0 | 3552.0 | 4130.0 | 58081.0 14.1

Ivano-Frankivsk regional forest-and-game management administration

Commonoak | 2002 | 5419.0 [15067.0 | 34361.0 | 3032.0 | 1312.0 [ 591910 | 13.5

Chernivtsi regional forest-and-game management administration

Common oak 2002 2089.0 5673.0 | 15813.0 | 3093.0 | 3339.0 | 30007.0 18.8

In total for
the study 2002 37619 97261.0 | 264175.0 | 33310.0 | 29165.0 | 461530.0 19.8

region
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Our analysis of the oak stands area dynamics in the western Forest-steppe and the
pre-Carpathians has shown a gradual increase in the oak stands-occupied area beginning
in 1960. However there is a dangerous tendency for a decrease in the area occupied by
oak stands of younger year classes. In particular, an essential decrease in the oak stands
area has been seen for a 10-year class. For example, according to the results of a year
2002 forest inventory in Lviv region, the area of oak stands aged up to 10 years
amounted to only 1062,1 ha whereas it was equal to 87280 ha in 1960. Similar tendency
was revealed in our study for the same year class in other regional forest management
administrations. Such variations in the area of oak stands for some year classes will re-
sult in disproportions in the stands age structure [7]. The research that we conducted
with the use of statistics data, shows that the age structure of oak stands in the study re-
gion has been essentially disturbed. In particular, the middle-aged oak-participating
stands in Lviv regional forest management administration occupy the largest area (49.4
%) while the amount of mature and over mature stands is much lower (9.7 %) and the
least is the amount of seedling-stage stands (6.7 %). Similar tendency of oak stands age
distribution is typical of other regions (Fig.2).

As is apparant from the results of our study, the most significant variations in oak
stands age structure is characteristic of Ternopil regional forest management administra-
tion where the middle-aged stands occupy over 65 % of the oak forest area. It should be
pointed out that this year class is represented without exception in all forest manage-
ment administrations of the study region. The representativeness of middle-aged oak
stands varies from 52.7 % in Rivne and Chernivtsi regions to nearly 58.1 % in Ivano-
Frankivsk regional forest-and-game management administration. The greatest amount
of sapling stage oak stands in the study region is found in Ivano-Frankivsk forest-and-
game management administration. The smallest area amond mature stands of the stydy
region is occupied by stands in Ternopil (1832.0 ha) and Ivano frankivsk regions, which
amount to only 2.2 % of their total area [3, 6].

The thorough analysis of the peculiarities of growth and productivity of oak
stands in the study region made it possible to mark some characteristic features of this
process. In particular, the highest average increment (from 3.5 to 4.5 m® per ha) is char-
acteristic of the stands aged 21 to 40 years. The trend has been toward a gradual de-
crease in the average increment of oak stands aged 10 years and over, it is most evident
in Lviv, Rivne, Ternopil, Ivano-Frankivsk, Volyn, and Chernivtsi regional forest-and-
game management administrations.

Somewhat different pattern of the variations of the index value for the average
annual increment was marked for oak stands in Khmelnytskyy region. For example, the
highest index value for the average increment of the middle-aged stands was equal to
3.8 m® per ha. The highest index value for the average volume is characteristic of ma-
ture oak-participating stands in Chernivtsi regional forest management administration
(over 328 m’ per ha), Ternopil region (244 m® per ha) and Khmelnytskyy regional forest
management administration (over 237 m® per ha). This index value is much lower in
Ivano-Frankivsk region (222 m® per ha), Lviv region (217 m?® per ha) and Rivne forest-
and-game management administration. The optimum growth conditions have been cre-
ated for oak-participating stands within the study region, at the same time, the existing
site conditions are not exploited to the best advantage. In particular, a considerable
amount of heat that comes onto the ground surface in the study region is combined with
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appropriate amount of moisture, which creates proper conditions for growing oak stands
of the first site class. However, the study that we conducted, points to the fact that envi-

ronmental potential is not utilized to the full advantage (Fig. 3).
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It has been pointed out that the productivity of oak-participating young-growth
stands on the territory of some forest-and-game management administrations, corre-
sponds to the volume of oak stands of the first site class. However, the results of further
analysis of the productivity of oak-participating middle-aged stands shows essential re-
duction in their volume (nearly by 25 %) compared with stands of the first site class.
The decrease in the volume is even more striking for the maturing (up to 30 %) oak
stands as well as mature and over mature stands (over 70 %) within the study region as
compared with stands of the first site class. This is due to to several reasons.
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One of them is improvement cuttings that are not conducted timely, which results
in overtopping and suppressing common oak trees by associated tree species. Also high
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intensity of belated improvement cutting, excessive and unreasonable removal of com-
mon oak trees in middle-aged and maturing stands during improvement cutting may
contribute to lower final productivity. There is one more reason for this: unsufficient at-
tention is given to natural regeneration of oak stands by seed [3,6,8].

By convention, the study region can be divided into two parts which are distin-
guished by their differing indexes of average annual precipitation. For example, the cen-
tral, eastern and southern parts of Lviv region, the west of Ternopil region, the north-
western part of [vano-Frankivsk region differ essentially in their amount of precipitation
from the central and southern parts of Ternopil and Khmelnytsk regions. The average
annual amount of precipitation in the central part of Lviv region makes up 700 to 742
mm whereas 750 to 800 mm in the pre-Carpathians. The amount of precipitation de-
creases drastically and makes up 500 to 600 mm in the north-western part of Podillia
region which includes the central, southern and north-eastern parts of Ternopil and
Khmelnytsk regions, the northern parts of Ivano-Frankivsk and Chernivtsi regions.

The peculiarities like this result in the dominance of moist forest type in the west-
ern part of the study region, namely moist hornbeam oakery and fairly moist hornbeam
oakery in the east [2,3]. With the aim to make more in-depth study of the peculiarities
of oak stands formation under conditions of prevailing forest type in the study region,
we analyzed the stands in the subsidiary “Lviv Lisgosp” ( Lviv forest management).
The forest area of “Lisgosp” is represented by fairly large tracts of oak, pine and beech
forests. The oak forests are formed by common oak and largerly occupy the elevated
terrain with claim-loam soils. The most abundant are fairly fertile site type of forest
with participations of common oak, common pine as well as associated species such as
hornbeam, maple, lime-tree, elm, ash, birch, sycamore maple. The fairly fertile site type
of forest is more often found in forest management units situated to the east, west and
south of the city of Lviv. The productivity of most forest types is rather high. The age
structure is not uniform. The greenspace forests around Lviv tend to have increasing
share of mature and maturing stands. In keeping with the results of our studies, it should
be noted that percentage of secondary stands is progressively increasing, which has an
assentially detrimental effect. According to investigation of many researchers, it is gen-
erally taken that naturally-originating stands are the most resistant to adverse environ-
mental effects and anthropogenic impacts, the stands of this type most closely corre-
spond to primary ones in their structure and morphological characteristics. To conduct a
typological analysis, we selected a moist hornbeam oakery, one of the most representa-
tive (4 185.3 ha) and valuable forest type in the subsidiary “Lviv Lisgosp”.

This forest type is common to Krasiv, Lypnyky, Vynnyky, Lapaivka,
Borshchovychy and Tovshchiv forest management units. The larges forested area occu-
pied by moist hornbeam oakery is in Lapaivka forest management unit (over 1 330.0 ha),
the smallest (255.0 ha) is in Lypnyky forest management unit. The highest percent of for-
ested land occupied by moist hornbeam oakery (over 41 %) is in Tovshchiv forest man-
agement unit while the lowest percent is in Lypnyky forest management unit (10.7 %).

The typological analysis made for the given type of forest in the above mentioned
forest management units, has revealed essential fluctuation in the rate of typological po-
tential use for different year classes. In particular, the lowest rate of using typological
potential is noted for year classes of 11 to 20 years (50.9 %) and 61 to 70 years (32.1
%). The highest rate of using typological potential and the absence of variation in year
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classes is characteristic of Lapaivka, Borshchovychy, Krasiv and Vynnyky forest man-
agement units. The typological analysis allowed to find that the average age of moist
hornbeam oakery stands varies from 50 years in Borshchovychy and up to 65 years in
Vynnyky forest management unit. The highest average actual volume of oak stands of
this forest type — over 270 m® per ha — was recorded in Vynnyky forest management
unit while the lowest (about 208 m? per ha) in Lypnyky forest management unit, where-
as potential average volume of standard stands is higher in Vynnyky forest management
unit by 43 m? per ha, and almost by 73 m?® per ha in Lypnyky forest management unit.
Similar tendency is typical of other forest management units as well.

The division of oak stands into primary and secondary ones made it possible to
reveal a sizable proportion of secondary stands, which essentially influences the produc-
tivity and resistibility of stands. The percent of secondary stands is especially high in
Vynnyky (over 73 %), Borshchovychy (over 71 %) and Krasiv (63.6 %) forest man-
agement units (Table 2). A more thorough analysis of the forest type in question in
Borshchovychi forest management unit made it possible to reveal the main causes of
excessive presence of secondary stands. As a result of our study, it has been found that
the percentage of secondary stands aged up to 10 years, amounts to 100 %, which points
to the fact that the first cleanings are not given proper attention. The highest percent of
secondary stands was established in the period 1983-1993 and from 1963 to 1973. The
lowest percent of secondary stands was formed in Borshchovychy forest management
unit in the period from 1913 to 1923 (57.8 %) and from 1933 to 1943 (47 %), which tes-
tifies to proper attention given to common oak tending at the beginning of the life cycle.

Table 2. Division of forest management subsidiary “ Lviv Lisgosp” stands into
rimary and secondary according to their density

No Forest Total The distribution of forest covered areas according to density, ha %
3\1‘1 management | area, Primary Secondary
unit ha 1.0-0.8 0.7-0.5 <0.5 1.0-0.8 0.7-0.5 <0.5
1 Lypnyky 2550 | 46.0/18.0 | 83.2/32.6 | 5.4/2.1 | 57.6/22.6 | 62.8/24.6
2 Vynnyky 501,0 22.6/4.5 109.4/21.8 | 2.4/0.4 95.7/19.1 235.5/47.0 | 35.4/7.0
3 Krasiv 5712 | 124.2/21.5 85.4/14.8 - 57.7/10.0 | 309.2/53.6
4 | Borshchovychi | 7372 65.9/8.9 146.3/19.8 - 273.4/37.1 | 252.3/34.2
5 Tovshchiv 782,6 | 144.4/18.5 | 338.4/43.2 - 123.6/15.8 | 176.2/22.5
6 Lapaivka 1331,6 | 247.8/18.6 411.5/30.9 21.4/1.6 282.6/21.2 332.9/25.0 35.4/0.3
Total 4185,3 | 651.6/15.6 | 1174.2/28.1 | 29.2/0.7 | 890.6/21.3 | 1368.9/32.6 | 70.8/1.7

It is of interest to mark a fact that was revealed during the process of making the
typological analysis of the forest type prevailing for a given part of the region. In particu-
lar, it was found that secondary oak stands in Urmantsi forest management unit subsidiary
“Berezhany lisgosp” that were established in the period 1904-1923, from 1944 to 1953,
and in the period 1974-1993, dominate over primary oak stands (Fig. 4). It was in these
periods when little attention was given to the regeneration of oak stands and especially to
timely conducted oak tending. Improvement fellings the aim of which is removing sec-
ondary tree species that suppress the growth and development of oak trees, if not done in
due time, result in the establishment of secondary stands over a large area (Fig. 5). In
Vynnyky forest management unit subsidiary “Yarmolun Lisgosp”, the largest part of sec-
ondary stands was formed in the period 1902-1941. The regeneration of primary oak
stands was not given a proper attention in this period. That period saw intensive removal
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of oak stands for the needs of sugar-producing and other industries. Large areas of sec-
ondary stands also appeared in 1920s, 1930s and 1940s, which is accounted for by lack of
silvicultural practices and targeted activity of forest management for regeneration of pri-
mary oak-participating stands. In succeeding decades, the area of primary stands in-
creased considerably and is dominating over the area of secondary stands.
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Conclusions:

e For oak stands of fertile site type forests in the study region, a clear-cut relationship is shown be-
tween the increase in the area of secondary stands and periods of improperly conducted silvicultural
measures of oak trees tending. The most part of secondary stands in Urmantsi forest management unit sub-
sidiary “Berezhany Lisgosp” was formed in the period 1904-1923, 1944-1953 and from 1974 to 1993. The
most part of secondary stands in Vynnyky forest management unit was formed in the period 1902-1941.
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e QOak forests in the study region cover an area of 461.5 thousand ha, which amounts to nearly
27.1 % of Ukraine’s oak forests. The most part of common oak-participating stands is concentrated in
Lviv region (over 95.6 thousand ha), somewhat less amount of oak stands is found in Ternopil region
(78.6 thousand ha).

e It has been found that in the most representative forest type (moist hornbeam oakery) in the western
part of the study region, a substantial proportion of the area is occupied by secondary stands. Large areas of
secondary stands are found in Vynnyky forest management unit (over 73 %), Borshchovychy (over 71 %)
and in Krasiv forest management unit subsidiary “Lviv Lisgosp” (over 63.6 %).

e The age structure of the stands analyzed, is essentially disturbed. A major portion is made up of
middle-aged stands (over 57.2 %), somewhat less is represented by stands of sapling stage (21.1 %),
and the smallest part is made up of mature stands (6.3 %).
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IHomupeHHs, CTPYKTYPa Ta NPOAYKTHBHICTH 1Y0OOBHUX HACAAKEHb 3aX01y Y KPaiHU

[IpoBeneHo aHaii3 MOIIMPEHHS TyOOBMX JIICOCTaHIB B MEXax perioHy nociimkeHs. [Tomano
TUHAMIKy 3MIHH IUIONII  JIICOBMX  HAacCa/PKeHb, OCOOJMBOCTEH  THUIOJIOTIYHOI  CTPYKTYpH,
NPOAYKTUBHOCTI 3a y4acTio 1y0a 3BHYAaWHOrO B 3aXifHIM yacTWHI YKpaiHM B Mexax 3axiJHOTro
Jlicoreny ta Ilpukapnarts. locnimkeHo cnienudiky CIiBBIIHOMIEHHS KOPIHHUX Ta MOX1THUX JYOOBHUX
JIEpEBOCTaHIB B YMOBaxX C(hIKUX Ta BOJIOTUX I'pabOBUX Ji0OpOB.

Kiio4ogi ciioBa: n1y0oBi Haca/pKeHHS, TyOOBI JIICH, CTPYKTYpa, TPOTYKTUBHICTb.

UDC 639*1 Assoc. prof. P.B. Khoyetckyy — UNFU
THE DYNAMICS OF BEAR POPULATION IN THE EASTERN CARPATIANS

In the dynamics of bear population in the Eastern Carpations, there are two recorded periods of
change in the numbers. The first one that lasted over 50 years, started in the late 1940s and ended in
the year 2001. The second one has started in the early 21-st century.

Keywords: population, hunting, environmental factors, poaching.
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The brown bear (Ursus arctos L.) numbers in the Eastern Carpathians had been
rather considerable up to the mid — 19™ century, their number, however, began to de-
crease dramatically through overhunting, reduction in the forested area; this led to the
prohibition against hunting on bears in the 1930 s. After World War II, in the late 1940
s, the bear population counted only several tens of animals (70 to 80 individuals) [18,
21, 23, 24]. In the 1970 s, there was an increase in the number of the species due to pro-
tective measures taken as well as improvement of their habitat conditions, as a result
bears numbers reached their peak i.e. over 1000 individuals. However, a decrease in the
species population in the 1990 s caused a serious concern about the future of this species
[2, 7, 8, 25]. On the basis on the fact that the annual reduction in the bear numbers aver-
aged 28 individuals, this species was predicted to extinct in the Eastern Carpathians
within a 12-year period [9]. The species was entered into Ukraine’s Red Book just on
the grounds of the species number reduction without conducting a detailed analysis of
the population dynamics and the factors which influence the numbers of the predator
etc. [8]. That is why the purpose of this work is to analyze the bear population dynamics
in the Eastern Carpathians as well as to reveal the factors causing these changes. This
beast of prey is common under mountainous conditions of the Carpathians in four re-
gions: Lviv region, Ivano-Frankivsk region, TransCarpathians, and Chernivtsi region.
The dynamics of bear numbers in these regions shows an increase in the population size
in the period from the 1940 s to 1968. The years 1968 shows the maximum size of bear
population: 1,236 individuals. In the year that followed (1969), the numbers decreased
by 305 individuals, which makes up 24.7 % of the total number of the population.

It is impossible to give any reasonable explanation for substantial decline in the
numbers during the period 1969-1970 as well as their abrupt increase by 17.8 % in 1971
(Fig. 1). In the early 1970s, 1,100 individuals were registered in the Eastern Carpathi-
ans. According O. Slobodian, the total number of this species amounted to 1,300 indi-
viduals at that time. The difference of 18 % is accounted for by inaccuracy of inventory
methods (which may produce an error of up to 20 %), inadequate professional training
of the record-keepers, non-observance of the inventory methodology etc. O. Slobodian
allows for the inaccuracy of inventory results in the early 1970 s [21].

The over-estimate of bear population size was observed not only in Ukraine but
also in other European countries (Poland, Slovakia) [27, 28]. The information on the
bear numbers in the Eastern Carpathians is contradictory in some research works [3-5,
10, 13, 17, 18, 20-22, 24], sometimes the difference between researchers’ studies and
the inventory records on animals done by the users of the game lands, amounted to over
250 individuals (25 %) [20]. According to I. Turianyn [24], the species numbers
amounted to 70 individuals in 1947; after 10 years the number of bears was already as
much as 484 individuals (in 1956). The population size in other European ranges of bear
distribution, in particular Kalinin region, Russia, increased only twice as much within a
15-year period. With the total population size being 400 individuals, the annual increase
made up 13 individuals [15]. In Belarus, the micropopulation of 20 head increased an-
nually only by 4 individuals of which one or two little bears failed to live more that one
year [12]. Therefore, the increase in the bear numbers by 6.5 times in the Carpathians
within a 10-year period is unlikely. According to K. Tatarynov [22], the number of this
species in the early 1950 s was estimated at 150 to 200 individuals, having increased by
2.1 to 2.8 times as compared with the 1940 s. If the bear numbers amounted to 70 indi-
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viduals in 1947, this population could reach over 200 head in number in the 1950 s with
the annual increase rate being 17 to 18 % while the numbers of 600 head was reached in
1960 with the annual increase being about 20 %.
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Fig. 1. Dynamics of the numbers of Ursus arctos in the Ukrainian Carpathians

Large mammals, in particularly bears, are characterized by a slow rate of repro-
duction which is accounted for by late maturity, reproduction does not occur every year,
and their productive performance is relatively low [19]. That is why the increase in the
bear population by 17 to 20 % is essential for the Eastern Carpathians. According to M.
Hunchak [7], the increase in some game management units amounted to 19.6 % in the
1990 s. With a knowledge of main parameters of the population (numbers, increase), it
is possible to restore the dynamics of the bear population in the Carpathians in the
1960 s. Setting the population size in 1960 at about 600 individuals and the average an-
nual increase rate being 5 %, the bear population size could theoretically reach the
numbers of 1000 to 1,100 individuals by the beginning of the 1970 s.

Periodic and regular variations in species numbers are a natural process in the life
of any population, which is explained by intrapopulation mechanisms [14]. Two types
of numbers dynamics are recognized for wild animals [26]. The first one — labile — is
typical of small-sized animals (mouse-like rodentia and others), they have a short life-
span and are characterized by high productive performance. The distinctive features of
this type are considerable fluctuation amplitudes according to which the population size
may vary several-fold, the period duration being 4 to 8 years.

The other type — steady — is typical of large animals that are characterized by big
sizes, a long life-span, late maturity, and low productive performance (fecundity). This
type is marked by a moderate amplitude and an extended period of the numbers change
that may last for several decades [26]. The dynamics pattern of the numbers for each
separate species is specific, it results from the interaction of the population with its envi-
ronment and is a consequence of this species adaptation to specific habitat conditions,
which, in its turn, is determined by biological peculiarities of the species. One hypothe-
sis holds that the life-span of a species roughly corresponds to one period of the num-
bers change [14]. Generally, the life-span of a bear in a zoo makes up 47 years [6], it is
shorter under natural conditions and makes up about 20 years [11], sometimes there can
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be found individuals aged up to 27-30 years, which gives grounds for researchers to in-
dicate the average age as being within the range of 30 to 50 years [16].

Thus, in the dynamics of bear numbers in the Eastern Carpathians, one may dis-
tinguish two periods of the numbers variation. The first one that lasted over 50 years,
started in the late 1940 s and ended in 2001. The phase of increasing population lasted
over 20 years. The bears numbers reached their peak in the early 1970 s, the population
density being about 1.0 individual per 1000 ha. Starting in 1972-1973, a decline in the
numbers was registered that lasted up to the beginning of the 21-st century. The smallest
numbers (270 individuals) were registered in the year 2001. The duration of the phase
of decreasing population was about 30 years. At the beginning of the 21-st century, the
population size decreased by four times as compared with the 1970 s, with the fluctua-
tion amplitude of the numbers being nearly 830 individuals.

The second period of the population size change started in 2001 (it is not over
yet). During a 8-year period (2001-2009), the number of the species increased by 10.3
%. The average annual increase of the population amounts to 5.4+1.3 % (S=3.1; V=58.0
%). The variation coefficient points to the essential annual variation of increase. Thus,
during the study period, the minimum 1.8 % increase of the population was recorded in
2002 while the largest —in 2003 (10.7 %). In general, from 1968 to 2009, the average
bear numbers in the Eastern Carpathians amounted to 649.4+28.4 individuals (S=184.4;
V=28.4 %), the increase being 5.2+1/1 % and the elimination amounting to 11.1£1.8 %,
which is twice as much as the increase.

Direct and indirect human activity, in particular hunting, poaching etc., may be
the deciding factor in the change in numbers of game animals, it may influence the dy-
namics of the population. It should be marked, however, that the effect of hunting on
the bear numbers is insignificant and this cannot cause the population number to de-
crease. In the 1950s, in the Ukrainian Carpathians, approximately 20 animals were
hunted according to the issued licenses. In the late 1960s — the early 1970s, the number
of hunted animals made up nearly 9 % of the total number of the bear population [5].
From 1991 to 1998, only four individuals were shot in the Carpathians. The maximum
permissible Level of hunting on game population is considered to be 15 %, while fur-
ther escalation of shooting will result in the population decrease [4].

According to the official statistics data, the decline in the population size began in
the early 1970 s. At that time, the guarding of game lands was much more efficient that
it was in the 1990 s, a period of people's mass impoverishment, weakening of state pro-
tection of game animals, the ease of procuring firearms, both smoothbore and rifled.
That is why the poaching in the 1970s was not the cause of decrease in the predator
numbers while the illegal hunting in the 1990s simply contributed to the depression of
the population and prolonged the phase of the numbers decrease. The extent of poach-
ing at the beginning of the 21-st century still remains of sizable proportions, and this
may adversely affect the dynamics of the bear population. According to our investiga-
tion, poach hunting is responsible for 85 % of registered cases of bear death, of which
about 8.7 % of animals are killed by noosing. Totally, anthropogenic factors are respon-
sible for 96.0 % of the registered cases of bear death (Fig. 2). Quite often after the death
of a female bear through poaching hunting, the little bears are left to the mercy of fate.
Thus, in 1995, in the vicinity of the village of Kozakivka (Ivano-Frankivsk region), a for-
est guard found two live little bears and the female bear that had been killed by poachers.
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The cases like this are not uncommon ones in the Carpathians. There were cases when a
female bear left her little bears due to human disturbance. In 1986, in the Bukhtivets for-
est district (Ivano-Frankivsk region) the foresters were keeping two little bears (female)
that had been found in a critical state in the forest without their mother-bear.

74 37 37
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O old age

Fig. 2. Causes of Ursus arctos death in the Ukrainian Carpathians, in %

At the end of April 2008, a little bear was found in the area of the Bereziv forest
district, it was quite exhausted and the female bear was not near-by. Our studies have re-
vealed that no less than 19 bears of various age are being kept in enclosures in three Car-
pathian regions (Lviv-, Chernivtsi-, and Ivano-Frankivsk regions). The majority of the an-
imals are kept in the enclosures at hotels, motels, restaurants.

Table 1. Keeping Ursus arctos in enclosures (as of 2009)

Sex Age, years
up to 2 2-3 4-10 over 10 not revealed
Male 1 1 3 2 1
Female 1 1 3 1 1
Not revealed - - 1 - 3
Total 2 2 7 3 5

As is seen from Table 1, almost 58 % of the animals are of reproductive age. The
ratio of genders is nearly 1: 1. Therefore it is necessary that a rehabilitation centre
should be established in one of the natural reserves in the Carpathians (the Skolivski
Beskydy National Natural Park, the Carpathian National Natural Park and others) for
the purpose of keeping animals there and further introduction of little bears in the wild.
The assistance in establishing such centres could be rendered by the International Fund
of Animal Welfare (IFAW). A centre of this type has been already organized in Russia.
The employees of the centre have managed to rescue and return to the wild over 90 little
bears. In particular, the little ones that were kept in the rehabilitation centre and then re-
leased to the areas of the Briansky Les Reserve, got accustomed to the place and helped
to recover the local bear population that had been degrading due to the prolonged isola-
tion and close-related mating. Direct and indirect human activity may be a determining
factor in the change of game animals numbers.

The evidence for human activity impact on the population dynamics could be the
bear numbers in the game hunting areas of Ivano-Frankivsk region. In the dynamics of
numbers, there are three registered periods of the population decrease: two of them are
completed while the third one is still lasting. There is an intimate relationship between
the species numbers in the Eastern Carpathians and the population size in the game
lands in Ivano-Frankivsk region, which is supported by the correlation coefficient (R =
0.91). The data on the bear inventory is available only from 1965 on, but the above
mentioned relationship between the species numbers in the Carpathians and the popula-

25




tion size within Ivano-Frankivsk region allows for stating the phase of increase in the
numbers from the late 1940 s to the early 1970s. A 1971 bear inventory in the region
recorded the maximum number of the animals — 390 individuals. An 8-year period that
followed the peak, witnessed a decline in the bear numbers. The first period of the
population size change ended in 1978. This period lasted for over 30 years. The num-
bers of bears decreased by 2.4 times as compared with the early 1970 s (Fig. 3).
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Fig. 3. Dynamics of the numbers of Ursus arctos in the game lands
of Ivano-Frankivsk region

The second period lasted from 1978 to 2002. An increase in the numbers occurred
between 1978 and 1987, the phase duration being 9 years. Bears numbers reached their
peak (over 220 individuals) in 1987. During the period from 1984 to 1991, the numbers
were steady, over 220 individuals were registered in the region’s lands. Starting with
1992, there occurred a decrease in the numbers, illegal hunting being one of the causes.
The minimum number of bears (over 90 individuals) was recorded in 2002.

Thus, the second period of the numbers change lasted for 24 years and is shorter
than the first one. Most probably, the poaching in the early 1990 s caused the phase of
increasing the numbers to change for the phase of decreasing the numbers which lasted
for 11 years. The third (incomplete) period is characterized by the average annual in-
crease of 9.9+2.7 % (S=6.1; V=61.5 %) which is higher than in the Carpathians as a
whole. The population increased by 1.6 times during a 7-year period (2002-2009).

The numbers of the predators increased also in the game lands of other regions. In
particular, the total number of this species increased twice as much in Chernivtsi region.
However, the tendency for the population change is influenced by the number of bears
in game lands of Ivano-Frankivsk and TransCarpathian regions. There is a very close
relationship between the number of this species in the game lands of TransCarpathian
region and the Eastern Carpathians (R=0.98) while a slight relationship is registered in
the game lands of Chernivtsi region (R=0.16), which is due to the small numbers of
bears — about 12 % of the total number of the population.

A slightly negative relationship is registered between the bear population in the
lands of Lviv region and the Carpathians which is either due to inaccurate inventory re-
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sults or because of considerable fragmentation of the area resulting in the establishment
of an isolated bear population that does not have any contact with the main population,
thus acquiring the features of a “patch” population. “Patch” population of bears retain
their viability even if their population size drops to 35 individuals [1]. The population of
bears in the Eastern Carpathians makes an integral part with the bear population in the
Southern and Western Carpathians. There is continual migration of bears from Romania
to Ukraine’s territory, and vice versa. The animals come to the territory of TransCarpa-
thians region during a spring-summer period as disturbance factors increase due to the
beginning of sheep-grazing season in the mountain valleys. Thus, migration of bears
from the territory of Romania to the adjacent area of the Vyshkiv forest district (State
enterprise “Khust forest research centre — SE “Khust FRC”) occurs on a regular basis.
In particular, a case of coming from Romanian territory of a female bear together with
little bears was recorded in march 2005. The lands of SE “Khust FRC” are characterized
by favourable conditions for wintering. In 1997, the windfalls in the borderland of SE
“Vynogradovo forest management unit” and SE “Khust FRC” threw down a 120 m3 —
volume of forest trees, the area was not fully cleared but despite the resulting favourable
shelter conditions, the bears did not make their dens there.

In the borderland, on Poland’s side, there are no engineering structures, also the
fencing on Ukraine’s side has been partially dismantled, which furnishes an opportunity
for animals to migrate freely from Poland’s territory into the interior of Ukraine, and
vice versa — to Poland. The translocation of animals across the borderline occurs regu-
larly. Thus, the border guards have registered migration of elk, deer, bison, and bear
across the border. In the area of the Bircha gmina (rural council district) that is adjacent
to the Poland-Ukraine border. Cases of bear migration from this area to the land of the
Dobromyl forest district (SE “Vynogradovo forest management unit”) are recorded
from time to time. In order to restore the wholeness of bear population within the area
of the Eastern Carpathians, it is necessary that ecological corridors should be created.
Such corridors need to be created first at the western boundary of the Eastern Carpathi-
ans, the area of which is considerably fragmented and heavily populated as compared
with other areas of the Ukrainian Carpathians.

Thus, the entering of the brown bear into Ukraine’s Red Book was done without
due consideration for natural dynamic processes of the species population. Two periods
are revealed in the population dynamics in the Eastern Carpathians from the second part
of the 20™ century to the beginning of the 21-st century. The first period lasted over 50
years, the second one (still lasting) started early in the 21-st century. The periodic and
cyclic pattern of the population change may be substantially influenced by human activ-
ity, in particular poaching. The illegal hunting prolonged the duration of the phase of
decreasing the population number in the 1990 s, and this is the factor which is slowing
down the species restoration at the beginning of the 21-st century. That is why the ef-
forts of nature—protection bodies, the huntsmen service of game management units
should be directed towards revealing cases of illegal hunting, and preventive measures
against poaching should be taken. The restoration of the bear population will be pro-
moted by the establishment of rehabilitation centres and creation of ecological corridors.
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V]IK 639*1 Hou. II.b. Xoeuvkuii, kano. c.-2. nayx — HJIITY Ykpainu

Jdunamika yuceabHocTi Beamens y Cxinnux Kapmarax

Bcranosneno, mo y auHaMini yucensHocTi Beamens y Cxignux Kapnarax 3apeectpoBaHo JBa
nepioan 3MiHU yucenbHocTi. [leprmuit mepion TpuBamicTio moHaa 50 pokiB, po3novaBcs y KiHmi 40-x
pokiB XX cr. 1 3aBepummBes y 2001 p. Jdpyruii nepion (TpuBaroumii) moyascsi Ha modatky XXI cT.
MakcumanbHO1 yrcenbHOCTI 0au3pK0 1100 ocoOuH moromiB’s BeAMeasl AOCATHYJIO Ha modyatky 70-x
POKIB MHHYJIOTO CTONITTSA. Y TOHaa 85 % BHSBICHMX BHIAJKIB 3aru0eni BeaMens MPUYUHOIO €
OpaKOHBEPCHKE TIOJIFOBAHHS.

Karo4oBi ciioBa: momysisiiisi, MOJOBAaHHS, YUHHUKU CEPEIOBUINA, OPAKOHBEPCTBO.
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STATE AND PERSPECTIVES IMPROVEMENT
OF FOREST TRANSPORT NETWORK

The state of forest roads network in Ukraine and some countries of Europe is analyzed. The op-
timum values of forest roads density are substantiated for different geomorphologic conditions on the
basis of analysis of forest road planning results.

Keywords: forest roads network conditions, model of timber transport development, density of
forest roads network.

Introduction. Forest roads is a kind of entrance to the forest areas, the possibility
of providing its essential functions, rational and ecologically safe use of natural resources,
effective functioning of the tourism and recreation industry. Transport routes play a criti-
cal role at the forestry production of mountainous area, where forest areas are scattered
over a large territory and such territory has the following characteristic features: difficult
relief and soil-hydrological conditions, low concentration of harvestable timber per unit
area, one-sided cargo traffic and other factors. The development of road networks in for-
ested areas has a positive effect on the intensification and expansion of opportunities for
many sectors of the economy and, promote the population with the employment, reduc-
tion of staff turnover, improvement of working and living conditions of the population.
But so far in Ukraine there is has not been any concept concerning the extension of forest
roads network with the recommendations regarding its main parameters and choice of
technology of primary timber transportation. The aim of this study is to substantiate the
optimal density of forest road network in different geomorphological regions of Ukraine
under the conditions of the economically viable use of promising timber transport means.

The forest road network condition. It should be noted that the work concerning
the investigations of the road network condition of the forest areas in Ukraine, its assess-
ment and inventory are nearly absent. Therefore at first we analyze the data concerning
other countries, in particular those that have natural and geomorphological conditions
similar to Ukraine. The study [9] provides a detailed analysis of forest access network in
neighboring Slovakia, which according to its location, structure and density, should en-
sure optimal transport accessibility of forestland. Forest access network of this country
includes forest road network (Table. 1), intended for the timber hauling by trucks and the
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skid road network, intended for the timber skidding by tractor means, and in some cases,

and under favorable conditions, for the timber hauling by trucks.

Table 1. Characteristics of forest transport network in Slovakia

Type Forest roads Skid roads
Category 1L 2L Tractor road
Purpose Main hauling Local hauling Skidding
o - year-round use; - unsurfaced road;
Peculiarities ye ] - seasonal use - constructed acc. to the parame-
- high traffic density ters of the forest roadbed
Max. longitudinal slope, % up to 10 (12) up tol0 (12) up to 12
Permissible contact pressure, kPa 650 + 450-550 450
General length*, km 8534,2/5842, 0 11608,3/11092,9 13934,1
Density, m/ha 4,43/3,03 6,01/5,74 7,23

Note: * —as of 1997; in the denominator — road of forestry enterprises.

As seen from the Table 1, the majority of the forest roads (84 %) and all the skid
roads are owned by the forestry enterprises. Overall length of forest road network is 34
076.6 km, which determines its density — 17.67 m/ha. However, if one takes into account
only forest roads, their density is 10.44 m/ha (that is similar to Ukrainian indicator). Ac-
cording to the recommendations of scientists [9] the optimal density of the forest road
network for the geomorphological conditions of Slovakia should be about 20 m/ha,
providing the road interval within 400-600 m. Similar recommendations exist for other
European countries that basically have been already implemented (Table 2) [8].

Table 2. The density of forest road network in some European countries

Country Description (name) of the region Density of the forest road network, m/ha
Plain 54
. Jura Mountains 42
Switzerland Foothills 16
Alps 7
Small areas (up 200 ha) 37,1
Austria Forest areas (over 200 ha) 29,7
State forests 22,3
Mountain forests 33,3(8,6)
Southern part 20,8
Sweden Central part 12,0
Northern part 7,1
Germany up to 55 (from 10)

Note: in brackets — protected forests.

According to statistics, the total length of roads in the forests of the State Forestry
Committee of Ukraine in 2007 was 74.4 thousand km (among them around 17 thousand
km (22.8 %) — public roads, which runs through the State Forest Fund) [4]. The density
of forest road network is 10.1 m/ha (excluding public roads — 7.8 m/ha). Moreover, this
is average index, to which relatively extensive network of roads in low-lying parts of
the region significantly affects. In the foothills and in particular the mountain areas this
index is much lower and according to our assumptions it varies in the range of 3,5-6
m/ha. This index was obtained by summarizing the data of our own researches
(Rozhanka forestry unit of State Enterprise «Slavske forestry») [7], and — researches of
Ukrainian Research Institute of Mountain Forestry (State Enterprise «Osmoloda forest-
ry», State Enterprise «Velykyy Bychkiv forestry» and Nyzhniy Bystryy forestry unit of
State Enterprise «Khust forestry») [1, 2]. Around 40 % forest areas have the road densi-
ty less than 4 m/ha. Mountain forest areas, where the density of roads exceeds 10 m/ha
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is less than 2 % [3]. Very often, forest roads are in unserviceable condition. In particu-
lar, in Nyzhniy Bystryy forestry unit the percentage of the forest roads that need repair
or reconstruction is 31.5 %.

To forest transport network it is usually referred unsurfaced or so-called "tractor"
roads, which, unlike Slovakia ones, are constructed without complying with the standards
of road construction (they are not equipped with the drainage systems, slope of separate
parts is more than 30 %, the width of roadbed is mostly less than 4 meters). Even accord-
ing to these, scattered data, we can conclude that the technical state and main parame-
ters available forest transport network in the Forest Fund of Ukraine does not meet the
requirements of sustainable development of forestry, its density is several times lower
compared with the European countries with similar geomorphological conditions.

Modelling of the forest transport development. In order to provide argumenta-
tion of optimum density of road network and means of primary wood transportation we
have elaborated a conceptual model of transport development of forest areas, and its al-
gorithm contains the evaluation of all possible expenses for timber skidding, that is a
function of roads network density [6] (Fig.1).
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cross-country ~ environmental vehicle i
ability damage skidding m
b
e
r
t
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n
simulation
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results p
)
r
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transport | - new routes estimating r
network £
Forest access network

Fig. 1. Conceptual model of the planning of forest transport development

One of the blocks of the developed model contains mathematical relations that
describe the relationship between the density of the forest road network (DRN) and road
interval s. s=c,-c,/DRN, (1)

where: ¢;— corrective coefficient of slope ¢, =cosv/cos7; cn — corrective coefficient of the

forest road network; v — maximum longitudinal gradient of forest road; n — slope terrain.
Equation (1) can be written for the length of skid roads l;.
l,=c, -c, c,/DRN, (2)
where c — corrective coefficient skidding network, which takes into account the angle
of contact of skidding lines to the forest automobile road.
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The value of s is a parameter of transport availability and equals to maximum
skidding distance or doubled value under the condition of transportation, respectively,
only down the hill (skidder), or up and down the slope (cable system, skidder on the
plains). In the a result of the performed modeling of the transport development of forest
areas the relations of density of forest transport network from skidding distance were
obtained (Fig. 2). These relations relate to wood skidding up and down the slope.

Research results. Basing on the performed investigations economically reasona-
ble distance of wood skidding by the means of cableway (350-400 m) and skidder (600-
800 m) was determined, as well as the optimal density of the forest roads network for
different geomorphological regions of Ukraine that corresponds to this values:

e  Carpathian mountainous area (steep hills, slope over 20°), wood skidding by the means of ca-
bleway up and down the hill to a distance of 400 m — 17,5-19,0 m/ha;

e  Carpathian mountainous area (sloping hills, slope 11°-20"), wood skidding by the means of
wheeled skidder down the hill to a distance of 800 m — 16,7-18,0 m/ha;

e flat and hilly terrain (slope up to 10°), wood skidding by the means of skidder up and down the
hﬂlu)acﬁ?gnceof6001na—about11,nﬂh&

15 22 tan
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Fig. 2. Dependence forest road network density from slope terrain, where skidding
perform by: a — wheeled skidder, b —cable crane

According to the recommendation of State Forestry Committee of Ukraine (now —
State Forest Resource Agency) forestry companies must construct at their own expense 1
km of forest road for every 25 thousand m® of final harvest. So, considering that the
planned annual volume of final harvest is about 6.4 mil m®, we can determine the annual
construction of forest road at expense of forestry companies — more than 250 km.
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But the total annual demand in the construction of forest road is about 500 km es-
timated State Forest Resource Agency [5]. This means that the construction of no less
250 km of forest roads should be financed from State Budget to maintain competitive-
ness of Ukrainian forestry companies.

Conclusions. Conditions forest road network is largely affects the efficiency of
forest management in any natural and geomorphological conditions. Forest road net-
work of Ukraine currently doesn’t meet the sustainable development of forestry sector,
because of it in short term before Ukrainian foresters must be delivered the following
urgent tasks:

e to develop a plan of forest access network initially for some model forestry and then for all ge-
omorphological regions;

e to conduct a detailed accounting, inventory and condition inspection, and subsequently to mon-
itor the forest road network with the representation of results in tabular and cartographic form, the
most using modern GPS and GIS technology;

e provide increased density of forest road network in mountainous regions, on average to 17
m/ha, and in the plains — at least 11 m/ha, while respecting the annual volume of construction about
500 km of new forest roads, including no less than 250 km at expense of forestry companies.
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CraH i nepcneKTUBY BA0CKOHAJIEHHS JIICOTPAHCIIOPTHOI Mepeaxi
[IpoanainizoBaHO CTaH JICOTPAHCIIOPTHOI Mepexi B JicHoHal YKpaiHu 1 1eaKuX KpaiHn €Bpomu.
Ha ocHOBI aHaii3y pe3ynabpTaTiB MOJIEIIOBAHHS TPAHCIIOPTHOTO OCBOEHHS JIICOBOI'O MAacHBY OOIPYHTO-
BAaHO ONTUMAaJIbHI 3HAYEHHS I'yCTOTH MEPEXI JIICOBUX JOPIT IS PI3HUX TeOMOP(HOTOTIYHUX YMOB .
Karwo4oBi cjioBa: ctaH JiCOTPaHCIOPTHOI MEpeXi, MOJIEIIOBAHHS TPAHCIIOPTHOTO OCBOEHHS,
TyCTOTa MEPEXi JIICOBUX JOPIT.
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REGRESSION ANALYSIS OF THE REASONS OF EMPLOYEES’ OCCUPA-
TIONAL INJURIES OF THE STATE FORESTRY COMMITTEE OF UKRAINE

The analytic dependences for determining the main indices of regression analysis are presented.
The correlative dependences of the occupational injury frequency at the plants of the State Forestry Com-
mittee of Ukraine in 2000-2009 depending on the volume of the wood logged, costs spent on labour protec-
tion, the number of inspections and examinations (instructions) intended per person have been found.

Keywords: regression analysis, occupational injuries, coefficient of correlation, coefficient of
injury frequency

In the paper [1] the analysis of the occupational injuries at the plants of the State
Forestry Committee of Ukraine has been conducted and the main reasons of accidents in
the production process have been found. It’s obvious that all these values are random
and stochastic. Therefore, it’s important to establish certain quantitative or functional
relations among separate factors. And this is the purpose of our research.

Main theoretical information. Suppose two random values x, y after conducting
n independent tests assume the value (x1,y1), (X2,y2),..., (Xn,¥n). Hence the existence of
correlations between these values are found by means of the correlation coefficient » de-

_Xy—Xx-y

termined in the following manner:
o0,

(1)

— 1 .
where: xy =—in y; — the average value of the product of two correlated quantities;
i=1

= |

1 & — I .\ 2 (2P
:;in , y=;2y,~ — the average values of these quantities; o, =4/X —(x) ,
j= i=1

y? - (;)2 — the average square (standard) deviations of the corresponding quantities;
=— Z X',y = —z y,- —the average value of the squares of the correlated quantities.

Let us notice that in the given case o is the dispersion of a random quantity
(measure of dispersion). The correlation coefficient » is a characteristic of density con-
nection between the investigated quantities and it changes within the range of -1< r <1.
In case that =0, there is no correlative connection between two random quantities, thus
they are independent. In case that »=+1, we observe linear functional connection be-
tween two random quantities. The direct connection exists when 7 obtains positive val-
ues, it means that with increasing of the independent variable x the dependent random
quantity y increases too. If 7 has negative values we observe reciprocal connection, thus
with increasing of the independent variable x the dependent random quantity y decreas-
es. For conducting the regression analysis a block of statistic data on occupational inju-
ries at the plants of forestry in 2000-2009 was used [1].

Suppose an independent variable x stands for the volume of the wood (ths m?)
and our aim is to investigate how the reasons of injuries are connected with this factor.
For instance, if in the function of an independent variable we choose the frequency co-
efficient of general injuries or the frequency coefficient of injuries with the lethal out-
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come, then usage of the formula (1) yields such values for the correlation coefficient
r;=0,01307 (general injuries) and »,=0,4112 (injuries with the lethal outcome).

Besides in both cases the value of the correlation coefficient is rather small. It
proves that there is no linear dependence between the investigated quantities. Examin-
ing the correlative field in both cases we receive the approaching curves which have
three points of extremum (maximum or minimum). If the correlation coefficient » is
non-zero, we observe certain functional dependence y=f(x) among the quantities. If the
function has three points of extremum using the results of mathematical analysis we re-
ceive the equation fi(x)=0 having three different solutions, thus the very function can be
expressed by the polynomial of the 4-th degree:

y= f(x): a,+ax+ azzx2 + a3x3 + a4x4 )

For determining the coefficients of the polynomial ay, a;, a2, as; as we apply the
method of least squares. The essence of the method is that the most probable value of
the parameters gives the minimum of the function:

n 3
S= Z[yi _f(xiaaoﬁal’aZ’a3’a4)]
i=1

In the case under consideration the function y = f (xi,ao,al,az,a3,a4) has con-

tinuous derivatives for all unknown parameters a, (k=0,4), and if so then the necessary

condition of the minimum of the function § has the form of
oS :O;GS _0; oS :O;GS _0: oS _0;
oa oa, oa, oa, oa,

o

Having done the transformations for determining five unknown polynomial coef-
ficients (2) we receive the system of five linear algebraic equations:

n n n n n
2 3 4 _ .
an+a ) X +a, ) X Hay Y X 4a, Y xt =Yy
i=1 i=1 i=1 i=1 i=1
n n n n n n
+ ? D+ !+ )= :
a, Y X, +a, ) X;4a, ) X +a; ) X, +a, ) X, =) X,y
i=1 i=1 i=1 i=1 i=1 i=1
n n n n n n
2 3 4 5 6 _ 2.
a, ) x}+a, Y X +a, Y x!4ayy x) +a, ) x =Y Xy
i=1 i=1 i=1 i=1 i=1 i=1
n n n n n n
3 4 5 6 7 3.
a, ) x;) +a, ) x} +a, ) x) +a, y x\+a, ) x] =Y x}y;
i=1 i=1 i=1 i=1 i=1 i=1
n n n n n n
4 5 6 7 8 _ 4
a, ) x! +a, Y x)+a,y x’+a, x] +a, Y xi =Y x'y,
i=1 i=1 i=1 i=1 i=1 i=1

The matrix of the linear equations system (3) is symmetric; hence the solution of
this system always exists and is a unique one. Having solved the system of the equa-
tions (3), we received the estimates a:%k:OA) of the approximating polynomial coeffi-

3)

cients (2). If the values of x; are exact and the values of y; are independent and equally

accurate then the estimate of the dispersion o> of the variable y is determined by means
— 1
fth rtion: o =—-3. 4
of the proportion 1 4)
where: S, — the value calculated under the assumption that the polynomial coefficient
(2) 1s substituted for the estimates from the equations system (3); m — the degree of the

approximating polynomial.
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The estimates of 0y, dispersions of a; coefficients are expressed in a formulas:

— A —
Cu =—0C

()

where: A — the determinant of the equations system (3); Axx — algebraic complement of
the element (lying on the principal diagonal) in the determinant A.

The confidence intervals for the coefficients a; in case of the arbitrary specified
confidence probability 8 have the following form [2]:

a,—tz0, <a,<a,+t;0, (6)

where 75 — is determined from the table of Student’s distribution law using the entered

t
values 8 and the number of degrees of freedom k=n-m-1, while: f = J._f \) (f ,n)a’t
B

n ¢

:F(zj[“n—J /2 _ Student’s distribution law,
)

F (x)z I:tx_le_tdt , x>0 — gamma-function or Euler’s interval of the 2-nd kind.

where S(t,n)

The results of the numerical analysis. If y is the frequency coefficient of the
general injuries and x is the volume of the wood logged at the plants of the State Forest-
ry Committee of Ukraine in 2000-2009, then the system of the linear equations (2) as-
sumes the form of:

10a,+1,16:10°a;+1,36:10°a,+1,61-10"%a3+1,91-10'a,=16
1,16:10°a,+1,36:10%;+1,61:10"%a,+1,91-10"a3+2,3-10*'a4=1,85-10°
1,36:10%a,+1,61:10"3a;+1,91-10"a,+2,3-10*'a;+2,78-10°a,=2,17-10°
1,61-10%a,+1,91-10"72,+2,3-10%'a,+2,78-10%a3+3,38-:10%a,=2,56- 10"
1,91-10"7a,+2,3-10%'a,+2,78-10%a,+3,38:10%a5+4,14-10%%a,=3,05-10"7

Its solution: ag =-1734,7; a;=0,611; a,=-8,016:107; a3=4,646:107; a,=-1,0-10",
thus the correlation curve has the form:
=-1734,7+0,611x-8,016-10°x*+4,646-10x3-1,0-103x*,
In the case under consideration the dispersion of general injury frequency accord-
ing to (4) o =0,0154, the number of the degrees of freedom k=10-4-1=5; hence, in

case that the confidence probability f=0,8 (taken from the tables of Student’s distribu-
tion law) we determine that f=1,476 and the confidence intervals (6) for the correlative
polynomial coefficients are the following ones:

-2553,4<ap<-916,1; 0,611<a;<0,611; -8,016:10°<ay<-4,234-10;

2,447-10°<a3<6,844-107; -1,481-10"3<a,<-5,27-10714,

Similarly, we receive the result for the curve of the correlative dependence of the
frequency of injuries with the lethal outcome on the volume of the wood logged:

y=193,94-0,069x+9,24-10°x2-5,51071°x3+1,2-10-14x*,

The dependences of the coefficient of injury frequency on costs spent on labour
protection per an employee, the number of inspections and examinations (instructions)
per a specialist in labour protection have also been researched. The results of the analy-
sis are indicated in figures 1 and 2. The spreadsheet Excel program [3] was used for car-
rying out the calculations presented above.
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Summary. In the paper the functional dependence between the frequency coeffi-
cients of occupational injuries (namely injuries with the lethal outcome) on the main
factors influencing it has been revealed. It is based on the foregoing analysis [1] of the
statistic data concerning the reasons and consequences of occupational injuries of em-
ployees. The obtained results will lay the foundation for the development of the opti-
mum planning methods of labour protection with the aim of reducing occupational risks
to the minimum. We shall notice that the presented calculation dependences are of gen-
eral character and can be used for the estimate of occupational injuries not only at the
plants of forestry.
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Perpeciiinuii aHaJjii3 NpM4YuH BUPOOHUYOT0 TPABMATU3MY NPAlliBHUKIB
HepxxomJicrocny YKpainu

[TpuBeneHo aHAMITUYHI 3aJIEKHOCTI JIJIsl BU3HAYEHHSI OCHOBHHUX MTOKA3HUKIB PETPECIHHOTO aHATI3Y:
KOEIIIEHT KOPEJIALii, alpOKCUMYIOUMH TOJIHOM, OILIHKUA JUCIEPCIi 3aJIeKHOI BEJTMUMHH 1 AUCTIEPCId
KOE(III€HTIB alpOKCUMYIOYOro IMOJIHOMA, JOBIpYl iHTEpBAIM JUId KOE(DIII€HTIB TIPH TOBUIBHIN 3amaHii
JOBIpUiid WMOBIpHOCTI. OTpUMaHO KOPENSIIAHI 3aJIe)KHOCTI YaCTOTH BHPOOHMYOTO TpaBMAaTU3My Ha
nignpuemctBax Jepxkomiicrocy Ykpainu (2000-2009 pp.) Bix 00’eMy 3aroToBiIeHOi JIepeBHHH,
BUTPAYCHUX KOIITIB HA OXOPOHY Mparli, KUTBKOCTI MepPeBipoK, 00CTeXKEHb (IIPUITUCIB) B pO3paxyHKY Ha 1
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oco0y. OtpumaHi pe3yabTaTd JSDKYTb B OCHOBY PO3POOJICHHS METOJMKH ONTHMAIIBHOTO ILIaHYBAaHHS
OXOpOHH Tpall 3 METOI0 3MEHIIECHHS JI0 MIHIMyMiB TpOdECIHHUX PHU3UKIB. 3a3HAYMMO, 110 MPHUBEICHI
PO3paXyHKOBI 3aJ€KHOCTI HOCATh 3arajbHUM XapakTep 1 MOXYTb OYTM BUKOPHUCTaHI U OLIHKH
BUPOOHUYOTO TPAaBMaTH3MYy HE JIMIIIE HA MANPHUEMCTBAX JIICOBOI IPOMUCIIOBOCTI.

KarwouoBi cioBa: perpeciiiHuil anami3, BUPOOHMYHUI TpaBMaTu3M, KOE(ILIEHT KOpesLii,
Koe(iIieHT 4acTOTH TpaBMaTHU3MY.

UDC 630*5:528.871 Assoc. prof. S.A. Havrylyuk; stud. A.P. Khomyuk — UNFU

REALIZATION OF STATISTICAL INVENTORY OF THE VIRGIN BEECH
FOREST IN UHOLSKO-SHYROKOLUZHANSKYY MASSIF

This article provides a short overview on the statistical inventory of the virgin beech forest in
the “Uholsko-Shyrokoluzhanskyy massif” which was held in July-August 2010 as a result of Swiss-
Ukrainian cooperation.

Keywords: forestry inventory, virgin beech forest, WSL, CBR, UNFU, method, tree stand
characteristics, experience, Ukrainian forestry, Ukrainian state statistical inventory of forest stands.

Carpathian mountain system is one of the biggest biologically diversified systems
on the European continent. In XX century an intensive nature usage took place in the
Ukrainian Carpathians, but several territories saved the unique forest plantations which
have to be explored in the near future. Among all those territories there are such called
virgin forests (also known as primary forest, primeval forest or ancient woodland) con-
sisting of European Beech Fagus sylvatica L. [1]. Since 2007 these virgin forests belong
to the UNESCO natural heritage.

Currently these unique areas are under the state protection and belong to the Car-
pathian biosphere reserve. The largest beech virgin forests grow on the 15580 ha territo-
ry in the “Uholsko-Shyrokoluzhanskyy massif”. It is located in the beech forests zone,
with the prevailing zonal beech forests, and forming the upper forest line at an altitude
of 1200-1300 m. The fragments of forest with Duschekia viridis are found higher, main-
ly in hollows. In the optimum ecological conditions, the species of beech is marked by
the high vitality and form highly productive plantations with a stock of timber, which is
more than 600 m’/ha. The communities of Taxeto-Fagetum and Juniperetum sabinae,
which are unique for the Carpathians, are preserved in the limestone ledges. Such relict
phytocenosises as Quercetum petreae, Fageto-Tilietum platiphyllae, Piceetum abietis
and Betuletum pendulae are also represented here [5]. Plantation is characterized with
the great biodiversity of flora and fauna, but the greatest interest represent beech natural
plantations, which are not influenced with the human activity [4]. The exploration and
monitoring of these territories will make it possible to gain new knowledge about the
structure of forests, which develop without economic intervention [6-15].

For the purpose of statistical inventory of Uholsko-Shyrokoluzhanskyy massif the
cooperation between Swiss Federal Institute for Forest, Snow and Landscape, Bir-
mensdorf (Eidg. Forschungsanstalt fiir Wald, Schnee und Landschaft WSL, Bir-
mensdorf), Carpathian Biosphere Reserve (Rakhiv, Ukraine) and Ukrainian National
Forestry University (Lviv, Ukraine) took place during July-August 2010. Ukrainian and
Swiss scientists and students participated in the research.

The method of research was based on the document “Statistical inventory of
Swiss national reserves — method of establishing sample plots, 03.02.2010 version”
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(Tinner et al. 2010), which was based on the method of realization the third Swiss state
statistical forest inventory (LFI 3, Keller 2005) [3].

All working groups (each group consisted of 2 persons: Swiss and Ukrainian)
were well equipped with the modern equipment and gadgets, such as: SUUNTO cli-
nometers and compasses for angle and exposition measurements; Vertex [V for the
height measurements; Meridian 400 gon compass for measurements of azimuth from the
center of sample plot to each tree; Garmin eTrex Summit HC GPS and orthorectification
images of territory for the orientation and reaching sample plots; software of Trimble
Juno SB for the accurate coordinates measurements; electronic basal area factor-scope
and dendrometer Criterion RD 1000 for the diameter on 7 m height measurements;
Hagloff /Mantax 80 cm/calipers; knives, poles, tripods, measure tapes, etc.

According to that method, the 445x1235 m raster grid was designed for the whole
inventory area.

o o o o
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Fig. 1. The scheme of the raster grid

As it shown on the Fig. 1, distance between two nearby sample plots (territory of
each SP equals 500 m?) was ~100 m, and distance between two rows was approximately
1,5 km [2]. Besides, working groups were given the orthorectification aircraft images
with sample plots and coordinate system (World Geodetic System (WGS84) was chosen
as main coordinate system, because 2 different kinds of GPS-receivers were used for
founding the sample plots — Trimble and Garmin). These images were used as addition-
al materials for orientation and founding sample plots. The SCSP (south center of sam-
ple plot) was found with the help of GPS-receiver, then 20 m distance from that point to
north was measured and new point was fixed with pole as center of sample plot. Besides
that, center of sample plot was fixed to the 3 nearest trees and its coordinates were
marked from GPS-receivers. Azimuth from center of sample plot to each tree was
measured with the help of Meridian 400 gon compass. This will allow finding center of
sample plots and measured trees easily in future.

All researches had a list of tasks to do during the inventory, f.e.: to reach the
sample plot; to mark and identify the sample plot; to identify and sum up the anthropo-
genic influence on the sample plot; to receive the forest and inventory indicators of tree
stands, regeneration and dead wood (breast height diameter, tree height, diameter on 7
m height, dead wood taxation, tree status, tree species, growth form, crown length, etc.).

All data from sample plots was written to 6 different forms [3]:

Form 1. Navigation and sampling decision. Sample plot number, date, starting point for navi-
gation, declination and compass deviation, remarks concerning navigation, sampling decision and oth-
er basic information was written in this form. Form 2. Sample plot. Information about sample plot (its
altitude, inclination and radius), Trimble measuring point, sketch of sample plot, photos of sample
plot, boundary lines, eye-catching objects and remarks were mentioned here.

Form 3. Sample trees. Tree stand inventory with mentioning of such characteristics as tree
number, BHD, tree status, species, azimuth, distance and inclination from sample plot center, crown
layer, growth habit, crown length, crown breakage, dead wood in crown, bark lesion, cracks, holes in
stem, polypore’s on stem, tree height, height of crown base, diameter on 7 m height and others. Form
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4. Regeneration. Information regarding regeneration survey, f.e. position of regeneration subplot, dis-
tance from sample plot center, inclination of subplot, stone/rock %, humus layer, shade, amount of re-
generation on 3 radiuses (horizontal 1,26 m, 1,78 m, 2,52 m) etc. Form 5. Dead wood transects. Direc-
tion of dead wood transects, inclination of transect, length of transect, information about trees, which
cross the transect (its number, 2 diameters, angle, species and degree of decay) were written in this
form. Form 6. Assessment of interpretation area. Site characteristics (slope aspect, relief) traces of an-
thropogenic use, root plates, identifiability of former root plates, gaps, structural characteristics, stand
density and other features were mentioned in this form.

Schematic view of the sample plot is shown on picture 2. Real radius of sample
plot was corrected according to the inclination of each area, which was measured during
filling Fig. 2. All received data was soon digitized and saved in the data bases by appro-
priate workers. The use of this method on 400 sample plots provided receiving of such

characteristics as: main forest and inventory indicators of tree stands (density of stand, absolute
fullness, volume, diameter distribution, composition etc.). stock and degree of decay of dead standing
and lying wood; structural indicators of tree stands, which are especially valuable for the biodiversity
rating; vertical and horizontal structure of tree stand (tree storey and placement); density and structure
of regeneration, its viability, main biometrical indicators); impact of natural disasters on the dynamical
processes in beech primary forest; level of the anthropogenic influence on beech primary forest; influ-
ence, which can threaten the integrity of primary forest in the future.

Fig. 2. The schematic
view of the sample plot

horizontal radius=12,62

So, in 2010 results of statistical inventory of Uholsko-Shyrokoluzhanskyy mas-
sif’s virgin forest were received for the first time. Inventory was held according to the
method, which was developed by Swiss Federal Institute for Forest, Snow and Land-
scape. These results accurately reflect the present-day condition of the biggest virgin
forest massif in Europe — the Uholsko-Shyrokoluzhanskyy massif.

Nowadays results of statistical inventory are the base for:

e monitoring of the beech virgin forest’s development and it’s dynamics of existence;

e comparison of growth processes and overall development with man-held forests, European nat-
ural reserves, apart forest massif “Sihlwald” near Zurich (Switzerland);

e investigation of the natural structure, biological diversity, genetic structure and natural process-
es in undisturbed forests which can benefit the nearnatural management of exploited forests.

Experience, which was gained during the statistical inventory, is extremely valu-
able; it can be used for realization of the first Ukrainian state statistical inventory of for-
est stands.

References

1. Old-growth forest http://en.wikipedia.org/wiki/Old-growth forest.

2. Stichprobeninventur Uholka-Schyrokyj Luh http://www.wsl.ch/fe/walddynamik/projekte/
uholka/index DE.

3. Stichprobeninventur im Buchen-Urwald Uholka-Schyrokyj Luh — Anleitung fiir die Inventur
2010 http://www.wsl.ch/fe/walddynamik/projekte/uholka/autnahmenaleitung_de.pdf.

4. Uholsko-Shyrokoluzhanskyi protected massif http://cbr.nature.org.ua/new_e.htm.

5. Virgin forest of Uholka. Nature Guide to the Largest Virgin Beech Forest of Europe. A
UNESCO World Heritage Site http://www.wsl.ch/dienstleistungen/publikationen/pdf/9126.pdf.

6. Gayda S.V. Recovered wood is additional resource of raw material // Forestry, Forest, Paper and
Woodworking Industry. — Lviv: UNFU. — 2011, 37.1:238-244. (in Ukr.).

40



7. Gayda S.V. A problem of wood raw material is in Europe and Ukraine // Forestry, Forest, Paper
and Woodworking Industry. — Lviv: UNFU. — 2007, 33:55-63. (in Ukr.).

8. Gayda S.V. Research of concentration of operations is in modern furniture Productsion // Forest-
ry, Forest, Paper and Woodworking Industry. — Lviv. — 2007, 33:73-79. (in Ukr.).

9. Gayda S.V., Maksymiv V.M., Tunytsya T.Yu. Elaboration of post-consumer wood classifier //
Forestry, Forest, Paper and Woodworking Industry. — Lviv. — 2008, 34:55-68. (in Ukr.).

10. Gayda S.V. Chemical compound and degree of its contamination as the basis to systematization
of post-consumer wood / Forestry, Forest, Paper and Woodworking Industry, 2008, 34:68-79. (in Ukr.).

11. Gayda S.V. Potential of post-consumer recovered wood and possible ways of it using in
Ukraine // Forestry, Forest, Paper and Woodworking Industry. — Lviv. — 2009, 35:63-83.

12. Gayda S.V., Maksymiv V.M. From recycled post-consumer wood towards prime quality par-
ticleboard // Forestry, Forest, Paper and Woodworking Industry. — Lviv: 2010, 36:57-77.

13. Gayda S.V. A comparative analysis of physical-and mechanical parameters of variously-
designed Glued Boards made of post-consumer Recovered Wood / Forestry, Forest, Paper and Wood-
working Industry. — Lviv: UNFU. — 2010, 36:81-91.

14. Gayda S.V. Comparative analysis of bending particularities for various post-consumer wood
species and age categories // Forestry, Forest, Paper and Woodworking Industry. — Lviv: UNFU. —
2011, 37.1:84-88. (in Ukr.).

15. Gayda S.V. The effective use of post-consumer wood is basis for diminishing of CO;-emission
// Scientific Herald. — Lviv: UNFU. — 2009, 19.14:72-89. (in Ukr.).

V]IK 630*5:528.871 Hou. C.A. I'agpunik, kano.c.-2.,HayK;
Al Xomwk— HIITY Ykpainu

CraTucTuyHa iHBeHTapu3alis 0yKOBHUX MPAJICIB YroJbCbKO-
IHMPOKOJIYKAHCHKOI0 MACHBY

HaBeneHo xapakTepUCTHKY CTaTUCTHYHOI IHBEHTapHu3alii OyKOBHX MpajiciB YTOJIbCHKO-
[Mupokonyxkancekoro Macupy Kapmarcbkoro 6iochepHOro 3amoBiJHHKA, IO MPOXOJWJIA Y JHIHI-
cepnni 2010 poky y pamkax croiBopani Mix LlIBelinapcbkum QenepanibHUM IHCTUTYTOM JOCIHITKEHb
micy, cHiry i nanamadtiB, bipmencaopd (Eidg. Forschungsanstalt fiir Wald, Schnee und Landschaft
WSL, Birmensdorf), Kapnarcekum O6iocheprum 3anoBigaukoMm (M. PaxiB) Ta HamionanpHuM
JICOTEXHIYHUM YHiBepcuTeToM YKpainu (M. JIpBiB). IIpoBeneHO KOPOTKHI OTJISAA METOAMKH, IO
BUKOPUCTOBYBAJIAaCch IHBEHTApU3ATOpaMU i 300py JaHUX y MOJILOBUX YMOBaX Ta iX MOJAIBIIOTO
30epiranHs 1 00poOku. OCKiIBKH ,Ha JaHUH 4Yac 3arajbHOJEp)KaBHA 1HBEHTapH3allis JIiCiB YKpaiHu He
MPOBOAMIACH 1€ 3 PAASHCHKUX 4YaciB, MPOIMOHYETHhCS 3BEPHYTH yBary Ha JOCBiN, OTpUMaHU y
criBmpaili 13 KBaidi(hiKOBAaHUMH IIBEHIIAPCHKUMHM JTICIBHUKAMU Ta MIJATOTYBAaTH METOJIUKY, KA MOXKE
MOKJIACTH MOYATOK 3araibHOJIEpKaBHil iHBEHTapu3allii J1iciB He3aJIeKHOi YKpaiHu, 1110, y CBOIO Yepry,
MpUBE/IE A0 O1IBIN SIKICHOTO Ta ONTHMI30BaHOT'O BEJICHHSI JIICOBOTO TOCIIOIAPCTRA.

KurouoBi ciioBa: micoBa iHBeHTapm3aiisi, OykoBi mpamicu, WSL, KB3, HJITY, meronuka,
XapaKTePUCTHKH JePEeBOCTaHy, [OCBiMl, YKpaiHCbKE JiCOBE TOCMOJAPCTBO, 3arajbHOJCpKaBHA
IHBEHTapu3aIlisl.

UDC 669.15 Assoc. prof. O.B. Hasiy; stud. V.R. Dudok — UNFU

THE PROSPECTS FOR THE ADVANCEMENT OF THE PROCESS OF ELEC-
TRO-SPARK TREATMENT

The article describes the main lines of the advancement of electro-spark treatment (EST) pro-
cess: development of new electrode materials and devising new methods for producing the known ma-
terials, additional treatment of electro-spark coatings (ESC) by various methods, the application of the
EST method in combination with other methods of treatment, feeding surface-active materials to inte-
relectrode space, physical- and mechanical action on the electrodes, design upgrading of the EST
plants and improvement of their electrical characteristics.
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Keywords: electro-spark treatment, electrode material, wear resistance, mass transfer, tempera-
ture gradient.

The technology of electro-spark treatment (EST) is a promising method for surface
hardening of metals and alloys. It is used to enhance wear resistance of cutting tools and
machine parts, for the application of silver coatings to the surface of electric contacts, etc.
The main advantages of this technique lie in the feasibility of transferring any current-
conducting materials onto the surface being treated, high degree of cohesion of the hard-
ened layer with its substratum, the feasibility of local application of coating, relatively
moderate cost of the equipment as well as the ease of maintenance. At present, the work

on the advancement of the EST process is being done in the following lines:

1. Development of new electrode materials (based on carbides, nitrides and borides of transition
metals of groups IV through VI; natural titanium magnetites; iron-based multicomponent alloys) and
devising new methods of obtaining the known materials (with the employment of powder metallurgy
techniques, by way of coreduction of metal oxides).

2. Additional treatment of ESC by various methods: laser or plasma partial melting, hydroabrasive
jet processing [1].

3. Employment of the EST method in combination with other methods of treatment such as ultra-
sonic treatment, laser treatment, diamond smoothing [2].

4. Feeding to the interelectrode space of efficacy-enhancing materials such as powdered materials
of Ti-N and Cu-Sn systems [3].

5. Physical- and mechanical action on the electrodes: preliminary hardening with subsequent drawing
of substratum metal; the application of methods of single-axial static load on the main electrode [4].

6. Perfecting the design of the EST plants and improvement of their electrical characteristics: de-
velopment of multielectrode plants, enhancement of the condensers capacity and power.

Research institutions have been deeply involved in the study of external impacts
on the characteristics of the electric erosion process. In particular, G.Kurdiumov Insti-
tute of Physics of metals, the National Academy of Sciences of Ukraine, has been re-
cently engaged in the study of external physical fields impact on the characteristics of
mass transfer in metals under conditions of impulsive deformation. The aim of this
study is to find the pattern of mass transfer processes, to reveal structure- and phase
formation, which take place in the surface layer and throughout the volume of metals in
the process of hardening them under conditions of temperature gradients. The results of
the theoretical and experimental research have shown that the occurrence of temperature
gradients in electro-spark treatment of the substratum influences the characteristics of
mass transfer, this influence being exerted up to the depth of penetration of ®Ni radio-
active isotope into the substratum. It has been demonstrated that the coating formation
occurs more efficiently if it is applied onto a copper substratum in liquid nitrogen. One
of the most promising ways of improvement of the EST process is developing new elec-
trode materials for the purpose of replacing scarce and expensive tungsten compounds
in the alloy composition, however, preserving or enhancing in doing so erosion charac-
teristics and properties of the coating (Fe-Mn-C-B) — based alloys and alloys containing
Ni, Cr, Si, Al, V, Ti, Cu, Li [5]. The investigation done enabled to enhance the wear re-
sistance of coating by 2 to 5 times.

Another promising method involves designing multielectrode machines with por-
tioned feeding powdered materials of Ti-N and Cu-Sn systems to electrodes. This ena-
bles to maximize the process efficiency without high financial costs. By way of exam-
ple, a metal sheet of size 2 m? can be coated within four minutes taking into account all
service operations, thus in mass production, one machine alone is able to process the ar-
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ea of 720 m? a day. Fig. 1 depicts a section of a multielectrode machine with portioned
feed of powdered material to the electrodes.

Fig. 1. Section of
multielectrode ma-
chine: 1 — casing, 2 —
individual electrode
area, 3 — port for
powdered material
feeding, 4 — electrode

The dimensions of one section are 6x4 mm. The plant is made up of about 800
sections that are easy to replace when they are worn out. All the sections are connected
to controllers which are responsible for proper operation of the sections. In case of fail-
ure, the operator is informed by the control desk. The given system of control allows for
reducing the amount of rejects by 15 %. The sections are combined in a common unit
by method of lap joint in order to increase the total area of hardening in a single pass.

Thus, the tendencies of advancing the electro-spark treatment technique are di-
rected towards the intensification of the process of obtaining coating for enhancement of
competitiveness of this method as compared with other methods of surface hardening.
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IlepcnieKTUBH PO3BUTKY TEXHOJIOTII €JIEKTPOiCKPOBOI0 JieryBaHHS

Texnomorist enexktpoickpoBoro JeryBanHs (ELJI) — mnepcnexkTuBHMI MeETOJ TOBEPXHEBOTO
3MIIIHEHHSI METalliB 1 CIUIaBiB. BiH BHKOPHCTOBYETHCS ISl MIJBUIIEHHA 3HOCOCTIMKOCTI Pi3aJIbHOTO
THCTPYMEHTY Ta BY3JIB JE€TaJe MallliH, HAHECEHHsI Cpi0Jia Ha €JICKTPUYHI KOHTAKTH TOIIO. Y JaHWHA Yac
pobotu 3 BrockoHaneHHs TexHounorii ELJI BemyTbes 3a Hanpsimamu: 1. CTBOpEHHsSI HOBUX €JIEKTPOTHHUX
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MmarepiaiiB (Ha OCHOBI KapOifiB, HITpuAiB 1 OGopuuiB mepexiguux MeramiB IV-VI rpym; npupoganx
TUTAHOMArHETHUTIB; 0araTOKOMIIOHEHTHHX CIUIaBIB Ha OCHOBI 3ami3a) 1 po3poOKa HOBHUX METOJIB
OJICP’KaHHS BIOMUX MaTepiamiB (i3 3aCTOCYBaHHSAM TEXHOJIOrT MOPOIIKOBOI METAJIyprii; MIUIIXOM
CIUTLHOTO BIIHOBIICHHS OKCHIIB MeTaiiB). 2. JlogatkoBa oOpoOka enekrpoickpoBux mokputriB (EIIT)
pI3HUMH METOAAMH: Ja3epHUM a00 IUIa3MOBHM OIUIABJICHHSM, TiIpoabpa3suBHOIO CTPYMEHEBOIO
00pookoro. 3. 3acrocyBanHs meromy EIJI B cykymHocTi 3 1HImIMMH MeTogamu OOpPOOKH, TaKUMH SIK
HaKJIaJaHHs YAbTPa3BYKY, Ja3epHa oOpoOKa, anMaszHe BUIIIKyBaHHs. 4. Ilomaua B MIKENEKTPOAHUIMA
MIPOCTIp MaTepiaiiB, sIKi MIBUIIYIOTh €EKTUBHICTD MPOIIECY, 30KpeMa, TTOPOIIKOBI Marepiaiu cucteM Ti-
N Tta Cu-Sn. 5. ®i3uUKO-MeXaHIYHUI BIUIMB HA €JIEKTPOIM: TOMNEPEIHE TrapTyBaHHS 1 BIAIYCK MeETaly
OCHOBH; 3aCTOCYBAaHHS METOJIB OJHOOCHOTO CTATUYHOIO HABAaHTAXXEHHS Ha poOOYMid eneKTpon. 6.
BrockonanenHss KOHCTpykIii yctaHoBok mist EIJI Ta X eNeKTpUYHMX XapaKTepUCTHK: pPO3poOKa
0araToeNeKTPOJHUX YCTAHOBOK, 30UTBIIICHHS €MHOCTI KOHACHCATOPIB 1 TOTY>KHOCTI.

KnrouoBi cioBa: €1eKTpOICKPOBOTO JIETYBaHHS, €JICKTPOJHMN Marepiall, 3HOCOCTIMKICTb,
MacoIepEeHECEHHS, TeMIIEPaTypHUI IpaJlieHT.
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SELECTION OF STANDARD TEST SPECIMENS FOR MICROME-
CHANICAL INVESTIGATION OF METALS AND ALLOYS

The article deals with the problems of test specimen selection for mechanical investigations of
refractory metal alloys with diffusion coatings under conditions of combined action of high tempera-
tures, mechanical loads, and chemically active medium.

Keywords: refractory metal, mechanical investigations, diffusion coating.

The main problem that limits the application of refractory metal alloys in present-
day production, in spite of their unique set of physical and mechanical properties, is
their ability to actively react with gaseous oxygen-containing media at elevated temper-
atures. Heat resistance of these metals is so low that a practical usage of niobium, vana-
dium, molybdenum, and tungsten in oxidizing media at temperatures above 500 °C, is
impossible without protection [1]. At the same time, high specific strength, technologi-
cal effectiveness, high-temperature strength, and a number of other properties make it
possible to produce refractory metal-based alloys that will have optimum combination
of strength and plasticity. Thus, long-term service of articles made of refractory metals
as well as refractory metal-based alloys in aggressive media including exposure to the
atmosphere, is impossible without special protective coating.

This generates a need for large-scale laboratory investigations of protection-
coated materials for the purpose of optimization of their properties, chemical composi-
tion, and structure. This, in its turn requires the use of a great number of test microspec-
imens. That is why, when deciding on the particular kind and type of specimen, we
should take into consideration economic factors as well, which accounts for the necessi-
ty of savings in valuable materials, precious metals, and alloys.

The shape and size of specimens for micromechanical investigations are depend-
ent on the following: the degree of required accuracy, the material under investigation,
test machines and equipment used as well as a number of other factors. To apply protec-
tive coating to the complex-shaped articles, the method of diffusion saturation with lig-
uid melt of alkaline earth metals is employed [2].

Economically, obtaining diffusion coating from the elements that are more re-
sistant to a chemically active medium is rather a costly process. Therefore, it is neces-
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sary that test specimens used in the exploration of mechanical characteristics of metals
and alloys with diffusion coating applied, should be of small size. Also, it is necessary
to give proper attention to the techniques and accuracy of their fabrication, which is es-
sential for obtaining accurate results of investigation. It is important to determine me-
chanical properties that are characteristic of polycrystal structure, that is the properties
of material which consists of many variously-oriented grains. If the cross-sectional area
is close to the grain size, the investigation results will depict the properties of individual
crystallites rather than properties of polycrystal metal as a whole. With the aim to re-
duce the number of possible errors conditioned by the test equipment (readings at the
beginning or at the end of the scale of any test equipment are relatively less accurate
than those in the middle), it is advisable to have a small cross-sectional diametre (d=0.8
mm) for high-strength materials; for medium-strength materials d=1.0 mm; and for low-
strength materials d=1.2 mm. One of the main criteria for determining the length of mi-
crospecimen, is thought to be its stiffness.

In order to determine the relative lengthening (8) which is commonly determined
on standardized specimens as their five- or ten-fold length in relation to the cross-
sectional diametre, we will take the five-fold value (1=5d) as the optimum length of the
working (effective) part without taking into account the length of their fillets.

The radius of the fillets is determined by the effect of stress concentration as well
as by dependence of the material strength on three-dimensionally stressed state that de-
velops in the fillet zone. Normally, it should be recommended (as in the case of ordinary
size) that the radius of the fillet in tensile test is to make up about half the working part
diametre while in torsion test — approximately one diametre. The radius of the fillets
should be considerably increased in the investigation of metal-plastic materials. The
shape and size of the heads depend on the method of fastening the specimens in the
clamp of the test machine. Special attention should be given to exclude the development
of any additional stresses in the working part due to probable misalignment. A compre-
hensive review of the specimens of all existing shapes and types [3] allowed to dwell on
the following variant (Fig. 1).

«
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Fig. 1. Standard specimen for micromechanical investigation of protection-coated
metals and alloys
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The size of the given specimen is the most effective as its fabrication requires a
small amount of material which could be fairly expensive. Due to the fact that the size
and surface area are small, there is no need for using much material for coatings. With
the size like this, the diffusion coating can be applied under laboratory conditions where
large electric furnaces are simply not used. Also, small-sized specimens make it possi-
ble to reduce the size of test machines and, consequently, to reduce energy consump-
tion. Because the size of specimens is small, the probability of machining defects is not
so high. When fabricating microspecimens, the emphasis should be made on the accura-
cy of their shape (freedom from taper, barrel-shape, concavity and other shape defects),
the working part should be kept clean, there should not be any cold hardening on the
surface. Such defects can result in premature failure of the specimen. Thus, from the
above discussion it follows that the given microspecimen would be best appropriate for
use in conducting physical and mechanical investigations of refractory metals and their
alloys. The given specimen is cost-saving, its fabrication enables savings in material,
the application of various protective coatings can be done under laboratory conditions
because the specimen’s size allows for doing so. The area of the surface being ma-
chined, is small, which reduces the probability of defects. The proposed specimen meets
all the requirements for mechanical investigation of metals and alloys.
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Buoip TunoBux 3pa3kiB sl MIKPOMEXaHIYHUX J0CTIIKEeHb METAJIB i cIIaBiB

PosmsiHyTO TIpoOneMy BUOOPY 3pa3KiB TSl MEXaHIYHUX JOCTIHKEHb CIUIABIB TYTOIUIABKUX METANIB 3
Ty31IHHAMA TIOKPUTTSIMA B YMOBaX OTHOYACHOI JTiT BUCOKHX TEMIIEparyp, MEXaHIYHINX HABAHTKEHB 1 XIMIYHO
AKTHBHHX CEPEIOBUII. B 3B’513Ky 3 1M MOCTae HEOOXiqHICTh IMPOKOMACIITAOHHX J1ab0PaTOpHUX JOCITIHKEHb
MarepiajiiB 3 TOKPUTTSIMU 3 METOIO ONTHMI3Allii TX BIACTHBOCTEH, XIMIYHOTO CKJIay Ta CTPYKTypH. Lle B cBorO
Yyepry BHMarae BHKOPHUCTAHHS BEJIMKOI KUIBKOCTI MiKpo3paskiB. Tomy mpu BHOOpi BHay 1 THIy 3pa3ka, B
CyJaCHMX YyMOBaxX CJiji BpPaxOBYBaTH TaKOX 1 €KOHOMIYHI (haKTOpH, TOB’s3aHI 3 HEOOXITHICTIO EKOHOMIl
JIOPOTOLIIHHUX MarepiaiiB, MeTaliB 1 cruiaBiB. dopma 1 po3MipH 3pa3KiB JUIsl MIKPOMEXAHIYHHMX JIOCIIHKEHb
3aJIeKaTh: BiJl BUITY MOTPIOHOI TOYHOCTI, BiJI Marepiay, Mo OCTIHKYEThCS, Bl eKCIIEPUMEHTATBHIX MAIIIFH Ta
YCTAHOBOK, $IKI BUKOPHUCTOBYIOTHCS, a TaKOK psmy iHIMX (akropiB. OmHUM 13 OCHOBHHX KpPHTEpIiB IpH
BIBHAYCHHI JIOBKMHHA MIKpO3pa3ka, BBAKAETHCS HOTO JKOPCTKiCTh. HeoOXimHICTh BW3HAYMTH BiHOCHE
BUIIOBKEHHS (), SIKe 3/1eOUTBIIOT0 BU3HAYAETHCS HA THUIIOBMX TOCTOBAHMX 3paskax MpH ITSITUKPATHIM uM
JECSTUKPATHIA 1X JOBKWUHI BIJHOCHO MJiaMETPy TIOMEPEYHOTO Iepepi3y JO03BOJISIE BBAKATH ONTHMATHHOIO
TOBKUHOIO pobodoi uacTuHM T situkparHy (1=5d), He paxyroun OOBKWHM Tantenedl. Takum dYuHOM,
BUKOPHCTAHHS TMPOIIOHOBAHOTO MIKpO3pa3Kka JyIsl MPOBENCHHS (PI3MKO-MEXaHIYHMX JOCTIPKEHb TYTOIUIABKHX
METAJIIB Ta 1X CIUIaBIB € HAMOUTBIIT JOUTHHUM. JlaHuii 3pa30K € eKOHOMIYHO BHT1THUMIMA, /I IOr0 BUTOTOBJICHHS
HE MoTpiOHO OaraTo mMarepiary, HAaHeCEHHS! PI3HUX 3aXMCHUX TOKPUTh MOYKHA POOUTH B JIAOOPAaTOPHUX YMOBAX,
OCKUTBKH MOTO PO3MIpH 1€ JI03BOJIIIOTH. Majia rionia oOpoOKH Iy BUTOTORJICHHI 3pa3ka 3MEHIITYE MOXJIUBICT
nedexry. 3arporoHOBaHMIA 3pa30K BiITOBIIAE YCIM BUMOTaM MEXaHIYHHX JOCHI/PKEHh METAJIIB Ta CIIIaBIB.

Kiro4oBi ciioBa: TyromiaBki MeTanu, MEXaHiuH1 JOCTIDKeHHS, AU y31iHHI TOKPUTTS.
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DECORATIVE WOOD OF VALUABLE BROADLEAVED
TREE SPECIES GROWING IN UKRAINE

The wood structure of valuable broadleaved tree species determines the surface features of sawn or
cut wood which supply the fine or decorative appearance of wood products. Wood anomalies often display
fine textures which have quite a high value. They are typical for sycamore birdseye, sycamore, European
beech and ash with wave grain wood. These valuable broadleaved tree species deliver high-value decora-
tive wood and also special acoustical wood for the musical instruments production.

Keywords: decorative wood, wave grain, beech, sycamore, ash.

Introduction. Wood structure of valuable broadleaved tree species determines
the texture or the drawing of sawed or cut wood surfaces which supply the fine or deco-
rative appearance of wood products [10]. Wood anomalies and its varieties often display
fine textures which have quite a high value [6, 8, 9]. An interspecific variability of syc-
amore (Acer pseudoplatonus L.), European beech (Fagus sylvatica L.) and ash (Fraxi-
nus excelsior L.) are special wood anomalies like birdseye and wave grain. In the
Ukraine such wood anomalies are typical for sycamore, European beech and ash [1, 5].
These valuable broadleaved tree species deliver decorative wood and also special acous-
tic wood of sycamore with wave grain [7].

While traditional decorative wood surfaces face big challenges and veneer manu-
facturer complain about difficulties on markets and declining market shares, digital
printing technology for wood and wood based panels with improved reproductions of
natural wood surfaces shows a rapid market share growth [12]. The discussion about
natural and synthetic surfaces can be read in the various supplements of the journals
“Holz-Zentralblatt” and “HK-Holz Kunststoffverarbeitung”. On the other hand there is
an evidence that the final consumers are ready to pay a higher price for individual and
customized products (e.g. furniture, interior design, floors with highly decorative wood
surfaces). There are some established plantations of curly birch in Finland to produce
the high quality decorative wood oriented on getting economical value [9]. In addition,
on the socio-economic point of view of sycamore, beech and ash with a decorative
wood has a beautiful texture and a higher economic value than other trees. It contributes
to biodiversity conservation and very profitable forest management with present wood
prices [3]. These challenges are described in works of Rober Walser: “Die Natur
braucht sich nicht anzustrengen, bedeutend zu sein, sie ist es” (nature does not have to
put emphasis on showing its importance, it is important).

Decorative value of wood. The appearance and properties of individual tree are
strongly affected by annual growth, which, in turn depends on variations of adverse en-
vironmental factors [2, 4, 6, 8, 11]. The quality reflects the utility of the wood and there-
fore is defined by the end user. Quality criteria can only be applied for the specific pur-
pose for which the wood is used. The main characteristics that define the timber quality
classes of sycamore, beech and ash according to current European norms [2, 8] include
average diameter, knots, wood growth, slope of grain, wane, colour, spiral grain, sweep
of the wood etc. The study of decorative value of wood is important in the context of its
classification by quantifiable or explicable characteristics.

The size, type, and arrangement of the wood cells affect the appearance of the grain
or the texture. Figured grain is known as unusual patterns, many of which are strikingly
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beautiful. Oak wood has especially prominent rays in the quartersawn, these produce silver
grain (Fig. 1a), wave grain (Fig. 1b) and bird’s eyes (Fig. 1c) are especially striking in
beech and sycamore. The last one is thought to be caused by a fungus that affects the
growth of the longitudinal cells. Larger dimples are the result of a fungus and are character-
ized for maple (Fig. 1d). Some trees (elm, beech, maple etc.) produce bur (burl) wood,
which may be caused by an injury, virus or fungus (Fig. 1e).

The review of the literature [1, 2, 3, 4, 5, 8, 9] shows that the criteria of the as-
sessment of tree species with a decorative wood are not studied enough, and not devel-
oped the processes for selection, rational and complex use of decorative valuable wood
of broadleaved tree species growing in Ukraine have not been developed.

& - s
Fig. 1. Decorative
wood of some
¥ broadleaves tree
Beech | - ¢ species growing in
b) Ukraine

_. ; o ol

Classification of decorative wood. While foresters think of tree size and form,
and lumber manufacturers see large, straight and clear logs, customers associate wood
quality with aesthetic characteristics. Special figures add value to solid wood products.
Decorative wood is a combination of fine arts and aesthetical features of wood surface
that are highlighted by the color and pattern of anatomical elements (tracheids, vessels,
rays etc.) and wood anomalies formations, their micro and macro dimensions, a variety
of anatomical tissue, density, annual rings, spring and summer wood. A diversity of
wood texture caused by the natural variability, environmental and biological factors,
and the forest management and in the technological context — the sawing angle, drying
and finishing of wood products. The criteria of the wood pattern evaluation are aesthetic
characteristics and dimensions of anatomical elements. The wood texture classification
is an important tool for the wood resource evaluation and management and also for im-
proving the economic evaluation of natural resources of forests (Fig. 2).

-

WOOD Decorative
Fig. 2. Classifi-
cation of deco-
: i ST oI -~ 71 rative value of
Typical . Simple | + of Gnarl 11 of Anomalies wood

Typical wood texture is native to the wood with straight-fiber structure of coni-
fers, diffuse and ring porous round timber. Simple decorative value of wood is the result
of radially or plain-sawn logs, which underlines the dimensions of one or a group of an-
atomical elements (silver grain of oak, the growth cone formed annual ring of conifer-
ous and ring porous wood, etc.) (Fig. 3a). Decorative wood of gnarl (woodknob) is
specified by stems, roots and branches that they produce a large growth (Fig. 3b). It is
caused by bacteria and fungi, and has sharp local protuberance on a tree.
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Decorative wood of anomalies (irregularity or deviation from the general pat-
terns) is specified by parts or the whole trunk of one tree or group of trees (Fig. 3¢).

Fig. 3. Wood
examples
with decora-
tive value

Conclusions. In Ukraine, there are defined five types of valuable decorative
wood that are typical for indigenous tree species and are important for forestry and
woodworking industries. Wood anomalies are typical for sycamore birdseye, sycamore,
European beech and ash with wave grain wood. The article demonstrates that the decora-
tive value of wood requires the classification in such categories as simple, gnarl and
anomalies. The diagnostic criteria of growing trees, round timber and sawn timber with
high-value decorative wood have to be investigated.
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J/lekopaTHBHA AepeBHHA HiHHUX JUCTSHHUX JePEeBHUX MOPIJ, 0 3POCTAIOTH B Y KPAaiHU

CtpykTypa NEepeBHHHM I[IHHUX JHCTSHHX JCPEBHUX BHUIIB BU3HAYa€ OCOOIHMBOCTI MOBEPXOHD
MWISTHOT Ta KOJIOTOI IEPEBUHHU, SIKi HAJTAIOTh IEKOPATUBHUIM BUTIISA] BUpOOaM i3 IepeBHHU. JlekopaTuBHA
JIEpEeBUHA aHOMAIIA JIEMOHCTPYE YK€ YacTO HEMOBTOPHY TEKCTYpPY 1 Ma€ JOCUTh BHCOKY BapTiCTb.
Bonu xapaxTepHi U KieHa-sBopa GOpMH “NTalIMHE OKO™~ Ta KJIEHa-iBOpa, OyKa JIICOBOrO Ta sICEHA
3BUYAMHOTO 13 3aBUJIbKYBAaTOIO JAEPEBHHOIO. [lepeBMHA HUX IIHHHUX JHUCTSHUX JAEPEBHUX MOpiA Mae
BEJIMKE 3HAYCHHSA SIK JICKOPAaTHBHA CHPOBHHA, TaK 1 aKyCTHYHA CHPOBHHA JJISi BUPOOHUIITBA MY3UYHHX
THCTPYMEHTIB.
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PROBLEMS OF RELIABILITY OF HARDWARES IN COMPUTER-AIDED
SYSTEMS OF TECHNOLOGICAL PROCESSES CONTROL

The questions of application of modern methods of determination of reliability of automated
control the system technological processes are examined for the decision of tasks of increase efficiency
of functioning of the automated production systems on the enterprises of industrial forestry complex.
Influence of reliability of equipment on the actual productivity of the automated production systems is
probed. Diminishing of reliability of equipment results in the considerable decline of the actual
productivity of the automated production systems and decline of stability of technological operations.
It is expedient to conduct the increase of reliability of the automated production systems by the struc-
tural backuping, development of charts of arrangement of equipment, structurally self-reactance opti-
mization, imitation design.

Keywords: problems of reliability, automated control the system by technological processes,
instability of duration of operations, imitation design is automated.

One of basic properties of hardwares of automation of production processes, which sub-
stantially influences there is reliability on efficiency of functioning of automated control the
system by technological processes. The considerable losses of time of functioning of techno-
logical equipment are drawn above all things the unreliability of technique, failings in organi-
zation of labour and other factors of external influence. Reliability of hardwares of automated
control the system by technological processes is determined such constituents: faultlessness,
suitability to repair, by longevity, by property to keep the set descriptions during the set term.

Faultlessness, determines property of hardware to keep a capacity during some time is
the most essential constituent of reliability of hardwares and determined reliability of elements,
chart of their connection, functional, structural and algorithmic features, external environ-
ments. Suitability to repair, characterizes adjusted of hardware to warning, finding and remov-
al of consequences of refuses by implementation of technical service and repairs, predefined
structural properties of hardware, presence of control-diagnostic apparatus, properties of the
utillized elements, and also qualification of auxiliary personnel, organization of exploitation et
cetera. Longevity characterizes property of hardware to keep a capacity with necessary inter-
ruptions for technical service and repairs to some certain state. Sometimes the moral senes-
cence of majority of hardware often comes before, than physical. Important is property of
hardware to keep the set operating descriptions during shelf-life and transporting.
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Important the factor of violation of the set terms of co-operation between mechanisms,
instruments and purveyances in a technological line there are not only harmful influences on
equipments which appears in the process of his protracted exploitation, but also cyclic instabil-
ity of parameters of work which shows up from the beginning of exploitation of technological
line. Therefore interpretation of the phenomena of reliability of the automated production sys-
tems from positions only a wear and accumulation of damages is insufficient. In technological
lines refuses influence on technological reliability through casual character of sizes and certain
descriptions of purveyances, parameters of machine-tools and their knots, instruments. On pro-
ceeding in the normal process of functioning of the automated production system required set
time. The charges of time on proceeding in normal work of equipment increase duration of in-
tervals of issue and reduce the actual productivity of basic and auxiliary equipment [1-13].

The necessity of increase of reliability of hardware at automated control the system by
technological processes is predefined the substantial consequences of refuses of hardwares,
which result in diminishing of amount of products which is made, decline of its quality, to the
groundless charges of energy, materials of raw material, fuel. These undesirable consequences
grow with the increase of power of equipment and rev-up flowing of technological processes.
As a result of insufficient reliability of hardwares and considerable growth of their amount the
quantity of necessity of operative operating personnel of automated control the system by
technological processes is increased, and also to the personnel which is engaged in repair of
automatic control the system.

Therefore for the decision of problem of reliability of automated control the system by
technological processes it is suggested to decide such essential tasks:

1. To develop the methods of forming of the scientifically grounded requirements to reliability of indus-
trial hardwares of different types recognition possibility of their backuping, use of these facilities at different
automated control the system by technological processes which differ after the level of necessary reliability.

2. To develop the methods of optimization of technical maintenance of hardwares of automated
control the system by technological processes and microprocessors, to utillize facilities of computer
technique, with the study of rational level of centralization of service and warehousing of awaiting-parts.

3. To develop scientific and technical principles and organizational methods of providing of relia-
bility of hardwares for especially responsible automated control the system by technological processes,
which must engulf all of the stages of development, mass production and exploitation of such hardwares.

4. To analyse possibilities and wideuse of vehicle and programmatic methods of control and diag-
nostics of good condition of hardwares of automated control the system by technological processes.

5. To create scientific and engineerings bases of reliable computer-aided of difficult facilities and
control the system design. To execute a supervision and calculations of actual reliability of mechanisms
indexes and built on in the conditions of exploitation together with analogical researches of the produc-
tivity and stability. It is expedient to conduct the increase of reliability of the automated production sys-
tems with the use of the structural backuping, development of charts of arrangement of technological
lines, structurally self-reactance optimization, imitation design.

The decision of the indicated tasks, next to upgrading stuff wares, improvement of their
external environments, upgrading preparation of operating personnel and other technical and
organizational measures, will enable considerably to improve reliability of hardwares of auto-
mation of automated control the system by technological processes on the whole.
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IIpo6aemMu HAXIHHOCTI TeXHIYHUX 32CO0IB B ABTOMATH30BAHUX CHCTEMAX
KEePYBaHHS TEXHOJOTIYHMMHU MPOLECCAMH

Po3risiHyTO MUTaHHS 3aCTOCYBaHHSI Cy4acHHX METOJIB BH3HAYCHHS HAJIIHOCTI aBTOMAaTH30Ba-
HUX CHUCTEM KEepPYyBaHHS TEXHOJIOTIYHUX TPOIIECIB IS BUPIMICHHS 3aBAaHb IMiABUIIECHHS e()EeKTUBHOCTI
(GYHKITIOHYBaHHSI aBTOMAaTU30BAaHUX BHUPOOHUYUX CHCTEM Ha IMiJMPHEMCTBAX JIICOMPOMHCIOBOTO KOM-
wiekcy. JlocmipkeHo BIUIMB HAAIMHOCTI oOnasHaHHA Ha (DaKTUUHY MPOTYKTHUBHICTh aBTOMATH30BaHUX
BUPOOHUYHMX CHCTEM. 3MEHIIICHHS HAIIHOCTI OOJaJHAaHHS MPU3BOIUTH 10 3HAYHOTO 3HIDKEHHS (ak-
TUYHOI TPOAYKTHBHOCTI aBTOMAaTH30BAaHMX BUPOOHMYMX CHUCTEM 1 3HW)KEHHS CTaOUIBHOCTI TEXHO-
JoriyHuX onepaiii. [TigBuIeHHs] HaIiHHOCTI aBTOMAaTU30BAaHUX BUPOOHUYIMX CUCTEM JOLLILHO MPOBO-
JTUTH 32 JOMOMOTOI0 CTPYKTYPHOTO pe3epBYBaHHS, PO3POOJICHHS CXEM KOMIIOHYBaHHS OOJIaJHAHHS,
CTPYKTYPHO-TIApaMETPUYIHOT ONTHMI3aIliil, IMITallIHHOTO MOJICTIOBAHHSI.

KirouoBi ciioBa: npoGiieMu HaJiiiHOCTI, aBTOMATU30BaHi CUCTEMH KEPYBaHHS TEXHOJIOTIYHU-
MU TIpOIIeCaMH, HECTaOUTbHICTh TPUBAJIOCTI OTepalliid, iMiTaIliitHe MOICTIOBAaHHSIO

UDC 621.878.44+531.311 Assoc. prof. B.Ya. Bakay — UNFU

DETERMINATION OF LOADING IN THE MANIPULATOR TYPE
MOBILE LOADING MACHINES BY THE ACCELERATIONS

The casual oscillations of loading machine during motion, on the basis of model of the spatial
oscillating system of loader are considered. Indignation of oscillations in a loading machine is caused
by different sources, namely: by the oscillations of the suspended log grab and load, manipulator, ag-
gregates and knots of transmission, vibrations and inequalities of road. The theoretical bases are exe-
cuted and determination of loading is offered by determination of vertical reactions by the oscillations.

Keywords: mobile loading machine, oscillations, accelerations, vertical reactions.

Introduction. Work of manipulator type mobile loading machines in the condi-
tions of log sort yard is accompanied by the continuous by a change of loading which
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operates on it [1]. Frame of upper carriage, an undercarriage frame, construction of ma-
nipulator of loading machine are details, which test the considerable variables loadings
and intermittent shock loadings, that causing a fatigue fracture of local character. The
development of construction of such loading machine 1is impossible without a lead
through experimentally researches. Such researches are especially needed because of
the complication of executable by the machines functions during the transportation of
the round commercial timbers, trapped by a radial log grab that is freely suspended on
dipper stick. The structural features of such machines must provide firmness during the
motion, optimal dirigibility and safety of motion, and also avoid the loading machine
from a vibration [2, 3].

All the knots and parts of the machines were always tested thoroughly, but in the
last few years the requirements to the volume and quality of all gained results grew con-
siderably and the methods of tests became more complicated. At this time, statistical
estimations require the thorough approach to the experiment, special equipment and ap-
paratus. It is related with requirements that behave to quality of steel construction of
weight-lifting machines and their knots. As it has been noted, the calculative method
doesn’t allow us to determine the character of the oscillating system of loading ma-
chines with the wanted accuracy [3]. It is because the calculation models usually sub-
stantially simplify the real system. Therefore complication of calculation model itself
does not justify practically, as it requires introduction to the model of many coefficients
and nonlinear dependences unknown on the stage of constructing.

According to this, it is possible just to estimate all the indexes of operational at-
tributes of the knots and parts on the planning stage. More actual descriptions and sizes
of those indexes are being determined only during the tests of pre-production model and
they can substantially differ from the calculated ones.

Methodology. Indignation of oscillations in a loading machine is caused by dif-
ferent sources, namely: oscillations of the suspended log grab and load, manipulator,
aggregates and knots of transmission, vibrations and inequalities of road. But not all os-
cillations of loading machine influence her firmness during motion. In this regard, the
changes of reaction of the wheels of the loading machine are only caused by oscillations
that are stipulated by operating of oscillations of manipulator under the suspended loads
and by the inequalities of road. These oscillations of the basic masses of the oscillating
system cause substantial inertia overloads in the support points of a loading machine,
that can be fixed by determination of vertical reactions according to accelerations.

The oscillating system of loading machine can be presented by a dynamic model
that consists of a row of swaying links, connected together. Those are manipulator with
the suspended load, the springless masses on tires, the spring mass on it suspension,
spring suspension cab, engine on resilient supports, operator on a seat and others.

Determination of vertical reactions on the wheels of loader by registration of ac-
celerations in the different points of spring suspension and unsprung parts is most expe-
dient, as establishment of transducer for determination of accelerations requires mini-
mum preparation, and the method of registration is well exhausted. First of all it allows
to analyse the features of the system on the whole in more depth, second - to estimate
the role of separate parts in the general system of oscillations.

Ground of theoretical bases. Structurally a loading machine is developed in the
way to ensure its stable forward longitudinal motion and avoid the oscillation. It is also

53



important to avoid any transversal linear oscillations while the machine is in motion [2].
In order to do that the loading machine is designed in the special way, where the manip-
ulator set swing-type differs from existent weight-handling and grapple dredger ma-
chines. Its framework has to assure stable rectilineal motion, in the way to prevent any
occasional turns in a horizontal plane, that “yaw”. Thus, the springing undercarriage
and upper carriage of loading machine during motion carries out only vertical, longitu-
dinally angular and transversal-angular oscillation [4].

Let’s analyse the occasional oscillations of loading machine during motion, on
the basis of the simplified model of the spatial oscillating system of loader (fig. 1). Ver-
tical dynamic reactions on wheels are marked Ny, Nin, Naon and Nop.
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The horizontal constituents of dynamic reactions will consider insignificant [4].
Then for all system which includes spring suspension and unsprung the masses, it is
possible to write down the followings equalizations which link dynamic reactions and
inertia forces:

.. Z,tZ, ) m Z,,+Z,,) m
N1H+N1H+N2H+N2HZM'ZO+( 11 m) 1+( 271 zn) 2

2 2 ’ M

(21n+21n)'m1 . (22n+22n)'m2 .

[+ > L, (2)

(Nm+N1n)'ll_(N2n+N2H)'lz:Ja'dB+

B -(N,—-N.) B.-(N, —N,) . . .

. 1; e = = :Jﬁ'BHH+JH1'BH1+JH2'BH2, (3)
where: [}, [, — are distances of centre of gravity O of spring suspension the masses from
front to the back axis; Bn, B3 — track of front and back wheels; M — spring suspension
the masses; m;, m, — front and back unsprung the masses; Jo=Mp’ — moment of inertia

of spring suspension the masses in relation to a transverse axis which passes through the
centre of gravity; Js — moment of inertia of spring suspension the masses in relation to a
longitudinal axis which passes through the centre of gravity; Jui, Ju» — moments of iner-
tia of front and back unsprung the masses are in relation to horizontal axes which pass
through their centres of gravity parallel the longitudinal plane of loading machine; z, —
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vertical moving of centre of gravity of spring suspension the masses; zi, zim, Z2, 1 Z2m —
vertical moving of supports; o, B — angular moving of spring suspension mass in lon-
gitudinal and transversal planes; Bui, Pu2 — angular moving in the transversal plane of
front and back axes, that lines which connect the centers of right and left supports.
Sum of vertical reactions on the forewheels of N,;; + Ny and sum of vertical reac-
tions on the back wheels of N, + Nop it is possible to define from equalizations (1) and (2).
After simple transformations will get the followings expressions:

Ny, +Ny :M1'21'(%j+M2-'Z'2.(12 ';812)_’_’”1'(21;"_2111), (4)
N,, +N,, :Mz-'z'z.(ll "'Lglzj—i—Ml-'z'l.(ll zgllj+mz'(zzg+zzn), (5)

where: z, z; — vertical moving of spring suspension the mass in the longitudinal plane

of symmetry above a front and back axis; L — length of wheelbase of loader; Mi=Ml/L

and M, = MI,/L — spring suspension the masses of front and back axis; ¢ — coefficient

of distributing of the masses, which taking into account mass of M and moment of iner-
J

a

tia of Jo loading machine it is determined after a formula €= ool (6)
. a .

where p —radius of gyration.
The results of researches show that for the values € =0,8+1,2 of oscillation of

spring suspension the masses above front and back suspension is practically unrelated,
and for values €=0,7+0,8 and € =1,2+1,4 intercommunication of these oscillations
shows up poorly enough. The condition of independent oscillations is a case
e=p°/(a-L)=1. Then for a case e =1.

(ZIJ] + ZIH) -m,

Ny+Ny=M -Z + 2 > (7)
N, +N, =M,z + G +;2H)'m2 . (8)

According to the presentations described above, a loading machine is examined
as a conditional equivalent oscillating system, which includes separate masses, connect-
ed by resilient elements with snubbers. Analysing such mechanical system, mathemati-
cal copulas set foremost between the laws of moving of separate the masses, descrip-
tions of resilient and snubbers elements, and external actions which are put.

Conclusions. Thus, it is possible to define the sum of vertical dynamic reactions
on right and left wheels by measuring accelerations of spring suspension and unsprung
the masses of a loading machine.

In order to define every reaction separately, present three equalizations (1) — (3)
not enough. Differences in reactions on the left and right wheels of Ny — N and Nyj —
Noir from equalization (3) are determined for both of them only. Correlation between
Nin — Nin and Moy — Non even for the very simplified model, presented on fig. 1, does
depend on internal forces of the system, which arise up between spring suspension and
unsprung parts, that from the difference of corners B, and By, angular inflexibilities and
angular unsprung resistances of front and back suspensions. In actual fact this correla-
tion depends also on the kinematics of sending device of suspension and from turning
inflexibility of frame of loading machine under the action of oscillations of load.
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While determining of sum of vertical reactions after equalizations (4) and (5) or
(7) and (8) all the operations with measuring of accelerations should be conducted ac-
cording to special measuring system, from which a signal, proportional the size of total
reaction, acts at once. All the proper coefficients should also be taken into the account.

There is other method which is more accurate but less practical, where accelera-
tions Z, and Z, is separately registered. In this case, to find the quadratic average of re-

action, it is necessary yet to define mutual cross-correlation functions, which write
down accelerations which at the same time makes the processing of data much more
complicated. Transducers for measuring of acceleration Z and Z,, set symmetries of

loader in plane. Transducers for measuring of accelerations z , Z , Z, , Z, ., set on

112 111 2 2]1° 2119

wheels. Since both front and back axes of the loading machines are structurally execut-
ed as solid beams, that is why two transducers on the right and left wheels of one axis
can be substituted with one in the vertical plane of symmetry, which will write down
the mean value of acceleration directly (Z, +Z,)/2.
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Bu3HauyeHHsI HABAHTAaKeHHSI B MOOIJIbHUX HABAHTAKYBAJIbHUX MAaIIHH MaHil'ly.TIﬂ-
TOPHOI'0 THUITY 34 IPUIIBUIAIICHHAMHA

Po3rnsiHyTO BHITAAKOBI KOJIHMBAaHHS HAaBAaHTAXXYBaJIbHOI MAIIMHM ITiJ] Yac PyXy, HA OCHOBI MO-
JielTi IPOCTOPOBOi KOJIMBAJIbHOI CUCTEMHU HABAHTA)KyBaJIbHOI MalmIMHU. 30ypeHHs! KOJIMBaHb y HaBaH-
TaXyBaJbHIN MalllMHI COPUYMHEHO PI3HUMU JDKEpesiaMu, a came: KOJMBAaHHIMU IiIBIIIEHOTO Tpekde-
pa 1 BaHTaXy, MaHINyJATOpa, arperatiB Ta BY3JiB TpaHCMICii, BIOpaLisMu 1 HEPIBHOCTSAMHU JTOPOTH.
BukoHaHO OOTpYHTYBaHHSI TEOPETUYHHX OCHOB Ta 3alPOINIOHOBAHO BU3HAUYCHHS HABaHTA)KCHHS IILIS-
XOM BU3HAUEHHS BEPTHKAIBHUX PEAKLiN 32 IPUIIBUIICHHIMH.

Kro4oBi ciioBa: HaBaHTa)XyBay, KOJMBAHHS, TPUIIBUIIICHHS, BEPTHKAIBHI peaKIlii.
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METHODOLOGICAL PRINCIPLES OF ENERGY MANAGEMENT
IN THE CONTEXT OF SUSTAINABLE DEVELOPMENT
OF WOODWORKING INDUSTRY ENTERPRISES

In this article, we consider the issue of working out energy efficiency strategy at woodworking
enterprises as a constituent part of energy management. The role it plays and the place it occupies in
the global strategy of sustainable development of enterprises have been defined; also characterized
here are the main stages of shaping energy conservation policy as well as energy management in terms
of integrated approach to environmental management.

Keywords: energy management, sustainable development, wood waste, energy efficiency,
wood-fired energy, heat energy balance.

For many decades, the main task of the department of energy in the woodworking
companies was provision of reliable and uninterrupted power supply. Costprice, quality
and environmental performance of energy were considered of minor importance and
were settled only in the case of special aggravation. The first were the necessary re-
sources of energy and generating capacity. Today, the state seeks to provide primarily
high social standards and safe environment for its citizens. Therefore, in the foreground
is reliable and environmentally friendly meeting the needs of energy products at reason-
able, economically reasonable and balanced cost. Clearly enough, that using in the pro-
duction morally and physically obsolete equipment, conducting passive policy of mod-
ernization, makes impossible and contrary to the main preconditions of the concept of
energy management, sustainable development at wood processing enterprises as a
whole [1-15].

The development of energy strategy has prominent place in the energy manage-
ment system. Unfortunately, researching of the energy strategy formation in the wood-
working industry, despite its importancis, at the in fant stage of development. Until
now, we have not had even terminology that applies to this problem, have not resolved
issues related to the definition of its place in the overall development strategy, princi-
ples of construction, development stages, etc.

The problems of energy strategy of woodworking enterprises should be consid-
ered based on the fact that wood waste, generated in the production of any wood prod-
ucts 1s a raw material for heat and, in the future, electric power for meeting their energy
needs. Of course, the energy strategy of woodworking enterprises must meet specific
key areas of energy policy at the state level, due to primarily monopolistic nature of all
power and lack of competition in the electricity market. Under these conditions,
becouse of limited measures woodworking enterprice, usually try to find additional cost
savings to reduce the energy costs. The process of developing the energy strategy of
woodworking companies can be divided into several stages. In the first stage, which
premised on technological analysis (waste balance), should be assessed wood waste,
generated during the production as wel as it distribution. On the basis of the analysis,
the ability of wood waste in annual heat energy should be calculated. In the second
stage we have to prove the needs of the enterprise for thermal and electric energy. It is
reasonable to classify heat energy needs according to in the areas of its using: — drying
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department; — technological needs; — heating and ventilation needs; — household needs,
and then to develop a schedule of consumption during the year, given the overall strat-
egy of the enterprise. In the third stage the enterprise directly or through third-party ex-
perts conducts an energy audit to reveal internal reserves to reducing energy costs. The
main purpose of this is to evaluate the efficiency of all types of energy resources, heat
and electric energy, compressed air, water to determine the energy saving potential, to
make a choice of boiler, ventilation equipment for own using of thermal energy.

The fourth stage involves identifying areas of wood waste using, which generated
after the enterprise satisfying in heat energy needs. The number of it is based on heat
balance as the results of calculations of thermal energy in the first and second stages.
The selection of direction is based on impact assessment of macro environment and the
enterprise location. Analysis of macro environment requires using information on fore-
casts of the country’s and region economy, including the development prospects of the
energy sector. To analyze the immediate environment and evaluate its impact on the
formation of production costs of certain products may be involved information obtained
through the studying of actual and potential market demand, expert opinions on various
aspects of the competitors’ works, and so on. In the fifth stage a system of indicators
should be formed for economic evaluation of the effectiveness of and justification for
selecting the most appropriate options for energy saving measures.

An economic assessment of expected effectiveness of the proposed measures
should be carried out. The final sixth stage provides the implementation of actions un-
der enterprise energy strategy, it monitoring and adjustment. Theoretical research of en-
ergy capacity of woodworking enterprises, using the above methodology, allowed the
authors to develop the nomogram of heat energy balance, which depend on the compa-
ny specialization. For example, (Fig. 1) presents the nomogram to define thermal bal-
ance of glulam beams manufacturing enterprise. To use this nomogram should be asked
specific volume value of roundwood processing now (year or quarter), and type of
waste that will be burnt to obtain thermal energy (including their fractional status and
humidity). However, the use of nomogram helps us to determine not only the necessary
amount of heat energy for the operation of enterprises, the volume of wastes that must
be taken (for burning) to receive it, but also the number of "surplus" of wood waste — in
this order of the above operations should be carried out in the opposite direction.

The results obtained by using the graph method of nomogram shows, that direct
combustion of wood waste generated during the manufacture of products, fully enables
the production of thermal energy for technological purposes (drying lumber),for heating
production and administrative and domestic premises during the heating period and oth-
er requirements. In addition, during the burning of the entire volume of waste for a year,
excess of thermal energy will be about 20-65%, depending on specialization, which en-
ables to realize the surplus of dry wood waste in many ways — to organize production
line for fuel pellets or briquettes, or to supply thermal energy to other consumers in the
area range of economic efficiency. Using proposed methodological approach to the en-
ergy management problem of woodworking companies, as the process of control of us-
ing primary resource and energy: planning, organization, coordination, accounting and
control for consumption of all types and forms of energy with minimal environmental
impact, optimal use of capacities, including level of current costs and future costs, — is
an objective for building sustainable development strategy of woodworking enterprises,
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guidelines for each of which are reorganization of the power supply system and rethink-
ing the principles of immense squandering, that generally promote providing competi-
tive advantages for domestic woodworking enterprises, enhance their competitiveness
and improve state's economic and energy security as a whole.

=" Fig. 1. Nomogram of definition

SUEEAN\Y - = heat energy balance
1 ’A')*-“'r."\' 6000 // F- 1 _ h h d f .
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..  the maximum amount of heat (point A),

=TT when burning the entire volume of wood

=1 waste with moisture adopted by 10 %;

"2" — curve to determine the amount of

heat (point B), which is released during

combustion of the entire volume of raw

wood waste. Value A (A = Q) shows the

maximum of heat energy formed during

- the combustion of total volume of wood

e waste with regard to their moisture, fac-

Qure tionalism and wood species. The curve
"3" is used to determine the total heat capacity of the enterprise (point C).

Conclusions. The article discusses the formation of energy strategy of wood-

working enterprises, as part of energy management. Defines its role and place in the

overall strategy of the company, described the main stages of development of energy

conservation and energy management.
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MeTom0JI0TIYHI NIPUHIMIIM €HEProOMeHeKMEeHTY B aCleKTi mpodJiem
CTAJIOr0 PO3BUTKY MiIPUEMCTB /1ePeB000pPOOHOI raxysi

PosrnsHyTo nutaHHs (HOopMyBaHHS €HEPreTHYHOI CTparerii AepeBoOOpOOHOro MigpPHEMCTBA SIK
CKJIQJIOBOI YaCTUHH CUCTEMH €HEPreTUYHOI0 MEHEKMEHTY. Bu3HaueHo ii posib 1 Miclie B 3arajibHii cTpa-
TETil CTAJOr0 PO3BUTKY MIANPUEMCTBA, 0XapaKTEPU30BAHO OCHOBHI €Taly PO3POOKH EHEePro30epekeHHs
Ta EHEPreTUYHOI'0 MEHEKMEHTY 3 TOUKH 30py KOMILIEKCHOTO M1IX0AY JI0 MPHUPOIOKOPUCTYBAHHS.

KaouoBi ciaoBa:  eHEproMeHEDKMEHT, CTalIWid  pPO3BUTOK, BIAXOAW  JICPCBUHH,
eHeproe(eKTUBHICTh, OaTaHC TETUIOBOI €HEPTIi.

UDC 674.047.3 Prof. I.M. Ozarkiv; post-graduate V.S. Kozar — UNFU
METHOD OF CALCULATION OF DRYING TIME IN SOLAR PLANTS

Provided analytical equation calculation of the drying in the 1st and 2nd periods of drying.
Kuarouosi cioBa: solar plant, grafically-criterial methods, nusselt criterion.

It is known [1, 2] that in engineering practice, to calculate the duration of drying
grafically-criterial and analytical (tabular) methods are used. Thus the total duration of
drying includes drying time in the periods of constant and slowing drying rates [3-7].

Note that the grafically-criterial method is based on analytical formulas that are de-
rived from studies of the kinetics and dynamics of the drying process, as well as principles
of the general theory of drying. For the analytical calculations of the drying time Initial data
should be known or taken into account: species (py); thickness of material S;(R=S,/2)
which is dried, width of lumber stacks, direction of moisture flow(tangential, radial), oper-
ating conditions (%, ¢, At, @) 1 and air circulation speed (drying agent) on stacks v. The se-
quence of calculating the duration of drying is. Depending on operating conditions, species
and average humidity of wood with appropriate diagrams define the coefficients of specific
heat and thermal conductivity of wood at the actual humidity of the material and define the

magnitude of the coefficient of thermal diffusivitya (a= A , m?/s).
p-c

According to the formulas given below [3] set the value of the coefficients of
thermal conductivity of air (drying agent) 4 and kinematic viscosity v, that is

A= [4,67-(4,16+2,45-¢] 10*+[7,14+4,46 ¢] T;-107, (1)
where 7 — absolute temperature of the dry thermometer, K; ¢ — relative humidity.
v =[0,113-T-(18,24+7-¢)] 10°m?*/s (2)
Set mode of heat motion (drying agent) with the Reynolds criterion, that is
v-b .
Re, = > for air 3)
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and several stacks of boards Re . = (4)

Nusselt criterion, as demonstrated by our study [1], should be determined by the
2 4
f 1 t — . 0.80. £ 0.33 _ 1 E
ormula type Nu, =0,0641-Re, [TJ Pr, [1 Re. 5’ (5)
where Prq(Pr/=v./d) — Prandtl criterion, which for air can be taken equal Pr~=0,72 for so-

lar plant conditions.
Finding the value of Nusselt criterion, we can calculate the coefficient of heat

N wmec). 6)

K

transfer, that is a

At a given temperature regime of drying wet thermometer t, specific heat of va-

porization will be r=r,(1-0,001-1,) kJ/kg. (7)
Speed of drying in the first period, period of constant drying rate, determined by
the formula [1] N=100 (=) o (8)

r-p,-R
As shown by our study, the value of humidity on the surface of material (drying
matter) at the critical point can be determined by the formula W, =32,5-0,135-,,%. (9)

To determine the coefficient of moisture conductivity at it is necessary to know the di-
rection of moisture motion (radial, tangential) in wood during drying. Particularly, if solar
plant chamber loaded with tangentially cut boards, the basic direction of water movement in
the material should be taken radial and vice versa. When placing the boards in a mixed stack
should be taken tangential direction of moisture in the material should be taken.

Mathematical treatment of our experimental studies [1] showed that the coeffi-
cient of moisture conductivity with sufficient accuracy can be calculated by the formula

23 -3,9 .
type a = 23,5-10‘8(ij L (1+ 2V §lnﬂ0j sm’/s, (10)
273 400 100 sin90

where: V), — the amount of volume pith, %; f — the angle formed by the tangent to the
annual rings and the normal drawn to the outer layer in the middle of the board (for ra-
dial flow of water f=90°, and for tangential =0°).

Then, the duration of wood drying in a period of constant drying rate will be

w.-W
Tl:—mN S, (11)
Duration of wood drying in the period of slowing down rate of drying can be
2
found by the formula r, =231 4R +£-lgu 5, (12)
d, o, W, =W,
N-R

where o, — moistre-change coefficient (o = ) m/s; W,, W, — accordingly equilibri-

0,25
um and the fime moisture content of wood, %.
The intensity of evaporation of moisture in the first period is determined

p R-N 2
- kg / m-s. 13
N g /s 13)

For the second period of drying (at the beginning), when Re>1,, heat transfer co-

!

9

efficient is determined by the formula o = 0,032K" Z— W/(m?°C). (14)
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Value of the criterion of phase transition will be &= % (15)
r : qﬂ‘l ’
Thus, the total drying time will be equal to T=7,4+7,.
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MeToanka po3paxyHKy TPMBAJIOCTI CYIIIHHS B IreJIiOyCTAHOBILI

BuseneHo anamitiiHi piBHSIHHS pO3paxyHKY Yacy CYIIHHS B 1-My Ta 2-My nepiojiax CyIIiHHs. 3acTo-
coBaHO rpaoKpUTepiaIbHINA METOJI BU3HAYEHHS TPUBAIOCTI CYIIIHHS B Iepiojiax MOCTIHHOI Ta 3aOBUIBHIO-
1040l mBHUAKOCcTel. ['padokputepianbamii MeTon 0a3yeThesl Ha aHATITHYHUX (OpMysax, sIKi OTpUMaHi B
Ppe3ynbTaTi JOCHIKEHb KIHETUKH Ta JMHAMIKH TIPOLIECY CYIIIHHS, a TAKOXK BUPa3ax 3arajlbHOi TEOpii CYIIiHHSL.
HaBeneHno piBHSHHS It BU3HAUCHHS Koe(illieHTa BOJIOTOMPOBIAHOCTI B 3aJICKHOCTI Bil HANPSIMY PyXy
BOJIOTY B Matepiajii. 3acTocoBaHo Kputepiidi Hycenbra st po3paxyHKy 3HaUeHHs KOS(iIlieHTa TETIO0OMIHY.

KurouoBgi ciioBa: remioycraHoBka, rpadokpurepiaabHuid MeTO, KpuTepiih HycenbTa.

UDC 630.824.83. Assoc. prof. A.S. Kushpit — UNFU
WOOD INFILTRATION WITH WATER-SOLUBLE DYES

In order to obtain the necessary colour while infiltrating wood using the vacuum, we carried out
an investigation to determine the optimal concentration of water-soluble dyes.
Keywords: wood, dye, infiltration, vacuum.

Applicability of the problem. With the development of industry the high cost
and deficit of the valuable species of wood urge to produce their imitations from a
cheaper material by way of dyeing and proper processing. The process of dyeing is car-
ried out in different ways: by means of pneumatic spray, rollers, immersion, etc. all of
them are simple to use, however, the depth of paint does not exceed 0.08 mm and that
excludes any further mechanical processing.

One of the most famous methods of infiltration is using vacuum — method “vacu-
um — atmospheric pressure”. As the research shows, this method allows to evenly infil-
trate samples of hardwood up to 10mm thick in two sets (cycles) with 5-7 minutes of
duration each. The tone color is rather smooth, however the colour on the billet surface
is more saturated. It should be said that homogeneity and saturation of the colour de-
pends upon the duration of the cycle as well as on the nature and concentration of the
dye. In order to find out the optimal conditions of depth infiltration of wood to obtain
the necessary colour and its saturation we investigated the dependence of the nature and
concentration of dye solutions, correlation of dyes in a solution, the sequence of infiltra-
tion with dyeing solutions, etc.
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Methods of investigation. The investigation was carried out on the samples of
beech (size: 20x20%30 mm.) cut out of sap-wood (humidity 8-10 %). The infiltration
solutions were made of water-soluble dyes — brown and red #3, concentration 1-3 %,
resorcinol Fe(NOs) 3, FeSO., (NH4)HPO,, potassium dichromate with concentration 2-
6%. The infiltration was conducted according to the following scheme: a) keeping of
dry wood samples in an autoclave in vacuum for 10 minutes; b) keeping of the samples
in dye solutions in vacuum — 10 minutes; c¢) keeping the samples in the dye solutions
without vacuum — 10 minutes. In case of a consequent infiltration with two different so-
lutions after drying the samples were infiltrated with the first solution during one hour
at the temperature of 40-60 °C another infiltration with a mordant solution was carried
out in order to obtain the final colour of the sample. As a result of the research we ob-
tained beech samples with brown and red tones: “bog oak”, “mahogany”, etc. It was
found out that bright and saturated colours are obtained from brown and red dyes with
the concentration of 2.5-3 %. Good results were obtained by combination of brown and
red dyes. Thus, for example, to have the effect of “mahogany” the optimal is the combi-
nation of 4 % solutions of the above-mentioned dyes in the ratio 1:1.

2-6 % solutions of K,Cr,O7, Fe(NOs);, FeSO, paint beech in grey colour. The ad-
equate concentration in the infiltrating solution for K,Cr,O7 is 4 %, for Fe(NO3)3, FeSO4
is 2 %. These concentrations provide smooth colouring of wood. The best infiltrating
quality for this group of dyes is achieved with a 2 % solution of FeSOs,.

To determine the effect of “development” a consequent infiltration with two solu-
tions was conducted as well: firstly with the solution of resorcinol (concentration 2-4 %)
and then with 2-6 % solutions of K,Cr,O7, Fe(NOs);, FeSO4, (NH4)HPO,. The results
are in given in Table 1.

Table 1. Change of beech colour while infiltrating with two solutions

Infiltrating solution #1 | “Development” solution #2 Resulting colour Tone homogeneity
Resorcinol K>Cr,0O7 Light brown Average
Resorcinol FeSO4 Grey with a brown tone High
Resorcinol Fe(NO3)3 Brown Average
Resorcinol (NH4)HPO4 The colour does not change —

Conclusions. When infiltrating with a 2-6 % solution of resorcinol and a 2-6 %
solution of K,Cr,O7, we get light brown samples of average quality. The maximal satu-
ration of wood with a dye takes place with the utilization of a 6 % solution of resorcinol
and a 6 % solution of K,Cr,O7; With the consequent usage of resorcinol and FeSO4 so-
lutions the wood colour is changed from grey (when infiltrating just with FeSO,) to
grey-brown. For the infiltration it is enough to use the solutions of resorcinol and FeSO,
with the 2 % concentration. With the consequent usage of resorcinol and Fe(NO3); solu-
tions the samples are brown. The best quality is achieved when using a 2 % solution of
resorcinol and a 6 % solution of Fe(NOs);. If the resorcinol concentration is increased in
the infiltrating solution #1 up to 6 % the colour saturation increases but the tone be-
comes less smooth, especially closer to the edges of the sample.
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IIpocouyBaHHsI JepeBUHH BOAOPO3YMHHUMMH OapBHUKAMM

[TpoBeneHo NOCTIHKEHHS 3 BU3HAYEHHS ONTHMAJIbHUX KOHIIEHTpALH BOJOPO3YMHHUX OAapBHHKIB
JUTs1 320€3MeUeHHS 33/IaHOTO KOJILOPY TiJT Yac MPOCOYyBaHHsI JEPEBUHHU 13 3aCTOCYBAaHHSM BaKyyMy.
KarouoBi ciioBa: nepeBuna, 6apBHUK, IPOCOUYBAHHS, BAKYYM.

UDC 674.8. Senior teacher R.R. Kurka — UNFU

THE STUDY OF MODIFIERS IMPACT ON THE PROCESS
OF PELLETIZING HARDWOOD WASTE

A process for pelletizing hardwood wherein the particulated wood is treated with a starch, wax
emulsion and lignosulfonate prior to pelleting is disclosed.
Keywords: pelleting press, hardwood pellet, hardwood particulate materials.

With the increase in cost of energy, greater efforts are presently being made to
utilize hardwood waste for heating. Generally the hardwood waste which is not in par-
ticulate form is reduced to particulate form and pelleted to obtain the waste in a uniform
particle size which can be conveniently handled. In pelleting the hardwood, pellet mill
with stationary die and rotating rollers is used wherein the particulated wood is com-
pressed and forced through orifices in the die. These types of mills have high capacity
for pelleting the large quantity of hardwood waste [1, 2]. It is, therefore, an object of
this investigation to provide an improved process for pelleting of hardwood.

A further objective is to provide a process characterized by the production of
hardwood pellets of improved durability. A still further objective is to provide a process
wherein an increase in production rates may be obtained with a decrease in power costs.

The above and other objectives are attained by this research which comprises dry-
ing the particulate wood to a moisture content less than about 16 % and treating the par-
ticulate wood prior to pelleting with starch, an aqueous wax emulsion and lignosul-
fonate [3].

The particulate wood is treated with the starch, wax emulsion and lignosulfonate
in an amount about 0.25 to about 2.5 weight percent of the wood, that permitted by EU
standards. The amount of the starch, wax emulsion and lignosulfonate used in treating
the wood and the ratio of wax to lignosulfonate solids used may be varied depending
upon the species of wood being pelleted to obtain optimum results.

With some of the woods, the durability of the pellets may be one of the main con-
cerns while with others, such as oak, the pellets obtained without the additive may be
acceptable but the power requirements for the pelleting operation are excessive and the
life of the die is relatively limited. Thus, for the latter higher wax content is desirable
while for the former, such as beech, lower wax content may be used.

The extent of enhancement obtained by use of the additive will also vary with the
species used, with some improvement being generally obtained for most soft and hard-
woods and mixtures of waste woods which may contain many different species, bark
and other lignocellulosic constituents.

The starch, mixture or emulsion of wax and lignosulfonate is usually applied to
the particulate wood after it has been dried to a moisture content of less than about 16
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%, preferably dried to a moisture content ranging of from about 12 to about 14 % or
less. Usually the mixture of the wax and lignosulfonate is sprayed upon the dried prod-
ucts at the conditioning chamber prior to being fed into the pelleting machine.

The pelleting mills often use paddle conveyors or other means to feed the particu-
late wood into the pelleting die so that the treated wood particles are mixed prior to pel-
leting to obtain a sufficiently uniform mixture. The wax and lignosulfonate mixture or
emlusion may also be applied to the wood particles prior to drying.

However, when this procedure is used the conditions and methods used in the
drying operation are limited. Thus, it is generally preferred to dry the particles prior to
the application of the starch, mixture of wax and lignosulfonate taking into account dur-
ing the drying operation of the additions of water which will be made by the treatment
of the particles with the mixture. In addition to for the treating step discussed above,
other procedures normally used in pelleting of wood may be followed.

A production scale test was made using a production pellet mill which was driven
by a 125 kWt motor. A die contained orifices of 8mm in diameter and had a thickness
of 35mm through which the hardwood was forced. The pellet mill had a conditioning
chamber. The starch was fed by conveyor, wax-lignosulfonate emulsion was sprayed on
the wood particles in the conditioning chamber. The moisture content of the ground
hardwood and product pellets was measured by a bench type moisture meter.

In making the test runs, the operator set the pellet machine at a maximum power
load of 200 amperes. The machine was operated using beech particulated wood without
any additive at this setting and the durability and rate of production determined. After
this determination was made, the particulated wood was treated with a starch, wax-
lignosulfonate emulsion in an amount of 1-3 weight percent of the particulated wood.

The wax-lignosulfonate emulsion was prepared by mixing the wax emulsion in an
amount of 20 weight percent with 80 % of the 50 % lignosulfonate solution. Upon
treatment of the particulated wood with the starch or wax-lignosulfonate emulsion, the
power demand dropped and the operator increased the feed to the mill until a power
demand of 200 amperes was being used by the machine.

The production rate on particulated wood without the additive was 600 kg per
hour utilizing a power demand of 200 amperes. Upon addition of the additive, the pro-
duction rate increased to 800 kg per hour and the power demand was 200 amperes.

The durability of the pellets without the additive was 94.5 % while that with the
additive was 96.8 %. The moisture content for the wood during the first test run and
with starch treated was 9 weight percent and at the time the pellets were treated with the
wax-lignosulfonate emulsion the moisture content was 8 %. In pelleting oak, without
the additive the production rate was 800 kg per hour at power demand of 200 amperes.

With additive added in an amount of 1 weight percent of the wood, the produc-
tion rate increased to 880 kg per hour on a power demand of 150 amperes. The durabil-
ity of the pellets without the additive was 92 % and 92.6 % with the additive.

After the treatment of the particulate wood with the wax-lignosulfonate mixture
or emulsion was discontinued, the amperage on the pelleting mill after about 5 minutes
began to increase and was up to 200 amperes about 6 minutes later.

The durability of the pellets was tested by screening the pellets on a 5 mesh
screen and then taking a 100 gram sample of pellets remaining on the screen and shak-
ing the sample in a can on a paint mixer for 4 minutes. After shaking, the sample was
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again screened on a 5 mesh screen and the percentage of the sample retained on the
screen was reported as the durability of the sample. The material which passed through
the screen on the first screening was weighed and the amount of fines thus obtained was
expressed in grams of fines obtained per 100 grams of pellets.

In the tests made on the pellet mill, the beech wood was pelleted without any ad-
ditive and also where the particulated wood was treated with a wax emulsion alone and
also with a lignosulfonate solution by itself.

The results obtained above were compared to the results obtained where a wax-
lignosul-fonate emulsion was used. In the run where wax emulsion was used, the wax
content of the emulsion was about 47 weight percent. The lignosulfonate solution con-
tained about 50 % solids.

In preparation of the wax-lignosulfonate emulsion the wax emulsion used above
and the lignosulfonate solution described above were used. It was prepared by mixing
20 % by weight of the wax emulsion with 80 % of the lignosulfonate solution.

Since the solids of the lignosulfonate solution (a fermented calcium base spent
sulfite liquor) contained about 80 % lignosulfonate, the wax content of the mixture was
about 24 weight percent of the total wax and lignosulfonate solids in the mixture. Tests
were also made using oak with and without the above additive (Table 1).

Table 1. The results obtained in the test runs

Run Hard- Average Amount Average Average

4 > wood moisture Additive additive, | production | durability,

type content, % % rate, kg/hour %

1 Beech 14.1 - - 600 94.5
1.1 Beech 13.8 starch 1 690 95.5
1.2 | Beech 14.2 lignosulfonate solution 1 760 96.5
1.3 Beech 14.5 wax-lignosulfonate emulsion 1 800 93.8

2 Beech 12.5 - - 480 90.5
2.1 Beech 12.4 starch 3 560 93.5
2.2 | Beech 12.8 lignosulfonate solution 3 620 94.5
2.3 Beech 12.3 wax-lignosulfonate emulsion 3 650 92.8

3 Oak 13.8 - - 800 92.5
3.1 Oak 14.2 starch 1 850 93.5
3.2 Oak 13.9 lignosulfonate solution 1 860 94.5
3.3 Oak 13.6 wax-lignosulfonate emulsion 1 880 92.6

Conclusions.

Treating the particulate hardwood with a starch, wax and lignosulfonate, increase
the production capacity of the pelleting mill with a reduction in power costs, as well as
obtaining an improvement in the durability of the pellets and reduces production costs.
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FUZZY INFERENCE SYSTEM FOR LUMBER
CROSS CUTTING PROCESS MODELING

The hierarchic structure of factors, which influence on the scheme selection of cross cutting of
lumbers into blanks, is provided. The model of the cross cutting process of lumbers is developed on
the basis of fuzzy expert system. The possibility of using methods of fuzzy set theory for the solution
of rational cross cutting is shown.

Keywords: lumber cross cutting, blank, defectless sections, cross cutting scheme, fuzzy expert
system, linguistic variable.

Introduction. The cross cutting of lumbers into blanks is the important techno-
logic operation, which has a considerable influence on the efficiency of wood working
industry. The problem solution of products output (on the value and volumetric basis)
with minimal raw material expenses may be the topical criteria of the efficiency of cut-
out process of lumbers into blanks. It is appropriate to implement the searching of ra-
tional version of cross cutting process with account taken of main factors: measured and
qualitative characteristics of lumbers and blanks, methods, ways and schemes of lum-
bers cross cutting, available type of equipment, parameters of workshop and importance
of valuable indices in the products output — ways of wood waste usage.

The limitedness of wood stocks and its high value that forms 70 % of production
costs impels to the immediate solution of tasks which will give an opportunity to secure
the rational usage of wood. It is appropriate to consider the searching of rational version
(method, way, scheme) of lumbers cross cutting into blanks one of the immediate tasks
since output of blanks from lumbers may range mainly from 10 % to 90 %.

Thus, problem of searching the rational version of lumbers cross cutting into
blanks is topical and for its solution it is important to develop effective ways of ac-
ceptance of current, efficient decision immediately in the process of real cross cutting.

Literature Review. Significant research work which concerns the problem solu-
tion of rational cross cutting of lumbers into blanks is conducted in the sawmilling tech-
nology. The research work of cross cutting of lumbers into blanks are mainly aimed at
determination of blanks output, optimization of cross cutting and establishment of the
effective usage of that or other version of cross cutting process for specific conditions of
production according to their results [1-7]. Aiming at prognostication of blanks output
the scientists use three main trends of research.

The first trend envisages conducting of theoretic research, the results of which
permit to prognosticate only volumetric output of blanks [1]. The second trend envisag-
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es conducting of great number of experimental researches and establishment of regres-
sion dependency of volumetric and qualitative blanks output from accepted factors,
which are variable and stochastic by nature [2, 3]. The third trend envisages the prog-
nostication of volumetric and qualitative blank output according to the results of imita-
tional modeling of lumbers cross cutting. Measured and qualitative characteristics of
these blanks are determined with the help of special scanning devices [4].

The first trend has exceptionally theoretic sense and it does not take into account
qualitative output of blanks. The second trend reflects the results that depend on accept-
ed stochastic factors and which exceptionally characterize conditions of their produc-
tion. Because of this reason, they cannot interpret results received on other conditions.
However, the third trend provides efficient prognostication of volumetric and qualitative
output of blanks, but it needs the availability of high-technology scanning equipment
with proper software for the interpretation of results received from scanning and model-
ing different versions of lumbers cross cutting into blanks.

It is not enough to use only reliable prognostication of blanks output for the effi-
cient problem solution of cross cutting of lumbers into blanks, because in such case the
main criterion of efficiency is fulfilment of blanks specification with minimal raw mate-
rial expenses. The effective way of providing the blank specification fulfilment is cross
cutting of lumbers into blanks according to the results of its optimization. Traditional
consideration of optimization planning task of lumbers cross cutting into blanks in the
form of linear programming task is inefficient [2, 5].

It is caused by the fact that given task can be solved in the presence of all initial
data (quantitative, measured and qualitative characteristics of lumbers and blanks).
Thought, the usage of task solution of linear programming in the real industrial process
is extremely complicated. For the variant selection of current cross cutting it is im-
portant to take into account previously received results. Some scientists for the solution
of this problem suggest using heuristic optimization algorithms [6], especially genetic
ones, but they do not give mathematic model for the implementation of algorithms in
case of planning of lumbers cross cutting into blanks. Instead, individual manufacturer
of woodworking equipment, especially of optimization lines of lumbers cross cutting
(laths and fragments) declare the possibility of optimization of cross cutting process [8].
However, on the one hand they do not give laid mathematic models of cross cutting and
it does not allow them to examine the adequacy of these models. On the other hand, the
scientists envisage the cross cutting of lumbers into the boards or blanks with minimal
outputs (with or without the priority of certain lengths).

Thus, the selection of rational versions of lumbers cross cutting into blanks which
are received on the basis of results of cross cutting optimization and procedure of ac-
ceptance of current solution as regards variants of cross cutting is important and at the
same time little-researched problem. Consequently, this problem needs additional re-
searches for the efficient solution. The usage of conventional methods for the tasks so-
lution of optimal (rational) variants searching, especially in form of optimization tasks
of linear programming is inefficient.

Tasks of such type are characterized by insufficient information and vague fea-
tures of initial factors. Therefore, for their solution it is appropriate to use methods,
which take into account this feature and in particular the methods of fuzzy set theory.
Methods of fuzzy set theory (fuzzy logic) are successfully used while controlling tech-

68



nological processes, transport, staff, in medical and technical diagnostic, financial man-
agement, image identification or other types of human activity [9-13].

Problem Statement of the Research. The selection of rational versions of lum-
bers cross cutting into blanks is difficult multicriterion task with a great number of sto-
chastic factors which are characterized by insufficient information and vague features.
The solution of formulated task needs realization of difficult calculation and increase of
time expenses on acceptance of rational decision. For the solution of selection of ration-
al variant of lumbers cross cutting into blanks it is possible to develop fuzzy expert sys-
tem (FES). Developed system should imitate the procedure of acceptance of current de-
cision as regards the cross cutting version (cross cutting schemes according to accepted
methods or ways of cross cutting). It will give the possibility to decrease the expenses
on efficient decision in real industrial conditions.

Fuzzy Inference System: the Main Factors. The development of fuzzy infer-
ence system (FIS) for the selection of rational variant of board cross cutting into blanks
first of all envisages the separation of main factors, which influence on functioning of
the system. The hierarchical structure of factors that influence on the selection of ration-
al scheme of lumbers cross cutting into blanks is shown on the Fig.1.

Blanks Initial Multiplicity of Defectless
Priority Board and Blanks Lengths
Priority The Size of Fig.1. The hierar-
of Blanks Received Board

chical structure of
factors that influence
on the selection of

A

4& Remainder

!

Decision About Cross

Sawed Number ; .
of Blanks Cuttngischeims rational scheme of
' lumber cross cutting
Blank Expectation of into blanks
Length * Boards Quantity
T Board
Length
Sized-Qualitative /' b Sized-Qualitative
Charscteristics of Charscteristic of
Blanks Timbers

Priority of blanks. Initial priority that would determine the immediate sawing of
blanks should be attributed to each measured and qualitative group of blanks. First of
all, it is necessary to saw out blanks with the highest priority. The highest priority is
usually attributed to blanks with higher quality and bigger sizes and which are the most
valuable. In the process of cross cutting the priority would be controlled depending on a
number of practically sawed blanks of certain group. However, with the increase of
quantity of sawed blanks of certain group the priority on sawing should decrease.

Expectation of boards quantity. Since the appearance of boards of different length
is the stochastic phenomenon, then it is necessary to saw long blanks from long boards,
despite of the fact that total output may be less than output of short blanks. It is caused
by the fact that on the further stages of cross cutting process the appearance of long
boards, from which long blanks can be sawn may be less probable. Thus, if there are
few long boards, then it is necessary to saw only long blanks. On the other hand, if there
are many boards or few long blanks, then it is possible to saw shorter blanks.
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Board length. The longer board is the greater percent of blanks and possible
schemes of board cross cutting may be received from it. Obviously, it is impossible to
saw the blank, the length of which is bigger than the length of a board. It also should be
taken into account that depending on measured and qualitative characteristics of sawed
blanks, different board length may be received.

Blank length. The increase of blank length mainly causes the increase of its pri-
ority as in the cross cutting process it is more difficult to saw the blanks. On the one
hand, such situation is caused by natural stochastic factors that make the sawing of great
percent of long boards impossible, especially because of high standards to the blank
quality. On the other hand, in the process of board cross cutting there is the possibility
to lose valuable wood because great part of received remainders from board after cross
cutting may be shorter than minimal blank length.

The size of received board remainder. The board remainder is usually received in
the process of board cross cutting into blanks. This is the result of aliquancy of board
length to the blank length. The size of this board remainder characterizes the loss of
valuable wood and it consequently has direct influence on the selection of cross cutting
scheme. In particular, the increase of the size of board remainder mainly causes the de-
crease of priority and the size decrease causes the increase of priority.

Aiming at developing fuzzy expert system of selection of rational variant of lum-
bers cross cutting into blanks in given work (on the first stage of research) only the most
general input factors are taken into account: board length and percent of sawed blanks
of each size. For the modeling of the cross cutting process of lumbers into blanks, the
regime of line work is chosen. With the help of it, only the cross cutting into given di-
mensions (lengths) of blanks with given beforehand percent of each size.

Besides, the following assumptions are made:

e Used in the case of cross cutting, second stage of cross-longitudinal or third stage of cross-
longitudinal-cross ways of cross cutting.

e Lumbers (laths) with the board lengths identified by scanner come to the cross cutting machine-
tool of lines (according to given demands to the quality).

e Demands to the quality of all blanks are the same.

e Board length is always bigger or equal to the length of the shortest blank.

e The line works in established regime — lumbers (laths) are always on entry, but appropriate
forehearths always have space for the next blanks on the outlet of line.

¢ In the process of line work the quantity calculation of received blanks of each size is realized.

Consequently, the aim of the research is the development of FIS for the ac-
ceptance of rational decision as regards necessary blank length, which should be cut ac-
cording to received information about the board length of each lath. One more im-
portant condition is the information about the quantity of sawed blanks of each size.

Fuzzy model of the cross cutting process. The method of fuzzy systems synthe-
sis. According to the fuzzy systems creation traditional method [9-13], to achieve the
stated goal must perform the following procedures:
select the linguistic terms for qualitative assessment of the levels of input and output factors;
to form a fuzzy knowledge base (rules of inference) (IF... —- THEN ...);
generate the membership function for fuzzy sets, which are used to describe the input and output factors;
select the scalarization method.

This is followed by a process model of the FIS, which you need to calculate the
values of membership functions for crisp input data to compile all of the rules of infer-
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ence and implement scalarization of the result to make a clear decision. To configure
the FIS to solve a specific task used scalarization method change, the type and parame-
ters of membership function and clarify the fuzzy knowledge base [9-13].

The fuzzy system structure. Typical structure of the FIS, detailed on this prob-
lem, are shown in Fig. 2. The input to the system receives information from the scanner
to the length of the defect less section of L and the number had already sawed blanks of
each size, ni, ni, ...,ni. The output of the system we decide on the procurement of any
size should be cut out at any given moment.

MF, |
Length of the MF
Defectless Section ———»] L > L2
(from Scanner)
MF,;
MF
17
— 11
- 3
2 Mgz 2 —
oW o
V‘}U; Decision About Cut
e MF Length of Blank
Z8 Np (now to cut off ...)
< — nIZ
b~ B ~
-fd = Mbn 122
=
g "
= Mbﬂ i3l
—{ 3
Mkn; 3
= s Linguistic Membership . Farenee TR PR S
Crisp Value e Tables Eoncton Rules of Inference Scalarization

Fig. 2. FIS structure, that imitates procedure of decision making about cut length of blank

For description of the input and output factors the following linguistic variables
are used (Fig. 3):
Board Length — length of the defectless section;
Percent of Long blanks — sawed number of "long" blanks;
Percent_of Average blanks — the number of sawed "average" blanks;
Percent of Short blanks — the number of sawed "short" pieces;

nn

Now _to _cut off —now to cut off "long", "medium" or "short" blank.

XX \
Board'Length
Fig. 3. The

\‘ hoard_fuzzy_cutting_1m structure of
Percent™of Long blanks .
. the FIS in
/ (mamdanil
the MatLab

Percert’ of &verage blanks
Moy to” cut” off

Percent of” Short"hlanks

Before forming of membership functions, input and output factors are reflected in

a uniform universal set [0, 1], that essentially will simplify evaluations and will make
possible customization of a developed system to specific features of concrete technolog-
ical process. In particular, the board length is defined as a 0 on the universal set corre-
sponds to the minimum board length, defined as 1 — the maximum board length. Input
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linguistic variable Board Length we shall describe by three terms (Fig. 4): “short”, “av-

erage” and “long”.
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Fig. 4. Membership functions of linguistic variable Board Length in the MatLab

On the abscissa is the board length in arbitrary units [0, 1], and the y-axis — the
degree of membership corresponding to the board length to a specific term-set. Degree
of membership appropriate board length to a specific term-set taken in the form of:

[0, =< 0,25;
1, 0=x=<0,2; x—072s 025 <x =< 0.5
{]45_1: {]2 {{]45 .H’ _ 0,5_{],25, ’ - -
Psport = Ao L EX = U39 averege =1 0,75 - x 3 _
{],45_{],£ m, G,S_K“‘_:ﬂ,?S.
0, x > 0,45, L0, x > 0,75.
0, x << 0,55:;
tiomg =1—5=093_ 055<x<08;
0,8 —0,55
1, x = 0,8.

Input linguistic variable Percent of Long blanks we shall describe by two terms
(Fig. 5): “not_enough” and “enough”.

FIS Yariables
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Board Length
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input variable "Percent” of Long blanks"

Fig. 5. Membership functions of linguistic variable Percent of Long blanks in the MatLab

On the abscissa is the number of sawed "long" blanks in arbitrary units [0, 1], and
the y-axis is the degree of membership corresponding to the number of blanks to a par-

ticular term-set. Degree of membership appropriate number of blanks received to a par-
ticular term-set taken in the form: gnor enoug=1—-x, 0 <x < 1;

Menough= X, 0<x<1.

Similar terms describe the linguistic variables Percent of Average blanks and

Percent of Short blanks. Output linguistic variable Now to cut off we shall describe
by three terms (Fig. 6):
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Fig. 6. Membership functions of linguistic variable Now to cut off in MatLab

On the abscissa is the blank length in standard units [0, 1], and the y-axis — the
degree of membership corresponding to the blank length to a defined term-set. It should
be noted that each term in the decision making process corresponds to one specific
length of the blank. Based on the assumptions made and in the absence of requirements
for optimal decision making, fuzzy knowledge base can be formed by synthesizing the
results of observations of the human operator actions and optimization line in the mode
of cutting to the specified dimensions and guided by "common sense" or "elementary
logic" like statement "long blank can not be obtained with a short board ", but expressed
in the imperative form:" if the length of the board is small, it is necessary to cut out a
short blank. "The minimum number of rules of fuzzy inference, in which the system be-
haves quite adequately (taking decisions that in a similar situation could have been tak-
en a human operator or control system optimizing cross-cut line) is shown in Fig. 7.

Board’Length is long) and (Percent” of Long”blanks iz enaugh) and (Percent’ of® Average”blanks iz not*enaugh) then (Mo 'ta"cut" off iz averageblanks) (1)
Bosrd Length is long) and (Percent” of Long blanks is enough) and (Percert” of Short blanks iz nat" enough) then (Mowe'to" ot off is shortblanks) (1)

Board Length is long) and (Percent’ of Long blanks is not* enough) then (Nowto® cut"off is long“blanks) (1)

Board Length iz average) and (Percent’ of” Average blanks is not"enough) then (Now'to’cut’ off is averagehlanks) (1)

Board Length is average) and (Percent’ of Average blanks is endugh) and (Percent™of Shat blanks is not’enough) then (Mowe'to' oot off is shart™hlanks) (1)
Board’Length is short) then (Mowe'to’ ot off iz shod blanks) (1)
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Fig. 7. The fuzzy knowledge base about cross cutting process

Modeling of the FIS functioning in the MatLab environment. Taking into ac-
count lack of formal "precise" mathematical model of investigated process, it is possible
to realize only "behavioural" verification, which is usually applied during testing simu-
lation models, designed a fuzzy system — to check up her response on different input
situations and to compare them to solutions, which the human operator or a line control
system would accept in these cases.

We assume that the lengths of the separation of defectless parts and pieces on the
"long", "medium" and "short" conducted in a way that from the "long" defectless areas
can be drank all kinds of blank, from "average" — "medium" and "short" and on the
"short" — "short." Then, when you receive a "long" defectless area, provided that all siz-
es of sawn blanks a little, the system decides to cut out a long piece (Fig. 8). When the
"long" procurement has already drunk " enough "(Tab. 1), the system decides sawing
"average" or "short" blanks (depending on what blanks sawn less). When the system re-
ceives an "average" defectless area, first the decision to sawing "average" pieces (Table
1), further increases in their number would be cut out "short" blank. If receive a "short"
defectless parts, they will cut out only the "short" blank, regardless of whether how
many pieces of other sizes are already sawn (Table 1).
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Fig. 8. Modeling the the FIS depending on a parameters of the input factors changing

Table 1. FIS behavior depending on a parameters of the input factors changing

Input linguistic variables Output !mgu istic Interpretation
variable (now to cut
Percent o Percent o Percent o
Board Length Long b I nj;c_s Average l;lcjz%ks Short bla }j;c_s Now to cut off off ...)

0,847 0,0895 0,0781 0,0579 0,83 Long blanks
0,847 0,62 0,0891 0,12 0,5 Average blanks
0,847 0,62 0,247 0,12 0,16 Short blanks
0,393 0,29 0,197 0,139 0,5 Average blanks
0,393 0,29 0,716 0,142 0,16 Short blanks
0,131 0,25 0,189 0,673 0,16 Short blanks

Thus, even a simple system designed using the theory of fuzzy sets, can adequately
carry out the procedure for making decisions about sawing blanks of a certain length de-
pending on the length of the board and the number of defect less already sawed blanks.

Conclusions and Further Research. Application of fuzzy set theory is an effec-
tive approach to modeling the process of cutting lumber into blanks, so it should be
used for building complex, including the optimization models of this process.

Preliminary studies the authors provide a basis for building hierarchical fuzzy
"predictive" models to take into account the elements of experience and intuition of the
human operator, and to solve the most complex and poorly formalized problems arising
in this area — the choice of optimal (or efficient) version of the method of cutting.
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CucreMa HEYITKOIO JIOTIYHOI0 BUBEIEHHS /I MO/IEJTIOBAHHSA NMPOLECCY
MONEePEeYHOro PO3KPOI0 MUjIoMaTepiaiin

HaBeneHno iepapxiyHy CTpPYKTYypy YWHHHUKIB, IO BIUIMBAIOTH Ha BHOIp CXEMH PO3KPOIO
nwoMarepiajiiB Ha 3aroToBKH. Po3poOieHO Mojenb Mpolecy po3Kporo MHUIoMaTepialiB Ha OCHOBI
HEYITKOI eKCHepTHOi cucTteMu. [loka3aHO MOXKJIMBICTH 3aCTOCYBAaHHS METOJIB TEOpii HEYITKHUX
MHOXHH I PO3B’I3yBaHHS 3314l PalliOHAJILHOTO PO3KPOIO.

Kuro4oBi ciioBa: po3kpiii muioMarepiaiiB, 3aroToBka, 0e3nedexTHa aiasHKa, cxema po3Kporo,
HEUITKA CHCTEMA, JIIHIBICTUYHA 3MIiHHA.

UDC 674.04 Assoc. prof. B.Ya. Kshyvetskyy — UNFU

MODELING OF THE INFLUENCE OF ATMOSPHERIC MOISTURE CYCLIC AC-
TION ON THE DURABILITY OF THERMOPLASTIC ADHESIVE WOOD JOINT

Considered in the article is the mathematical calculation of moisture transfer in adhesive wood
jointing for boundary, initial, steady conditions. The process of the environmental effect on adhesive
wood joint has been modeled, which changes according to harmonic law.

Keywords: Adhesive joint, moisture, moisture transfer, steady and variable conditions, stressed-
and-strained state.

The durability of thermoplastic adhesive wood joint is influenced by two main
factors: moisture and temperature. Because wood makes up the major volume portion in
the adhesive wood joint, the moisture effect on the wood as a capillary-porous and hy-
groscopical body, will be more significant than on the glue line.

The glue line is in the interior of the structure between the two layers of wood,
which lowers the possibility of direct penetration of moisture into the very glue line.
The moisture penetrates the glue line mainly through the pores and capillaries of the
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wood. The more porous wood is, the more readily moisture can reach into the glue line.
Also, the amount of moisture that reaches into the glue line through the wood is suffi-
cient to change physical and mechanical properties of the thermoplastic glue film and
affect the strength and durability of the adhesive joint. The extent of moisture effect on
the wood in service will depend on the atmospheric moisture, its cyclic changes (daily,
weekly, monthly etc.) and the temperature. The higher moisture content of air, the high-
er degree of sorbing it by the wood, and the more frequently the moisture content
changes, the higher stressed-and-strained condition of the wood is due to the impossibil-
ity for deformation processes to relax during a short period of time. This is why the
wood moisture content needs to be considered as volume mass that is dependent on the
environment and which changes according to the harmonic law.

The effect of moisture on wood can be partially described by means of the phe-
nomenological methods or theological models which are currently used. The mecha-
nism for moisture transfer in the adhesive joint under operating conditions is quite simi-
lar to that of moisture transfer in drying processes which is described by existing math-
ematical relationships [2, 4-6]. However, the cyclic action of moisture on the adhesive
joint as well as stresses and strains, which take place under non-standard operating con-
dition, are not taken into consideration in wood drying,. Therefore, the mathematical
calculation of moisture transfer in wood as capillary-porous material will be considered
by the author just for non-standard operation conditions.

Wood or glued wood is defined as a body that occupies a space QQ with the
boundary S. The process of moisture transfer is being studied within a time interval of t
is [0, t]. Taking into consideration the fact that the convection component of water ob-
ject 1s negligible in comparison with the conduction component for the colloid capil-
lary-porous body, it is possible to resort to the approaches described in the works [1, 3].

The severity of the investigation into moisture-induced effects consists in the fact
that water absorption is a long-lasting process and moisture distribution in the material
varies non-uniformly during a long period of time. To determine the change in moisture
conditions of the material at arbitrary point of time, it is necessary to describe the kinet-
ics of the sorption process under steady moisture conditions. Under storage and opera-
tion conditions, wood material undergoes variable moisture loads. These are periodical
change or seasonal air moisture variations which can be considered as harmonic or
jump-type variables. To take into account the peculiarities of this sort, it is necessary to
allow for appropriate solutions for non-standard water absorption.

Therefore, let us consider the problem of moisture transfer for wood in the form
of a plate of h thickness. The diffusion coefficients are taken as constant. Let us inte-
grate the problem solution for moisture transfer in the case of steady and balanced
8U(x,r):a<92U()2c,r) (1)

or 0x

boundary conditions

where: x — coordinates, o — initial instant.
U(x,0)=U,;U(o,h,t)=U ,, (2)

where Uy, U, — are initial and balanced wood moisture contents, respectively.
Let us present the problem solution (2) with given boundary conditions:

U(x,t)zUp—Z-U”_U0 i =D - sin( ﬂhn x) - exp [(— ﬂhnj -at] 3)
n

T

n=1
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Use them to briefly write the expression for determining

w2 ey <1—<—21)")2exp[(”h'”] '“"j "

n=1 n

where: Wy and W, — are moisture content of the wooden plate at the initial instant and
balanced moisture, respectively.

The sorption characteristics a (coefficient of moisture conductivity) W, can be
obtained by way of approximation of the experimental data.

Now let us consider the dependence of moisture distribution for the case of steady
change in the atmosphere. Depending on the initial moisture conditions of the material
and the air humidity, there may be various cases of moisture penetration or its removal.
Let us consider the case of the sorption — sorption process. If the process of moisture
removal begins at the time point t, when the balanced state is reached, we can use the
regularities (3), (4). If actual geometric configuration and various periods of saturation
are taken into account, non-uniform moisture distribution over the cross-section of the
material can be observed. In this case the saturation of wood is accompanied by non-
uniform moisture transfer.

Therefore, to model moisture transfer with consideration for steady change and
the above obtained conditions, it is necessary to find the solution of the equation (5) for
these initial conditions. U(x,t =0)=U,, (x,t,). &)

And boundary conditions U(x=0,x>h,t>2t,)=U,,, (6)

where T = t-t) — is current time.

The initial distribution of moisture U ,,(x,%,) = U (x,t,) is obtained from the
expression (4) for the values t = t,.

Now we will obtain the solution to the problem of water absorption under non-
uniform boundary condition on the cross-section of the wooden plate:

U((x,t)=U -a + iz &((Up -U,, )exp (— ﬂnzar)—
Tk (7
U,-U,)exp (- 2,%a(z +1t,)-sin( 2, -x)

The expression (7) indicates that for the case when desorption reaches the state of
water absorption (ty —o), we will obtain the moisture distribution found in the expres-
sion (5). On integration the expression (7) over the area of deformation we obtain the
expression for the relative moisture content,

Wy =w,, + 23 LD e -2, ar) -

S (8)
(W, =W exp( -4, a(r +t,)))

The value A, is the root of the characteristic equation ig 4 = 1,/ B,

where Biis the criterion Bio.
Thus, by using the expression (6) and (8), we will model the process of change in
the removal of absorbed water on the single scale.

W o —Wy& 1= (—y)"
W(t):WP_z. pﬂ'z OZ 1 (n7/2) 2 -exp( _ﬂ’nzat)’ t <1, (9)
n=1
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2 & (1-(-a)" /2
W =w,+ =y L) P2y
n=1

'’ n
exp( —A,(t—1,) — (W, =W exp( 2, at))), (10)
t > t,

By means of the relation (7) we obtain the moisture distribution in the wooden
plate for desorption from unbalanced values.

Now let us consider the study results of the process of atmospheric moisture ef-
fect that varies according to the harmonic periodical law. This makes it possible to
model the process of daily , annual and other long-lasting environmental time-variable
fluctuations. The broad outline of such process can be described by means of three-
dimension function p(t)= Asin( ot + @)+ B (11)
where: A — is amplitude of fluctuations, B is steady component of moisture, » — is fluc-
tuation frequency, @ = 27z /T , T is period of fluctuations, ¢ is initial phase shift.

It is necessary now to write the solution to the equation (11) for one-dimensional
moisture transfer for initial U (x,t = 0) = U, and boundary conditions which now
take the form: U(x=0,x=h,t)= A'sin( ot +¢@)+ B’ (12)
where: A', B' — are values for moisture concentration that are determined on the basis of
the values A, B that appear in (11). To obtain this value, let us assume that the proposed
change in the atmospheric moisture is equal to the change in moisture distribution on
the surface of the wooden plate also according to the harmonic law.

According to [2,7] the solution to the equation (9) with boundary condition (11)
will be represented in the form U(x,t)=U, (xt)+U,(x,t) (13)
where: U;(x;t) describes the relation of the problem to non-uniform boundary condi-
tions while U,(xt), accordingly, to uniform boundary condition.

In compliance with the accepted assumption, the function U;(x;t) takes the form:

U,(x,,t) = A'sin( ot + @)+ B’ (14)

In its turn, finding the function U;(x;y) reduces to the solution of the non-
homogeneous equation for moisture transfer with uniform boundary conditions as the
sum of solutions U,(x,,t)=U, (x,t)+U"(x,t) (15)
where U | (x,t) -is the solution of the non-homogeneous equation (4) with uniform
boundary and initial conditions, while U "(x,t) is the solution of uniform value for
moisture transfer with uniform boundary and initial

U, (x,,t=0)=U, =C,-(A'sin ¢ + B") (16)

By using the method of solution to such equation [], we will obtain the general

solution of the non- homogeneous equation

(1—<—1>)

U'(x,,t) = —sin( ot + +
H(x-1) Zl 1+a2/1 /o (a) ( ¢) j
(17)
—{=-(=1D") 2
a/12 n;z( al’, )
cos( wt + + —sm + cos exp \— aAnt
o’ ( 2 l+a’2, /o® @ v '’ 4 p( ¢ )

78



The solution of the non-homogeneous equation for moisture absorption with uni-
form boundary conditions is the special case (5). Thus, U “(x,t) can be written in the
form U”(xlt): 2U°i 1_(_1) sin (ﬂnx)exp (— ﬂznaz) (18)

T n

n=1

Now let us substitute (14), (15) info (16), and then (17) info (18), we will obtain
the general solution to the problem with variable boundary atmospheric moisture condi-
tions which vary according to the harmonic law.

U (x,t) = A4 sin (wt+(p)+B’_2_f‘1_(—1)( AC42
T n

n=1 n a
L+ =
w

Gn (w0t + ¢ ))+ A, 2 cos (a)t+g0)—(sin p + 2, 2 cos goj (19)

(0]

(0]
exp (— A Cat )+ (U ,— A'sin ¢ - B !)exp (— A Cat )sin (/”tnx)
By integration the expression (19) we will obtain the equation for moisture content.

W (x,t)=A,sin (0t +¢)+ Bo - 22 Z.O (1_(_21) )Z
T n

n=1

2 2
_ Ao a)4 5 (sin (0t + o)+ A, a cos (0t + ¢ )- (sin v o+ Mcos 7 j} (20)
|+ A, 21 w @
[
exp (— ﬂn2a7)+ (w, - Aw sin v — Bo )exp (— /12,,a}/)
where: Ao, Bo — are values for moisture contents that corresponds to he values A and B.

However, the relation (3) and (4) indicate that we will obtain the dependence (5)
and (6) for steady conditions (w=0). The expression Awsin(wy+@), which appears in (3)
characterizes the cyclic change in the material moisture content for a very rapid process
of changing. The first and second items characterize the kinetics of the process of mois-
ture content drop for cyclic change in boundary conditions. The presence of the function
cos(mt+@) is responsible for the shift under the atmospheric and wood moisture contents
changes. The third item determines the duration of transition of moisture exchange pro-
cess to conditions fluctuations. The last item characterizes the process of moisture ab-
sorption for steady conditions.

In conclusion, it should be noted that the author has proposed mathematical mod-
eling of moisture transfer in wood under conditions of cyclic action of moisture content
variation with consideration for the harmonic law in non-standard conditions. The
mathematical relations obtained make it possible to hold that moisture content variation
in wood under initial, variable and harmonic conditions will depend on the specimen
dimensions, wood moisture conductivity and change in the atmospheric moisture.
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Moae/ii0oBaHHS BIUIMBY HMKJIIYHOI il BOJIOTOCTi HABKOJHIIHBOIO CePeA0BHIA HA
AOBIOBIYHICTH TEPMOILUIACTUYHHUX KJIEHOBUX 3'€/ITHAHb JePEeBUHU

HaBeneno mareMaTHuHU pO3paxyHOK BOJIOTONIEPEHECEHHS B KJICHOBOMY 3'€IHAHHI I€PEBUHU
JUId TPaHMYHMX, [TOYAaTKOBMX Ta CTAlllOHAPHMX YMOB. 3MOJEIIOBAHO MPOIEC BIUIMBY LUKIIYHOT Iii
BOJIOTOCTI HABKOJIMIIIHBOT'O CEPEIOBUINA HA KIICHOBI 3'€JHAHHS JAEPEBUHU II1J1 4aC eKCIUTyaTallii.
KurouoBi ciaoBa: kieiioBe 3'€HaHHS, BOJIOTICTh, BOJIOTOIEPEHECEHHS, CTaIllOHApHI 1 3MiHHI
YMOBH, NIPYXHO-1ehopMaIliitHuii CTaH.
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THE STUDY OF METHODS OF WOOD BENDING

Existing methods for bending wood. The basic perspective directions of manufacturing curved
details and examples of finished products. The analysis of technology, given the advantages and disad-
vantages of each. Using new methods of bending is one way to save wood resources.

Keywords: bending, kerfing, laminated bending, vacuum, compression bending, internal heating.

Wood bending is one of the techniques used in the wood processing from a long time
ago. Nowadays, there are various designs for chair with a value-added element, and to make it
as a product, the need to learn the manufacturing technique and its application becomes very
important. From now on, wood bending is one of the techniques that is necessary in the furni-
ture making and also in its design strategy, make us able to make and design furniture accom-
panied with a new value-added elements. Bending process such as a heating method, depends
on the different of the method used, could be classified as below. These are simple explanation
for every bending process [1-14].

Laminated Bending

Kerfing

Ammonia treatment

Bending process using a chemical treatment -
gPp using Alkali treatment

Compression bending

Wood Solid Cold bending
Bending | Wood Internal heating (microwave heating)
Bending Direct heating method
Hot Hotplate method
: External S
bending . Boiling method
bending -

Steaming method High pressure method
Low pressure method

Fig. 1. Type of bending process

Laminated Bending. The method used in laminated bending is to press the lamination
of veneers glued at the former made from metal, plywood etc. With the former, this method is
comparatively easy to make the bend component. It is widely used in the making of chair
component for the mass production. In laminated bending the thin layer is chosen so that it
would be easy to bend (between Imm to Smm) depends on its curvature. For the mass produc-
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tion, the ready-made veneer is widely used. Regarding the former, it is better to make both the
male former and the female former, but for a trial making or a partial component making, we
can make only the one side former and do the clamping. In America, we can see the laminated
bending technique using a vacuum type mold device. Here, the molding range is limited, but of
course one side mold is already enough. Different from a pure bending technique, the laminat-
ed bending technique keeps the 'R' shape of the product from straightening out when it is re-
moved from the mold. It has the strength. One of the merit is there is almost no spring back
occurred to the material. Keeping a fixed shape of the 'R', and to get a same quality of the
components means a big merit for the maker side. Moreover, since the laminated bending us-
ing a large quantity of adhesive material causes a rise in the moisture content, it is important to
fully dry it before removing it from the former. Basically, if the drying process is done careful-
ly after applying the adhesive to the material, there should be no spring back problem.

Fig. 2.
Vacuum
type mold
device

- P
- B

problem in the manufacturing of the veneer, small crack along the grain of the material after
the molding caused by its moisture content are some of the things that might occur. In the case
where a gap occurs between the veneer layers, wood dust is applied to the place and super glue
is used to fix it (use a low adhesive type used for metal use, high adhesive type for wood mate-
rial use is not good enough to be used). More, the efficiency would increase if we use a spray
type primer.

. P

$ Fig. 3. Proto-

typeat thelam-
inatedbending

The reference figures show the bending process work and prototype. Figure at the pre-
vious page shows the laminated veneers with a thickness of 1.5mm. Since it is just for model-
ing, only one side mold is made.

Kerfing. Generally, the method used is to make a saw kerf (cut) on the inner surface of
the material. The formula for this kerf bending is the relation between the thickness of the ma-
terial, the curve 'R' (outer side) and the quantity of the saw cut. Here we figure out how many
saw cut can be made with in the R/4 of the circle. Quantity of saw cut = 1.75 x thickness of
wood / thickness of saw blade. In the above formula, the quantity of the saw cut has no relation
with the value of 'R'. For example, for the cuts with the thickness of 2mm, to get a 300mm radius
of the outer 'R', we need to make 15.7 (about 16 cuts) to the material with the length 471 mm
(1.57%300). Here, make about 1 ~ 2 mm of the outer side of the material remain uncut. Since the
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'R' is not included in the formula, even the quantity of the cuts made decided from the formula,
there will be a case where we could not get the desired 'R'. Here we need to make a little adjust-
ment, by adding more cuts or by crushing the angle of the saw cut.

Fig. 4.
Sample-
kerf bend-
ing details

Compression bending. This is a new technique in bending process. Firstly, the material
is pressed along its length direction (along the grain) before it is bended. Means, the structure
of the fiber becomes like a bellow, making it easier to bend. However, compare to other meth-
od that usually use a heat (Tohnet's method: will be discussed later), it is weaker in term of the
strength. The method used is to use a device that hold both the ends of the material firmly, then
it is inserted into a casing (like a pipe etc) that just fit its size, and using a hydraulic cylinder
the material is pressed along its length for about 10 %, and then it is returned back to about 5
%.The material used is the one with moisture content of about 20-30 %. After it is pressed, it is
bended using a former and dried. During the bending, it is better to use the strap so that the
material sticks to the former properly.

This method is same as Tohnet's except for the pressing process. After the material is
processed, if we could maintain the content of the moisture, then we do not have to do the
bending process right away. This is the merit of this method. Even it seems very simple in term
of the theory, this method is still not a common thing. 'Compwood' Machine Company from
Denmark is one of the little companies involves in the making and sale of the machinery
equipment used for cold bending. In this patent system, material that already dried naturally to
20-25 % moisture content and processed using a planer is put to the autoclave and heated using
a steam. Next, the process is complete when the steamed material is pressed along its grain
with the hydraulic pressing device. By applying a pressure, a pleat occurs at the wall surface of
the fiber (cellulose), and leaving it in several minutes would make it easy to bend even in the
cold condition. Then, by dry it in its bended condition, the material would harden. Since, the
material that is processed using this compressing method is suitable for storage, it is possible
for an effective production control in the making of partial component.

\I/Press

Convex former
Timber
00000 J J -
Jem— Fig. 5. High fie
27 quency heating
(0000
Concave former Electrode plate

Internal heating / Microwave heating. This is a method of using a microwave to do
the heating. Microwave is a wave with a frequency about 300 Hz to 300 kMHz, wavelength of
about 1 m to 1 mm range. In this range we have UHF (Ultra-high Frequency, wavelength 10-1
cm), SHF (Super-high Frequency, wavelength 10-1 cm) and EHF (Extremely-high Frequency,
wavelength 1-0.1 cm). The heating process is done using these waves. Microwave, like an AC
current repeatedly irradiates a plus and minus charge to the material. At the other side, the
molecules constructing the material itself, has a plus and minus characteristic. These molecules
respond to the direction of the electric field comes from the external source, but when the fre-
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quency becomes higher, they become more independent resulting a friction between the vibrat-
ing and rotating molecules. The friction generates heat to the material.

Moreover, water is very ideal substance in term of heating, because its absorption and
loss of energy is big (generates heat easily). At the frequency of 10 GHz, 915 MHz and 2450
MHz, it shows a big loss of energy. For that reason, material contains water (moisture) gener-
ates heat more easily. The frequency of microwave in the microwave oven used at home is
about 2450 MHz (245 millions cycles per seconds). By the way, microwave permeates through
a ceramic, and reflected by a metal. For that reason, this method of bending is widely used during
softening process, or during a molding process where the heat is applied at the same time (above
figure), and the use scope is expanding. The device itself is simple, where the heating part consists
of the microwave oscillator, heating room, wave guide assembly, antenna etc. Moreover, since it is
possible to bring the microwave to some distance, it is possible to use it for a partial heating (there
is a noise problem and there is a case of a maker using it for partial bonding).
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JlocaigaxeHHs MeTOMIB FHYTTS IepeBHUHH
Po3rasiHyTo icHYI04l METOIM THYTTS JAepeBUHHM. J{OCTIIIKEHO OCHOBHI MEPCIIEKTUBHI HATIPSIMKH
BUTOTOBJICHHS KpUBOJiHIMHUX nertaneil. HaBeneno mpukianu rotoBux BupoOiB. IIpoBeneHo anamis
TEXHOJIOT1H, TTO/IaHI TIepeBaru Ta HeJOIIKA KOXKHOI 3 HUX. BUKOpHUCTaHHS HOBUX METOIIB THYTTS € OJI-
HUM 13 IUISIX1B €KOHOMIT IEPEeBUHHHUX PECYPCIB.
Kumro4oBi ci10Ba: THYTTSI, JaMiHOBaHE THYTTSI, BAKYYM, THYTTSl THCKOM, BHYTPIIIHE HAIIPY>KCHHSI.
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INVESTIGATION OF SOUND VELOCITY IN WOOD BY NON-CONTACT METHOD

This article is dedicated to development of resonance methods for the study of properties of
wood and other materials, as well as to improvement of methods for determination of acoustic waves
propagation velocity (AWPYV) and to methodology of research and analysis of experimentally obtained
results. There was proposed a non-contact method for determination of phase velocity of sound and
there was described a device for implementation of the method. The measuring method used is notable
for the considerable decrease in sound velocity measurement error and it may be applied with small
samples. There were presented the developed methods of conducting research in climate chamber
equipped by oil gate for weighing sample in course of experiment. There are shown the results (exper-
imentally obtained for a sample of pine-wood) for the values of sound velocity in a wide range of
moisture content and temperature.

Keywords: acoustic wave, wood, temperature, moisture content, statistical processing.

Relevance of research. It is known that the velocity of acoustic waves propagation
in materials depends on their structure, moisture content, density, elasticity modulus,
temperature, direction of propagation and other factors [1-5]. Therefore, this parameter is
often used in non-destructive methods of materials quality control. Development of new
means and methods for determination of the speed of sound is a high-priority task on the
way of increasing the accuracy and trustworthiness of monitoring over the important op-
erational parameters of materials and articles manufactured from them.

Analysis of the known results For the studies of wood by acoustic methods there
can be used variety of ultrasonic devices, including: [6]. As a basis for measuring in
those devices there is laid an ultrasonic pulse method (UPM). This method is based on
the technique of determination of (ultra)sound velocity in materials by means of divid-
ing the distance between the emitting and receiving devices for the sound wave (base of
insonification) by the time of sound pulse passage of the specified distance. The count-
down of passage time starts from the moment of excitation of sound wave emitting de-
vice and ends at the moment of fulfillment of the condition, by means of which the fact
of receiving this pulse by the receiver is determined. In UPM devices it is (as a rule) pi-
ezoelectric ceramic plate with pronounced resonance properties, which takes the role of
sound wave emitting and receiving device. In real devices to excite oscillations of the
emitter there is used a periodic short pulse, from which the time-count starts.

Even in case of low-quality devices the emission and reception of sound wave
significantly narrows the width of the signal spectrum and thus reduces the steepness of
the signal front and the accuracy of pulse arrival moment selection. It also makes meas-
urements results susceptible to noise-level in the channel of measurements [9].

Another drawback of the above devices is direct contact of vibrations excitation and
reception devices with the sample. The devices, pressed-up to the faces of the sample, form
with it the mechanical system, in which the conditions of acoustic oscillations differ from
the conditions in the very sample. Besides of parameters of the material under studies, the
obtained values of sound velocity also depend on the weight and position of acoustic in-
struments on the sample. Exclusively large influence is on the part of heavy devices, such
as, for instance, piezoelectric ceramics or ferromagnetics, which also have their natural ex-
pressed resonant frequencies. Limitation of this effect leads to the need for large sample
sizes and masses and thus increases the measurement error due to irregularity of the struc-
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ture, while in some cases (for instance, for wood) it is unacceptable. Thus, the known
UPM-devices introduce (in different ways) methodological error into the measurement
process, while it limits from below the absolute error for determination of the speed of
sound (for instance, for wood) — by the rate of several tens of meters per second [9].

Another common practice is resonance method for determination of wood proper-
ties, which involves attaching the tested sample by two supporting needles inserted in two
blind holes, drilled in the sample against each other at the intersection of the diagonals of
the side surfaces of the sample. For excitation of oscillations the ferromagnetic plates are
glued to the sample. By means of electromagnets the oscillations are excited in the sam-
ple and its resonance characteristics in the range of sound frequencies are determined.
This is followed by calculation of mechanical parameters of the material.

This method for sample fixation, as well as for excitation and reception of oscilla-
tions in the sample (associated with changes in mass and geometry of the sample, holes
for fixation and magnetic plates) also leads to distortion of the self resonance frequency
of the sample and requires additional sample preparation time. This article is dedicated to
application of means and methods of measurement, which would allow determining pa-
rameters of the sample without distortion of its properties. Such means and methods can
significantly increase the accuracy of materials parameters, increase reliability and accu-
racy of non-destructive acoustic control and, therefore, expand its application scope.

Means of experimental studies. To provide for experimental studies, set free
from the above-mentioned disadvantages, there was designed the device for non-contact
measuring of the sound velocity in the material sample. On (Fig. 1) there is shown the
axonometric structural diagram of the experimental acoustic research device, which
consists of a shock mechanism, fasteners in the form of suspension, microphone, spec-
trum analyzer, filter and frequency-meter.

11 Fig. 1. Axonometric block diagram of the
experimental acoustic research unit:
10 I —asample that is shaped as a parallelepi-
ped, 2 — suspension, 3 — pendulum mecha-
nism, 4 — electromagnet, 5 — microphone,
6 — spectrum analyzer,7 — filter, 8 — frequen-
cy-meter, 9 — tie-rod of oil gate for weighing
samples in the climate chamber,
10 — bath with oil, 11 — electronic balance,
N 12 — climate chamber wall, 13 — supporting
stand, 14 — oil gate tube

The basis of the shock mechanism is holder, upon which there is mounted the elec-
tromagnet with damper diode and pendulum mechanism. Electromagnet deflects pendu-
lum iron ball from the equilibrium position in the direction opposite to the sample. After
clearing the ball on the pendulum passes state of equilibrium by inertia, hits the sample
and excites in it the natural acoustic oscillations. Damper diode allows preventing inter-
ference with electromagnet self-induction towards the measuring electric circuits. The
disadvantage of oscillations excitation shock method is due to uneven spectral density of
the signal and, consequently, due to low amplitude of excited oscillations at high frequen-
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cies. The lower the duration of the pulse signal (with the same energy) is, the wider its
spectrum is [ 11] and the larger high-frequency oscillation it can excite.

Reducing the size of the sample leads to increase in the resonant frequencies of natu-
ral oscillations and requires a shorter shock excitation pulse. The value of material hardness
limits the force of shock and leads to limitation of the frequency range for application of
the shock method. In Fig. 2 there is shown the experimentally obtained dependence of the
interaction force changes during the shock of the pendulum iron ball against a sample of
pine-wood in the longitudinal direction. The spectrum, corresponding to this pulse excita-
tion, is calculated and presented in the same figure. In the spectrum presented there are no
frequencies with zero spectral density. Thus, shock method is suitable for excitation of res-
onance oscillations in a broad continuous range of frequencies in samples of arbitrary size.
[9]. In [9] one can see that even at a frequency of 25 kHz the level of oscillation, excited in
the sample of pine-wood is by 30 dB above the noise level.
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Fig. 2. Substantiation of possibility for shock excitation of natural vibrations of the
sample: a — pulse shape and spectrum for shock excitation; b — pulse spectrum for
shock excitation and amplitude-frequency characteristics of the sample

In order to obtain the more exactly specified physical and mechanical characteris-
tics of wood by resonance method there was implemented a sample fixation (suspen-
sion) in the form of loops, which in turn were fixed to a stationary support and did not
interfere the natural oscillations of the sample. This design maintains integrity of the
sample and provides for its quick installation and removal [9].

To fix the standard sample sized 20x20%300 mm [10] assume the length of the
loop thread equal to 0.18 m. This loop provides a suspension of mass-center for the
sample at a distance of 0.05 m from support. Under this condition, the resonance fre-
quency of the pendulum, formed from the loops and the sample, will be about 2,2 Hz.
That is more than for three decimal signs lower than the testing frequency and it does
not hinder the measurement of natural resonance frequency of the sample.

Using data on high strength and density of kapron (density of loop’s material
d,=114g/sm’, limit load o =(74-86)kg/mm*), provided that each loop can withstand

three times the weight of standard-size sample with the most heavy on the Earth black-
snake-wood (density of the material sample d, =1,49g/sm’), it is possible to calculate the

mass of two thread-loops, which constitutes 0.0015 g.
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Thus, one can neglect the influence of mass of the two loops on the frequency of
oscillation of the sample, suspended on them and weighing 180 g — if to compare it with
the influence of magnetic plates’ mass, which constitutes 1 g according to GOST. Esti-
mates of mass for thread loops from other materials: pure silk, steel, nylon, spider’s web
give similar results. In addition, loops can be placed not on the edges of the sample, but
closer to the middle (Fig. 1), where the amplitude of sample oscillation is much smaller,
which further reduces the influence of loops upon the natural resonant frequencies of
the sample. It is also possible to mention that it is not the entire loop which participates
in the oscillations, as its upper part is immovable together with the holder.

For perception of natural acoustic oscillations of the sample there is used (in non-
contact sound velocity measuring device) the broadband microphone MFS5, installed
near one of the faces of the sample, but without mechanical contact with it.

In the developed device the pendulum mechanism of acoustic wave excitation has
(in the moment of shock) a brief, with duration of 5,2 milliseconds, contact with the
sample, while after the shock it is thrown away from the sample by forces of elasticity
and gravity. The natural oscillations of the sample are perceived by sensitive micro-
phone remotely. So, the device has no structural elements, mechanically connected with
the sample and capable to change the resonance frequency. The frequency of vibration
of the sample itself is transferred to the medium that surrounds the sample (air), and it is
perceived there by the microphone. Information parameter (frequency) does not change
during such transformations and does not cause an additional measurement error.

The spectrum of short pulse of mechanical oscillations excitation is sufficiently
broad and it promotes a perturbation of oscillations in the sample — in several of its natural
resonant frequencies. These frequencies depend on the geometrical dimensions of the sam-
ple and the speed of sound in the material. Speed of sound in the material depends on the
oscillations polarization and anisotropic material properties. Thus, for such orthotropic ma-
terial as wood, there are nine different types of acoustic waves, propagating along the prin-
cipal axes of symmetry with their speeds, and there are types of acoustic waves, propagat-
ing in directions that do not coincide with the axes of symmetry. Selection of natural oscil-
lations of the necessary type was carried out according to the developed methods, based on
the dependence of resonance frequency upon the geometrical dimensions of the sample.

To isolate the resonance frequency oscillations there were used possibilities of PC
to receive, register and process the acoustic signals, transformed by microphone. In the
studies undertaken for the implementation of functions of spectrum analyzer, filter and
frequency-meter there was used program medium of GoldWave audio-redactor.

After the shock excitation, depending upon the elastic and plastic properties of
the material, as well as upon the parallelism of the sample faces and cleanness of the
surface, the oscillations in the natural resonance frequencies of the sample last for few
tenths of a second. Digital processing of signal record allows to select the necessary os-
cillations, determine with high accuracy their frequency and calculate the velocity of
acoustic waves propagation: C=2-1-f (1)
where: C — the velocity of oscillations propagation; / — the size of sample in the direc-
tion of oscillations propagation.

From the expression (1) it follows that the relative error of the speed of sound is
made up of relative errors of determination of sample size and resonance frequency. Us-
age of sliding calipers with point value of 0,05 mm and implementation of signal quan-
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tification with a frequency of 192 kHz allowed measuring the velocity of propagation
for longitudinal wave of tangential polarization in pine-wood sample with the length of
xx cm with an accuracy of £ 1 m/s. By means of the experimental unit there was per-
formed the study of dependence of the speed of sound in pine-wood upon the moisture
content and temperature of the material. To create the necessary temperature and mois-
ture conditions there was used the climate chamber [7].

The technique of conducting experiment While planning the experiment it is ex-
pedient to use the fact that alignment of the temperature field in the sample occurs faster
than alignment of the moisture content. Therefore, to reduce the time of experiment con-
ducting, the testing was first carried out throughout the entire temperature range for max-
imum preservation of the sample moisture content at the same level, while after that there
was implemented the transition to the sample testing at the other moisture content.

To maintain the equilibrium moisture content of the sample at a specified level
with changing temperature of the working area of chamber — there shall be also ar-
ranged a simultaneous change of the relative moisture content of the medium. In case of
the range of free moisture content of the sample, the climatic conditions in the chamber
(as a result of technical limitations) can not completely stop the loss of sample moisture.
Under the conditions of maximum achievable in camera relative humidity of the air (92-
98 %) it 1s possible to significantly slow down drying of the sample. This makes it pos-
sible to achieve sufficiently uniform distribution of moisture in the sample and provides
time to carry out these studies. Measurements were done by described technical means
according to the developed methods in the following sequence of operations:

e dry the samples in the chamber till completely dry state and determine their dry weight;

e to place samples in a chamber zone in measurement devices:

e to determine the frequency of resonant oscillation it is necessary (tentatively, with reference to
[12] and the sample size) to calculate the frequency range for the possible location of resonance;

e in the written down file the program of spectrum analyzer Goldwave to survey this range of
frequencies and to choose the necessary resonant fluctuation;

e conduct periodic weighing of the sample and determine the time when the sample achieve the
desired moisture content;

e after achievement of uniform distribution of humidity and temperature of the sample to make
record of fluctuations in a sound file of the personal computer;

e on requirement to change temperature and humidity in the chamber;

e during an establishment in the sample of uniform distribution of temperature to execute opera-
tions of processing of a sound file;

e to allocate with the filter resonant fluctuations, and to define their frequency.

The experimental measurements were conducted by series of five shocks for each
sample. The results were averaged, and the deviation from the mean was determined.
Deviation of the speed of sound in a series constituted several tenths of meter / second.

Discussion on the results of experimental investigation The data obtained al-
lowed to clarify the nature of the functional dependencies of AWPV from moisture con-
tent within the limits from 0 to 90% and temperature from 15 ° C to 65 ° C. Graphical
representation of functional dependencies is presented in Fig. 3.

For approximation of experimental data there was used multiple regression calcu-
lation module of STATISTICA 6.1 program medium [8]. By using STATISTICA mod-
ule with regression coefficients estimation procedure (stepwise with inclusion) for pine-
wood in the specified ranges of climatic conditions there was obtained the regression
dependence of the second order: C =by + b;T? + bW+ b;W? + b,TW, ()
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where: b, = 1251,751; b; = —-0/029; b, = —10,447; b3= 0,059; by = 0,017; T, W — tem-
perature and moisture content of pine-wood.

Cm/s

Fig. 3. Dependence of acoustic

waves Crr propagation velocity

upon the temperature and mois-
ture content in pine-wood

Il 1288
I < 1200
[ < 1100
o ] < 1000
& I <900
I <800
The coefficient of multiple determination (R-squared) from equation (2) with the natural

coefficients is equal to R* =0,9978 . Such a high value for the coefficient of multiple de-

termination indicates the practical identity of results of the experiment and results of
measurement of sound velocity. Analysis of the data shows that the dependence of
sound velocity in wood upon the temperature is significantly nonlinear, as evidenced by
the absence (in equation 2) of component with a temperature in the first degree. With
increasing of wood temperature the AWPV decreases proportionally to the square of the
temperature value (coefficient 5, <0). The negative sign of this coefficient provides (with
increase of temperature) more rapid dependence. The higher the temperature is, the
stronger the influence of its changes becomes.

Nonlinear dependence of sound velocity upon the moisture content is much
stronger than upon the temperature. The regression coefficient (at a square value of
moisture index b,) is in absolute value higher than b, for more than twice. But the gen-

eral type of dependence of AWPV upon the humidity is determined by a large value of
negative coefficient b, at the moisture rate in the first degree. It is just this coefficient

which determines the decrease of speed of sound with increasing of moisture content.
The positive value of coefficient b, reduces sensitivity of AWPV to changes in moisture

content in conditions of its growth. In case of the simultaneous increase in moisture
content and temperature — the positive value of coefficient b, additionally provides a
relatively small (b, = 0,017) slow down of decrease of the speed of sound in the area of
the vertical diagonal of the depicted surface in relation to areas with high value of just
moisture content or just temperature. But due to small value of 5, the influence of this

component is very limited and almost imperceptible in Fig. 3.

Conclusions The authors carried out the analysis for the known methods of measur-
ing AWPYV, developed a method and created a device for measuring the phase speed of
sound without contact of measuring devices with the sample. The described device has al-
lowed achieving higher accuracy of data for smaller-in-size samples. Based on experi-
mental data, there was obtained an analytical non-linear function of dependence of AWPV
upon the moisture content and temperature for pine-wood. Development of research by this
method will allow creating the technology of non-destructive testing of moisture distribu-
tion in wood, which is particularly important for large wood assortments.
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JlocaigaxeHHs 0€3KOHTAKTHIM CIIOCO00M IIBHAKOCTI 3BYKY B /IepeBHHI

CratTs IpUCBSYCHA PO3BUTKY PE30OHAHCHUX METOIB JIOCIIKEHHS BIACTUBOCTEH AEPEBUHU Ta
IHIIKUX MaTepiajiB, YAOCKOHAJICHHIO CTIOCOOIB BU3HAUCHHS IIBUAKOCTI MOUTMPEHHS aKYCTHYHUX XBHJIb
(IITTAX), mMeToamIli TPOBEICHHS MOCTIDKCHHS Ta aHaJI3y EKCIEPHUMEHTAIBHO OTPHUMAHUX PEe3yiib-
TaTiB. 3apONOHOBAHO OE3KOHTAKTHUN CHOCIO BU3HAUYEHHS (pa30BOI MIBUAKOCTI 3BYKY Ta MPHIIAJ VIS
roro peanizarii. Bukopucranuii croci6 BUMIpIOBaHHS Bi3HAYAETHCSA CYTTEBUM 3MEHIIEHHSAM MOXHO-
KM BUMIPIOBaHHS MIBUJIKOCTI 3BYKY 1 MPHUAATHHUH Ui 3pa3KiB Malnux po3mipis. JlocnimkeHHs mpoBe-
JIeH1 Y KJIIIMaTHYHIN KaMepl, CIIOPSIKEHIN MacasSTHUM 3aTBOPOM JIJIsI 3Ba)KyBaHHS 3pa3ka B XOJI1 €KCIIe-
pumenty. HaBeneHi pe3ynbTaTH €KCIIEPHUMEHTAbHO OTPUMAHMX JUIS 3pa3ka COCHM 3HAYEHb IIBHI-
KOCTI 3BYKY Y IIUPOKOMY Jlialia30Hi BOJIOTOCTI Ta TEMIIEPATYPH.

Kiro4oBi cjioBa: akycTH4Ha XBWIS, I€PEBUHA, TEMIIEpaTypa, BOJIOTiCTh, CTATUCTUYHA 00p00-
Ka.
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THE PHYSICAL-AND-MECHANICAL MODEL OF WOOD DEFORMATION
IN THE PROCESS OF BENDING AND PRESSING

Various techniques for obtaining curved wood members from solid wood were analyzed, also
the influence of wood properties on its deformity in the processes of bending and pressing was investi-
gated, obtained were the dependences for calculating the degree of wood compaction as well as rela-
tionships between a test bar thickness and its length in bending.

Keywords. Bending, pressing, compressive strain, tensile strain, steaming, cooking, solid wood.

Curved members from solid wood can be produced by two radically different ways:

e by way of carving (sawing out) shaped blanks during which a great amount of residue is pro-
duced and the fibers cutting occurs, which considerably lowers the wood strength;

e by way of bending a straight bar into shape by using a special template and allowing it to dry
in its new shape.

Both of these methods are of practical use, they have their advantages and disad-
vantages. Obtaining curved members by method of bending requires more complicated tech-
niques and equipment compared to carving. However, the material subjected to bending fully
retains its strength or, in some instances, the strength tends to increase. The bent wood can be
worked like any normal unbent wooden parts. The nature of physical processes that take place
during bending is as follows: the process of bending any body involves the production of
transverse stresses (normal-to-cross section stresses) within the limits of elasticity: tension on
the convex surface and compression on the concave surface. Between the zones of tension and
compression, there is a neutral layer the normal stresses in which are equal to zero. Since the
values of normal stresses vary over the cross-section, there develop shear stresses that tend to
cause adjacent layers of the body to slide parallel in opposite directions, but such slide is im-
possible, therefore the bending is inevitably accompanied by tension on the convex surface and
compression on the concave surface of the woodwork [1-13].

The amount of tensile and compressive strains is dependent on the bar thickness and the
bending radius. Let us assume that a bar of rectangular cross-section is bent in an arc of the
circle, then the amount of deformation in the bar is in direct proportion to the stresses with the
neutral layer being in the interior of the bar.

Let us denote the bar thickness by S, the initial length by L, the bending radius
along the neutral line by R. The bar length along the neutral line during bending remains

constant. It is equal to L, =7R(p/180), (1)
where ¢ is the bending angle expressed in degrees.

The face layer will show an increase in its length, this elongation being AL. The
total length of the stretched portion of the bar is determined by expression

Ly +AL=7n(R+h/2)p/180. (2)
On deducting the preceding equation (1) from this one (2) we obtain the absolute
elongation value: AL =7(h/2)(p/180). 3)

The relative elongation ¢, 1s equal to AL/L, = S/2R, that is, the relative elongation AL/L,
in bending is dependent on the ratio of the bar thickness to the bending radius. The higher this
ratio, the greater thickness of the bar S and, accordingly, the smaller bending radius R. Similar
ratio for the relative compression value in bending process can be obtained in the same way.

If a bar of initial length L, is bent round a radius R, in this case the maximum compres-
sive and tensile strains are achieved. By denoting the amount of allowable compressive strain
along the grain by ¢.» and the amount of allowable tensile strain along the grain €po:m, We can
write the ratio for the stretched side of the bar
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L, :L0(1+5p03m):7z(R'+S)(0/18O. 4)
Yelding, R'+S=[L,(+ € poum)1/ 7 (¢ /180). (5)
For the compressed (concave) side
L,=L,(1-¢,)=nR (p/180), (6)
or R'=[L,(01-¢,)]/ 7 (p/180). (7)
By deducting the second equation from the first one, we obtain
S =[Ly (& + €)1/ 7 (1180). (8)
By using the ratio S/R that characterizes the bending limit of wood for this case,
we obtain STR =(&pppm + €)= &,,). 9)

By substituting the values of allowable compressive and tensile strains (&posm and €em),
into the expressions obtained, we can determine the greatest possible values of S/R’ for various
wood species. This ratio limiting values are obtained experimentally: for beech — 1/2.5; for oak
— 1/4; for birch — 1/5.7; for spruce — 1/10; for pine — 1/11.

The common practice is that wood needs to be bent at the ratio greater than 1/3. From
the data presented, one can see that coniferous species and part of soft broadleaved species are
not suitable for bending to small curvature radii even if full advantages are taken of possible
compressive and tensile strains. Rejects that occur in the process of bending coniferous and
soft broadleaved wood species, result from ripple formation on the concave side due to nonuni-
form compression along the grain and low resistance to compression perpendicular to the
grain. A perfect bend of a bar is only possible to the point where the amount of relative elonga-
tion of stretched layers or the amount of relative compression of compressed layers do not ex-
ceed the limit values for a given material. The above obtained ratio holds true for the materials
whose tensile and compression strengths are equal. If the compression strength of the material
is higher than the tensile strength, the neutral line will shift to the concave side. If the tensile
strength is higher than the compressive strength, the neutral line will shift to the convex side,
which is the case in the wood. In the example of an uncontrolled bending, the wood failure oc-
curs due to rupture of the surface stretched layers. This is attributable to the fact that the allow-
able amount of tensile strain in wood is very small, no more than 1...2%, whereas the limit
value for the compressive strain makes up 15...25 %.

The bending property of wood can be enhanced by cooking or steaming. Such treatment
adds plasticity to wood. Wood cooking lowers the compressive resistance by a factor of two or
more while the amount of shrinkage is increased. The tensile strength and deformity of wood
are affected but slightly. For example, in steam-seasoned beech wood at moderate compressive
resistance level (about 23 MPa) and the allowable compressive strain of 30%, the amount of
possible tensile strain remains insignificant even with high amount of stresses (2% at 130
MPa). This is a limiting factor to bending properties of steam-seasoned wood and does not al-
low for taking full advantage of its ability to take considerable amounts of compressive strain.
The bending properties of steamed wood are restricted by small amount of allowable tensile
strain, the bend being limited to the ratio of approximately S/R < 1/30. The bending properties
of wood can be significantly enhanced when the property of steamed wood such as the ability
to fully take a considerable amount of compressive strain, is taken into account.

Pressing is one of the currently used method of mechanical processing of wood. It is
based on the application of force to wood using its plastic properties, wood is subjected to
pressing for the purpose of obtaining complex shapes or compaction. Pressing is widly used to
produce decorative wooden profiles for application in furniture making instead of non-ferrous
metals thus saving them for machine engineering and electric power industry. Physical and
mechanical characteristics of pressed wood are higher compared to genuine wood. Pressing is
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characterized by the degree of compaction which is determined by the ratio of woodwork di-
mensions prior to pressing and after pressing. The degree of compaction is calculated by the

formulas: g=(h,-h)h, (10)
g, =(h —h)/h, (11)
where: ¢ and &9 — the degrees of compaction that are determined for initial or final dimensions;

hy, hq — the woodwork dimensions prior to and after pressing.
The given characteristics of the degree of compaction are related to one another by the

ratio g=¢cl(l-¢) i e=¢,/(1+¢,). (12)
Since the mass of the woodwork during the pressing process and the mass of the wood-

work obtained after pressing remain practically the same, the degree of compaction can be de-
fined as a ratio of the wood density after pressing to the density prior to pressing

£=(Pc =P/ P (13)
where pi« and p, — final and initial values of density.

Sometimes the degree of compaction is expressed in percent. Commonly, wood press-
ing is done to a 40 % degree of compaction. Wood is more amenable to across-the-grain press-
ing after steaming which enhances its plasticity. Wood’s plasticity increases at moisture con-
tent of about 30 % and elevated temperature up to 160 °C. Higher temperatures cause wood
pyrolysis. The stabilization of the shape obtained during the process of pressing is provided by
cooling followed by drying when the moisture content is higher than 12 %. Pressing of wood
involves deformation of its cells. Three phases of deformation can be observed here. Initially,
the wood is in the stage of elastic deformation, the cells compression, ¢, being equal to about 6
%. In the second stage of pressing, the thin walls of cells are destroyed - this is the stage of
plastic deformation with ¢ being equal to 6 to 30 %; in the third stage, with & ranging from 30
to 40 %, thicker walls of the cells are being destroyed that were deformed in the second stage.
The types of pressing are distinguished by the direction of the acting forces: flat-uniaxial, pro-
file, and volume-hydrostatic. The dependence of deformation on stresses during the process of

pressing is analytically expressed by the formula: &, = o/ E + (1/17) (c?/v), (14)

where: & — compressive strain; ¢ — stress; E — modulus; ) — coefficient of toughness; v — loading rate.

By analyzing the above dependence, one can note that the degree of compaction tends to in-
crease with increase in stresses, and decreases with increasing modulus of elasticity, toughness and
loading rate. Flat and profile pressing are the most frequently used types of pressing today. The flat
pressing can be done with the use of a mould that confines the shape of the woodwork being pressed
or without it. The amount of pressing force is determined by the size of the woodwork as well as by
the required degree of compaction. The force required for pressing without a mould is calculated by
the formula P=b-1-0, (15)

where: P — required pressing force; b is the woodwork width; / — the woodwork length; ox —
the resistance of wood to pressing, it is dependent on the degree of compaction and wood spe-

cies. The value of oy is determined by empirical equation o, =k-e", (16)

where: k, m — coefficients which are dependent on wood species (for pine — k = 1.6, m =
0.007; for spruce — 1.19 and 0.07 respectively; for aspen — 0,45 and 0,09); e — base of natural
logarithms; € — degree of compaction.

If pressing is carried out with the use of a mould, it is necessary, when calculating the force, to
take into account additional force required to overcome wood-to-metal friction. In the case of profile
pressing, account must be taken of the pressing force and force for moving the woodwork in the re-
ceiver. The force required to move the woodwork into the receiver is defined as frictional force with
consideration for compressive pressure and coefficient of friction.
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Conclusions. The study presented in this paper indicates that wood deformity in bending and
pressing is influenced by the following factors: wood species (its micro- and macrostructure), the di-
rection of force action in relation to the grain, the age and moisture content of the wood, the methods
of cooking or steaming to impart plasticity, and other physical and mechanical properties of wood.
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YK 674.047 ouy. 1.B. Ilempuwiak, kano. mexu. HayK;
cmyo. M.I. Ilempuwax — HIITY

®Diznko-MexaHiuHa Mo/ieJIb Aedopmallii IepeBUHH B POLECAX THYTTH i MpecyBaHHs

BcranoBieHo, 1o B mporieci THyTTs 0y/Ib-IKOT0 Tijia B MeXax MPYKHUX Jedopmalliii BHHUKA-
I0Th HOPMaJIbHI JI0 TIOTIEPEYHOTO TEpepi3y HANPYKEHHsI: PO3TIATY Ha BUIYKJIIH MOBEPXHI 1 CTUCKY Ha
BBIrHYTIH cTOpoHi. OCKUTbKM BEIMYMHA HOPMAJIbHUX HANPY>KEHb 3MIHIOETHCS T10 MEpepi3y, TO BUHU-
KaIOTh HAMPY)KCHHS CKOJIIOBAHHS, SIKI CTApaIOThCS 3CYHYTH OJHI IIApH JeTale BIMHOCHO iHIIHX. J{is
IiABUILEHHS 31aTHOCTI IEPEBUHH JI0 THYTTSI 3aCTOCOBYIOTh TiAPOTEPMIYHY 0OpOOKY: IpOBapIOBAHHS B
rapsigii Bojii abo mpormaproBaHHsa. Taka 00poOka poOUTh JAepeBUHY OUTBIN TIacTHYHOK. [IpecyBanHs
3aCHOBAaHE Ha CWIOBIH il HA JIEpEBUHY 3 BUKOPUCTAHHSAM ii mIacTMYHHUX BiactuBoctei. IlpecyroTs
JNEPEBUHY ISl OTPUMAaHHS: JCKOPATHMBHUX JCTale B MeOJIeBiil MPOMUCIOBOCTI; MaTepiamiB, sKi
3aMiHSIOTh KOJIBOPOBI METAIM B MAalIMHOOYAYBaHHI; 130JIALIHHUX MarepiajiB B E€JIEKTPOTEXHIYHIH
MIPOMHMCIIOBOCTI. JlepeBuHa migmaeTbcsi MPECyBaHHIO JICTIE MOTIEPEK BOJOKOH IMICHS T1APOTEPMIYHOT
00poOKH, siKa MiABUIIYE 11 TUIACTUYHICTD. JlepeBruHA cTae OUIBII TUTACTUYHOKO 32 Bojorocti Oist 30 % i
T1IBUILIEHOI0 TeMIiepaTyporo — a0 160 °C.

Kiro4oBi ciioBa: THyTTS, IpecyBaHHs, TEIIOBa 00poOKa, HarpiBaHHs, MaCUBHA JICPEBUHA.
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THE INVESTIGATION OF PHYSICAL AND MECHANICAL PROPERTIES
OF WOOD PARTICLEBOARDS MADE FROM POST-CONSUMER WOOD

It is found that post-consumer wood (PCW) is as yet non utilized resource of wood waste that
is suitable for manufacturing wood particleboards (WPB). It is found that graded chips from PCW
(solid wood) of categories I and II are characterized by a standard fraction content (no less than 80 %)
and meet the requirements for chips, PS GOST 15815-83. The shreds from clean: PCW when obtained
on the standard equipment similar to that which is used for processing primary raw material do not dif-
fer essentially by geometrical configuration, size as well as fraction composition from shreds obtained
from conventional wood. The high anisotropy factor of the wood particles gives grounds to expect
high strength values for WPB made from PCW.

Investigated was the influence of the PCW and binder contents in each of the layers on physical
and mechanical properties of three-layer particleboards: bending strength, tensile strength perpendicu-
lar to plane, and thickness swelling. Obtained were adequate mathematical models of dependence of
WPB physical and mechanical properties on the PCW contents in each layer and the binder.

Production techniques for PCW-containing three-layer particleboards were developed. It was
established that optimal production conditions for standard quality panels (DSTU 10632:2009) should
correspond to: for panels of PA type (13 MPa) — PCW content in the core and the face layers of the
panels may amount to up to 60 % with the average glue consumption of 11.5 %; for panels of PB type
(11.5 MPa) — PCW content may amount to 100 % in the core, and 80 to 100 % in the face layers with
glue consumption of 7 to 8 % in the core and 10 to 11 % in the face layers. The resulting effect of us-
ing PCW in WPB manufacture was estimated for Swisspan Ltd. enterprise, which lies in the fact that,
due to PCW utilization, conventional wood expenditures are reduced by 9.4 %.

Keywords: wood, post-consumer wood, wood particleboard, chips, shreds, fractional composi-
tion analysis, physical and mechanical properties of panels, bending strength, tensile strength perpen-
dicular to plane, thickness swelling, eco-economic effect.

Topicality of the subject matter. Large-scale cutting down of forests and the re-
sulting environmental impacts, wood resource scarcity — all these force the woodwork-
ing industry to seek for alternative sources of raw material. The prospective resource
that could be used as the raw material base for wood particleboard manufacture, is PCW
[1]. This category of wood waste has been making successfully a sort of «career» over
the last several decades, especially in West European countries. PCW includes all kinds
of wooden material that is available at the end of its use as a wooden product. Such
wood mainly comprises demolition wood, packaging material, used furniture [2].

PCW may contain fire retardant material, wood preservatives, paints, varnishes,
glues, artificial films, metal, and even glass (windows) [3].

Because of its very different composition, the presence of various kinds of impu-
rity as well as the lack of appropriate machines for its conversion into valuable raw ma-
terial, the industries of many countries do not always display great interest in this prom-
1sing source of wood raw material. That is why, PCW, like other industrial wood waste
i1s mainly landfilled. Millions of tons of wood waste have accumulated on the long-
standing refuse dumps [4]. The amount of the accumulated waste is too large to be natu-
rally decomposed [5-10].

Thus, the present study is devoted to solving the problem which is important and
pressing both for industry and the environment: replenishment of the raw material base.

The aim of the paper. The present scientific work is aimed at developing re-
source-saving technology and scientifically based recommendations concerning utiliza-
tion of PCW to manufacture WPB.
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The object of study. Development of resource-saving production methods for the
use of PCW to manufacture wood-based panels.

The subject of study. Regular effects of technological parameters on the quality
of PCW-containing WPB.

Methods of study. A number of methods were used in the study, namely, exper-
iments, measuring and comparison. The wood particles from conventional wood and
PCW were obtained by way of cutting and chipping. The test specimens of panels from
PCW were made by way of flat pressing in the hydraulic press. In order to reduce the
number of systematic errors during the experiments, the method of randomization was
used. During the determination of wood particles from green wood and PCW, the fol-
lowing research methods were applied: physical research methods to determine frac-
tional composition of the particle, the particles moisture content, density, and thickness
swelling; mechanical methods to determine the bending strength and tensile strength
perpendicular to plane. The experimental data were processed by method of statistical
analysis. Also, a comparison was made between the panels made from PCW and the
panels made from conventional wood to check the conformity to the standards [11-16].

Scientific novelty of the findings. On the basis of the experimental results ob-
tained, the feasibility of PCW utilization for manufacturing flat-pressed particleboards
with adequate physical and mechanical qualities was substantiated.

The optimal ratio of the components of the chips-glue furnish with the addition of
PCW was developed, which ensures the production of P-A type of WPB according to
DSTU 10632:2009 [11]. Regression dependences were obtained for bending strength,
tensile strength perpendicular to plane, thickness swelling versus PCW content in the
face layers and the core, various glue consumption as well as pressing parameters (tem-
perature, pressing time, and pressure); these can be used for calculating technological
parameters of particleboard manufacture.

The technique for obtaining wood particles from PCW. During the studies,
demolition wood was used as raw material (Fig. 1), this wood was not dissimilar in
outward appearance to primary wood, although it was about 40 years old [7].

The raw material was chipped into small particles at the enterprise of “Hemmel-
Ukraine” company. The chipping was done on the mobile RM-800.4 chipper. The RM-
800.4 chipper is fitted with a 30 kWatt electric motor which allows the use of the ma-
chine under condition of the enterprise or nearby a source of electric power. This type of
chipper is designed for chipping wood waste into chips of 10 sm long, 10 to 25 mm
wide, 3 to 5 mm thick. The diameter of the cutter disk (which is fitted with ant jamming
system) amounts to 795 mm, the arrangement of disks is favourable for optimal feed of
wood, and also it reduces the disk wear. The speed of disk rotation is 1000 rpm, the
output of the equipment of this type is about 10 to 15 m*/hour.

The resulting chips were further converted into shreds (Fig. 2) in the RM 800.7
shredder. The plant is equipped with a dosing bin from which the material is fed
through the charging opening into the mill. The grinding is executed due to the high
speed of the core rotation — 1480 rpm. The ground material is then sifted through the
screen the mesh openings of the which are 10x10 mm, this determining the output frac-
tion size. This type of machine ensures the finest possible grinding of chips to the size
of 0 to 10 mm owing to its cutters the number of which is 40 pcs. The productivity of
such machine is 8 m? per hour. The plant is driven by a 30 kWatt electric motor. The
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moisture content of the wood particles prior to chipping amounted to 12 %. The wood
particles obtained are first subjected to drying and screening, then they are moved fur-
ther for forming various layers of mat. The drying operation was performed in the dry-
ing oven to reach the oven-dry weight at the initial temperature of 200°C. The screening
operation was performed on the laboratory -type screen where the wood particles were
se arated into two fractlons core s and partlcles for formmg face 1ayers

; a iz el
Fig. 1. Post-consumer wood Fig. 2. Chips obtained from PCW

Comparative analysis of chips. Depending on the factor of cutting and the de-
gree of its effect, the process of wood chipping is characterized by the quality of chips
obtained and the operating parameters of chipping. The shape of PCW particles should
be characterized above all qualitatively (pin-shaped, twisted, cube-shaped, fibrous parti-
cles) rather than quantitatively (PCW species, density, bulk density, size distribution
curve, etc). There are methods of screen analysis for measuring sample particle size and
calculation of arithmetical mean length, width and thickness. However, in actual prac-
tice, the methods of qualitative estimate of wood particles are dominant.

The parameters that provide quantitative characteristics (particles size, their ratio,
specific surface, “ends area”) are not controlled accurately and are not related to each
other, the methods of measuring them do not allow for accurate quantitative values that
could be used to calculate composite material composition and to develop techniques
for manufacturing panels with prescribed qualities with a minimum of glue and energy
consumption. Therefore, the critical characteristics of PCW particles are the chips frac-
tional size and composition. In order to compare the geometry and fractional composi-
tion of chips, we used primary conventional wood and PCW (Fig. 3, Fig. 4).

In order to measure the moisture content of wood particles, a s 200 hygrometer
was used. The principle of the instrument operation is based on measuring dielectric
constant and loss tangent of the controlled material in the electromagnetic field created
by ring contacts of the instrument transducer. The depth of the field penetration into the
interior of the material 1s 30 to 50 mm, which allows the moisture content of the study
material to be measured without impairing its outward appearance.

The selection of measurement mode according to wood species or the type of ma-
terial is done by means of momentary pressing the button, this is followed by sequential
appearance of symbols H1,...H6, E1,...ES on the liquid crystal indicator. On selection
the mode of measurement one should wait until the automatic tuning is completed out-
doors and then to continue working. The measurement mode is selected by using the
tabulated data in the instrument certificate or on the back cover of the instrument.
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Fig. 3. Primary woo chips

Fig. 4. PCW chips

The process of moisture content measurement consists in direct touching the
study material with the three-ring contacts (Fig. 5).

Geometrical dimensions of the chips were determined by measuring separate par-
ticles thickness, width and length along the wood fiber direction. The number of meas-
urements in the study amounted to no less than 100. The average size of chips was de-
termined from the data obtained by measuring a definite number of particles. The meas-
urements of geometrical dimensions indicates the quality of a separate chip, while the
fractional analysis allows for determining the shares of coarse, standard, and fine frac-
tions in the total weight.

The dimensions of chip fractional form: —/10; 10/7; 7/5; 5/3; 3/2; 2/1; 1/0,5; 0,5/0.
The sifting of the chip batch was done by means of a 71-GP screen analyzer (Fig. 6).

SR ¥ k", i
R

Fig. 5 Moisture content of PCW chips  Fig. 6. Determination of PCW chip fraction

In the process of the fractionating screen analysis, the weight of each traction was
determined by means of analytical balance to an accuracy of 0,01 g. The amount of each
fraction is expressed as a percentage to the total weight of the batch. The number of par-
ticles for the fractionating analysis was taken so that the whole quantity of the selected
particles was used with nothing left over. When selecting a portion of particles from a
large quantity, the method of quartering was used since finer fraction in the bulk of par-
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ticles tends to fall down. The selected portion of particles weighing as much as 50 to
100 g was sifted by means of screen analyzer, fitted with a set of round screen 200 mm
in diameter, five of them possessed circular holes of diameter 10, 7, 5, 3, 2, 1 mm, and
two ones possessed wire net with meshes measuring 0,5%0,5 and 0,25%0,25 mm.

On a 5-minute sifting, the material obtained was divided into eight fractions
(Fig.7): —/10, 10/7, 7/5, 5/3, 3/2, 2/1, 1/0.5, 0.5/0. The results of the study of wood par-
ticles geometric dimensions show that fraction content practically does not vary with re-
spect to wood particles from conventional wood (Table 1), although the amount of fine
fraction (fraction content 1/0) is two time as much.

Table 1.Comparative analysis of chip fractional composition

Type of wood Fraction content, %
—/10 10/7 7/5 5/3 3/2 2/1 1/0,5 | 0,5/0
Conventional wood 0,5 2,3 2,6 32,1 28.9 20,6 10,6 2,4
PCW 0,4 1,0 1,8 28,3 25,2 19,3 19,1 49

The length, width, and thickness of particle fractions 2/1, 1/0.5, 0.5/0 were deter-
mined by way of measuring the particles projection magnified by means of slide projec-
tor. The statistical processing of the comparative experiments results was done accord-
ing to GOST 16483.0-89.

The mean dimensions of chips in a batch involved were determined on the basis
of the mean dimensions of an individual chip (length, width, and thickness) in each
fraction.

ig. 7. Wood particles for: a) the core b) the face layers

The impact of structural and technological parameters on panels’ strength values
is demonstrated through the mediation of dimension less geometrical characteristic of
chip formation: degree of contact area. It was foundthat the degree of contact area is de-
pendent on the size of wood particles, namely, the values of bending strength and ten-
sile strength perpendicular to plane as chip fractional composition changes from fraction
5/3 to fraction 10/7. Wood particles from conventional wood and PCW do not have a
significant deviation of the fractional content.

One of the main factors which is absent in PCW is bark. The values of physical
and mechanical properties of bark are considerably lower than those of sound wood.
The bonding between bark particles as well as between bark particles and wood parti-
cles is less strong than that between purely wood particles. Therefore, the addition of
bark particles into chips lowers the strength of panels made from conventional wood.
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The study of the process of manufacturing particleboard from PCW. Selec-
tion of the evaluation criterion. WPB as a structural material is characterized by a
number of factors on the basis of which we can discuss the material quality and its suit-
ability for a specific purpose. In turn, physical and mechanical qualities of particleboard
are influenced to a great extent by the very structure of the panel, the formation of
which is also influenced by a number of factors: the raw material and the equipment
used as well as production conditions. The majority of panel parameters are regulated
by relevant standards.

When determining the evaluation criteria for the resulting panels, it is necessary to
take into account both technological and economic components of the process. This is
dictated by the fact that panels made from PCW must meet the requirements for panels of
P-A DSTU 10632:2009 [11] while their production cost should not exceed the production
cost of the panels made from trunk wood. An important characteristic of physical and
mechanical properties of particleboard is their bending strength which is responsible for
panel optimal applications. By means of this parameter, it is possible to determine the op-
timum manufacturing conditions, PCW chip content and the least binder consumption in
order to obtain high-quality panels (strength, roughness and toxicity).

The above said considered, bending strength is taken as the criterion for evalua-
tion of the results of panel manufacture. Besides, there are other parameters which can
serve as criteria for the evaluation of panel quality. These are tensile strength perpen-
dicular to plane and thickness swelling.

Investigation planning. Since the process of manufacturing and testing WPB
made from PCW was investigated under laboratory conditions, multifactor planning
was applied: full-factorial plan. During the experiments, the following factors were tak-
en as variable factors: the contents of the binder and PCW particles both in the core and
the face layers. The values for PCW chips content for each layer varied from 20 to 100
% — the rest were standard technological chips; the binder content in each layer was
within the average consumption norm ranging from 7 to 16 %.

The levels of factors and factor-change intervals as well as planning matrix in
coded values (CV) and actual values (AV) are given in Tables 2-3.

Table. 2. The levels of factors-change interval under investigation

Value denotation ) Factor level
Change in
Ne Name AV cv interval lower | datum level | upper
AV |CV | AV | CV | AV | CV

| PCW content in P, X, 40 20 | -1 60 0 100 | 1

the core, %

PCW content in
2 the face layers. % P X2 40 20 | -1 60 0 100 | 1
3 | binder content, % K X3 4.5 7 -1 | 11,5 0 16 1

For the purpose of reducing the number of systematic errors, the method of ran-
domization was applied which allowed for establishing random sequence of the experi-
ments conducting. The following factors characteristic of panel manufacture, were not-
ed at the fixed levels: density — 700 kg/m; specific pressure — 2.5 MPa; press tempera-
ture — 200 °C; pressing time — 0.35 min/mm moistures content of the particles for the
core — 2 %; moistures content for the face layers — 4 %; the ratio of the layers — 50/50;
three-layer panels of 16 mm thick.
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Table. 3. Matrix of planning of full-factorial plan — 2°

Values of input factors in the experiment Serial number
Ne AV Cv

P. P K X1 X2 X3 1 2 3 4 5
1 20 20 7 -1 -1 -1 20 2 5 13 23
2 100 20 7 1 -1 -1 35 6 16 32 9
3 20 100 7 -1 1 -1 28 19 22 10 11
4 100 100 7 1 1 -1 1 33 24 4 12
5 20 20 16 -1 -1 1 36 25 8 7 26
6 100 20 16 1 -1 1 15 40 34 31 38
7 20 100 16 -1 1 1 14 17 27 18 29
8 100 100 16 1 1 1 37 39 3 21 30

Board manufacturing process. The process of fabricating specimens consists of
four steps: preparation of the binder, resin-treatment of the particles, mat formation
(Fig. 8) and pressing. A UF-WT-15 urea-formaldehyde resin was the basis for the bind-
er, the resin concentration was reduced by adding water: 64.7 to 62 % for the core and
up to 58 % for the face layers. The resulting board is presented in Fig. 9.

Fig. 8. Forming of mat Fig. 9. rticleboar pressed from PCW

Thus prepared adhesive solution was used for the cores and the face layers. In the
process of particleboard manufacture, ammonium chloride (20 % solution) is used in the
fallowing amounts: for the core — 1.5 %, for the face layers — 0.5 %, which was mixed
with the resin prior to applying it the chips.

The calculation of required proportions of wood particles, resin, curing agent for
obtaining specimens of required density as well as the relationship between face layers,
the core, and the particleboard thickness, was performed according to the recommenda-
tions of the enterprise. The blending of the wood particles, binder and curing agent was
done by hand and in a slow manner with the help of electric drill. The chips and the
binder were fed in a three-step process by using a compressor to achieve a uniform soak
of the wood particles. The process of blending was done separately for each layer ac-
cording to the prepared quantity of batch.

The forming of mats was also done by hand. The following accessories were
used: two metal sheets (pallets), wooden box of 0.5%0.5 m, two metal stops of 0.016 m
to control panel thickness. The forming of the panel was done in the wooden box by
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even distribution of the wood particles on the pallet to form three layers in the 25:50:25
ration. The loss of resined chips made up no more then 7 %. The formed mat was
pressed in the single-platen batch press into a panel all required parameters of pressing
being observed in doing so. The temperature of the press platen was controlled by ther-
mometer the error of which did not exceed 5 °C. The panel thickness was controlled by
the stops the deviation of which made up +0,05 mm from the preset thickness.

The press cycle 1. consisted of: the time Tcon needed to charge the press, the time Ta
needed for the platens to close up to the preset thickness, reaching the preset pressure, press-
ing time T, which includes compression time Teom as well as the time T, needed to lower the
pressure and open the press. The press time Tpr is counted from the moment of reaching a
maximum of preset pressure to the moment when the press platens begin to open.

In order to ensure a maximum of strength, to reduce warpage (“spring up”’) and
free formaldehyde release, the panels were conditioned separately from one another.
This is accounted for by the fact that the elevated temperatures that may persist in
closed stacks of panels up to 5 days (this is especially true for the central part of the
stack) cause the destruction of cured glue, which, in turn, results in deterioration of the
outward appearance of particleboards, increasing the content of free formaldehyde as
well as degradation of their physical and mechanical properties.

Physical and mechanical testing. The determination of the WPB physical and me-
chanical properties was carried out 5 days after the panels were pressed. The PCW-made
panels were cut on the circular saw bench to size specified for specimens testing according
to GOST 10633-78; GOST 10634-88; GOST 10635-88; GOST 10636-90 [12-15].

The tests for the bending strength &n and the tensile strength perpendicular to
plane 8¢ were conducted on the WOLPERT machine according to GOST 7855-84 (Fig.
10, a). The motion speed of the load-carrying head — 60 mm/min, the scale division — 1
kg/sm?; deviation from the actual value made up — 1%.

Fig. 10. Determination of test specimens’ strength:
a) bending strength b) thickness swelling

To conduct the tensile strength perpendicular to plane test, wooden plates were
sticked to the test specimens on both sides; thus prepared specimens were subjected to
loading for 24 hours. The specimens for determining thickness swelling were placed in
water medium of this plant (Fig. 10, b) which houses 40 pieces of specimens, they stood
vertically for 24 hours at the constant temperature of 20+1 °C. The swellings can be cal-
culated by the phormula [12]:
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Ah=(h;-h)/h*100 % (1)
where: h is the panel’s dimensions (length, width, thickness) after conditioning, m; h; is
the panel’s dimensions after water soaking or keeping in humid environment, m.

The results of experimental investigation. The data obtained from physical and
mechanical testing of pilot PCW-containing particleboard for bending strength, tensile
strength perpendicular to plane, and thickness swelling are shown in Tables 4-6.

Table 4. The results of testing PCW-containing WPB for beading strength

Factor value in the experiment Bending strength measurements, MPa
No actual values coaded values
P Pr K X1 X2 | X3 Yij Y2 ¥3j Y4 Y5
1 20 20 7 -1 -1 -1 13,20 13,00 12,90 13,10 12,80
2 100 20 7 1 -1 -1 12,70 13,20 12,80 13,20 12,80
3 20 100 7 -1 1 -1 12,31 12,50 12,30 12,24 12,10
4 100 100 7 1 1 -1 11,80 11,20 12,75 12,00 12,24
5 20 20 16 -1 -1 1 19,50 19,80 19,10 19,90 19,20
6 100 20 16 1 -1 1 19,23 19,32 19,28 19,21 19,11
7 20 100 16 -1 1 1 18,13 18,22 18,40 18,20 18,30
8 100 100 16 1 1 1 18,80 17,50 17,40 18,10 18,20

Table S. The results of testing PCW-containing WPB for beading strength
perpendicular to plane

Factor value in the experiment

Tensile strength perpehdicular to plane

No actual values coaded values measurement, MPa
Pe Pr K X1 X2 | X3 Yij ¥2i NET ¥4i ¥si
1 20 20 7 -1 -1 -1 0,489 0,51 0,502 0,505 0,495
2 100 20 7 1 -1 -1 0,459 0,465 0,457 0,395 0,457
3 20 100 7 -1 1 -1 0,421 0,431 0,428 0,442 0,436
4 100 100 7 1 1 -1 0,326 0,345 0,344 0,341 0,346
5 20 20 16 -1 -1 1 0,658 0,658 0,647 0,645 0,642
6 100 20 16 1 -1 1 0,611 0,595 0,601 0,611 0,589
7 20 100 16 -1 1 1 0,605 0,623 0,621 0,643 0,637
8 100 100 16 1 1 1 0,585 0,592 0,567 0,549 0,558

Table 6. The results of testing PCW-containing WPB for thickness swelling

Factor value in the experiment

No actual values actual values Thickness swelling measurements, %
P Pr K Xi | X2 | X3 Yij Vi V3i Y4i Ysi

1 20 20 7 -1 -1 -1 17,29 17,13 16,97 17,51 17,34
2 100 20 7 1 -1 -1 17,12 16,94 16,89 16,87 17,20
3 20 100 7 -1 1 -1 16,24 17,69 16,97 16,47 16,87
4 100 | 100 7 1 1 -1 16,81 16,95 16,93 16,56 16,84
5 20 20 16 -1 -1 1 14,89 14,47 14,28 14,75 14,33
6 100 20 16 1 -1 1 14,29 14,21 14,58 14,17 14,55
7 20 100 16 -1 1 1 14,08 14,08 14,00 14,15 14,21
8 100 | 100 16 1 1 1 13,94 13,88 13,96 13,79 13,95

On calculating mean values and sample variances, the check on variance homo-
geneity in the experiments by means of Kohren G-criterion indicated that all the vari-
ances were homogeneous. By using similar procedure, the variances of reproducibility
of measurements of physical and mechanical properties were calculated: for bending
strength: Sre2 = 0.112; for tensile strength perpendicular to plane: Sre2 = 0.0003; for
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swelling: Sre? = 0.0646. The root-mean-square deviation for calculated coefficients of
regression equations made up: for bend strength: S{bi} = 0.05; for tensile strength per-
pendicular to plane: S{bi} = 0.0025; for thickness swelling: S{b;} = 0.0402.

On checking regression equations coefficients for meaningfulness and establish-
ing their confidence intervals, the calculations showed that the regression equations co-
efficients are meaningful except for eight ones (Tables 7-9), but we do not ignore them
in consideration of system approach.

Table 7. Checking regression equation coefficients for meaningfulness,

their confidence intervals for bending strength

Coefficient Coigf{‘lféent t(q,f)S{bi} | Conclusion f‘:‘gdse?g‘; mtewaﬁ‘:::f;gg
bo 15,651 0,11 Meaningful 15,54 15,76
b -0,119 0,11 Meaningful -0,22 0,01
b2 -0,517 0,11 Meaningful -0,62 -0,41
b3 3,094 0,11 Meaningful 2,99 3,20
b1z -0,026 0,11 No meaningful -0,13 0,08
b3 -0,021 0,11 No meaningful -0,13 0,09
ba3 -0,104 0,11 No meaningful -0,21 0,00

Table 8. Checking regression equation coefficients for meaningfulness,
their confidence intervals for tensile strength perpendicular to plane

Coetticent | SO q s iby | Conclusion  [—Confidence nterval boundarkes
bo 0,521 0,01 Meaningful 0,52 0,53
b -0,031 0,01 Meaningful -0,04 -0,03
b2 -0,029 0,01 Meaningful -0,03 -0,02
b3 0,091 0,01 Meaningful 0,09 0,10
b2 -0,006 0,01 No meaningful -0,01 0,01
bi3 0,005 0,01 No meaningful 0,00 0,01
ba3 0,015 0,01 Meaningful 0,01 0,02

Table 9. Checking regression equation coefficients for meaningfulness,
their confidence intervals for thickness swelling

Coefficient Cos’iflilcl:;ent t(q,fy)S{bi} Conclusion b(f j;zgdse?; ; 1nterva11)i‘tjr(:::f ; ﬁ:i
bo 15,604 0,08 Meaningful 15,52 15,69
b -0,082 0,08 Meaningful -0,16 0,01
b -0,185 0,08 Meaningful -0,27 -0,10
bs -1,376 0,08 Meaningful -1,46 -1,29
b2 0,025 0,08 No meaningful -0,06 0,11
b3 -0,014 0,08 No meaningful -0,10 0,07
b3 -0,039 0,08 No meaningful -0,12 0,04

The regression equation coefficients obtained as a result of the full-factorial plan re-
alization possess a clean physical meaning. The coefficient b, is equal to the output value
and of all factors are fixed at the basic level. The sigh of the coefficient b; points to the na-
ture of corresponding factor influence: if bi>0, the output value tends to increase with an
increase of the factor x; value, and vice versa. The absolute value of the regression coeffi-
cient in the model points to the extent to which the response function is affected by the cor-
responding factor. The higher absolute value of the coefficient, the stronger influence on
the output parameter change has the factor to which the given coefficient corresponds.
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Thus, the extent of the factors effect on the output values can be compared by means of lin-
ear regression model and so revealing the most important factors.

In order to evaluate the ability of the obtained models to describe output values
with the same degree of accuracy as the experimental results, the mathematical models
were checked for their adequacy by Fisher F-criterion by means of which the variances
of adequacy Sad® and reproducibility Sre* are compared.

The calculated adequacy variances for physical and mechanical properties of
PCW-containing particleboards made up: for bend strength Sas?> = 0.040; for tensile
strength perpendicular to plane Saa? = 0.00059; for thickness swelling Saa? = 0.0306.

The calculated values for Fisher criterion for physical and mechanical properties
of PCW-containing particleboards made up: for bending strength Fea = 2.821; for ten-
sile strength perpendicular to plane Fea = 0.437; for thickness swelling Fea = 0.512.

The tabulated value for Fisher criterion is equal to 250. By comparing the calcu-
lated values for Fisher criteria with the tabulated ones, we can see that the inequality
Fea < Frap 1s accomplished for physical and mechanical properties of PCW-containing
particleboards. That is, the mathematical models obtained are considered adequate and
can be used to describe objects. Thus, the calculations done made it possible to obtain
the following regression equations of the full-factorial plan with actual factor values for
physical and mechanical properties.

ob = 8,145 — 0,00043-P. — 0,0053-P¢+ 0,729-K + 0,000016-P.-P¢+ 0,00011-P.-K — 0,00057-P¢ K
ot = 0,442 — 0,00088-P. — 0,0015-Ps+ 0,0136-K + 0,0000035-P.-Pr+ 0,000028-P.-K — 0,000083 - P+ K;
Ah =19,37-0,0021-P. —0,0031-P¢s+ 0,288-K + 0,000016-P.-Ps+ 0,000076-P.-K — 0,00022-P¢K;

The data of regression equations describe the physical and mechanical properties
of PCW-containing particleboards and allow output values to be calculated for any
point of the experiment zone provided that x; = [-1;+1], where i = 1, k.

Since the influence of factors and their interaction on the response function is best
analyzed graphically, three groups of diagrams were constructed by regression equa-
tions: the relationship between output value (bending strength, tensile strength, and
thickness swelling) and PCW content both in the face layers and core at the constant
values for the binder at the minimum, mean, and maximum levels (Fig. 11-13).

Graphical representation of the relationships obtained allows for revealing charac-
ter of variable factors influence on the properties of the resulting particleboards, since the
full-factorial plan was realized here, all the dependences have linear character. As is seen
from the diagrams, the PCW content in the particleboards behaves equally at different
binder content levels that is the bending strength is decreasing within from 19.469 to
12.030 MPa range, the tensile strength is decreasing within the range of 0.646 to 0.344
MPa, while the thickness swelling is also decreasing from 17.22 to 13.93 %. The dia-
grams also show that the lines do not run parallel to one another, and the angle of their
slope varies as certain variable factors change. This points to the fact that the influence of
factors interaction is just as significant as the influence of the individual factors.

Our study has demonstrated that for a given 700 kg/m® particleboard density and
an average glue consumption of 11.5 %, an increase in PCW chips content in the face
layers from 20 to 100 % results in decreased bending strength by 6 % while the same
increase in PCW content in the core makes up only 1 %. The use of a 100 % PCW par-
ticles content and glue consumption of 11.5 % both in the core and the face layers re-
sults in the bending strength of 15 MPa, which is 8 % smaller than for the case of a 20
% PCW content. The conditions being the same, it was found that the tensile strength is
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essentially influenced by the increased content of PCW particles in the core an decrease
in the tensile strength amounted to 9 %. The physical and mechanical properties of the
particleboard are most influenced by the glue content. With increasing the glue content,
the strength is also increasing (by 30 %) while the thickness swelling is decreasing (by
15 %). The reason for this lies in the fact that there is a greater amount of adhesive
spread per unit surface area of the wood particles, and this glue film prevents the water
from penetration into the interior of wood particles. Also, due to the absence of bark
from PCW particles, there is an increase in the strength by 2 to 5 % in the PCW-
containing particleboard compared to panels made from conventional wood.
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Thus, WPB that has a 60 % PCW particles content and the glue consumption of
11.5 % produces composite materials that meet the requirements for the P-A type of par-
ticleboards according to DSTU 10632:2009 «Wood particleboards. Specifications» [11].
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Conclusions and recommendations:

1. It has been found that PCW of categories I and II (30 to 50 % of the total volume) is an im-
portant wood resource and can essentially expand the raw material base for WPB manufacture.

2. Processing procedures for WPB manufacturing have been developed with the use of PCW as
raw material. By using Full-factorial, Plan-23, a multyfactor experiment was conducted and the plan-
ning matrix has been elaborated. It has been found that graded PCW chips (solid wood) of categories I
and II are characterized by a standard fraction (no less than 80 %) and meet the requirements for chips
PS GOST 15815-83 [16]. The chips prepared from clean PCW, provided that they are obtained on the
standard equipment, do not differ essentially by geometry, shape, and fraction composition from those
obtained from conventional wood. Investigations have been carried out to assess the influence of
PCW and binder contents in each of the layers on physical and mechanical properties of tree-layer par-
ticleboard: bending strength and tensile strength perpendicular to plane, and thickness swelling.

3. Adequate mathematical models were obtained for physical-and-mechanical parameters of WPB
versus the PCW and binder contents in each later. It has been revealed that for a given 700 kg/m? den-
sity, the boards made from PCW, depending on the PCW category (quality) and glue consumption, hat
a 8 to 10 % decrease in the bending strength and 12 to 32 % decrease in tensile strength compared to
boards made from conventional wood, they also meet the requirements for P-A type of particleboards,
DSTU 10632:2009 «Wood particleboards. Specification». It has been revealed that thickness swelling
for PCW-made particleboards with an average glue consumption of 11.5 % is 3 to 5 % less compared
to boards made from conventional wood, also, the glue consumption increase from 7 to 16 % results in
the thickness swelling reduction by 18 % under the same manufacturing process conditions. This is ac-
counted for by the fact that PCW particles lose bound moisture after long-lasting usage (20 to 40
years) that is, they become more porous and this, in turn, is responsible for greater amount of these
particles per unit volume, thus promoting their greater compactness, which prevents the penetration of
moisture. It has been found that the optimum conditions for manufacturing boards of standard quality
(DSTU 10632:2009) are as follows: for P-A type (13 MPa) — PCW particles content in the core and the
face layers may amount to 60 % with an average glue consumption of 11.5 %; for P-B type of boards
(11.5 MPa) — PCW particles content in the core amounts to 100 % and 80 to 100 % in the face layers
with glue consumption in the core being 7 to 8 % and 10 to 11 % in the face layers.

4. Estimated was the effect of introducing the results obtained in practice at the Swisspan Ltd. En-
terprise, which lies in the fact that the use of PCW in the particleboard manufacture leads’ to the re-
duction of costs for conventional wood by 9.4 % [10].
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VJIK 674.815. Hou. C.B. I'aitoa — HJITY Ykpainu

Hocaigkennst pi3MKo-MeXaHIYHUX BJIACTUBOCTEM
JePEeBUHHO-CTPYKKOBHUX IUIUT i3 BJKUBAHOI 1ePeBUHU

Bcranosneno, mo BxuBana jaepesuHa (BXX]/]) € He3amissHUM pecypcoM JAEpeBHHMX BiIXOJiB,
MPUAATHUM JJIs1 BUPOOHUIITBA IepeBUHHO-CTPY)KoBUX TuUT (JCII). BctanoBneHo, o BigcopToBaHa
Tpicka 3 BXKJI (MacuBHOI nepeBUHM) MepIIoi Ta JIpyroi Kareropii XxapakTepusyeTbCs BMICTOM KOH-
muiHoi (pakmii 1 BignmoBigae sumoram o Tpicku [1C 3rigro 'OCT 15815-83. Crpyxka i3 4nucToi
BX/1, siximio BoHa ofiep>kaHa Ha aHAJIOTIYHOMY O0JIaHaHHI, IKe BUKOPHCTOBYIOTh Ul IEPEpOOIICHHS
MIEPBUHHOI CHPOBUHH, 32 TEOMETPUYHUMH po3MipaMu, HOpMOIO Ta PpakIiHHUM CKJIaJIOM HE CYTTEBO
BIJIPI3HSETHCS BiJl CTPYXKKHU 3 TpaauLiiHOi nepeBunu. JlocnimkeHo BB BMicTy BXK]] y koxkHOMY 13
mapiB Ta B’sKy4oro Ha (izuko-mexaHiyHi BiactuBocTi TpumapoBux JCII — MiniHICTh IpH CTAaTUYHO-
MY 3THHI, PO3TATY NEPHEHIUKYIISPHO 10 IJIOUIMHYU TUTUTH Ta HAOPAKAHHS 32 TOBIIMHOIO.

['padiuna iHTEpIIpETAIlisS OACPIKAHUX 3aJICKHOCTEH T03BOJIMIIA OOIPYHTYBATH XapaKTEP BIUIHBY
3MIHHUX ()aKTOpIB Ha BJIACTHBOCTI ofepkaHuX MHT. OcKinbku OyB peanizoBaHUN MOBHO(MAKTOPHUN
TJ1aH, TO BCl 3aJIGKHOCTI HOCSTH JIHIMHUN XapakTep. 3 rpadikiB qobpe BuaHO, mo BmicT BX] B mia-
na3oni 20-100 % B JICII Bene cebe 0JHAKOBO MPH PI3HOMY BMICTI B’sKy4oro. 30Kpema, pu BUTpATi
kiero 11,5 % MinHICTh mpu cTaTHYHOMY 3rUHI cnagae 3 16,25 no 15,0 MIla., npu po3tary nepreHau-
KyJsipHO 10 Tutommau it — Big 0,575 mo 0,455 MIla, a HabpsikanHs 3a ToBOIMHOKO — 3 15,90 mo
15,36 %. Ha rpagiuaux 3aJIeXKHOCTAX TaKOX YITKO BHJIHO, IO JIiHIT MK cO00I0 HE € mapajelbHUMU 1
KYT iX HaxXmiy 31 3MiHOIO IEBHHUX 3MIHHUX (pakTopiB pizHuil. Lle cBiAUUTH Npo Te, 110 BIUIMB B3a€MO-
Nt (haKTOPIB € TAKOK 3HAYHUM Y TIOPIBHIHHI 3 BIUIMBOM CaMHX (aKTOpiB.

JloCIiIKeHHAMH BCTAHOBJIEHO, IO HPH IIiIbHOCTI mauti 700 M>/KT Ta cepenHiil BUTpaTi Kiiero
11,5 %, 301nbp11enns BmicTy ctpykku 13 BXX/I y 30BHimHIX mapax Big 20 g0 100 % 3mMeHIIye MIIHICTD
IIpU CTAaTUYHOMY 3TuHI Ha 6 %, a Take K 30UIbIICHHS Y BHYTPIIIHBOMY IIapi MPUBOIUTH 10 3MEHIIICH-
Ha Tibku Ha 1 %. [Ipu 100 % BurorosnenHi T 13 BXX]I Ta cepeaniit BUTpati Kiiero AJIs ABOX IIa-
piB 11,5 % MiHICTh pH cTaTUYHOMY 3TUHI cTaHoBmia 15 Mlla, mo Ha 8 % MeHIe, HiX MPU HAIOB-
HEHHI1 JepeBOCTpPYKKOBOro kuiumy Ha 20 % ctpysxkkoro 13 BXK/]. AHanoriyHo npu THX *e yMOBaXxX BH-
SBJICHO, 110 Ha MILHICTh MPH PO3TATY MEPHEHIUKYIIPHO 10 TUIOMIMHU IJIUTU CYTTEBO BIUBAE 301J1b-
menHst BMicTy cTpykku BXXJ (3 20 go 100 %) y BHyTpilIHROMY IIapi, HIK y 30BHIIIHIX. Bennuunna
MIIHOCT1 3MEHIIy€eThbcst Ha 9 %, ane Binnmosigae Bumoram o mauT mapku [1-A 3a JICTY 10632:2009.

HaiiGinpimmit BrutiB Ha (pi3MKo-MeXaHIuHI TTOKAa3HUKHU TUTUT Ma€ BMICT KJiieto. [1pu 301ibiieHH1
BMICTY KJICIO MILIHITh 30UIbLIYEThCA, @ HAOPSKAaHHS 32 TOBIIMHOIO 3MEHIY€eThCs. Lle 3yMoBiieHO Oiib-
[IIMM TIOKPUBAHHSM JIEPEBHUX YaCTUHOK TUTIBKOIO KJICIO, SIKA MEPEIIKOKAE TIPOHUKHEHHS BOH y Ce-
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peAVHY JePEBHUX YACTHHOK, & TAKOX BIJICYTHICTIO KOpH B ckiani BXK], sika HEraTUBHO BILTMBAE Ha
MPOIIECH CKIICIOBaHHs, TOOTO Ha ¢izuko-mexaniuni BaactuBocTi it JICII. Kpim Toro, excniepumen-
TaJIbHO JOBEJCHO, 0 KOHTPOJIBHI eKCIIEpUMEHTaNbHI 3pa3ku i3 100 % BUKOPUCTaHHAM TPaaUIiHHOL
CHPOBHUHU TIPH OJIHAKOBIN BUTpATI KIJICIO, MM MEHII (h13MKO-MEXaHIYHI BIACTUBOCTI, HIK IUIUTH 13
20 % nanoBHeHHsM 13 BXX/I: Mexa MIIIHOCTI OCTaHHIX NMpPU CTaTUYHOMY 3rHMHI Oyna Ouibioro Ha 15
%, mpu pO3TATY MEPHEHIUKYISIPHO 0 IJIOMIMHU TUIMTU TaKoX OLIbIoio Ha 22 %, a HaOpskaHHA 3a
TOBIIMHOIO Oys0 MeHIIUM Ha 17 %. Ilo-nepie, 3pOoCTaHHs MOKa3HUKIB Y Jiala30Hi BMICTY CTPYXKKH 3
B/ Bix 0 % no 20 % 3ymoBiieHe 301abI1eHUM BMIcTOM (y J1Ba pasu) ApiOHoi dpakmii (1/0) y cTpyx-
i 3 BXX/] (tabn. 1); mo-apyre, ApiOHI YaCTHHKHU 3alOBHIOIOTH ITYCTOTH 1 TMM CaMHMM 30UIbLIYIOTH
TJIONY CKJICIOBAHHS, 1[0 BIUIMBAE HA TTOKA3HUKU MIITHOCTI; TIO-TPETE, MPU JOOABIISIHHI i 10 30BHIMIHIX
IapiB — MOKPAILY€EThCS CTPYKTYpa MOBEPXHi (IIOPCTKICTh) OAEP)KAHUX IUTUT, a MPHU AO0OABISHHI 10
BHYTPIIIIHHOTO IIAPy — HEIUIOCKA CTPYKKa (CKpydeHa, KyOMKOIOAI0HA) YaCTKOBO PO3TAIIOBYETHCS HE
B IUIONIMHI IJIMTH, a MiJ] KyTOM, [0 3yMOBIIOE OLIBIINI OMip PO3TATY NEPIEHAUKYISPHO TUIOMIMHI
IUTATH, OCKUTBKY Ha 11 BJIMBAIOTH HE TIJIbKU KJICEBI IIBH, ajie i BOJIOKHA JICPEBUHH.

TakuM 4MHOM, €KCIIEpUMEHTAIBHO BCTAHOBIICHO, 10 Mpu BMicTi 60 % BXKJI Ta cepenniii Bu-
Tpari ket 11,5 % y JACIL, oxeprkani KOMMIO3UIIIHI MaTepiaiy BiAMOBIIAIOTH BUMOTaM JI0 TUIUT Map-
ku I1-A 3rigao JICTY 10632:2009 «I1nutu aepeBUHHO-CTPYKKOBI. TeXHIUHI yMOBHY.

BucHoBKM Ta pekoMeHaAI|l:

1. Bcranosneno, mo BXX/I nepmoi ta apyroi kareropiit (30-50 % Bix ycboro 06’eMy 30upaHHs)
€ 3HAUHUM PECYpCOM JCPEBUHH Ta CYTTEBUM JI0JIaATKOM IO OCHOBHOI CMpoBHHHU y BupoouuuTsi JJCIIL.

2. Pospo6neno texnosoriro BurorosiaeHHs JICII 3 Bukopucranusm B sikocTi cupoBuan BXX/I. 3a
suxopuctanas [1OI1-2° nposeseHo 6ararohakTopHuil eKCHEPUMEHT Ta PEali30BaHO MATPHINO IIAHY-
BaHb 3T1JIHO METOJIMKH JIOCII/KeHb. BeTaHoBIeHO, 1110 BijmcopToBaHa Tpicka 3 BXK][ (macuBHOI nepe-
BUHH) NIEPUIOI Ta JPYroi KaTeropii XxapakTepu3yeTbcs BMICTOM KOHIUIIHHOT ppakuii (He meHe 80 %)
1 BignoBigae Bumoram no Tpicku I1C 3a TOCT 15815-83. Ctpyxka i3 unctoi BXK/, sxmio BoHa oxep-
KaHa Ha aHAJIOTIYHOMY OOJIaJJHAHHI, SIKE BUKOPUCTOBYIOTH Ul NepepoOIeHHs IEPBUHHOI CUPOBUHH,
3a TEOMETPUYHUMH po3Mipamu, GopMoro Ta (GpakIifiHUM CKIaAOM HE CYTTEBO BIJIPI3ZHIETHCS BIJ
CTPYXKKHU 3 TpaJAULINHHOI AepeBUHH. 301abIIeHuit BmMicT apioHoi dpakmii (1/0) y crpyxui 3 BX/ y aia-
na3oHi BMicTy ctpykku 3 BXK/I Big 0 % 10 20 % y miauTi 3yMOBIIIOE 3pOCTaHHS MOKA3HUKIB (13UKO-
mexaHiuHuX noka3HukiB JICII. KoedimieHT aHi30Tpomii CTPYKOK /1a€ MOXIIUBICTh NepeadavyaTi moka-
3auKd MinHOCTI T 13 BXKJ[. 6. Oxepxano agekBaTHI MaTeMaTH4HI MOJENI 3aleXHOCTI (Hi3UKO-
mexaHiuHux nokasHukiB JICII Bix Bmicty BXK/I 1 B’shkydoro B Ko>kHOMY 13 mIapiB. BeraHoBieHo, 1o
npu wineHocTi 700 kr/™M° mmty i3 BXKT (100 %) manu, B 3anexHocTi Big BmMicty BXKJT (20-100 %) Ta
BUTpATH KJeto, Ha 8-10 % MeHIy MilHICTh IPU CTATHYHOMY 3THHI Ta Ha 12-32 % MeHI1y — npu po3-
TATY TIEPIEHAUKYISIPHO 10 TUIONMIMHU TUTHTH, HIXK 13 BMicToM BXK]] 20 %, i, mpu 1iboMy, BiAMOBigaH
BuMoram A0 Tt Mapku [1-A JICTY 10632:2009 «IInutu nepeBUHHO-CTPYKKOBI. TeXHIUHI yMOBHY.

7. 3’sicoBano, 1o HaOpsikanHsA 3a ToBuHO0 11 JICIT 13 BXKJ] (100 % ) mpu cepenHiit BUTpari
kiero 11,5 % e na 3-5 % menmmm, Hix y it 13 20 % Bmictom BXK/], kpiM TOoro npu 3miHi KilbKOCT1
kiero Bix 7 % mo 16 % it TUX ke yMOB BHUTOTOBJICHHS HAOpsSIKaHHS 3a TOBIIMHOIO 3MEHIIYETHCS Ha
18 %. IIpnunna — nepesHi yactunku 13 BXX/] micns tpusanoro Bukopuctanus (20-40 pokiB) BTpaya-
I0Th 3B’SI3aHY BOJIOTY, TOOTO € OUIBIII MOPUCTUMH, a IIE 3YMOBIIIOE iX OUIBIIY KIJBKICTh B OJMHMII
00’eMy, 110 CTIpHsi€ MiABUIIEHOMY YITUTHHEHHIO IX MiX CO000, TOOTO 3MEHIIIYE TPOHUKHEHHSI BOJIOTH.

8. BcTaHoBieHO, 10 palliOHAIbBHUM YMOBAaMH BUTOTOBJICHHS TUIMT cTaHmapTHOI sikocti (JICTY
10632:2009) Bignosigarots: s mwint Mapku [1-A (13 MIla) — Bmict BXK/] y uinTi y BHYTpilIHBOMY
Ta 30BHIIIHIX IIapax Moxe cTaHOBUTHU 110 60 % mpu cepenHiii BUuTpati kieto 11,5 %; ans maut mapku
I1-b (11,5 MIIa) — Bmict BX]] y BayTpimmsabomy 10 100 % Ta 30BHILIHIX IIapax Moke CTaHOBUTH 80-
100 % npu BuTpaTi K€k y BHYTpilIHbOMY I1api — 7-8 % Ta 30BHimHIX mapax — 10-11 %.

9. Po3paxoBaHO €(eKTHBHICTH BiJ] BIIPOBAHKEHHS OTPUMaHUX pe3ynbraTiB BuroroieHHs JCII 3
BukopuctanasMm BXKJ[ va mignmpuemctsi TOB «Csucnan JlimiTeny, sKi MOJISATalOTh B TOMY, IO 3aBIs-
k1 3ainydenHio BX/I, 3MeHmaThCst BUTpaTu Ha TpaauliiiHy nqepeBuHy Ha 9,4 %.

KuarouoBi ciioBa: nepeBuHa, BXKHMBaHa JEPEBHHA, JEPEBUHHO-CTPYKKOBA IUINTA, TPICKa, CTPYXKKa,
aHani3 ¢pakmiiiHoro ckiany, GpisMKo-MexaHiyHi BIACTUBOCTI IUIMT, MIIHICTh MPU CTaTUYHOMY 3THHI,
MIIHICTh TIPH PO3TATY MEPIESHIUKYIISIPHO TIJIOMINHI, HAOPSKAHHS, €KOJIOT0-€KOHOMIYHA €(DeKTHUBHICTD.
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MOUNTAIN FORESTRY POLICY AND STRATEGIES IN RESPONSE TO CLIMATE
CHANGE CHALLENGES: THE CASE OF THE UKRAINIAN CARPATHIANS

This article describes the contribution of mountain forests to climate change adaptation and
mitigation. The Ukrainian Carpathians are used as a case study to analyse the challenges for forests
and forestry under global climate change impacts. Policies and strategic measures should be combined
to work efficiently towards a forest sector response to climate change challenges and take into account
the specific features of mountain territories. Results of a field study on the attitudes of forest-
dependent communities towards implementation of climate policy and sustainable forest management
(SFM) strategies are presented.

Keywords: climate change, carbon sequestration, mountain policy, adaptation and mitigation
strategies, Ukrainian Carpathians.

Introduction. Mountains are among the region’s most sensitive to climate
change. Mountain areas have a marked and complex topography and so their climates
vary considerably over short distances. Thus, climate change projections are difficult to
make. In the mountains temperature changes with altitude; therefore, the impacts of a
warmer climate are different for different elevations. But mountains themselves play a
major role in influencing regional and global climates (Kohler & Maselli, 2008).

Climate changes are going to transform the mountain forest, both directly through
the effect of the climate on vegetation and indirectly through changes in the socio-
economic context and the demand for forest services (Courbaud et al 2011). European
mountainous areas, in contrast to many other mountain regions of the world, have high
population densities and consequently many potentially conflicting demands on the en-
vironment. Forest ecosystems are key elements in the land-use matrix of these areas,
providing a variety of goods and services to human livelihoods. Expected climate
change could place these ecosystem services at risk (Maroschek et al 2009). This article
discusses the potential forest policies and strategies towards climate change impacts ad-
aptation and mitigation in mountain conditions. .

Ukrainian Carpathian forests and potential impacts of climate change. The
Ukrainian Carpathians cover 4 % of the territory of Ukraine, but they produce one-third
of the forest resources of this country, with forests in this region occupying 53.5 % of
the land (MoE, 2003; Gamor, 2003). Forests are primarily publicly owned and managed
by state, with the forestland divided into protected forests managed for environmental
needs and forests managed for commercial purposes. There are 70 species of trees, 110
species of bushes and 1500 species of herbaceous plants in the Ukrainian Carpathi-
ans.This is (outside Russia) Europe's last great wilderness area that supports large carni-
vores, with over half of the continent's population of bears, wolves and lynx.

The Carpathians belong to the country's most unique and biologically diverse re-
gion in terms of species richness, the presence of rare and endemic species, and their
unique habitats. The mountain range hosts natural and semi-natural forests and many
species, including Europe’s largest populations of brown bears, wolves and imperial ea-
gles, a globally threatened species. Human influence on forest ecosystems in the Carpa-
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thians, during the 18-20" century, has led to deforestation and forest degradation that
still challenges the environment and landscape’s stability. In 1956-1960, annual vol-
umes of timber harvest exceeded the average increment by almost double (Gensiruk,
2002). This resulted in the decrease of water-protective functions of the Carpathian for-
ests, intensified erosion processes, decreased endurance of spruce stands and contribut-
ed to the occurrence of floods and windfalls in the mountains (Nijnik et al 2009).

Today the tendency is to decrease logging in the Carpathians. However, these
forests are threatened by poor timber harvesting practices, over-harvesting in the past,
overgrazing, and other anthropogenic pressures resulting in the decline of forest health
and vitality, soil erosion, destruction of native vegetation, degradation of wildlife habi-
tat and the subsequent loss of biodiversity. Moreover, forest use in recent years has been
strongly driven by short-term financial considerations, whereas long-term economic
reasoning to sustain and enlarge forest resources and ecosystem services have often
been overlooked (Nijnik et al 2009). Environmental requirements and the needs of local
people urgently call for new forest management practices that would put emphasis on
the sustainable, multipurpose use of forests, and their proper integration with other land
uses into an overall landscape context.

Previous studies of plant communities’ reactions to climate warming in the Car-
pathians have shown that it is expressed differently, depending on the vertical location
of the forest zone, biological peculiarities of dominant plant species, and the nature of
their interrelrelationss and directions of succession processes.

In practical forestry plan there are two aspects of environmental impacts of cli-
mate change on forestry — positive and negative impacts. The positive environmental
impacts include: possible spontaneous spreading in mountainous areas of hemophilic
tree species and increase of biodiversity; possibility of raising high-altitude zone of oak
forests and oak-beech forests with Sessile Oak and enriching their species composition
(chestnut, Eastern Black walnut, Eastern White Pine et al); increase in growth and
productivity of tree species stands due to increased vegetation season; reduction in the
frequency of fruiting of trees and increase of these species’ fruitfulness; penetration in
the mountainous areas of thermophilic species of fauna and an increase of its biodiversi-
ty; improvement of ecological processes in the soils of mountainous areas; accelerattion
of spontaneous renaturalization of the upper border of forests and improvement in their
water regulation and soil protection functions; expansion of recreational potential of
mountain forests and an increase in their social value. Adverse environmental effects
include: increase in rainfall, water content of mountain rivers and increased risk of
floods; increased frequency of dangerous natural phenomena — avalanches, erosion pro-
cesses, landslides, mud flows, karsts creation processes; freguency of winds and in-
creased risk of forest windfalls; increased danger of forest fires; favourable conditions
for forest pests and microflora, which can be dangerous for forests (Stoyko 2009). Thus,
climate change poses great risks, but also some opportunities.

The relatively long rotations currently required under Ukrainian forest code offer
significant carbon storage benefits. On-going research suggests that structurally com-
plex temperate forests, such as old-growth Carpathian beech and mixed conifer-
hardwood forests, store very large amounts of carbon. Conservation of these systems
can contribute to climate change mitigation efforts. Active silvicultural management for
structurally complex, high biomass forests offers additional benefits (Keeton and Crow
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2009). The Carpathian forests may offer a low-cost opportunity for carbon sequestra-
tion. The region has the potential to contribute to global carbon uptake, primarily be-
cause of the availability of land suitable for tree planting, good forest-growing condi-
tions and relatively low afforestation costs.

Attitudes of forest-dependent communities to climate policy and SFM strate-
gy implementation. The contribution of forests to climate change mitigation and adap-
tation depends on the sustainability of forest management. An adaptive approach to
SFM will be essential due to the anticipated effects of climate change on Carpathian flo-
ra and fauna. Market based incentives for sustainable forestry, such as green certifica-
tion and carbon markets, provide significant opportunities for the Carpathian region
(Keeton and Crow 2009). The consideration of forest sector stakeholders’ attitudes is
important in the context of implementing a SFM paradigm and developing strategic re-
sponses from the sector towards climate change. The motivational context of the deci-
sion making process in the forest sector is not a sufficiently developed research field.
Only a few studies have focused directly on the forest sector stakeholders' attitudes,
perceptions, and values. Most of these studies have been carried out in the United
States, Canada, Sweden, Finland, Germany, Great Britain, and Austria. These studies
focus mainly on forest landowners' motivations, and less on the forestry professionals'
values, attitudes and perceptions that regulate their professional behavior.

Based on a survey among all forest stakeholders in the rural mountain areas of
Ukrainian Carpathians initiated by atelier “Ecological Economics and Sustainable For-
est Management” (Lviv, 2007) we can sketch a generalized picture of attitudes towards
SFM principles. In total, 735 respondents were involved in the survey, with 74 % of re-
spondents working for the public sector; 10 % — for the private sector (non forest relat-
ed); 8 % — private entrepreneurs who specialize in harvesting, wood processing or non-
wood forest products processing; 4 % — temporarily unemployed; and 1 % — students.
The results of this study identify a low level of awareness of SFM ideas.

Only 12.7 % gave an answer that they are know precisely what the term “sustain-
able forest management” means. The main share of respondents (63.5 %) knows the
general terms concerning this concept, and 23.8 % of respondents never heard of it. The
authors suggest that there is a lack of understanding of the forest mangers' attitudes to-
wards the SFM paradigm. This lack of specific knowledge is a serious obstacle for new
forest policy implementation. More than half of respondents recognized an economic
(57.3 %) or an ecological role (60.7 %) of forests as a very important factor of regional
development. A considerable portion of respondents recognized both the economic and
ecological role of forests as important — 33.2 % and 38.1 % as very important.

In the context of the growing importance of climate change issues, respondents
were asked whether climate change will become a globally significant factor for forestry
in the near future. A positive response to this question was given by 81 % of respond-
ents indicating a high level of public awareness of climate change and the realization
that it is a challenge for the forestry sector.

While 81 % of respondents stressed the need for further reforms in the forest sec-
tor, the rest of respondents are satisfied with the present state of this sector and the cur-
rent model of its development. The high percent of respondents with positive attitudes
towards the process of the sector reforming (81 %) confirms the favourable precondi-
tions for further reforms and its potential support. First of all, respondents would like to

113



reform the system of financing (45 % of respondents), the system of governance (33 %
of respondents), and economic relations (20 % of respondents). 13 % of respondents
emphasize that it is necessary to reform human resource policy. 18 % of respondents
called for regulatory and legal framework reforming. Respondents stressed the im-
portance of the following activities of adaptation in the course of reforms: improvement
of felling system, tree-planting system, decision making in forest management, harvest-
ing technique, development of forest roads network, and improvement of nature pro-
tected areas. In the opinion of 29 % of respondents an improvement in Ukraine’s eco-
nomic situation is a precondition for the successful development of forestry.

Currently, forest certification is one of the most popular successful instruments of
forest policy, but only 48.4 % of respondents have a positive attitude towards forest cer-
tification, 45.9 % have a neutral attitude, and 5.7 % are rather afraid of negative conse-
quences of certification. The results show that positive attitudes towards the develop-
ment of reforms in the forest sector are determined by the cumulative influence of such
factors as level of knowledge about SFM, level of knowledge about the Forest Act and
educational level (48.7 %). Increased knowledge of SFM on one level (it is framed from
statement "first time I hear about it" to statement "I know very well what SFM is") cor-
relates to the respondent’s positive attitude towards reforms in the sector (53.4 %).

An increase of knowledge about the content of the Forest Act correlates with the
respondents' positive attitude towards reforms on 7.3 %, and correspondingly, an in-
crease of educational level will increase it by 7.0 %.

The way to sustainability in remote mountain areas lies through internalization of
the most important externalities in using and managing ecosystem services (Nijnik
2002), and through the changing of institutions towards capacity building and active in-
volvement of local communities in decision-making and sustainable policy implementa-
tion. The development of highlands requires mountain-focused strategies, based on
mountain-specific research and on deep local and traditional knowledge of the problems
related to remote rural areas.

Silvicultural and management approaches towards climate change mitiga-
tion and adaptation. Typical forest management practices that increase carbon seques-
tration include: activities which increase forest cover (afforestation, reforestation and
forest restoration); increase of tree cover through agroforestry, urban forestry and tree
planting in rural landscapes; enhancement of forest carbon stocks (in both biomass and
soils) and sequestration capacity through the modification of forestry management prac-
tices. Some forest management activities can conserve carbon stocks in forests.

Possible silvicultural and management approaches that conserve carbon stocks
include: sustainable silvicultural practices; integrated fire management; management of
forest health and vitality; management of forest biodiversity; and management and ex-
tension of protected areas. Different forest management adaptation actions can be im-
plemented at different levels of governance, inside or ouside the forest sector (Table 1).

The following climate change adaptation strategies are recommended for the for-
est sector by the Ukrainian Scientific-Research Institute for Forest Management and
Agricultural Melioration (Buksha 2010):

Forestry-based: The improvement of forest protection methods against wildfires;
the application of more advanced measures aimed at forest protection against pests; the

introduction of resistant tree species, supporting the highest productivity in the forecast
climatic conditions.
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Scientific and technical: The development of forest condition diagnostic and fore-
casting methods; modernization of the information support system to be used for mak-
ing forest management decisions; the development of the scientific and methodological
knowledge base for forest protection against pests and diseases; increased scientific re-
search work dealing with the selection and introduction of new forest species, resistant
to the forecast climate changes.

Legal and administrative: Development of regulatory mechanisms that establish
the principles of the forest management system and which take into account the effects
of climate change; increase in forest user responsibility for forest preservation; creation
of a stimulus system aimed at supporting forest management activity directed at sup-

porting social and ecologically important functions of the forests.
Financial: Establishment of insurance and reserve funds to be used for compensa-
tion of forest management activity expenses under the conditions of climate change.

Table 1. Types of forest management adaptation actions, by implementing actor
(based on Carina & Keskitalo 2011, with changes)

Measures at higher Large-scale | Additional
Measures at forest management level .
governance level measures options
Improved monitorin . . . .
p & Changes in forest structure to increase diversity

and research e . Forest man-

. . . Change tree species/diversity (increase resistance)
Policy advice and in- agement on

Regeneration/ natural regeneration

formation . ecosystem level
. Rotation length
Improved disturbance . o Nature protect-
General (improved) management/ silviculture .
management . . ed area in for-
. Increase afforestation and reforestation .
Legal basis for land al- . . . ests Passive adap-
. Continuous cover/ selective cutting in a system of .
location for afforesta- Forest carbon tation
) close to nature forestry :
tion Forest management in response to additional accounting Other
Market based instru- & p Longer term

ments (Payments for

ecosystem services etc).

Community engage-
ment in forest carbon

stresses
Protection of forests from illegal logging
Fire protection
Pest management

(genetic varie-
ty)
Infrastructure
and transport

Watershed management

projects

The transition plan for the Carpathian forests needs to be viewed as an adaptive
management strategy, one that builds on experience a decade at a time. It needs to begin
by explicitly testing a range of management prescriptions at the outset as a hedge
against climate change impacts. It is impossible to specify what changes in the future
climate regime must be anticipated, or even at what pace those changes may be experi-
enced. Further, ecosystem and forest health and productivity effects may only become
evident with long lags. Choices of species mixes suited to different soils or elevation
belts will necessarily be tentative ones. More complete documentation and analysis of
past climate regime changes in the Carpathians, as it may affect forests and water re-
sources, would be most helpful (Irland and Kremenetska 2009).

In the strategy of forestry development in the Carpathians it is necessary to keep
in mind both positive and negative consequences of global climate change impacts on
forest formations that affect their dynamic trends. S. Stoyko concluded an analysis of
potential impacts of climate change in Carpathian forests (Stoyko 2009) with the rec-
ommendation that an investigation of the Carpathian forest ecosystem’s reaction to cli-
mate change is important not only in the overall ecological and biogeographical aspects,
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but it is also needed for the development of a mountain forestry strategy, which must
focus on forming stable plant communities in each of the elevation belts. In our opinion,
this task of forming stable plant communities should be considered as part of the more
comprehensive task of forming sustainable forest mountain ecosystems. It has become
commonly accepted that a successful climate strategy should combine mitigation and
adaptation. The accurate combination between adaptation and mitigation that can best
address climate change is still an open question. The strategic complementarity between
mitigation and adaptation implies also an economic trade-off. The framework which
proposes to integrate mitigation, adaptation, and climate change residual damages into
an optimisation model (Carraro et al 2010) can be further developed for specific sectors
(forestry) and territories (mountains). It is necessary to promote synergy in planning and
implementation of forestry mitigation and adaptation projects to derive maximum bene-
fit to the global environment as well as to local communities or economies, for example
by promoting adaptive forest management (McGinley & Finegan, 2003). It should also
be taken into account that activities to address mitigation and adaptation in the forestry
sector be planned and implemented locally (Nabuurs et al 2007).

Policies, institutions and governance. Unfortunately, at present Ukraine has no
comprehensive study of adaptation to climate change impacts. At the time of this issue’s
publication, no attention has been paid to it at all. Therefore, to develop the necessary
strategy of adaptation in Ukraine it is necessary to conduct a comprehensive scientific
study on the likely effects of climate change, adaptation measures, and the cost of im-
plementing these measures. Based on the relevant data, it is necessary to develop a Na-
tional Action Plan on Adaptation to Climate Change and regional plans, including a
plan for the Carpathian region. An assessment of the necessary costs for adaptation to
climate change for different sectors is needed. It is important to explore the potential
costs for insurance and other financial instruments that can be used for risk sharing. The
government should have to intensify efforts to reduce the negative impact and the de-
structive consequences of floods in Western Ukraine and forest fires in the South of
Ukraine as resulting from climate change and human activities. At the same time, ex-
cept for measures of adaptation, it is necessary to introduce mitigation measures to re-
duce greenhouse gas emissions to prevent irreversible catastrophic changes to which so-
ciety and the ecosystem will not be able to adapt.

In March 2008 a governmental decree regulating Green Investment Schemes
(GIS) in Ukraine (Decree No. 221) was adopted. According to this decree, the govern-
ment assigned the National Environmental Investment Agency (NEIA), which was es-
tablished in May 2007, as the main institution for both JI and GIS management and for
the country’s compliance with the Kyoto Protocol. With regard to GIS, NEIA is respon-
sible for negotiations with buyers as well as for the design of the GIS under the gov-
ernment’s supervision. A specific GIS law embedded in the country’s legal system was
so far not seen as necessary; the AAU sales and revenue disbursement processes operate
through governmental decisions. Each of Ukraine’s AAUPAs specifies that the dis-
bursement of funds is due prior to 2012, provides for an annual reporting and periodic
site-visits and regulates details on international technical and financial inspection. There
is no overall GIS architecture in Ukraine. The current domestic legislation (Law on
State Budget), however, includes a clause that provides for the use of GIS funds only
for projects directly leading to emissions reductions (Tuerk et al 2011).
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At the Third Meeting of the Conference of the Parties (COP 3) to the Framework
Convention on the Protection and Sustainable Development of the Carpathians (Brati-
slava, Slovakia, from 25-27 May 2011), environment ministers and experts from Cen-
tral and Eastern Europe discussed sustainable development of the Carpathian mountain
region, and adopted a protocol on sustainable forest management. The Protocol seeks to
identify, protect and maintain or enlarge forest cover, as well as improve protective for-
est functions, such as preventing floods and landslides, water cycle regulation and car-
bon sequestration. Absolute annual volume of absorption of greenhouse gases in forest-
ry at the national scale is proportional to the amount of emissions due to agricultural ac-
tivities. In Ukraine, Joint Implementation Mechamism projects on afforestation are not
carried out.The project on the creation of protective forest plantations on contaminated
lands in Polissya, prepared with the assistance of the World Bank, was not implemented
due to lack (at that time) of legislative and regulatory framework for the implementation
of WB projects and an inadequate mechanism for carbon pricing.

The prospect of implementing these projects remains uncertain. During their
preparation, the following key issues to be considered during implementation of such
projects in Ukraine was revealed (Marchuk 2009):

e Forestry projects in the framework of the KyotoProtocol mechanisms may include only affor-
estation, improvement of measures for forest protection from fires and improvement of forestry prac-
tices to reduce greenhouse gas emissions.

e  When considering the feasibility of launching a joint implementation project of afforestation it
should be taken into account the fact that the first 4-5 years after the establishment of forest plantations
the result of carbon sequestration are negative.

e Plantations that are established in accordance with the requirements of joint implementation
projects need other planting and tending technologies which are not regulated by the existing forestry
regulatory framework. They should be included in the existing regulations.

e During the launching of joint implementation projects, it is necessary for the recipient to prove
the principle of subsidiarity, i.e. to prove the fact that without this project the proposed measures in
this sector would not be carried out.

e One of the determining factors for successful implementation of such projects is the allocation
of land under a forests targeted on "Kyoto Protocol " implementation.

During the last 20 years as a result of post-socialist reforms in agriculture a large-
scale reforestation of abandoned land has occurred in the Carpathian region (Kummerle
et al 2011). The hayfields and pastures are now the place of broad leaf trees of such spe-
cies as Betula sp., Alnus ,Incana, Salix and shrubs are becoming a new forest cover.
The young plantations are characterized by high growth energy and are highly produc-
tive and, starting from 3 — 5 years old, are actively involved in the absorption of carbon
dioxide from the atmosphere. After 20-30 years, from the forestry point of view, recon-
struction of such stands will be needed. This can be achieved by planting and sowing in
cut corridors of rows of shade-resistant and valuable species (spruce, oak), or through
conversion (especially of birch stands) to productive forests.

Agricultural lands are often covered first with such pioneer species as Betula, Pinus,
Alnus and Salix and Populus (less favourable fortimber production).These species are fast-
growing, undemanding to soil and hydrological conditions and dominate over more valua-
ble for timber production — tree species. Gradually, under natural conditions these reforest-
ed areas may become semi-natural forests, but this process can take centuries.

Foresters can intervene in such processes through optimizing stand composition
with the help of reconstructive cuttings or cuttings of reorganization. Such actions can
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be carried out only after the conversion of land, which requires the legal transfer from
agricultural lands to the forest fund or private property (Fig. 1).

Fig. 1 presents a version of the algorithm of transformed lands conversion in the
region. Two ways of converting abandoned lands are considered: a) to the forests in pri-
vate property; b) to the forest lands of neighboring forestry enterprises in public (state
or communal) ownership. In both cases, after the transfer it is necessary to complete a
full forest inventory of these areas, which will provide complete and accurate infor-
mation for the needs of land use and forest planning and estimates of carbon absorption
potential. Based on the information from the forest inventory, it is necessary to deter-
mine which viable plantations would most promote the growth of carbon fixation and
correspond to the regional forest features. Depending on the existing tree species com-
position, through tending and thinning the desirable stand can be achieved, which will
require additional expenses. One of the options is establishing energy plantations that
periodically would give a positive economic effect (Soloviy & Ilkiv 2011).

2. Transfer of land 4 . Inventory of 5. Establishment of —
- plots to private forest plots / energy plantations
1. Conversion of
property
land from aban- \ 3]
land to forest . i
doned land to fores 3 Transfer of land 6 Cuttmgs for
land formation of
to the state forest . o f
fund 7. Implementing silvicultural orest
measures with aim to achieve
optimal stand composition and Q/

structure

Fig. 1. The scheme of abandoned land controlled conversion to forest land

In both cases it will be necessary to gradually tend the forest using different types
of planting materials of indigenous species, which will increase the resource potential of
transformed lands. It is possible that these land transformations would be applied sequen-
tially, not simultaneously. This primarily applies to devastated lands of various levels of
degradation. On such lands, it will first be necessary to stimulate afforestation of the spe-
cies that are suitable to energy plantations, and then, after the formation of more sustaina-
ble forest environment, they should be gradually replaced by more valuable indigenous
forest species. Such a scenario would not only have a maximum ecological effect but also
economic and social effects towards well-being of local communities.

Conclusions. Climate change mitigation and adaptation policy should be combined
in an integrated policy framework for the forest sector. The mountain forest policy should
cover both aspects of adaptation — adaptation of forest ecosystems and adaptation of
mountain forest dependent communities. This means taking the ecosystem resilience, dis-
aster risk reduction and flow of ecosystem services into account, as well as the social and
economic aspects which shape local livelihoods and communities’ well-being.

Strategies of forest management adaptation to climate change should be support-
ed by appropriate policy tools. Policies will have to ensure flexibility for forest manag-
ers to respond adequately to the regional socio-economic conditions, the specific natural
conditions of the forest site, to accommodate local knowledge and to consider the needs
of local communities regarding the provision of multiple forest goods and services.
These demands challenge the application of the traditional set of regulatory policy tools
(command and control) and call for additional new models of forest governance based
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on negotiations between all stakeholders. Study results call for enrichment and diversi-
fication of the mountain forest policy instrument set, first of all for diversification of the
informational instruments by introducing new stimulating climate-friendly activities
aimed at efficient communication, learning and trust building among the forestry pro-
fessionals, local communities, authorities and business.
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YVJIK [504.064:338.003.12]:661.66(477.83) Hou. LII.Conogiii, kano. c.-2. HayK
— HIITY Ykpainu, 0-p M.C. Huscnuk — Incmumym /iceiimca Xammona,
Hllomnaanoia, acnip. X.H. Lnvkie — Incmumym exonocii Kapnam, HAH Ykpainu

I'ipcbka JiicoBa moJriTUKa i cTparerii ik BIAMOBIIb HA BUKJIMKHU 3MiHU KJIIMAaTYy:
npukjaajn Ykpaincbkux Kapnar

Po3kpuTO MOTEHIIA TIPCHKHX JiCiB CTOCOBHO aJamnTarii 10 3MiHU KJIIMaTy Ta MOM'SKIIEHHIO 11
HaciAKiB. YKpaiHchki KapnaTu BUKOPUCTaHO SIK MPUKIIAI JJIs aHAII3y €KOJOT0-eKOHOMIYHHX IPO-
O5eM JIiCiB, JIICOKOPUCTYBAHHS Ta BEAEHHS JIICOBOI'O TOCIOAApPCTBA B YMOBAX BIUIMBY IJIOOATBHHUX
3MiH KiiMaty. OOTOBOPIOIOTHCS MUTAHHS 1HTErpallii MOJITUYHUX THCTPYMEHTIB JIICOBOI MOJITHKH 1
CTpaTeTiYHUX 3aXO0JiB y cdepi JICOBOTO rocroiapcTBa, AKi MOBUHHI OyTH BIPOBAIKEHI y BIJMOBIIb
Ha BUKIMKH 3MIHM KIIMaTy, 3 YpaxyBaHHSIM OCOOJIMBOCTEH TIPCBKUX TEepUTOpPiH. 30Kpema
aHaJII3YIOTbCSI MOYJIMBOCTI 3[IHCHIOBAaTH PETYNIIOBaHHS BEJIWYMH BUTOAU BiA (DYHKIII JeTIOHYBaHHS
BYIJICHIO HACA/DKEHHSIMH IUIIXOM BIIOPSIKYBAaHHS MPOIIECY 3aJiCHEHHS 1 KOHTPOIIIO BUKOPUCTAHHS
pecypcHOro moTeHIiany 3emenb. Po3risHyTi IUTaHHI PalioHAJIBHOTO BUKOPUCTAHHS CaMO3aJiCHEHUX
3eMelb. 3MiHU Y 3eMJICKOPUCTYBAHHI € MMUTAaHHSIMU JIEPKABHOTO XapaKTepy, OCKUIBKU caM 3eMJIeBJIac-
HUKA, HE MAaloud 3MOTM YTPUMYBATU YTiAAS CUIBCHKOTOCIIONAPCHKOTO NPU3HAYEHHS, HE 3MOXKE
3MIMCHUTH TIepenpodUIFOBaHHS 3eMeJb 10 JIIcOBOTO (poHIy. 3 €KOHOMIYHUX MIPKYBaHb 3BOPOTHIH
IpOIEeC CaMO3aICHEHUX 3eMeNlb JI0 PULI, 1€ BXKE 3POCTAIOTh HACA/DKCHHS, € 30UTKOBUM IS
MEePECIYHOrO CIIILCHKOTO MENIKaHI YKpainu. Exooro-ekoHoMiuHy €(heKTUBHICTh 36MJICKOPUCTYBaH-
HS TaKUX TEPUTOPIM MOXKHA 30UTBIIMTH NUIIXOM BHKOPUCTAHHS TAaKUX 3E€MeNb il BUPOIIYBAaHHS
E€HEepPTreTUYHHUX TUTaHTaIlil, a00 HacaIKeHb, CTBOPCHUX B paMKax peajizallii «ByTJeleBUX» MPOCKTIB.
Ile BuMaratumMe oprasizailii Jep’aBoro MpoIiecy nepenpodiItoBaHHS 3eMellb.

KurouoBi ciioBa: 3MiHa KiMary, 3B’ sI3yBaHHS BYTJICINIO, TIPChKa MOMITHKA, CTPATETii amanTtaiii
Ta TIOJI0JIaHHS HACIiIKiB, YKpainceki Kapmaru.
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INSTRUMENTS OF ENVIRONMENTAL AUDIT IN SEKTORAL
ENVIRONMENTAL MANAGEMENT SYSTEM

The importance of introduction of environmental audit into sectoral system of ekomanagement
is emphasized. The set of developed instruments for introducing environmental audit was characterized
and described by the example of forest sector of Ukraine.

Keywords: environmental audit, audit agreement, environmental passport, audit report, forest
sector, model of environmental passport.

Introduction. According the we research conducte by us, whose results appear in
[1], an environmental audit is an external complement to sectoral environmental man-
agement system and an integral part of the system at the enterprise level. Environmental
audit is an integral part of the Eco provides the desired level of reliability. So for our
country is a legitimate approach to international practice of nature to solve environmental
and economic problems in a single system of environmental management and audit.

Statement of the problem. The purpose of this paper is to display the results of spe-
cial research tools in the implementation of environmental auditing branch Eco businesses
conducted using systemic, cybernetic approach to the problem, using the methods of induc-
tion and deduction, analysis and synthesis, abstraction and modeling study of processes.

Results. The study was conducted by the example of the forest sector of Ukraine.

According to Art. 12 of the Law of Ukraine "On Ecological Audit" [2] for the
forest sector enterprises environmental audit is optional. However, concerned authori-
ties, ie the customers of environmental audit, in our view, there may be central and local
executive bodies, local governments that are interested not only in the stability of eco-
logical situations, but also in improving ekolohorekreatsiynyh functions of forests. In-
terest in environmental audit enterprises as a stabilizing factor, which increases the reli-
ability of environmental management system must identify their owners, the manage-
ment of the forest sector of Ukraine. Moreover, increased system reliability is improv-
ing and environmental, competitiveness, increase the quota in the market of products,
etc., that provide and improve the financial situation of enterprises. In addition, under
the existing criteria for distribution of businesses by the risk of their business to the en-
vironment, forest sector enterprises belong to the group of subjects with high risk, for
which action plans of state supervision shall be held annually [3]. The above, in our
opinion, gives grounds to propose to make amendments to Article 12 of the Act [2] re-
garding mandatory for companies environmental audit forestry sector.

As noted in [see 1] at branch level should be carried out external environmental
audit firms. Customers can be both authorities and, especially, sectoral leadership. Envi-
ronmental audit may exercise a legal entity, the statute which provides this type of ac-
tivity [2 Article 14]. Therefore, in our opinion, at the sectoral level should organize a
powerful ekoaudytorsku firm with branches in places that would specialized in envi-
ronmental auditing sector enterprises, while remaining independent and not subordinate
to his superiors. Environmental audit conducted under a contract between the customer
and ekoaudytorskoyu firm [2 Article 19]. Thus performers are defined by law and treaty
responsibilities to the customer for the implementation of certain contract obligations
for the accuracy of the conclusions of an environmental audit. Dates environmental au-
dit determined by the contract.
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We offer regular environmental audit commissioned by industry leaders. We be-
lieve that it should use the standard contract, a draft of which we have developed for the
forestry sector enterprises. By contract offer Protocol (list of) an environmental audit, a
draft of which we have developed as a typical also for these companies. Note that the
list of necessary applications and tables we have included ecological passport business.
The presence of environmental passport requirements provided environmental audit fa-
cility in Russia, and experience in conducting environmental audits in Ukraine. Howev-
er, ecological passports of the former Soviet Union filled only industrial enterprises [4].
The company proved to be short term. Many companies have not finalized this passport
Enterprises forestry sector of Ukraine left without such certification.

There fore, we believe that preparation for the implementation of environmental
audits in the field of environmental management should start with the environmental
certification of all businesses. For this purpose under the direction of the author have
developed environmental passports separately for forestry and timber companies that
have already passed the practical testing [1-15].

The regulation of EC number 1836193 first review the concept of environment —
the first full study of issues related to environmental businesses, the impact on him and
his protection in conjunction with the activities in the area. However, for the same time,
the goal of environmental certification is [4, 6-15]:

¢ identification of quantitative and qualitative characteristics of environmental pollution emis-
sions, effluents, waste, radiation;
e acquisition of specific indicators of nature and environmental pollution now that allow you to

analyze the use of technology and equipment now compared with the best domestic and foreign mod-
els, and information about losses zavdayutsya now.
As a result of ecological passport system [5-12]:

e assess the impact of waste, pollutant emissions on the environment and public health;

e determine the fee for natural resources and for pollution;

e cstablish the company limit is waste, emissions, discharges of pollutants, environmental plan-
ning measures and assess their effectiveness;

e make an examination of reconstruction projects of enterprises;

e monitor and evaluate the level of compliance now law, rules and regulations of environmental
protection;

e implement measures to improve the efficiency of utilization of natural resources, energy and
secondary resources.

In our view, the above shows that in essence the first test of the environment and
environmental certification companies are identical. Therefore, the process environmen-
tal audit the business should begin with ekopasportyzatsiyi that, in our opinion, appro-
priate to this model (Fig. 1). Working Group, which provides an environmental certifi-
cation, must be specifically established by the company manager. In its composition,
think, should include the heads of all functional services companies and to attract to its
work of environmental auditors. In our view, it is appropriate that led a group of certi-
fied ekoaudytor, acting verifayer — officially accredited, independent of the company
and its activities disinterested person who checks and certifies the likelihood and related
amount of current legislation documents on environmental policy of the enterprise, pro-
grams, management systems, procedures preparatory environmental review and audit,
and environmental applications [1]. Manager develops a plan of the group and division
of functions between group members and linear units with drafting environmental pass-
port. Approve the plan managers.
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Preparatory phase

Step 1 ] Step 2
Assemble a working group - Prepare equipment
Preparatory
Step 3. Work out the R Step 4. Registered | Step 5. Register means
documentation | environmental impacts - of environmental
Accounting phase
Step 8. Documenting
Step 6. Evaluate the impact on | Step 7. Measures to as- | the results in the eco-
the environment g sess environmental 7 logical passport

Fig. 1. Model of the environmental certification company

The second step is the preparation of all necessary means. First, at the disposal of
the group should provide all the general documents, so you can make a preliminary re-
view of the company. It should take care of office space and technical facilities, including
computer, software, instruments for measuring environmental parameters, etc., as well as
organizational support, including existing legislative and regulatory acts. We must con-
sider all the details, including the involvement of external agencies and experts.

On the accounting phase (Step 3), above all, learn that the documentation was not
provided the working group on the 2nd step. It is appropriate mapping schema enter-
prise applying to it the sources of pollution and purification of the atmosphere and sur-
face water, waste stockpiles, vodozabyrachiv, the boundaries of sanitary protection,
highway, recreation areas, monuments of architecture, post monitoring air pollution and
wastewater discharges. Also, please make a brief description of the development
schemes of material flows from all sources mic selection and treatment of pollution and

their control points. It is necessary to process the many documents, including: applicable
laws, statutes, regulations, instructions, departmental standards; general plan of the enterprise; plans
vodovidnyh buildings, wells; reports on research work; plans warehouses; register of buildings and
structures that require permission to use; register of materials hazardous to the environment and docu-
mentation for their preparation, storage, use, disposal; documents on basic environmental facilities;
documentation of studies of wastewater; an initial permit for wastewater in accordance with applicable
law; documentation of the measurements of the environment; documents on waste research, recom-
mendations for their utilization, contracts for disposal; documentation on the use of resources (energy,
fuel, materials); measures for environment; selection of methods to control the environment; work in-
structions for hazardous materials; directory extraordinary cases; plans for safety and protection
against accidents; documentation of the fire; a list of companies with activities and special environ-
mental ekolohorekreatsiynyh works; description of the job; existing records and reports on the envi-
ronment.

At the 4th step includes: getting in the bodies of the nature of meteorological characteristics
and coefficients of dispersion of pollutants in the atmosphere of the city (factor stratification of sub-
stances in the atmosphere, the coefficient of the terrain, outside air temperature, wind roses, wind
speed); getting in organs Derzhhidrometu or local environmental protection characteristics of the envi-
ronment on background concentrations of pollutants; in a local water management or water conserva-
tion characteristics of water quality and sewage receivers; identifying data on the use of land resources
as a result of inventory. Characteristics of land use defined separately (buildings and constructions, auxilia-
ry production, administrative office buildings and grounds, storage, landfills, sewage, landscaping, recla-
mation, sanitary-protective zone and other needs); identify the general and specific consumption of raw
materials for each type of product, of forestry, and special lisovidnovlyuvalnyh ekolohorekreatsiynyh
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work, based on material flows schemes; compilation of data on general and specific energy consump-
tion by type of product and work on inventory data.

Annexes to this step is calculation of maximum permissible emission standards
(HDV) or temporarily agreed emissions standards (MSW) in the atmosphere of harmful
substances. It organized sources of pollution assign numbers from 0001 through 5999,
and unorganized — from 6001 to 9999. Also, add water and sewerage schemes with ref-
erence to the costs and loss of water at each production within the hour. Along with in-
dicators calculated specific consumption norms of water consumption and water per
unit of output (work). Are given parameters and properties of the waste water, tempera-
ture, biological and chemical oxygen demand, pH value, suspended solids, salinity, tox-
icity. Indicate the characteristics of treatment facilities and vodooborotnyh systems, and
characteristics of waste generated in the enterprise according to the inventory. This an-
nex ecological passport business. At the 5th step should make an inventory of already
implemented measures to protect the environment. There are organizational and tech-
nical measures. Registering technical measures, separate measures in specific areas and
technical measures to reduce the negative impact on the environment in general. Regis-
tering arrangements should be mentioned tasks, place of deployment, units, functions
and methods. It is important to note the existing arrangements for training and retraining
for environmental protection. In the evaluation phase at the 6th step, to implement
measures to improve the environment needs to be attached to the inventory data from
assessment indicators. To do this, first of all, you should set criteria for assessment
which should include: requirements of environmental legislation; potential risk; compli-
ance with environmental policies of the enterprise; social acceptability.

In our opinion, they should consider, if possible, all or individually, giving pref-
erence first. At the 7th step should be to evaluate measures to protect the environment.
In our view, technical and organizational measures should be evaluated with ABC /
XYZ-analysis. At the 8th step should document everything done in 7.1 steps, ie fill eco-
logical passport of all enterprise applications. This separate application must be a plan
of organizational and technical measures businesses with nature. The model ekopas-
portyzatsiyi company tailored the current national regulatory framework, makes it pos-
sible to effectively conduct an environmental audit of enterprises, providing them with
the system input, control points and basis of comparative analysis.

Conclusions. Thus, developed a number of implementation tools in industry-
wide environmental audit system on the example of Eco Forestry sector of Ukraine.
Thus, provided the necessary conditions for such implementation. The results of this re-
search is the basis for further development towards the formation of an environmental
audit methodology within industry environmental management system based on the
modeling process environmental audit.
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IHCTpYyMeHTH €KOJIOTIYHOr0 Ay IUTY B rajy3eBill CHCTeMi €KOJIOTTYHOI0 MEHEIKMEHTY

3a3HayeHO aKTYaJIbHICTh BIIPOBAPKEHHS €KOJIOTIYHOTO ayJUTy B rajly3eBy CHCTEMY €KOJOTTYHOIO
MEHEDKMEHTY. 3a3Ha4eHO OCOOJMBOCTI BU3HAYCHHS JIOTOBIPHUX 3000B'SI3aHb ayaUTOpa, HEOOXITHICTH
BKJTIOYEHHSI B TIEPEJTIK JJOAATKIB 1 TAOJIHIb 10 JOTOBOPY HA MPOBEICHHS €KOAYIUTY €KOJIOTYHOTO 1acrop-
Ty mianpueMcTBa. OXapakTepru30BaHO HEOOXITHICTh 1 CYTh €KOMACIIOPTH3AIl] MiANMPHUEMCTB. 3a3HAYCHO,
1110 TO3BOJISIIOTH 3a0€3MEUNUTH Pe3y IbTaTh eKomacnopTu3allii manpueMcra. Hamano po3poOieny Moenb
MIPOIIECY €KOJIOTIYHOI MACTIOPTH3allll MiIMPUEMCTBA, 11 XapaKTePUCTHKA. 3a3HAYEHO TEePEITiK JOKYMEHTIB,
SIK1 TAJISTAI0Th OTPAIFOBAHHIO IMiJ] 4ac €KOMacnopTU3allii. 3a3Ha4eHO KpUTEPii OI[IHIOBAHHS MTOKA3HUKIB Y
MPOIIEC eKomacopTH3allii. 3a3HaueHa MOJIENb EKOMACIIOPTH3aIlii MiAMPHEMCTBA BPAXOBYE CTPYKTYPY
YUHHOI HAIlIOHAJIBHOI HOPMATHBHO-TIPABOBOI 0a3M, 1€ MOXKIUBICTH €(EKTUBHO MIPOBOIUTH €KOJIOTTUHUIMA
ayIUT TAMPUEMCTB, 3a0€3MMeUylour HOTr0 CHCTEMOIO BXIIHUX JaHWX, KOHTPOJHLHHUX MOMEHTIB 1 0a30r0
NOPIBHSUIBHOTO ~ aHaizy. TakuM YMHOM, OXapaKTEpH30BaHO psAI  PO3POOJICHMX IHCTPYMEHTIB
BIPOBA/DKCHHSI €KOJIOTIHOTO ayIuTy B Tally3eBY CHUCTEMY EKOMEHEIKMEHTY Ha TPHKIAIi JiCOBOTO
CEKTOpPY €KOHOMIKH YKpaiHu. Tum camuM, 3a0e31me4eHo HEOOXi/THI YMOBHU TaKOTO BIPOBAKEHHS.

Ki04oBi cj10Ba: €KOJIOTIYHUN ayauT, CUCTeMa €KOMEHEIPKMEHTY, ITPOEKT, JIOTOBIp Ha MpOBe-
JICHHSI €KOAYIUTY, TIPOTOKOJI €KOAYIUTY, €KOJOTIYHUI MMactopT, JTICOBUI CEKTOP €KOHOMIKH, MOJIEIb
€KOJIOT1YHOT acopTH3aIlii.

UDC 582.288.4 Assoc. prof. V.P. Oliferchuk; competitor U.R. Gurla — UNFU

THE STUDY OF MYCOTROPHY OF SOME HERBACEOUS PLANTS GROW-
ING ON THE SOILS OF PODOROZHNE SULPHUR MINE

Presented in this work are the results of a 3-year study of mycotrophy of Tussilago farfara L.,
Trifolium pretense L., Platanthera bifolia Rchb. — the plants that form pioneer successions on the dev-
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astated lands of Podorozhne mine. It has been found that the isolated endophytes are obligate symbi-
onts that are of great genetic importance for plant species conservation. Further investigation of this
sort will allow to trace the pattern of self-recovery of soil biota on devastated lands.

Keywords: plant mycotrophy, species conservation, sulphur-rich soil.

In recent years, a major portion of land has degraded and has been devastated due
to intensive human economic activity. This is especially true for the lands where miner-
al resources were extracted. The presence of sulphur mine in Zhydachiv district, Lviv
region, has been a pressing problem for this district.

On July 21,1995, resolution No.442 was adopted by Ukraine’s Cabinet which
provided for step-by-step removal from service of the sulphur mine in the settlement of
Podorozhne and, accordingly, the sulphur mine ceased to operate in 1997. A many-year
operation of this mine resulted in originating a pit of about 100m deep and a volume of
135mln cubic metres. The pit has begun to be filled by atmospheric precipitations and
underground waters since 2000. The waste rock of Podorozhne pit had been piled in
dumps outside the pit. The dumps cover an area of 600.7ha which corresponds to the
volume of 138.3mln cubic metres of rock.

The territory of Podorozhne pit is unbalanced natural-and technogenic systems
where active geodynamic, hydrochemical and biological processes are taking place. It is
of great importance to find the pattern of self-recovering various components of the en-
vironment, that is the revival of biota and formation of biocoenoses. Of great im-
portance and topical is the study of symbiosis of herbaceous plants with fungi on the
lands devastated as a result of sulphur extraction. By studying these links, it is possible
to follow the mechanism of self-recovery of soil biota in the devastated lands [1-5].

Obtaining pure culture of symbiotic fungi. The isolation of pure culture of en-
dophytes was accomplished from the plants that grow on the territory of Podorozhne
field. To do this, the procedure developed and described in 1990 by F. Geltser was em-
ployed [2,4]. Thin rootlets of plants were treated with mercuric chloride with concentra-
tion of 1:1000 for 2 to 3 minutes followed by repeated (10 times) rinsing with distilled
water in order to ensure sterility of the rootlet surface without disturbing the vitality of
the endophytes; in addition, the rootlets were sterilized with 30% hydrogen peroxide to
achieve the necessary effect. Endophytes make an active growth in liquid nutrient me-
dium, this is why we used a medium of the following composition (gram per liter): glu-
cose-8; KeHPO4-0.3; KH2POs4 -0.9; MgS04-0.2; K2SO4-0.1; FeSOsand MnSOs — traces,
asparahin 0.01. The main peculiarity of symbiotrophic fungi of plants is that they re-
quire growth hormones during the short period of germination from the plant tissue into
the nutrient medium as well as in the process of germination from the seed into the root.
According to the author of the procedure, fungi, as a rule, do not germinate without
hormonal influence from outside. In some instances, endophytes do germinate without
addition of growth hormones on condition that the plant mycotrophy is very potent, the
concentration of nutrient medium remains high and evidently, with a sufficient quantity
of hormonal agent available in the root tissue.

Extracts from hymenomycetes, in particular actinomycete Actinomycetes Laven-
dulae, were used as growth hormones; these had been obtained at Kholodniy Research
Laboratory of the National Academy of Sciences of Ukraine ( city of Kyiv). Also the
author compound Symbiont 1, patented by F. Geltser in 1982, was used [3,4]. The
amount of growth hormone added to the medium, makes up 0.5 to 1 ml per litre of me-
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dium depending on the compound used. As energy-consuming agents, endophytes are to
assimilate glucose, saccharose and starch but they are not able to assimilate organic ac-
ids (except for succinic acid), cellulose and lignin. On germination of the endophyte
mycelium that occurred in 5 to 12 days, in order to get the mycelium free from the
roots, it was re-sawn into retorts containing the above mentioned nutrient medium with-
out adding growth hormones which the fungi synthesize on their own. The above de-
scribed procedure of isolating endophytes will ensure obtaining pure culture from any
plants both highly and slightly mycotrophic as well as from plants that are considered
non-mycotrophic because they failed to be observed visually [2,3,4].

Results and discussion. Over three years we have isolated endophytes from
plants that grow on the territory of Podorozhne field. They were obtained from the roots
of coltsfoot plant (Tussilago farfara L.). We obtained clearly septate multicellular myce-
lium filled with granular plasm and which never sporulates. As it grows older, myceli-
um forms globular vesicular blisters that are readily coloured with aniline stains. Being
placed into liquid medium, mycelium makes a good growth to form a jelly-like mass of
dark-green color at first which becomes black in color later.

The pigment is not blended with the medium. The endophytes that are isolated
from the young ovary of this plant are of golden-yellow color.

Endophytes were also isolated from clover Trifolium pretense L. The endophytes
of this plant are characterized by the mycelium that is very easy to break off. As this
takes place, a certain amount of hyphae tips accumulates at the bottom of the retort.
Such particles of hyphae can form mycelium with detachable outgrowths in a fresh nu-
trient medium. Multicellular mycelium of clover plant synthesizes a red pigment. It
does not have fruiting organs. The endophytes from Lesser butterfly or-child (Platanthe-
ra bifolia Rchb.) form thin, slightly septate hyphae which, as they grow older, form
clearly septate mycelium, a characteristic feature of which is white colour. All the pure
endophyte cultures obtained, had the following features in common:

Absence of sporulation organs of reproduction;

Multicellular mycelium which, as it grows older, takes a clear-cut septate shape with vesicular widening;
Granular plasm which gets disintegrated when a cellular wall is broken;

Depth growth in liquid medium in the absence of surface mycelium,;

The ability to synthesize pigments of various colour.

The absence of sporulation organs allows to assign the endophytes obtained to the
class of fungi imperfect within which they can be placed into a special order symbio-
phytum. Some types of fungi have a very wide range of relationship with plants: the
same species can exist in rhizosphere or in rhizoplane; it may acquire pathogenic char-
acteristics, forms mycorrhiza [2, 5]. The formation of natural endotrophic mycorrhiza
also involves an active participation of symbiotrophic bacteria when, as the seeds ger-
minate, the number of epiphytic bacteria increases considerably followed by their set-
tlement on the surface of young roots where these microorganisms are regarded as rhi-
zospheric bacteria.

The biologically active agents that produce these microorganisms, make the sym-
biontic fungi leave the aleuronic layer of the seed to germinate into the roots. The steri-
lization of seeds excludes the possibility of bacteria growth on their surface and thereby
production of hormonal agents needed for endophytes to germinate. The application of
hormonal agents to the surface of sterilized seeds will ensure the development of ve-
sicular-arbuscular mycorrhiza in the roots.
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Any artificial application of fungal or bacterial “infection” to a sterilized seed or
plant will build up an additional amount of hormonal agent needed to activate germina-
tion of endophytes typical for the given plant. Thus, endophytes are obligate symbionts
which are of great genetic importance for plant species conservation [1-5].

From the above discussion, it may be concluded:

1. Symbiontic fungi are strongly dependent on growth hormones without which they
are unable to accomplish transfer from the seed where they are in the dormant state, to
the plant roots. In the process of their vital activity in the plant roots, they synthesize
growth hormones on their own and in doing so they promote the plant growth.

2. To accomplish the transfer from the seed to the roots under natural conditions,
endophytes are supplied by hormonal agents that produce epiphytic and rhizospheric
bacteria which reproduce themselves on the surface of seed during its germination. The
studies were conducted to find that endophytes are present not only in the plant roots
but also in the above-ground parts of plants including pollen, ovary and seeds, which
confirms the fact of cyclic heredity in the transmission of endophytes [1,2,4]. This con-
cept enhances the genetic importance of fungal symbiont and suggests a possibility of
the improvement from one generation to another and its transmission in the process of
double fertilization discovered by S.Navashyn as early as 1951. In vegetative reproduc-
tion, the rate of transferring endophytes from bulbs, tubers and shoots slows down no-
ticeably due to less strong hormonal influence of these fungi.

3. The fungus reaches into the roots of a plant not from the soil but from some zones
of the plant roots, which is confirmed by non-injured cover of the root hairs. Endo-
phytes cannot use the soil as their habitat because they are readily lysed [4].

4. The hormonal impact on plant seeds both under natural conditions and in the ap-
plication of hormonal agents, not only stimulates the activity of symbiotic fungi but also
favours the development of extensive root system of plants, which markedly affects
mycrotrophy of plants and their productivity.

5. Thus, the resistibility of some plants that form pioneer successions on devastated
lands, to toxic environment is accounted for by their high-level mycotrophy and the
ability of fungi to adapt themselves to various kinds of pollution due to the availability
of powerful hormonal systems. The symbiosis between fungi and plants is favourable to
genetic conservation of the species, brings into operation the mechanism of survival un-
der extreme conditions for germination, provides favourable conditions for growth and
development of demanding plants.
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BuBueHHs1 MIKOTPOQHOCTI TeSIKUX TPAB’AHUCTUX POCJTUH
Ha rpyHTax [1ogopo:kHEeHCHKOIr0 CipYaHOT0 PYITHUKA

[IpencraBneHo pe3yibTaT TPUPIUHUX JOCITIKEHb BUBUEHHS MikoTpodHocTi Tussilago tarfara
L, Trifolium pretense L, Platanthera bifolia Rchb., pocnun, siki CTBOpIOIOTH MOHEPHI CyKIECii Ha
neBacToBaHux 3eMiisix IlogoposkHeHChKOTO pyaHuKa. JlochmimpkeHo, 1O BUAUICHI eHIodiTH — Iie
obmiratHi CUMOIOHTH, SKi MalOTh BEIMYE3HE TCHETUYHE 3HAUCHHS Yy 30€peKCHHI BHUIY DPOCIIHH.
[IpomoB)KeHHS TakKoro poay MAOCHIIKEHb JacTh MOMJIMBICTH TPOCTIAKYBAaTH 3aKOHOMIPHOCTI
CaMOBITHOBJICHHS TPYHTOBOI 010TH JIeBACTOBAHUX 3€MeEJIb.

Kiro4oBi ciioBa: MiKOTpodHICTh pOCINH, 30€peKEHHS BUIY, IPDYHTH 3 BUCOKUM BMICTOM CIPKH.
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THE ANALYSIS OF ECONOMIC EFFICIENCY OF POST-CONSUMER
WOOD USE FOR PARTICLEBOARD MANUFACTURE
FOR LLC SWISSPAN LIMITED

Economic and ecological benefit from post-consumer wood use (PCW) is analyzed. The state
of a regional system of PCW management of Rivne region and also a local system of PCW use at LLC
SWISSPAN LIMITED are characterized. The importance of their reforming is determined as well.

The PCW potential depending on the amount of solid domestic waste (SDW) on the example of
its procurement in Rivne region is calculated. The necessity of PCW buying from population at a price
37.14 UAH/m? is proved. PCW use introducing in order to produce particleboards, especially at LLC
SWISSPAN LIMITED, is suggested. It is also calculated that the enterprise’s expenses for buying 1
m? of traditional timber are 97.97 UAH more than for buying PCW. Prepared PCW use within 100 km
area of the region is estimated to provide 9.4 percent of a yearly capacity of the enterprise.

PCW use in a necessary amount as addition to the main raw material for particleboard manu-
facture (60 percent) is demonstrated to represent 1408.76 UAH/year saving on the resource. An aver-
age annual income for one employee will be 32.54 thousand UAH. The amount of a yearly deduction
made by the enterprise to the off-budget social funds will attain 150 thousand UAH. 1% and 2" catego-
ries PCW use calculated for this region in amount of 10.07 thousand ton/year and suitable for parti-
cleboards is determined to save 32 thousand trees from cutting.

Keywords: wood, post-consumer wood, particleboards, solid domestic waste, PCW use analy-
sis, waste recycling, waste management, ecological and economic efficiency.

State of question. At the end of the 20™ century and in the beginning of the 21"
century the problem of solid domestic and industrial waste became acute almost all over
the world [8]. It is caused by the rapid increase of the amount of wastes. The rate of
waste increasing is 3-4 times higher than the population growth rate. Thus the amount
of solid domestic and industrial waste directly depends on the level of population wel-
fare and solvency. The amount of solid domestic and industrial waste was predicted to
increase 4-5 times in the case of consumer ability increasing of the developing countries
population to the level of the developed countries population (countries of Europe, the
USA, and Japan etc.). Solid domestic waste (SDW) is a certain waste of the consump-
tion sphere that is produced in residential areas, organizations and institutions, trade es-
tablishments, waste of heating settings in dwelling houses, garbage from streets, con-
struction sites etc. Though a better definition for HDW is foodstuffs unsuitable for fur-
ther use, and domestic appliances thrown away by people [10-14].
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Method of research. Human industrial and domestic activity is inevitably con-
nected with solid waste producing. Assimilation of solid waste lasts from tens to hun-
dreds of years, although liquid and gaseous waste is absorbed by the environment com-
paratively faster. For example, every year 1.5-1.7 billion tons of solid waste are accu-
mulated every year in Ukraine [11, 14]. The total amount of solid waste approximates
30 billion tons occupying more than 165,000 hectares (about 40 kg per each m? of the
area). It means that about 4 percent of the territory of Ukraine (that equals the territory
of the Ukrainian Carpathians) is occupied with trashcans, mining wastelands, landfills,
and dumps poisoning the environment and sapping the health of our country’s citizens
[6, 7]. 19,406 tons of unacceptable waste have already been stored in Ukraine [14].
These substances are of greater danger as a source of contamination for soils, ground-
water, and people poisoning if being stored in a wrong way.

According to the research, there is about 300-400 kg of SDW per person per year
[11]. The structure of SDW content is given in Table 1.

Tablel. The structure and content of SDW [13]

Components Share, % Components Share, %
Paper 40 Wood [1, 2, 4, 9] 5
Food wastes 21 Rubber and leather 3
Glass 12 Textiles 2
Iron and its alloys 10 Aluminium 1.3
Plastics 5 Other materials 0.7

Rivne region is located in the Northwest of Ukraine, between 50°01° and 51°58°
north latitude and between 25°01° and 27°38” east longitude (Fig. 1).

Fig. 1. The diagram of PCW
collecting from the districts
of Rivne region for the LLC
SWISSPAN LIMITED

It occupies an area of 20.1 thousand square kilometers that is 3.3 percent of the
total territory of the country. The extent of the region from the north to the south is 215
kilometers; from the west to the east is 186 kilometers. The region borders on Byelorus-
sia in the north, Zhytomyr region in the east, Khmelnytskyi region in the south-east,
Ternopil region in the south, Lviv region in the south-west and Volyn region in the west
of Ukraine. The population of Rivne region is 1,151.7 million people (as of January 1,
2011). The city of Rivne is the centre of the region.
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The enterprise is situated in the central part of Kostopil district of Rivne region
(western part of right-bank Polissya). It specializes in producing of wood particleboards
(WPB), laminated WPB, and table boards. It is one of the leading producers of laminated
WPB in Ukraine and the CIS. It produces the widest range of decors (more than 115) and
thicknesses (10, 16, 18, 22, 25, 28 mm). All the products are produced under the trade
mark Swisspan by Sorbes. A share of the brand SWISSPAN® is about a half of the
Ukranian market of laminated WPB. Holding leading positions in the market conditions
that grows 15-20 percent each year requires increasing of production and sale volume.

Results of research. We calculate the quantity of SDW in Rivne region per year
from the data provided: Qspw = H*K, (1)
where: Qspw — the quantity of SDW per year, ton; H — size of population thousand peo-
ple; K — the quantity of SDW per person, ton.

Qspw = 1,151.7*%0.35 = 403.09 thousand tons.

According to the data calculated there is 403.09 thousand tons of SDW per year
in Rivne region.

The calculation of the quantity of raw material that belongs to PCW.

Qrcw = Qspw*P/100 , (2)
where: Qpcw — quantity of PCW per year, ton; Qspw — quantity of SDW per year, ton;
P — content of wood in the structure of SDW, percent (Table 1).

Qpcw=403.09*5/100 = 20.15 thousand tons.

The calculation of the quantity of raw material that belongs to 1 (PCW-I) and
IT (PCW-II) [1-9]. The first category: post-consumer wood I (PCW-I). This is natural
and mechanically processed wood with insignificant contaminations by natural struts
(paraffin, ceresin, petrolatum, wax, mastic etc.), as well wood from natural calamities. It
presents 30 percent. The second category: post-consumer wood II (PCW-II). This is
processed wood and timber without any wood protecting substances and halogen organ-
ic links in coating. It presents 20 percent.

Qrcew am = Qrew *Prn/100, (3)
where: Qpcw ) — quantity of PCW of the first and second categories per year, ton;
Qpcw — quantity of PCW per year, ton; P;;y — percent of I (PCW-I) and 11 (PCW-II),
percent. Qpcw iy =20.15%50/100 = 10.07 thousand tons/year.

Correlation of available and necessary quantity of PCW per year.

Available PCW presents: Qrcw (a)= Qpew am /q 4)
where: Qpcw (a) — quantity of available PCW per year, m*; Qpcwanm — quantity of PCW
of the first and second categories per year, ton; q — average density of PCW, ton.

Qpcw (a)= 10.07/0.7 = 14.38 thousand m® /year.

We calculate the necessary quantity of traditional and PCW [3, 4] for the enter-
prise LLC SWISSPAN LIMITED concerning the yearly program (548,666.6 thousand
UAH) A yearly (PCW) — (S/P)*C*Kn D (5)

Ayearly(t) = (S/P)*Kn ) (6)
where: A yearly (pcw) — quantity of available PCW per year, m*; S — amount of product
sold per year, thousand UAH; P — price for WPB per 1 m* thousand UAH; C — content
of PCW in a board (60 percent); K, — coefficient concerning the amount of necessary
raw material when producing 1 m* of WPB (1.6-1.7).

A yearly pew) = (548,666.6 / 3.68)*0.6*1.7 = 152.07 thousand m°,

Ayeartyy = (548,666.6 / 3.68)*1.7 = 253.46 thousand m’.
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The calculation of the WPB price per 1 m’

P=Py*N, (7)
where: P, — an average price of a board 2750x1830x16 (295 UAH/item), UAH; N —
number of boards in 1 m?(12.5 items).

P =295*12.5=3 687.5 UAH.

The necessary quantity of PCW for a yearly program is 152.07 thousand m?/year,
available 14.38 thousand m®/year.

The calculation of the cost of traditional raw material according to the project
variant. The price of the traditional raw material is 190-227 UAH/m>. Let’s take the av-
erage meaning — 200 UAH.

The cost of the traditional raw material for the program is

(253,460.1*200= 50,692.02 thousand UAH/year).

PCW sorting and delivery to the enterprise.

The calculation of expenses for PCW delivery to the enterprise.

A = QPCW *Pd . (8)
where Py — price for PCW delivery 1 m*, UAH.

A =14.38%37.14 = 534.2 thousand UAH.

Concerning the average tariff on export of SDW to be 26 UAH/m? in 2011 [11],
we suggest cooperation to the communal enterprise in the PCW delivery, increasing the
tariff to 70 percent (26*1.7 = 37.14 UAH/m?) taking into account the technological
losses at transportation. Calculation of the yearly salary.

7Z=C month.sal. *WHEM*X ) (9)
where: C monthsal. — average monthly salary (2,712 UAH); W — number of workplaces,
person; M — number of months in a year; X — norm of deduction for social measures,
percent.

Z=2,712*12*12%1.384 = 540.47 thousand UAH.

The calculation of expenses for export of 11l (PCW-III) and IV (PCW-1V) from the
enterprise. E = Qrcwanm, vy *T, (10)
where: Qpcwan, 1v) — quantity of PCW of the third and fourth categories, m?; T — tariff on
export of PCW of the third and fourth categories, UAH/m’.

E = 14.38* 26.00 = 373.88 thousand UAH.

The calculation of the other expenses that are accepted 5 percent of labour pay-
ment fund including deduction: B = 540.47*0.05 = 18.69 thousand UAH.

Price on 1 m® of PCW for the enterprise:

Pimecwy=(A+Z+E+B)/Qrcwa) - (11)

P i m3pewy=(534.2 + 540.47 + 373.88 + 18.69)/14.38 = 102.03 UAH.

Saving on raw material per year:

D = (P 1 m3ecw)—200)* Qpcw (a) (12)

D =(102.03 -200)*14.38 = — 1,408.76 thousand UAH.

Histogram of prices on traditional raw material and PCW (Fig. 2).

The calculation of the number of trees saved from cutting.

An average volume of a tree — 0.45 m’°.

T= Qpcw (A) /0.45 . (13)

T=14.38/0.45=31,956 items.

The number of trees saved from cutting is 31,956.
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Conclusions: The PCW use in order to produce wood-
particleboards is suggested to inculcate after having analyzed in details the development of board ma-
terials, supplies of raw material sources in Ukraine, and especially at LLC SWISSPAN LIMITED. The
PCW use is calculated to provide 9.4 percent of the yearly capacity of the enterprise. PCW is decided
to buy from population at a price of 37.14 UAH/m? considering technological losses at transportation.
It is also suggested to work according to the principle of points of metal and used glass reception.

The PCW use is calculated to be economically efficient. The enterprise spends 97.97 UAH for
buying 1m? of traditional wood comparatively to PCW. The enterprise is proved to save 1,408,760
UAH per year when using PCW. The number of trees saved from cutting is 31,956, and 12 workplaces
are also created. An average yearly income for 1 employee is 32,540 UAH. The amount of the yearly de-
duction made by the enterprise to the off-budget social funds is 150,000 UAH. Economic indexes con-
cerning PCW use for LLC SWISSPAN LIMITED are provided in Table 2.

Table 2. Economic indexes concerning PCW use for LLC Swisspan Limited

No Indexes Value of units
1. | Saving on raw material per year 1,408,760 UAH
2. | Number of trees saved from cutting 31,956 trees

3. | Number of workplaces created 12 people

4. | Average yearly income for 1 employee 32,540 UAH

5. | Amount of yearly deduction made by the enterprise to the off-budget social funds 150,000 UAH

Thus, PCW use for producing WPB guarantees either economic or ecological in-
dexes. The PCW use is of the great importance for protecting the natural environment,
and at the same time it ensures a significant decrease of incoming raw material cost.

Conclusions and suggestions:

1. The problems of PCW management attract attention in modern conditions of ecological and
economic crisis. The problem of supplying woodworking enterprises with raw material, especially for
the particleboard manufacture, is becoming essential on the background of new recycling and utiliza-
tion technologies development of particular resource-valuable waste. Research reveals that PCW is
first of all domestic waste in solid modular condition, and PCW management is a combination of oper-
ations that can be carried out toward it. The term ‘system of PCW management’ is coined in order to
study the process of PCW management and prove its functioning. The purpose of this system existence
is maximum recycling of produced and suitable for particular production amount of PCW, i.e. support-
ing a proper level of ecological safety within its measures.

2. Systems of PCW management are determined to be either technological or economic ones.
Considering this we suggest to classify them according to technological and economic characteristics,
taking into account organizational and ecological characteristics as well. The researches have shown
that the method of PCW burial constituting 5 percent of SDW is dominant in Ukraine and world prac-
tice as well. Payment for PCW neutralizing is made at the place of its providing. Payment at the place
of goods buying that is used for post-consumer packaging has been started since 2001.

3. PCW rated capacity on the example of Rivne region enables to make a conclusion concerning
existing great possibilities for raising of the level of post-consumer resources use through involvement
of the amount of generated PCW into recycling. Factors of ecological, organizational and technical, fi-
nancial and economic stability, which tendencies to change allow to determine the type of develop-
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ment of a system, are suggested to apply in order to characterize the level of development of PCW
management system. The analysis of level of development of the local PCW management system for
particleboards producing at LLC SWISSPAN LIMITED that is made according to the techniques sug-
gested shows a progressive type of its development, and the necessity to spread over other regions.

4. The concept for choice of variant of regional PCW management system forming that includes
algorithm of decision making concerning a choice of a variant of such system forming and methodo-
logical criteria for implementing its separate stages, and also conceptual approaches to necessary re-
sources involvement is suggested on grounds of research results. They are recommended to use for
both individual subjects of PCW management, and local and regional bodies of self-government, and
state authorities during strategy development. The ground of the investment strategy for creating re-
gional PCW management system for Rivne region is carried out in order to recycle resource-valuable
PCW categories. PCW recycling projects are commercially advantageous and can be carried out through
drawing in enterprises’ own money and credit resources. The priority of investment variants within each
direction isn’t changed with a transition from individual subject’s level to the system level in general, but
their system efficiency compared to subject one increases because of additional economic and ecological
effects rising. The use of suggested organizational economic mechanism of investment activity stimu-
lation for PCW management subjects on the regional level will promote effective realization of the
elaborated investment strategy. Financing with support of local authorities, placing orders for their car-
rying out by means of tender, and realizing of pilot schemes are suggested to apply for large scale pro-
jects. Projects for recycling and utilization of resource-valuable PCW categories can be proved by
means of improved strategy — an informational model, and carried out by commercial institutions —
wood-working enterprises.
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AHaJi3 eKOHOMIYHOI e(DeKTHUBHOCTI BHKOPUCTAHHSA B)KUBAHOI AePEeBUHH IS
BHPOOHMITBA IePeBUHHO-CTPYKKOBUX ILIUT 1151 TOB «CBucnan Jlimitem»

[IpoanaiizoBaHO €KOHOMIYHY Ta €KOJOT0-€KOHOMIYHY BHUTOJY BiJ] BUKOPHCTAHHS BXKMBaHOI
nepesuan (BXX/I). [laHo XapakTepuCTUKY CTaHy perioHajbHOI cucteMu noBokeHHs 3 BXX] PiBHeH-
ChKOI 00J1acTi Ta JIOKanbHO1 cucTeMu MoxiauBoro Bukopuctanus BXKJ[ na TOB «Csucnan Jlimiteny,
BCTaHOBJICHO HEOOXiTHICTh iX ¢opmyBaHHs. Po3paxoBano norenmian BXK]] y 3anexHOCTI BiJ Kijib-
kocTi TBepaux nmodyroBux BiaxoxdiB (TIIB) na mpuknazai 3arotisimi ii y PiBHeHCHKI# oOmacti. O0rpyH-
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ToBaHo, o BJKJI HEoOXifHO 3aKyIIATH y HAaceleHHs 3a LiHowo 37,14 rpu/M>. 3ampornoHOBaHO yIpo-
BanuTu BUKopuctanHs BXK]/[ nns BuroroBneHHst nepeBuHHO-cTpy)KoBuX 1wt (JICII), 30kpema, Ha
TOB «Csucnan Jlimiteny. PospaxoBano, mo Ha 3akymismo 1 M TpaguuiiHoi 1epeBUHH ITiaIpUeM-
CTBO Hece BUTpatu Ha 97,97 rpH. 6unbmi, Hixk Ha BX]I. ITigpaxoBaHo, 1110 BUKOPUCTAHHS ITiITOTOBJIS-
Hoi BXK/] i3 100 kM 30HU naHoi obiacti 3a0e3neuntsh 9,4 % pidHOI MOTYXKHOCTI mianpuemMcTBa. J{ose-
neHo, 1mo Bukopuctanas BXK][ y HeoOXiIHINi KITBKOCTI, K J0/1aTKa 0 OCHOBHOI CUPOBUHU JJIsl BUPO-
onunrsa JICII (60 %), nacte exonomito Ha pecypci 1408,76 tuc. rpH. B pik. CepeAHbOPIYHHUNA TOXi1]T
Ha OJIHOTO HAHATOTO poOiTHHKA cTaHOBUTHUME 32,54 Trc. rpH. Cyma piuHHX BiApaxyBaHb, 3p00JICHUX
MiAIPUEMCTBOM JI0 1M03a0I0KETHUX COIliabHUX (QOHMIB, csarHe 150 tuc. rpH. BeraHoBieHO, 1m0 BU-
kopuctanus BXK][ nmepimroi Ta npyroi kaTeropii, po3paxoBaHoi AJis JaHOTO perioHy y kiibkocti 10,07
tuc. 1/pik Ta npunatHoi mis JCI1, 36epexe Bia BupyOyBaHHs 32 THC. JepeB.
BucHoBKH Ta npono3uiii:

1. ¥V cydacHuX yMOBax €KOJOIr0-eKOHOMIUHOI KpH3HM MPHUBEPTAIOTH 10 cebe yBary npolieMu Io-
BopkeHHs 3 BXK/I. Ha (oHi po3BUTKY HOBUX TEXHOJIOTIH MmepepoOIeHHs Ta yTHIII3allii OKpeMHUX pe-
cypcHo-1iHHUX Bigxonis 1 BX/I, B ninomy, HaOyBae akTyaJabHOCTI MpoOiieMa CHPOBUHHOTO 3a0e3re-
YEHHS JIEPeBOOOPOOHUX MiAMPHEMCTB, 30KpeMa, JJIsi BUPOOHHUITBA IUTUT. J[OCIIPKEHHIMH BCTaHOB-
neno, mo BXX][ — me, B mepury depry, Bigxoau MOoOYTOBOTO CIIOKMBAHHS Y TBEPAOMY arperaTHoMy
ctaHi, a moBoKeHHs 3 BXK]] — e cykymHicTh onepariii, ki MO)KHa 3/IIHICHIOBATH CTOCOBHO HHUX.

2. Jlns 3’scyBaHHA nporecy noBomkeHHs 3 BXKJ[ ta oOrpyHTYyBaHHS #oro ¢yHKIIOHYBaHHS 3a-
MIPOTIOHOBAHO TOHSATTS ,,cucTeMa MmoBokeHHs 3 BXK/[”. MeToro icCHyBaHHS TaKOi CUCTEMH € MaKCH-
MaJIbHE TIepepoOJIeHHs YTBOPEHOTO Ta MPHUIATHOTO JJs NMEeBHUX BUPOOHMUTB oOcsary BXXJI, To6To
MiATPUMaHHS HAJICKHOTO PIBHS €KOJIOTIYHOT Oe3MeKH y i Mexax.

3. BussieHo, mo cuctemu noopkeHHs 3 BXKJ] € ojHOYaCHO TEXHOJIOTIYHUMHU Ta €KOHOMIYHUMH
CHUCTEMaMH, Yy 3B 513Ky 3 YUM IPOIOHYETHCS 3MIMCHIOBATH X KJIACHU(IKAIIIO 32 TEXHOJOTITYHUMH Ta €KO-
HOMIYHUMHM XapaKTEPUCTUKAMH, BPaXOBYIOUH TaKOXK OpPraHi3aliiHi Ta eKOJIOTiUH1 XapaKTePUCTHKH.

4. JlocmiKeHHS MOKa3ajy, Mo B YKpaiHi, SK 1 y CBITOBIM MPaKTHII, JOMIHYE METOJI 3aXOPOHEHHS
BX]I, sixa cranoButh 5 % Big TIIB. Omnata mocnyr i3 3HemkomkenHs BXX][ 3milicHroeThcs me-
penycim 3a micieM ix HaganHss, a 3 2001 poky BIpoBapKEHO CXeMY OIUIaTH 3a MIiCIIeM MPUI0aHHS TO-
BapiB, 110 3aCTOCOBYETHCS JUIsI BAKOPUCTAHOI Tapu Ta ynakoBKU. Po3paxynkosuit morenian BXK/[ na
npukianai PiBHEHChKOT 00J1acTi 03BOISIE 3pOOUTH BUCHOBOK MPO HASBHICTh 3HAYHUX MOKIIMBOCTEH
IiIBUILCHHS PIBHS BUKOPUCTaHHSA BTOPUHHHUX PECYpCIB 4Yepe3 3allydyeHHs /10 MepepoOeHHs: 00cAriB
yrBopernx BXK/I. [t XapakTepuCTUKHU PiBHS PO3BUTKY cHcTeMH TTOBOKeHHs 3 BXK]] mpomnonyeThes
3aCTOCOBYBATH TMOKAa3HWKHM €KOJIOTIYHOI, OpraHi3aliifHO-TeXHIYHOi Ta (piHaHCOBO-€KOHOMIYHOI CTiii-
KOCTI, TEHICHIIIT 3MiHHU SKHX T03BOJISIIOTh BCTAHOBUTH THUI PO3BUTKY CUCTEMHU. AHAJII3 PIBHS PO3BUTKY
JOKaJIBbHOT cucteMu moBokeHHs 3 BXK/] nns mumtHoro BupoOHunTBa Ha TOB «CBucnan Jlimiteny,
BUKOHAHUH 3a MPOMOHOBAHOK METOAMKOIO, CBIJUUTH MPO MPOTPECHBHUN THII ii PO3BUTKY Ta HEOO-
X1AHICTH i1 PO3MOBCIOIKEHHS HA 1HII PETiOHH.

5. Ha ocHOBI pe3ynbTaTiB JOCIIIKEHb MTPOIIOHYETHCS KOHICIIISI BUOOPY BapiaHTy (popMyBaHHS
perioHanbHOI cucteMu noBokeHHs 3 BXX/I, 1110 BKito9ae anroput™ NpuiHATTS pillieHHs 1070 BUOO-
py BapiaHTy (opMyBaHHS TaKOi CUCTEMH Ta METOAMYHI 3aCaJy II0J0 BUKOHAHHS MOro OKpeMHux era-
IiB, @ TAKOXX KOHIENTYaJlbHI MIAXOIM 10 3aJly4eHHs] HEOOXIHUX JJIsl IbOTO 1HBECTULIIHHUX PECypCiB.
BoHu pekOMEHIyIOThCS 1711 BAKOPUCTAHHS K OKPEMUM CYO’€KTaM cucTeMu moBopkeHHs 3 BXK/I, Tak
1 MICIIEBUM Ta PETiOHAJIBHUM OpraHaM CaMOBPSIYBaHHsS 1 JAEep>KaBHOI BJIAJH MiJ 4ac PO3pOOJICHHS
CBO€1 1HBeCTHUIIMHOT cTpaTerii. OOrpyHTYBaHHS 1HBECTHIIIMHOI cTpaTerii popMyBaHHS pETriOHATBHOI
cucremu noBokeHHs 3 BXK/] PiBHeHCBKOI 00acTi, BUKOHAHE Il IEPEepOOJICHHS PECYPCHO-IIIHHUX
kareropiit BXK]I. IIpoextn nepepobiennss BXK][ € komepIiiiiHO BUTITHUMH 1 MOXKYTh pealli3yBaTHCS 13
3aJIy4eHHSIM BJIACHUX KOILTIB HiANPHEMCTB Ta KPeIUTHHUX pecypciB. [IpiopuTeTHICTh BapiaHTIB iHBE-
CTYyBaHHS y MeXaX KOXXHOTO HAMpsSMKY HE 3MIHIOETHCS 3 TMIEPEX0JIOM Bij PIBHS OKPEMOTro cy0'ekTa 110
PIBHS CUCTEMH B LIIJIOMY, ajle X CUCTeMHa e(eKTHUBHICTh MOPIBHSAHO 13 Cy0'€KTHOIO 3pOCTaE yepe3 BU-
HUKHEHHS JOJIATKOBUX €KOHOMIYHOTO Ta €KOJIOTIYHOTO €(EKTIB.

Kurouosi cioBa: nepeBuHa, BxuBana nepeuna, JICII, TBepai moOyToBi BiAXoau, aHATI3 BU-
kopuctanus BXKJI, mepepoOieHHs BiIx0/iB, MOBOHKCHHS 3 BIIXO0JaMH, €KOJOTO-€KOHOMIYHA edeK-
TUBHICTb.
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ENVIRONMENTAL-AND-ECONOMIC ANALYSIS OF THE LIFE CYCLE OF
GAS-SUPPLY SERVICE AT NATIONAL UKRAINIAN FORESTRY
UNIVERSITY, MADE BY MEANS OF SIMAPRO SOFTWARE

An environmental-and-economic analysis of the life cycle of gas-supply service was made. The
degree of environmental impact of gas supply at National Ukrainian Forestry University (UNFU) was
determined. Identified here is the ecological index of the gas-supply life cycle, and on the basis of
which conclusions were made in regard with environmental footprints occurring in the given process.

Keywords: life cycle, of gas supply, SimaPro software, environmental-and-economic analysis.

Topicality of the subject matter. Every product or service covers a series of
stages in its development, the totality of which constituents a life cycle of this product
or service. Human activity when engaged in the process of manufacturing products or
providing services, inevitably involves environmental impacts [9]. Depending on the
nature of the product or service, the environmental impact may be manifested in differ-
ent ways, e.g. ozone layer depletion, greenhouse effect, soil acidification, biodiversity
loss etc. The planet of Earth is a closed system of material flows (unlike energy flows)
[5]. By moving from one product into another and changing in so doing the form of its
state, matter is cycling in an economic system [7]. It i1s because of this that the total
mass of matter remains constant irrespective of the type of product or service humans
produce.

In modern socio-economic environment, the material flows and processes are oc-
curring according to a linear manner. But in their moving through time, the materials
that have passed through the technosphere, are coming back to the environment as raw
materials [1]. The concept of life cycle considers products/ services from the beginning
of their origin to the moment when they cease their functioning. The life cycle (Fig. 1)
includes the constituents such as raw material extraction, power production, transporta-
tion, primary processing operations, direct product manufacturing, packing, distribution,
utilization [2].

It should be noted that the life cycle of one product / service becomes more com-
plicated because many of their components are connected with the systems of other
products / services [6]. Thus, in order to choose the best environmentally acceptable
way of product manufacturing or service rendering, a number of socio-economic factors
which embrace the whole life cycle, should be taken into account. This means involving
a systemic approach to planning and designing processes.

< Raw materials extraction | New raw materials
and transportation < 2
4 . .
- — Preparation of materials Circulati ¢
Production — Product manufacturing Irculation, waste man-
— Dosage, packing, distribution agement
1
. > Waste management
v »  Product use / recycling > g

»
>

Fig. 1. Life cycle stages of the product with partial recycling
of raw materials and materials [3]
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Problem formulation. The objective of the investigation is determining envi-
ronmental-and-economic impacts of the gas-supply service life cycle at UNFU.

Presentation of the basic facts. SimaPro software is a professional tool for col-
lecting, analysing, and monitoring ecological characteristics of products and services.
With such a tool, it is easy to simulate and analyse complex life cycles in a systemized
and clear way [8]. In order to analyse environmental impacts of the gas supply during
its “life cycle” (Fig. 2), necessary data were grouped, namely, main materials that are
needed to accomplish gas supply to the buildings and hostels of the University, the
completing parts for every constituent of raw materials and materials which are consid-
ered as input, and the processes such as transportation, direct heating — everything that
accompanies the life cycle of the product (output). For the sake of convenience, all the
constituents of the gas-supply process were grouped into two groups: needed natural re-
sources (gas, mineral resources), and technical and technological equipment.

Little by little the program was further enriched by data on some separate parts of
the gas-supply process with indication of constituent materials, components and pro-
cesses involved. The SimaPro software enables to analyse products including scenarios
of waste management which can be modeled independently according to the product /
service chosen. The life cycle may contain only one scenario of wastes management or
one scenario of wastes burial. In our case, the scenarios were not chosen since the
wastes were greenhouse gases whose physical nature does not allow for modeling sce-
narios of management them. However, we have predicted measures to be taken for en-
ergy conservation, which will reduce gas consumption and, consequently, will result in
the reduction of the greenhouse gases emission. After completing data input, the tree of
processes is built in order to reveal weak points of the analysis (Fig. 2). The red lines (or
thermometres) indicate the loading on the environment that takes place in every process.
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This is a very useful feature of the program that makes it possible to distinguish
between important and less important processes (to reveal “hot points”). In our case the
“hot points™ are heat losses due to poor compactness of the window and door frames,
lack of the wall heat insulation, and other factors that are associated with heat loss, also
long distance transportation of gas from the source to the consumer leads to gas losses.
A considerable amount of energy is lost on the way to the consumer which results from
lack of heat insulation. Fig. 2 enables to trace also clear positive tendency — a reasona-
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ble use of heating energy and proper heat insulation of the structural materials, which
results in a positive ecological effect, that is economical use of natural resources.

In the above Fig. 2, the thickness of the line reflects the process loading on the
environment according to the Eco-indicator 99 system. The figure also contains the in-
tegrated index: ecological index (it is circled in red). It is possible to turn on or turn off
the function by using appropriate buttons, and express it in percentage or eco-points.

Thus, we have obtained a comprehensive Life-cycle picture of the gas-supply
process and by pressing the button of the tree or network, we will be able to see the sce-
narios of the service life cycle completion. The tree is too branched to see all the pro-
cesses on the screen simultaneously. However, by using context menu, we will be able,
due to different colouration, to trace clearly: separate constituents of the service (blue
colour), life cycle (yellow colour), and the part assigned for wastes: their spreading or
treating (red colour). The tree construction having been completed, we made an analysis
of the environmental impact assessment. The analysis procedure consisted of five ele-
ments: characterization; damage assessment; normalization; weighting; ecological index
determination. The next step was an extension of the life-cycle analysis on the basis of
characterization. These are groups of inputs and outputs which are distributed amongst
eleven categories of impact in accordance with the Eco-indicator 99 methodology. The
characterization points to the intensity of undesirable impacts of the gas-supply life cy-
cle, the contribution of which is to be identified as specific share of: carcinogens, respir-
atory substances, climate change, radiation, impact on the ozone layer, eco-toxicity, fos-
sil fuels, land-use changes, minerals, acidification / eutrophication (Fig. 3). All the
negative values represent preventive measures against hazardous waste discharge, there-
fore the given values point to positive and environmentally friendly processes, that is,
they indicate that the pollutants are trapped or not discharged in great amounts.
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The aggregation of category data is used in environmental models for comparing
different contributions to the same environmental problems. This task can be performed
by means of factors equivalency provided by models (Fig. 4). Fig. 4 shows characteris-
tic features of the gas-supply service specificity as well as scenarios of formation and
spread of wastes generated by this service. This points to the fact that in some impact
categories, the dominant factor is transportation while at the end of the life cycle, domi-
nant are other factors, all the impacts are presented on a 100%-scale. The colours indi-
cate the contribution of the service and associated wastes. As is seen from the above di-
agrams, the most negative environmental impacts result from the wastes, that is green-
house gases emission, accordingly we can observe eco-toxicity and climate change.
This is conditioned by the fact that harmfull greenhouse gases emission is accompanied
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by accumulation of harmfull substances which eventually reach into the soils, ground
and surface waters also causing a considerable pollution of the atmosphere and making
a corresponding negative contribution to climate change.
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In the same fashion, environmental impacts can be assessed at subsequent stages
of the analysis: damage assessment; normalization; weighing; ecological index determi-
nation. In order to obtain more clear results of the analysis, all the impacts can be
grouped into three categories, namely:

¢ human health: carcinogens; respiratory substances; climate change; radiation; ozone layer; eco-toxicity;

e ccosystem quality: acidification/eutrophication; land use;

e natural resources: minerals; fossil fuels.

As is evident from Fig. 5, the most considerable impact of the gas supply includ-

ing air pollution, is exerted on natural resources and human health.
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Conclusions. Eco-indicator 99 is one of the methods that allows the use of unified
assessment approach for the whole life cycle — the so-called ecological index. This is the
sum of all individual eco-points, or partial indexes, for all processes of the life cycle. The
calculations are done by way of summing up the results of weighting life-cycle phases.
Final results of the whole life cycle impact of the gas-supply process are presented by
means of ecological index in Fig. 6.

As is clear from Fig. 6, it is humans who suffer most from the misuse of power re-
sources and greenhouse gases emission, this is evidenced by the yellow and red parts of
the diagram that are responsible for carcinogens and other harmfull substances. In this
case, the ecological index value makes up 6.7.
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In addition, we have made an analysis of the gas-supply process life cycle without
regard for the effects of this gas transportation to the consumer as well as energy losses
on its way from the supplier to the consumer, the given analysis involved the same cat-
egories as for the whole life cycle; the results are presented in Fig. 7. As Fig. 7 shows,
the above mentioned process has the most dramatic impact on the spread of respiratory
non-organics, the use of fossil fuel, and pertains equally to the climate change and
spread of carcinogens.
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According to the Eco-indicator 99 method, we took the unified assessment ap-
proach (as we did for the whole life cycle) to assess part of the life cycle without regard
for energy conservation and rational use of natural resources as well as hazardous emis-
sion into the atmosphere; the results are presented in Fig. 8.
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Final results including all factors of the gas-supply process with regard for exter-
nalities at the input and output of the system are presented in Fig. 9.
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taken into account. On the basis of data obtained, we may make conclusions as to fur-
ther usage of the service in the form as is done today (Fig. 10).
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The analysis of the environmental impact assessment for the gas-supply service at
UNFU during its life cycle was done by means of SimaPro software. The results of the
study are presented in the form of environmental impact diagrams, and by determination
of the integrated index — ecological index that is measured in eco-points. The index val-
ue for the object of the given analysis makes up 6.7.

Evidently, services with lower index value will have less environmental impact.
The means for tackling these questions could be provided by considering the processes
of energy conservation and proper use of natural resources [4]. The issue of service life
cycle has been neglected so far, although it is the research of this kind that could pro-
vide efficient tools for solving the problems of energy conservation and sustainable use
of natural resources.
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TAKING INTO ACCOUNT STOCHASTIC FACTORS IN THE GLOBAL
ENVIRONMENTAL ECONOMIC MATHEMATICAL MODELS

The necessity of analysis of environmental economic factors for modeling of global processes
is motivated. On the basis of improvement of J. Forrester’s model, feasibility of taking into account
stochastic factors during mathematical modeling of such processes is proposed.

Keywords: mathematical model, environmental economics, stochastic factors, system of dif-
ferential equations.

Introduction. The necessity for changing the conventional economic mentality and the
need for framing a new environmentally-benign economic conception of the world were first
mentioned at the Soviet-American symposium “Economic aspects of the Environmental Protec-
tion” (the city of Tsakhkadzor, October 19, 1997) in the report by Yu. Tunytsya “Environmen-
tal-and-Economic Assessment of the Production Process as a Factor of the Environmental Pro-
tection” There was substantiated the advisability of employing market approach to solving the
problem of the Environmental protection and sustainable use of natural resources. The then pre-
sented problem of overcoming environmental-and-economic contradictions of the market econ-
omy by means of harmonization of interrelations between the human society and nature, has re-
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mained up till now a problem of great importance, and the study of inherent basic contradictions
between merely economic and environmental requirements is an all-important task to do [5].

Pre-conditions for problem formulation. It is well-known that human environment and
natural resources constitute physical basis both for economic and environmental systems. But
the classic economic system considers natural resources to be the only factor that forms the raw
material basis for various sectors of economy whereas the environmental economics of nature
use treats this issue as a triune process of use, protection, and reproduction of integrated compo-
nents of the environmental-and—economic system—the Environment and natural resources. Na-
ture use as well as the whole process of production of material goods is accompanied not only by
financial costs but also by environmental impacts: time-and-spatial alterations of the

Environmental quality as well as the quantity and quality of natural resources. These
changes may be either of positive or negative character: deterioration of environmental condi-
tions, increase or decrease in the quantity and quality of natural resources. The environmental
changes can influence the economic results of material production and non-material sphere;
therefore environmental costs (aggregate expenditures and losses both in the sphere of nature use
and nature conservation as well as economic activity in general) need to be taken into considera-
tion, these costs are inevitably to be growing up. Appropriate compensation costs for recovering
high-quality environmental conditions should be in keeping with the intensity level of natural re-
sources use and the Environmental pollution. The understanding and realization of this fact will
make it possible to keep balance between the ecological and economic systems as well as to en-
sure a steady socio-economic progress of the human society; on the other hand, disregard for
these facts may result in degraded quality of the Environment, natural resources depletion, needs
for additional environmental costs, possible environmental losses and in the long run to the
slowdown of socio-economic development if it does not cease at all [6-18]. Thus, the severity of
the problem is in the fact that market economy ruins Nature while Nature destruction ruins the
economy itself. The absence of the environmental component in the classic economic system
can be explained by the fact that the considerable part of environmental impacts from economic
activity is not subject to accurate economic assessment [1].

Mathematical model. Hence, further socio-economic advance of the society is impossi-
ble without solving the present-day environmental problems. The existing natural systems are ra-
ther resilient and robust, however, these qualities of theirs may not be long lasting. At the early
stages of the society’s development, effects of human activity on the Environment were insignif-
icant and did not produce any marked changes to the Environment, but today’s anthropogenic
pressure is so intense that humans cannot afford to neglect (as it was before) its adverse effects.
The extent of human impact on various components of the biosphere is increasing year after
year, and these results in changes of vitally important parameters of the Environment. Accord-
ingly, the construction of environmental-and-economic mathematical models of the global de-
velopment of the modern world is a pressing task to do [2]. The difficulties of such modeling in-
volve an adequate reflection of environmental and economic laws, a full set of statistics data, the
resolution of the issues of allowing for functional extrapolation and other similar problems [3].

One of the first attempts of such economic-and-environmental modeling was Forrester
model [7] that contains five time-variable parameters: P — Earth’s population size, V —
productive capital (capital assets), S — share of agricultural capital in the total productive capital,
R — non-renewable natural resources, Z — environmental pollution. These parameters determine
20 specific functions that describe the interaction of the most important economic-and environ-
mental factors of the society’s development.

1) Change in the population size. Reflects the balance between birth-rate B and
death-rate (with consideration for the main demographic characteristics)

dP

E=B—D=fl(B,D). (1)
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2) Differential equation for a decrease in non-renewable natural resources

dR
E:_PRM :fZ(P’V’S’MS’ER)' (2)
It is believed that natural resources are depleted at the rate which is proportional to popula-

tion size growth and to a certain factor R,, that takes into account the slowdown of resources ex-
traction rates with a rise of living standards’ M. This dependence is related to natural resources

use, namely for manufacturing consumer goods the demand for which is asymptotically approach-
ing saturation as the population’s standard of living M rises. In its turn, Ms is expressed through

the parameters P, ¥, S and the function E,(R, ) which reflects the increase in the cost of mineral

resources extraction as their supplies decrease.

3) The dynamics of capital investment is described by the equation

dv V
E:PCVVM(MS)_T_:f‘S(PﬂMS’CVﬂTV)‘ (3)

V
The function ¥, (M) describes the growth of the population’s financial resources in-

vestments into production as a result of rising living standards M ; constants C,, and 7, are the

coefficients identified on the basis of study of investment processes and the processes of capital
consumption (depreciation).
4) The dynamics of agricultural capital

is  S;S,-S
E:FT—:f4(SF,FR,SQ,Z,TS> (4)
S

is described by the functions: S, — impact of nourishment level F, on the amount of agricultural
capital; 7 —the length of time required for reallocation of capital;, S, —relationship between

agricultural capital and quality of life. In its turn, the quality of life is determined by the living
standards M ¢, the amount of food stuff per capita, population density, and the environmental

pollution level Z.
5) The dynamics of population is modeled by the equation

az 7
E:PZNZV_T_:fS(P’ZN’VR’TZ)‘ (5)

zZ
The first item describes generation of pollution and is proportional to the population size
P, constant Z, which refers to normal pollution level, and the function Z, (V, ) — the rate of the

environmental pollution with an increase of marginal capital. The second item characterizes the
process of natural decomposition of pollutants 7, , and identifies the length of time required for

an n-fold decrease of the pollution index providing no fresh portion of pollutants is added.
Consideration for stochasticity in mathematical modeling. Since time change in the
major portion of parameters that appear in the differential equations (1)-(5), is of random char-
acter, this mathematical model can be improved. Enter the stochastic coefficients y;, that ex-
press the probability for corresponding phenomena (processes) to appear. In so doing we as-
sume that 0 <y, <1, (i=1,5). The boundary value =0 corresponds to the unfeasibility of the

process while y=1 — shows the certainty of its occurrence. The relations so modified produce a

system of differential equations, which is the stochastic model of global development ......
dP

. |[a ~ 7 ED) (6)

dR
Z:}’zfz(PsV’S’Ms !ER)

av
Z:;/}f}(P’MS’CV’I‘V)
1S .
;7=74f4(SFﬂFRﬂSQﬂZ’TS)
A .
‘d—t=y5f5(P,ZN,VR,TZ)
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Changes in Forrester function’s behavior at different values of stochastic coefficients are
presented in Fig. 1.
The data to determine functional relations between the system’s parameters are averaged

data of the world’s statistics. For boundary values y, =1, (i = 1,5) we obtain (Fig. 2) the analog

of Forrester model curves [7]. All the curves have well-defined peaks (the living standards
curve approximately in 1960, the population size curve — in 2020, capital investments — in 2040,
the environmental pollution level — 2050).

Ry A v, =0 1 ()
P v, =1 T 2

O<y, <l

&

> —_/5\

0 " : . . >
M 1940 1980 2020 2060 2100
Fig. 1. Forrester function with Fig. 2. Predicted trends of the world’s development (1 —
consideration for stochasticity natural resources, 2 — population, 3 — capital investments,
4 — living standards level, 5 — pollution level)
Conclusions. The decrease in the amount of natural resources supplies causes industrial
decline: an increase in the cost of raw materials, due to the depletion of their supplies, slows
down the growth of capital investments and results in contraction of production. This has an ef-
fect on the living standards level, the impairment of which first leads to slower rates of its
growth, and later on to a decrease in the population size. Thus, the society with market economy
is facing the necessity of changing its mode of life and to adapt itself to the reproductive capacity
of natural ecosystems. Important though the economic goals may seem, they are leveled by envi-
ronmental problems. The contemporary society for the sake of its health and life must have a
new goal — environmental standard with economic restrictions [4].
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[IpoananizoBaHo MepeayMOBH BpaxyBaHHs €KOJOT0-€KOHOMIUHUX CYIEpPEYHOCTEH MpH Marema-
TUYHOMY MOJISTIOBaHHI TII00ATBHUX TPOIIECiB. 3'sicOBaHO MOTPeOy B MPOTHO3YBaHHI BIUIMBY €KOJIOT1Y-
HOTO e(eKTy Ha EKOHOMIYHI Pe3yJbTaTH MaTepialbHOrO BUPOOHUITBA 1 HEBUPOOHNYOI cepH. OCKiib-
KM 3aKOHU 3MiHU (DYHKIIIN, 0 BiJOOPaKatOTh B3a€EMO3B'SI30K HAWBAXIIMBIIINX €KOHOMIKO-EKOJOTTYHIX
YHHHUKIB PO3BHUTKY CYCIIUILCTBA, MAIOTh BHITAJIKOBHI XapakTep, 3alpOIIOHOBAHO BPaxOBYBaTH (PaKTOP
CTOXaCTHMYHOCTI TP MAaTeMaTUYHOMY MOJCIIOBaHHI Takux TpoueciB. Ha ocHoBi mopmem JIx.
doppecTepa BBEACHO Yy BIINOBiAHI Au(epeHIianbHl PIBHAHHSA JEsKI CTOXACTHYHI KOE(DIIEHTH, SKi
XapaKTePU3YIOTh IMOBIPHOCTI TTPOXOKCHHSI TIEBHUX IMPOIIECIB Ta sBHUI. MoaudikoBaHl TaKUM YHHOM
CIIBBITHOIIEHHS YTBOPIOIOTH CHUCTEMY JIHIMHUX AU(epeHIiaTbHUX PIBHSAHb MEPIIOrO MOPSIKY, SKY
3aIPOIIOHOBAHO BBAKATH CTOXACTHYHOIO MOJICILTIO TJI00aTBHOTO PO3BUTKY. B 4acTKOBHX BHIIAIKaX MPH
IPaHUYHUX 3HAYEHHIX CTOXAaCTUYHUX KOe(]illieHTIB OTpUMaHO aHayor kpuBux Mozaeni J[x. @oppecrepa.
3po6J1eHO BUCHOBKH 11010 MPOTHO30BAHKMX TEHJICHIIIA PO3BUTKY CBITY, HABEJICHO BIMOBIAHI rpadiky.

KarouoBi cjoBa: maremMarnyHa MOJENlb, CKOJOTIYHA EKOHOMIKa, CTOXAacTU4HI (aKTopw,
cucteMa audepeHIliaIbHUuX PIBHSIHb.

UDC 658.589.011.46+(630.6/630*662) Senior teacher V.M. Yakobchuk — UNFU

THE ASSESSMENT OF PROSPECTIVE APPLICATION OF MODERN
LOGGING TECHNOLOGIES AND MACHINERY, BASED ON
THE TECHNIQUES OF CALCULATING OPERATING COSTS

Successful development of Ukraine’s forest sector is intimately associated with the improve-
ment of logging operations efficiency. The current logging technologies and machinery, however, can-
not be taken as being satisfactory in the field. The world’s modern practice is ever increasing focus on
the short-log method of logging which has a number of advantages. The proposed methodological ap-
proach to calculating operational costs when using promissing logging techniques and machinery in
the short-log method, may find wide use under conditions of Ukrainian forest management units.

Keywords: technological process, machinery, operating costs, calculation, production efficiency.
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The last few years have witnessed an intensive search for the proper ways of Ukraine’s
forest sector development as well as looking for means for overcoming crisis processes of its
functioning. The majority of professionals are of the opinion that one of the lines for enhancing
the efficiency of logging operations is the improvement of their technologies. Ukraine’s forest
sector is characterized by a variety of logging techniques and machinery but none of these can
be definitely considered as being optimum. Although the tree-length method of logging pre-
vailed in the recent past, its present-day share is rapidly decreasing.

The choice of a logging method and appropriate machinery depends on many various
factors, namely, on the natural and climatic conditions, availability of skilled manpower, the
level of working environment organization, safety at work (accident prevention), and the envi-
ronmental conditions, but primarily on the efficiency of the machinery used and the level of
operating costs. Generally, mechanized systems of logging operations provide for a high
productivity but this requires high capital expenditures. This is why the calculation of operat-
ing costs for logging machinery is one of the key constituents of the procedure for comparison
of how efficient are different logging methods and types of machinery [1-14]. Amongst the
environmental and production factors that influence the choice of logging methods and logging
machinery, the operating conditions of the cutting area as well as ground-and-terrain condi-
tions should be considered first. In particular, the operating conditions of a cutting area include
the species and age composition of the forest stands, merchantable timber output, standing
volume per hectar, the average stem volume, the average felling area, the distance between
cutting areas, the distance to consumer destination. The research we have done, was based on
the elaborated methodological approach, the core of which is the calculation of costs when
employing prospective logging machinery in the short-log method, which could have a consid-
erable practical implementation under Ukrainian conditions of logging operations [2, 3, 4].

The production process of a logging operation consists of the core production process
and the process of handling and support of the core production process.

The core production process contains a number of stages: felling operations; hauling
operations; terminal operations. The handling-support process (preparatory and handling oper-
ations) includes: repair and maintenance of the machinery and equipment; building of main
logging roads, branch roads, and spur roads; reforestation activities. Recent trends are toward
increasing transfer of production functions to legal contracting companies. In addition to
providing services such as logging operations (e.g. State Enterprise (SE) “Stryi forest man-
agement unit”’), a common practice is involving contractors for performing operations such as
silvicultural practices, timber extraction, building and reconstruction of logging roads, equip-
ment repair (e.g. SE “Skoliv forest management unit”, SE “Brody forest management unit”).

The short-log method of logging makes it possible to sell roundwood on franko-upper
landing terms (that is directly from the cutblock), in this case the number of operations per-
formed by the loggers themselves can be reduced to one operation: tree felling. It shoud be
noted that the development of the contracting system in the area of logging (namely, dealing
with small mechanized teams that were registered according to the simplified taxation system)
is not favoured because of changes in the tax legislation.

All these changes in the technologies, organizational and operational structure of log-
ging activity call for the necessity of improving managerial prime costs accounting and, in par-
ticular, preparing a calculation of costs in the framework of a separate stage of logging opera-
tions, for a certain type of logging machinery and equipment.

The order of calculating operating costs for a piece of logging machinery is done in ac-
cordance with the following procedure:

Step 1. Calculating start-up technical-and-economic indicators of the machinery operation:

e general evaluation of usage potential of one or other type of machinery with consideration for the annual
cut and specific environmental-and-operating conditions (done in case of planned purchase of new machinery).
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e making a choice of the machine versions and/or machine system for the comparison purpose. This may be
comparison of the basic version and new versions or just the comparison of various new versions.
e cstimation of expenses needed for purchasing machinery of various types.
e calculating effective working time of the machines. determination of performance of basic and new ma-
chinery or various versions of new machinery per machine-hour, per machine-shift, per year.
Step 2. Calculating machinery operating expenses and making-up costing, com-

parison of versions, making a choice of the optimum version:

e calculating production costs in terms of cost types for machine-hour, and for the annual output;

e comparison of basic version of machinery with new ones (collection and generalization of data on actual
costs for the operation of basic version machinery in terms of cost types);

e production costs estimation according to various versions of new machinery;

e comparison of machinery basic versions with new ones (calculating production actual costs);

e summary tabulation of costs according to various versions of logging machines.

Step 3. Comparison of costs according to various models of machinery or logging

methods, factor analysis of them — tabulation of costs according to various versions of

machinery (methods) (tables 1 and 2).

Table 1. Calculation of actual costs for harvesters under conditions of final clear cutting in Ukraine

Indicators ];(eﬂ::?e Kobelco | Kobelco | Timberjack | Timberjack Vglcvo
1270D SK 135 | SK 170 1270 1270 210

Annual fund of working time, days 249 249 249 249 249 249
Coefficient of time shift work 3 2 4 4 4 4
Annual fund of working time, hours 3600 2499 4800 4800 4800 4800
Planned fund of effective working time, hours 3240 2280 4560 4560 4560 4560
Actual effective working time, hours 3204 1301 3245 3385 2354 2272
Planned coefficient of machine use 0,9 0,9 1,0 1,0 1,0 1,0
Actual coefficient of machine use 0,8 0,5 0,8 0,8 0,4 0,5
Acquisition cost of machinery, thousand of UAH 2972 1485 1441 2834 2979 2404
Lease term, years - - - - - 3
Actual production per machine a year, m* 31066 18600 29714 36901 40714 36007
Actual productivity of machinery, m? per year 9,7 14,3 9,2 10,9 17,3 15,9
Lease payments, thousand UAH/year 0 0 0 0 0 801,6
Fixed costs (depreciation etc.) thousand UAH/year 8239 5479 535,8 1051,6 1084,3 875,0
Variable costs (fuel and lubricants, repair, spare | 835,6 562,7 6229 1190,1 828,2 666,8
parts etc) including costs for fuel and lubricants 229,6 185,9 195,9 189,5 174,5 237,5
Total costs, thousand UAH/year 1659,6 | 1110,7 | 1158,7 2241,7 1912,5 1541,8
Costs per m?, UAH 53,4 59,7 38,9 60,8 46,9 42,8
Costs per machine-year, UAH 517,9 853,7 357,1 662,2 8124 678,6

Reference data for performing the calculations of actual costs and their comparison
were based on the statistics data for operation of harvesters (John Deere 1270 D, Kobelco SK
135, Kobelco SK 170, Timberjack 1270, Volvo EC 210) and forwarders (John Deere 1010 D,
Timberjack 1010 D, Timberjack 1110, Deere John 1410 D) in final clear cutting in Finland,
Sweden, and Russia [2, 3, 4].

Table 2. Calculation of actual costs for forwarders under conditions of final clear cuttings in Ukraine

Indicators ];(eﬂ::?e Kobelco | Kobelco | Timberjack | Timberjack Vglcvo
1270D SK 135 | SK 170 1270 1270 210
Annual fund of working time, days 249 249 249 249 249 249
Coefficient of time shift work 3 3 3 4 3 3
Annual fund of working time, hours 3600 3600 3600 4800 3600 3600
Planned fund of effective working time, hours 3240 3240 3240 4560 3240 3240
Actual effective working time, hours 2723 2468 2482 4577 3272 2277
Planned coefficient of machine use 0,90 0,90 0,90 0,95 0,90 0,90
Actual coefficient of machine use 0,84 0,86 0,67 0,51 0,72 0,67
Acquisition cost of machinery, thousand of UAH 1934,7 | 1818,5 1858,9 1755,6 2064,3 2261,3
Lease term, years - - - - 3 3
Actual production per machine a year, m* 21839 19280 29658 59551 40714 36007
Actual productivity of machinery, m? per year 8,0 7,8 12,0 13,0 12,4 15,8
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Lease payments, thousand UAH/year 0 0 0 0 688,1 753,8
Fixed costs (depreciation etc.) thousand UAH/year 532,5 4135 512,8 512,0 799,2 825,2
Variable costs (fuel and lubricants, repair, spare parts | 419,9 632,4 4974 1022,1 1532,9 676,5
etc) including costs for fuel and lubricants 154,5 169,6 171,2 189,2 348,7 270,3
Total costs, thousand UAH/year 1024,4 | 10459 1010,2 1534,1 2332,1 1501,7
Costs per m*>, UAH 46,9 54,2 34,1 25,8 57,2 41,7

Costs per machine-year, UAH 376,2 423,8 407,0 335,2 712,7 659,5

The research we have done, shows that modern logging technologies and machin-
ery used in the short-log method, hold much promise for final cuttings of available tim-
ber volumes of Ukraine’s State Agency of Forest Resources/
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MeTomoJI0riYHMI MiAXiA PO3PaXyHKY eKCIIyaTauiifHMX BUTPAT NP BUKOPUCTAH-
Hi IePCNeKTUBHOI J1ic03aroTiBeJIbHOI TEXHIKH AJIs1 COPTHMEHTHOI 3aroTiBJIi

BcranoBiieHo, 1m0 yCHinHUN pO3BUTOK JIICOMPOMHUCIOBOTO KOMIUIEKCY YKpaiHH HEPO3PUBHO
NOB'A3aHUHN 3 MIJBUIIEHHAM €(EeKTUBHOCTI Jlico3aroTiBenb. OOIpyHTOBAHO, 110 TEXHOJOTIUHI CXEMH 1
CHCTEMH MAIllMH, SKI 3apa3 3acTOCOBYIOTHCA Ha JIICO3aroTiBlli, HE MOXXHA BBKATH TaKUMH, IO
BIZIMIOBIZJAIOTH 3pOCIMM BUMOTaM Y il 1fapuHi. BusiBiaeHo, mo cBiToBa MpakTHKa OCTaHHIX POKIB BCE
OlTbIIIE 30CEPEIKYEThCS HAa COPTHUMEHTHIA TEXHOJIOTIl JicO3aroTiBeNib, IO Ma€ psj IepeBar.
3amponoHOBaHO, IO METOAOJIOTIYHMM TMiAXiA PO3paxyHKYy eKCIUTyaTallifHMX BHUTpaT Npu
BUKOPHUCTAHHI TEPCIIEKTUBHOI JIICO3aroTiBEILHOT TEXHIKMA MJIi COPTUMEHTHOI 3aroTiBii MOXKE MaTH
MIMPOKE MPAKTUYHE 3aCTOCYBAHHS B YMOBAX YKPaiHCHKHX JIICOBHX T'OCIIOIAPCTB.

Kiro4oBi cjoBa: TEXHOJOTIYHUN TMPOIEC, CUCTEMA MAIllMH, eKCIUTyaTalliiiHl BUTpAaTH,
KaJIbKYJISALisl, €PEeKTUBHICTh BUPOOHUIITBA.
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THEORETICAL PRINCIPLES OF MONITORING ASSIMILATION
APPARATUS CHEMISTRY OF FOREST STANDS

Compared are the limits of maximum permissible concentration (MPC) levels of heavy metals in
plants in different countries and proposed program and methodology for determination of heavy metals in
forest woody plants. Used and adapted to local conditions relevant European research methodology.

Keywords: heavy metals, forest tree species, clark, maximum permissible concentration.

In the early nineteenth century in human history machine-industrial stage of de-
velopment began, accompanied by the intensification of production, increasing the ex-
traction of minerals, and thus increasing anthropogenic pressure on the environment.
Sharply increased pollution by heavy metals (HM), which on the one are hand neces-
sary for the development of plants (if they are called — trace) and on the other hand — in
excess of the maximum permissible levels act as toxicants. All elements of natural eco-
systems contain a certain number of HM. In the natural (background) a concentration of
heavy metals bound in the soil, inaccessible to plants and therefore does not carry the
negative impact, moreover, are directly and actively involved in all processes of life.

Balanced chemical composition of living organisms — the main condition for their
normal growth and development, and is essential as the shortage and surplus chemicals,
including salts HM. Areas of contamination by HM are determined by meteorological,
terrain, morfostrukturne and technological conditions. Often anomalies of heavy metal
band long axis oriented in submerydial and merydial directions. Concentrations of ele-
ments that do not exert direct or indirect impact on the health and hygienic conditions
and do not worsen residence, are called maximum permissible concentration.

It should be noted that the MPC pollutants norms in different countries often dif-
fer, albeit slightly. In table 1. a value of MPC adopted in the former USSR, Russia,
Ukraine, USA and the Netherlands are compared.

In Ukraine, engineering and survey station of agricultural chemicals have data on
only six toxic elements — Zn, Cd, Pb, Cu, Cr, Hg, defined as moving their forms in the
soil and gross content in vegetable samples. The U.S. Office for quality control of food
and medicines (USA-FDA) in 1979 began developing a standard GLP, which has be-
come international and is now widely used around the world.

Russia took almost the same MAC as the former USSR.

In the Netherlands a regulatory framework of concentrations of heavy metals has
been developed. Three levels of their content in the soil are established: A — background
concentrations, C — concentration, indicating the need for additional research and action,
C — threshold concentration, indicating the need for urgent action on cleaning soils.

Aim: determination of heavy metals in woody plants, pine, spruce, oak and beech —
the main forest species of West Ukraine. To achieve this goal the following tasks are set:

¢ Organization of a network of permanent test areas of plant communities given the distance and
direction from the industrial center, physical, geographical and environmental characteristics and fea-
tures of human impact;

e The definition of the generic features of some heavy metal accumulation in plants of forest
plant communities according to the level of anthropogenic impact;

e The assessment of environmental transformation of vegetation plant communities under the in-
fluence of anthropogenic stress.
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Methods of measurements and observations. In order to integrate into the Eu-
ropean Research Area in the study we are planning to use the methods recommended by
the European scientific institutions — namely, the methods of monitoring forest ecosys-
tems recommended by ICP-Forests (International Coordination Program, "Assessment
and Monitoring of Air Pollution Effects on Forests") [5].

Forest Monitoring System based on creating a network of permanent test areas
(PTA) with the predominant species of pine, spruce, oak and beech (a major forest spe-
cies of the western region of Ukraine) over a periog of 20 years. Distribution and choice
of study reflects the surface structure, species, age and condition of forest ecosystems in
accordance with the inventory of forest resources.

PTA is a group of at least 20 trees selected from the managed stands. Central area
is designated and trees are numbered. For each surface of the circular area defined vari-
able size: 0.005 hectares of woodlands in the age 21-30 years, 0.01 hectares of planta-
tions in the age 31-40 years, 0.02 hectares of plantations in the age 41-60 years and 0.04
hectares in plantations older 60 years. [8]

In each region than five samples will be selected with predominant stands of trees
with an average for PTA defoliation. Trees are numbered. Samples will be taken from
the four corners of crown from branches at the top (5-7 rpm) and the outer part. The
minimum sample weight — 50 g. In coniferous plantations samples of needles will be
taken from each tree representing increments of current and past years.

Chemical analysis of samples will be conducted in the environmental laboratory
of the Department of Ecology UNFU. After drying at 105 ° C, samples of leaves will be
milled, and then make mineralization "wet" in a mixture of concentrated acids HNO;
and HC1O4 by volume 4:1. Tests should include determination of: N, P, K, Ca, Mg and
S and B, Fe, Mn, Zn, Al, Pb and Cu. Determination of elements will be performed by
emission spectroscopy on the spectrophotometer. Nitrogen will be determined by
Kiejdahla method [8].

Conclusion. The study of features of the accumulation of HM by forest tree spe-
cies associated with the need of assessment of biosphere environment and stabilizing
features trees that serve as phytofilters to the flow of pollutants into the environment
was conducted. Woody plants absorb and truss of atmospheric pollutants, dust particles
are trapped, preventing the surrounding area from harmful ekotoksykants.

When selecting trees to create a health-protective plantations and for reclamation
of disturbed lands (preference will begiven to) especially those species that are indige-
nous to the intended place of planting differ by undemanding to growth conditions,
highly drought-and frost resistance, characterized by rapid growth, decorative (in the
case recreational), resistance to industrial pollutants and their ability to accumulate the
maximum salt of HM. However, the ability of plants to accumulate a large number of
metals can not act as the sole criterion in (selecting) the assortment of species.

Interaction "HM — plant" complex and multifaceted phenomenon, in which
should be considered the peculiarities of penetration of toxicants into the environment,
phytotoksyc of pollutant, the corresponding reactions of ingress of toxic ingredients in
the environment and plants, as well as many other aspects. The main purpose of the
proposed work is study of morphophysiological changes in bioaccumulation of chemi-
cal elements in woody plants, identifying features of adaptation and resistance of woody
plants in case of polymetallic pollution.
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MONITORING OF HEAVY METALS POLLUTION
OF THE MALEKHIVKA RIVER WATERS

The results of analytical investigation of heavy metals Zn, Cd, Co, Ni, Fe, Mn, Pb, Cu content in
waters of the Malekhivka during 2011 year summer period are presented in current paper. The pollutions
sources, major elements-pollutants and the features of the pollutants income to the river are determined.

Keywords: heavy metals, municipal solid wastes landfill, leachate, acid tars.

The small rivers form water resources, hydro-chemical regime and water quality
in middle and great rivers. Also, they create conditions for the landscapes formation of
their watershed areas. The resulting action of natural and anthropogenic factors In the
conditions of the same landscape reflects faster and more sharply on small rivers. There-
fore, the small rivers are especially sensitive to the technogeneous pollution [1].

The Malekhivka river is a typical small river. It is the left tributary of the Poltva
river and belongs to the Zahidnyi Bug watershed. The Maleknivka springs from South-
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Eastern slopes of the small local watershed Roztochchya [2], where Lviv municipal sol-
id wastes landfill works more then fifty years. From the beginning the river flow
through deep flat-bottomed ravine of the oblong in South-Eastern direction ellipse [2].
The ravine is intersected by the parallel channels athwart to Malekhivka course. The
river is included to the this channel net and together they are the united reclamation sys-
tem for the landfill leachate surface flow retention (Fig. 1). Further Malekhivka flows
trough Malekhiv and Murovane villages. Finally it flows into Poltva river.
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Fig. 1. Research area map-scheme

At the beginning of Malekhiv village the nameless stream fall into Malekhivka.
Its sourse 1s located to South from the landfill in deeply incited gullies. At the head of
one of them near the edge of the landfill two storage reservoirs of Lviv Oil Refinery ac-
1d tars are created. The vicinity of these potentially dangerous technogeneous objects at-
tracts especial attention of mass-media, local population and researchers [2, 3].

In order to estimate the current ecological state of Malekhivka river the analytical
determination of the heavy metals concentration in river water, are undertaken in the
2011 year summer period. The heavy metals are the most toxic components of landfill
leachate and tars. They are highly conservative in natural environment. The heavy met-
als interact with living organisms trough the circulation and accumulation in ecosystem
components causing negative consequences [4]. The water samples are taken according
with [5]. Along whole river coarse from the source up to falling into Poltva river the 13
samples are taken (Fig. 1). Before analysis the water samples are treated by filtration,
conservation by concentrated nitric acid (1 % from sample volume) and concentration
by evaporation method. The concentration of the heavy metals are determined by atom-
ic-absorption method on spectrophotometer S115M1 in propane-butane flame with ap-
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plying of deuterium corrector of nonselective absorption. Determinations were per-
formed in triple replication. At P =95 % relative error do not exceed 7 %. The results of
investigation are presented in Table 1.

Table 1. Heavy metals content in water of the Malekhivka river

Sample o Element concentration, mr/n
nunber P Zn | Cd \ Co | Ni \ Fe | Mn \ Pb | Cu
Source from landfill reclamation system
1 7,33 10,013 [ 0,0001 | 0,0007 | 0,0403 | 0,62 | 0,22 | 0,015 0,028
2 7,90 | 0,018 | 0,0002 | 0,0010 | 0,0563 | 0,92 | 0,23 | 0,021 0,038
3 7,86 10,014 | 0,0001 | 0,0007 | 0,0309| 0,62 | 0,18 | 0,012 0,018
Right tributary (Nameless stream)
4 6,65 | 0,015 | <0,0003 | 0,008 | 0,007 | 0,027 | 6,3 |0,004 0,003
5 7,58 1 0,007 | <0,0003 | <0, 001 | 0,005 | 0,034 | 0,27 | 0,002 0,002
6 8,17 10,006 | 0,0001 | 0,0003 | 0,0021 | 0,04 | 0,07 | 0,004 0,009
Malekhivka river (Malekhive village)
7 7,72 1 0,009 | 0,0001 | 0,0004 | 0,0179 | 0,15 | 0,11 | 0,006 0,012
8 7,73 10,015 | <0,0003 | <0,001 | 0,005 | 0,048 | 0,068 | 0,003 0,006
9 7,851 0,015 | <0,0003 | <0,001 | 0,006 | 0,054 | 0,078 | 0,004 0,006
Malekhivka river (Murovane village)
10 7,79 1 0,009 | <0,0003 | <0,001 | 0,006 | 0,095 | 0,164 | 0,010 0,002
11 7,38 10,028 | <0,0003 | 0,002 | 0,004 | 0,109 | 0,23 | 0,004 0,003
Poltva river
12 7,53 10,016 | <0,0003 | <0,001 | 0,010 | 0,081 | 0,088 | 0,021 0,005
13 7,03 10,017 | <0,0003 | 0,002 | 0,009 | 0,072 | 0,11 | 0,002 0,005
MPC 0,01 0,005 0,01 0,01 0,1 | 0,01 | 0,01 | Background+ 0,001

The common Malekhivka river feature is the significant influence of landfill
leachate on formation of river runoff. The leachate may have low pH or in the range
from 6.5 to 7.5 depending in which phase is landfill: acid phase of decomposition or
methane fermentation respectively. As one can see in current case pH on the source
from landfill reclamation system is higher then 7. The acid tars outlet from storage res-
ervoirs has significant influence on right Malekhivka tributary runoff formation. Which
causes pH value lowering in water stream. The pH value influences in different ways on
the different heavy metals state, but in common at pH lowering their solubility growths.
Under these circumstance the heavy metals incoming with leachate and tars may under-
go transition from soluble into insoluble form, or otherwise. Their content variation in
river waters is caused by processes of sorption on organic compounds and colloids in-
coming in surface waters as a result of erosion, also [6]. The presence of phyto- and
zoo-barrier has significant influence in heavy metals content lowering.

The Malekhivka river is not used for fishery purpose or for water supply source,
but it belongs to the watershed of Zakhidnyi Bug ,which is an object of fishery category
of use. Hence, in current work the water quality is estimated from the point of view of
standards of fishery category of use.

The results of investigation show that the content of such elements as Co, Cd, Pb,
and Cu is lower then maximum permissible concentration, In some cases as for Co and
Cd it is under the limit of determination by atomic-absorption method. The highest con-
centration of heavy metals are observed at heads of Malekhivka river and nameless
spring. The major source of pollution by Zn, Ni, Fe and Mn is the landfill leachate.
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Their contents overcome the corresponding maximum permissible concentrations in 1.5,
4,7 and in 21 times respectively. The same case regarding to the Zn content is observed
at the head of nameless spring (1.5 times higher then maximum permissible concentra-
tion). An especial attention one should pay to the Mn content which is 630 time is high-
er then maximum permissible concentration. But its concentration sharply drops (23
times and then 90 times) as a sequence of natural processes outlined earlier.

In Malekhiv village after falling point of right tributary in Malekhiv river the
concentration of the most metals lowers al least under waters mixing-diluting. The
heavy metals contents decreasing one can observe further up to the Murovane village.
But from the middle of Murovane the concentration of Mn growths up to 16.4-23 times
and Zn concentration up to 2.8 times of maximum permission level. Obviously, it is
caused by the activity of small private enterprises on village area.

The content of Mn in Malekhivka waters is in 2.6 times higher then in Poltva. Af-
ter Malekhivka falling point Poltva river carries water into Zahidnyi Bug with Mn con-
tent of 11 times higher then maximum permission concentration. At the expense of low
Pb content in Malekhivka its limit exceeding concentration in Poltva decreases in 8
times. By the Zn content Malekhivka river practically does not influent the water quali-
ty in Poltva. In such circumstances one can conclude that Malekhivka river is ander sig-
nificant stress of the landfill leachate as well as the acid tars.

The major elements-pollutants are Ni, Fe and Mn, the highest exceed maximum
permission concentration is observed in Mn content. Due to the processes of diluting,
physical, chemical and biological sorption the pollutant concentrations down to the
stream decrease. The rapid increasing of Zn and Mn concentration at the end of Muro-
vane village is caused by secondary technogeneous pollution.
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THE INTRODUCTION OF ENVIRONMENTALLY - SOUND
TECHNOLOGIES AT WOODWORKING ENTERPRISES OF UKRAINE

An analysis of environmental impact caused by industrial enterprise economic activity has been
made. It has been found that the anthropogenic pressure on the environment tends to decrease over the
last few years. Yet its level remains fairly high. Measures to be taken for improvement nature conser-
vation activity have been proposed.

Keywords: enterprise, innovations, environmental impact, environmentally sound approach, analysis.

The harmonization of relationships between the economic development and the Envi-
ronment is currently a top-priority task to be carried out both by the government and the pub-
lic. The close and proper attention focused on the existing environment is a pre-condition for
ensuring adequate living conditions for future generations.

The character of interrelationships between the national economy (production sector)
and the Environment assume specific features during the period of transition to the market
economy. The acute resource and ecological crisis, the necessity for a substantial improvement
of the Environment, the costs for elimination of ecological catastrophe consequences, misuse
of natural resources in all sectors of production — all these have an impact on the economic de-
velopment rate, the populations living conditions as well as the volume of financial funds ac-
cumulation necessary for solving the existing and other arising socio-economic and environ-
mental problems. All these issues need urgent consideration in the context of transition to the
model of sustainable development and rehabilitation of the Environment. The last few years
have seen the trend towards a decrease in the level of technogenic burden on the Environment,
yet it remains fairly high. Per 1 km? of the country’s area, about 7.5 ton of harmful substances
1s emitted into the atmosphere [1, 3, 5-13] by point sources of pollution, the amount of hazard-
ous industrial waste makes up about 3.8 ton [1, 4] while the amount of return polluted water in
the open waters is 4.5 thousand m? [1, 4-13], which amounts to 0.16 ton, 0.08 ton, and 0.10
thousand m? per one person, respectively. For comparison purpose, Russia’s industrial sector
discharges 19.5 mln ton of pollutants per year, which amounts to 342 kg per capita.

The analysis made for determining the extent of industrial enterprises impact on the En-
vironment, allows for making the following statement:

An enterprise is the key link in the process of the environmentally-sound development
of the country. The control of the environmental component of safe economic activity at the
level of the industrial enterprises production system, creates the necessary basis for environ-
mentally sound functioning of the whole economic system of Ukraine.

The introduction of environmentally clean technologies at woodworking and wood
products manufacturing enterprises in Ukraine is taking place in the context of the general
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trend for environmentally sound approach in the industrial sector. The processes that occurred
at separate enterprises reflected the general tendencies for the development of some branches
of the industry and economic activity as a whole. As compared with other sectors of industrial
activity, woodworking and wood products manufacturing enterprises pollute the atmosphere to
a lesser extent (Fig. 1). The share of pollution for these enterprises is 0.1 % of all industrial
waste amount. It should be noted that the industrial emissions of harmful pollutants into the
atmosphere amount to over 90% of the total amount of waste discharge in Ukraine. The big-
gest polluters are the following production sectors: production of electric power and distribu-
tion of gas and water; mining industry; iron and steel works; nonmetallic mineral products
manufacturing; coke production; oil manufacturing industry; chemical industry [1, 4].

The differences in the amount of waste emissions into the atmosphere by various indus-
trial sectors are accounted for by specific structural features of each type of activity as well as
their output volumes.
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Fig. 1. Harmful waste emissions into the air according to industrial sectors activity

It is worth noting that the environmental footprint of woodworking and manufacturing
of wood products has a tendency for a decrease in harmful emission into the atmosphere from
point sources. At the same time, one can observe a reduction in the amount of atmospheric
emissions for each individual enterprise.

Although the level of waste discharge from woodworking enterprises is of minor
amounts as compared with other industrial sectors, their total effect is fairly perceptible.

It should be pointed out that all pollutant emissions are classified into emissions of vari-
ous-type chemicals in the form of fumes, gaseous mixtures and solid particles in the form of
dust. The most part of waste treatment plants at our enterprises are designed for trapping solid
particles while the compounds such as aceton, xylene, styrol, toluene and others are discharged
without any treatment. The main source of the air pollution by woodworking enterprises are
workshops for finishing, veneer laying, laying-up, drying, wood machining, wood particle
boards and fiberboards manufacturing, wood flour as well as boiler rooms, maintenance shops
and various vehicles. The important factors that can have determining effect on the environ-
mental parameters of economic activity, are innovations and technological improvement of the
production processes. It is the innovative component that will be able to optimize the produc-
tion processes and natural resources use, to mitigate environmental impacts from economic
production activity with a minimum of negative outcome for manufacturing enterprises.

Fig. 2-5 represent the innovative factors influencing the environmental parameters of
woodworking enterprises on the backgrounds of industrial enterprises [2, 4].
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The share of innovative-active enterprises in the world’s developed countries amounts
to 60-70 %. The data (Fig. 2-5) point to the increasing number of woodworking and wood
products manufacturing enterprises that have introduced innovative technologies for the last
few years. It should be stressed that the woodworking enterprises introduced 35 innovative
kinds of product in 2008, one of them being quite new for the market, in 2009 — 9, in 2010 —
14 kinds [2]. Also, there was some animation as to introducing new technological processes,
including low-waste and resource-saving ones, both at industrial enterprises as a whole and
woodworking enterprises in particular. However, a negative tendency is being observed today:
while the total output is increasing one can observe the general tendency for a decrease in the
share of innovative-active enterprises in the industrial sector as a whole and in its branch —
woodworking industry in particular. Besides, a considerable gap is seen between the rate of
change in the industrial output and the dynamics of the share of enterprises that are introducing
new technologies; this is a negative fact because the gap is becoming wider against the back-
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grounds of the general fall of the rate of industrial output growth. Thus, the availability of in-
novative potential as such is not enough for sustained development in the innovative activity to
occur at the country’s scale. The most favourable way of financing enterprise development is
the attraction of foreign investments. However, foreign investors are not willing to invest their
capital in Ukrainian woodworking and wood products manufacturing enterprises as this sector
does not seem to be of primary importance to them.

The share of direct foreign investments into woodworking and wood products manufac-
turing enterprises amounts to 3 % of the total volume of direct foreign investments made into
the industrial sector, and only 0.7 % of the general state index.

The dynamics of direct foreign investments into woodworking and wood products man-
ufacturing enterprises (mln $ US as of the beginning of a corresponding year, is shown in Fig.
6)[1, 3].
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Fig. 6. Dynamics of foreign investments into woodworking and wood products
manufacturing enterprises as of the beginning of a corresponding year

With the participation of foreign capital, the following production sectors have been set
going in Ukraine: sawing and planing industry; production of rotary-cut veneer; glued ply-
wood; laminated and woodparticle boards; manufacturing of various kinds of millwork and
carpentry (beams, roof, trusses, window and buck frames, molded pieces etc.).

Conclusions. The analysis we have given, shows that in spite of the fact that there ex-
ists a tendency for general decrease in anthropogenic burden on the Environment, nonetheless
the level of this load remains fairly high. The total industrial output is continually growing, the
population numbers are decreasing, and disease incidence is going up. Thus, the current state
of the Environment in Ukraine needs improving and calls for solving the environmental and
economic problems of domestic enterprises in all sectors of economic activity.
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ExoJiorizanis 1epeBo0OpoOHUX MiANPUEMCTB YKpaiHu

[IpoBeaeHO aHami3 €KOJOTOECTPYKTUBHOTO BIIMBY €KOHOMIYHOI MiSUTBHOCTI TMPOMHUCIOBUX
HiAIPUEMCTB Ha JOBKULISA. BCTaHOBIEHO, IO yIPOIOBK OCTaHHIX POKIB CIOCTEPIraeThCsl TCHCHIIIS
JI0 3MEHIIEHHS aHTPOIIOICHHOTO HABAaHTA)XCHHS HAa HABKOJMIIHE TPHPOIHE CEPEOBHIIE, MPOTE
piBEHb 1IOTO HABAaHTAXCHHS € JIOCUTh BHCOKHM. 3arajJbHUN 0OCAT TPOMHUCIOBOTO BUPOOHHIITBA
MOCTIHO 3pOCTa€, KITBKICTh HACEICHHS CKOPOYYETHCS, 3POCTA€E 3aXBOPIOBaHICTh. PiBeHb BIUIMBY Ha
JOBKULISL TMIANPUEMCTB 3 0OpOOJICHHS JEepeBUHHM Ta BUPOOHUIITBA BHUPOOIB 3 JACPEBUHH MOPIBHIHO 3
IHITAMUA BHUJIAMH JSUTBHOCTI MPOMUCIOBUX IMANPUEMCTB € 3HAYHO HIDKYHM, XO04Ya y 3arajibHOMY
MOCHUJTIOE HETAaTUBHI HACTIJKM BIUIMBY TOCIOJAPCHKOI ISIBHOCTI Ha JOBKULIA. Ekomorizaris
JepeBOOOPOOHUX MIAMPHUEMCTB B YKpaiHi MPOXOAUTH Ha TJII 3arajibHOI €KOJIOTi3allii MPOMHUCIOBOCTI.
[Iponiecu, mo BigOyBamucs Ha OKPEMHUX IMiAMPUEMCTBAX, BU3HAYWIM 3arajbHi TEHJICHIII PO3BUTKY
OKPEMHX BHJIIB TPOMHUCIIOBOT JisSUTBHOCTI Ta BUJIIB €KOHOMIYHOI AisSUTBHOCTI 3aranoMm. JlJis 3MEHIIeHHS
HEraTUBHOTO BIUIMBY TOCIOJAAPCHKOI ISTILHOCTI MiANPHEMCTB Ha JOBKLUIS MOTPIOHO aKTHUBI3yBaTH
IHHOBAI[IIHY MisTBHICTh; 30UTBIINTH 1HBECTHIIl, 30KpeMa 1HO3eMHI, Ha MPUPOIOOXOPOHHI 3aXO0JH;
MIOCWJINTH MOHITOPHHT TEXHOTEHHOTO BIUIMBY IiIPUEMCTB Ha HABKOJIMIITHE IPUPOHE CEPEAOBUIIIC.

KurouoBi ciioBa: mignpreMcTBO, €KOJIOTOMICTKICTh, €KOJIOT13allis, aHaTi3.
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ENVIRONMENTAL ASSESSMENT OF PUBLIC TRANSPORT SITUATION IN
THE CITY OF LVIV: FACTS AND PROSPECTS

Urban electric transport is part of a city’s public utilities. The degree of transport network devel-
opment and the quality of its function are responsible for transportation service level and, consequently,
proper operation of the city’s enterprises and organizations. The issues of public transportation in big cit-
ies have always been of importance. This is especially true today because a transportation service is
viewed as one of the most socially meaningful component of national economy.

Keywords: urban transport, reforming, environment, public utilities.

Urban passenger transport is an important component of national economy. A
modern city is simply impossible to exist without proper functioning of city’s transpor-
tation network. Urban electric transport in many cities of Ukraine plays an important
role amongst various kinds of service rendered to the population. Its share makes up 42
% to 56 % of all public transportation. The share of passenger transportation by urban
electric transport in the city of Lviv made up 24,3 % of all the city’s passenger transpor-
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tation in the year 2011 [1]. Urban electric transport network is a constituent part of the
unified transport system designed for passenger routing transportation in accordance
with the requirements for life-support system of the populated area.

The existing level of transportation service influences human living and working
conditions. This is why the problems of problems of providing an adequate public transpor-
tation service is of social and economic importance, and the activity for transport infra-
structure development is eventually aimed at achieving the global economic goal.

To describe the performance scoring of urban passenger transportation service, the
following characteristics are used: traffic punctuality, vehicle service speed, the degree of
ride comfortableness etc. For passengers, the main qualitative characteristic of how effi-
ciently transportation service functions, is the speed of travelling. It is this characteristic
that should be taken into consideration when organizing a passenger transportation system.

Lviv is quite willing to follow examples of the leading European cities as it is of
the opinion that clean, environmentally friendly public transport is of paramount im-
portance both today and in future. The environmentally sound transport is to replace the
transport that pollutes the environment. Lviv is a unigue city where an area of 120 ha is
under protection of UNESCO, and 95% of the heritage which UNESCO protects in
Ukraine, is here, in Lviv. Therefore, the preservation of our architectural monuments is
the most important and vital task, the fulfillment of which involves simultaneous ad-
dressing and tackling the environmental problems as well.

With its more than a century-long history of electric transport, and having many
large industrial enterprises and educational institutions, Lviv has always found it difficult
to resolve transportation problem. The electric transport, an environmentally friendly
means of transportation, has always been of top priority, and it was fairly successful in
dealing with rush-hour stresses under specific infrastructural conditions of the city.

At present, in Lviv there are 74 routes with buses of medium-sized capacity, 4
routes with buses of large-size capacity, 9 tramway and 10 trolleybus routes; however,
even with such abundance of public transport routes, the transportation system shows
poor performance [2]. The protection of the environment against technogenic factors,
the protection of human against adverse effects of this environment, may be both pas-
sive and active. In the former case, these are measures taken to protect influenced object
against imminent influencing factors, in the latter case — the measures that make it pos-
sible to reduce quantitative characteristic of the influence or to eliminate it altogether at
the expense of radical changes associated directly with the source.

As to the public transport, there can be used measures e.g. noise-suppressing
shields, shelterbelts, etc. (passive measures); changes in the design of road and tracks
devices, installation of cleaning filters in automobiles etc, (active measures). Yet, the
most efficient appear to be radical solutions-changes in the source of influence, the ap-
plication of the principle of priority development of environmentally most sound kinds
of transport, stated differently, when selecting types of transportation to be used within
the context of urban and municipal development as well as assessing public transport
performance, it would be appropriate to take into account environmental characteristics
including comparison indexes of traffic safety and, consequently, to give recommenda-
tion as to the priorities in the development of electric transport.

The tramway and trolleybus that use electricity as the source of their driving pow-
er, are in full accordance with environmental standards. The tramway stands first on the
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list of the most popular means of transportation and it is no mere chance. Its main ad-
vantage is that the tramway practically does not cause pollution of the environment.
However, it has some disadvantages. The tramway has low maneuvering power, the con-
struction of new tram lines needs significant costs, also it is hard to call the tramway “si-
lent” means of transportation. Tramway noise is produced by its running traction motor,
brake system, box body vibration, the rolling wheels. The noise level is also dependent on
the condition of tram tracks and contact power line. The reduction of the noise level can
be achieved by using special rubber package under tram tracks, the usage of antivibration
pads between the wheel rim and disk or application of graphite grease.

The trolleybus is the most economical and non-polluting means of transportation.
It consumes less power than the bus does, and is more reliable and simple in operation,
does not use oxygen and does not cause air pollution by exhaust fumes. As compared to
the bus, the trolleybus general arrangement is more simple, its maintenance is less labo-
rious, and to start up the trolleybus in cold weather does not present a problem. The
noise level produced by the trolleybus is comparable to that produced by cars. In spec-
trum, it has a low-frequency character, and the noise like this is easier for human to en-
dure as compared to the type of noise produced by the tram, whose level is much higher
and is similar to that of cargo transport.

The noise produced by the trolleybus is due to the running motor, the wheels roll-
ing along the road and the operation of accessory electric mechanisms. The noise is also
produced by vibration of various enclosure structures and loosely mating windows and
doors during the trolleybus movement. To reduce the noise, various rubber-ring absorb-
ers can be used as well as sealing of the window glass and balancing of the mechanism
of motor and transmission can be applied. At present, the public transportation system
in Lviv is being restructured. This complex matter is attended by the French consulting
company Louis Berger as well as by professionals from the National University
“Lvivska polytechnika”. The company Louis Berger is collaborating with the city with-
in the framework of the project of European Bank for Reconstruction and Development.
It this new transport system, the priority will be given to electric transport [3].

From the analysis of the existing electric transport routes, it may be concluded
that structurally they are patterned fairly correctly because they are aimed at passengers
transportation from the suburbs to the city centre.

But their performance is not satisfactory: in total, the trolleybus and trams do not
carry enough passengers because of low-speed movement, they are not very punctual,
and are duplicated by buses of middle-sized capacity; also paying the fare takes much of
the driver’s time, the rolling stock is outdated and considerably worn out, which, by and
large, have adverse effects on the environment and human health.

It should be noted, however, that while developing the new public transport sys-
tem of the city, the professionals have taken into account all these things, in particular,
they have eliminated duplication of the electric transport routes, which is to increase the
number of passengers by getting relieved the city center from congestion of buses; this
is to make the traffic faster-moving. Also, the introduction of the rover-ticket system

will make the ride on the city electric transport still more comfortable and convenient.
In restructuring the electric transport system. Lviv is on the right track. Today,

most European countries are turning back to the usage to electric transport that was ac-

tually destroyed in the 1950s-1970s. The future may lie with electric vehicles since

these are environmentally friendly and economical type of transportation.
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ExoJioriyHnii cTaH MiCbKOT0 eJIEKTPOTPaHcnopTy y JIbBoBI:
PeaILHICTD I mepcneKTuBa

BimoMo, 1m0 MICBKHI EIEKTPUYHHI TPAHCHIOPT € YAaCTHHOK KOMYHAJIBHOTO TOCIIOJapCTBa
MmicTta. JloBeleHO, IO BiA CTYNEHIO PO3BUTKY Ta SIKOCTI POOOTH MICBKOTO €JIEKTPOTPAHCIIOPTY
3QJICKUTh HE TUIBKW PIBEHb TPAHCIIOPTHOTO OOCITYrOoBYBaHHS HACEJICHHS, ajie 1 HOpMajbHa poOoTa
mianpueMcTB, opranizamiid. IluranHs  opranizamii  0OCIYrOByBaHHS  HACEJNEHHS  MICBKUM
MAaCaKUPCHKUM TPAHCIIOPTOM 3aBXIU Oyiau akTyalbHUMHU. ChOTOHI IXHS aKTyaJbHICTH IE OiNIbIe
MOCHJTIOETHCS, 10 3yMOBJICHO HacaMIIepe/l COIIalIbHOI0 3HAYYILICTIO TPAHCIIOPTHOI MOCIYTH K TaKoi
1 BOKJIMBICTIO 30€PEKEHHSI MICT Y BIJIMOBITHOMY €KOJIOTIYHOMY CTaHI.

Karo4oBi ciioBa: MicbkHii TpaHCHOPT, peopMyBaHHs, TOBKIIISA, KOMyHaJIbHE TOCHIOJAPCTBA.
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PORTRAIT PAINTING IN UKRAINIAN AVANGARDE -
VISUAL IMAGE AND MIND REFLECTION

This paper mares an attempt to spotlight topical questions regarding the nature of portraiture thin
ring of avant-gardism artists. Cubistic and futuristic portraits are the basis of the analysis. The portraits
helped to investigate the logic of deformations that toor place in the art of first quarter of 20" century. The
study underlines that attention of Ukrainian cubistic futurists was concentrated on discovery of new possi-
bilities in human conscious and psychogenic. It is re marked that such ideas as representation of invisible,
new artistic sensitivity, harmony consisting of dissonances had a positive aftersound in avant-gardism
works. It is noticed that cubofuturistic experience of recreation of internal images in portrait that available
only for contemplative observation of internal images in portrait that available only for contemplative ob-
servation has become a significant phase in formation of suprematic concept of Malevich.

Keywords: portrait painting, visual image, abstract composition, alogism.

Portraiture occupies a significant place in art. It is known that development of the
portrait genre-painting was always thoroughly studied by art critics and theorists. How-
ever, this development could not be equally intensive in all periods. With time passing,
the problems have arisen and new ideas have emerged. They included a wide range of
new topics and questions. Therefore, a portrait could be a genre-painting more or less
attractive for a painter, and its content could be changed and really changed. The por-
trait was the essential part of the heritage of the avant-garde artists such as Olexandr
Bogomazov, Anatol Petrytsky. The works in this genre-painting have been created by
Volodymyr Burlyuk, David Burlyuk, Vasyl Yermilov, Victor Palmov and Kazimir Ma-
levich. At the beginning of the XX-th century, the portrait became a problematic, pro-
foundly philosophical genre-painting which combined the most contradictory tenden-
cies, bright realistic individual characteristics, and abstract and expressive deformations
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of models. In a new code of art formulae, a “real-objectless” opposition was one of the
central. Early in the XX-th century, the trends such as Cubism, Futurism and Suprema-
tism stopped to copy real objects. Their tasks were in another plane associating real with
the perception of the intuitive, and that was the core from which a true and modern, for
that time, work of art developed.

In the Cubo-Futurism art there dominated two problems: search for the essence
and the effective application of the human spirit in art. The reality, which was so much
spoken of, frequently, but not always, was metaphysical. The avant-garde artists consid-
ered that the imperceptible essence was associated with a dynamic or vitalistic compre-
hension of the cosmos, and from this point of view the artists were not idealists, but
they attempted to represent in the canvas those definite energies, forces, potentialities
and rhythms which, as they thought, were beyond the visible world. The artist’s interest
in an individuality, personality was expressed in search for the essence reality, since the
process of perception of the vitality, characteristic of the object, and further conveying it
to a viewer through the work of art could be exclusively personal and subconscious;
feelings represented only the surface world of the things we see, and this world in many
aspects 1s identical for all people The differences occurred from the “unconscious”

“inner necessity”, “intuition” [1,4]. Referring to the aesthetics of the avant-garde, datlng
back to 1910-1915, we can speak about formation of concepts of a special sight, that is
an inner sight, which is realized without eyes. Scientific investigations of the sight phys-
iology, but to a greater extent “new mystique” [2], philosophy and psychology were the
context of such conceptions. The avant-garde artists focused their attention on opening
of new possibilites of the human conscience and psyche. Enthusiasm from opening the
new psyche, new sight, new organs of sense and conscience was the basis of the Futurist
myth. It formed many bases of aesthetics, namely alogism and absurdism, accenting of
the unconscious mechanics of the creatlon passion for infantilism and primitive, inter-
est in different techniques of psychlc transformations.

The “psychic evolution” conception was developed in Cubo-Futurist portraits,
where a special role was played by the means for revealing the unknown, unconscious
sources of a new meaning and new perception. K. Malevich wrote, “To see the world
does not mean to see it with the eyes, but one can see the world with knowledge and the
whole being,... in our psychic world there is fixed a new real concept of a modern state
of our world perception or in the psychic world our brain images, like in a mirror, its re-
al state” [3, 6]. “The brain extract of impressions” is the unique aspect that gives us an-
other modern perception of the world and the sense of a new reality [4].

A similar “extract of impressions” is discovered in the classic Cubo-Futurist work
by A.Petrytsky, Portrait of Olga (1920). Peculiar features of the compositional structure
of the portrait conditioned a special reproduction of the appearance of the model inter-
preted in a generalized form. In the face there is emphasized its volume, the shape of the
nose and plump lips is interpreted completely in a plane manner. The shape of the eyes
is slightly enlarged, but at the same time the feeling of the fixed look is not lost. In such
interpretation of the face, particularly of the cone-shaped nose, shadows around the
head, we see the similarity with the Cubist portraits by P. Picasso. However, in the face
of the model there is represented tenderness which is completely absent in the faces
painted by P. Picasso. The model, painted in the picture, is playing music. It is difficult
to define the kind of the instrument the model is playing, because it is absent in the
composition. Meanwhile, in a line-plane rhythm, there are guessed the contours similar
to the shape of the piano cover [5]. The musical instrument is transformed into a specu-
lative category, relative object, from which some details are taken out: sign, indication
of the existence. Such a speculative existence is sufficient for a compositional and game
intrigue which is inherent in the Cubo-Futurism.

In theoretical constructions by a number of Ukrainian artists, new painting from
the space of real sight images and the world of physical laws is as if transferred to the
sphere of conscience, psyche, and material forms of a picture give only impulses, outer
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elements for one’s own inner contemplations. “... Sensation is based on rhythmical fea-
tures (movement), on their some action on our nerve-centres which transfer the sensa-
tion of conscience . and what does the conscience do with the received sensation? It
perceives the sensation, but judges of it only on the base of memories” [6]. Such bases
of a new principle of perception were developed by O.Bogomazov. The representation
acquired the form that the traces of the images have, with the objects seen in the artist’s
brain possessing “a great amount of memories” [6]. (Evidently, O.Bogomazov was in-
fluenced by A. Bergson’s work “Matter and Memory”). Prior to transferring such “trac-
es” to the canvas of the picture, the author had to see them in his conscience. Such a vi-
sionary element, “thinking by eyes”, the artist described in his theoretical treatise
“Painting and Elements”.

In this position we particularly appreciate the words of the Ukrainian artists
(O.Bogomazov, O.Exter, K.Vasylyeva and others), the “eye-witnesses of the invisible”,
who declared in the preface to the “Ring” Exhibition Catalogue the conception as set
forth, “ ... Beauty is not in things seen, but in the perceptible emotional experience.
There is no object, no thing, but there is some other thing, hidden, and this some other
thing is the world of mutual relations,... the world perceived by the soul...” [7]. With
such a perception, a purely speculative sphere, conscience or a sphere of unconscious
psychical senses, was the mediated “mechanism”. David Burlyuk advocated much the
eyes of the thoughts of the artist who had to write the analysis of his knowledge. Thus,
new Futurist poetry searched for the “words, by which one can see, words-eyes, words-
hands, by which one can create”, as well as the avant-garde painting searched for the
“eyes-conscience”, by which one can think, or “eyes-hands”, by which one can perceive
by touching. A tactile function of sight, hidden deeply in the human psyche, required a
special attention to the texture of the painting work.

Such a tactile “texture” component in new painting occupied an essential place.
Almost all artists and poets, without exception, attempt to create “texture works”.
N.Tarabukin, a noted art-theorist, called the representatives of new pictorial trends as
“texturists” [8]. D.Burlyuk was one of the first who attempted to give the “single possi-
ble” classification of painting works in the article “Texture”, understanding by the tex-
ture the character of the surface of the picture, features of its plane [9]. The emphasized,
thickened, hypertrophied texture of the picture surface referred the viewer not to the eye
sight, but rather to perception by touching.

Another painting work by D. Burlyuk, “Siberian Flotilla” (1911), belongs to the
educational Cubo-Futurist portrait. The peculiar feature of this work is quite a different
deforming interpretation of the space. In this picture there is depicted a sailor divided
into fragments and separate elements (similar to words in the Futurist poetry which
were frequently divided into separate letters), and again gathered together, but not ac-
cording to the laws of reality. A distinctive special effect in the portrait is “fragmenta-
tion” of the image — the representation is broken up by broken lines into acute and open
angles with well-defined geometrical contours as if broken off from ice. The sailor’s
face 1s represented by the reporting fixing, simultaneously at several visual angles, in
three and four revolutions, that is solving the problem of the artist’s sight movement
about the model. The artist accentuates the attention to the movement, combining the
Cubistic laying out of the form on the plane with the Futuristic technique of successive
representation of separate phases of the head movement. The Cubo-Futurists attempted
to represent the movement of the object or figure and different foreshortening by plastic
means. The Futurists spread the dynamic sensations not only on the mechanical move-
ment or the movement we see, but the “movement” of the psyche, inner dynamism. The
artists attempted to perceive the plastic movement of the modern spirit state and repre-
sent the ephemeral state of the psychical reality, which was developed in the peculiar
“inner landscapes” on the base of plastic equivalents. Such are, for example, the paint-
ings by A. Petrytsky, Portrait of V.Chystyakova, an Actress, and Self-Portrait.

In the context of our analysis, the Cubo-Futurist portraits by O. Bogomazov are
of interest. Portrait of the Daughter (1928) is Bogomazov’s masterpiece. The image in
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the portrait has a striking likeness and differs little from the main stream of the Cubo-
Futurist painting. The artist as if introduces his model into the space of his own art,
where everything is subject to a single plastic ritual-transformation in the given rhyth-
mics. The face of the daughter is presented as seen through special optics which gener-
alizes and individualizes simultaneously. The attempt to reproduce in the canvas the
new world, that combines the inner and outer, became the basis of a number of Cubo-
Futurist portraits created in another style. Such portraits represent the human appearance
consisting of different tactile and sight sensations, associated chains, in which object
and texture combinations are constructed. In these portraits, the “face” is represented as
a projection of psychic sensations and individual perceptions, where the artist attempts
to perceive peculiar configurations. They demonstrate the attempt to deepen, sharpen
the portrait conception, not to reproduce the outer surface of the face with the inner con-
tent, but to create a special artistic construction, which expresses a complex of sensa-
tions in the face, that are always woven from a number of impressions, which are scat-
tered and are almost beyond logical description.

The brilliant examples of the above are the Cubo-Futurist portraits by
N.Goncharova, The Lady with a Hat on (1913), by L.Popova, The Sketch to the Portrait
(1915), The T raveller (1915) by V.Mayakovsky, Self-Portrait (1918), which display
the transformation of the content, principles of comprehension and perception. In this
situation, the artist demonstrates a qualitatively new level of consciousness. His abstract
thinking ‘becomes more flexible and stronger, the change to a sensmvely psychological
associative vision becomes more noticeable. All these “portraits” are games of memo-
ries, where one image is revealed in the other like surprises in the Easter egg. This is a

parade of associations”, which occurs from the fantastic intersection of various geo-
metric planes and lines, in which “there are no down and up, it lives only in the human
brain, the home of illusions” [10].

In all the portraits analysed, there is observed, to a greater or smaller degree, the
evolution of art from the Cubo-Futurism to the infinite reason, which K. Malevich in
1913-1914 named as “alogism”. For K. Malevich alogism became an important impulse
at the time when the artist created his first Suprematist compositions. The very alogism,
which is a component of the Cubo-Futurism, to be more exact, its tint, led to a logical
end, to creation of a monochrome quadrangle known as Black Square.

Thus, the Cubo-Futurist portrait demonstrates a number of problematic relation-
ships between reality and techniques for its representation, between a visual fact and
mental image. The Cubo-Futurist portrait image is represented in the categories of a
new associative perception. This means that the artist is still associated with imaging the
reality, but only associative, which transforms chaos of absurdity into new imaging
forms, that creates a precedent for discovery.
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ITopTpeTHe MAJSIPCTBO B MUCTEUTBI YKPAIHCHKOI0 ABAHTapaYy:
MikK Bi3yaJbHUM 00pa3oM i MUCJIEHMM Bi00pasKeHHAM

[IpoananizzoBaHo  mpoOieMH  HOPTPETHOTO  MAIAPCTBA  YKPAaiHCBKUX  XYHOXKHHUKIB-
aBanrapauctiB O. boromazona, A. [lerpuripkoro, OpatiB bypmirokis, B. €pmuinoBa. AHa3yIOThCS TaKi
MOJICPHICTHYHI HANpsIMH B MUCTETBI nepmoi uBepTi XX CT. — K KyOi3M, GyTypu3M, CypeMaTu3M.
OxkpecrneHi HanpsIMU MEPECTaau KOMIIOBAaTH pealbHl MpeIMeTH, BOHHU 3BEIH ce0e 10 1HIIOI TIONHUHH,
IO TOB’sI3yBajla peajbHE 13 OCATHEHHSM IHTYITMBHOTO. XYIOXHHK, Yepe3 O0COOMCTE MEepETBOPEHHS
3pUMOT0 BUCYBAaB IOHATTS TBOPYOTO PO3PAXYHKY, OEJHAHHS XYI0XKHIX 3aC001B 3 XYJA0KHBOIO METOIO
IUis aOCTPaKTHOI TBOPYOCTi. MMUTII HaMmarajgucs BJIOBHTH IUIACTUKY CTaHy Aylli Ta MepeaaTd
edeMepHUl CTaH MCUXIYHOT PEaIbHOCTI, 1[0 OTPUMAJIO PO3BUTOK Y CTBOPEHHI Ha OCHOBI TUIACTUYHUX
€KBIBaJICHTIB CBOEPITHUX «BHYTPIIIHIX TEH3aXKIBY.

3BEepHEHHSI XYAOXKHUKIB IO Il€i TeMH TOB’S3aHO 3 BIUIMBOM  (imocodchkux podiT A.
beprcona. TIOHATTS «TpUBANOCTI», 3alporoOHOBaHE beprcoHom, mMpumyckae MOCTIHHY MIHJIUBICTb,
CTaHOBJICHHS, B3AEMOIIPOHUKHEHHS PI3HUX YaCOBHX IUIACTIB — MHUHYJIOTO, ChOTOJCHHS 1 MaltOyTHBOTO,
— JaBaJI0 OCHOBY JJIS TMOAIOHUX €KCIIEPUMEHTIB y )KMBOIKCI, 3aCHOBAaHUX Ha CyrecTii pi3HOMaHITHUX
($hopM 1 KOJIBOPIB, HA «IICUXOJIOTI3AIli1» TreOMETpHIHHUX (DITyp 1 OapBUCTUX KOMOIHAITIH.

3amponoHOBaHi /0 aHaji3y MOPTPETH JOMOMOTIM TMPOCTEKUTH JIOTIKY Aedopmaiiid, 1o
BimOyBaucst y MuctenTsi nepuioi uBepti XX cT. Kybodyrypusm naB €auHe B MUCTENTBI 32 CHIIOIO,
TOCTPOTOIO BUPAKEHHS 3IUTTS JABOX CBITIB — Cy0’€KTMBHOTO 1 00’ €KTUBHOIO, TOOTO TIEPETBOPEHOTO 1
peanpHOTO. [IpoananizyBaBIy HU3KY TBOPiB, aBTOP 3a3HAYaE, 10 a0OCTPAKTHI MOPTPETH BIATBOPIOIOTH
BUTJISIJT JIFOJMHM, SKUM CKJIAJAEThCsl 3 PI3HUX TAKTHIBHUX 1 30pPOBUX BIMYYTTIB, 3 acOI[iaTUBHUX
JIAHITIOKKIB, 3 SKHMX BHUOYAOBYIOTHCS (akTypHi 1 mpeameTHi KomoOiHarii. «OO0auvusy y TaKux
MOPTpEeTax MPEACTABICHO SK MPOEKIis MCUXIYHUX BIAYYTTIB 1 OCOOUCTHX CHpUIIMaHb, y SKUX MHTI
HaMarajucsi BJIOBUTH IHAWBiAyalbHI KOH(Iryparii, sKki JEeMOHCTPYIOTh CHpoOy TMOTrIHOUTH,
3arOCTPUTH TOPTPETHY KOHIEMILi0. XYIOKHUKH TMPArHyad MOAAaTH HE  30BHIMIHIO OOOJIOHKY
o0MMYYsl 3 BHYTPIMIHIM 3MICTOM, a CTBOPUTH OCOOJIMBY XYAOXKHIO KOHCTPYKIIIO, IO Tepeaae
KOMILJIEKC BIIYYTTIB 00pa3y, sKi 3aBKIM BUTKaHI 3 HU3KH BPaXKeHb, IO PO30iraioThcs 1 Maibke He
MiJIAI0ThCsl  JIOTIYHUM — omucaMm. Bil3HaueHo, IO yBara YKpaiHCBKHX aBaHTapIUCTIB Oyma
CKOHIICHTpPOBaHa Ha BIAKPUTTI HOBUX MOXJIUBOCTEH Y CBIIOMOCTI Ta TICHXIIll JIFOJUHHU.
Ky6odyTrypuctuunmii 10cBiJ BIATBOPEHHS y MOopTpeTax 00pas3iB BHYTPILIHHOTO, JOCTYITHUX JIUIIE TS
YMOTIJISITHOTO CHOIVIAJIaHHS, CTaB CYTTEBUM €TanoM Yy (OpMyBaHHI CyNpeMaTHYHO! KOHIIeMIil
K.Manesuua.

Kiro4oBi cjioBa: mopTpeTHU KUBOIHC, Bi3yalbHUN 00pa3, abCcTpakTHA KOMITO3HIIIS, aJIOT13M.

JI0 BIIIOMA ABTOPIB CTATEIM

Ipu miaroToBLi cTaTeil IUisi MIXBIIOMYOT0 HAYKOBO-TeXHIYHOTO 30ipHHKa «JlicoBe rocmomapcTBo, JicoBa, ma-
nepoBa i AepeBo0OPOOHA NMPOMMCIOBICTB» PaAMMO aBTOpPaM JOTPUMYBATUCh TaKMX peKOMeHnamid. Tekct crarti
o0csirom 5-20 ctop. Tpeba mojaBaTH yKpaiHCHKOIO (AHIIIIHCHKOIO, HIMEIBKOIO a00 POCIHCHKOI0) MOBOIO, JPYKyBaTH Ha
narepi popmaty A4 3a nonomororo komn’'1orepa y peaakropi MS Word (mpudr — Times New Roman, po3mip — 14 points,
psanku — uepe3 1.5 iHTepBanm, moyist — 2 ¢M HO INEpUMETpPy) O€3 NMPHCBOEHHS JKOJHHUX CTHIIB i OQOPMISATH B Takii
nociigoBHocTi. Ha mouarky crarti OBOB'A3KOBO mnpocrasnseThes iHaekc YK , B 3arojloBKy yKpaiHCEKOIO MOBOIO
BKa3yIOThCS: BUCHE 3BaHHJ, 1HIIiadM 1 Tpi3BUIIE aBTOpa (200 aBTOpPiB), HAYKOBUH CTYIiHb, CKOPOYCHA Ha3Ba 3aKJajy, B
SIKOMY BHKOHaHa poOoTa, Ha3Ba craTTi, aHoTtamis (500 3HaKkiB) Ta KIItO4YOBi cioBa. Jlami — aHMIHCEKOI0 MOBOIO: 1HIIIAIH i
npi3BHIe aBTopa (200 aBTOPiB), CKOpOUCHA Ha3Ba 3akKiaay, B IKOMY BUKOHaHa poO0Ta, Ha3Ba cTaTTi, aHoTalis (1-3 cTop.)
Ta KITIOYOBI CJIOBA.

Crarri 3naBatu gou. C.B. Iaiini, kopn. Ne2, Byn. 3ani3usika 11, 2 nos., kab. 22a;
Tei1. pob. 238-45-04; M06. 067-79-12-522;
e-mail: gaida@e-mail.ua; e-mail: e-mail: yvmmax@ukr.net; f-wood-ind@ukr.net
http://www.Forest-wood-industry-UNFU.org.ua
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30ipHUK HAYKOBO-TEXHIYHHX IPallb

JIICOBE I'OCITIOZAPCTBO,
JIICOBA, TTAITEPOBA I JEPEBOOGPOGHA
I[MTPOMUCJIOBICTD

MIXB1IOMYHIA
HAYKOBO-TEXHIYHHI 301pHUK
BUXOJIUTH 3 1964 p.
BUIIYCK 37.2
JlitepatypHuii peaakTop : B.B. lymok

PenaryBanns inozemunx MoB : B.B. JlenTsikos
Komm’rorepre makeryBanns : C.B. I'aiina

EnexTpoHHa Bepcist HaykoBOTO (PaxoBOTO BUJIAHHS 3HAXOJAUTHCS HA JACTIO3UTAPHOMY
30epiranHi y HarionaneHii 616mioTer Ykpainu iMm. B.1. Bepnaacekoro

[Tignucano go apyky 22.12.11. ®opmat 60x84/;6
[Tamip odcetnuit. 'apuitypa Times. [pyk odceTHuit
YMoB. npyk. apk. 9,88. Ymos. ¢pap6. Bigd. 10,11
Haxman 250 npum. 3am. Ne 822/2011
CB10IITBO TIPO JEP’KaBHY PEECTPALIIIO IPYKOBAHOTO 3acO00y MacoBoi iH(popmartii
(Cepis KB, Ne 11890-76111P Bix 26.10.2006 p.)

3rimHo 3 mepemikom Nel9, «JlicoBe rocmoaapcTBo, JicOBa, AaNepoBa i 1epeBOOOPOOHA TPOMHUCIIOBICTEY) HAIEKHUTH IO
HayKOBHX (haxOBHX BUIaHb Y KpaiHH, B IKHX MOXKYTh ITyOTiKyBaTHCS pe3ybTaTH AUCEPTAIIHHIX POOIT HA 300y TTS
HAyKOBHX CTYIIEHIB JOKTOPA 1 KaHAWIATa TEXHIYHUX HAYK 32 TAKMMH HaIlpsiMaMU: TEXHIYHI HaAYKH, CLIIbCHKOTOCIIONapChKi
HayKH, eKoHOMi4HI Hayku (JlomaTtok mo mocranoBu npe3unii BAK Ykpaiau Bing 15.02.2007 p. Ne 1-05/2)

BinapykoBaHoO 3 TOTOBHX OpPUT1HAIB.
[1IT «Kapen», Bya. I1. Muphoro, 24.
Ten.: 097 96 82 777
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