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The purpose of the work is to develop technological measures that make it possible to increase the availability of
wood resources in a certain area of the forest reserves with the minimum expenditure of resources (financial, labor,
material). The results of research of theoretical and methodical bases of availability of wood resources have been
provided; the following five key types have been identified: ecological, transport, technical, technological and eco-
nomic availability. On the basis of factor analysis of wood availability, the following technological measures aimed
at the most effective wood availability management have been developed: the involvement of wood waste in the
production process of an enterprise with the purpose of additional products manufacture; selection of the optimal
system of logging machines; selection of the optimal route for wood raw materials transportation using the minimum
cost method. For approbation of the developed measures, the Gremuchinskoe logging site of the Novoyeniseiskiy
Wood-Chemical Complex CJSC, located in Krasnoyarsk Territory, was selected. The average annual volume of raw
materials harvested for sawing in this area is 240,000 m3. The primary assessment of the availability of wood raw
materials showed that more than 66% of the total stock of raw materials (by volume) in the specified area is unavail-
able for efficient industrial development. The introduction of the developed measures allowed reducing this indicator

to the level of 23.84%.
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INTRODUCTION

The term "availability of wood resources" is increasing-
ly found in the studies of modern scientists [1, 2, 3, 4].
Tretyakov [1] believes that economic availability cannot
be considered separately from environmental availabili-
ty; R.V. Polshvedkin and A.N. Mariev [4] suggest moving
away from cost estimates and determining the economic
availability of wood resources in relative values (class-
es). However, no scientist has presented an unambigu-
ous definition of this concept. The availability of wood re-
sources is a broad concept that includes many different
indicators, but ultimately characterizes the viability of the
logging industry. First of all, sustainable wood production
means high profitability, ensuring the competitiveness
of wood products in the market. Thus, the availability of
wood resources is a key factor in creating an efficient
and stable wood industry complex. During the study of
theoretical and methodological foundations of this issue,
the authors identified 5 types of wood availability: eco-
logical, technological, technical, transport, and economic
[3].

Most often, the increase of comprehensiveness of the use
of raw materials for obtaining additional products is sug-
gested to be the measure to increase the availability of
wood resources. A.G. Tretyakov and G.A. Knyazev [1, 4,
5] develop the idea of producing pellets of cull lumber and
sawmill wastes as products with the highest added value.
Also, the optimization of transport costs is considered to be a
popular way of increasing the availability of wood, which is re-
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flected in the works of M.A. Efremov and A.P. Mokhirev [6, 7].

Thus, in the conditions of limited resources of production
entities, it becomes necessary to analyze and identify
the most effective measures to increase the availability
of wood resources.

OBJECTS AND METHODS OF RESEARCH

During the analysis of various ways to increase the avail-
ability of wood resources and their effectiveness [8], the
authors identified several activities that have the great-
est efficiency: involving wood waste in the production of
additional products, optimizing transport costs, selecting
the optimal machine system.

The purpose of the commercial products portfolio forma-
tion is complex and multi-variant: when the amounts of
raw materials are limited, it is necessary to get the prod-
ucts with the greatest commodity value and minimum
production costs. In addition, the volume of production
should not exceed the volume of market demand. To
solve this problem, methods of economic and mathemat-
ical modeling are used [9].

Data is determined on the basis of the results of market-
ing research of the market of wood products in the re-
gion, as well as on the basis of inflation data adjustments
obtained directly at the plant. Costs for the production of
each type of product are determined on the basis of es-
timated standards and analysis of market prices for raw
materials, equipment, fuel and energy resources and
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workers' wages. The rates of raw materials consumption
for the manufacture of various products are also determined.
The production capacity of the enterprise is limited by
the productivity of chippers for wood waste grinding. The
maximum annual output of the product type i (A) is de-
termined. Having the initial data, we can formulate the
optimization problem. The following are accepted as the
elements of the problem solution: V.- the volume of raw
material used for the production of the product type i, m?;
X - the volume of production of the product type i.
Limitations on  production capacity will be:
X <A ..X <A, where nis the number of different types
of products.

The consumption of raw materials for the production of
all products will be: V.X, +... +V X

The consumption of raw materials cannot exceed the re-
serves of raw materials in the cutting area - S, m®. Thus,
we obtain the following limitation: V. X, +... +V X < S.
The objective function of this problem will look like:

Function F, - profit from sales of all products, monetary
unit;
F=P X +..+P X — max

Where P, is the price per unit of the product type i in
monetary units.

Based on the above, we obtain a mathematical model of

F,=PX; 44+ P X —3 8%
X, <4,

X, <4,
VX, +.+V,Xn<S§
X, 20, X,20, X,>0

production planning:

As a result of the solution of the problem, a model of
the maximum efficient use of logging wastes will be ob-
tained.

It is assumed that currently the logging waste of the en-
terprise is not involved in the production process as a
raw material. The environmental aspect of the activity is
that the enterprise will increase the complexity of the use
of wood resources.

To implement the measures aimed at improving the tech-
nological process of logging, the method of forming an
effective system of logging machines is used [10]. This
technique is based on the selection of the basic machine
and auxiliary machines.

The initial data for solving the problem of forming a sys-
tem of machines are the natural conditions of the terrain
where the machinery operates, production conditions
imposed by the efficiency of the enterprise's activity and
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the technical and economic indicators of the machinery
to be selected for a place in the machine system.

Natural conditions shall mean such limiting factors as:
the prevailing slope of the terrain iterr; ground bearing
capacity agmun + average diameter of the growing stock
d and ambient temperature T | T

average’ min’ " max”

Production conditions, such as: the planned machine
output per shift Q . .; planned logging site output per
shift Q .., as well as the maximum investment K __ .
The technical and economic indicators of the machines
in question are: maximum operational inclination i__,
specific ground pressure d__ ., diameter processed by
the attachment dprlaﬁacmem, operating range of ambient
temperature t ., t__, shift output O__., price C, number
of basic machines n__, .

When all the initial data for the subsequent calculations
are available, the basic machine is selected.

The priority of the choice of the basic machine is deter-
mined by the priority of its actions compared to other par-
ticipants in the technological process. Thus, the auxiliary
machines shall be selected to meet the characteristics of
the basic machine. The selection of the basic machine
takes place in two stages.

First of all, there shall take place the selection of ma-
chines that satisfy the excluding limitations. Excluding
limitations shall mean restrictions imposed by the natural
production conditions under which the machine is capa-
ble of conducting logging operations.

Second of all, significant indicators shall be used to
make a selection. Significant indicators are technical
and operational indicators of candidates for a place in
the machine system, which cannot be neglected if they
do not meet the stated requirements.

If the characteristics of the basic machine correspond to
the given limitations imposed by natural production con-
ditions, you can proceed to the choice of auxiliary ma-
chines. As in the case of the basic machine, the technical
and economic characteristics of the auxiliary machines
must satisfy the excluding and significant limitations. If
several machine systems are obtained in the course of
work, their comparative analysis shall be carried out.

Analysis of the obtained systems of logging ma-
chines is made by the criterion of investment efficiency
E,, — max. When calculating the investment efficiency,
the following initial data are used: 1) the annual volume
of the harvest is the volume of harvested wood that is
established based on the estimated logging area of the
logging site; 2) the variable volume is set depending on
the shift output of the equipment; 3) the number of work-
ers is determined on the basis of the amount of work
per shift. Thus, if one shift fails to accomplish the task,
additional staff is involved in the work; 4) expenses for
fuel and lubricants. They can be determined on the basis
of guidelines; 5) the sum of depreciation deductions. It is
included in the production cost (prime cost) of products
and thus is reflected in the price. The manufacturer is
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obliged to accumulate depreciation deductions, saving
them from the proceeds from the products sold; 6) the
cost of purchasing spare parts for the machine system.
They can be calculated on the basis of component lists
of manufacturing plants; 7) the prime cost of one cubic
meter of harvested wood. It is determined as the ratio
of the logging costs to the actual volume of harvested
sawlogs; 8) the amount of capital investment. When cal-
culating the investment, the following shall be taken into
account: equipment transportation and installation costs,
inventory and instruments cost, as well as disposal fee;
9) transportation and procurement costs, equipment dis-
mantling costs. They are set at a rate of 10% of the cost
of equipment; 10) the cost of necessary tools, fixtures
and inventory taken in the amount of 3% of the cost of
equipment and construction works; 11) the disposal fee
for the purchase of new equipment is calculated based
on the data of the list of types and categories of ma-
chines; 12) the economic efficiency coefficient. It is cal-
culated as the ratio of net profit to capital investment.

Based on the results of the evaluation of the economic
efficiency of the machine systems, the one with the best
performance is selected.

In order to optimize the wood outflow route, it is sug-
gested to use the graph method [13]. The removal of
wood from the forest area to the delivery point can be
represented as a transport network - a connected ori-
ented graph G = (V, E), where V is the vertex set of x
(f=1,..., n), Eis the arcs set (x, x). One of the vertices
corresponds to a forest plot (source s), the other — to
delivery point (stock f), the rest - to intermediate points;
the arcs correspond to the sections of the roads
connecting these points. Each arc (x, xj) of the graph
corresponds to a nonnegative value u, called the car-
rying capacity of the arc, and the flow f, — to the amount
of cargo carried through the given section. In addition,
each arc corresponds to a nonnegative value c, - the
cost of transportation of a flow unit along the arc. The
carrying capacity uij of (x, xj) arc of the transport network
determines the largest value of the flow that can flow
along this arc [11].

Due to the fact that the carrying capacity of arcs, the cost
of transporting a flow unit along the arc and the flow q,
which is required to be transported through the network,
cannot be precisely known in real conditions and vary
depending on the period 6 in which the transportation
is carried out, it is necessary to consider fuzzy values
1,6, 0) 7,0}

Since the parameters of the arcs are fuzzy values,
which depend on the period of flowing along the arc,
the problem is finding the minimum transportation cost
from the source of a specified amount of flow in a fuzzy
dynamic transport network G = (L E)[S ]. In the graph
under consideration G = ( E] E there is a fuzzy set
of arcs, where the fuzzy carrying capacity of the arc is
applied as the degree~ of belonging of x; [xf,xj.] of the
arc (x, xj.) to the set E [11], and the time of flow along
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the arc (x, X/) is not explicitly specified, but is taken into
account when determining its carrying capacity.
In addition, a time horizon T={1,..., p } is defined, which
determines that all units of the flow sent from the source
must arrive to the stock no later than in the period p.

i z FI.I.{H)}:I(B)—} min, (1)
o ]{.\'-..r;]-:x%'l l

I B

X L6 Y E"! g.x;=s.  (2)
O=1\ x, edlx) x, A x )

e

Y| TR0 T R0)|ixes @
8=1\ x, edlx,) %, ed'(x,)

)

Z fii (e ,?kz {\e] = _Ef? X = (4)
6=1\ ¥, ed(x) x, €A (x,) /)]
ﬁi‘};(e]iug(ﬁ)ﬁ _:c,.,xj)e Ebel, (5)

The mathematical model of the problem has the follow-
ing form [12]:

where ¢ is a specified fuzzy flow value in the transport
network, which does not exceed the maximum flow;

O is a fuzzy value of the form (0, 0, 0), which reflects the
absence of the flow;

A(x) is a vertex set, the arcs from the vertex xi go to;
[\"(x) is a vertex set, the arcs to the vertex xi go from.

Equation (2) means that the specified amount of flow ¢
for p time periods is equal to the total flow leaving the
source for p time periods. Equation (4) shows that the
flow for p time periods is equal to the total flow entering
the stock for p time periods. The total amount of flow
entering the source for p time periods is equal to the to-
tal amount of flow leaving the stock for p time periods.
Equation (3) states that the amount of flow that flows into
any vertex xi, except for the source and stock, for p time
periods, is equal to the amount of flow flowing from the
vertex i. Limitation (5) indicates that the flows for all time
periods should not exceed the carrying capacity of the
corresponding arcs [11].

A transition from a specified fuzzy dynamic graph
G=(V, E), "time-stretched" for p-period, to fuzzy static
graph Gp=(Vp, Ep) by creating a copy of each vertex xeV
in each period of time is carried out. Thus, the vertex
set of the graph G is given as V ={(x,6):(x, C)erT}
The set E conS|sts of arcs commg from each "ver-
tex-time" pair (x,6)eV  to each "vertex -time" pair (x,6+17)
eVp and (x,6), where xjeA(x}) Carrying capacities of arcs
0(x,x,6,6+1) connecting pairs (x,6) and (x,0+1) equal ~
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and the transportation costs of the flow unit along these
arcs equal (). Carrying capacities of arcs G(X,,,xj,e), con-
necting pairs (x,6) and ()(/,92, equal 0,(6), and the cost of
transporting a flow unit is CU. (6) [11]. Artificial source s'
and stock t'.s' are introduced and joined by fictitious arcs,
which have infinite carrying capacity and zero cost, with
all true sources, and t' - with all true stocks [11].

We determine the lowest costing flow from to apply-
ing Busacker-Gowen method [12], which uses the Bell-
man-Ford algorithm in the search for the shortest path
[10]. The rules for handling fuzzy triangular numbers are
presented in [12]. The algorithm finishes when a flow
equal to the specified value is found in the network.

Volumes of wood transportation depend on the cli-
matic conditions prevailing in the region. The vol-
umes of wood transportation in central regions of
Krasnoyarsk Krai are highly dependent on the sea-
son. It is suggested to divide a year into five peri-
ods: winter, winter-spring, spring, summer, autumn.

The main purpose of each wood transportation road is to
remove the planned volume of wood at the set time, at
the lowest cost of production possible, with the maximum
use of the car fleet [12].

The main indicator determining the division of wood
transportation roads into categories should be the value
of carrying capacity. Carrying capacity means the maxi-
mum number of cars that a section of the road is capable
of carrying within a unit of time in one or two directions
subject to the road and weather conditions in question.

RESULTS AND ITS DISCUSSION

The presented methods were tested at the
Gremuchinskoe logging site (LS) located in the central
part of the Krasnoyarsk Krai. This site is being devel-
oped by the Novoyeniseiskiy Wood-Chemical Complex
(Lesosibirsk city). In order to determine whether the in-
troduction of the developed measures increases the val-
ue of availability of wood, a comprehensive evaluation of

Table 1: Evaluation of the impact of the developed measures the availability
of wood raw material of Gremuchinskoe LS

Indicators Developed measures
1% o g
Assessment of available wood resources, million RUB. 3,807.39 5172.77 4,417.32
Volume of available wood resources, thousand m3 21,870.23 26,093.45 23,831.01
Specific assessment of available wood resources, RUB/m3 174.09 198.24 185.36
Number of plots with available wood resources, pcs. 151 180 164
Assessment of unavailable wood resources, million RUB. -1,709.29 -1,141.87 -1,406.64
Volume of unavailable wood resources, thousand m 3 15,837.07 11,613,85 13,876.29
Specific assessment of unavailable wood resources, RUB/m3 -107.93 -98.32 -101.37
Number of plots with unavailable wood resources, pcs. 109 80 96
* Involvement of logging waste in the production process.
** Selection of the most efficient machines system.
*** Choosing the most efficient route for delivery of wood raw materials.
Table 2: Analysis of the change in the availability of wood raw material of Gremuchinskoe LS
when implementing the developed measures

Indicators 1* 2% Change | Change, %
Assessment of available wood resources, million RUB. 1,863.68 | 5,523.60 | 3,659.92 196.38
Volume of available wood resources, thousand m3 12,481.12 | 28,717.88 | 16,236.76 130.09
Specific assessment of available wood resources, RUB/m3 149.32 192.34 43.02 28.81
Number of plots with available wood resources, pcs. 86 198 112 130.09
Assessment of unavailable wood resources, million RUB. -3,242.32 | -892.74 2,349.58 -72.47
Volume of unavailable wood resources, thousand m 3 25,226.18 | 8,989.42 |-16,236.76 -64.36
Specific assessment of unavailable wood resources, RUB/m3 -128.53 -99.31 29.22 -22.73
Number of plots with unavailable wood resources, pcs. 174 62 -112 -64.36

* Initial value.
**Final value.
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the availability of wood raw material of Gremuchinskoe
LS was carried out taking into account the effect of the
measures (Table 1, 2).

The results of the assessment show that the availability
of timber resources increased by 30%, and their cost in-
creased by 96.38%. In addition, specific assessment of
available wood has increased by 28.81%. The number
of plots, which can be considered as available, has in-
creased to 20 (by 20 pieces). Accordingly, the number of
plots with unavailable wood decreased, and their value
decreased.

CONCLUSION

Approbation of the presented techniques on the basis
of a large logging site of Krasnoyarsk Krai showed that
they are efficient. It is also important to take into account
the fact that every entity engaged in logging industry has
limited resources (personnel, raw materials, finances,
materials, etc.). In these conditions, there is a need to
select the measures that provide the greatest positive
effect. This effect may be expressed in the growth of pro-
duction, increase of profits, increase of the efficiency of
the use of fixed assets, reduction of harmful impact on
the environment, etc. The suggested methods for im-
plementing technological measures meet these require-
ments and may be implemented at enterprises of the
region's wood industry complex.
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