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Abstract: Modelling the optimal capacity of an 
irrigation system using queuing theory. The size 
and stability of yield per hectare of agricultural 
crops are greatly affected by climatic conditions, 
temperature, solar radiation, but especially the 
quantity and quality of rainfall, which for most 
agricultural crops is insuffi cient. Building large-
scale irrigation systems is diffi cult in terms of 
investment, as well as operating costs. Claimed 
agricultural yields often do not emanate from a 
set of certain claims for each of the crops, but are 
only an estimate based upon empirical experien-
ce. Precise determination of these data is very 
diffi cult and without the use of exact mathema-
tical methods and information technology would 
be virtually impossible. This work is dedicated to 
the creation of an analytical model, which would 
allow the determination of the optimal capacity of 
the irrigation system with respect to the crops and 
irrigation facilities.

Key words: irrigation system, queuing theory 
problem, analytical model, optimal capacity of 
irrigation system.

INTRODUCTION

Building large-scale irrigation systems is 
diffi cult in terms of investment, as well 
as operating costs. If the capacity of an 
irrigation system is insuffi cient, invest-
ment costs are saved, but the system will 
not always be able to fulfi l the demand 
on the required probability of resulting 
requirements for the delivery of supple-

mentary irrigation. This will reduce the 
yield of agricultural crops or, in the ex-
treme case, may lead to avoidable dam-
age to crops. If the capacity of the irriga-
tion facility has to be resized, this will 
involve unnecessarily high investment 
costs and the capacity of the irrigation 
facilities will not always be suffi ciently 
utilized. These two limit cases give sub-
optimal exploitation and construction of 
irrigation works. 

Solution of the mid- and large-scale 
irrigation is not possible to precisely and 
effi ciently through traditional methods, 
without using the mathematical appara-
tus, modelling, simulation methods of 
resolution, and of course, without the 
use of modern computer technology. 

If we look at the process of irrigation 
from the system’s standpoint, the entire 
irrigation system can be divided into two 
parts:

crops that receive irrigation,
the system that  supplies irrigation.
The irrigation system and the irrigat-

ed crops are in the process of artifi cial 
humidifi cation being the supplier and 
the customer. The humidity necessity for 
the plants is acting as the requirement for 

•
•
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the biggest differences were found for 
combinations: 84P3K, 84P6K, 75P3K, 
75S3K, 75P6K, 61P6K (Tab. 6). Con-
sidering the upper limit of confi dence, 
the possible (with 95% probability) dif-
ference in the share of granules above 
1 mm between the basic sample and 

mentioned combinations can reach 
above 72%. Basing on most signifi cant 
differences between mean values of size 
from 39.233 to 40.448 there was found 
that the real differences ranged from 
7.295 to 72.386.

TABLE 3. Division of mean share of nitro-chalk granules above 1 mm into homogeneous groups ac-
cording to angle of vane setting 

Factor Level of factor Homogeneous groups
Mean ratio of gra-

nules > 1 mm
[%]

Angle of vane 
setting 

L × 46.86

S × 32.69

P × 28.79

TABLE 4.  Division of mean share of nitro-chalk granules above 1 mm into homogeneous groups ac-
cording to number of vanes

Factor Level of factor Homogeneous groups
Mean ratio of granules 

> 1 mm
[%]

Number of 
vanes

2 × 46.63

3 × 42.47

4 × 39.05

6 × 35.79 

TABLE 5. Division of mean share of nitro-chalk granules above 1 mm into homogeneous groups ac-
cording to kind of vanes 

Factor Level of factor Homogeneous groups
Mean ratio of granules 

> 1 mm
[%]

Kind of vanes
K × 31.63

C × 41.31
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Considering the effect of disk rota-
tional speed and the angle of vane set-
ting on the share of granules above 1 
mm (Fig. 1), the biggest effect of middle 
vane setting and the best breaking-up of 
nitro-chalk were found over the entire 
range of the disk speed, when compared 
to other vane settings. An increase in 
disk rotational speed caused a decrease 
in the share of granules above 1 mm at 
the left-side and right-side settings of 
vanes.

Analyzing the effect of angle of vane 
setting and the kind of vanes (Fig. 2) one 
can fi nd better breaking-up of granules 
for the square vanes, and no distinct 
difference in damage of granules at the 
right-side and middle vane settings. 
When the vanes were set oppositely to 
direction of the disk rotation (L), the 
difference caused by different shape of 
vanes amounted to 2.03%, while at the 
angle consistent to disk rotation (P) it 
was equal to 12.64%.

TABLE 6. Combinations of biggest signifi cant differences in the share of granules above 1 mm for 
basic sample and investigated variants of factors with application of Tukey–Kramer procedure

Comparison between 
combinations

Difference 
between 

mean values

Limits of confi dence interval for difference 
between mean values

Basic sample - 84P3K 39.233 7.295 71.170
Basic sample - 84P6K 39.377 7.440 71.314
Basic sample - 75P3K 39.416 7.478 71.353
Basic sample - 75S3K 39.758 7.821 71.695
Basic sample - 75P6K 40.421 8.483 72.358
Basic sample - 61P6K 40.448 8.511 72.386

FIGURE 1. Changes in the share of nitro-chalk granules above 1 mm for various angles of vane setting 
and disk rotational speed
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Abstract: Effect of convectional drying para-
meters on rehydration kinetics of parsley dried 
slices. Effect of particle thickness, convectional 
drying temperature and rehydration temperature 
on rehydration kinetics of dried parsley root sli-
ces was investigated. The slice thickness amoun-
ted to 3, 6, and 9 mm, while drying temperature 
was equal to 50, 60 and 70ºC. Process kinetics 
was investigated for 6 hours during rehydration 
in water of temperature 20ºC and for 2 hours du-
ring rehydration in water of temperature 100ºC; 
a relative mass increment of dried material du-
ring rehydration was determined in both cases. 
Approximation of experimental data with the use 
of proposed kinetic equation gave good results. 
Analysis of rehydration process course showed 
that thickness of slices and rehydration tempera-
ture infl uenced the rehydration kinetics of parsley 
root dried slices. No unequivocal or substantial 
effect of drying temperature on rehydration kine-
tics was found.

Key words: slice thickness, temperature, drying, 
rehydration, parsley.

INTRODUCTION

In respect to changes in way of life in 
the developed countries’ community, the 
so called convenient food becomes more 
and more appreciated and wanted. This 
food may include the dinner dish con-
centrates, where basic components are 
dried vegetable, including parsley.

A most common method for drying 
the food products is convectional drying. 
However, removing water is connected 
with many disadvantageous changes in 
the properties of material subjected to 
this process, as shrinkage, changes in tex-
ture or colour [Lewicki 1998]. Therefore, 
to obtain proper product quality during 
drying to enable its long storing without 
losses in quantity and quality, one should 
consider both the drying conditions and 
the process of raw material preparation 
to drying.

One of most important indices of 
dried material quality is rehydration abil-
ity. The knowledge of rehydration prop-
erties of food products being dried is also 
important, since many dried products are 
consumed or processed industrially af-
ter earlier rehydration. Therefore, dried 
material preparation for drying, drying 
itself and rehydration should be carried 
out under conditions that allow for res-
toration of material properties character-
istic for raw material prior to rehydra-
tion. Many works are devoted to this 
problem, however, results obtained for a 
given material can not be transferred to 
other one. This is caused by differences 
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Determination of dry mass values is nec-
essary for determination of water content 
in the dried fruits (Fig. 1).

The measurements on drying shrink-
age by the presented method are very 
time-consuming and call for selection 
of fruits of similar initial parameters, so 
that subsequent samples 2–12 can be re-
garded as a copy of sample No 1. The 
shrinkage measurements at drying agent 
temperature of 60°C were executed in 
2008 season in drying laboratory of Fac-
ulty of Production Engineering WULS.

RESULTS OF INVESTIGATIONS

The results of measurements on red cur-
rant drying kinetics are presented in Fig-
ure 1. The initial water content for this 
measurement series amounted to 6.6 
kg/kg.

Figure 2 presents results of measure-
ments on drying shrinkage determined 
as a dependence between the volume 
measured and the initial volume as a 
function of changes in the measured wa-
ter content and the initial water content. 
The results of measurements were ap-

proximated by a linear method with cor-
relation coeffi cient R2 = 0.960.

0.87 0.04
o o

V u
V u

= � +            (2)

where: 
Vo – initial volume of dried fruits,
uo

 – initial water content.
The determined value of maximal 

shrinkage amounts to 96%. The descrip-
tion of shrinkage with a linear model 
was verifi ed many times for fruits and 
vegetables [Pabis 1999] and was consis-
tent with the theory of convectional dry-
ing of these agricultural products.

The shape of fresh red currant is close 
to a sphere. After drying, the shape was 
evidently deformed, proved by the range 
of determined shrinkage coeffi cient.

CONCLUSIONS

During drying of red currants under 
natural convection conditions there 
were found the substantial changes 
in linear dimensions.
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FIGURE 2. Measurements on drying shrinkage of red currants dried at temperature 60ºC
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RESULTS AND DISCUSSION

Upon preparation of all models their ab-
solute errors were calculated in percent 
for the test and teaching sets. Table 1 pre-
sents results of calculations for the test and 
teaching set, including quantile values of 
rows 0.05, 0.50 (median) and 0.95.

The teaching set values can be in-
terpreted as a model ability of fi tting 
to data, while the results for test sets as 
ability to generalization describing relia-
bility of modeling results.

The obtained results are not homo-
geneous for all the three tested types 

TABLE 1. Quantiles (0.05, median and 0.95) of absolute errors in percent for teaching (U) and test (T) 
sets of particular data sets

Plant Quant
M0 M1 M2

U T U T U T

Acacia
q0.05 0.00 0.01 0.23 0.50 0.00 0.01
q0.50 2.71 7.54 3.38 4.52 2.75 3.32
q0.95 15.95 34.29 12.40 17.46 17.36 14.27

Poplar
q0.05 0.00 0.01 0.36 0.40 0.00 0.00
q0.50 10.39 13.81 3.61 4.94 10.25 10.18
q0.95 47.75 55.95 21.30 42.32 48.05 44.33

Willow
q0.05 0.00 0.18 0.34 0.97 0.00 0.97
q0.50 8.80 15.30 4.41 10.44 5.06 20.77
q0.95 28.64 127.04 18.68 75.71 46.86 121.99

FIGURE 2. Comparison between results of particular models for test data of poplar drying process at 
temperature 60ºC
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portant thing in this point is being able 
to realize an economical application by 
reducing energy costs (Harzadın 1994). 
There are many different factors affect-
ing the profi tability in greenhouse pro-
duction. Heating greenhouses is one of 
the major cost elements and reducing 
heating cost means transforming the 
greenhouses into more profi table pro-
duction structures. Energy used to heat 
a greenhouse is usually provided by the 
combustion of some fuel on site, but 
energy can be provided also by electric-
ity or in many cases alternative energy 
sources such as solar or geothermal can 
be used. Utilisation of renewable energy 
resources like geothermal, sun and wind 
energy and energy conservation appli-
cations should be thought for reducing 
heating cost. Coal, oil and gas are the 
most common forms of energy used 
for greenhouse heating. The choice of 
which of these to use is based primarily 
on economics. The delivered cost of fu-
els is shown below in Table 1.

The amount of energy used to heat a 
greenhouse depends on the desired in-

side temperature, the surface area of the 
building, the thermal resistance of the 
material covering the building and the 
outside weather conditions and depend 
on delivered cost of fuels and energy de-
mand. Energy demand  will rapidly in-
crease in the nearest years in all category 
of fuels (Borowski 2008).

GREENHOUSE HEATING METHODS

The main two systems of heating prac-
tical for greenhouses are hot water and 
steam. Heating systems may utilize hot 
water or hot air to increase air tempera-
ture during the cool season. Hot water 
systems are generally used in smaller 
greenhouses. In larger greenhouses hot 
steam systems should be used. There are 
numerous systems to generate the heat, 
such as with direct-fi red unit heaters wi-
thin each greenhouse bay, or centralized 
hot water boilers that pump hot water 
to multiple greenhouse units. There are 
also various heat distribution systems 
that heat the greenhouse air (air-to-air, 
and water-to-air heat exchangers), the 
soil and plant root zone (bench and fl o-

TABLE 1. Average delivered cost of fuels by type of fuel, 2007

Type of fuel Total all 
sectors

Electric power sector
Commer-
cial sector

Industrial 
sectorElectric 

utilities

Indepen-
dent power 
producers

Total coal (cents per MMBtu) 177 178 171 267 220

Total petroleum (cents per 
MMBtu) 717 712 754 1 404 611

Total natural gas (cents per 
MMBtu) 711 747 692 799 697

Source: www.eia.doe.gov
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standing. An attached structure may be 
even-span, lean-to, or window-mounted. 
A free-standing type is usually even-
span (symmetrical roof). Greenhouses 
have supporting framework made of 
wood, aluminium, iron, or galvanized 
pipe. Some have curved eaves; others 
have fl at eaves. Some are glass or plastic 
from the ground up. Each type of con-
struction has advantages and disadvan-
tages. A greenhouse structure is advanta-
geous when low initial cost is required 
or when it is planned for a building to 
be in use for only a year or two. A wood 
or metal frame building has advantages 
when a permanent building is planned 
and operating costs are most important. 
The main difference in operating costs 
is caused by the energy used to heat the 
structure and water during cold weather. 
The energy lost through the walls of a 
structure during cold weather must be 
replaced by the heating system in order 
to maintain a stable temperature inside 
a structure. The amount of energy that 
must be supplied is related to the differ-
ence between inside and outside temper-
atures and the thermal resistance or ”R” 
value of the building’s roof and walls 
(Fowler 1997).

The selection process of a particular 
heating system should not only depend 
on cost, but also on its effective integra-
tion within the crop production system 
and management procedure. However, 
the fi rst requirement in the design of a 
heating system is to determine the size 
needed, in terms of energy require-
ment or heat load of the greenhouse 
(Giacomelli 2002), in order to describe 

the economic performance of the green-
house production, including total annual 
production costs. Fixed and variable ex-
penses should be also calculated. The 
capacity of the system depends on the 
size of greenhouse, whether it is covered 
with a single layer or a double layer of 
plastic or glass, and the maximum dif-
ference between inside and outside tem-
peratures.

There is a wide variety of greenhouse 
supplies, equipment and accessories 
to help operate, maintain and improve 
greenhouse. The biggest factor affecting 
the cost of greenhouse heating is type 
of energy resource used for producing 
heat needed. A lot of various low-tem-
perature water sources are available for 
greenhouse heating and they are gener-
ally cheaper than heat from conventional 
fossil energy sources, but their dispos-
ability and continuity are not always 
warranted. Among these heat sources 
the most frequently cited are geothermal 
energy, industrial heat effl uents or waste 
heat from thermal power plant, water 
from solar collectors and low tempera-
ture heat generators such as heat pumps, 
condensation boilers (Baille 1988). 

In this point, technical, regional and 
economical factors should be consid-
ered altogether. Especially regional ad-
vantages should be benefi ted in terms of 
renewable energy resources. For exam-
ple, in the regions having important geo-
thermal energy potential, total costs can 
decrease in comparison to fossil fuelled 
systems. In regions having much solar 
radiation, solar systems could be used 
as the main or auxiliary heating systems 













Abstract: Analysis of opening cones of selected 
coniferous trees. There is described the pheno-
menon of opening cones of common pine, spruce 
and European larch during process of seed extrac-
tion: at the beginning – when the cones are clo-
sed, in the middle of the process – when the cones 
are defl ected but the seeds can not be extracted, 
and after completion of the process – when the 
seeds fall out. The specifi cation (structure) and 
dimensions of cone scales for the above species 
are given. The highest defl ection of cone scales 
in relation the a stem was found for spruce (up 
to 50º), causing free extraction of the seeds with 
wings, while the least angle was found for larch 
(up to 30º), where seeds could not be extracted 
from the cone; this called for additional opera-
tions, e.g. mechanical crushing of scales.

Key words: drying, scale, cone, pine, spruce, 
larch.

INTRODUCTION

The common pine, spruce and European 
larch are coniferous, most important for-
est-creating species in Polish forests. 
The harvested cones mature every year 
(spruce, larch) or every two years (pine) 
and the seeds can be obtained in spring. 
In a natural environment, the favour-
able weather conditions should occur 
to enable the seeds’ coming out: prefer-
ably warm and sunny days and cool and 
moist nights, when the cones alternately 
open and close the scales. This phenom-

enon is connected to their structure. The 
scales contain layers of cells of various 
dimensions and wall thickness. The cells 
of thickest walls are situated on external 
side of the scale, while cells of thinner 
walls on internal side [3, 5]. The higher 
shrinkage of thicker cells (reduction of 
water content) causes defl ection of the 
scale and uncovering of the seed. Under 
natural and proper conditions, the pro-
cess of mature cone opening on trees 
lasts about two weeks. Under artifi cial 
conditions in local kilns, the process of 
scale opening and obtaining seeds can 
be advanced to several hours by supply-
ing the cones with heated air of reduced 
water content; this causes opening of the 
cones.

AIM OF INVESTIGATIONS

The carried out investigations aimed 
at elaboration of characteristic of cone 
opening state (changes in the angle of 
scale defl ection from the stem – neces-
sary for seed extraction) of the men-
tioned species and the detailed descrip-
tion of external parameters of scales. 
This information would enable to ex-
plain the cause for slower opening of the 
scales, the considerably longer course 
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of seed extraction from the larch cones 
and diffi culties in obtaining seeds of this 
species.

MATERIAL AND METHODS

The cones of three species were investi-
gated: spruce, common pine and Euro-
pean larch. The basic parameters were 
measured for the selected objects: length 
and thickness with the use of a caliper; 
the cones were cut by half along the 
stem with a circular saw. The prepared 
cones were placed in a laboratory drier 
and subjected to seed extraction at tem-
perature 50ºC. Changes of cone scales 
were recorded every two hours with the 
use of photo camera and video camera.

Upon obtaining of full opening (the 
state of cone allowing for extracting all 
seeds) the parameters of particular parts 
of selected scales at lower, middle and 
upper part of the cone and the angle of 
scale defl ection of opened cone were 
measured.

RESULTS

The spruce cones are biggest, while the 
larch cones are smallest. They are of cy-
lindrical shape, while the pine cones are 
medium-size and tapered. The cones of 
mentioned species increase their diam-
eter during opening: three-fold increase 
was recorded for spruce cones, two-fold 
for pine, and the least increase for larch 
cones [4]. It is infl uenced by the size, 
shape and number of scales on the cone 
and also by angle of defl ection from the 
stem. It was found that an average num-

ber of scales amounted to: 41–122 (com-
mon pine) [2], 35–50 (European larch) 
and 180 (common spruce) [4]. The size 
and shape of scale depend on its posi-
tion on the cone. The scales taken from 
middle part of larch cone were smallest, 
the spruce scales were medium size, and 
the pine scales were biggest. The pine 
and spruce scales defl ect freely during 
drying, while the larch scales call for ad-
ditional mechanical crushing [1].

The view of closed cones (cut along 
the stem) are presented in Figure 1. The 
spruce stem is cylindrical, the pine stem 
is tapered, while the larch stem is cylin-
drical in the middle part and narrows at 
the cone bottom and top. In the thick-
est place of cone its stem amounts to 6 
mm (spruce), 5.2 mm (pine) and 1.8 mm 
(larch).

The views of closed cones (before 
seed extraction) and open (after seed 
extraction – fi lly open) of spruce, pine 
and European larch, respectively, are 
presented in Figure 2.

It was found that all scales of spruce 
and larch cones opened, although not all 
scales had the seeds. In the pine cone 
only the scales situated in the upper and 
middle part of cone defl ect from the 
stem. The scales of this species are most 
diversifi ed with respect to their shape.

Figure 3 presents the shapes of pine 
and spruce scales of the thickest middle 
part of cone.

The following parts can be distin-
guished in the scale: next-to-stem (I) 
– connected to the stem, middle (II) 
– the widest part of end determined by 
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FIGURE 1. View of closed cones of coniferous species (spruce, pine and larch, respectively): a – exter-
nal side, b – internal side (the cone stem visible)

a                                                                    b

                             I                                                      II
a

b

FIGURE 2. View of cone: a – spruce, b – pine, I – close cone, II – open cone
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position of wing, top (III) – fi nishing 
the scale. Dimensions of particular scale 
parts in mm are presented in Table 1.

It is evident from investigations that 
the length of next-to-stem part of pine 
and spruce cones amounts to 14% and 
26% of the entire scale length, respec-
tively, while of the larch cone to over 
37%. Its length changes proportionally 
in the fi rst two species; the scale length 
increases with an increase in the length 
of next-to-stem part. In the larch cones 

the length of this part is similar in all 
scales on entire cross-section and ranges 
from 3.2 to 3.7 mm; in the remaining 
cones this part shows bigger variability.

Analyzing subsequent views of larch 
scale opening one can fi nd, that change 
in the scale angle applies only to its mid-
dle and top parts, the next-to-stem part 
does not change its position signifi cantly 
(Fig. 4). Such range of larch scale part’s 
defl ection and its length cause diffi cul-
ties in seed extraction.

FIGURE 2 (continued). View of cone: c – larch; I – close cone, II – open cone

I

II

III
III

II

I

              a                                                 b

c

FIGURE 3. View of cone scale: a – pine, b – spruce; the following parts are marked: I – next-to-stem, 
II – middle, III – top
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TABLE 1. Dimensions of selected cones and their scale parts
Closed/open cone

Parts of scale 

Scales of cone part

Species Length 
[mm]

Thick-
ness
[mm]

Upper Middle Lower

1 2 1 2 1 2

Common 
spruce 108 21/61

next-to-stem 2.8 2.8 4.0 3.6 3.0 2.5
middle 10.7 14 18 16.8 7 4

top 4.3 5.0 7.0 7.2 10.0 8.0

Common 
pine 45 20/50

next-to-stem 3.6 3.7 5.0 5.0 6.0 5.8
middle 4.7 5.1 17.9 18.4 14 13.5

top 2.3 2.4 2.6 2.6 4.0 3.5

Polish 
larch 31 19/26

next-to-stem 3.6 3.7 3.7 3.7 3.2 3.2
middle 5.5 5.5 8.3 8.0 3.8 3.4

top 0.2 0.3 0.4 0.3 0.5 0.6

I II III

IV

Ok. 30o

FIGURE 4. Views of changes in the state of European larch cone during opening process – view of 
defl ecting scales: I – closed cone, II – half of process, III – full opening, IV – graph of changes in scale 
position (broken line – closed scales, full line – half-open scales, “dot-dash” line – open scales)
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Figure 4 (IV) presents the pattern of 
movement of the larch cone scales in 
subsequent opening phases. The broken 
line represents the selected scales on the 
closed cone cross-section, the defl ected 
scales were outlined with full line, while 
“dot-dash” line represents the maximal 
scale opening at the end of the process.

In the cones of spruce there occurs 
also some opening of next-to-stem part 
scales (Fig. 5), but this part is shorter in 

relation to larch scales, although it ap-
plies to bigger cones (Tab. 1). Besides, 
the middle and top parts are longer by 
two or three times. It affects the big-
ger opening angle of scale (in the case 
of scales of middle part even up to 50º 
– Fig. 6) and facilitates seed extraction 
situated on the scales. Therefore, the 
opening time of spruce scales and seed 
extraction is shortest.

FIGURE 5. Views of changes in spruce cone during opening process – view of defl ecting cone scales 
(I–IV)
      

             a                                                       b

Up to 50o

FIGURE 6. Change in opening angle of spruce cone: a – closed, b – open

                I                       II                       III                           IV
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The scale thickness is similar in both 
species, while the pine scales are thicker 
and their next-to-stem part is about 5 
mm long, and the middle and top parts 
(together) about 15 mm (three times lon-
ger). This difference allows for bigger 
scale opening in favourable temperature 
conditions, although not as good as in 
spruce, where middle and top parts are 
almost six times longer the next-to-stem 
part. The pine scales are also charac-
terized by least distinct opening limit 
between the next-to-stem part and the 
remaining ones. The total bending of 
the scale occurs in this species, visible 
in three parts (Fig. 7), while the larch 
next-to-stem part practically does not 

change its position. It can be assumed 
that the lack of defl ection of this scale 
part causes slower seed extracting from 
the larch cones. Therefore, to improve 
seed extraction one should change the 
storage conditions of the cones and to 
force a continuous movement of cones 

(closing and opening). It can be done by 
alternate drying and moistening of cones 
after previous reduction of their water 
content.

CONCLUSIONS

The three parts can be distinguished 
in the cones of pine, spruce and Polish 
larch: next-to-stem, middle and top 
ones. The two last distinctly change 
their position in relation to the stem 
during opening process.
The next-to-stem part of scale in in-
vestigated European larch cones does 
not change its position during open-
ing and makes over 37% of scale, 
while in the remaining species it 

makes 26% (pine) and 14% (spruce).
Change in opening angle of the closed 
and open scales of Polish larch is 
smallest and amounts to about 30%, 
while in spruce it can reach up to 
50%. Therefore, the seed extraction 
is easier in spruce than in larch.

1.

2.

3.

FIGURE 7. Views of changes in pine cone during opening process – view of defl ecting cone scales 
(I–IV)

                 I                            II                          III                                  IV
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mined direction of falling. Unlike type 1, 
the preparation took a signifi cant part of 
total harvesting time. The diffi culties in 
determination of falling direction affect 
also the method of logging. In felling of 
trees with this type damage the wood-
cutter was leaving slightly bigger hinge 
to enable the tree movement in other di-
rection than assumed. Additionally, all 
trees (except one) were fallen with the 
use of wedges (for safety reasons).

Branching was executed in the three 
cases out of seven, but was the longest 
operation. The lack of branching in the 
remaining cases resulted from the lack 
of branches and knots on sides of tree. It 
occurred always in low-broken trees and 
in most cases in medium-broken trees.

Figure 3 presents time balance for 
particular operations of technological 
process of timber harvesting for wind-

fallen trees (type 3). Timber harvesting 
from trees of this type seems apparently 
simple; trees are already blown over so 
there is no need for cutting kerfs and 
falling. However, there were observed 
many specifi c situations that do not 
occur under conditions of undamaged 
stands or occur occasionally; they af-
fected particular operation times of the 
entire logging process. These factors 
were found mainly in this group of dam-
aged trees, e.g. technological breaks oc-
curred in six cases out of twenty one and 
consisted in pulling off trees out of piles 
and in releasing of jammed guide. One 
tree was particularly diffi cult; all spe-
cifi c times were here longer than that for 
other trees. It was caused by large num-
ber of branches and diffi cult access to 
the tree stem. To branch this tree fully, a 
skidding tractor’s yarder had to be used 

Ti
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 Preparation 
 Cross-cutting average 51 s 
 Pulling off tree from pile 

 Branching average 99 s 
 Jammed saw 

Intervals of tree diameters [cm] 

FIGURE 3. Time balance for particular operations of technological process of timber harvesting for 
windfallen trees (type 3)
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shortest time amounted to 9 sec, the lon-
gest 35 sec. Times of kerf execution: un-
dercutting, cutting and branching were 
similar to other types of damaged trees.

Figure 5 presents time for branch-
ing and cross-cutting of tops broken off 
the stem and laid on the ground (type 
5). Very short cross-cutting time and 
signifi cantly longer branching time are 
characteristic for trees of this type. The 

loggers do not like this type of damage 
since it calls for a big sawman’s effort 
in branching of numerous branches and 
timber harvesting productivity is small 
due to usually small diameter of assort-
ments.

Figure 6 presents the specifi c average 
time balance of operations depending on 
type of harvested wood damage.

The least average time of timber har-
vesting was found for standing trees with 
broken off crown. It may be strange, but 

other trees requiring less technological 
operations were harvested slower. It can 
be explained with the fact that felling of 
trees with damage of this type are similar 
to typical undamaged trees. Therefore, in 
spite of fairly big number of operations 
on a single tree, the sawman’s work was 
effi cient and quick. Additionally, a small 
number of branches signifi cantly short-
ened the time of branching.

Average time of timber harvesting 
from gate-type broken trees was by sev-
eral seconds longer than that for standing 
trees without tops.  It might be caused 
by small dimensions of gate-type bro-
ken trees when compared to other trees 
as well as big experience and profes-
sionalism of the sawman. Another rea-
son could be the usual smaller density of 
broken trees, enabling much freedom in 
the chain saw handling.

 Cross-cutting average 6 s Branching average 107 s  
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Intervals of tree diameters [cm] 

FIGURE 5. Branching and cross-cutting times for tops laid on the ground (type 5)
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inclination it is limited. Therefore, the 
feller practically does not affect the di-
rection of falling that is infl uenced by 
the wind direction inclining the tree. 
This complicates branching; in this case 
it took half of operational time on a tree. 
Rest of operations did not much differ 
from average values obtained for other 
tree damage.

In total about 32 m3 (46 trees) were 
harvested during investigations. Opera-
tional productivity amounted to about 4 
m3/h. This value should be regarded as 
very high. However, it should be noted 
the work was done by a very experienced 
team, and in order to increase the maxi-
mal productivity not all safety require-
ments were observed (e.g. the sawman 
abandoned preparation of working place 
for felling). Therefore, comparison of 
the obtained results to that obtained un-
der normal conditions can not be taken 
as a basis for general conclusions. The 
investigations should be then continued 
on the sites of other type.

CONCLUSIONS

Number of operations executed on 
a tree does not infl uence directly the 
rate of logging. Timber harvesting 
from gate-type broken trees lasted 
on the average about 90 s with fi ve 
operations executed, harvesting from 
the laid tops about 110 sec. with two 
operations.
The most time-consuming operation 
was branching; it took 57.5% of total 
time on the average for all types of 
trees. It is consistent with results of 

1.

2.

Wójcik (2007) for experienced saw-
men harvesting timber with clear fell-
ing area by long log system, where 
branching time amounted to 57% of 
total harvesting time.
The investigated team most harvest-
ed timber most quickly from broken 
trees (on the average 83 sec.) and 
gate type broken trees (93 sec.), then 
from laid tops (113 sec.), windfallen 
trees (181 sec.) and inclined trees 
(232 sec.).
In inclined trees and windfallen trees 
of shortest harvesting time, there oc-
curred technological breaks more 
often than for other damage types; 
it was caused by factors character-
istic for after-calamity conditions 
(e.g. for inclined trees the average 
time of pulling off the suspended tree 
amounted to 64 sec. while for wind-
fallen trees the average time of re-
leasing the jammed guide amounted 
to 25.2 sec.).
Some operations executed during 
work on windbreak site are more dif-
fi cult when compared to undamaged 
conditions. It infl uenced the range of 
time, e.g. branching amounted to 12 
to 412 sec.
The operational productivity achieved 
by the team was high as for after-ca-
lamity conditions, but with a sacrifi ce 
of safety due to excessive hurry.
Diameter of trees of the investigated 
sample did not signifi cantly infl u-
enced the harvesting time. This is 
opposite to results obtained by other 

3.

4.

5.

6.

7.
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parts) was used. The assumed shoot di-
vision created four groups of samples 
of length 300 mm: A (0–300 mm), B 
(300–600 mm), C (600–900 mm) and 
D (900–1200 mm). In further investiga-
tions there were used 30 samples, ran-
domly selected from each group.

Resistance to static bending was 
investigated for three moisture content 
classes of 10 samples in every group, 
to determine stress occurring in the ma-
chines during various willow harvest-
ing and processing methods. Division 
of samples with respect to moisture 
content aimed at obtaining the results 
corresponding with the following prop-
erties of: fresh wood (W1) – obtained 
and processed directly after harvest, 
the stored wood (W2) – processed after 
storage period, when air-dry moisture is 
obtained, and the wood fully dry (W3) 
– the control samples used for compari-
son of the results obtained. The moisture 
content was measured by dryer method 

according to PN-EN 13183-1 Standard. 
The sample mass was determined with 
accuracy 0.01 mm with the use of scale 
RADWAG WPS 600/C.

The resistance to static bending was 
determined basing on PN-77/D-04103 
Standard. It called for modifi cation of 
the concerning recommendations with 
respect to circular cross-sections of 
samples. The measurement of destruc-
tive (bending) force was performed with 
the use of a testing machine TIRAtest 
controlled with the software MATEST. 
During the stalk bending tests the sup-
port spacing amounted to 0.20 m, while 
the head movement speed was equal to 
0.01 m·min–1. The investigated samples 
were loaded at their half-length, perpen-
dicularly to radial cross-section.

Basing on the performed measure-
ments, the resistance to static bending 
was determined. The following depen-
dence  was used in calculations of maxi-

TABLE 1. Specifi cation of research material
Value

Median Mode Standard 
deviation

Variability 
coeffi cient 

[%]average min. max.

Mass of stalk [g] 300.16 168.2 568 289.65 250 77.03 25.7

Length of plant 
[mm] 3414.1 2600 4300 3400 3300      290.8        8.52

Stalk diame-
ter at height 

[mm]:

0 18.30 14.5 25 18 18 2.12 11.6
150 16.62 13.5 23 16 16 1.71 10.3
500 14.96 12 20 14.75 14 1.60 10.7
750 14.10 11 19.5 14 13 1.61 11.4
1000 13.29 10 17.5 13 13 1.54 11.6
1250 12.47 9 17 12 12 1.54 12.3
1500 11.64 8.5 16 11.5 11 1.46 12.5
2000 9.84 5 14 10 10 1.55 15.8
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of the points from a linear course within 
the same moisture content can be caused 
by the difference in moisture content of 
particular samples. As these deviations 
increase with a decrease in moisture one 
can conclude that it is also due to other 
reasons, e.g. the difference in internal 
structure of the material. Another observ-
able trend is a distinct increase in maxi-
mal bending force needed to destruct 
the sample, along a decrease in absolute 
moisture content. It means that moisture 
content is one of the main factors infl u-
encing resistance to static bending.

Figure 2 presents the results of inve-
stigated wood resistance to static bend-
ing.

As it was proved by statistical analy-
sis, the stress values at bending of par-
ticular samples of the same moisture 
content did not signifi cantly differ from 
each other. The average values amounted 
to: W1 – 40 MPa, W2 – 46 MPa, W3 – 
144 MPa, respectively. It means that the 
point of sampling does not signifi cantly 
affect the resistance to static bending.

SUMMARY

Basing on analysis of the results obtained 
in carried out investigations one can fi nd 
that the absolute moisture content of 
basket willow fresh wood increases by 
3% per every 300 mm of an increase in 
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FIGURE 1. Variability of destructive force depending on diameter of sample
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the distance between the point of sam-
pling and the butt end. When the ab-
solute moisture content is decreased, 
the internal bending stress of the wood 
fi bres increases. It means that the resis-
tance to static bending depends greatly 
on absolute moisture content of the 
sample. During drying of samples, their 
resistance to static bending increased. 
The maximal bending force needed to 
destruct the sample increased along with 
a decrease in absolute moisture content. 
The sample breaking up did not occur 
at moisture contents W1 and W2. The 
wood of such absolute moisture main-
tains big elasticity. The values of stalk 
resistance to static bending were similar 

for all sample groups at each investi-
gated moisture content. As the sample 
diameter increases, the bending force 
needed for destruction of the sample 
increases proportionally. The values of 
internal bending stress were similar for 
all the sample of the same moisture con-
tent. Therefore, the sampling point on a 
stalk does not infl uence signifi cantly the 
sample’s resistance to static bending. 
At moisture content W3, the measure-
ments on destructive force variability 
depending on sample diameter distinct-
ly differed from a linear course, thus, 
the absolute moisture content is not the 
only factor affecting resistance to static 
bending.
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Against a background of the above 
discussion a question of technological 
improvement profi tability is particu-
larly interesting with consideration to 
increasing share of technical means for 
mechanization of strawberry production. 
Therefore, this work aimed at compari-
son between the selected technologies of 
strawberry production and mechaniza-
tion possibilities in the respect of labour 
inputs, application of special technical 
equipment and the obtained economic 
production indices.

ASSUMPTIONS OF COMPARATIVE 
ANALYSIS

Strawberry production technologies 
including a traditional row cultivation 
system and a modern cultivation in beds 
were selected for detailed comparative 
analysis.

Taking example of a real farm object 
situated in the Mazovian region and spe-
cialized in strawberry production there 
were considered the utilization costs 
of technical means and manual labour 
inputs in production technologies com-
pared. A direct surplus per 1 ha of grown 
fruits was calculated in three subsequent 
years after planting with consideration 
to variable costs of consumed produc-
tion means, service costs and the value 
of strawberry merchandise production.

The farm modernization in respect to 
strawberry production improvement as-
sumes changes in the selected cultivation 
stages both through mechanization and 
turning to more effi cient technologies.

A key modernization premise is turn-
ing form the row-strap cultivation system 

to cultivation in beds. It is connected to 
an increase in plant density per hectare 
from 50 000 to 64 000 and with install-
ing of a system for plant irrigation and 
fertigation, consisted of T-tape dripping 
lines connected to own water intake. It 
makes the crop independent of drought 
and allows for additional plant feeding 
in the fl uid form. To control weed de-
velopment the beds are covered with a 
black-and-white foil, while the straps 
between rows are mulched with the cut 
straw. Due to mulching, irrigation and 
fertigation it is possible to increase the 
total yield and average price for fruits, 
since more fruits are of extra class.

An important action that calls for the 
highest inputs is purchase of machines 
needed for strawberry cultivation in beds 
and for an improvement of operations 
on the plantation, such as a stake planter 
and straw spreading machine; their over-
all cost in 2009 was estimated as about 
54 500 PLN. Besides, the tractor should 
be adapted to new cultivation system 
including narrow tyres for interrow op-
eration (the second hand tyres cost about 
1500 PLN) and a special spraying boom 
of Fragaria type should be designed to 
improve effectiveness of chemical ap-
plications against pests and diseases.

RESULTS OF ANALYSIS

Results of calculations involving time 
and tractor operation cost on strawbe-
rry plantation during entire production 
cycle of traditional row cultivation are 
presented in Table 1.
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Problem of food production planning

The problem of production planning 
with the use of genetic algorithms is pre-
sented giving an example of food pro-
duction planning described in the Platt’s 
book (1990).
Numerical example
In a dairy plant 10 000 kg of milk of fat 
content 3.5% is purchased daily, which 
gives 350 kg of fat and 9650 of plasma 
per day. The plant’s daily production ca-
pacity amounts to 2000 kg of milk, 400 
kg of butter, 800 kg of cheese and 600 kg 

of sour cream. Plasma consumption per 
1 kg of product is equal to: for milk 0.95 
kg, for butter 3.44 kg, for cheese 11.08 
kg for sour cream 0.75 kg. Fat consum-
ption per 1 kg of product amounts to: 
for butter 0.85 kg, for cheese 0.78 kg, 
for milk 0.03 kg, for sour cream 0.22 kg. 
These number are called technological 
coefÞ cients.

Particular technological coeffi cients 
and profi t obtained per product unit are 
presented in Table 1. Amounts of parti-
cular products in kg are designated with 
symbols x1, x2, x3, x4.

START

NIE TAK

Wybór reprezentacji genetycznej

KONIEC

Selekcja osobników

Operatory
genetyczne

Wybór pocz��tkowej populacji rozwi��za��

Ocena przystosowania osobników 

Warunek ko��ca 

Zapami�
ta�ü

najlepsze
              rozwi��zanie

Powstanie nowej
populacji

Selection of genetic representation 

Selection of initial solution population 

Assessment of individuals’ adaptation 

Condition end

END

NO YES 

Selection of individuals 

Genetic operators 

Creation of new 
population

Save best
solution

FIGURE 1. Block diagram of classical genetic algorithm operation [Rutkowska 1999]













Abstract: Application of tools for data analysis 
to customer relationship management in the se-
rvice enterprise. There are described results of 
data analysis carried out with the use of Statistica 
Data Mining in order to investigate customer re-
lationships in the service enterprise. Data for ana-
lysis were collected on the basis of survey carried 
out among the enterprise customers, data of the 
enterprise, and interviews with the chairman and 
staff of the enterprise. The customer satisfaction 
resulted from service offered by the enterprise 
was evaluated together with customer behaviour 
infl uencing relationships with the enterprise.

Key words: data mining, customer relationship 
management.

INTRODUCTION

This work aimed at qualitative analysis 
of customer relationships with the use 
of selected tools  for data analysis on an 
example of service enterprise. The paper 
presents a detailed analysis of customer 
behaviour, with particular consideration 
to customer satisfaction resulted from 
services offered by the enterprise; other 
dependences hidden in the data, which 
can be used for the improvement of these 
relationships were also investigated.

The customer relationship manage-
ment (CRM) is a business strategy de-
signed to optimise enterprise’s profi t-
ability, consisting in management of 

entire customer-enterprise relationships. 
Various approach to CRM can be found. 
According to Payne and Frow (2005) 
one can distinguish a narrow approach 
as particular technological solution, and 
wider approach, where CRM is a certain 
philosophy of controlling the customer 
relationships.

Undertaken CRM philosophy means 
the commitment of all employees of 
the enterprise to satisfy customer target 
needs effectively and better than com-
petitive enterprises (Little and Marandi 
2003). There are various ways for CRM 
implementation in the enterprise. Winer 
(2001) in his model recommends 7 ba-
sic operations: creating a customer data-
base; analysis of that database; undertak-
ing decisions based on analyses towards 
selection of customers for the enterprise; 
selection of tools to win over the custom-
ers; creating relationships with the target 
customers; assuring confi dence and data 
protection; measuring of implemented 
CRM effectiveness. Pepper and Rogers 
(2004) recommend the following method 
for CRM implementation: identifi cation 
of customers with individual approach; 
segmentation of customers according to 
their importance for the enterprise and 
their own needs; increasing effective-
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chosen by 25% of all respondents). It 
can be concluded that due to various of-
fer of goods, the enterprise is very com-
petitive on the market and many custom-
ers choose its services because of wide 
possibilities for product selection. 

Many customers pointed out at price; 
about 20% of them select the enterprise 
with respect to the lowest or at least 
comparable price of goods and services 
on the local market. The subsequent im-
portant factor was kindness of personnel 
– 14%. Customer consideration of this 
factor importance may be advantageous 
in the contest with competitive fi rms. 
The quality of goods and services and 
enterprise’ reputation were of similar 
importance. These factors were pointed 
out by 13% of customers. It can be noted 
that other subsequent factors took only 
about 15% of all factors, while the fi rst 

fi ve factors in total 85%, and the en-
terprise should concentrate on them in 
the fi rst place. No indications at adver-
tising or promotions were found in the 
results of 1st questionnaire.

The 2nd questionnaire aimed at evalu-
ation of present state of satisfaction with 
services of the enterprise. The randomly 
chosen customer, who decided to coop-
erate with the enterprise and responded 
to survey, evaluated the selected features 
(Tab. 2) in points from 1 to 5. Using Sta-
tistica Data Mining the descriptive sta-
tistics were calculated and histograms 
were created for particular customer-
important factors (Tab. 3). As it is evi-
dent, the highest marks were given to 
total quality of services, competence of 
employees and their kindness as well as 
offer variety (average mark above 4). 
Good marks of average slightly above 

TABLE 3. Descriptive statistics for results of 2nd questionnaire 

Factor
Descriptive statistics

Valid 
number Mean Sum Min. Max. Standard 

deviation
Standard 

error
1. Waiting time for 

service 100 3.45 345.0 1.0 5.0 1.21 0.12

2. Quality of offer 99 3.88 384.0 1.0 5.0 1.01 0.10
3. Kindness of 

employees 98 4.26 417.0 1.0 5.0 0.93 0.09

4. Competence of 
employees 99 4.26 422.0 1.0 5.0 0.85 0.08

5. Price for services 
and goods 100 3.81 381.0 1.0 5.0 1.11 0.11

6. Location of 
enterprise 98 3.99 391.0 1.0 5.0 0.90 0.09

7. Offer variety 99 4.02 398.0 1.0 5.0 0.94 0.09
8. Total quality of 

services 98 3.99 391.0 1.0 5.0 0.96 0.10

9. Total service quality 99 427 423.0 1.0 5.0 0.81 0.08
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4 were obtained for total quality of ser-
vices and enterprise location.

The lowest mean was found for wait-
ing time for service, but signifi cance of 
this factor was pointed out by 3% of 
customers only; therefore, the enterprise 
does not have to undertake any special 
actions to shorten it. It is also evident 
from Table 3 that factors of lowest mean 
marks, namely: offer variety, price of 
services and goods, and waiting time 
for service are characterized by high 
standard deviation values, which prove 
a substantial scatter of marks and very 
subjective customer evaluation of these 
factors.

At the next stage the data generated 
from WF-MAG program used by the 
enterprise were analyzed, with consid-
eration to the following factors: type of 
service (assembly, sale, other services), 
price of products or services, date of 
transaction realized. Analyses were car-

ried out with the use of Statistica Data 
Mining program. The data set was 
placed in the working area “data sourc-
es”. Then, the data were cleaned by se-
lection of procedure “removing the lack 
of data”. Thus, incomplete cases were 
removed and the fi nal data source of 787 
transactions for 2006–2007 was created 
and analyzed. The transaction size in 
particular months are presented in Table 
4. The highest number of transactions 
was found in July, while the lowest in 
January.

Figure 2 presents the transaction in-
comes in particular months. The high-
est transaction value was found in De-
cember. It was infl uenced by substantial 
number of transactions and the high 
mean transaction values (the highest val-
ues were obtained in January, March and 
December). Low transaction values were 
recorded in March, May and June, due 
to low number of transactions and the 

TABLE 4. Size of transactions in particular months

Category Size Cumulated size Percentage Cumulated 
percentage

January 15 15 1.91 1.91
February 24 39 3.05 4.96
March 24 63 3.05 8.01
April 36 99 4.57 12.58
May 64 163 8.13 20.71
June 67 230 8.51 29.22
July 115 345 14.61 43.84
August 74 419 9.40 53.24
September 95 514 12.07 65.31
October 98 612 12.45 77.76
November 85 697 10.80 88.56
December 90 787 11.44 100.00
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low unitary values. The median values 
of transactions in particular months were 
less diversifi ed than the mean values and 
ranged from 744.86 PLN in January to 
1898.41 PLN in December.

The subsequent analyses aimed at 
determination of the share of particular 
transaction types (sale, assembly, ser-
vice) in all operations carried out, with 
consideration to their number and total 
value. As it is evident from Figure 3, 
most operations are connected with sale 
– 656 (83.35%), 70 operations are con-

nected with assembling (8.9%), and 61 
transactions are connected with services 
(7.75%).

The next analysis was carried out for 
operations of selling value above 7000 
PLN. This threshold value was set up 
above the mean value of all operations 
(above 6000 PLN) to facilitate determi-
nation of most profi table transactions. It 
was found that services make the big-
gest share (Fig. 4) (37 items – 58.8%), 
followed by sale operations (25 – about 
40%), and 1 assembly operation (1.5%).
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FIGURE 2. Transaction values in particular months (mean and total)
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in all operations carried out
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Abstract: The mathematical description of 
technological processes in dynamics. This work 
presents one of the methods of simulation of the 
objects of industry. Its chief characteristic is the 
determination of mathematical dependence be-
tween the input and output parameters by using 
the numbers of Volterra of the second kind. The 
block diagram of the control object is formed on 
the basis of the comprised number. The quality of 
the mathematical description of the system is de-
termined with the help of the integral criterion.

Key words: dynamic technological process, ma-
thematical description, input and output parame-
ters, Volterra numbers.

INTRODUCTION

At the present stage of engineering and 
technology development, the automati-
zation of processes plays a crucial role. 
This is urgent for all branches of indus-
try, including those of food and pro-
cessing. The systems of automatization 
of the processes in food industry must 
satisfy such requirements as accuracy, 
constancy, reliability and operational 
simplicity. Therefore, engineers come 
across a complex problem, the essence 
of which consists in the creation of au-
tomatization systems, which satisfy the 
criteria pointed out above. An important 
stage in this case is the initial simulation 
of processes.

The aim of this work is to disclose the 
essence of the mathematical description 
of technological processes in dynamics, 
and also to apply the methods of de-
scription of the dynamic characteristics. 
Here, the study will not concern any spe-
cifi c process, but it will be represented in 
general form. 

To achieve the presented goal it is neces-
sary to solve the following tasks: 

to select the most acceptable method 
of simulation for the process under 
investigation, with the use of which 
the basic special features of the ob-
ject simulated will be considered;
to conduct the identifi cation of the 
dynamic characteristics, obtained as 
a result of the object study;
to estimate the quality of the ob-
tained model by using the qualita-
tive assessments.  The simulation of 
the dynamics of production units is 
directly connected with a number of 
researches on plotting of dynamic 
curves. In the course of studies of this 
type the instruments already existing 
in the production and the systems, 
which continuously record the basic 
parameters of the process, are used.

–

–

–
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SIMULATION

Before starting the experiment on plot-
ting of dynamic curves of a control 
object under investigation, it is neces-
sary to develop a procedure on its con-
ducting. There are many procedures; 
however, the essence of the majority of 
them consists in the introduction of the 
disturbing action into the system: single 
step input, harmonic oscillations, step 
action and other 

Figure 1 represents the reaction of 
the system to a single action. It is evi-
dent according to the graph that the ob-
ject is inertia; therefore changes occur 
not sharply, but with a certain delay.

The description of nonlinear object with 
the help of the linear on the parameters 
models seems ideal, since the following 
properties are inherent in linear objects:

the possibility to write down clearly 
the connection between the entrance 
and the output;
simplicity of the description of the  
system connections;

1)

2)

the possibility of examining random 
signals.
The properties outlined above must 

be preserved, also, for the nonlinear ob-
jects [1]. For this we will use decompo-
sition by Volterra. 

Using the numbers of Volterra, the 
nuclei of which are the weighting func-
tions of higher orders, it is possible to 
obtain the description of a nonlinear ob-
ject, allowing clear physical interpreta-
tion. This method has a large advantage, 
connected with the fact that a nonlinear 
system is looked at as the direct gener-
alization of a linear case, although the 
object itself can differ signifi cantly from 
the linear one. In other words, the meth-

od with the use of numbers of Volterra 
interprets linear objects as the sub-class 
of nonlinear objects [2].

The essence of the method consists 
in the fact that with existing input in-
formation x(t) and output data y(t) it is 
necessary to select, using decomposition 
by Volterra, such a dependence which 
would be a good approximation y(t).

3)
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FIGURE 1.The graph of the change in the parameter of the study subject with the introduction of the 
disturbing action into the system
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