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Abstract

Telezhenko, E. 2005. Measurements of trackways as a method for assessing locomotion in
dairy cows. Licentiate thesis.
ISSN 1652-750X, ISBN 91-576-6852-3

The aim of this study was to assess whether locomotion parameters obtained by
measurements of cow trackways are reliable and sufficiently sensitive to describe
locomotion in non-lame and lame dairy cows on different floors. Thirty-two non-lame cows
were used to study the reliability of the trackway measurements. The cows were tested
twice over three weeks and measurements from four consecutive strides were used during
each test session. To study the effect of different floors on locomotion, 25 non-lame cows
and eleven cows with different lameness degrees were tested on five different surfaces:
solid and slatted concrete, both with and without 20 mm thick elastic rubber mats, and wet,
compacted sand. The reliability of the measurements varied from moderate to low, with
measurements relating to inter-limb coordination being most inconsistent. The slippery
slatted concrete floor caused restricted locomotion in so far as the strides were significantly
shorter here than on all the other floors. Use of yielding rubber mats resulted in a
locomotion more similar to that on the sand path. Lameness had an effect on shortening
strides and steps, but in most cases the animals’ reaction to different floorings was similar
in lame and healthy cows. Step asymmetry due to lameness was decreased when cows
walked on the soft surfaces. It was concluded that a trackway measurement system is a
suitable method to use in field locomotion studies and that the system is useful in
identifying differences in kinematics on different floor types. Since there is a relatively high
inconsistency in cow walking it is beneficial to use measurements of several strides to
obtain a representative gait pattern.
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“... No doubt it appeared to you to be a mere trampled line of slush,
but to my trained eyes every mark upon its surface had a meaning.
There is no branch of detective science which is so important and so
much neglected as the art of tracing footsteps. Happily, I have
always laid great stress upon it, and much practice has made it
second nature to me ..."

Arthur Conan Doyle, 4 Study in Scarlet, 1887.
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Appendix

Papers I-11

The present thesis is based on the following papers, which will be referred to in
the text by their Roman numerals:

I Telezhenko, E. Measurement of spatial gait parameters from footprints of dairy
cows. (Manuscript)

II Telezhenko, E. & Bergsten, C. 2005. Influence of floor type on the locomotion
of dairy cows. Applied Animal Behaviour Science, (in press).

Paper II has been reproduced by kind permission of the journal concerned.



Background

The need of cows for free movement and, coupled with freedom of movement,
expression of natural behaviour is easier to meet in a loose housing system than in
a tie stall system. Cubicle systems are becoming increasingly common in high-
performing dairy herds. The floor design is one of the most critical aspects of
loose housing systems because of its direct effect on the cattle’s locomotor
apparatus (Stefanowska et al., 1998). Most walkways in cattle houses are made of
concrete because it is fairly durable, cheap and resistant to wear and has
acceptable hygienic characteristics. However, the hardness, abrasiveness and
slipperiness of concrete floors contribute to foot and leg lesions resulting in
lameness (Webb & Nilsson, 1983; Bergsten & Frank, 1996; Manske et al., 2002;
Sommers, 2004). For a long time lameness in cattle has been recognised as a large
economic problem. It is difficult to appreciate the real extent of the economic loss,
however, because lameness involves both direct costs (labour and veterinary
treatment) and indirect costs (decreased milk yield, weight loss, impaired fertility,
low carcass price, etc). In addition, lameness is a sign of discomfort and pain, and
alters the cow’s sensation of pain(Whay, Waterman & Webster, 1997). Therefore
lameness is an important welfare issue (Logue, McNulty & Nolan, 1998).
Moreover, poor floor quality as well as lameness can alter the degree of social and
sexual activities in cows and consequently also influences cows’ well-being and
fertility (Zeeb, 1983; Benz, 2002).

Improved flooring in dairy cow houses is a much discussed topic but few
objective assessments have been published of cows’ locomotion on different
floors (Phillips & Morris, 2000, 2001). For an objective evaluation of locomotion
comfort on a particular floor, we need a method that does not interfere with the
cows’ natural behaviour in the actual environment. It seems essential for future
practical applications of quantitative gait analysis to establish whether or not
results from the single gait evaluation are representative of a cow’s overall gait
performance. Repeatability and reproducibility over time of kinematic variables
have not previously been studied in cattle.

Introduction

Cattle and locomotion

Need for locomotion

Locomotion is part of the normal behavioural repertoire of cattle (Albright &
Arave, 1997). Cattle move to feed and walk to the water trough, to interact with
herdmates during social and sexual behaviour and to seek a birth site or shelter.
Cattle have an innate motivation for locomotion, which is increased with time of
confinement (Loberg et al., 2004). Locomotion maintains adequate blood
circulation, stimulates muscular system development and provides increased
fitness (Zeeb, 1983; Gustafson, 1993). In their natural environment cattle are able



to range over large areas in search of feed. Although extremely long distances
covered (up to 40 km per day) reduce feed intake and milk production, cattle need
to walk at least 3—4 km per day to keep in good physical shape (Phillips, 1993).

Locomotion and environment

The physical properties of the environment through which an animal moves have a
tremendous effect on the evolution of the way and dynamics of its locomotion
(Dickinson et al., 2000). Movement on land requires that animals exceed gravity
to support and move their bodies and accommodate any changes in the terrain
(Biewener, 2003). Like all domestic mammals, cattle rely primarily on their limbs
for movement, and the angulation and arrangement of the limb musculature
provide strong evidence that their locomotor apparatus has mainly been developed
for forward motion (Nickel et al., 1986).

European domestic cattle (Bos taurus) are descended from the aurochs (Bos
primigenius), big animals which lived in transitional areas of woodland
interspersed with open spaces (Baars et al., 2003). This means that the locomotor
system of cattle evolved in an environment with plenty of space and yielding
ground surfaces. Although the domestication of cattle started in about 7 000 BC
this fact has probably not had a major effect on the basic dynamics of cattle
locomotion, since animals were still grazed in conditions similar to their natural
habitat.

When housing for cattle was introduced the animals were usually tied or were
kept in a very limited space. Hence there was very little need for selection, either
natural or artificial, for development of a locomotion system that was to be more
suitable for an environment different from the natural one.

With the relatively recent introduction of cubicle housing, which ought to
promote free movement of the animals indoors, the problem of arranging walking
surfaces emerged. For several economic and practical reasons, the space for
locomotion was provided in the passageways between cubicles and the majority of
the floors were made of concrete. Although housed cattle do not need to cross
large distances to feed, there is still a significant amount of locomotion associated
with social and other activities (Albright & Arave, 1997). As a result, the cows,
which have a locomotion system adapted for moving through grassland at the edge
of forests, were forced to move in a confined environment, sometimes with low
light intensity and unclean, hard, slippery and/or too abrasive walking surfaces
(Zeeb, 1983; Phillips et al., 2000; Phillips & Morris, 2000, 2001).

Because of the contrast between the terrain in the natural habitat of cattle and
the flooring in cubicle systems it is not surprising that lameness, defined as a
severe disturbance of locomotion, is more common in the cubicle systems than on
a pasture (Faye & Lescourret, 1989; Boelling & Pollott, 1998) or even in tie stalls
(Maton, 1987; Faye & Lescourret, 1989; Bergsten & Herlin, 1996; Cook, 2003).
Apart from the lameness effect, today the general comfort of locomotion in cattle
is in focus. The limited space and slatted concrete floors in cubicle houses seem to
reduce cows’ locomotion activity (Zeeb, 1987). It has been shown that keeping



cows tied or on slatted concrete floors in loose housing without access to pasture
distorts their normal locomotion (Herlin & Drevemo, 1997).

Methods of studying locomotion in cattle

Subjective methods

Subjective locomotion assessment in cattle is a method commonly used by
veterinary clinicians to estimate the quality of gait, in which most attention is
devoted to determination of the degree of lameness. The most well-known scoring
system for cattle locomotion has been published by Manson & Leaver (1988).
This system uses a nine-point score reflecting small changes in locomotion leading
to lameness. More simple scoring systems have been used to categorise the degree
of lameness severity (Tranter & Morris, 1991; Whay et al., 1997). Sprecher,
Hostetler & Kaneene (1997) have developed a system focusing (along with gait
scoring) on the back posture, a system that was later adapted and used by several
authors (Uchida et al., 2001; Juarez et al., 2003).

While lameness scoring can help in evaluation of the disorder, it does not
provide sufficient objective measures of gait. Although it is possible to compare
the locomotion scoring results of different studies, it should be noted that the
accuracy of scoring is strongly influenced by the observer’s skill and perception
(Whay & Main, 1999). It has been demonstrated that use of gait analysis with
quantitative (kinematic) methods is more precise than results obtained through
subjective locomotion scoring (Keegan et al., 1998).

Objective methods

Kinematic and kinetic analyses have been successfully used to study gait in
domestic animals, primarily horses (Clayton & Schamhardt, 2001; Barrey et al.,
1999). Kinetics is a science that studies the causes of motion, explaining them by
the force applied to the body, its mass distribution and its dimensions. Marey
(1873) was the first researcher to use a pressure sensor under the horse’s hoof to
measure hoof-ground contact duration at various gaits. The modern sensor
technology today allows recording of ground reaction forces over a large range of
conditions (Roepstorff & Drevemo, 1993). The kinetics of cattle locomotion has
been studied by Webb & Clark (1981) and Scott (1987). Van der Tol et al. (2003)
used pressure sensors in combination with a force plate to study ground reaction
forces and between-/within-claw pressure distribution in cows walking on a flat
surface.

Kinematics describes the geometry of animal movement, studying changes in
the position of the body parts during a specified time. The first kinematic animal
locomotion study using chronophotography was performed by Muybridge (1887).
Since then many kinematic studies of animals have been performed and at present
the majority of kinematic studies are carried out with videographic or opto-
electronic systems consisting of integrated hardware and software components
(Clayton & Schambhardt, 2001). However, only a few published studies have
applied quantitative measurements of locomotion to cows (Herlin & Drevemo,
1997; Phillips & Morris, 2000, 2001). In recent years a new interest has emerged



for studying cow kinematics by quantitative methods including standard motion
systems (Chida et al., 2004) and a treadmill (Meyer et al., 2004). The new studies
have also used a larger animal material. Flower, Sanderson & Weary (2004), for
instance, used 46 cows to study biomechanics related to claw pathologies utilising
a two-dimensional (2-D) motion system.

Trackway measurements

While many of the sophisticated motion analysis systems are highly accurate, they
may not be the optimal choice for wide implementation of objective locomotion
measurements in cattle because of high cost and some procedural difficulties. Such
drawbacks precipitate the need for validation and use of an inexpensive, objective
gait analysis system which is possible to use in a livestock barn environment.

Linear kinematic data can be obtained by measuring the space between
footprints, trackway measurements (Sukhanov, 1974). Assessment of trackways is
a simple way to obtain information about animal locomotion when direct
observations are impossible, as in the case of extinct animals. The first intensive
study of fossil tracks was carried out by Professor Edward Hitchcock (1836).
Hitchcock’s works, in which thousands of tracks were systematically evaluated
and classified, are still classic references for ichnology, the science of fossil
trackways and traces. Trackway analysis offers unique and important insights into
the behaviour of dinosaurs (Kuban, 1989) revealing details about the lives of
ancient animals that are not obvious from skeletal remains.

In 1897 Bradford published his work in which human gait was examined by
observation of footprints on sand, dust, mud and snow. In spite of remarkable
progress in gait analysis, data obtained from footprints are likely to continue to be
used in human biomechanics as a simple and inexpensive method to quantify
important aspects of gait (Wilkinson, Menz & Raspovic, 1995). Data obtained
from direct measurements of footprints are often used in human biomechanics for
clinical investigations (Stolze et al., 1998) and to validate new and more
sophisticated gait analysis systems (Gaudet et al., 1990; McDonough et al., 2001).

Still the measurements of trackways remain a fairly unusual method of analysis
of animal locomotion including locomotion of dairy cows. Benz (2002) used foot
imprints to measure the step length of cows on different floorings. However, there
has been no detailed methodological study on use of the trackway measurements
for evaluation of locomotion in dairy cattle.
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Aims

The aim of this study was to assess the possibility to describe the locomotion of
dairy cows using measurements of their trackways. The focus was on the question
of reliability of measured parameters with special emphasis on suggesting
indicators for cow locomotion comfort. In addition, the aim was to evaluate, by
using the measurements, differences in locomotion in animals with different
conditions of the locomotor system on different floors.
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Summary of materials and methods

Animals and housing

The study described in Paper I was carried out on the research farm of the Swedish
University of Agricultural Science in Alnarp, Sweden. The 32 studied cows were
of the Swedish Holstein breed, mainly in first and second lactation, without signs
of lameness. The average height at withers was 143 cm (range 133—-154 c¢cm) and
average body length was 181 cm (range 161-192 cm). The cows were kept in
cubicles with slatted concrete passageways. An alley (with a slatted concrete floor)
from the cubicles to the milking parlour was used for the gait analysis. The
dynamic coefficient of friction (COF) of the slats was 0.55.

The study described in Paper II was carried out on a commercial organic dairy
farm in western Sweden. Eighteen Swedish Red and White and 18 Swedish
Holstein cows were studied. All cows were kept under similar management
conditions in cubicles with slatted concrete walkways.

The presence and severity of lameness (Paper II) was scored on a four-point
scale, modified from Sprecher et al. (1997), according to which, animals with
normal gait (n = 25) and mildly (n = 6) and moderately (n = 5) lame cows were
identified. No severely lame cows were used in the study. A walkway from the
milking parlour to the pasture was used. The walkway included both slatted
concrete (dynamic COF = 0.31) and solid concrete (dynamic COF = 0.58). Twenty
mm thick KEN® rubber mats (Gummiwerk Kraiburg Elastik, Germany) with
rubber-studded underside profiles were used on the slatted and solid 10 m of the
walkway. The dynamic COF of the rubber mats was 0.46. The rubber mats were
introduced 1 month before the measurements started. At the exit to the pasture a
sand track was prepared from moist sand compacted by a tractor.

The friction of the floors in both papers was measured with a portable friction
tester (PFT). Because of different measurement principles, the friction values
obtained with the PFT were higher than those obtained with the more commonly
used pendulum swing device (skid resistance tester (SRT) or British pendulum
tester). To make the results more comparable to those of other studies, PFT
friction values were converted to SRT friction values by a formula developed by
the Swedish National Road and Transport Research Institute and the SRT values
were then transformed into a COF value (Astrom, 2000).

Gait assessment

In both papers a trackway measurement system was used for the gait analysis. To
obtain visible foot imprints (Fig. 1), lime powder (Ca(OH),) was dispersed over
the walkway and mixed with a thin layer of slurry (Fig. 2). The cows walked one
by one over the prepared surface at their own chosen speed. In order to make the
cows walk continuously, a person followed them slowly at a distance of several
metres (Fig. 3). Only trackways from cows that walked evenly were used for the
measurements. In the first paper the following elements of trackways were
measured (see Fig. 2 in Paper I): stride length (the distance between two
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consecutive imprints of the same rear foot); step angle (the angle between the lines
connecting the three consecutive imprints of the rear feet); step width (the distance
between the right and left rear foot imprints, along the line perpendicular to the
line of progression); step length (the distance between two consecutive imprints of
the left and the right rear foot); step asymmetry (the absolute value of the
difference between two consecutive steps); overlap (the lengthwise distance
between the front foot imprint and the next imprint of the same side’s rear foot);
step abduction-adduction (the sideways distance between the front foot imprint
and the next placement of the same side’s rear foot).

Figure 1. Imprints of the left front
(A) and the left rear (B) foot on the
slatted concrete floor. The rear
imprint is placed behind (negative
overlap) and laterally (positive
abduction-adduction) of the front
imprint. The arrow indicates the
direction of movement.

Measurements in Paper II included all parameters mentioned above with the
exception of step width and step abduction-adduction. The measurements were
taken from four consecutive strides using a ruler and an angle meter (Fig. 4). The
measurements and their reference points are described in detail in Paper I. The
walking speed of each cow was measured with a stopwatch.

Figure 2. Preparing the walkway with Figure 3. Obtaining the trackway and
lime powder and slurry measuring the speed
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Locomotion measurements in Paper I were repeated after three weeks in all
COWS.

Cow locomotion in Paper II was tested on five different surfaces in the same test
run, viz. solid concrete without rubber mats, slatted concrete with rubber mats,
slatted concrete without rubber mats, solid concrete with rubber mats and wet,
compacted sand.

All measurements were made by the author of the thesis (E.T.).

Figure 4. Measuring the trackway

Statistical analysis

Paper 1

The analysis was performed using the PROC MIXED procedure in SAS (SAS v. 8
for Windows; SAS Institute, Inc., 2002). The statistical model for trackway
measurements included effect of cow, test day and interaction between cow and
day of the test. All the terms in the model were considered random and
independent.

The parameters for the variance components were estimated with the residual
(restricted) maximum likelihood (REML) method. To assess the impact of each
factor on the total variance, the percentage of each variance component was
calculated. The proportion of the total variance that is due to variance among cows
was used as a measure of reliability. We interpreted proportion of between-subject
variance <20% to mean “very low reliability”; one of 20—45% to represent “low
reliability”; one of 46—-70% to show “moderate reliability”; and one of >70% to
mean “high reliability”.

To measure the strength of the linear association between gait parameters,
Pearson product-moment correlation coefficients were calculated for individual
means. The same procedure was applied to assess correlations of locomotion
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parameters with body size. To estimate the linear association between gait
parameters within individuals, analysis of covariance was used and partial
correlation coefficients within subjects were calculated according to the method
described by Bland & Altman (1995).

Paper 11

The speed and individual trackway means, obtained from measurements of four
consecutive strides on each floor, were calculated with analysis of variance
(ANOVA) with the between- and the within-subject design. Two different
statistical models were used to describe the data. The first model included floor as
within-subject effect and lameness degree as between-subject effect. In the second
model only cows without signs of lameness were included in the analysis. In this
model breed and parity were included as between-subject effects, and floor as the
within-subject effect. The cow effect was considered random and other effects
were considered fixed in both models. Multiple comparisons were performed
using Tukey’s Honestly Significantly Different (HSD) test. We used JMP v. 5 for
Windows (SAS Institute, Inc., 2002) for the statistical analyses.

A 5 % significance level was used throughout both papers.
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Summary of results

Paper I

The reliability was moderate for walking speed (66.67%), stride length (62.35%),
step angle (57.23%), step width (51.8%) and overlap (65.38%). Step length and
step abduction-adduction showed a fairly low reliability (37.76% and 25.44%,
respectively).

Step asymmetry had almost negligible between-subject (18.09%) and between-
test variation (5.30%) but within-test variation was large (76.57%).

Increased stride was associated with an increased step angle, as well as with
increased step length and increased overlap. Increased abduction was associated
with a decreased step angle, increased step width and slightly increased step
asymmetry.

Height at the withers was positively associated with stride length and step angle
and negatively with step width and abduction-adduction. Body length correlated
positively with stride and step length and tended to have negative correlation with
overlap.

Paper 11

Strides and steps were considerably shortened and the rear foot imprints were
placed at a greater distance behind the front ones (larger negative overlap) on a
slippery slatted concrete floor in comparison with all the other floors. On the solid,
crude concrete floor the cows took shorter strides and steps than on the sand
surface, but the speed did not differ significantly. Length of strides and steps
increased on the elastic rubber mats compared with the corresponding concrete
floors. In moderately lame animals speed was lower and the stride and step lengths
were shorter compared with those in non-lame and mildly lame cows. Analyses
within each lameness degree revealed that the moderately lame cows walked with
a significantly wider posture on solid and slatted concrete than on the yielding
surfaces. Comparisons of cows with different lameness scores within a floor type
showed that the moderately lame cows compared with the non-lame ones had a
smaller step angle on the concrete flooring while there were no significant
differences between lame and non-lame animals when walking on yielding
surfaces. Step asymmetry increased progressively from the non-lame to the
moderately lame cows on all floor types. In cows with moderate lameness the step
asymmetry was less pronounced on the sand and on the floor with continuous
rubber covering.
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General discussion

Trackway measurements and error due to measurements

Measurement of trackways is a method for obtaining several spatial kinematic
variables in cows in their actual environment. The cow trackway measurements
system was developed to analyse cows’ gait on different floorings (Telezhenko,
Bergsten & Manske, 2002). Clearly the information obtained from trackways is
not as precise and complete as that obtained with three-dimensional (3-D) motion
analysis. However, the method of trackway measurements is inexpensive, easy to
apply and interferes minimally with the movement of cows in their natural
environment. Because it uses direct measurements, trackway analysis could result
in more reliable records than achieved with e.g. 2-D video analysis because of
deviation in animal movement from line perpendicular to the camera. However,
the measurements of trackways lack some important kinematic parameters such as
different angulations and trajectories of joints as well as important temporal stride
characteristics. The only temporal parameter used in the present studies was speed,
calculated from the time used for passing the tested walkways. By measuring the
time with a stopwatch, certain measurement errors are inherited. To improve the
precision of speed measurements, it would be possible to complete measurements
of the trackways with a video recording of the cow passing the walkway.

Because all measurements were performed by one operator we did not assess
between-operator variation. Nevertheless it should be noted that the source of such
variation could lie in different determination of reference points for the
measurements. Detailed recommendations for finding points of reference were
made in Paper I. The main argument was that each place of the imprint could be a
reference point; however, the reference point should consistently be the same
place in each footprint within a trackway. It has been shown in humans that with
very well-defined reference points for measurements of gait parameters from
footprints, between-observer variability is very low (Wilkinson & Menz, 1997).

The abduction-adduction of the limb implies that the limb moves from or
towards the mid-sagittal plane. In measuring the lateral deviation from the front
imprints we did not take into account the abduction-adduction of the front limbs.
We made the assumption that the front limbs move more parallel to the mid-
sagittal plane than the rear limbs (Ndikuwera & Zishiri, 1990). Because of low
reliability of the trait abduction-adduction was not used in Paper II and its
meaning was substituted with the parameter characterising base of support, viz.
step angle.

Although it is possible to identify differences in locomotion on floors of very
different quality, trackway measurements are probably a fairly rough method for
determining smaller differences in locomotion on more similar surfaces.
Reproducibility of gait
The reliability of gait parameters obtained from trackways and defined as portion

of between-subject variation was lower than that of published values in trotting
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horses (Drevemo et al., 1980a; b, ¢) and humans (Kadaba et al., 1989). However,
even variable gait patterns, measured under natural conditions, could be worth
studying, since “steady locomotion is more the exception than the rule for animals
travelling through natural environments” (Dickinson et al., 2000).

The self-chosen speed of the cow walking on different floors is an important
indicator of her reaction to a specific floor. It should be noted that locomotion
parameters obtained at different speeds are much more complicated to interpret
(Paper II). Still it seems that a particular cow uses more or less the same speed
when she walks on the same floor type and in the same direction (Paper I). The
speed of locomotion may also have a close relationship with the motivation for
movement. Usually cows are more motivated to move from the milking parlour to
the cubicles than in the opposite direction, which can result in differences in speed
and other speed-related parameters (Telezhenko, unpublished). Analysis of
repeatability and reproducibility of trackway elements revealed significant within-
test variation. Although cows walked apparently smoothly, some speed variation
did occur and contributed to variation of speed-related gait parameters (i.e. stride
length). The walk itself may be a less consistent gait than e.g. trot. In one study
horses walked less consistently on the treadmill and needed more habituation time
than at a trot (Buchner et al., 1994).

The low reliability of step asymmetry suggested non-systematic changes in
inter-limb coordination in non-lame cows. The within-test variation was very high
and can be explained both by within-test speed inconsistency and by tactics
adopted to avoid falling and slipping.

Quality of gait
Definition of good locomotion

Gait quality in cows has usually been evaluated in terms of presence or absence of
lameness (Manson & Leaver, 1988; Whay & Main, 1999). In sport horses,
however, associations between stride kinematics and subjective assessment of
movement quality have been found (Clayton, 2001). Horses with good movements
showed more retraction in the forelimbs and more protraction in the hind limbs, a
prolonged swing phase and ability to achieve a particular speed using a long stride
length and a low stride frequency. Impaired locomotion in cows has been
described as stride shortening and a “stiff gait” and has also been described in
terms of the degree of abduction or adduction in the hind limbs (Whay, 2002).
Still, no detailed description of “good locomotion” in cows measured using
quantitative methods has been published.

Indicators of cow locomotion comfort

Stride length

When assessing gait quality, we used the trackways on sand as a standard surface
with properties for the best locomotion comfort (Paper II). The most informative
parameter for locomotion comfort assessment was stride length. The stride length
was significantly decreased in moderately lame cows, and non-lame as well as
lame cows increased their strides on the yielding surfaces. The stride shortening

18



during lameness is characterised by shortened swing durations and longer stance
durations, which is an important method of reducing the peak loads on the lame
limbs (Buchner, 2001). In Paper II it was suggested that stride lengthening is a
more efficient way to increase speed during walking than is increasing stride
frequency. However, effectiveness of stride lengthening during walking is limited
by the effectiveness of the pendulum-like energy exchange between kinetic energy
and gravitational potential energy. The effectiveness of the exchange depends on
the angle the legs make from vertical (Alexander, 2003). Too long a stride would
imply a too large angle for the legs and therefore not enough potential energy to be
transformed to kinetic energy, which would raise the metabolic energy cost of
transport. Under normal conditions animals choose the walking speed and stride
length which corresponds to the most optimal exchange between potential and
kinetic energy (Biewener, 2003). Therefore it was concluded that maximal stride
lengthening on the sand surface at cows’ own chosen speed constitutes natural
movement with minimal energy expenditure. It has also been shown that cows
increase their stride length when the COF of the floor is satisfied for unconstrained
walking (Phillips & Morris, 2000, 2001). Walking with shorter strides on a
slippery floor is an adaptive mechanism for preventing slipping, in which the COF
required for walking is kept below the available COF (Van der Tol et al., 2005).
However, maintaining the speed by increasing frequency with shortened strides is
an attribute of inefficient walking (Paper II). Slippery floors force animals to
modify their posture and develop a “stiff” gait, which can remain even when a
cow walks on a floor with acceptable friction (Herlin & Drevemo, 1997).

Overlap

Overlap distance describes the lengthwise position of the rear foot imprint in
relation to the imprint of the same side’s front foot. It was repeatedly stated that
cows normally put their rear feet on the same spot that the front feet has just been
lifted from (Tranter & Morris, 1991; Whay, 2002). Usually positive or cloze to
zero overlap characterises the good, progressive movements; and lameness and
slippery floor cause an under-reaching of the rear foot in relation to the front foot,
or a negative overlap (Paper II). However, we found that some degree of lameness
could be associated with an over-reaching (large positive overlap) as well (Paper
1.

The overlap characterises the extent of hind limb protraction and in Paper I was
associated with the stride increasing. However, the negative correlation between
overlap and body length (Paper I) implies that when evaluating the overlap
attention should be paid on proportions of the animals, i.e. a long body with short
legs will result in placement of the rear foot imprints further behind the front ones
(negative overlap) and a short body with long legs will result in placing the rear
imprints in front of the front ones (positive overlap). The between-breed
differences in overlap found in Paper II were most probably due to such
differences in animal proportions.

Step length and step asymmetry

The contribution of step length alone to the assessment of locomotion comfort is
no greater than that of stride length. The two measurements are highly correlated
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but step length can be less reliable as a measure of progression because it is
influenced by the width of the support base (step width, step angle) and step
abduction-adduction. The important derivative we can obtain from the step length
measurements is step asymmetry. Step asymmetry arises primarily from shortening
of one step, but varied step abduction can contribute to bigger step asymmetry as
well. Step asymmetry showed good agreement with the subjective assessment of
lameness and, besides, was proof of increased walking comfort for lame cows on
the yielding floors (Paper II). A similar decrease in foot lameness expression on
soft surfaces has been shown in horses (Ross, 2002). Nevertheless it may be
complicated to use step asymmetry as an exact tool for determination of the site of
the pain. Even in cases of only supporting lameness (caused by the pain associated
with weight bearing), where a cow will shorten her step shifting from, e.g., the
right limb to the left, it may mean a problem with weight acceptance of the left
limb, or a problem with propulsion of the right limb. Increased asymmetry in non-
lame cows on the slippery floor showed the possible implementation of the
measurement as a parameter of altered stability. Consequently asymmetric steps
may be a parameter for presence of gait abnormality, without being a diagnosis.

Width of walking posture

The width of the posture during walking can be described either by measuring step
width or by measuring step angle, the latter method having an advantage in
determination of landmarks for measurements (Paper I). Step angle correlated
positively with stride length and big angle (narrow walking posture), usually a
characteristic of a more efficient gait due to minimal lateral displacement of the
centre of gravity (Alexander, 1985). On the other hand, with a small step angle the
centre of mass is placed centrally within a cow’s base of support and a more
balanced position is provided. Step angle was not a very informative parameter of
locomotion comfort on different floors in non-lame cows (Paper II). Only on the
slippery slatted concrete floor was it considerably diminished. On the hard
concrete surfaces lame cows walked with a significantly smaller step angle
compared with non-lame cows, while on the soft surfaces the step angles of lame
cows were no different from those of non-lame cows (Paper II). The difference in
step angle between lame and non-lame animals could be explained by more hind
limb abduction in the lame cows.

All the described parameters mostly reflect one single element of cow
locomotion — steady-state, straight level walking, which is only one part of the
repertoire of cow movements. Other types of movement, such as accelerating,
stopping and turning, put higher demands for locomotion comfort on the
environment (Van der Tol et al., 2005). Also, we need to develop methods for
objectively and more comprehensively analysing gait quality in cows.
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Conclusions

It was concluded that a trackway measurement system is suitable for evaluating
locomotion comfort in field studies. The system is able to measure differences in
kinematics on different floors if the quality of floors is very different. Because of
the relatively high inconsistency of cow walking it is beneficial to use several
strides to obtain a representative gait pattern. Future studies in cow biomechanics
should focus on the development of simple yet sensitive methods to
comprehensively assess locomotion comfort of cattle in different flooring systems.
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Svensk sammanfattning

Med o6kad medvetenhet om djurens vilbefinnande har husdjurens hélsa och
mdjlighet till naturligt beteende satts i fokus i djurskyddslagen och inom
mjolkproduktionen. Kornas rorelsekomfort dr en viktig del av djurens naturliga
beteende och vélfiard, och klov- och benhélsan &r ofta en indikator pa den miljo de
exponeras for. Behovet av rorelse tillfredstdlls béttre i l0sdriftsystem an i
uppbundna system och intentionen inom mjolkkohallningen &r att uppbundna
system successivt ska ersittas med losdriftsystem. Men, trots att kor i 16sdriftstall
har storre rorelsefrihet och storre mojlighet till sociala kontakter &n uppbundna
kor, innebér 16sdrift storre risk for och hogre forekomst av skador pé framforallt
ben och klovar, med rorelsestorningar och hélta som foljd. Storre exponering for
en undermalig miljo i form av snévt tilltagna rorelseytor, délig hygien och hérda,
halkiga, onaturliga golv bidrar till dessa problem.

Diskussion om forbéttrade golvsystem i 10sdrift har pagétt linge. Dock saknas
studier med objektiva uppskattningar av kors rorelsekomfort i olika golvsystem.
Det ar vanligt med subjektiva betygskalor for att gradera hédlta, men s&dana
metoder ar inte anpassade for att véardera skillnader i rorelsemonster hos icke halta
kor. Dessutom &dr de vanligaste forekommande metoderna for biomekaniska
undersdkningar kostsamma och kan vara svéra att tillimpa i de stallmiljoer som
korna befinner sig i.

Vid tillimpning av olika metoder for att berdkna hur kor ror sig pa olika
underlag ar det viktigt att berdkna i vilken grad en ko behéller sitt rérelsemonster
frén ett undersdkningstillfille till ett annat. Likadeles ar det viktigt att berdkna
rorelsemonstrets variation mellan och inom individ for uppskattning av
méitningarnas tillforlitlighet.

I denna avhandling beskrivs en ny metod for att studera mjolkkors
rorelsemonster genom att mita djurens fotspar pé olika golvunderlag. Syftet med
studien var att testa tillforlitligheten hos de géngparametrar som erholls fran
métningar av kors kldvavtryck, att studera samspelet mellan hilta och golvmaterial
samt att studera mdjligheten att anvinda miétningarna for att beskriva
rorelsemonster hos kor med och utan rorelsestdrningar pé olika golv.

For att gora klovspéaren synliga bestroks gdngarna med ett tunt lager slackt kalk
(Ca(OH),) som blandades med befintlig gddsel. For att berdkna tillforlitligheten i
metoden studerades 32 icke halta kor. Korna testades tvd ganger med tre veckors
intervall och fyra rorelsecykler mittes vid varje testtillfdlle. Foljande métningar av
fotspar anvéndes vid tillforlitlighetsstudien: dubbelsteglingd (avstidnd mellan tva
foljande fotavtryck av samma fot), stegvinkel (vinkeln mellan linjerna som
forbinder tre foljande fotavtryck), stegbredd (tvirgaende avstind mellan héger och
vanster sidas fotavtryck), steglingd (avstdnd mellan tvd foljande fotavtryck),
stegasymmetri (skillnaden mellan tvd steglingder i rad), Overtramp (avstand
mellan fram- och bakavtryck pad samma sida), abduktion-adduktion (tvdrgaende
avstdnd mellan fram- och bakavtryck pd samma sida). Métningarnas tillforlitlighet
skattades som en procent av inter-individvariationen av den totala variationen,
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vilken inkluderade mellan-test- och inom-testvariation samt variationen for test-
individsamspel.

I golveffektstudien anvéndes bade mattligt halta (n=6), l4tt halta (n=5) och icke
halta kor (n=25). Rorelsemonstret hos varje ko undersoktes pa fem olika underlag:
betongspalt och helt golv med och utan mjuka, 20 mm tjocka gummimattor
(Kraiburg Gummiverk GmBH) samt pa ett naturligt, eftergivande underlag i form
av fuktig, packad sand. Graden av hilta uppskattades enligt ett system med fyra
klasser, anpassat efter Sprecher m. fl. (1997). Samma matt anvéndes savil i
golveffektstudien som i tillforlitlighetsstudien med undantag for abduktion-
adduktion och stegbredd.

Dubbelsteglingd, stegvinkel, stegvidd och dvertramp hade mattlig tillforlitlighet
(52-65 %), medan abduktion-adduktion och steglingd hade ganska lag
tillforlitlighet (25,4 respektive 37,8 %). Tillforlitligheten hos stegasymmetri var
mycket lag (18,1 %), vilket kan forklaras med icke-systematiska fordndringar i
inter-benkoordinationen hos icke halta kor.

Okad dubbelsteglingd hade samband med 6kad stegvinkel, kad steglingd och
storre overtramp. Okad abduktion hade samband med minskad stegvinkel, 6kad
stegbredd och négot 6kad stegasymmetri. Mankhdjd visade positivt samband med
dubbelstegldngd och stegvinkel, och negativt samband med stegbredd och
abduktion-adduktion. Kroppslidngd var positivt korrelerad med dubbelsteg- och
steglidngd, och tenderade att korrelera negativt med 6vertramp.

Golveffektstudien visade pa tydliga skillnader mellan olika underlag i 16sdrift pa
halta och ohalta mj6lkkors rorelsemonster. Dubbelsteg- och steglédngd var avsevért
kortare pé halkigt betongspaltgolv jaimfort med alla de andra golven. Dubbelsteg-
och steglidngd 6kade pé elastiska gugmmimattor och sand jamfort med motsvarande
betonggolv (spalt eller helt golv). Mattligt halta kor gick langsammare och hade
kortare dubbelsteg- och steglingd jamfort med ohalta eller litt halta kor. Méttligt
halta kor gick med signifikant bredare benstillning pa helt betonggolv och pa
betongspalt jaimfort med pa de elastiska gummigolven och sand.

Stegasymmetri Okade progressivt frdn ohalta till mattligt halta kor pa alla
golvtyper. Hos mattligt halta kor var stegasymmetrin mindre uttalad pd helt
gummigolv och pa sand &n pa de andra ytorna.

Slutsatsen av studien dr att fotsparsanalyssystemet ar lampligt att anvinda i
faltstudier av kors rorelsemdnster i stallmiljo och att man med detta system kan
identifiera skillnader i kinematik pa olika golv nir golvens kvalitet skiljer sig
patagligt. Med hjilp av metoden demonstrerades en forbéttring av kons rorelser pa
golv med gummimattor. Bland annat pavisades 6kad rorelsekomfort hos halta kor
pad gummiunderlag och sand jimfort med pa harda betonggolv. P4 grund av den
stora variationen i kors gang blir det mer representativt om man anvénder flera
steg vid analys av gdngmonstret.
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Pe3rome

[lepenBrkeHre B MPOCTPAHCTBE WM JIOKOMOIIMS SIBJISICTCS. HEOTHEMIIEMOH YacThIO
HOPMaJIBHOTO TIOBEICHYECKOTO perepTyapa KpyImHOro poratoro ckora. Kpome
TOTO, ABM)KEHHE HEOOXOAMMO Uil OOILIETO 30POBbSl MPOJYKTHUBHBIX KHBOTHBIX,
UX HOPMQJIBHOTO poOCTa W PAa3BUTHSA, IUIOJOBUTOCTH M YBEIHUYCHUS
npoxyktuBHOcTH. CTaHoBsIIEecss Bce Oojee pacnpocTpaHEHHOH, OecripuBs3Has
CHCTeMa COJEp)KaHWsA MOJOYHOTO CKOTa IpH3BaHa o0OecrmednBaTh CBOOOTHOE
KPYIJIOCYTOYHOE TIEePEABIKEHHE JKMBOTHBIX. OJIHAKO KOHCTPYKIHMH TIOJOB,
NpeAHa3HAYCHHBIX JUIA TIEPEIBIKCHUS JKMBOTHBIX, 3a4acTyl0 HE OTBEYAIOT
TpeOOBaHMAM [UII HOPMAJIBHOHM JOKOMOLMH W SIBIISIIOTCS OZHOW M3 BaKHEHIINX
TIPUYXH 3a001€BaHUH KOHEYHOCTEH KPYITHOTO pOraToro CKOTa.

Or1ieHKa JTOKOMOLIMH KUBOTHBIX O0OBEKTUBHBIMU METOJAMH (aHAIN3 KHHETUKU U
KMHEMAaTHKH JIBIJKCHHMS) TIO3BOJISIIOT MPEACTABUTh JOCTATOYHO IOJIHYIO KapTHUHY
xapakTepa (pyHKIHH OMOPHO-ABHIaTeNIbHOTO ammapaTta. OfHaKo CyNIeCTBYIOIINE
METO/bl OOBEKTHBHOTO aHaIHW3a JOKOMOLMH II0/IPa3yMEBAIOT HCIIOIb30BAHHE
JOPOTOCTOAIIET0 O0OPYAOBaHMS M, 3a4acTyl0 CHEIHAIbHBIX YCIOBHHA Ui
W3MEpPeHHH, 4YTO 3aTpyAHSeT IIMPOKOE WCIOJIb30BaHWE JSTHX METOIOB B
MIPOM3BOACTBEHHBIX YCIOBHSIX. B maHHOM paboTe NpeuIokeH METOX OIECHKH
JIOKOMOIIMM KPYITHOTO POTaToro CKOTa IIOCPEACTBOM H3MEPEHHUS CIIEIOBBIX
JIOPOXKEK.

Iensto nccnenoBaHus Oblla OLEHKAa HAJAEKHOCTU IAapaMETPOB JIOKOMOIIWH,
MOJTYYEHHBIX B PE3yJIbTaTeé M3MEPEHHWH CIIEIOBBIX OPOXKEK KPYIHOTO POTaToro
CKOTa, a TaKXXE MCCIIEIOBAHNE BO3MOKHOCTH IPUMEHEHHS 3THX IapaMeTpoOB s
OLICHKH BIHSHUS IIOJIOBOTO TOKPBITHS HA JIOKOMOIMIO KOPOB C HOPMAJBHO
(DYHKIIMOHMPYIOIINM JIBUTaTEJILHBIM alIapaToM, a TAKXKE C €r0 IMaTOJOTHEN.

JUii M3ydeHWs HAIEeXHOCTH IapaMeTPOB JIOKOMOLIMH OBUIM HCIIOJIB30BAHBI
CJIC/IOBBIE TIOPOXKKH 32 KOPOB TOJIITHHCKON MOPOJBI 0€3 NPU3HAKOB IMATOIOTUH
OpraHoB [BIDKCHHS. M3MepeHme ClieIOBBIX JIOPOXKEK OCYIIECTBILUIOCH Ha
IIETIEBOM OETOHHOM TIOJTY, IBAXIBI, C TPEXHEJACTHHBIM HHTEPBAJIOM; TIPH 3TOM B
KX/IBIH TECT BXOAWIN M3MEPEHHS NApaMETPOB YETHIPEX JIOKOMOTOPHBIX IIUKJIOB.
Jns aHanm3a BIMSHUS TIOJIOBOTO MOKPHITHSA HA JIOKOMOLMIO OBUIM HM3Y4EHBI
CJIEJIOBBIC TOPOKKX 36 KOPOB TOJIITHHCKON U MIBEICKOW KPAaCHO-TIECTPOIl TOpo,
C pa3NIMYHBIM CTAaTYCOM OIOPHO-ABHIaTeNbHOro ammapara. CocTOsSHHE OIOpHO-
JBUTATEJIHOTO aIlliapara OIEHHBAJIOCh CYOBEKTHBHO N0 4-X OayulbHOH mmiKaie. B
COOTBETCTBHE C ITOH OIICHKOW >XMBOTHBIC OBUTH BBIICJIEHBI B CIEIYIOLINE TPH
TPYIIBL: KOPOBEI 0€3 BUANMBIX HAPYIICHNUH ABMKEHHS, C JETKMMHU HapyIICHHSIMHU
TIepeIBIKEHUS M HapyLICHUsIMH cpeqHed TsokecTH. JKUBOTHBIE C TSDKEIBIMU
MOBPEX/ICHUSAMH OPraHOB JBI)KEHHWS B MCCICAOBAHUM HE HCIIOJIB30BAINCH.
JloxomMonusi KakAOTO JKMBOTHOTO HM3ydasJach Ha BCEX IIATH CIEAYIONINX
MOKPBITHAX: CIUIOIIHOW M INeJeBOH OCTOHHBINM ION ¢ TpUMEHeHHeM u 0e3
MIPUMEHEHHUS MATKOTO PE3MHOBOTO ITOKPBHITHS TommuHOM 20 MM, a Tarke
MIPECCOBaHHBIA BIAKHBIM NECOK (Kak o0pas3en HaTypalbHOTO, MPUPOIHOTO
MOKPBITHA). [y nmydmed AWCKPUMHMHAIMK OTIEYaTKOB KOHEYHOCTEH Ha Bce
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MOBEPXHOCTH (32 MCKIIIOUCHHUEM I1ECKa) HAHOCHJIICS BOJHBIA PACTBOP THAPOKCHUIA
kanbius (Ca(OH),).

[Ipn oneHke HaAEKHOCTH IPOMEPOB CIIEAOBOM IOPOKKH HCIIOJIB30BATHCH
M3MEPEHHUS CIEAYIOMNX CEMH €€ 3JIEMEHTOB: JUTMHA TBOWHOTO I1ara (paccTosHue
MEXIYy OTHEeYaTKaMH OJHOW 3aJHell KOHEYHOCTH B TEYEHHWE OJHOTO
JIOKOMOTOPHOTO  IIMKJa), yroia mara (yros, oOpa3oBaHHBIA JIMHUSAMH,
COCAMHSIOIMMH TPH TIOCICIOBATEIbHBIX OTIEYaTKa 3aJHUX KOHEYHOCTEH),
IIMpHHA CIIE0BOM MOPOXKKH, JJIMHA AWArOHAIBHOTO Imara (pacCcTOsSHHUE MEXIY
JIByMSI TIOCIICIOBATENBHBIMH OTIEYaTKaMH 3aJHUX KOHEYHOCTEH), aCHMMETpHs
mara (pasHWIa MEXIy 3HAYCHUSIMH JBYX IIOCIIEIOBATEIBHBIX JHArOHAJIbHBIX
I1aroB), PACCTOSIHUE HEJOKPBITUA-TIEPEKPHITHS (PACCTOSIHUE MEXKAY OTICUYaTKAMHU
3a7Hel 1 epeHel KOHEYHOCTEH OTHON CTOPOHBI 110 XOAY IBIKCHNS ), aOayKIHs-
anoyKOus Iara (JJaTepaJbHOE pPACCTOSIHUE MEXIy OTIeYaTKaMH 3agHed |
nepeiHe KOHEYHOCTeH 0/THOI cTOpoHbI). IIpH oleHKe BIMSHUS KadecTBa 1oJia Ha
JIOKOMOIIMIO HE HCIIOJIB30BATNCH ITOKA3aTEeNH INMUPUHBI CIIEAOBOM JOPOXKKH H
anTyKIH-a0 Ty KIHH.

Hane)xxHOoCTh OLEHKM MapaMeTpoB JIOKOMOLMHM HW3MEpsUlach Kak IPOLEHT
KOMITOHEHTOB  JIUCIIEPCHM MEXIy JKMBOTHBIMH OT CYMMbBI KOMIIOHEHTOB
JUCIIEPCUM,  BKJIIOYAIONMIEH  JHUCHEPCHI0  MEXIYy  TeCTaMH,  BHYTPH-
WHIUBUIYAIBHYIO IHCHEPCHI0 BHYTPHM TecTa, a Takke auchepcuio sddekra
B3aUMOJAEHCTBHUS MEX/y TECTOM M HHIMBHJIOM. AHAIIN3 BBIIBHI CPEIHNI YPOBEHB
OLICHKW HAJKHOCTH JUIi TOKaszaTeled IBOHHOrO Iiara, yrjia Inara, IIHPUHEI
CIICZIOBO JTOPOKKM W BEIMYHHBI HEIOKPBITHA-TIEPEKpBITHS ciena (52-65%).
HanexxHocTs aOmyKIMU-alyKIMK W JAWArOHAIBHOTO Imara ObUIa JJOBOJBHO
Hu3koit (254 um 37,8% coorBercTBeHHO). [lokazaTenmp HANEKHOCTH IS
acUMMETpHUHM Iara ObUT Ha OoueHb HHM3KOM ypoBHe (18,1%), 4ro 00BsACHIIOCH
HECHCTEMATHYECKIMU H3MEHEHMSIMH KOOPIMHAIMK KOHEYHOCTEH >KHMBOTHBIX C
HOpPMaJTbHON (YHKIHEH OMOPHO-IBUTaTEIBHOTO arnapara.

JIBoiiHOW ¥ JWArOHANBHBIA ImAr OBUIM 3HAYUTEIBHO YKOPOUYCHBI IIPH
MIEPEIBIXKEHUN TI0 CKOJIB3KOMY OETOHHOMY, IIEIEBOMY MOJYy B CPaBHEHHH CO
BCEMH OCTaJIbHBIMH MOKPBITHAMHU. B TO ke Bpems JUIMHA IIaroB yBEIMYHBAIACh
IIPU TIEPEIBIKECHUH MO MSTKOMY PE3MHOBOMY MOKpBITHIO. KOpoBBI co cpemneit
TSDKECTBIO HApYIICHUH BUTaTEIbHON CHCTEMBI 3HAUNTEIHHO YKOPAUNBAIH UTHHY
IIaroB MO CPaBHEHUIO C )KUBOTHBIMH 0€3 HapyIIEHHH U C JETKHMMHU HapyIICHUSIMHU
nokomMonmu. JKHMBOTHBIE €O CpemHEH THKECTHIO HApYIICHHUS JIOKOMOIMH
MePEeIBUTAINCH CO 3HAYNTEIHHO MEHBIIINM YTJIOM IIara 1Mo OETOHHBIM IT0JIaM, YeM
M0 MSTKUM ITOBEPXHOCTSAM. ACHMMETPHS IIara IMpOrpecCUBHO YBEIUUUBATIACH OT
JKMBOTHBIX 0€3 BUANMBIX HapyUICHUH NBIDKCHUI 10 KUBOTHBIX C HapyLICHUSIMU
JIOKOMOIIMH cpeaHeil Tspkectu. Ilpu 3ToM acumMerpus mara Oblia BBIpa)XKEHa B
MEHBIIEH CTENEeHH IIPH TNEPEABIDKCHUH 110 TECKy W MATKHM PE3WHOBBIM
MOKPBITHAM.

Bbuto 3akimodeHo, 4TO M3MEPEHHE CIEIOBBIX JOPOXKEK KPYIHOTO POraToro
CKOT2 MOXET CIYXHTh JOCTaTOYHO XOPOIIUM METOAOM sl OOBEKTHBHOM
XapaKTEePUCTUKN JIOKOMOLMHM KPYITHOTO pOTaToro CKOTa B ITPOM3BOJCTBEHHBIX
ycnoBusx. MeTox Mo3BOJIMII OOHAPY)KUTH YIyYIICHHE KadecTBa JOKOMOLMHU HA
II0JIaX, YCOBEPIICHCTBOBAHHBIX PE3MHOBBIM IOKpHITHEM. B TOM dmcne, ObuIo
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MOKa3aHO HOBBIIIEHHE KOM(OpTa MepeABMKEHHS y JKUBOTHBIX C 3a00JI€BaHUAMHI
KOHEYHOCTEH 10 MATKMM MOKPBITHAM II0 CpPaBHEHUIO C TPAaAWIHMOHHBIMU
OCTOHHBIMM TIOJIAMH. YYHTBIBAaS OTHOCHTEIBHO BBICOKYIO HECTAOMIBHOCTD
JIOKOMOIIMU KOPOB, JUISl TIOJTYYEHHS PENIPE3EHTaTHBHOTO pe3yibTaTa, He00X0AnMO
HCIIOJIB30BATh U3MEPEHHS SJIEMEHTOB HECKOIBKUX JJOKOMOTOPHBIX ITUKJIOB.
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