
S212 | 2021 | Proc2 | VOLUME 16                                                                                 © 2021 University of Alicante 

 

Supplementary Issue: Autumn Conferences of Sports Science. Costa Blanca Sports Science Events, 18-19 December 2020. Alicante, Spain. 

 

Development of special endurance for cross-
country skiers of 15-17 years old 
 

TATIANA VYSOTSKAYA 1    , SERGEI GOLUBNICHY 

Department of Physical Education, Plekhanov Russian University of Economics, Moscow, Russian Federation 

 
 
 

ABSTRACT 
 
Purpose: to devise and prove experimentally a method of objective dosing of training exercises in the 
development of special endurance among young athletes in cross-country skiing. Materials and methods: the 
study involved cross-country skiers (15-17-year-old boys). The experiment took place on the basis of the 
Children's and Youth Sports School (Yakhroma, Russia). The experimental group used the special programs 
for the development of special endurance along with the generally accepted method. All microcycles in the 
one-year training cycle were divided into two types: containing special training exercises aimed at developing 
special endurance and not containing any, as a means of general physical training. Studies of the functional 
state of athletes were carried out using the diagnostic complex «Omega Standard». Results: the athletes of 
experimental group have significantly higher levels of special endurance. There was a distinct increase in 
results. Besides, the favourable changes of physiological parameters in the experimental group were proved 
such as: maximum oxygen consumption (ml/min/kg) from the beginning of the preparatory period to the end 
of this period increased by 2.8%, it was noted a significant slowing of the heart rate and an increase in stroke 
volume at rest. Conclusions: in the content of training exercises aimed at developing special endurance in 
the micro, meso and macrocycle training of cross-country skiers aged 15-17 yr., three variants of microcycles 
are identified (developing, supporting, restoring). The content of the first two may vary according to the 
predominant orientation of the training exercise on the basic factor (critical aerobic speed) and the main 
factors of special endurance (speed and stayer endurance). 
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INTRODUCTION 
 
At the present stage of sports development, one of the most important tasks is to develop rational training 
methods aimed at expanding the functional capabilities of the athletes ' body (Ainegren et al., 2020; 
Bakhareva et al., 2018; Bjerring et al., 2018). 
 
Achieving high results in cyclic sports, which include cross-country skiing, depends on the level of 
development of special endurance (Kupriyanov, 2015; Sandbakk & Holmberg, 2017). Special endurance is 
based on certain physiological mechanisms, the study of which is important in the normalization of loads and 
monitoring the fitness of athletes. The main indicator of aerobic performance is the maximum oxygen 
consumption. In the practice of skiing, the relationship between the intensity and heart rate, oxygen 
consumption and blood lactate values has been established. Physical activity on endurance is associated 
with significant stresses of the cardiorespiratory system. 
 
The sports readiness of sportsmen increases if the load at all stages of training corresponds to the increasing 
functional capabilities of the body (Burtscher, 2020; Bjerring et al., 2020; Sanz de la Garza et al., 2016). The 
dynamics of loads during training is characterized by their gradual increase with a tendency to the maximum 
possible loads. The physiological meaning of this trend is formulated from a scientific point of view in relation 
to sports training, expressing it in the «principle of maximum loads». 
 
The matter of rational distribution of training loads in the course of one-year and long-term training are of 
great importance for the development of special endurance in cross-country skiers (Banack et al., 2012; 
Ohtonen et al., 2013). Therefore, many researchers note that the level of special endurance depends on the 
volume and intensity of the work done both in one training lesson and during a one-year training cycle 
(Golovachev et al., 2020; Pellegrini et al., 2013). For cyclical sports related to the duration of motor actions 
and the development of special endurance, a wave-like change and distribution of loads is more acceptable 
(Isaev et al., 2016). Sports training in cross-country skiing is characterized by a clearly defined cycle. The 
principle of Cycling allows you to build a training process based on the need for systematic repetition of the 
main parameters of training, consistently change tasks, solve problems of appropriate use of means and 
methods according to their place in the structure of training cycles, adjust and dose loads by volume and 
intensity. It is necessary to consider any fragment of the training process in its relationship with more or less 
large forms of the cyclic structure of training. The dynamics of training loads organically combine the gradual 
and periodic increase (jump) to the maximum values, but this should all be related to the age characteristics 
and level of fitness of athletes (Burtscher, 2020; Grimsmo et al., 2010; Sadova, 2006). 
 
The body's adaptation to training loads is not straightforward. Rest intervals are necessary for functional and 
restorative transformations that increase the level of fitness of the athlete the recovery time is longer, the 
higher the load. Therefore, in the training process, along with rest, temporary changes in loads are necessary, 
which facilitate the course of biological changes in the body (Shutova & Vysotskaya, 2019). 
 
Purpose: to devise and prove experimentally a method of objective dosing of training exercises in the 
development of special endurance among young athletes in cross-country skiing. 
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MATERIALS AND METHODS 
 
Participants 
After preliminary testing, two groups of cross-country skiers (15-17-year-olds) with the same level of training 
and qualification were created: experimental group (N1, n = 22) and control group (N2, n = 22). 
 
Organization of research 
The study was carried out during the preparatory and competitive periods at the children's and youth sports 
school (Yakhroma, Russia). Training and education sessions in both groups were held on certain tracks, the 
same lubrication of skis, the air temperature is not lower than 15 degrees, the normal condition of the ski 
track. Athlets of group N2 trained according to the generally accepted method (training plans for children's 
and youth sports schools). The group N1 used the special programs for the development of special 
endurance in young ski-racers along with the generally accepted method. All microcycles in the one-year 
training cycle were divided into two types: containing special training exercises aimed at developing special 
endurance and not containing any, as a means of general physical training. 
 
Training loads aimed at developing special endurance were divided into six variants according to the 
predominant effect on individual components of special endurance of skiers-racers (sprint, speed, stayer) 
and the amount of loads. 
 
The first variant is a microcycle in which the problem of sprint and speed endurance was solving. The content 
of this microcycle included two or three shock (large) – 90-100% of the training volume, aimed at sprint and 
speed endurance. The main means were exercises on roller skis and skis on short and medium distances 
up to 600 meters. The main method of variable and interval loads. For example, several series of 4 × 150 m.; 
4 × 200 m.; 3 × 250 m. and so on. These training sessions were key for this microcycle, determining its main 
focus. The microcycle also used training of a different orientation on speed and strength qualities, but they 
solved only the problems of maintaining the latter. The method of execution within a series is interval (the 
duration of active rest between segments in the series is up to 30 seconds), and between series – repeated 
(active rest is up to 2 minutes). 
 
The second variant of the microcycle - developing speed and stayer endurance. The key training sessions 
are zones 1 and 2, aimed at speed endurance (volume 90-100%) and 1-2 for stayer endurance, performed 
by the repeated series method. 
 
Table 1. Distribution of loads in one of the variants of the developing microcycle. 

The days of the 
microcycle 

Intensity in % of the 
competition 

Volume of discrete 
loads (km) 

Volume of continuous 
loads (kg) 

Total volume 
(km) 

First 90 3.4 12.0 15.4 
Second 90 5.3 10.0 15.3 
Third 90 3.5 10.0 13.5 
Fourth 70 - 14.9 14.9 
Fifth 90 5.8 9.2 15.0 
Sixth 90 3.0 12.3 15.3 
Seventh rest rest rest rest 
Volume in a 
microcycle 

- 21.0 70.4 89.4 
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The third microcycle develops stayer endurance. The key training sessions (2-3) are long-distance shock 
training, which is performed using the repeated method. 
 
The fourth, fifth, and sixth variants of microcycles repeated the first, second, and third variants in the direction 
of basic training, but differed in that the volume of training loads was average (50-60%) and solved the 
problem of maintaining special endurance. 
 
The volume of loads per training session with a developing effect ranged from plus / minus 15% depending 
on the day of the microcycle and the individual condition of athletes (Table 1). 
 
After a day of rest, the relative value of the load was higher, after shock training-less. In microcycles, the task 
of developing or maintaining special endurance was solved. 
 
In the first case, mesocycles usually included two or three microcycles aimed at developing and maintaining 
special endurance, and one recovery microcycle (2-4 days). The intensity of loads in the developing 
microcycle was in the range from 70 to 90% of the competitive speed, and in the supporting one in the range 
of 70-87% (Table 2). 
 
Table 2. Distribution of loads in one of the variants of the supporting microcycle. 

The days of the 
microcycle 

Intensity in % of the 
competition 

Volume of discrete 
loads (km) 

Volume of continuous 
loads (kg) 

Total volume 
(km) 

First 85 2.3 10.0 12.3 
Second 85 2.6 10.0 12.6 
Third 85 2.3 10.0 12.3 
Fourth 70 - 12.0 12.0 
Fifth 87 2.3 10.0 12.3 
Sixth 85 2.6 8.0 10.6 
Seventh rest rest rest rest 
Volume in a 
microcycle 

- 12.1 60.0 72.1 

 
Monitoring of the level of adaptation of athletes to physical activity during the training process was carried 
out using the diagnostic complex "Omega Standard". The respiratory function was assessed using a Bicycle 
Ergometer test. The heart rate of the tested athletes was continuously recorded using the POLAR heart rate 
monitor (Finland). 
 
Statistical analysis 
Statistical processing of the data was carried out on generally accepted methods of variation statistics with 
the calculation of average arithmetic, average standard deviation and verification of the results of the study 
on the reliability of differences at a five percent level of significance. The student's t-criteria was used to 
evaluate the significance of the differences. Mathematical processing was carried out using the MS Excel 
2016. 
 
RESULTS 
 
The amount of work performed in the control and experimental groups was almost the same. Volumes in 
kilometres for the 6-week cycle were approximately 184 km in N1 and 189 km in N2. Testing at the beginning 
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and at the end of the experiment showed that a more significant increase in sports results was in N1. The 
construction of the training process, taking into account the objective dosage of training loads with the 
development of special endurance among young athletes in cross-country skiing, significantly improved 
sports results: in 10,000 m skiing the increase in results in group N1 was 3.9% vs 3.2% in N2; in roller skiing 
500 m - N1 by 4.0% vs 3.4% in N2 (Table 3). 
 
Table 3. Results of special physical training before and after the experiment. 

 
Indicators N1 (Χ ± σ) Indicators N2 (Χ ± σ) 

At the beginning of 
the experiment 

At the end of the 
experiment 

At the beginning of 
the experiment 

At the end of the 
experiment 

10 km cross-
country skiing 
(min) 

37.06 ± 4.49 36.02 ± 4.63* 38.34 ± 4.32 37.16 ± 4.42 

500 m running on 
roller skis (sec) 

78.6 ± 3.2 75 ± 4.3* 77.2 ± 3.8 76.8 ± 3.9 

Note: Χ–arithmetic mean, σ-mean square deviation; N1-experimental group, N2-control group;*significance of differences (p < .05). 

 
During the study period, athletes N1 showed favourable shifts in physiological parameters. Analysis of the 
research results showed that the maximum oxygen consumption (ml/min/kg) from the beginning of the 
preparatory period to the end of this period increased by 2.8%, there was a certain trend in increasing the 
maximum oxygen consumption (ml/min/kg) in the competition period by 1.4%. Functional indicators of the 
heart in athletes at rest decreased by 1.8% by the end of the preparatory period. The lowest values of the 
heart rate at rest (bpm) was in the competition period, where it was equal to 59.9 ± 2.5 bpm (Table 4). 
 
Table 4. The results of functional indicators of 15-17 year old skiers before and after the experiment. 

 
Indicators N1 (Χ ± σ) Indicators N2 (Χ ± σ) 

At the beginning 
of the experiment 

At the end of 
the experiment 

At the beginning 
of the experiment 

At the end of 
the experiment 

Maximum oxygen 
consumption (ml/min/kg) 

57.3 ± 3.4 64.7 ± 3.51* 58.9 ± 4.6 63.4 ± 4.23 

Heart rate at rest (bpm.) 63.2 ± 4.4 59.9 ± 2.5* 62.7 ± 2.8 63.2 ± 5.2 
The heart rate threshold 
of anaerobic metabolism 
(bpm.) 

166.3 ± 8.1 174.3 ± 5.7* 160.2 ± 9.9 161.4 ± 7.9 

Note: Χ–arithmetic mean, σ-mean square deviation; N1-experimental group, N2-control group;*significance of differences (p < .05). 

 
DISCUSSION 
 
The analysis of the literature showed that there are significant differences of opinion and recommendations 
on the structure of training loads for the development and maintenance of special endurance and on the 
method of monitoring its condition in skiers-racers 15-17 years old. In the practice of managing the training 
process, coaches are primarily interested in managing the intensity of training loads and, in particular, its 
control and planning according to informative indicators (Andreeva, 2000; Nagovitsyn et al., 2017). 
 
In the study by Lunkov (2000), the rational planning of the training of skiers-racers was carried out on the 
basis of a preliminary in-depth study of the adequacy of reactions to the proposed testing procedures, 
identifying the factor structure of the functional state at each stage of training. A steady increase in volume 
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to a certain optimum is a requirement of modern training. By the age of 15-17, the body reaches a significant, 
but not final, degree of maturity. The profile quality endurance progresses significantly, the results grow, 
causing dangerous optimism among coaches. It should be remembered that there are still 4 - 5 years before 
the completion of biological maturation. Therefore, it is necessary to allow the body to realize the natural 
processes of development by presenting training loads adequate to its capabilities. At the stage of in-depth 
training, there is a need for ordering, systematization, means and methods, the volume and intensity of loads, 
alternation of developing and restoring activities. 
 
In the training process in cross-country skiing, the longest in the annual cycle is the preparatory period, which 
is considered the basis or foundation for the competitive period. Most researchers (Petrov, 2014; Avdeev, 
2007) suggest paying close attention to this period. 
 
Ilkin (2013) presents the construction of a training process using an integral method of sports training, which 
combines aerobic and anaerobic loads in one training session, which are aimed at the simultaneous 
development of sprint and stayer qualities of athletes. The year-round training process of universal skiers 
should be built with a combination of sprint and stayer microcycles for the gradual development of endurance 
and speed qualities in athletes of mass categories. In ordinary microcycles of stayer orientation, we 
recommend using a uniform training method, with a large amount of load (20 km or more) and an average 
level of intensity. As the development of general and special endurance, you can use running on lightly 
crossed terrain in combination with fast walking (10 minutes running + 5 minutes walking), as well as even 
work on skis and roller skis with an emphasis on long rolling and stable balance. 
 
In the study by Vlasov (1998), it should be noted the construction of training sessions with the use of 
maximum muscular loads performed by a repeated method. The practical use of this methodology for the 
development of special endurance of athletes is based on a targeted impact on physical qualities, and with 
them the energy supply systems that ensure their manifestation. That is why the proposed method is 
designed for the use of extreme muscle loads throughout all stages of training. In this way, an increase in 
the effectiveness of competitive activity among athletes who have undergone "basic" training can be achieved 
without increasing the total volume of cyclic load. 
 
The studies by Grachev (2002) were devoted to determining the effectiveness of sequential and parallel 
training of endurance, speed and strength. The results of the experiment showed that with the same time 
allocated to the training of endurance, speed and strength of 15-17-year-old athletes, a consistent approach 
to their improvement was more effective. 
 
CONCLUSIONS 
 
The content of training loads, aimed at the development of special endurance in the micro, meso and 
macrocycle of training of skiers-racers aged 15–17 years, has been developed. There are three variants of 
microcycles (developing, supporting, restoring), and the content of the first two can vary according to the 
predominant orientation of training loads on the basic factor (critical aerobic speed) and the main factors of 
special endurance (speed and stayer endurance). 
 
The effectiveness of directed training of factors of special endurance of skiers-racers in the preparatory and 
competitive periods was revealed. 
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Summing up the results of the pedagogical experiment, it can be noted that directed training for the 
development of special endurance factors has sufficient effectiveness in the development of special 
endurance. The training program for athletes of group N1, implemented in the 2017-2019 season, proved to 
be effective and led to a significant improvement in the sports results of cross-country skiers. 
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