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Abstract.  

The article proposes a systematic approach to modeling the strength and capabilities of qualified kayakers by 
developing and implementing generalized, group and individual models of readiness. Participants. Depending 
on the purpose of the research phase, the theoretical and experimental parts of the research were conducted at 
different training periods at the national aquatic sports training centers in Rizhao. 120 junior kayakers of 16-17 
years old and 180 qualified kayakers of 19-23 years old are in the process of assessing the level of functionality, 
among them a group of elite athletes, the members of the Chinese national team. Results: The generalized 
models include the characteristics of young qualified kayakers who are in the process of preparing for higher 
achievements. Interpretation of power and capacity characteristics of aerobic and anaerobic energy supply (VO2 
max rel, VO2 max abs, MAOD, VO2 · HR-1, VE · VСO2

-1, La) and ergometric power (30 s; AT, VO2 max, T VO2 
max) is aimed at improving the efficiency of selection and sports orientation for kayaking. The group models 
contain the characteristics of qualified kayakers specializing in distances of 200 m, 500 m and 1000 m. The 
interpretation of the characteristics of aerobic and anaerobic energy supply (VO2 max rel, VO2 max abs, VE · 
VСO2

-1, La) and ergometric power (W ergometric power) work capacity in the test 30 s. The ergometric power 
work in the test 4 min) is aimed at assessing the level of readiness, search for reserves to improve special 
performance, correction of the training process with paddlers’ specialization. Individual models include the 
quantitative characteristics of elite kayakers, having the highest (unique) individual indicators. 
Keywords. Kayakers, aerobic energy supply, anaerobic energy supply, special performance. 

 
Introduction.   

The issues of the content of physical training and structure of functional provision of the qualified 
kayakers’ special performance are widely discussed in the special literature (Bazzucchi I., 2013; Bishop  D., 
2004; Bishop  D. et al.,  2002). There grounded the characteristics of kayakers’ endurance, velocity and power  ( 
Ackland T.R.et al., 2003;  Nikonorov А., 2015;  López-Plaza D. et al., 2017). In many respects, the functional 
potential of paddlers on canoes and kayaks is determined by the availability of high capacity energy supply 
systems (Tesch P.A., 1983; van Someren K.A. et al., 2003; Borges T.O. et al., 2015; Kong X., et al., 2018, 
2019). The system for diagnosing the power of the energy supply system for paddlers of high qualification at 
different distances is presented before (Guo P. et al., 2020; Diachenko A. et al., 2020).The characteristics of the 
reaction of the cardiorespiratory system and the energy supply of qualified athletes’ of different age, gender, 
specialization and qualification in kayaking and canoeing performance are revealed (Sousa A. et al., 2014; 
Zamparo P. et al., 1999; Muehlbauer  T. et al., 2011; Hagner-Derengowska M.et al., 2014).  

This requires the clarification of the requirements for the kayakers’ functional level in rowing and 
canoeing. The need to increase the requirements for the functional preparedness level was confirmed by the data 
of steady increase of power and capacity indicators of energy supply, presented in the special literature in recent 
decades. Thus, the data presented by J.S. Michael (2008), A. Nikonorov (2015), etc., pay attention to a higher 
level of VO2 max and lactate, registered in elite kayakers. The characteristics of VO2 max abs reached the level 
of 6.4 l · min-1 (4.5 l · min-1 in women), VO2 max rel - 70,0-72,0 ml · min-1 · kg-1 ( 64.0 ml · min-1 · kg-1 in 
women), La max - 18.0–21.0 mmol · l-1 (13.5–16.0 mmol · l-1 in women). The interpretation of the performance 
of aerobic power supply (VO2 max abs and VO2 max rel) requires clarification. In the special literature on 
rowing, one of the indicators usually represents the absolute and relative characteristics of aerobic power .  

The presented principles for using in the process of modeling a number of reaction characteristics of the 
cardiorespiratory system and energy supply of work characterize the capacity of energy supply and reserves of 
increasing the power of energy reactions in specific conditions of competitive activity. It is shown that traditional 
for special analysis of power and capacity characteristics of power supply (VO2 max and La) can be 
supplemented by indicators of accumulated O2 deficiency (MAOD), specific characteristics of pulmonary 
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ventilation response, CO2 release (VE·VCO2
-1), O2 consumption and heart rate abbreviations (VO2·HR-1)  (Melbo 

J. ,1996; Messonnier L. et al., 2005; Vogler A.J.  et al., 2010). 
The first problem is the orientation of modeling the special physical training on the specific 

characteristics of power and capacity of energy supply. The second one is their interpretation taking into account 
the target guidelines of stages of long-term training, athletes’ gender, their specialization at distances of 200 m, 
500 m and 1000 m (Zamparo P. et al., 1999; Muehlbauer  T. et al., 2011;  Nikonorov A., 2015).  

 An important role is played by the fact that many Chinese talented athletes participate in the training of 
elite kayakers, which has helped to improve the normative basis of functional preparedness in rowing (Hao Wu 
et al., 2010; Chul-Ho K. et al., 2016). 

 

Purpose. Develop a systematic approach to modeling the power and capacity of skilled kayakers by 
developing and implementing generalized, group and individual preparedness models. 
 

Methods and organization of studies.  
Depending on the purpose of the research phase, the theoretical and experimental parts of the research 

were conducted at different training periods at the national aquatic sports training centers in Rizhao. The 
research was conducted with the participation of experts from the Shandong Sport University and specialists 
from the National University of Ukraine on Physical Education and Sport. 

120 junior kayakers of 16-17 years old and 180 qualified kayakers of 19-23 years old are in the process of 
assessing the level of functionality, among them a group of elite athletes, the members of the Chinese national 
team.  All participants were informed of the requirements prior to the study, and their parents and coaches gave 
their informed written consent for them to participate. All procedures were approved by the local research ethics 
committee in the spirit of the Declaration of Helsinki. 

Research methods. Physical Characteristics, Gas exchange, HR, and blood lactate measurements. 
Minute ventilation (V˙E),  оxygen consumption (V˙O2), CO2 production (V˙ CO2), were determined on a 

breath-by-breath basis using an Oxycon mobile (Jaeger)  metabolimeter. The metabolic unit was calibrated a gas 
of known composition (16.00% O2, 4.00% CO2), respectively. 

HR was recorded every 5 s with an HR monitor (S610 Polar Electro, Kempele, Finland). 
The blood lactate concentration ([La]b) was determined using a portable lactate analyzer (Biosen S. line 

lab +) on a blood sample obtained from the ear lobe at the end of the  test.  
 
A modified kayak-ergometer (Dansprint PRO, Denmark) was used. Еrgometric power (EР) of work were 

recorded. All the sportsmen performed an incremental exercise test  on separate days, with at least 24 hours and 
no longer than 3 days between. The incremental exercise test was designed to establish the linear relationship 
between the work intensity (power in W) and the VO2 for each individual. This linear relationship would be used 
later for the calculation of energy contribution al required by MAOD (Melbo J., 1996). 

The testing program is built in the form of test battery, each test solving a task to assess certain 
component of anaerobic and aerobic abilities of athletes and cardiorespiratory system response:30 s and 90 
s, 60 s(girls, women) and work with maximum intensity - 4 min. Test tasks were performed in a strictly 
determined sequence. It was important to preserve the parameters of the ergometric power of work which 
provided for the energy release in anaerobic alactate and anaerobic lactate (glycolytic) way, as well as the 
length of the rest intervals. The rest interval between 30 s and 90 s , 60 s (girls, women) and work with 
maximum intensity  provided the conditions for the release of lactic acid into the blood and the increase of the 
concentration of blood lactate in the muscles before the final maximum work. 

Methods of mathematical statistics. The following methods of mathematical statistics were applied: 
descriptive statistics, selective method, Shapiro- Wilk’s normality test, non-parametric Mann- Whitney test. 
Methods of descriptive analysis were used, including tabular presentation of separate variables, calculation of 
mean arithmetic value (M), standard deviation (SD). The sample data for normality were tested with the normal 
distribution formula and the Shapiro-Wilks test. The level of p ≤ 0.05 (the probability of error) was assumed 
statistically significant. Determining the model parameters of cardiorespiratory system reaction rates, energy 
supply and special workability is based on the statistical method - the three-sigma rule. 
 

Results.  
In the course of the research the special ability and functionality of the kayakers was evaluated. For 

modeling the control means, complexes of test tasks, informative criteria of estimation and directions of energy 
supply indicators interpretation, and special operability of young skilled kayakers at the stage of specialized 
basic training and qualified athletes specializing in 500 m and 200 m distance were developed.  

Table 1 summarizes the individual and individual models of power and capacity for providing the 
performance of young skilled kayakers (boys and girls). Tables 2 and 3 show group and individual models of 
skilled kayakers specializing in distances of 200 m, 500 m and 1000 m. 
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Table 1 Generalized and individual models of power and capacity of power supply of special ability of young 
kayakers, boys (n = 60) and girls (n = 60) of 16-17 years 

Indicators 

Statistics 
Generalized model Individual models 

M± SD 

Model Range Indicators  
(M - SD; M + SD)* 

Model Range Indicators  
х> M+ SD 

reduced indicators 
M - SD 

reduced indicators 
M + SD 

D. D.** Ch. D*** 
S. B. 
**** 

Boys 

VO2max, ml·min-·1·kg-1   63,3±2,3 59,3 65,5 72,1 70,0 66,5 

VO2 max, l·min-1 5,5±0,3 5,2 5,7 6,3 6,1 5,8 
MAOD, ml·kg-1   20,3±3,3 17,1 23,1 26,1 25,7 27,2 
VO2·HR-1, ml· bpm-1 30,1±2,0 28,2 32,0 30,0 28,1 33,0 
VE·VСO2

-1, c.u. 28,7±3,4 25,8 32,3 34,5 35,5 34,2 
La max, mmol·l-1 12,3±2,2 10,1 14,1 15,9 17,9 16,4 

 30 s, W 350,2±23,1 328,5 371,3 400,0 380,0 415,0 

 AT, W 178,5±15,4 164,2 192,0 220,0 220,0 196,0 

VO2 max, W 219,6±13,7 202,4 236,8 280,0 300,0 260,0 

 90 s, W   156,2±20,1 138,1 173,2 195,0 197,0 205 

Time W 95-100% 
 VO2 max, s***** 

30,2±7,1 24,5 36,3 45,0 55,0 40,0 

Girls 

Indicators M± SD 
reduced indicators 

M - SD 
reduced indicators 

M + SD 
S. В.** К. S.*** 

L. Т. 
**** 

VO2max, ml·min-·1·kg-1 57,9±3,4 54,2 61,4 62,0 66,4 60,5 
VO2 max, l·min-1 4,0±0,2 3,8 4,0 4,2 4,4 4,0 
MAOD, ml·kg-1 14,3±2,4 12,1 16,1 18,0 18,5 19,9 
VO2·HR-1, ml· bpm-1 23,1±1,5 21,4 25,4 23,5 23,0 27,0 
VE·VСO2

-1, c.u. 24,7±2,3 22,3 27,0 30,0 31,5 29,2 
La max, mmol·l-1 11,0±1,5 9,8 12,1 14,5 13,9 16,6 

 30 s, W 290,9±14,1 275,8 304,9 314,9 315,0 325,0 

 AT, W 74,3±8,5 66,2 83,2 120,0 120,0 110,0 

VO2 max, W 90,1±9,5 81,0 97,0 140,0 140,0 120,0 

 60 s, W т   95,2±12,1 84,1 105,0 109,0 110,0 112,0 

Time W 95-100% VO2 max, s***** 33,2±7,0 27,5 39,3 45,0 60,0 45,0 
Notes: * - the values of the three lowest and highest indicators in the model range; ** - rower with high integral 
level of power and capacity of energy supply; *** - rower with mainly high level of capacity and capacity of 
aerobic energy supply; **** - rower with mostly high level of anaerobic power supply and capacity; ***** - 
VO2 max ± 10.0 W deviation from ELP is allowed, ELP is ergometric load power 

Table 2 Group and individual models of power and capacity of special performance for qualified kayakers 
specializing in 200 m and 500 m distances, men (n = 60) and women (n = 60) of 19-23 years 

Indicators 

Statistics 

Group model Individual models 

M± SD 

Model Range Indicators  
(M - SD; M + SD)* 

Model Range Indicators  
х> M + SD 

reduced indicators 
M - SD 

reduced indicators 
M + SD 

S. В.**  К. S.***  
L. Т. 
**** 

Men 
La max-1,  
mmol·l-1***** 

7,0±1,1 6,1 8,0 10,2 9,9 10,1 

La max-2,  
mmol·l-1****** 

16,6±2,5 14,9 18,7 20,9 21,9 19,0 

 10 s, W 419,5±19,9 401,0 439,2 501,0 510,0 490,0 

 25-30 s  

(test 30 s), W 
400,7±11,7 390,2 411,1 485,0 490,2 475,1 

 30 s, W  393,7±15,7   388,2 407,1 475,2 500,2 463,0 

90 s, W 247,7±9,3 238,0 257,0 292,8 298,0 288,0 
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VO2max, 
ml·min-·1·kg-1   

64,1±2,9 61,2 67,0 71,1 66,2 68,0 

VO2 max, l·min-1 5,3±0,3 5,0 5,5 6,2 5,5 6,0 
Women 

Indicators M± SD 
reduced indicators 

M - SD 
reduced indicators 

M + SD 
В. H.**  

S. J. 
*** 

B.М. 
**** 

La 1, mmol·l-1***** 5,9±1,1 4,3 7,2 7,9 9,7 8,7 
La 2, mmol·l-1 ****** 11,3±2,3 9,1 13,3 16,1 18,9 17,1 

 10 s, W 285,1±24,9 262,0 310,1 348,2 360,0 342,1 

 25-30 s  

(test 30 s), W 
261,2±30,2 232,2 290,5 341,4 348,0 331,5 

 30 s, W  264,7±25,5 242,2 289,0 330,3 340,0 310,0 

60 s, W 180,1±17,4 186,0 197,9 210,0 220,0 201,8 

VO2max, 
ml·min-·1kg-1   

55,5±3,0 52,8 58,1 63,1 60,2 64,5 

VO2 max, l·min-1    3,7±0,3 3,4 3,9 4,2 4,0 4,3 
Notes: * - the values of the three lowest and highest indicators in the model range; ** - kayaker with 

high score in the distance of 200 m and 500 m; *** - rower with high score at a distance of 200 m; **** - 
kayaker with high score at a distance of 500 m; **** - - kayaker with high score in the distance of 200 m and 
500 m; *** - kayaker with high score in the distance of 200 m and 500 m; ***** - La – 1, blood sampling for 
lactate was performed at 3 and 7 minutes of the recovery period (the highest values were recorded) after 30 s of 
acceleration; ****** - La max – 2, lactate blood sampling performed at 3 and 5 minutes of recovery period 
(highest recorded) after testing 

Table 3 Group and individual models of power and capacity of special performance for skilled kayakers 
specializing in the distance of 1000 m, men (n = 60) of 19-23 years 

Indicators 

Statistics 

Group model Individual models 

M± SD 

Model Range Indicators  
(M - SD; M + SD)* 

Model Range Indicators  
х> M + SD 

reduced indicators 
M - SD 

reduced indicators 
M + SD 

L. С. **  
G. М.  
*** 

P. Ch. **** 

La –1,  
mmol·l-1***** 

7,5±1,0 6,8 8,3 9,7 10,3 10,0 

La – 2,  
mmol·l-1****** 

14,4±1,8 12,8 16,0 18,4 21,7 19,1 

 30 s, W  340,2±20,1 322,5 365,9 390,0 398,0 409,0 

4 min, W 169,1±14,0 155,0 183,3 195,3 190,0 201,0 

VO2max, ml·min-·1·kg-1 65,0±2,6 63,1 66,5 67,7 67,2 70,0 

VO2 max, l·min-1 5,5±0,3 5,2 5,7 6,0 5,7 6,2 
VE·VСO2

-1–1, c.u.******* 28,9±2,9 26,2 31,1 31,0 30,2 31,9 

VE·VСO2
-1–2, c.u.******** 31,0±3,9 27,1 35,0 35,0 34,8 38,9 

Notes: * - the values of the three lowest and highest indicators in the model range; ** - kayaker with 
high integral level of power and capacity of energy supply; *** - kayaker with mostly high level of anaerobic 
energy supply and capacity; **** - kayaker with mainly high level of capacity and capacity of aerobic energy 
supply; ***** - La – 1, blood sampling for lactate was performed at 3 and 7 minutes of the recovery period (the 
highest values were recorded) after a 30 second acceleration; ****** - La max – 2, blood sampling for lactate 
was performed at 3 and 5 minutes of the recovery period (the highest values were recorded) after the testing 
program; ******* - average values of VE • VCO2

-1 - I, during the period 90,0-120,0 s of work in the test 4 
minutes; ******** - average values of VE • VCO2

-1 - II, during the period 180,0-210,0 s of work in the test 4 
minutes 

The Tables show that generalized, group and individual models are cut off in quantitative and 
qualitative characteristics, target guidelines for their implementation. 
 

Discussion.  
It is accepted that the use of modern approaches to modeling the power and capacity of energy supply is 

a prerequisite for improving special physical training in rowing and kayaking  (Ingham, S.A. et al., 2002; Tran J. 
et al., 2015; Guo Р. et al., 2020; Diachenko А. et al., 2020; Kong Х.et al., 2020) 
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The implementation of this approach is particularly relevant in kayaking, which differs significantly 
from the normative requirements for the functional preparedness of young kayakers preparing for the main 
competitions and qualified kayakers specializing in distances of 200 m, 500 m and 1000 m ( Borges T.O. et al., 
2015; Michael J.S. еt al., 2008). 

The data obtained during 1990-2000 differed from the performance characteristics presented in recent 
decades. In the period of 2000-2018, there was a steady tendency to increase the requirements to the functional 
readiness level, in particular to the characteristics of power and capacity of power supply of kayakers’ special 
performance. According to the data presented by D. Hahn (1988), G. Tesch (1983), P. Zamparo (1999), T.R. 
Ackland (2003), the model characteristics of maximum consumption O2 (VO2 max abs VO2 max rel) and blood 
lactate concentrations in skilled kayakers were in the range of 4.7–5.2 l · min-1 and 4.0 l · min-1 in women (VO2 
max abs), 62, 0–64.5 ml · min-1 · kg-1 and 52.0–56.5 ml · min-1 · kg-1 (VO2 max rel), 14.0–18.5 mmol · l-1 and 
9.0–12.5 mmol · l-1 in women (La). 
 

Conclusions: 
The generalized, group and individual models of characteristics of power and capacity of power supply 

of kayakers’ special performance are developed. The generalized models include the characteristics of young 
skilled kayakers who are in the process of preparing for higher achievements. Interpretation of power and 
capacity characteristics of aerobic and anaerobic energy supply (VO2 max rel, VO2 max abs, MAOD, VO2 · HR-

1, VE · VСO2
-1, La) and ergometric power (30 s; AT, VO2 max, T VO2 max) is aimed at improving the efficiency 

of selection and sports orientation for kayaking. The group models contain the characteristics of skilled kayakers 
specializing in distances of 200 m, 500 m and 1000 m. The interpretation of the characteristics of aerobic and 
anaerobic energy supply (VO2 max rel, VO2 max abs, VE · VСO2

-1, La) and ergometric power (W ergometric 
power) work capacity in the test 30 s. The ergometric power work in the test 4 min) is aimed at assessing the 
level of readiness, search for reserves to improve special performance, correction of the training process with 
kayakers’ specialization. Individual models include the quantitative characteristics of elite kayakers, having the 
highest (unique) individual indicators, and these indicators are higher than the characteristics of generalized and 
group models. 
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