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The level of functional preparedness of the population is influenced by many factors. The greatest
influence is exerted by the economic condition of the country, climatic features of the region,
food quality, environmental factor, social status of the population. Therefore, functional readiness
standards should be updated periodically. For an objective assessment of functional readiness,
all energy potential should be considered: aerobic, anaerobic lactatic and alactatic. Women of
different somatotypes have significant differences in the degree of development of indicators of
functional preparedness. The models of functional preparedness developed by us for women of
different somatotypes will clearly demonstrate significant differences in the level of preparedness
in representatives of different somatotypes. The aim of the study is to develop standards of
functional readiness for women aged 25-35 and models of functional preparedness for women of
different somatotypes.
The study involved women aged 25-35 years (n = 392). Somatotype was determined in all subjects.
The power of aerobic energy supply processes was determined by the method of bicycle ergometry
according to the PWC 170 test. The threshold of anaerobic metabolism was determined by the
test with a stepwise increasing load. The capacity of anaerobic lactatic energy supply processes of
muscular activity was determined by a bicycle ergometric 60-second test. The power of anaerobic
lactatic and alactatic energy supply processes was determined by Wingate anaerobic tests WAnT
30 and WAnT 10. Standards of functional preparedness were developed according to the author’s
method based on the rule 3σ.
Functional preparedness standards have been developed for women aged 25-35 according to the
full range of muscular energy supply regimes. Models of functional preparedness for women 25-35
years of different somatotypes have been developed.
The developed standards are based on modern experimental data and consider all human energy
potential (aerobic, anaerobic lactatic and anaerobic alactatic). Standards of functional preparedness
cannot be universal for different countries and even different regions of large countries. Models of
functional preparedness of women of different somatotypes show a significant difference from the
standards set for women without somatotype. Somatotype should be considered when assessing
indicators of functional preparedness.
standards, aerobic, anaerobic productivity, mature age.

Introduction

1

The level of functional preparedness of the
population is influenced by many factors. The
greatest influence has the economic condition of
the country, climatic features of the region, food
quality, environmental factors, social status of
the population [1]. As these factors are not stable,
the functional capabilities of the population are
also changing. Therefore, functional preparedness
standards should be updated periodically. Thus, a
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study by Davidson and McNaughton [2] found that
women aged 22.6 ± 7.6 years who had no experience
of systemic physical activity VO2max averaged 34.1
± 2.1 ml·min-1·kg-1. The study by Astorino et al. [3]
found that the average value of VO2max in women
aged 22.8 ± 2.8 years is 41,1 ml·min-1·kg-1.
Currently, there are standards of aerobic
performance on the basis of VO2max rel. for all age
groups of the adult population of the United States
[4]. VO2max rel. standards for all age groups have been
developed for the population of the USSR [5, Art.
35]. A “safe level of health” for women and men has
been defined for the population of Ukraine, which is
assessed by the VO2max rel. indicator [6]. Also identified
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standards of aerobic performance on the threshold
of anaerobic metabolism (TAM) for men [7]. As all of
the above standards were developed more than 20
years ago, they need to be updated.
Experts in the physiology of motor activity note
that information on functional readiness only in
terms of aerobic performance is incomplete [8]. There
are standards of anaerobic performance focused
on professional activities. Such developments
are available for athletes in various sports [9] and
criteria for specific professions (firefighters [10],
special forces [11], police [12]). No standards for
anaerobic productivity for the population have been
identified.
We have developed standards for assessing
aerobic and anaerobic productivity for girls and
men aged 17-19 [13]. Furman et al. [14] developed
standards of functional preparedness for women and
men aged 20-22 years and for adolescents aged 1112 years [15]. There is a need to develop standards
of aerobic and anaerobic performance for other age
groups.
In modern theory and practice of sport, the
method of modeling has become widely used [16].
The use of modeling in health-improving physical
culture is a reserve for improving the efficiency
of classes. Women 25-35 years of age of different
somatotypes have significant differences in aerobic
and anaerobic performance [17]. Significant
differences in Vo2max in representatives of different
somatotypes indicate Goran Spori et al. [18];
threshold of anaerobic metabolism Zimnitskaya et
al. [19]; indicators of anaerobic lactate productivity
Ryan-Stewart et al. [20]. Therefore, we hypothesized
that the models of functional preparedness
developed by us for women of different somatotypes
will clearly demonstrate significant differences in
the level of preparedness in women of different
somatotypes. Such data can be convincing evidence
of the need to consider somatotype in the assessment
of functional preparedness.
The aim of the study. Develop standards of
functional preparedness for women aged 25-35 and
models of functional preparedness for women of
different somatotypes.

Material and Methods
Participants
The study involved females 25-35 years old (the
first period of mature age) n=392. All subjects in the
past had no experience in sports. Each subject gave
written consent to participate in the experiment.
Procedure
The power of aerobic energy supply processes of
muscular activity was investigated by the indicator
of maximum oxygen consumption (VO2 max). VO2 max
was determined by the Karpman et al. [21] method.
For this purpose was used a bicycle ergometric test

of the PWC 170 version. The subjects performed two
loads of different power. The power of the first load
(N1 ) was 1 W per 1 kg of body weight, the other (N2 ) 2 W per 1 kg of body weight. Pedaling frequency - 60
revolutions per 1 minute. The duration of each load
was 5 minutes with 3 minutes interval. At the end of
each load, the heart rate (f1 and f2 ) was determined.
PWC 170 was calculated according to the algorithm
[22]. To determine the values of Vo2 max, the value
of PWC 170 abs was substituted into equation 1:
VO2max abs. = 1.7 ∙ PWC 170abs. + 1240,

(1)

where , VO2 max abs. displayed in ml∙min-1;
PWC170abs. displayed in kg·min-1.

The threshold of anaerobic metabolism (TAM)
was determined by the test of Conconi et al. [23] in a
modification of Furman [5, Art. 37-38]. The subjects
performed a stepwise increasing load on the
ergometer starting from a power of 60 watts, adding
10 watts at each stage. The duration of work and the
frequency of pedaling at each stage are constant the duration is 40s, and the frequency is 60 rpm-1. At
the end of each stage, heart rate was recorded. The
level of TAM corresponded to the inflection point
on the graph of heart rate growth. Results were
presented in W.
To determine the capacity of anaerobic lactatic
energy supply processes of muscular activity was
used a method developed by Shogy et al. [24].
This method involves determining the maximum
quantity of mechanical work for 1 minute (MQMK).
The subject performed a bicycle ergometric load
with 1 min duration, power of 225 W and maximum
pedaling frequency. Results were presented in
kg·min-1.
The power of anaerobic alactatic energy supply
processes of muscular activity was determined
using the Wingate anaerobic test WAnT10 [25]. This
test consists in performing a bicycle ergometric load
10sec duration with a power of 225 W and maximum
possible pedaling frequency. The number of full
pedal revolutions was counted. By mathematical
calculations, the result was expressed in kg·min-1.
The power of anaerobic lactatic energy supply
processes of muscular activity was determined using
the Wingate anaerobic test (WAnT30) [25]. The
conditions of this test are similar to the WAnT10
test. The difference is duration of the load that
lasted 30 seconds. Result was expressed in kg·min-1.
To increase the informativeness of all indicators,
absolute and relative values were studied. All tests
were performed on a Christopeit Sport AX-1 bicycle
ergometer (Christopeit, Germany).
Somatotype was determined by the Carter et al.
[26] method.
Statistical analysis
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Initially, the STATISTICA 13 program checked
the data series for compliance with the normal
distribution law. Determined: - arithmetic mean, σ
- standard deviation.
Standards of functional preparedness were
developed according to the author’s method. This
technique is based on the rule 3σ. The main condition
was that the data series correspond to the normal
distribution law. The range of values of ± 0.5σ of the
data series of all studied women aged 25-35 years (n
= 392) was taken as the average level of the trait. The
scheme according to which the rating scale is built
is shown in Table 1. Such calculations should be
made based on a large number of experimental data
of persons of the same age, sex, region of residence,
lack of experience in sports. This technique is
copyrighted.

Results
We have developed standards of functional
fitness for women aged 25-35 for the full range of
muscle energy of muscular activity (Table 2).
Having determined the somatotype, it was

found that 4 somatotypes are characteristic for
women aged 25-35: endomorphic, ectomorphic,
endomorphic-mesomorphic and balanced. Using
the author’s standards, we developed models of
functional preparedness for women of different
somatotypes, which are shown in tables 3, 4, 5, 6.
In women of endomorphic somatotype, the
indicators of aerobic productivity of the body
(VO2max, TAM) are at a lower level than the indicators
of anaerobic productivity of the body (MQMK, WAnT
30, WAnT 10) (table 3).
Opposite tendencies were found in women of
ectomorphic somatotype. Indicators of aerobic
productivity of an organism (VO2max, TAM)
correspond to “above average” and “high” levels.
Indicators of anaerobic productivity (WAnT 30,
WAnT10) correspond to the level “below average”
(table 4).
For women of endomorphic-mesomorphic
somatotype, the “average” level of aerobic
productivity (VO2max, TAM) and capacity of anaerobic
lactate productivity (MQMK) is characteristic. “High”
and “above average” levels are characteristic of the
performance of anaerobic lactatic and alactatic

Table 1. Scheme of formation of an assessment scale for indicators of functional preparedness
Interval

% of all values of the general population

Evaluation scale

> 2.0 σ

≈2

very high

1.1 – 2.0 σ

≈ 13

high

0.6 – 1.0 σ

≈ 17

above average

± 0.5 σ

≈ 34

average

-0.6 – -1.0 σ

≈ 17

below average

-1.1 – -2.0 σ

≈ 13

low

< -2.0 σ

≈2

very low

Table 2. Standards of functional preparedness for women of 25-35 years of the Podilsk region (Ukraine)
Indicators of aerobic
productivity
alactatic

Indicators of anaerobic productivity

VO2max
(ml·min·kg-1)

TAM
(W·kg-1)

WAnT10
(kg·min-1·kg-1)

WAnT 30
(kg·min-1·kg-1)

MQMK
(kg·min-1·kg -1)

Very high

> 48.2

> 2.8

> 47.06

> 44.24

> 31.9

High

45.1 – 48.2

2.7 – 2.8

42.69 – 47.06

39.33 – 44.24

28.2 – 31.9

Above average

43.5 – 45.0

2.5 – 2.6

40.50 – 42.68

36.87 – 39.32

26.4 – 28.1

Average

43.4 – 40.3

2.4 – 2.2

40.49 – 36.11

36.86 – 31.94

26.3 – 22.6

Below average

40.2 – 38.8

2.1 – 2.0

36.10 – 33.92

31.93 – 29.48

22.5 – 20.7

Low

38.7 – 35.6

1.9 – 1.8

33.91 – 29.54

29.47 – 24.56

20.6 – 16.9

Very low

< 35.6

< 1.8

< 29.54

< 24.56

< 16.9

The level of
development of
the indicator

alactatic

lactatic

Note: TAM - threshold of anaerobic metabolism; WAnT10 - Wingate anaerobic test for 10 seconds; WAnT30
- Wingate anaerobic test for 30 seconds; MQMK - maximum quantity of mechanical work for 1 minute.
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Table 3. Model of functional preparedness of women 25-35 years of endomorphic somatotype
Evaluation criteria
Indicators

very
low

low

below
average

average

above
average

high

very
high

VO2max(ml·min·kg-1)

< 35.6

35.6 – 38.7

38.8 – 40.2

40.3 – 43.4

43.5 – 45.0

45.1 – 48.2

> 48.2

TAM (W·kg-1)

< 1.8

1.8 – 1.9

2.0 – 2.1

2.2 – 2.4

2.5 – 2.6

2.7 – 2.8

> 2.8

MQMK (kg·min-1·kg
-1
)

< 16.9

16.9 – 20.6

20.7 – 22.5

22.6 – 26.3

26.4 – 28.1

28.2 – 31.9

> 31.9

WAnT 30 (kg·min1
·kg-1)

< 24.56 24.56 – 29.47

29.48 – 31.93

31.94 – 6.86

36.87 – 39.32

39.33 – 44.24

> 44.24

WAnT10 (kg·min1
·kg-1)

< 29.54 29.54 – 33.91

33.92 – 36.10

36.11 – 40.49

40.50 – 42.68

42.69 – 47.06

> 47.06

Note. The model zone for women of endomorphic somatotype is within the range of the highlighted cell–

Table 4. Model of functional preparedness of women 25-35 years of ectomorphic somatotype
Evaluation criteria
Indicators

very
low

low

below
average

average

above
average

high

very
high

VO2max(ml·min·kg-1)

< 35.6

35.6 – 38.7

38.8 – 40.2

40.3 – 43.4

43.5 – 45.0

45.1 – 48.2

> 48.2

TAM (W·kg-1)

< 1.8

1.8 – 1.9

2.0 – 2.1

2.2 – 2.4

2.5 – 2.6

2.7 – 2.8

> 2.8

MQMK (kg·min1
·kg-1)

< 16.9

16.9 – 20.6

20.7 – 22.5

22.6 – 26.3

26.4 – 28.1

28.2 – 31.9

> 31.9

WAnT 30 (kg·min1
·kg-1)

< 24.56 24.56 – 29.47

29.48 – 31.93

31.94 – 36.86

36.87 – 39.32

39.33 – 44.24

> 44.24

WAnT10 (kg·min1
·kg-1)

< 29.54 29.54 – 33.91

33.92 – 36.10

36.11– 40.49

40.50 – 42.68

42.69 – 47.06

> 47.06

Note. The model zone for women of ectomorphic somatotype is within the range of the highlighted cell –

Table 5. Model of functional preparedness of women 25-35 years of endomorphic-mesomorphic somatotype
Evaluation criteria
Indicators

very low low

below
average

average

above
average

high

very
high

VO2max(ml·min·kg-1) < 35.6

35.6 – 38.7

38.8 – 40.2

40.3 – 43.4

43.5 – 45.0

45.1 – 48.2

> 48.2

TAM (W·kg-1)

< 1.8

1.8 – 1.9

2.0 – 2.1

2.2 – 2.4

2.5 – 2.6

2.7 – 2.8

> 2.8

MQMK (kg·min1
·kg-1)

< 16.9

16.9 – 20.6

20.7 – 22.5

22.6 – 26.3

26.4 – 28.1

28.2 – 31.9

> 31.9

WAnT 30 (kg·min·kg-1)

< 24.56

24.56 – 29.47

29.48 – 31.93

31.94 – 36.86

36.87 – 39.32

39.33 – 44.24

> 44.24

WAnT10 (kg·min·kg-1)

< 29.54

29.54 – 33.91

33.92 – 36.10

36.11 – 40.49

40.50 – 42.68

42.69 – 47.06

> 47.06

1

1

Note. The model zone for women of endomorphic-mesomorphic somatotype is within the range of the
highlighted cell –
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Table 6. Model of functional preparedness of women 25-35 years of balanced somatotype
Evaluation criteria
Indicators

very
low

low

below
average

average

above
average

high

very
high

VO2max(ml·min·kg-1)

< 35.6

35.6 – 38.7

38.8 – 40.2

40.3 – 43.4

43.5 – 45.0

45.1 – 48.2

> 48.2

TAM (W·kg-1)

< 1.8

1.8 – 1.9

2.0 – 2.1

2.2 – 2.4

2.5 – 2.6

2.7 – 2.8

> 2.8

MQMK (kg·min1
·kg-1)

< 16.9

16.9 – 20.6

20.7 – 22.5

22.6 – 26.3

26.4 – 28.1

28.2 – 31.9

> 31.9

WAnT 30 (kg·min1
·kg-1)

< 24.56 24.56 – 29.47

29.48 – 31.93

31.94 – 36.86

36.87 – 39.32

39.33 – 44.24

> 44.24

WAnT10 (kg·min1
·kg-1)

< 29.54 29.54 – 33.91

33.92 – 36.10

36.11 – 40.49

40.50 – 42.68

42.69 – 47.06

> 47.06

Note. The model zone for women of balanced somatotype is within the range of the selected cell –
productivity of the body (WAnT 30, WAnT10) (table
5).
For women of balanced somatotype is
characterized by the absence of high and low levels
of functional preparedness (table 6).
Thus, it was found that women of different
somatotypes differ in the level of development of
energy supply of muscular activity.

Discussion
In the scientific literature published several
versions of standards for indicators of functional
preparedness for different countries [4,7]. But in
these publications, the authors do not disclose
what methodology they used to develop standards.
The method used by us is based on the fact that the
“average” level will correspond to about 34.0% of all
values; levels “below average” and “above average”
- about 17%; “high” and “low” level - about 13%;
“very high” and “very low” levels - about 2% (see
Table 1). In our opinion, this approach provides an
objective assessment.
Comparing our standards with those of other
authors, we found some differences. Thus Gerald F.
Fletcher et al. [4] published updated standards for
maximum oxygen consumption for the American
Heart Association. According to their data, the
norm of VO2max rel. for women 20-29 years there is a
range of 36.0 ± 6.9 ml·min·kg-1, and for women 3039 years - 34.0 ± 6.2 ml·min·kg-1. Such data differ
significantly from the data obtained by us. In our
opinion, there are several reasons for this. The
authors combined into one category of persons aged
30-39 years, which in our opinion is impractical.
According to Solodkov and Sologub [27], at the age
of 35 involutionary processes in the body begin to
predominate. Accordingly, VO2max in women 36-39
years will be lower than in women 30-35 years. In
addition, lower VO2max standards for women in the
United States may be associated with obesity in a
122

significant percentage of the adult population.
According to Ashleigh L. May [28], the percentage
of obese people in the United States increased from
13% in 1960 to 36% in 2009. Regional differences
also have an important influence, as O. Dulo points
out in his works [29].
In addition to the VO2max standards published in
the scientific literature, there are several regulatory
tables that are additions to training programs and
additions to the instructions for electronic GPS
devices for sports (including the Garmin Race
Predictor). Such data have significant differences.
In particular, the norm for women 25-35 years
according to some data is 33-34 ml·min·kg-1, and
according to others - 38-40 ml·min·kg-1. However,
these appendices do not specify the authors of
the criteria and the method by which they were
developed.
W Larry Kenney et al. [8] note that information
on functional preparedness only in terms of aerobic
performance is incomplete. We did not find any
standards of functional preparedness for the whole
spectrum of energy supply modes of muscular activity
(aerobic, anaerobic lactatic and anaerobic alactatic).
There are studies where Ramírez-Vélez Robinson
et al. [30] determined anaerobic productivity rates
for Colombian adults. But the authors determined
by WAnT 30 test other indicators, in particular PP peak power. Therefore, it is impossible to compare
such data with ours.
We have set standards of functional preparedness
for girls 17-19 years of age according to
indicatorsVO2max, TAM, MQMK, WAnT 30 and WAnT
10 [13]. Furman et al. [14] developed standards of
functional preparedness for women and men aged
20-22. The standards developed by us for women
aged 25-35 expand the age range.
Models of functional preparedness for women of
different somatotypes show significant differences
in the level of functional preparedness in relation
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to women without consider somatotype. Therefore,
when assessing functional preparedness should take
into account the somatotype of the subjects. For
example, if a woman of endomorphic somatotype
shows a low level of VO2max rel., please keep in mind,
that for endomorphs this level is the norm (Table 3).
Conversely, for women of ectomorphic somatotype,
the value of VO2max rel. corresponding to a high level is
the norm (Table 4). Such data are confirmed by other
researchers. Goran Spori et al. [18] prove the need to
take into account the somatotype when assessing
the professional abilities of sailors by aerobic and
anaerobic tests. Kornienko et al. point to the need
to take into account the somatotype by studying
the anaerobic productivity of the organism. [31].
The authors note that the difference in anaerobic
parameters within one age group in women of
different somatotypes may be greater than the
difference between men and women.

Conclusions
The author’s method of developing standards
allows to objectively assess the indicators of
functional preparedness in women 25-35 years.
The developed standards are based on modern
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