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— The investigation of the living world using specific methods and means to improve the
quality of life and the environment.
— The involvement in activities to maintain their own health and the health of others by
applying interactive methods in order to form a healthy behavior.
The participation in the biodiversity protection actions through partnership in order to solve
ecological problems at individual, local and global levels.
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Fig. 9. The graph with the results of measuring Fig. 10. The graph with the results of measuring the
the abdominal respiratory rate after physical effort, abdominal respiratory rate after physical effort,
at the 17-year-old male pupil at the 17-year-old female pupil

Conclusions. Improving the material suplies of high-performance laboratories will ensure the
pupils’ motivation to investigate as they are required to have digital skills. An ICT teacher plans an
investigative activity with specific and appropriate objectives. Using different pedagogical approaches,
the same practical activity can be used to achieve special educational goals. The use of ICT tools in
the development of the investigative competence becomes effective when: the intended objectives are
clear; the task design highlights the main objectives; a strategy is used to stimulate pupils' thinking, so
that the practical task answers a question that the pupil is already thinking about, and the degree of
autonomy with which pupils communicate and collaborate productively leads to the achievement of the
expected goals. Practical activities with the use of digital laboratory sensors offer the possibility to
improve the application and investigative component forming the basis of research training [2].
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MORPHOFUNCTIONAL FEATURES OF THE MANIFESTATION OF SEXUAL
DIMORPHISM IN HIGHLY QUALIFIED ATHLETES SPECIALIZING IN MODERN PENTATHLON

The purpose of the study is to establish the degree of manifestation of sexual dimorphism in highly qualified
athletes specializing in modern pentathlon in terms of morphological and functional indicators. It has been revealed that
according to anthropometric indicators, the severity of sexual dimorphism in highly skilled pentathletes is within the limits of
light (body length, hip circumference, waist/hip ratio, body mass index) and medium (body weight, waist circumference)
degree. In terms of the component composition of the body, a high (musculoskeletal mass, intracellular fluid, total fluid,
active cell mass), medium (extracellular fluid, fat mass) and light (share of active cell mass and skeletal muscle mass)
degree of sexual dimorphism have been determined. When assessing functional readiness, the most significant sex
differences were revealed in terms of the functional capabilities of the respiratory system, light in terms of maximum heart
rate, heart rate at the level of anaerobic metabolism threshold, maximum oxygen consumption. The absence of sex
differences was established in terms of heart rate at rest. To reduce the severity of sexual dimorphism, attention should be
paid to the selection of female athletes. The training process of qualified athletes must be carried out on the basis of a
thorough study of the functioning of the body of women in difficult conditions of physical activity. Sexual dimorphism and the
associated physiological characteristics of the female body predetermine the need for the specifics of building the training
process of highly qualified athletes.

Key words: highly qualified athletes, modern pentathlon, morphological features, functional indicators, sexual
dimorphism.

Ceedanes C.B., Bpybnescbkuli €., AneHik €.A. MopgoghyHKkyioHanbHi ocobnusocmi
nposisy cmameeoz2o0 OuMopghi3My y  BUCOKOKeaslighikoeaHux crnopmcMmeHie, Wo
crieyianiayrombcsi Ha cydacHomy n'amu6opcmei. Memotro 00cnidxKeHHs1 € 8CMaHO8/IeHHS CIMYNeHs!
rposisy cmamegozo OuUMOpPgiaMy y 8UCOKOK8arlighikogaHUX CriopmCMeHis, WO creyjanidyrombcs Ha
cyyacHoMmy rn'amubopcmei 3 moYKu 30py MOPEhOYHKUiIOHaIbHUX MOKa3HUKie. BusieneHo, wo 3a
aHMPONOMEMPUYHUMU TOKa3HUKaMU MSDKKICMb cmamesoz2o OUMOPhi3My y 8UCOKOK8aslighikogaHUX
criopmemeHie-n'amudecsimHuKkie 3Haxodumbcs 8 Mexax crabkoz2o (0oexXuHa mina, OKPYXHiCmb
cmeeHa, cniggiOHOWeEeHHS majiii/cmeaHa, IHOeKkc mMacu mina) i cepedHbo20 (Maca mina, OKPY»XHICMb
manii). Y nokasHukax KOMIMOHEHMHO20 CK/1aly OpaaHi3aMy 8u3Ha’YaembCsi 8UCOKUU (OMOpPHO-pyxoea
maca, BHYMPIWHbOKMIMUHHa piOuHa, 3azajibHa piduHa, akmueHa K/imuHHa Maca), CepeoHs
(no3aknimuHHa piduHa, xupoea Maca) i cnabkuli (Yacmka akmueHOI KIimUHHOI Macu i OrOPHO-PyX08oi
macu) cmyniHb msixkocmi crmamegoeo oumopgpiamy. [pu ouiHui ¢hyHKUioHanbHOI npudamHocmi 6ynu
susignieHi Haubinbw 3Ha4yHi cmamesi 8iOMIHHOCMI 8 MOKa3HUKax hyHKUIOHaIbHUX MOoXrugocmel
OuxasibHoi cucmemu, criabKux 3 moYKU 30py MakcuMarsibHOI Yacmomu cepuesux CKOPOY€eHb, Yacmomu
Ccepuesux CKOPOYEeHb Ha pieHi nopozy aHaepobHO20 OBMIiHY, MakcuMasibHO20 CrIOXUBaHHS KUCHIO.
Bidcymuicmb cmamesux 8iOMiHHOCMeU 8CmaHOo8/IEMBbCSA 8 [M0Ka3HUKax 4Yacmomu cepuyesux
CKOpOY€eHb 8 cmaHi Criokoro. LLjob 3MeHwumu supaxeHicmb crmamegoao OuMopghiamy, criid 38epHymu
yeacy Ha 8i0b6ip criopmcmeHig. TpeHysarbHUl Mnpouec KearighikogaHUux CrOPMCMEHI8 MO8UHEH
rpoeodumuCs Ha OCHOBI pemesibHO20 8UBYEHHST 0cobriugocmell (OyHKUiOHY8aHHSI Opa2aHi3My XIiHOK 8
CKnadHuUx ymosax hiduyHUx HasaHmaxeHb. Cmamesuli Oumopghiam i rnog'a3aHi 3 HUM bi3ionoaiyHi
0cob1u80CMI XiHOY020 opaaHi3mMy 3yMOoe oMb HeobxidHicme crieyugbiku nobydosu mpeHysanbHO20
rpouecy 8UCOKOK8arighikogaHUX CITIOPMCMEHI8.

Knroyoei crioea: sucokoksarighikogaHi criopmcMeHu, cyvyacHul n'amubopcmeo, MopghorioaiyHi
ocobiusocmi, hyHKUjOHabHI MoKa3HUKU, crmamesguti OumMopghiam.

Introduction. In the 21st century, there are practically no "male" sports left. The girls are
actively engaged in martial arts, power sports, mastered the original men's track and field athletics.
The unbridled desire of women to achieve high sports results in all sports requires complex scientific
research, primarily related to the study of the impact on the female body of intense training and
competitive loads inherent in modern sports activities.

Currently in the system of sports training in addition to general provisions for men and women,
there are two dominant approaches regarding the peculiarities of women's training. In one case, the
authors emphasize the existence of features that are characteristic only of women's sports. In their
opinion, first of all, the features and specific requirements characteristic of individual sports entalil
differences in the course of adaptive processes in the female body, and when organizing training
effects, the cyclicity of the female body must be taken into account [1, 5, 10, 11].

On the other hand, the group of authors is convinced that in most sports women are repre-
sented mainly by an androgenic hormonal profile, and when planning the training process, one should
adhere to generally accepted approaches used in men's sports (except a slight decrease in the
amount of load), linking this to the fact that an increased level of natural androgens (congenital hyper-
androgenism), often supplemented with illegal drugs, allows female athletes to be competitive [8].
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It is noted that one of the main shortcomings of a number of modern studies in the field of
sports theory is the lack of consideration of the characteristics of sexual dimorphism, only this
approach will reveal the objective causes of the problems of women's sports [9].

Works on the problem of sexual dimorphism make it possible to reveal a clear pattern of
convergence of sports results in highly qualified athletes of both sexes who specialize in one sport. As
their physiological and morphological and functional indicators converge, the possibility of achieving a
high sports result is predetermined [10].

Basically, studies of the features of the manifestation of sexual dimorphism in athletes are
devoted to power sports, martial arts, less often sports games, acrobatics, and gymnastics. Scientific
works concerning multiathlon sports are extremely rare. Sports all-around events are characterized by
high specificity of requirements to the morphological and functional systems of the body, which
provide the possibility of achieving a high result. At the same time, mutual parallels were established
between the morphological data and the performance of female athletes [2, 4, 7].

Modern pentathlon is one of the applied types of multiathlon sports, which includes fencing as
a masculine sport, swimming as a neutral sport, a combined sport (including running and shooting),
and equestrian sports. Thus, scientific studies devoted to determining the features of the manifestation
of sexual dimorphism in qualified athletes involved in modern pentathlon in the available literature are
not enough. For this reason, this study was undertaken.

Purpose of the study: to establish the degree of manifestation of sexual dimorphism in highly
qualified athletes specializing in modern pentathlon in terms of morphological and functional
indicators.

Organization and research methods. The study involved 18 highly qualified athletes
(masters of sports and masters of sports of international class) involved in modern pentathlon.

To solve the tasks set, somatometry methods generally accepted in sports morphology were
used. In addition, the method of bioimpedance analysis of body composition was used using the
measuring device ABC-1 "Medass". Evaluation of functional indicators was carried out in the
conditions of performing a competitive exercise (combined relay race) using a portable ergospirometer
"Cortex MetaMax 3B". We recorded the following indicators: vital lung capacity (VC), heart rate at rest
(HR, beats/min), heart rate at the level of anaerobic metabolism threshold (HR (AT), beats/min),
maximum oxygen consumption (VO2 max , ml / kg / min), as well as the maximum heart rate (HR
max, beats / min). Also, lactate concentration was determined (La max, mmol/l).

The severity of sexual dimorphism was determined according to five categories. The absence
of sex differences was established when the compared values converged + 1%; light expressiveness —
at their divergence in the range of £ 10%; medium - with a discrepancy of at least + 10% and not more
than £ 30%; high - respectively, within £ 50%; very high - with a discrepancy of values more than *
50%.

To quantify the severity of sexual dimorphism, in addition to the generally accepted statistical
indicators (X; S; V%), the Mollison test (kM) was used [11].

kg = 2L
S,

Where Xw — is the arithmetic mean of this trait in women; Xwm — the arithmetic mean of this
trait in men; Sm — is the quadratic deviation of this trait in men. The higher the numerical values of the
criterion, the greater the degree of sexual dimorphism.

Research results. Comparison data of morphological parameters of athletes specializing in

modern pentathlon (men and women) are presented in

Table 1
Morphological indicators of highly qualified athletes specializing in modern pentathlon (n = 18)
] Men Women ,

Indicators X S V% X S V% % kM
Body length, cm 182,8 6,14 3.35 167,25 8,34 4,98 9,29 6,52
Body weight, kg 73,04 7,24 9,91 59,6 8,27 13,87 22,55 5,40
Body mass index, units 21,86 1,55 7,09 21,25 1,23 5,78 2,87 1,41
Waist circumference, cm 76,4 3,97 519 67,25 3,40 5,05 13,61 7,95
Hip circumference, cm 954 4,21 4,41 92,5 5,25 5,67 3,13 1,89
Waist/Hip Ratio 0,79 0,86 5,12 0,72 0,02 3,95 9,72 0,41

According to anthropometric (morphological) indicators, the severity of sexual dimorphism in
highly qualified athletes is within the limits of a light and medium degree. In body length (9.29%), hip
circumference (3.13%), waist/thigh ratio (9.72%), body mass index (2.87%), a light degree of sexual
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dimorphism was found. Body mass index (22.55%), waist circumference (13.61%) have a medium
degree of sexual dimorphism.

Studies of the component composition of the body (Table 2) revealed a high degree of sexual
dimorphism in terms of: skeletal muscle mass (44.22%), intracellular fluid (39.49%), total fluid
(32.90%), active cell mass (38.07%).

Table 2
Indicators of the body composition of highly qualified athletes specializing in modern pentathlon
(n=12
) Men Women

Indicators X S V% X S V% % kM

Share of active cell mass, % 62,24 2,62 4,20 60,1 1,23 2,04 3,56 1,91
Skeletal muscle mass, kg 34,54 2,32 6,71 23,95 2,93 12,23 44,22 2,44
ar;asge f,}: skeletal muscle 5576 | 148 | 265 | 513 | 126 | 245 | 869 | 1043
Fat mass, % 14,96 1,85 12,36 21,15 4,33 20,47 -29,26 -5,51
Intracellular fluid, kg 27,62 2,58 9,36 19,8 1,73 8,76 39,49 11,71
Extracellular fluid, kg 17,76 1,29 7,26 14,35 1,78 12,42 23,76 6,73
Total fluid, kg 454 3,84 8,46 34,17 3,46 10,12 32,90 9,82
Active cell mass, kg 38,66 412 10,65 28,0 2,63 9,39 38,07 10,19

The medium degree was revealed in the following indicators — extracellular fluid (23.76%), fat
mass (29.26%). Low — the proportion of active cell mass (3.56), the proportion of skeletal muscle mass
(8.69%).

Analyzing the variability (V%) of the studied indicators, it is possible to identify indicators — fat
mass (20.47% for women and 12.36% for men), body weight (13.87% for women and 9.91% for men),
active cell mass (9.39% in women and 10.65% in men) having the highest significant coefficient of
variation. The smallest coefficient of variation was found in such indicators as body mass index, body
length and percentage of skeletal muscle mass. In general, the variability of the studied indicators is
higher in female pentathletes.

Studies of functional indicators (Table 3) revealed a high degree of sexual dimorphism in
terms of the functional capabilities of the respiratory system (vital capacity of the lungs — 43.29%).

Table 3
Functional indicators of highly qualified athletes specializing in modern pentathlon (n = 12)

ndi Men Women o Yy

ndlicators X s V% X s V% 0
VC, ml 5885 304,3 517 4107 245,66 5,98 43,29 5,84
HR, beats/min 57,57 3,02 5,25 57,71 3,61 6,26 0,24 0,04
HR max, beats/min 195,86 5,54 2,83 1914 8,55 4,47 2,33 0,80
HR (AT) 175,57 9,75 5,55 180,0 5,25 2,92 2,52 0,45
VO2 max, ml/kg/min 59.33 2,56 4,31 55,25 5,27 9,54 7,38 1,59

A light degree was revealed in the following indicators — the maximum heart rate (2.33%), the
heart rate at the level of the anaerobic metabolism threshold (2.92%), the maximum oxygen
consumption (7.38%). The absence of sex differences was established in terms of heart rate at rest
(0.24).

The highest variability (V%) of the studied indicators was found in pentathletes in terms of
maximum oxygen consumption (9.54). In other indicators of functional readiness, the coefficient of
variation is not significant. The highest severity of the degree of sexual dimorphism according to the
Mollison criterion (kM) was determined in the following morphological and functional indicators:
intracellular fluid — 11.71; proportion of skeletal muscle mass — 10.43; active cell mass — 10.19.

Conclusion. It has been determined that according to anthropometric indicators, the severity
of sexual dimorphism in highly qualified athletes specializing in modern pentathlon is within the limits
of light (body length, hip circumference, waist/hip ratio, body mass index) and medium (body weight,
waist circumference) severity of sexual dimorphism.

In terms of the component composition of the body, a high (musculoskeletal mass, intracellular
fluid, total fluid, active cell mass), medium (extracellular fluid, fat mass) and light (share of active cell
mass, share of skeletal muscle mass) degree of sexual dimorphism were determined. In almost all
studied indicators, men are ahead of women, with the exception of the indicator of fat mass.

The study of functional indicators revealed a high degree of sexual dimorphism in terms of the
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functional capabilities of the respiratory system, light in terms of maximum heart rate, heart rate at the
level of anaerobic metabolism threshold, maximum oxygen consumption. The absence of sex
differences was established in terms of heart rate at rest.

Light and medium severity of sexual dimorphism according to the studied parameters can be
explained by adaptation to specific training and competitive influences. This fact is also confirmed by
the evaluation of the results of the severity of the degree of sexual dimorphism according to the
Mollison criterion (kM).

To reduce the severity of sexual dimorphism, attention should be paid to the selection of
female athletes. At present, as a rule, athletes who have gone in for swimming in the past and have
not shown high results in this type of sport come to the modern pentathlon. When selecting for the
modern pentathlon, attention should be paid to athletes who are the most adapted in terms of total
body size, motor potential and functional abilities for speed-strength loads and the manifestation of
special endurance.

At the same time, according to the authors [3, 6], in connection with the next changes in the
rules of competitions in the modern pentathlon in the preparation of athletes, special attention should
be paid to fencing and increasing the effectiveness of running training. It becomes obvious that the
training process of qualified athletes must be carried out on the basis of a thorough study of the
functioning of the body of women in difficult conditions of physical activity. Sexual dimorphism and the
associated physiological characteristics of the female body predetermine the need for the specifics of
building the training process of highly qualified female athletes.
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BIEGI DLUGODYSTANSOWE JAKO FORMA AKTYWNEGO SPEDZANIA CZASU
WOLNEGO

Zhuravski A. Lobg-distance runs as a form of active spending of free time. Purpose of research. Research
on how long-distance running affects the functioning of the body and determining the factors that hinder and facilitate long-
distance running. Subject of study. Opinion on long-distance running among the respondents. Research questions: 1. What
are the main reasons why people start running? 2. What is the awareness of the role of physical activity among the
respondents? 3. What is the attitude towards long-distance running among the respondents? 4. What are the benefits for the
functioning of the body from long-distance running? 5. Does running as a form of athletics occupy an important place among
the respondents? 6. How do the respondents spend their free time? Methods, techniques, research tools. The method of
diagnostic survey was used in the work. The research used the questionnaire technique consisting in "filling, most often,
independently by the respondent, of special questionnaires, usually with a high degree of standardization, in the presence or
more often without the presence of an interviewer". A research tool in a general sense is "the object by which information is
collected". The research tool used was a questionnaire. Organization and course of research. The research was
conducted at the turn of February and March 2021. The subjects of the study were people who participate in long-distance
runs. The selection for the study was deliberate. The research was carried out with the help of the survey method, with the
use of a tool, in this case, a questionnaire. Each questionnaire was completed correctly and all copies were returned to the
researcher. All respondents were informed of complete anonymity and the purpose of the study was presented to them. The
survey was sent by e - mail or via a social networking site. None of the respondents refused to participate in the study. The
study was not limited to one voivodeship, but covered the entire territory of Poland. 40 people participated in the study, 16 of
whom are women and 24 are men.

Key words: long-distance running, outdoor activities, free time

Xypaecbkuti O. bie Ha OanbHi ducmaHuii sik gpopma aKkmueHO20 NPoeedeHHs 8ilIbHO20
qacy. Mema OJocnioxeHHs. [JocnioxeHHs moeo, sik bie Ha 0Ooeei ducmaHuii ennueae Ha
QQYHKUIOHYyB8aHHSI Op2aHi3My ma 8u3Ha4YeHHs1 hakmopis, sKi nepewkodxarome ma rnoneawyoms bie Ha
Oosei OucmaHuji. lMpedmem eueyeHHsi. [Jymka pecrioHOeHmie w000 bicy Ha 0osai ducmaHuii.
Hocnidnuubki numaHHsa: 1. 5Ki OCHOBHI MpuyuHU, YoMy 500U ro4vuHaomb bieamu? 2. Ske
ycgidomrieHHs1 pori Qhi3u4HOI akmueHocmi ceped pecrioHOeHmig? 3. Slke cmaesrneHHs1 00 bicy Ha dosai
oucmaHuii ceped pecrioHOeHmig? 4. Hum kopucHuli bie Ha Ooeeai OucmaHuii Onst hyHKUiOHY8aHHS
opeaaHi3my? 5. Hu nocidae saxnuee micue ceped pecrioHOeHmig biz ik 8ud nezkoi amnemuku? 6. Sk
npoeodsimb 8inbHUli Yac pecrioH0eHmu? Memodu, nputiomu, 3acobu docnidxeHHsi. Y pobomi
suKopucmaHo Memod diagzHOCMUYHO20 OnumysaHHs. Y 00criOxeHHi sukopucmosysanacs Memoouka
aHKemysaHHsl, sKa [ofiseana 8 MmoMy, WO «pecrioHOeHm Halyvacmiwe 3ariogHsas crieujasnbHi
aHKemu, SIK rpasusio, 3 8UCOKUM cmyrieHeM cmaHdapmus3sauji, y rnpucymHocmi abo yacmiwe 6e3
npucymHocmi iHmepe’roepa» 3acobom OOC/iOKeHHS 8 3azaribHOMYy PO3YMiHHI € «0b'ekm, 3a
dorlomoeor  SKoe2o 3bupaembcs  iHbopmauisy. IHcmpymeHmom OOCriOXKeHHS, 8UKOPUCMaHUM y
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