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INTRODUCTION
The development of personality is determined by the nature of the person, environment and the person himself / herself (Maslow, 1959, 1970, 1985; Uzdila, 1993 Jacikevičius, 1994; Bitinas, 1996; Leliugienė, 1997; Rajeckas, 1995, 1999; Jucevičienė, Bagdonas, 2002; Kvieskienė, 2003; Čiuladienė, 2006; Kravele, Guseva, 2006).  Personality development is a process that occurs in physical and psychosocial spheres (Bitinas, 1996, 1998, 2000; Jovaiša, 1993, 1995, 2001). Learners receive impact from the environment and are active in striving for perfection (Vaitkevičius, 1995; Bitinas, 1998; Rajeckas, 1999; Blauzdys, 2001; Miškinis, 1998, 2002; Jovaiša, 2001, 2002). Thus, the essence of education is to encourage the physical, mental and social human development (Vabalas-Gudaitis, 1983; Jovaiša, 1993, 1995, 2001; Rajeckas, 1999). B. Bitinas (1998) claims that the main problem of education theory is the interrelation of physical, mental and social development.

Even in the epoch of antiquity sport was recognized as one of the most significant activities (Plato, 1963; Stonkus, 2000a; Miškinis, 2002). It was considered that it not only improves human health and body, but also contributes to the perfection of human psyche (Plato, 1963; Šalkauskis, 1992; Jovaiša, 2001). In this way sport is associated with personal maturity and education, and it is part of social life and activities (Grupe, 1994; Pilz, 1995; Столяров, Самусенкова, 1996; Žukowska, Žukovski, 1998; Bidlle, Ntoumanis, 1999; Fox, 1999; Blauzdys, 2001; Šukys, 2001; Šniras, 2005), the aim of which is to nurture athletes’ abilities by most effective means and methods of training athletes and to help them seek for the main aim of human education – the congruence between human nature and the aims of life (Bajoriūnas, 1996; Pukelis, 1997, 1998; Bitinas, 1996, 1998; Jovaiša, 2001, 2002, 2003).

In the environment of active athletic training and competition the person socializes, grows, experiences joy and outlives strong emotions (Lusebrink, 1997; Стамбулова, 1999). Sports activities directly develop the personality, encourage people to participate in various activities and strive for perfection (Žukowska, Žukowski, 1998). S. Stonkus (1998) claims that together with the development of personal traits and self-actualization people undergo the processes of individualization (the development of innate traits) and socialization (the impact of the environment on the personality). Accurate and purposeful education helps the encouragement of those processes (Bitinas, 1998; Jovaiša, 2003).

It is very important and efficient to select talented athletes properly who can overcome needed physical loads, adapt and make use of their physical powers (Martin et al., 1991, 1993; Bouchard, Malina, 1997; Karoblis, 1999, 2003; Bompa, 1999; Balyi, 2001, 2001a, 2004; Raslanas, 2001; Karoblis et al., 2002). It is a many-sided purposeful educational activity which involves the development of athletes’ abilities, physical and mental traits, coherent personal education, health improvement, seeking for high sports performance (Fitz-Klarke et al., 1991; Milašius, 1997; Skernevičius, 1997; Hohmann et al., 2000; Čepulėnas, 2001; Raslanas, 2001; Edelmann-Nusser, Hohmann, 2002; Skarbalius, 2003).

The trends in the changes of the training of high performance athletes (Bompa, 1999; Guttmann, 2000; Balyi, 2001, 2001a, 2004), specific features of the developments of a sport (Krug, 1996; Аркаев, Сучилин, 1997; Jastrejembskaia, Titov, 1999; Knoll et al., 2000; Медведева, 2001a; Карпенко, 2003), as well as the upturn of sports results motivate us to look for new, scientifically grounded sports technologies, methods and forms of training. The efficacy of athlete’s sport performance depends on the targeted training in certain periods, organization, management, individual adaptation of an athlete to the loads of training and competitions (Milašius, 1997; Skernevičius, 1997; Bompa, 1999; Hohmann et al., 2000; Mester, Perl, 2000; Čepulėnas, 2001; Torrents et al., 2001; Raslanas, 2001; Edelmann-Nusser, Hohmann, 2002; Karoblis, 1999, 2003; Skarbalius, 2003). If the requirements of athlete training mentioned above are followed, there are premises for their successful participation in the most important international competitions. 

While registering and analyzing competitive activities it is possible to establish the level of their interaction with different components of athlete training (Cotzmandis, 1991; Jansen et al., 1991; Martin, 1999; Mester, Perl, 2000; Spamer, 2000). Besides, registering and analyzing competitive activities enable us to foresee the tendencies of a sport, forecast sports results, and plan the trends of athlete training. Another important feature is the interaction of indices between training and sport performance (Busso et al., 1990, 1997; Banister et al., 1982, 1999; Hohmann et al., 2000; Edelmann-Nusser, Hohmann, 2002; Avalos et al., 2003; Bügner, 2005; Hellard et al., 2006). Nowadays the problem has received adequate attention and is being researched. J.Perl (2000, 2001, 2003, and 2004) called this interaction a Metamodel – the theoretical interaction of training and sport performance – when we need to find an optimal model of athlete training which would allow achieving the highest level of sport performance. At present most research of this kind has been carried out in swimming (Mujika et al., 1996, 1996a; Edelmann-Nusser, Hohmann, 2002; Avalos et al., 2003; Bügner, 2005; Hellard et al., 2006) and track-and-field athletics (Banister et al., 1999).

As B.S. Rushall (1995) suggests, the peculiarities of each sport raise certain demands for athletes and in this way develop their personal traits which are necessary to successfully cope with the tasks of competitive activities. Rhythmic gymnastics is a sport which requires early selection of athletes (Лисицкая et al., 1982; Карпенко, 2003; Balyi, 2001, 2001a, 2004), intensive training in the periods of childhood and adolescence (Горбачева, Степанова, 1997; Беклемишева, 1998; Jastrejembskaia, Titov, 1999; Карпенко, 2003) and early termination of the sports career (Стамбулова, 1999). 

Success in sports activities of rhythmic gymnasts mostly depends on their innate and genetically determined anatomical, functional, mental peculiarities of the human body the adaptation of which by training is limited (Jastrejembskaia, Titov, 1999; Карпенко, 2003). The program of elite athletes in modern rhythmic gymnastics becomes more and more complicated: in the early stage of specialization gymnasts have to master many technically complex elements on the basis of which their original programs and compositions could be made up, and which could help express the individuality of an athlete (Krug, 1996; Аркаев, Сучилин, 1997; Стамбулова, 1999; Knoll et al., 2000; Карпенко, 2003). Thus the requirements for all kinds of fitness of athletes increase, as well as the loads and intensity of their training. Not enough research has been carried out on the rhythmic gymnasts’ adaptation to physical loads, intensity of training and competitive activities, peculiarities of energy demands during the competition. We were unable to find research publications on those problem issues. Research has not established models of training and sport performance (as well as their interaction) of rhythmic gymnastics athletes of different age and sport performance levels (basic and special).

The statements given above let us present the following research problem questions:  

· What training programs of athletes in rhythmic gymnastics are effective for the dynamically changing model of their sport performance? 

· What are the most significant factors of training and indices of sport performance that would ensure the optimization of targeted long-term training of athletes in rhythmic gymnastics aged 11–15 years?   

· What management criteria would allow optimization of athlete’s sport performance in rhythmic gymnastics? 
The problems mentioned above let us formulate the research hypothesis: the optimal sport performance of 11–15 year old athletes in rhythmic gymnastics is determined by the models of the basic period (11–12) multiplex body movements and special period (13–15) multiplex movements with apparatus.

Research aim was to establish the optimal model of training and sports performance of 11–15 year old athletes in rhythmic gymnastics, as well as the interaction of training and sports performance. 

Research objectives:

1. Establish the preconditions of training optimization of 11–12 year old athletes in rhythmic gymnastics.

2. Establish the impact of training content alternation on sport performance of 12–13 year old athletes in rhythmic gymnastics. 

3. Determine the impact of specific training on sport performance of 13–14 year old athletes in rhythmic gymnastics. 

4. Establish the optimal intensive training model of 14–15 year old athletes in rhythmic gymnastics. 

5. Evaluate the impact of the alteration of body composition indices for the sports results of 9–15 year old athletes in rhythmic gymnastics. 

6. Determine the peculiarities of the interaction of training and sport performance of 11–15 year old athletes in rhythmic gymnastics. 

7. Construct an optimal training model for 11–15 year old athletes in rhythmic gymnastics. 

Theoretical significance of the research:

1. Theoretically grounded and structured model of rhythmic gymnastics competitive activities, trends in the training of elite athletes in rhythmic gymnastics and peculiarities of their sport performance.

2. Research presents the optimal Metamodel of training and sport performance of 11–15 year old athletes in rhythmic gymnastics. 

3. We established the level of impact of rhythmic gymnasts’ training model indices on their sport performance.

4. Optimization criteria of rhythmic gymnasts’ training indices were found.

Essential research results to be defended:

1. Models and interaction of basic period training and sport performance of 11–12 year old athletes in rhythmic gymnastics.

2. Models and interaction of training and sport performance in different periods of 12–13 year old athletes in rhythmic gymnastics.

3. Models and interaction of training and sport performance in preparatory period of 13–14 year old female athletes in rhythmic gymnastics.

4. Models and interaction of intensive training and sport performance of 14–15 year old athletes in rhythmic gymnastics.

Approval of the results of the scientific paper. Essential points and problems of dissertation were ventilated in the publications corresponding to the requirements of the Science Council of Lithuania:   

1. Rutkauskaitė, R., Skarbalius, A. (2003). Meninės gimnastikos specializuotojo rengimo etapo parengiamojo laikotarpio programų veiksmingumas. Ugdymas. Kūno kultūra. Sportas, 2003, 5 (50),  58–63.

2. Rutkauskaitė, R. (2005). Meninės gimnastikos sportininkių varžybų laikotarpio rengimo ir parengtumo sąveika. Ugdymas. Kūno kultūra. Sportas. 2005,  4 (58), 49–55.

3. 
Rutkauskaitė, R., Skarbalius, A. (2006). Meninės gimnastikos sportininkių (9–14 metų) kūno sudėjimo ir sportinių rezultatų sąveikos ypatumai[image: image5.emf]Competitive microcycle
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The major propositions, the theoretical reasoning of the results and findings were announced in the European Congress of Sports Education, international and national scientific conferences: 

1. Rutkauskaitė, R., Skarbalius, A. (2003). Meninės gimnastikos specializuoto rengimo programų veiksmingumas parengiamuoju laikotarpiu. Sporto mokslas – realijos ir perspektyvos: respublikinė mokslinė konferencija: programa ir pranešimų tezės, Kaunas, 2003 m. lapkričio 20. Kaunas. p.110.

2. Miškinis, K., Rutkauskaitė, R. (2003). Sudėtingos koordinacijos sporto šakų atstovų kryptingumo ir pasitikėjimo savimi tyrimas. Sportas ir kūno kultūra: naujos perspektyvos: sporto mokslo konferencija: pranešimų tezės, Kaunas, 2003 m. balandžio 24. Kaunas, pp. 44–45. 

3. Rutkauskaitė, R., Skarbalius, A. (2005). The effectiveness of training programs of rhythmic gymnastics in the preparatory period. International Summer School for Young Researchers: Lecture Notes and Short Communicates, Warsaw – Piękna Góra, Poland, June 28 – July 5, 2003, June 12–19, 2004. Warsaw, p. 135–137.

4. Rutkauskaitė, R., Skarbalius, A. (2004). Technical fitness changes of young rhytmic gymnasts during macro-cycle. 9th Annual Congress of the European College of Sport Science: Book of Abstracts, July 3–6, 2004, Clermont–Ferrand, France. Clermont-Ferrand. p. 224.

5. Rutkauskaitė, R., Skarbalius, A. (2005). Meninės gimnastikos sportininkių kūno kompozicijos ir sportinių rezultatų sąveika. Sporto mokslas – 2005: Lietuvos mokslinė konferencija: programa ir pranešimų tezės. Lietuvos kūno kultūros akademija, Kūno kultūros ir sporto departamentas prie LR Vyriausybės, Kaunas, 2005 m. lapkričio 10 d. Kaunas,  pp. 65–66.
6. Rutkauskaitė, R., Skarbalius, A. (2005). Training and sport performance in rhythmic gymnastics during competition period. Scientific Management of High Performance Athletes’ Training: 8th International Sports Science Conference: Book of Abstracts, Vilnius, Lithuania, 25–26 February 2005. Vilnius, p. 33.

Structure and volume of the dissertation: The dissertation consists of introduction, research review, research methodology, research results, discussion, conclusions, references and appendixes. The volume of the dissertation is 183 pages. The research is presented in 55 tables and illustrated by 75 figures. The reference list contains 384 titles. There are 16 appendixes. 
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Material and methods
The study is based on the following methodological conceptions: 
1. Conception of Existential educational philosophy. According to it mission of education is to help the learner to anchor himself / herself in the space of his / her existence coping with internal and external inconsistencies (Bitinas, 1996; Jaspers, 1998), develop innate features, and consider the individuality of each learner. The main means of education is self-education. 

2. Theory of holistic education, which claims that everything is associated by the links of interaction and meaning, and changes in one system determine transitions in other systems (Cleark, 1990; Milerr, 1991).

3. Conception of humanistic pedagogy and psychology, which claims that coherent development of a personality, is the greatest value (Maslow 1959, 1971, 1979; Rogers, 1991; Роджерс, 1994; Bitinas, 1996). The aim of pedagogical evaluation is teach learners to evaluate themselves properly (Jovaiša, 2002). Sports activities among other spheres encourage psychological development of the personality, i.e. it increases self-esteem, self-confidence, and it ensures emotional contentment.
4. Athlete as a complex and dynamic self-regulating system. The latest research findings in science indicate that a complex and dynamic self-regulating system is hardly understandable or replicable; it is unpredictable and dynamic (Prigogine, 1997; Kauffman, 2000, Skytner, 2001, Skurvydas, 2001, 2003). Training and sports performance of athletes belong to complex, dynamic, nonlinear, self-regulating, unpredictable and hardly manageable systems. 

Subjects and experiment design: The research involved the training of 11–15 year old athletes in rhythmic gymnastics from the city of Kaunas, the changes in their sports performance during the period of four years (Fig.1). According to the year of the experiment there were 2–5 different training programs for athletes in rhythmic gymnastics from Kaunas Central Sports School (KCSS). The programs differed in the training loads, content and intensity. 

On the grounds of athlete training management criteria, the dissertational research included the following rhythmic gymnasts training management criteria:

· The duration, content, volume and intensity of the training load (Аркаев, Сучилин 1997; Медведева, 2001a; Карпенко, 2003; Созаньски, Полищук, 2004);

· The level of complexity of competitive activities (according to the techniques of body movements and movements with apparatus (Медведева, 2002);

· Body composition (body mass, body mass index and the amount of body fat (Vercruyssen, Shelton, 1988; Cigrovski, et al., 2002).
The pilot experiment was carried out in the first year of the longitudinal experiment. The experiment resulted in modeling 5 different training programs and establishing the structure of the content of the training programs for all four years, as well as athletes’ sports performance. The training loads protocols registered the time for choreography, element mastering, competitive routines and athletic training in each training session (Лисицкая и др., 1982; Jastrjembskaia, Titov, 1999). The efficacy of the training programs was established registering the realization of competitive activities under competitive conditions, according to the number of points received by the gymnast of each training program, according to the place won (the points awarded in the descending order). Participation of gymnasts in competitions was different because not all of them succeeded in winning the right to participate in more important competitions – national and international.
 Research hypothesis (H0) was that different training programs have the same impact on sports performance. The alternative hypothesis was that different training programs have different impact on sport performance (H1). Independent variables were the duration, content, volume, intensity of training loads, and the dependent variable was athletes’ sport performance. 

The aim of the pilot experiment was to ascertain the most effective training programs. The second experiment allowed giving up the least effective (A) training program. During the second year of the longitudinal research we tried to establish the impact changes of four different training models in different periods of the macro-cycle. Training and sport performance were evaluated using the same methods as in the pilot experiment. 
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Fig. 1. The logic of the experiment design 

In the course of the two first experiments additional analysis of the interaction of 9–13 year old gymnasts’ body composition and their sport performance was performed (n=41). The results of this analysis helped to formulate the further idea of the research: during the third experiment the registration of the body composition was applied to manage the efficacy of the three differently modeled training programs in each micro-cycle. 

During the fourth experiment the research structure included additional management criterion – intensity of training loads. We established the functional capacity of the gymnasts of the two training programs, which appeared to have been most effective before the fourth experiment. When we tried to establish if the training sessions and competitive loads matched the specificity of competitive activities, we registered the changes in the athletes’ heart rate during different training sessions. Besides the analysis of the energy structure of competitive activities we also assessed the lactates concentration in the body after each competitive routine – capillary blood samples were taken after 3 minutes after each competitive routine. 

In order to establish the changes in gymnasts’ sport performance certain field and physiological tests were carried out and anthropometrical indices were measured:

· before the experiment – at the beginning of the preparatory period;

· at the end of the experiment – at the beginning of the transition period. 

The following research methods were used in the dissertation:

1. The systemic method of literature review and theoretical analysis was applied in the formulation of the methodological background, research hypothesis, choosing methods of empirical research, analyzing and interpreting research results (Johnson, Nelson, 1986; Anzenbacher, 1992; Gall et al., 1996; Thomas, Nelson, 1996; Bitinas, 1996, 1998; Kardelis, 2002; Skernevičius, Raslanas, Dadelienė, 2004). 

2. Naturalistic educational experiment was used to establish the efficacy of training programs for women athletes in rhythmic gymnastics. Such research does not isolate the research subject from the natural environment and the research situation was not different from usual conditions (Bitinas, 1996; Kardelis, 2002). The dependent variable of the research was fitness (athletic, technical, mental and integral – which manifests in the competition results), and modeled training programs (duration, content of loads, volume and intensity) were chosen as independent variables.

3. Diagnostic research methods (anthropometry, testing) were applied estimating the changes of gymnasts’ sport performance:

· Anthropometry. Height in the standing position and body mass components (body mass, body mass index BMI, subcutaneous body fat layer in per cent (%), and kilograms (kg)).
· Athletic fitness. Athletic fitness of female athletes was estimated applying tests of flexibility, flexibility and balance, strength, muscular endurance, specific endurance, coordination abilities, explosive strength and movement abilities. Research presented absolute values of estimation of movement abilities, and the values estimated in points. The integral index estimating athletic fitness was received summing up the points of each test. Flexibility was evaluated using the tests of “bridge” and “splits” (Лисицкая и др., 1983; Jetrejambskaja, Titov, 1999; Говорова, Плекшань 2001; Карпенко, 2003); complex abilities of balance and flexibility were tested using the tests of “leg keeping” (Говорова,  Плекшань, 2001; Omar Ahmed Abd El Naiem Hassan, 2003); coordination – “10 seconds running into the rope” (Карпенко, 2003); muscular endurance – press-ups (Jetrejambskaja, Titov, 1999; Карпенко, 2003; Skernevičius et al., 2004), lifting legs (Jetrejambskaja, Titov, 1999; Карпенко, 2003), sit-ups (Jetrejambskaja, Titov, 1999;  Eurofitas, 2002; Skernevičius  et al., 2004); explosive strength – standing long jump on both feet (Eurofitas, 2002; Карпенко, 2003; Skernevičius et al., 2004); specific endurance – test of “jumping into rope with double turns” (Jetrejambskaja, Titov, 1999; Rhythmic Gymnastics World Class Potential/Performance, 2004).

· Changes of gymnasts’ technical fitness were registered during competitions according to the declared and realized coefficients of technical fitness – Difficult values and Artistic values (Abbruzini, 2004).

· Gymnasts’ mental fitness (subjective fitness for the competition – self-confidence) was evaluated before each competition. Self-confidence was evaluated applying methodology based on the Dembo-Rubinschtein (Столяренко, 2001) scale. Each subject evaluated herself before every competition: 10 points indicated the best mental fitness, and 1 point showed that the athlete was totally unprepared for the competition. 

· Aerobic capacity. The aerobic capacity of gymnasts was evaluated using the continuously intermittent treadmill test. During the whole research we registered vegetative and gaseous circulation indices with the help of gas analyzers (“Cortex 3B” and “Oxycon Mobile” – Jaeger & Germany) and heart rate measurement (heart rate measurer with memory Polar S601). 5 minutes after the beginning of the research capillary blood samples were taken from the fingertips to estimate the concentration of lactates using analyzer “Eksan-G Universal” (Kulis et al., 1988). 
4. Methods of mathematical statistics. In order to compare the data the mean (
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) and the standard deviation (SD) were calculated. Parametrical t test criterion for dependent and independent samples was used to evaluate the differences and the reliability of value differences, one-way analysis of variance – ANOVA (generalizing Student criterion for several independent samples) and  Kolmogorov-Smirnov test (applied when there were not many tested categories of variables – when the data of the fourth experiment were compared). The following reliability levels of statistical conclusions were used: p<0.05 – reliable; p<0.01 – very reliable; p<0.001 – absolutely reliable conclusion. Causal relations were determined applying correlation analysis (Pearson’s correlation coefficient r). The significance of training and fitness factors was established by factor analysis (principal factor analysis – communalities=multiple r2). All calculations were performed using computer programs MS Excel and STATISTICA. Questionnaire data were analyzed using χ² criterion (criterion of the independence of evidence (Čekanavičius, Murauskas, 2002; Pukėnas, 2005). Experimental data were described using 45–52 variables (the number of variables differed in different experiments), 44–52 of which were the aspects of training and fitness (X) and one was the final indicator of the efficacy of competitive activities (the mean of the points achieved by each gymnast) – Y. The principal factor analysis (communalities=r squares) was performed to estimate the interaction of the structure, the content and the volume of the complicated training process and fitness. For the evaluation of the complexity and the interaction of the training process and fitness and the training management the computer program SIMCA-P (www.umetrics.com) was chosen which evaluates multifactor changing (causal) relations with PLS (projections to latent structures) (Bergknut, 2006).
The energy structure and training load intensity were determined using:

1. Heart rate measurement – registering heart beat rate using heart rate measurer with memory (Polar Team System).

2. Biochemical blood testing: analyzer “Eksan–G” was used to estimate the concentration of lactates in the blood. 

3. Pedagogical observation. The competitive activities of gymnasts were recorded using digital video camera (50Hz frequency, Sony Digital 8-TRV320E). 

The research was carried out under the conditions of training sessions. Heart rate measurers registered the heart beat rates of the research participants in the course of the whole training session. Lactates samples were taken taking blood samples from the gymnasts’ fingertips before competition routines and 3 minutes after passive rest. General energy consumption (performing a competition routine in rhythmic gymnastics) was established adding the amount of energy produced by all three ways (Guidetti, et al., 2000; Beneke et al., 2004; Aleksandravičienė, 2005). 

Review of the Dissertation
The first part of the dissertation “Theoretical background of training optimization of athletes in rhythmic gymnastics” consists of five chapters. The first chapter “Training athletes as targeted educational process” analyzes the impact of sports activities on the well-rounded development of personality. It emphasizes the influence of sport on the personal growth, the function of sport as of a social phenomenon, the motives encouraging acting and striving to achieve, the interaction of a trainer and a trainee in the personal development of an athlete. 

The second chapter produces the developmental tendencies and trends in training in rhythmic gymnastics. The chapter contains the system of coordination sports and rhythmic gymnastics tendencies of development, which are under the influence of social factors, changes in the complexity of the model of competitive activities, tendencies in training and sport performance, provision and the spread of new technologies. The analysis of the tendencies let us claim that high levels of competition, professionalisation in modern sport, more and more complex competitive activities (Аркаев, Сучилин, 1997; Стамбулова, 1999; Knoll et al., 2000) increase the demands for all kinds of athletes’ sport performance, as well as the load volume and intensity (Krug, 1996; Аркаев, Сучилин, 1997; Knoll et al., 2000; Карпенко, 2003).
The third chapter presents the theoretical model of competitive activities of athletes in rhythmic gymnastics. Researchers’ opinions (Лисицкая и др., 1982; Jastrejembskaia, Titov, 1999; Abruzzini, 2004) about the structure of the model of competitive activities of athletes in rhythmic gymnastics differ, but they contain some general features describing this model, and in this chapter they are analyzed and grouped, producing a structure of the model of competitive activities. The main evaluation components of the complicated structure of coordination sports branches are defined, the research examining traits influencing the realization of successful competitive activities are presented. Though the opinions of researchers and rhythmic gymnastics experts (Лисицкая и др., 1982; Jastrejembskaia, Titov, 1999; Abruzzini, 2004) are different, athletic fitness greatly depends on anthropometrical data (Литовко, 1998; Литовко, Санжарова, 1998; Douda et al., 2005), complexity of all competition routines (Литовко, 1998; Литовко, Санжарова, 1998), risk, acrobatics (Литовко, Санжарова, 1998), and flexibility (Douda, et al., 2005).

The fourth chapter “The model of training and sport performance of athletes in rhythmic gymnastics” has been divided into four sections. Body composition of gymnasts is analyzed in one section. Much attention has been paid to the peculiarities of athletic training and fitness, links of athletic fitness with other fitness indices. Researchers (Лисицкая, 1984; Карпенко, 2003) agree that rhythmic gymnastics requires well-rounded athletic fitness; however, the most important movement abilities are flexibility and coordination (Лисицкая, и др., 1983; Кокошвили, 1984; Горбачева, Степанова 1997; Дячук, 2002; Карпенко, 2003). They suggest that the formation of motor potential in rhythmic gymnastics – the level of special abilities, which determine the entirety of movement abilities and technical fitness – (Менхин 1997; Макарова, Менхин, 1998) – should be started in the early periods of elementary training. Most attention is paid to technical training and fitness of women athletes in rhythmic gymnastics. The abundance and the variety of movements (Аркаев, Сучилин, 1997; Schmidt, Lee, 1999; Schmidt 2000), their complexity, (Krug, 1996; Jastrejembskaia, Titov, 1999; Карпенко, 2003), unity of body and tool actions (Кокошвили, 1984; Gou, Ma 2000; Savrami, 2004) ability to perform movements in all directions (Сосина, 1982, 1983, 1983a; Starosta, Fostiak, 2001) condition high results in rhythmic gymnastics. All this can be achieved when much attention is paid to the development of essential elements of gymnastics structural groups at an early age  (5–8 years) and using various tools (Лисицкая и др., 1982; Горбачева, Степанова, 1997; Архипова, 1998; Архипова, Карпенко, 1998; Jastrejembskaia, Titov, 1999; Miletić, Viskić-Štalec, 2002; Карпенко, 2003). The chapter also deals with the functional capacity and mental fitness of athletes in rhythmic gymnastics.

The fifth chapter “Long-term training and management of athletes in rhythmic gymnastics” presents long term training of gymnasts and the classification of long term training in complicated coordination sports. Though researchers keep to different opinions about the classification of athlete training periods, they appreciate the gradual and sustained training in each period. Researchers produce quite different classifications of long-term training of athletes in rhythmic gymnastics, which have direct impact on athletes’ training peculiarities (content, load volume and intensity). Thus, it is necessary to prepare a unanimous classification system of long-term training of athletes in rhythmic gymnastics, which would allow optimizing gymnasts’ training and finding exact management criteria. The chapter includes the comparative analysis of training loads in different periods of training and the tasks of each training period. It discusses the periodization of the yearlong training cycle, different training periods, micro-cycles, volume and intensity of training loads. Separate analysis is performed about the management of training athletes. We have not found any special research on training loads of athletes in rhythmic gymnastics and their management criteria (methods). The main approaches to planning athletic training in complex coordination sports in do not change, but there are some significant differences. The achievements of Lithuanian rhythmic gymnasts in the seventies and eighties let us claim that Lithuanian athletes in rhythmic gymnastics have potential capabilities to compete with elite gymnasts. However, the methods of training gymnasts have not been not scientifically grounded. Since Lithuania regained independence Lithuanian gymnasts have not achieved high results in the world and European championships. So, if we want to compete with elite athletes, we have to look for optimal training programs including all kinds of training and sport performance, allowing athletes expressing their powers and managing their training, and achieving high results in important international competitions. This makes the practical significance the research.

Research results and discussion
Optimization of training 11–12 year old athletes in rhythmic gymnastics

Training. Athletes in different training programs trained diversely – significant differences (p<0.001) occurred in the indices of training loads (from 8.3 to 14.7 hours a week), days of training (from 207 to 295 days a year) and training content. The most efficient program was B (483 points) with dominating choreographic training (28.2%).

Sport performance. Body composition indices of athletes did not differ statistically significantly (p>0.05). Statistically significant differences (p<0.05) were found in the indices of explosive strength and muscular, specific endurance coordination movement abilities and the integral index of athletic fitness. No statistically significant differences were established between athletic fitness indices of different training groups before the experiment and after it (p>0.05). At the beginning of the season realization of action techniques (coefficient of Difficulty) performing routines with tools was different between the groups (p<0.001). Indices of movements with tools of different training programs at the beginning and at the end of the season were also different (p<0.001). However, mean subjective self-evaluation of athletes’ fitness (self-confidence before the competition) during the whole season was not statistically different (p>0.05).

Interaction of training and sport performance. Training high performance and elite athletes, excessive physical loads were repudiated and the loads were rationally allocated with regard to time (Fitz-Clarke et al., 1991; Morton et al., 1997; Mester, Perl, 2000, 2001). Our research results confirmed this point – not always high physical loads were effective. During the pilot experiment athletes from program D (the third program according to the efficacy) were designated 704 hours for training in the annual macro-cycle, their training sessions occurred more often (295 times a macro-cycle), and they received higher medium loads per week (14.8 hours per week). Researchers (Jastrjembskaia, Titov, 1999; Карпенко, 2003) suggest that training loads in complex coordination sports for athletes from 12 years of age become greater and more intensive. 

Efficacy of specific competitive activities in rhythmic gymnastics mostly depends on the complexity of movement techniques (Литовко, 1998; Литовко, Санжарова, 1998). Thus, we chose separate medium indices of body movements and movements with tools and the training volume (hours per week) for the analysis of the interaction of training and fitness. The most effective training program B in the pilot experiment with moderate training load (595 hours a year) did not reveal linear interdependence of training load (hours per week) and general body movement technique (y = 0.0028x + 0.2355; r2 = 0.0126), i.e. applying such principle of increasing training load we could expect 1% of the improvement of body movement technique. The established negative changes in the body movement technique at the end of the season could be explained by fatigue (Busso et al., 1997; Pichot et al., 2002), variations of different inner systems of an athlete as a complex dynamic system (Perl, 2001; Perl, 2002). The weakening relation between training and fitness confirmed an idea of other researchers (Mester et al., 2000; Hartmann, Mester, 2000), that from the standpoint of a macro-cycle interaction between training and sports performance indices is neither significant nor efficient. 

Apatow (2001) suggests that choreography lays the background for the accurate performance of difficult movements. This kind of training dominated in the most effective program B (it was applied 28.23% on average in the season). 

Time allotted to the mastering of elements in program B changed from 11.7% to 37%. In the competition period researchers do not agree about the time that should be spared on mastering elements: some of them (Ночевная, 1990; Меканцишвили, 1991; Jastrejembskaia, Titov, 1999) suggest that it should be prolonged, others (Царькова, 1980; Медведева, 2001, 2002a) think that it should be shorter, but more time should be spent on training competition routines (number of combinations). 

Researchers (Царькова, 1980; Ночевная, 1990; Jastrejembskaia, Titov, 1999; Меканцишвили, 1991; Медведева, 2001, 2002a) claim that the duration of training competition routines should be greatly increased that the body functional powers could be improved and the stability and quality of the performed program could be maintained. Our research indicated that in different training programs the time allotted to the performance of competition routines had different impact on athletes’ sport performance.
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The content of the most effective training program which included choreographic training (27.6%), mastering elements (28.0%), mastering competition routines (30.4%) from the 17th micro-cycle in the competition period, enabled to improve the following indices of technical fitness of 11–12 year old medium level athletes in rhythmic gymnastics: body movement techniques – 16.1%, movement with tools techniques – 57.9%. (Fig. 2). We succeeded in maintaining and even improving them (body movement techniques by 5.6%, and movement with tools techniques – by 9.5%) for 11 weeks, where the training program of that period involved choreographic training (24.3%), element mastery (24.6%), mastery of competition routines (32.8%), and athletic training (18.3%). Unaltered athletic condition of gymnasts was maintained for 5 weeks, though the structure of the training program changed extending choreographic training (up to 30.4%) and element mastery time (up to 29.9%). Time for athletic training remained the same.
Fig. 2. Changes of the most effective program training load (%), content and complexity of technique in the micro-cycles during the pilot experiment.

The factor analysis (principal factor analysis – communalities=multiple r2) allowed dividing training and sport performance indices into five significant levels. The first level factor (F1), named as “factor of athletic and technical fitness indices”, showed general athletic fitness as the most significant feature (r=0.881), then the coefficient of general body movement technique (r=0.831), the coefficients of general movement with tools technique (r=0.792), routines with a ball (r=0.798) and rope (r=0.796) body movement technique. This factor encompassed 13 indices (out of 45), with the correlation coefficient higher than 0.700. The comparative value (sum) of the first factor was 15.87% from general dispersion (factor input). The second level factor (F2) involves indices of training load (training frequency) and content (athletic and specific training). The greatest value was attributed to number of training sessions a week (r=–0.718), time for athletic fitness in percent (r=0.700) and hours for competition routines (r=0.717). The value of this factor was 6.89%. The third level factor included indices of training loads (volume) and amount of body fat (kg). The most significant training hours a week (r=0.728). The fourth level factor (F4) was only the index (r=–0,581) of athletic fitness (test of muscular endurance). The fifth level factor (F5) includes the value of coordination in points, (r=–0.541). All five factors account for 32.73% of general dispersion. 

Factor analysis of separate training components allowed distinguishing two main factors the sum of which was 9.65%. The first level factor (F1), named “training load volume and specific training”. Included such indices as total training load of the whole macro-cycle (r=0.945), number of training hours per week (r=0.961), total number of training hours in the macro-cycle (r=0.762), absolutely significant time allotted to master competition routines (r=0.960), hours for choreographic training (r=0.855), and hours for the mastering of elements (r=0.789). Our research established negative correlations of athletic training in per cent (r=–0.911) and of time for the mastering of elements in per cent (r=–0.774). The second level factor (F2) included the number of training sessions per week (r=0.757) and choreographic training in per cent (r=–0.787).
Thus, effectual fitness of athletes was affected not only by choreographic training (which dominated in the most effective program B) (Apatow, 2001) and volume of the training load (Меканцишвили, 1991; Мухамед, 1999; Царькова, 1980), but also by another component of integral specific training – time for the mastering of competition routines. 

Factor analysis of sports performance indices allowed distinguishing three main factors, the value of which was equal to 19.70%. The first level – “technical fitness” – factor (F1) involved all indices of technical fitness (r ranged from 0.723 to 0.883), general athletic fitness (r=0.882), long jump test result (r=0.697) and points (r=0.798). The second level factor (F2) consisted of anthropometrical data and muscular endurance: body fat amount in per cent (r=0.617), body fat amount in kilograms (r=0.627), weight (r=0.557), muscular endurance result (r=–0.577). The third level factor (F3) included the body mass index (r=0.478).

The significance of factors of different kinds of training is very controversial (hours of choreographic training –  r=0.855, per cent – r=–0.787; time for the mastering of elements – (hours) r=0.789, per cent – r=–0.774); expressed in the units of measurement, let us think that the increase in training loads (absolute values – hours) enables the improvement of results, but the increase of per cent of separate kind of training, reducing the time for other kinds of training and not increasing the sum of time for training, disorganizes the structure of optimal training. 

Having grouped the results of different factor analyses (training and fitness; fitness, training) we can claim that the most important contributors seeking high results are all indices of technical fitness, integral index of athletic fitness, the volume of the training load of the whole macro-cycle, total number of training sessions in the macro-cycle, time (hours) for choreographic training and the mastering of elements, explosive strength and endurance. 
Interaction of the training content of 12–13 year old athletes in rhythmic gymnastics and their sport performance

Training. The indices of the training loads per week (from 10.2 to 14.2) and days of training (from 233 to 283 days a year) differed. During the macro-cycle the volume of training loads for gymnasts ranged from 561 hours (program E) to 772 hours (program D). This experiment confirmed the assumption of other researchers (Morton et al., 1990; Fitz-Clarke et al., 1991; Mester, Perl, 2000; Perl, Mester, 2001), with was confirmed in our pilot experiment, as well, that not always the highest training loads are the most effective: the highest training loads were found in program D (283 days of training, 772 training hours in the macro-cycle, 14.18±3.74 hours a week). Besides the variables that were investigated in the experiment, fitness and the effectiveness of competitive activities could be influenced by less experience in competitive activities of the gymnasts in the less effective training programs (Bompa, 1999; Avensianas, 2002). Choreographic training dominated in all training programs (from 28.9% to 35.8%). 
The training loads were statistically significantly different between: the competitive and training micro-cycles (in training program D), training and recovery (C, D, and E), accenting and competitive (D), accenting and recovery (B, C, D and E), competitive and recovery (B, C, D and E). The number of training days in particular micro-cycles (p<0.001) and the number of applied training loads (hours per week) (p<0.05) in training program B were different, too. In the competitive micro-cycle the time for choreographic training (from 27.8% to 37.5%) dominated in the content of all training programs (B–E). The most effective training program was program B (53 points) with dominating choreographic training (35.8%). The least effective training program was D – athletes participated in the competitions 10.2 times on average (from 3 to 15 times a year), their weak sport performance in the competitions of Kaunas city kept them form participating in the higher level competitions. 

Sport performance. No statistically significant differences were established between the body composition indices of athletes in all training programs comparing the indices of both tests (p>0.05). The integral index of sport performance was different at the beginning (p < 0.05) and at the end (p<0.01) of the season, besides our research established a slight tendency of deterioration sport performance indices. No statistically significant differences (p>0.05) were established between the indices of all movement abilities in different training groups before the experiment and after it. At the beginning of the season (p<0.001) and at the end of it (p<0.001) the realization of the body movement techniques with different tools was different. The body movement technique indices of training program B were the highest The mean subjective evaluation of ones own performance (self-confidence before the competition) was not statistically significantly different during the whole season (p>0.05).

Interaction of training and sport performance. Researchers (Hohmann et al., 2002; Perl et al., 2002; Perl, 2004; Bügner, 2005) suggest that knowing the quantitative parameters of training (Input) we can forecast the quantitative indices of sport performance. Specificity of rhythmic gymnastics which is linked to the qualitative indices of competitive activities (Popovic, 2000; Медведева, 2001a; Карпенко, 2003) limits such possibilities, thus the chosen indices of the efficacy of competitive activities – body movement technique and movement with tools difficulty (Output) – were evaluated applying the method of expert evaluation. 

The training loads (hours per week) applied in the competitive period had much influence on the complexity of general body technique and final sports result (polynomial equation: y=0.0015x2–0.0759x+0.4504; r2 = 0.4016). Training load had a slighter, yet significant, impact on the increase of the movement with tools technique coefficient – the movement with tools technique improved by 27 % (polynomial equation: y=0.0008x2–0.0233x+0.0561; r2 = 0.2742). Abundance and complexity in movements determine the efficient sport performance of athletes in rhythmic gymnastics (Аркаев, Сучилин, 1996; Литовко, 1998; Литовко, Санжарова, 1998), however, excessively high training loads could have negative impact on the accuracy and the technique of movements. Negative changes in the body technique indices (there was a remarkable decrease in the coefficients of the body technique indices in the most effective training program – from coefficient 4.57(1.12 to coefficient 4.24(0.74) at the end of the season could be caused not only by the training load and the content of the training program. That could be caused by fatigue (Busso et al., 1997; Pichot, et al., 2002), subjective judgment (Plessner, 1999; Ste-Marie, 1999; Popovic, 2000; Popovic et al., 2004), changes in the competition regulations (Abruzzini, 2004).

In the most effective training program the body movement technique of the 12–13 year old athletes stabilized or even became worse, but the movement with tools technique (the improving coefficient of technique) kept improving. Though there are different periods recommended for the improvement of coordination (Лях, 1996; Карпеев, 2000; Староста и др., 2000, Petkovic, 2004), in rhythmic gymnastics the best period for the coordination development in until 10 (Карпенко, 2003) or 12 years of age (Jastrejembskaia, Titov, 1999).

On the basis of our research results we suggest that the best time for the effective development of the body movement technique in rhythmic gymnastics is until 13 years of age, because later the coefficient (reserve) of this part does not increase; only the earlier learnt elements are improved. However, in less effective training programs there was a contradictory improvement of athletes’ body movement technique and movement with tools technique, but we can claim that those athletes were of retardant maturity type (they were of lower weight, height, they had less body fat, lower body mass index). At that time they had difficulties in competing with athletes of accelerant type, but in the future they could have better potential possibilities to seek for higher sports results, because in rhythmic gymnastics athletes of retardant type of maturity achieve higher results later (Georgopoulos  et al., 2001; Malina, 2002; Pietrzyk, 2003). This can be specified in the further periods of long-term training, but in the future those peculiarities should be considered when planning athletes’ training programs. 

Interaction of the content of micro-cycle training loads and sports performance. Not only the training loads, but also the consistency of the training content is of vital importance (Bompa, 1999; Martin, 1999; Martin et al., 1999). Technical training in rhythmic gymnastics (Лисицкая и др., 1982; Jastrjembskaia, Titov, 1999; Карпенко, 2003; Apatow, 2001), which encompasses mastering basic elements of combined events with and without tools, and choreography (elements of classical dancing at the gym wall and in the  middle which are construed into combinations), should be allotted most of the time. Technical (choreographic) training of the most effective training program greatly determined gymnasts’ technical fitness and their final sport performance (y = –0.0016x2 + 0.0888x – 0.5606, r2 = 0.5113). We suggest that while increasing the duration of choreographic training we can remarkably improve body movement technique, though the effect was not so great on the movement with tools technique. 

The variations in the time allotted to competitive routines (from 11.5% to 37.5%) (Houmard, Johns, 1994; Banister et al., 1999; Mujika et al., 1996, 1996a, 2002; Kubukeli et al., 2002) at this period allowed maintain the high adequate level of sports performance, and even improving the coefficient of movement with tools technique. We can presume that the duration of the mastering of the competitive routines could influence the realization of competitive routines and ensure the sport performance of a higher level. 

Interaction of the content of macro-cycle training loads and sports performance. Some authors (Bompa, 1999; Медведева, 2001, 2002, 2002a, 2002b) suggest that in the sports of complex coordination the training loads in the preparatory period are usually greater than in the competitive period. The volume and the intensity of the training loads in the preparatory period in rhythmic gymnastics (Царькова, 1980; Ночевная, 1990; Jastrjembskaia, Titov, 1999) are usually not so great because in the competitive period the time for mastering competitive routines and mastering element performance increases. In the most effective training program the competitive period training loads were moderately greater than in the preparatory period (12.2 and 10.3 hours per week respectively), and the average number of training sessions was less (5.4 and 5.6 training sessions a week). 

The data of our research brought up a question for discussion if the training of Lithuanian athletes in rhythmic gymnastics is adequate to that of elite gymnasts. The present situation in training gymnasts in Lithuania affirms that the tendencies of training and sport performance of elite gymnasts should be constantly studied and the training programs compared, so that we could adapt to constantly changing competition regulations determining training and sport performance, establish the advantages and disadvantages of available training programs and foresee the further trends with the aim of achieving similar sport performance. All this brings forward a scientific problem of the observation of training athletes (Mester, 1993; Martin, 1999; Hohmann et al., 2000; Mester, Perl, 2000; Perl, 2000, 2001, 2004; Perl, Mester, 2001; Edelmann​​​​​​-Nusser et al., 2002).

Peculiarities of transitions in the volumes and the contents of the training loads in the preparatory period. In the preparatory period athletes in complicated coordination sports have to enlarge the functional powers of their bodies, their special abilities, to master new difficult elements and to improve their competition routines (Медведева, 2000, 2002b). The training loads of the most effective program ranged from 7.8 to 13.5 hours per week. Introductory mezzo-cycle was intended for athletic training and mastering new and old elements. The first mezzo-cycle applied for athletes in this program fully corresponded to the scientific recommendations (Ночевная, 1990; Царькова, 1980; Медведева, 2002a): week 1 – high loads and high intensity to master new difficult elements; week 2 – high loads and high intensity to improve the techniques and quality performance of the elements learnt; week 3 – high loads with high intensity to master competitive routines; week 4 – recovery time with lower loads and moderate intensity – revision of competitive routines. Variations in training loads during the first competitive, the second basic and the third modeling mezzo-cycles, and the remarkable reduction of training loads at the beginning of the tapering mezzo-cycle using the method of fast load reduction (Morton et al., 1990; Fitz-Clarke et al., 1991; Busso et al., 1992; Banister et al., 1999; Mujika et al., 2004) let us expect higher results and technical sport performance during the second mezzo cycle. 

Peculiarities of transitions in the content of micro-cycle training loads in the preparatory period. Different training loads of the micro-cycle were applied using the principle of gradual training load increase (Медведева, 2000, 2002b). On Wednesdays and Thursdays in the training and competitive micro-cycles athletes received higher loads, and in the accented micro-cycle higher loads were applied three days in turn (from Tuesday till Thursday), which allowed athletes to prepare for the competition properly saving their strength and adapting to the loads applied (Perl, 2004). 
Peculiarities of transitions in the content of micro-cycle training loads in the competitive period. At the end of the period of sports specialization (Лисицкая и др., 1982; Jastrjembskaia, Titov, 1999) the increasing demands of competitive programs and the increasing number of competitions a year foregrounds the athletes’ functional, technical and athletic fitness (Каледина, Земсков, 1999; Полищук, 2001; Douda et al., 2000, 2004). The existing problem is of the consistency of the training content and loads during the whole season so that athletes could maintain high levels of sport performance and, in particular, high results in competitions. This is possible only adjusting training loads and intensity (Mester, 1993; Banister et al., 1999; Mester, Perl, 2000; Edelmann​​​​​​-Nusser at. al., 2002; Hohmann et al., 2000, 2002; Mujika et al., 2002). Two waves of increasing loads in one micro-cycle are usually recommended when training athletes in rhythmic gymnastics (Аркаев, Сучилин, 1997; Jastrjembskaia, Titov, 1999). In the most effective training program we distinguished two moments of the load increase in the competitive micro-cycle (on the third and the fifth day of the week) (Fig. 3).
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 ±SD) of the 12–13 year old athletes in rhythmic gymnastics in the most efficient training program (B) in the experiment of content transition during the competitive period competitive micro-cycle (10 micro-cycles)

12–13 year old athletes in the most effective training program (B) (Fig. 4), which involved choreographic training (34.6%), element mastering (22.7%), mastering of competition routines (22.4%), and athletic training (20.3%) from the 20th till the 33rd micro-cycle, demonstrated the improvement in the following indices of technical fitness and sport performance: body movement technique – 15.5%; movement with tools technique – 10%. The achieved level of sport performance was maintained for 10 weeks, when the training program consisted of choreographic training (32.5%), element mastering (20.2%); mastering of competitive routines (30.3%) and athletic training (17.0%). The duration training competitive routines varied most of all (from 16.5% to 27.5%).


Fig. 4. Transition of training loads (hours per week), content (%), and complexity of techniques of the 12–13 year old athletes in rhythmic gymnastics in the most efficient training program (B) in the experiment of content transition during the macro-cycle 


Indices of training and sport performance were divided into five levels of factor significance: the first factor – “indices if technical and athletic fitness”, the second factor – “training loads and content”, the third factor – “athletic training and performance, and choreographic training”, and the fourth factor – “body composition, flexibility and coordination”. The value of the fifth factor was only 2.83%, and it was not possible to distinguish the value of any index. All five factors account for 34.93% of general dispersion. In the first level factor (F1) – “indices if technical and athletic fitness” – all indices of technical fitness had most remarkable factor values the significance of which ranged from r=0.871 to r=0.703. The integral index of athletic fitness was rather significant (r=0.854), explosive strength (r=0.743), specific endurance (r=0.708), and strength endurance – test of “lifting legs” (r=0736). All in all the factor consisted of 15 indices (out of 44) the correlation coefficients of which were higher than 0.699. The relative value (sum) of the first factor was 15.00% from the general dispersion (factor input). The second level factor (F2) – “training loads and content” – consisted of such indices as time allotted for practicing the competitive routines in hours (r=–0.836) and per cent (r=0.836), number of hours a week (r=–0.821), number of hours of a macro-cycle load (r=–0.809), time (hours) allotted for choreographic training (r=–0761). The value of indices of this factor was 7.26%. The third level factor  (F3) – “athletic training and sport performance, and choreographic training” – which made up 5.51% from general dispersion, consisted of time allotted for choreographic training in per cent (r=–0.782), speed test indices in points (r=0636) and muscular endurance – press-ups (r=0.636). The fourth level factor (F4) – “body composition and flexibility” made up 4.30% of general dispersion. Athletes’ body mass index (r=–0.599), body fat in per cent (r=–0.538) and in kilograms (r=–0.524) adversely correlated with their sports performance, i.e. higher results were produced by athletes with lower body mass indices and less body fat. Flexibility and coordination were also significant in sport performance (flexibility – “splits” (r=0.526) and “leg keeping” (r=0.522). 


As it was in the first experiment, efficient training of athletes was highly determined by technical body movement and movement with tools complexity, the significance of which was also established by other researchers (Литовко, 1998a; Литовко, Санжарова, 1998b), as one of the most important conditions for the efficacy of competitive activities. 


Factor analysis of separate training components let us distinguish two main factors the sum of which was equal to 10.45%. The first level factor (F1) (7.21%) – “training loads and specific training”, which consisted of the following indices: number of hours of training per week (r=0.967), general training load in the whole macro-cycle (r=0.953), time allotted for choreographic training in hours (r=0.928), time for mastering competitive routines in hours (r=0.917), time for mastering competitive routines in percent (r=0.879), general number of training sessions in a macro-cycle (r=0.847) and number of training session a week (r=0.782). Time (in per cent) allotted for mastering elements adversely correlated with sport performance. The second level factor (F2) (3.23%) consisted of time allotted for choreographic training (r=–0.966) and athletic training (r=0.850) in per cent, as well as for mastering elements in per cent (r=0.708 and athletic training in hours (r=0.730).


Thus, after the first and the second experiment registering training loads hours appeared to be more significant than in percent. Registering time for competitive routines was equally significant in hours and in percent – as a kind of specific integral training (Платонов, 1986, 1997; Tuennemann, 1996). Choreographic training as a dominant component of all training programs was significant to sport performance, especially for athletes in the most effective training programs (Apatow, 2001). As it was in the pilot experiment, the significance of factors of different kinds of training expressed in different units of measurement is contradictory (choreographic training – in hours: r=0.928; in per cent: r=–0.966; time for practicing elements – in hours: r=0.708; in per cent: r=–0.895). It confirms the idea that increasing the training loads in hours we can expect progress in sport performance, but after increasing the training load in percent we can get quite an adverse result.


Factor analysis of sport performance indices let us distinguish four main factors the sum of which was equal to 24.73%. The first level factor (F1) (13.52%) was named as “technical fitness”. It consisted of all indices of technical fitness (correlations ranged from 0.745 to 0.895), general athletic fitness (r=0.871), explosive strength (r=0.768) and coordination (r=0.714). The second level factor (F2) (4.95%) involved indices of body composition (body mass: r=0.671), speed  (r=–0.831), and muscular endurance (r=–0.831). The third level factor (3) (3.39%) involved flexibility and coordination abilities (r=0.571). The fourth level factor (F4) (1.56%) involved body mass index (r=0.527). At this age of athletes the greater the body mass index (16.3±2.63), the easier for them is to achieve high sport results. This not only confirms the idea stated above that athletes producing higher levels of sport performance were of accelerant type of maturity (Georgopoulos et al., 2001; Malina, 2002; Pietrzyk, 2003), but it emphasizes the increasing importance of body composition indices to the efficacy of realization of competitive activities (Pietrzyk, 2003) and the decisions of the referees (Павлова, 1988; Popovic, 2000; Douda, 2000; Nordin et al., 2003; Popovic et al., 2004).

Having grouped the results of different factor analyses (training and sport performance; sport performance, training) we can claim that all indices of technical fitness, integral index of athletic fitness, explosive strength and endurance are significant in seeking for high sport results.

Changes in specific training ad sport performance of 13–14 year old athletes in rhythmic gymnastics

Training. Training of athletes in three training programs trained unlike – their training loads were significantly different (p<0.01) – from 10.28 to 12.91 hours a week, as well as the indices of the training days – from 5.43 to 4.17 days a week. 


13–14 year old athletes in rhythmic gymnastics in the most effective training program (B) in specific training in our experiment received the highest loads (283 days of training in the macro-cycle, 5.44 training sessions a week on average, all in all 674 hours of training, averagely 13.0 hours a week). However, if we compare those loads with the loads of elite gymnasts (20–28 or even more hours of training a week, 11.1 training sessions a week (Карпенко, 2003; Худолей, 2004; Gymnastics Injury Review), the loads applied to our gymnasts are not so high. The increase in the training loads depended not on the training plans of athletes, but also on the level of their fitness. Besides, social factors (facilities, possibilities to us them, educational possibilities of athletes, absence of centralized systems of training high performance athletes in Lithuania) also played an important role. If we seek high results, training loads should be increased to the beginning athletes – to 14.45 hours a week, and to 26–28 hours a week in their specialization period (Худолей, 2004).

Training parameters – training loads and content were different in the course of the whole macro-cycle and in different training periods (p<0.05). The percentage structure of the training content did not differ much in each training period. Statistically significant differences (p<0.05) were found in the duration of mastering elements (p<0.02) in the most effective training program (B), time for athletic training in program C (p<0.05). The percentage structure of the training loads in program E did not differ statistically significantly (p>0.05).

Sport performance. The most effective training program was B 533 (points) with choreographic training dominating in it (35.8%). The least effective program was D (240 points), where each gymnast collected 48.0 points on average. The age, height, weight, and body mass index of the subjects in different groups (B, C, D, and E) did not statistically differ (p>0.05) either before or after the experiment. The body fat in percent and in kilograms was different before the experiment (p<0.05), but after the experiment no statistically significant differences were established (p>0.05). The integral index of gymnasts’ athletic fitness was different at the beginning of the season (p < 0.05). The differences between the muscular test results diminished, too (evaluation of “press-ups” in times and points, “sit-ups” in points), but there appeared a difference between the indices of coordination abilities (“10 seconds running into the rope” in points) (p<0.05). Though there were positive alterations in the indices of all movement abilities, but no statistically significant differences were established between the indices of athletic fitness in different training groups before the experiment and after it (p>0.05). At the beginning of the season (p<0.001) and at the end of it (p<0.001) the realization of the body movement technique performing routines with different tools was different. Such tendency remained after the experiment (at the end of the season C – 3.43(0.50 and E – 3.59(1.02). Coefficients of different routines with tools did not differ significantly (p>0.05) (from 4.18 to 3.52 coefficient). In different training programs indices of movements with tools before the season (p<0.001) and at the end of the season (p<0.001) were different. At the end on the season the highest coefficients of difficulty were demonstrated by athletes in training program B (3.03(0.94) and D (3.16(1.02). The subjective evaluations of ones own sport performance (self-confidence before the competition) between various groups were not statistically significantly different (p>0.05).

Interaction of training and sport performance. Analysis of interaction of training and sport performance comparing internal (indices of moderately mastered body movements and movements with tools) and external (training loads in hours per week) (Perl, 2001; Hohmann et al., 2000) factors (in the most effective training program correlations between body movement techniques and program training loads were r=–0.514; polynomial interdependence: y=–0.0003x2+0.0008x+0.0369; r2 = 0.4553; and between movement with tools techniques and training loads: r=0.658; and polynomial interdependence: y = 0.0006x2 –0.0186x+0.0894; r2 = 0.4069) partly differs from what other scientists (Hartmann, Mester, 2000; Mester et al., 2000) suggest, that from the standpoint of a macro-cycle the interaction between the indices of training and sport performance is neither significant nor effective. In the pilot experiment the established interaction was not significant or effective. According to some researchers (Perl, 2001, 2004; Witte, 2002; Bügner, 2005), the contradictions in the management of training are natural, because due to the inner changes of an athlete the same training loads can produce different sport performance. 
Adverse changes in the indices of body technique (the indices of technique in the most effective training program decreased from coefficient 4.1 to coefficient 3.3) at the end of the season confirm the supposition raised in the previous stage of the research that the increase in difficulty of body technique stabilizes – only the number of mistakes becomes less, but movements with tools are practiced and improved further on. This confirms what other researchers (Староста, и др., 2000; Карпенко, 2003) suggest: the best age for developing coordination abilities is up to 12–13.

Training loads had had diverse impact on the body composition of athletes. It did not have significant impact on the body weight: the correlation in program B was: r=–0.038, and in program C it was r=–0.109. However, in program E (r=–0.314) training loads (hours a week) had greater influence on the changes in their body weight: the more the loads increased, the more the weight reduced. Training loads had impact on the changes in the body fat for athletes in program B (r=–0.290) and C (r=–0.168), but no impact was noticed for athletes in program E (r=0.023). In program B most of all training loads affected the changes in body mass index (r=–0.529): with the increase of the training load the body mass index decreased. In other training programs training loads did not have significant impact on the body mass index of athletes (r=–0,133 in program C and r=–0.228 in program E).

The analysis of the body composition data was not easy because 13–14 year old athletes were growing and maturing, and the weight of some athletes altered by 10% between the first and the last testing. Thus, the peculiarities of maturation could also have had impact on the changes body weight indices (Malina, Bouchard, 1991, 1994; Malina, 2002; Malina, et al., 2005). 

The decrease (p>0.05) in the body fat of athletes in all training programs at the end of the season could be explained by the fatigue of athletes, and body fat accumulations might have been used for the realization of competitive activities (Heyward, Stolarczyk, 1996).

Interaction of training loads and sport performance. Effective training of athletes in program B (11–12 and 12–13 years of age) was determined by the dominance of choreographic training. At this period of training the program was distinguished by the time for the mastering of competitive routines (33.57% on average). Researchers (Лисицкая и др., 1982; Jastrjembskaia, Titov, 1999; Apatow, 2001; Карпенко, 2003) suggest that choreographic training should be sufficient in all periods of training, but it should become more difficult, more choreographic elements should be performed without support, in all directions and with frequent turns (Лисицкая и др., 1982; Jastrjembskaia, Titov, 1999; Wolf-Cvitak et al., 2002; Карпенко, 2003; Wolf-Cvitak, 2004). It should be noted that elite gymnasts spend 45 minutes six times a week for choreography (Apatow, 2001; Карпенко, 2003). Our training programs contained 52 minutes 4.4 times a week (program B). In the most effective training program the reduced time for choreography (in %) affected the changes in training and sport performance (body movements and movements with tools) – the changes in the movement techniques can be explained by the following slight positive dependence: 20% (y=0.0001x2+0.0002x–0.0197; r2 = 0.2039), and in the movement with tools technique – negative dependence of 13% (y=–0.0003x2 + 0.0123x– 0.0782; r2 = 0.1398). 

Our research data suggest that in this period of training the influence of choreographic training on body movement and movement with tools technique is not so great. It means that more time on choreographic training should have been spent in the earlier periods of training. If we wanted to compete with elite gymnasts, the loads of choreographic training were insufficient.

In this period of training in rhythmic gymnastics the value competitive activities much depend on the individual style of a gymnast, her artistry and ways of expression (Jastrejembskaia, Titov, 1999; Карпенко, 2003). Those qualities can be demonstrated only after having mastered the competitive routines.  So, in the period of individualized training the importance of mastering elements for technical fitness diminished. As researchers suggest (Царькова, 1980; Меканцишвили, 1991; Jastrejembskaia, Titov, 1999; Карпенко, 2003; Wolf–Cvitak, 2004), much time should be spent for competitive routines, and separate elements and parts of those routine  would be practiced together with them.  

Mastering competitive routines dominated in the specific training of 13–14 year old athletes in program B of our experiment. It was chosen as an expression of specific training with the aim of individualizing training for competitive routines (Jastrejembskaia, Titov, 1999; Карпенко, 2003). Besides improving competitive routines other components of integral training let us expect the improved sport performance of athletes (Платонов, 1997; Tuennemann, 1996). 
The most effective training program, which included choreographic training (30.3%), element mastering (19.6%), mastering of competitive routines (37.3%) and athletic training (12.8%) since the 17th micro-cycle, improved the indices of technical fitness of 13–14 year old moderate sport performance athletes in rhythmic gymnastics: body movement technique (21.1%), tool technique (30.5%) (Fig. 6). 
Fig. 6. Changes in the volume of training loads (%) and complexity of the content and technique in the most effective training program in the experiment for 13–14 year old athletes in rhythmic gymnastics during the macro-cycle 

The achieved level of performance of movements with tools (6.35%) was improved in 14 weeks, in the training program of the following structure: 27.2% of choreographic training, 21.95% of element mastering, 40.3% of mastering competitive routines, and 13.1% of athletic training. The stable level of tool technique was maintained till the end of the season (7 micro-cycles), but body movement technique almost did not change, and even diminished till 21.1% in 7 micro-cycles.
Factor analysis allowed us to group the indices of training and sport performance into five main factors according to their significance. All five factors accounted for 40.45% of general dispersion. The first level factor (F1) consisted of coefficient indices of movement with tools technique: rope (r=0.883), ball (r=0.723), and ribbon (r=0.761), and average coefficient of the technique of all tools (r=0.849). Marked factor values were also attributed to explosive strength (r=0.873), and the evaluation in points (r=0.819), strength endurance (r=0.827) and (r=0.795), speed (r=0.756) and integral index of athletic fitness (r=0.881). The first factor also included the training loads in the macro-cycle (r=0.826), hours of training per week (r=0.776), the time for mastering elements in per cent (r=–0.820), and the time for integral training in per cent (r=0.822). All in all the factor consisted of 13 indices (out of 44), the correlation coefficients of which were higher than 0.700. The comparative value (sum) of the first factor was 17.03% form general dispersion (factor input). In comparison with other experiments the value of technical fitness decreased and the values of different indices of athletic fitness for the final sports results increased. The second level factor (F2) – “training” consisted of such indices as time for choreographic training in per cent (r=0.945) and hours (r=0.915), time for competitive routines in per cent (r=0.945) and hours (r=0.903), number of training sessions per week (r=0.708), strength endurance (r=0.807). The negative value of this factor was attributed to time for athletic training in per cent (r=–0.832) and time for mastering elements in hours (r=–0.763). The value of this factor was 10.48%. The third level factor (F3) – “strength endurance, flexibility – coordination and body composition” accounted for 6.92% from general dispersion. The most significant correlations were established between body movement techniques with a rope (r=–0.725), strength endurance (r=–0.720) and evaluation in points (r=–0.720), flexibility and coordination (r=–0.704 and r=–0.795). Positive correlations were established for body fat amount in percent (r=0.664). The fourth level factor (F4) took only 3.65% of the comparative value of all factors. The index of “body weight” had the highest value (r=0.515), other indices did not have any significant impact. The fifth level factor (F5) had even lower value – 2.34%, and the greatest value of it belonged to the body mass index (r=–0.600).

We can claim that athletic fitness of athletes becomes more significant for the stabilizing indices of the difficulty of technique. Due to athletic fitness technique becomes more accurate and the number of mistakes diminishes (Менхин, 1997; Менхин, Макарова, 1997). Inadequate sports performance of athletes could be explained by insufficient training earlier (Jastrejembskaia, Titov, 1999; Карпенко, 2003). The body composition indices appeared to be even more significant, as some researchers suggest (Pietrzyk, 2003).

Factor analysis of separate components of training let us distinguish two main factors, the sum of which was 11.04%. The first level factor (F1) – “volume of training loads and specific training” – was composed of the following indices: number of training sessions a week (r=0.964), time for the mastering of competitive routines (r=0.94) in hours and (r=0.837) in percent, time for choreographic training in hours (r=0.927) and in per cent (r=0.835), general number of training sessions in the whole macro-cycle (r=0.929), hours for athletic training (r=0.922), time for integral training in per cent (r=0.861) and number of hours for training a week (r=0.827). Negative correlations in this factor were established for the time to practice elements in percent (r=–0.704). The second level factor (F2) consisted of the general training load in the whole macro-cycle (r=0.711), athletic training in percent (r=0.851) and time for practicing elements in hours (r=0.7907).

The values of integral-specific training and the significance of mastering competitive routines, established in this experiment, should be linked to the growing individualization of training (Morton et al., 1990; Mujika et al., 1996a, 1996b; Morton, 1991, 1997; Banister at al., 1999; Avalos et al., 2003), however, a higher level of significance was expected from the impact of this kind of training. 

The factor analysis of sports performance indices allowed us to distinguish three main factors, the sum of which was 25.71%. The first level factor (F1) was composed of 12 different indices with correlation coefficients higher than 0.700. The greatest value could be attributed to strength endurance – test of “lifting legs” result (r=0.920) and points (r=0.892), explosive strength result (r=0.858) and points (r=0.854), integral index of athletic fitness (r=0.840), skipping rope (r=0.805), ball (r=0.742), ribbon (r=0.708) and the coefficient of the average technique with all tools (r=0.802), speed (r=0.725) and body weight of athletes (r=0.696). The second level factor (F2) – “strength endurance, flexibility, coordination and body composition” – the value of which was 6.0%, included such indices as the coefficient rope movement with tools technique (r=–0.766), flexibility (r=–0.751), body fat amount in percent (r=0.729), strength endurance (r=–0.678) and evaluation in points (r=0.678), and flexibility – coordination (r=–0.659). The third level factor (F3) attributed the highest value to the height of athletes (r=0.637), and the comparative value of this factor was 3.4%. The fourth level factor (F4) consisted of coordination abilities (r=0.554 and r=0.533), and body mass index (r=–0.575). It accounted for 1.73% of general dispersion. The fifth level factor  (F5) accounted for 1.61% of general dispersion, and the flexibility test had the greatest value in this factor (r=–0.604). 

In the most effective training program the sports performance was mostly influenced by general movement with tools technique, body with a ribbon and body with a ball technique. Other indices were not reliable. Compared with the earlier experiments, the significance of indices of technique to the sports performance of athletes in the most effective training program diminished. Athletes producing higher levels of sports performance evaluated themselves worse than athletes who did not demonstrate high performance, but this index was not reliable. 

Indices of all kinds of technique were important to athletes in less effective training programs, too, but the indices of athletic fitness were not reliable almost for all f them. Such interaction could have been conditioned by uneven potential possibilities of athletes, thus, the average index of their sports performance had high values of deviations. It shows that training athletes should be individualized in the earliest periods of training (Morton et al., 1990; Mujika et al., 1996, 1996a; Morton, 1991, 1997; Banister et al., 1999; Avalos et al., 2003). The lower body height and weight were also significant for the results. 

After grouping the results of different factors (training and sports performance, sports performance, training), we can state that the most important factors for good results are explosive strength, strength endurance, coordination and the integral index of athletic fitness. Techniques with tools (skipping rope, ribbon, ball and average technique of all tools) were also of great importance. At this period of training the significance of training factor was not so great, thus, the significance of sports performance and technical fitness could have been conditioned by training loads applied in the earlier periods.  

Athletic training and sports performance of 14–15 year old athletes in rhythmic gymnastics

Training. The yearly macro-cycle for training 14–15 year of athletes in rhythmic gymnastics consisted of 286 training sessions in program E and 302 training sessions in program B. The yearly training load did not differ significantly (from 672 to 697 hours) (Table 1).

Table 1. Parameters of training loads in different training programs of 14–15 year old athletes in rhythmic gymnastics during the whole season

	Parameters of training loads
	Training groups

 (
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 ±SD)
	Mean 

 (
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 ±SD)
	Kolmogorov–Smirnov Z test;
 p level 

	
	B
	E
	
	

	Number of training sessions a year
	302
	286
	289(11.31
	

	Number of hours in a macro-cycle 
	697
	672
	675.6(77.68
	

	Number of training sessions a week
	5.6(0.73
	5.4(0.81
	5.5(0.78
	p=0.10

	Number of hours a week
	12.5(2.70
	12.3(2.44
	12.4(2.56
	p=0.10

	Number of competitions a year
	5–10

7.8(2.58
	2–12

8.4±3.91
	2–12

8.1±3.14
	

	Number of competition days
	29 days (duration of a competition (3 h)
	


Rational harmonization of training loads and intensity time is a precondition of successful management of training athletes (Morton et al., 1990; Fitz-Clarke et al., 1991; Mester, Perl, 2000). In the period of sports performance perfection and seeking for high sports results (Douda et al., 2002; Карпенко, 2003; Лисицкая и др., 1982) the training loads of 14–15 year old athletes in rhythmic gymnastics become greater and more intensive (Fan, Tang, Zhao, 2004). In this experiment the training loads for athletes were 697 hours in a macro-cycle and 12.5 hours a week (training program B), and 672 hours in a macro-cycle, 12.3 hours a week for program E. Comparing with elite gymnasts (Карпенко, 2003; Худолей, 2004), the training loads were not so high.
No statistically significant differences were established in the number of training days in the competitive and the preparatory periods (p>0.05). Different kinds of training dominated in different training programs in the preparatory period: competitive routines in program B (32.21%), and choreographic training in program E (31.66%). In the competitive period the athletes in both training programs spent more time on competitive routines (B – 39.39%, and E – 32.08%).

The training intensity in both training programs did not differ significantly during the micro-cycles (p>0.05). Training load intensity was different in different micro-cycles. The most intensive training occurred in the accented micro-cycle (the longest duration of one training session, the biggest sum of heart beats during the whole training session, the highest maximal, average and minimal heart rate). The intensity of the training loads in this micro-cycle was close to the intensity in the competitive period (established in the city competitions). In the accented micro-cycle the heart beat rate of athletes in both training programs was higher than in the competition period activities (p>0.05).

Sports performance. The most effective program was E (358 points), with dominating time for choreographic training (30.9%). The age, weight, body mass index and body fat (%) indices of athletes in both programs (B and E) did not statistically significantly differ before the experiment (p>0.05), but athletes in program E were statistically significantly lower in height (p<0.05). After the experiment the body weight and height indices differed statistically significantly: athletes in program E were of lower height and weight, but the body mass index was almost identical (19.01 and 18.89), and did not differ significantly (p>0.05). 

Comparing body composition indices of competitive and non-competitive micro-cycles, it was established that in competitive micro-cycles the body weight, body fat and body mass index of all gymnasts were greater, though not significantly (p>0.05). In both training programs the athletes were averagely 300 g heavier during the competitive micro-cycle. The greater amount of body fat was established in the athletes in program B (0.4% on average) while in program E it was 0.2%. 

At the beginning and at the end of the experiment the integral index of athletic fitness in points did not differ statistically significantly (p<0.05) in both training programs. However, statistically significant differences (p<0.025) were established in the indices of explosive strength, coordination abilities, and specific endurance. After the experiment statistical differences between the training groups were found only in gymnasts’ specific endurance (p<0.05).

At the beginning of the season the realization of body movement with different tools technique was not different (p>0.05), but at the end of the season body movement technique of gymnasts in group B was better (the mean coefficient of technique was 3.82 points) (p<0.001), compared to group E (3.32). The indices of movement with tools technique in both groups were only slightly different at the beginning of the season (p>0.05): from coefficient 3.62(0.67 (ribbon) to coefficient 4.60(0.76 (hoop) on average. At the end of the season the highest mean coefficients of the difficult movement with tools technique were achieved by athletes in program B (4.43(0.88). 

The indices of aerobic fitness in both programs were not statistically significantly different (p>0.05). In program B the athletes’ maximal oxygen consumption (VO2max – 50.46 ml .min-1.kg-1) was 2.86 ml.min-1.kg-1 greater than in program E (47.60). Though the average HRmax index of athletes in program E was greater (200.66±10.51 ml .min-1.kg-1) than in program B (196.65±5.03), but the established differences between athletes in both training programs were not statistically significant (p>0.05). In both training programs the general energy consumption in competitive activities was different. Though athletes in the more effective training program E were more self – confident, the indices of self – confidence of athletes in both training programs differed rather slightly (p<0.05).

The interaction between training loads and technical fitness. The training loads applied to both training programs were rather similar (12.54 hours per week in program B, and 12.27 hours per week in program E), but they had different impact on athletes’ technical fitness. Researchers (Hohmann et al., 2000; Perl, 2001a; 2001b) claim that each system reacts differently to the applied impact according to its own adaptation processes, thus the training loads of the same volume and content can have a different impact on athletes sports performance (Witte, 2002; Perl, 2000, 2001, 2002, 2003; Bügner, 2005). The worse quality of body movement technique could be explained by the increased body weight of athletes, which might have affected the experts’ evaluations (Павлова, 1988; Georopoulos et al., 1999; Popovic, 2000; Pietrzyk, 2003). 

The greatest interdependence between the training load (hours per hour) and the body composition was established the training process in program B. It was found that with the increase of the training load the body weight (r=–0.384), the body fat (r=–0.116) and the body mass index decreased. The impact of training loads for the best athletes in both training groups was controversial: in program B the increased training load diminished the body weight, body fat (%) and body mass index of the best gymnast, and in program E it was vice versa – all those indices increased. 

Interaction between the content of the training loads and sports performance. In this experiment the training programs consisted of choreography (47.91 min 4.08 times a week in program B, and 56.35 min 4 times a week in program E. Compared to the data of the earlier experiment, athletes in program B have less hours for choreography (p>0.05) a week (in 2004–2005 – 52.67±7.85 min/training session., and in 2005–2006 – 48.00±6.80 min/training session) and fewer times a week (in 2004–2005. – 4.42±1.17 time a week, and in 2005–2006 – 4.08±1.08 times a week) (p>0.05). In program E it was fewer times a week (in 2004–2005 – 4.88±0.97 times a week, and in 2005–2006 – 4.0±0.62 times q week) (p<0.001), but more hours (in 2004–2005 – 49.18±9.75 minutes a training session, and in 2005–2006 – 56.79±7.72 minutes a training session). As some researchers suggest (Лисицкая, 1982; Jastrjembskaia, Titov, 1999; Apatow, 2001; Карпенко, 2003) the time for choreographic training should not be reduced because it could cause deterioration in technical fitness. 

The average athletes’ body movement technique in group E was worse than in group B at the end of the season, but gymnasts in training program E demonstrated more even body movement (y = –0.002x2 + 0.0855x + 2.8777; r2 = 0.343) and movement with tools (y = –0.0024x2 + 0.1184x + 3.0036; r2 = 0.3883) technique (in program B athletes’ body movement technique was (y = –0.0019x2 + 0.0882x + 3.1237; r2 = 0.2871), and movement with tools technique – (y = –0.0011x2 + 0.0569x + 3.9609; r2 = 0.0748)). The mean variations in the inner systems (sports performance) (Perl, 2001, 2004) can be caused by inadequate training loads (Busso et al., 1994; Busso et al., 2002; Thomas, Busso, 2005). The increased time for mastering competition routines in our experiment (from 18.5% to 46.2%) determined the level of technical fitness. On the other hand, reducing training loads and increasing intensity could produce better results (Mujika et al., 1996a; Banister et al., 1999, Kubukeli et al., 2002).

Adverse changes in the body movement with a ball technique and movement with tools technique indicated that gymnasts had difficulties adapting to the new program (the new tool was included into the program a year and a half ago) (FIG, UEG). Besides, after changing the competition regulations (Abruzzini, 2004), the dominating flexibility elements limit the gymnasts’ possibilities to demonstrate better technique. At this age period the flexibility movement abilities become stable and start decreasing (Jastrjembskaia, Titov, 1999; Староста и др., 2000; Карпенко, 2003).

Time for mastering competitive routines in program B was effective for body movement technique (y = –0.0008x2 + 0.0551x – 0.4007; r2 = 0.5221), but it was not so effective in program E (y = 0.0003x2 – 0.0125x – 0.0579; r2 = 0.1421). Mastering competitive routines, which dominated in program B) influenced movement with tools technique (y = –0.0008x2 + 0.0511x – 0.3621; r2 = 0.4659). However, mastering competitive routines was not so significant for body movement technique for gymnasts in program E (y = 0.0004x2 – 0.0069x – 0.2206; r2 = 0.314). During this period of training competitive routines occupy almost all the time of the training session. Researchers (Jastrjembskaia, Titov, 1999; Карпенко, 2003) recommend the following structure of training athletes in rhythmic gymnastics according to the micro-cycle: parts of a routine (dividing it into four parts) performed four times, then performing 1–4 routines with music and with three different tools. Our research established that the subjects of the experiment usually performed two routines with two different tools during a training session. Such training inadequacy could influence the limited possibilities of our athletes to compete with elite gymnasts.

In this period athletic fitness of gymnasts became more stable (in program B the integral index of athletic fitness was lower to the end of the season compared to the beginning of the season). Time for athletic training was reduced a year ago (for 13–14 year old gymnasts), which had impact on their technical fitness. In our experiment athletic fitness had an adverse effect on gymnasts’ technical fitness in program B: both body movements (y=0.0008x2– 0.0529x+0.3843; r2=0.5251) and movements with tools (y=0.0007x2– 0.0482x+0.3441; r2=0.4753). 

In this experiment the gymnasts increased their body fat, and this could have influenced the indices of their athletic and technical fitness (Heyward, Stolarczyk, 1996). Besides, more body fat and bigger body weight negatively affect the evaluations of the referees (Павлова, 1988; Georgopoulos et al., 1999; Popovic, 2000; Nordin et al., 2003; Pietrzyk, 2003).

From the 16th micro-cycle the structure of the most effective training program in the competition period was the following: 30.7% of choreographic training, 17.8% of mastering of elements, 31.4% of mastering competition routines, and 20.1% of athletic training. (Fig. 7). 




Fig. 7. Changes in the training loads (%), training content and the difficulty of technique in different micro-cycles in the most effective training program for 14–15 year old gymnasts in the experiment of athlete training intensification 

Such structure of the training content enabled the 14–15 year old gymnasts to improve their body movement technique indices by 16.7%, but the movement with tools technique fell off by 5%. It was established that the indices of the difficulty of the technique kept decreasing till the end of the season (the rest 7 micro-cycles). Higher results could have been achieved due to minor changes in the training content and training load in different micro-cycles 

Interrelation of training and sports performance factors. In this experiment the interaction of training and sports performance was evaluated using more variables than in the previous experiments. The experiment included indices of aerobic fitness (VO2max l/min; VO2max, ml.min-1.kg-1; HRmax; VEmax; BRmax). 

The indices of training and sports performance were distributed into five main factors on the basis of factor analysis. All five factors accounted for 44.38% of general dispersion. The first level factor (F1) included all the training components. Most influential were choreographic training in hours (r=0.874) and percent (r=0.874), and athletic training in hours (r=0.874) and percent (r=0.874). Negative correlations were established between other components of training loads and content (r=–0.874). The first factor also included such indices as specific endurance (r=–0.800), explosive strength (r=–0.794), maximal oxygen consumption by athletes (VO2max relative) (r=–0.704), technique of routines with a rope (r=–0.885) and body movement technique (r=–0.738) routines with a hoop (r=–0.798), ribbon (r=–0.771) and the average body movement technique with all tools (r=–0.743). The bigger height of athletes adversely related with higher sports results (r=–0.89). The value of all indices accounted for 20.41% of general dispersion. The second level factor (F2) – “athletic fitness” – included 10 indices with correlations higher than 0.700, accounting for 11.24% of dispersion. The most significant indices were strength endurance (r=–0.717, r=–0.897 and r=–0.868), flexibility (r=–0.868 and r=–0.791), flexibility and coordination (r=–0.786). From the standpoint of results significant indices were of the routine with a ribbon technique (r=0.781) and body mass index (r=0.831). The third level factor (F3) distinguished one significant index – body movement technique of a routine with a ball (r=0.647). Other indices were not so significant. The total value of this factor was 7.04%. The fourth level factor (F4) included body fat amount in percent (r=0,871) (the greater amount of body fact was more beneficial for better results). The value of this factor was 3.85% of general dispersion. The fifth level factor (F5) involved body movement technique of the routine with clubs (r=0.538). 

In the most effective training program the indices of difficulty of technique and training loads were slightly lower than the same indices in the less effective training program. In this period pf training it is worth noting the significance of the factor of training content and training load. However, registered training loads allowed establishing only the general tendencies of the improvement of sports performance in training athletes (Bügner, 2005), a more detailed analysis of interaction of training and sports performance is possible in a case study registering the plan of individual training (Morton et al., 1990; Mujika et al., 1996, 1996a; Morton, 1991, 1997; Banister et al., 1999; Avalos et al., 2003), and more often testing sports performance (Mester, Perl, 2000; Perl, 2001, 2002).
In both training programs the evaluation of training content structure and efficacy in points did not differ much compared to other experiments, thus the significant impact of training content and training loads on sports performance was not established. All training indices were named as equally significant: choreographic training in percent and hours, and athletic training in hours (r=–0.976), and correlation between other training components was r=0.975. 

Factor analysis of sports performance indices distinguished four main factors the sum of which was 32.33%. The first level factor (f1) (13.17%) included 14 indices of technical fitness, athletic fitness and body composition. Their correlations ranged from –0.891 to 0.715, and the relations of all indices adversely correlated with sports results (except for body mass index (r=0.715)). The second level factor (10.49%) included body movement with a ribbon technique (r=–0.902) and the mean coefficient of movement with tools technique (r=–0.879), then coefficients of routines with clubs (r=–0.767), ribbon (r=–0, 757), the average technique of body movements with all tools (r=–0.714), maximal heart rate (determined when the loads were gradually becoming more difficult) (r=–0.712). the greater body weight of athletes adversely affected their sports performance (r=–0.828). The third level factor was not so significant (4.17%). Its value was influenced by such indices as movement with clubs technique (r=–0.784) and the second ventilating threshold (r=–0.762). The fourth level factor accounted for 4.17% value. It was affected by the indices of body fat in percent (r=–0.751) and breath rate (r=0.656).

In the experiment of intensifying training it was established that technical fitness had a slighter effect on sports performance. This tendency remained even in this experiment. Athletes in the most effective training program could have collected more points due to fewer mistakes of performance. We also established the significance of aerobic fitness of athletes, but, compared to other research (Douda et al., 2000, 2005), we expected greater significance.  

The results of athletes in the most effective training program are mostly linked to maximal oxygen consumption and   maximal heart beat rate. The significance of other indices did not meet the reliability requirements. Athletes’ sports results were affected by all indices of technical fitness and flexibility. High indices of body mass adversely affected sports performance, but this index hardly fit the limits of reliability.  

CONCLUSIONS

1. Effective sports performance of 11–12 year old athletes in rhythmic gymnastics was greatly affected by all indices of technical fitness (r=0.723÷0.883), integral index of athletic fitness (r=0.881), explosive strength (r=0.739), and endurance (r=0.700). Significant changes of results could be explained not only by the changes in choreographic training, but also in the components of specific training, especially the time for mastering competitive routines (r=0.717) and optimal training loads (11.5±2.8 hours per week). The impact of body compositions indices, compared to other factors, was not great (r=0.478÷0.557) on the sports performance of athletes at this age. 
2. Effective sports performance of 12–13 year old athletes in rhythmic gymnastics was conditioned by all indices of technical fitness (r=0.745÷0.895), integral index of athletic fitness (r=0.854), separately – explosive strength (r=0.743), and endurance (r=0.708). At this age of athletes in rhythmic gymnastic the significance of body composition indices for sports performance became greater: lower body mass index (r=–0.599), body fat index (r=–0.538). Effective sports performance was also preconditioned by dominating choreographic training (34.6%), more time for mastering competitive routines (up to 30.3%), changes in training loads in different micro-cycles – applying two waves of increasing loads a week.
3. In the period of individual training of 13–14 year old athletes in rhythmic gymnastics time for mastering competitive routines (r=0.945) and integral training (r=0.861) became more significant for the efficacy of athletes’ sports performance. The indices of movement with different tools technique became more significant (r=0.708÷0.805), and the indices of difficulty of body movement technique remained stable. The most important factors influencing sports performance were explosive strength (r=0.819), strength endurance (r=0.794), coordination (r=0.756), and the total integral index of athletic fitness (r=0.840). 
4. Sports performance of 14–15 year old athletes in rhythmic gymnastics was mostly influenced by the time for the mastering of competitive routines (r=0.836), however, the research did not establish differences in intensifying training. The tendency of decreasing significance of technical fitness on sports performance, typical of 13–14 year old athletes, remained for 14–15 year old athletes, as well. Besides the importance of integral athletic fitness, explosive strength, and strength endurance, the research established the significance of aerobic fitness (r=0.704) for sports performance. Moreover, compared to other experiments, the significance of body composition indices increased: body height (r=–0.819), body weight (r=–0.657), and BMI (r=–0.836).
5. Body composition indices become more significant to older and high performance athletes in rhythmic gymnastics. 

6. In all periods of training sports performance of 11–15 year old gymnasts was mostly affected by the integral index of athletic fitness, explosive strength (r=0.647÷0.886), and endurance, as well as all indices of technical fitness.  Body composition indices become more significant for the sports performance of 13–15 year old gymnasts. Those indices could be considered as indices evaluating sports performance in rhythmic gymnastics, and as criteria of training management. 

7. Optimal long-term sports performance of 11–15 year old gymnasts in rhythmic gymnastics is determined by:

· The dominating program of difficult body movement technique and choreographic training, applying moderate training loads, in the basic period (11–13 years of age);

· The dominating program of the special training period for 14–15 year old gymnasts, including movement with tools technique and specific training (competitive routines), applying intensive training loads.

Athletic training receives particular attention in all training periods (11.0–22.0%).

Practical recommendations and applications

1. Lithuanian coaches in rhythmic gymnastics should observe, analyze and be aware of the tendencies in training elite gymnasts and apply this experience training Lithuanian athletes in rhythmic gymnastics. 

2. 11–12 year old gymnasts should harder develop their technique. 

3. 12–13 year old gymnasts should pay particular attention to choreographic training.

4. 14–15 year old gymnasts should pay particular attention to competitive routines. 

5. In all training periods the management of training athletes in rhythmic gymnastics should be based on the evaluation of athletes’ technical and athletic fitness, and as early as possible the body mass components.

Practical applications

The models of optimal training in rhythmic gymnastics were applied training gymnasts in Kaunas city. The athletes achieved the following results:

· In 2006 the second place in the national championship in rhythmic gymnastics, in 2004–206 the 1st – 3rd places in Lithuanian group championships;

· Eight athletes were taken to the national team;

· In the European championship of 2005 three athletes took the 22nd place, and in the European championship of 2006 two athletes won the 17th place.

Reziumė
Mokslinė Problema ir aktualumas

Konkrečios sporto šakos savitumai kelia tam tikrų reikalavimų sportininkams (Rushall (1995) ir kartu formuoja asmenybės ypatybes, reikalingas sėkmingai spręsti varžybinės veiklos uždavinius. Meninė gimnastika – tai sporto šaka, pasižyminti itin ankstyva sportininkių atranka (Лисицкая и др., 1982; Карпенко, 2003; Balyi, 2001, 2001a, 2004), intensyviu rengimu vaikystės ir paauglystės metu (Горбачева, Степанова, 1997; Беклемишева, 1998; Jastrejembskaia, Titov, 1999; Карпенко, 2003) bei ankstyva karjeros pabaiga (Стамбулова, 1999).  

Meninės gimnastikos atstovių sportinės veiklos sėkmė labai priklauso nuo įgimtų, genetiškai nulemtų organizmo anatominių, funkcinių, psichinių ypatumų, kurie, veikiami rengimo vyksmo iki tam tikros ribos kinta (Jastrejembskaia, Titov, 1999; Карпенко, 2003). Pastaraisiais metais meninės gimnastikos elito sportininkių varžybinės veiklos programa vis sudėtingėja: gimnastės ankstyvame specializacijos etape turi įsisavinti didelį kiekį techniškai sudėtingų elementų, kad vėliau jų pagrindu būtų galima sudaryti originalias programas ir kompozicijas, kurios padėtų išreikšti sportininkės individualybę (Krug, 1996; Аркаев, Сучилин, 1997; Стамбулова, 1999; Knoll et al., 2000; Карпенко, 2003). Tai didina reikalavimus visoms sportininkių parengtumo rūšims, dėl to savo ruožtu didėja krūvių apimtys bei intensyvumas. Dar nepakankamai ištirta meninės gimnastikos sportininkių varžybinės veiklos adaptacija fiziniams krūviams, rengimo ir varžybinės veiklos intensyvumas, varžybinės veiklos energinės sandaros ypatumai. Mokslinių publikacijų šiais probeliminiais klausimais beveik neaptikta. Moksliniais tyrimais nenustatyta skirtingų rengimo etapų (bazinio ir specialaus), skirtingo amžiaus ir meistriškumo meninės gimnastikos sportininkių rengimo modeliai ir parengtumo  modeliai bei jų sąveika. 
Teikti teiginiai leido suformuluoti tokius tyrimo probleminius klausimus: 

· Kokios meninės gimnastikos sportininkių rengimo programos turi veiksmingą poveikį dinamiškai kintančiam jų parengtumo modeliui,

· Kokie reikšmingiausi rengimo veiksniai ir parengtumo rodikliai leistų optimizuoti kryptingą daugiametį 11–15 metų meninės gimnastikos sportininkių rengimą, 

· Kokiais valdymo kriterijais remiantis galima optimizuoti meninės gimnastikos sportininkių parengtumą?

Šios problemos  leido suformuluoti tyrimo hipotezę – 11–15 metų meninės gimnastikos sportininkių optimalų parengtumą sąlygoja vyraujantis bazinio (11–12) etapo sudėtingos kūno veiksmų ir specialaus (13–15) etapo sudėtingos veiksmų su įrankiu technikos rengimo modelis
Tyrimo tikslas – nustatyti 11–15 metų meninės gimnastikos sportininkių optimalų rengimo ir parengtumo modelį ir jų sąveiką

Tyrimo uždaviniai: 

1. Nustatyti 11–12 metų meninės gimnastikos sportininkių rengimo optimizavimo prielaidas.
2. Nustatyti rengimo turinio kaitos poveikį 12–13 metų meninės gimnastikos sportininkių parengtumui.

3. Išsiaiškinti specifinio rengimo įtaką 13–14 metų meninės gimnastikos sportininkių parengtumui.
4. Nustatyti 14–15 metų meninės gimnastikos sportininkių optimalų intensyvaus rengimo modelį. 

5. Įvertinti kūno kompozicijos rodiklių kaitos poveikį 9–15 metų meninės gimnastikos sportininkių sportiniams rezultatams.

6. Nustatyti 11–15 metų meninės gimnastikos sportininkių rengimo ir parengtumo sąveikos ypatumus.
7. Sukurti optimalų 11–15 metų meninės gimnastikos sportininkių rengimo modelį.

Tyrimo teorinė reikšmė:

1. Teoriškai pagrįstas ir susistemintas meninės gimnastikos varžybinės veiklos modelis, meninės gimnastikos elito sportininkių rengimo tendencijos ir parengtumo ypatumai.

2. Parengtas 11–15 metų meninės gimnastikos sportininkių rengimo ir  parengtumo optimalus metamodelis.

3. Nustatytas meninės gimnastikos sportininkių rengimo modelių rodiklių poveikio parengtumui lygmuo.

4. Rasti  meninės gimnastikos sportininkių rengimo rodiklių  optimizavimo kriterijai.  

Praktinė  reikšmė: 

1. Rasti Lietuvos  meninės gimnastikos sportininkių rengimo trūkumai ir parengtumo skirtumai, lyginant su elito sportininkėmis, leis treneriams taikyti šiuolaikines sportininkių rengimo technologijas.

2. Prieduose (Nr. 1–14) pateiktos konkrečios 11–15 metų meninės gimnastikos sportininkių rengimo programos leis treneriams kryptingai rengti sportininkes. 

3. Nustatytais 11–15 metų meninės gimnastikos sportininkių rengimo ir parengtumo sąveikos kriterijais treneriai galės valdyti sportininkų rengimą. 

Gynimui teikiami šie esminiai tyrimo rezultatai:

1. Meninės gimnastikos bazinio rengimo etapo (11–12 m.) sportininkių rengimo ir parengtumo modeliai bei jų sąveika. 

2. Meninės gimnastikos sportininkių (12–13 m.) rengimo ir parengtumo skirtingais periodais modeliai bei jų sąveika.

3. Meninės gimnastikos sportininkių specifinio rengimo etapo (13–14 m.)  rengimo ir parengtumo modeliai bei jų sąveika. 

4. Meninės gimnastikos sportininkių 14–15 metų intensyvaus rengimo ir parengtumo modeliai bei jų sąveika. 

Disertaciniame darbe panaudoti šie tyrimo metodai:

1. Formuluojant tyrimo metodologines nuostatas, tyrimo hipotezę, tikslus ir uždavinius, pasirenkant empirinio tyrimo metodiką, analizuojant, lyginant ir interpretuojant tyrimo rezultatus buvo taikytas sisteminis mokslinės literatūros ir teorinės analizės metodas (Johnson, Nelson, 1986; Anzenbacher, 1992; Gall et al., 1996; Thomas, Nelson, 1996; Bitinas, 1996, 1998; Kardelis, 2002; Skernevičius, Raslanas, Dadelienė, 2004).
2. Meninės gimnastikos sportininkių rengimo programų veiksmingumui nustatyti taikytas natūralus ugdomasis eksperimentas. Toks tyrimas neišskiria tyrimo objekto iš natūralios aplinkos ir tiriamoji situacija iš esmės nesiskyrė nuo įprastų sąlygų (Bitinas, 1996; Kardelis, 2002). Šio eksperimento priklausomas kintamasis parengtumas (atletinis, techninis, psichinis ir integralusis – išreikštas varžybiniu rezultatu), o nepriklausomas modeliuotos rengimo programos (krūvių turinys, apimtys ir intensyvumas). 
3. Diagnostinio tyrimo metodai (antropometrija, testavimas) buvo taikomi nustatant ir įvertinant gimnasčių sportinio parengtumo kaitą.

4. Matematinės statistikos metodai. Duomenims palyginti nustatomas aritmetinis vidurkis (), vidutinis standartinis nuokrypis (SD). Reikšmių skirtumų patikimumui ir skirtumui nustatyti taikytas parametrinis (t test) kriterijus priklausomoms ir nepriklausomoms imtims, vienfaktorinė dispersinė analizė – ANOVA (Stjudento kriterijaus apibendrinimas keletui nepriklausomų imčių) bei Kolmogorovo –  Smirnovo testas (taikytas kai testuojamųjų kintamųjų kategorijų buvo nedaug – buvo lyginami ketvirto eksperimento duomenys).

1. Išvados:

2. Veiksmingam 11–12 metų meninės gimnastikos sportininkių parengtumui reikšmingą poveikį turi visi techninio parengtumo rodikliai (r=0,723÷0,883), integralusis atletinio parengtumo rodiklis (r=0,881), staigioji jėga (r=0,739) ir ištvermė (r=0,700). Reikšmingą įtaką rezultatų realizavimui turi ne tik svyruojantis choreografinio rengimo vyravimas, bet ir specifinio rengimo komponentai, ypač varžybiniams pratimams tobulinti skirtas laikas (r=0,717) bei optimalūs krūvių dydžiai (11,5±2,8 valandų per savaitę). Šio amžiaus sportininkių parengtumui kūno kompozicijos rodiklių įtaka varžybinės veiklos modelio rodikliams, lyginant su kitais veiksniais, nėra didelė (r=0,478÷0,557).

3. Veiksmingą 12–13 metų meninės gimnastikos sportininkių parengtumą sąlygoja visi techninio parengtumo rodikliai (r=0,745÷0,895), atletinio parengtumo integralusis rodiklis (r=0,854), atskirai – staigioji jėga (r=0,743) ir ištvermė (r=0,708). Šio amžiaus meninės gimnastikos sportininkių parengtumui kūno kompozicijos rodiklių įtaka pradeda ryškėti: reikšmingi buvo mažesni kūno masės indekso (r=–0,599), riebalinio audinio rodikliai (r=–0,538). Veiksmingą sportininkių rengimą reikšmingai sąlygoja choreografinio rengimo (34,6%) vyravimas, ilginamas varžybiniams pratimams atlikti skirtas laikas (iki 30,3%) ir skirtingų mikrociklų rengimo krūvių kaita – per savaitę taikant dvi krūvių didinimo bangas.

4. Sportinių rezultatų siekimo etapo metu išryškėjo 13–14 metų meninės gimnastikos sportininkių varžybiniams pratimams tobulinti skirto laiko (r=0,945) bei integraliojo rengimo (r=0,861) reikšmė sportininkių varžybinės veiklos veiksmingumui. Išryškėjo veiksmų su atskirais įrankiais technikos reikšmė (r=0,708÷0,805), o kūno judesių technikos sudėtingumo rodikliai nusistovėjo. Svarbiausi veiksniai, nusakantys geriausius rezultatus yra staigioji jėga (r=0,819), jėgos ištvermė (r=0,794), koordinacija (r=0,756) ir susumuotas integralusis atletinio parengtumo rodiklis (r=0,840). 
5. 14–15 metų meninės gimnastikos sportininkių parengtumui didžiausią įtaką (r=0,836) turėjo varžybiniams pratimams tobulinti skirtas laikas. Techninio parengtumo poveikis sportiniams rezultatams yra reikšmingas, tačiau jis reikšmingesnis yra jaunesnio amžiaus (r=0,849÷0,725) ir meistriškumo sportininkėms, o gerėjant sportininkių meistriškumui – jo poveikis mažėja ir tampa nekintantis (r=–0,885÷0,560) kvalifikuotų sportininkių parengtumui. Be atletinį parengtumą apibūdinančio integraliojo rodiklio, staigiosios jėgos ir ištvermės rodiklių įtakos, nustatyta ir aerobinio pajėgumo (r=0,704) reikšmė sportiniams rezultatams. Kūno kompozicijos rodikliai reikšmingą poveikį turi (ūgio – r=–0,819, svorio – r=0,657 ir KMI – r=0,836) vyresnio amžiaus (14–15 metų) ir didesnio meistriškumo sportininkių parengtumui.
6. Kūno kompozicijos rodikliai reikšmingesni yra vyresnėms ir didesnio meistriškumo meninės gimnastikos sportininkėms.
7. Visais rengimo etapais 11–15 metų meninės gimnastikos sportininkių parengtumui reikšmingiausią įtaką turi atletinio parengtumo integralusis rodiklis, staigioji jėga (r=0,647÷0,886) ir ištvermė bei beveik visi techninio parengtumo rodikliai. 13–15 m. sportininkių rezultatams vis didesnę reikšmę turėjo kūno kompozicijos rodikliai. Šiuos rodiklius galima laikyti meninės gimnastikos sportininkių parengtumą įvertinančiais ir rengimo valdymo taikytinais kriterijais. 
8. Nustatyti (11–15 metų) meninės gimnastikos sportininkių rengimo modeliai: 
· vyraujanti bazinio etapo (11–13 metų) sudėtingos kūno judesių technikos ir choreografinio rengimo, taikant vidutinės dydžių apimties krūvius, programa, 

· vyraujanti specialiojo rengimo etapo (14–15 metų) judesių su įrankiais technikos bei specifinio rengimo (varžybinių pratimų tobulinimo) taikant intensyvius krūvius rengimo programa,

· visais rengimo etapais skiriamas ypatingas dėmesys atletiniam rengimui (11,0–22,0%)

patvirtino iškeltą tyrimo hipotezę.

Praktinės rekomendacijos ir pritaikomumas 

1. Lietuvos meninės gimnastikos treneriams nuolat stebėti, analizuoti ir žinoti elito meninės gimnastikos sportininkių rengimo tendencijas ir jų patirtį taikyti rengiant Lietuvos sportininkes.

2. 11–12 metų meninės gimnastikos sportininkių labiau lavinti techniką. 

3. Rengiant 12–13 metų meninės gimnastikos sportininkes ypatingą dėmesį skirti choreografiniam rengimui. 
4. Rengiant 14–15 metų meninės gimnastikos sportininkes ypatingą dėmesį skirti varžybinių pratimų atlikimui.
5. Visais rengimo etapais  meninės gimnastikos sportininkių rengimą valdyti nustatant jų techninį ir atletinį parengtumą, o nuo kuo jaunesnio amžiaus nustatant kūno masės komponentus.

Praktinis pritaikomumas
Sukurti meninės gimnastikos  optimalūs rengimo modeliai taikyti rengiant Kauno miesto sportininkes, kurios pasiekė sportinių rezultatų:

· 2006 m. metais Lietuvos meninės gimnastikos čempionate užėmė 2 vietą, 2004–2006 m. Lietuvos grupinių čempionatuose užimtos 1–3 vietos;

· į šalies rinktinę pateko 8 sportininkės;

· 2005 metų Europos meninės gimnastikos grupinių pratimų čempionate 3 sportininkės užėmė 22  vietą, o 2006 m. Europos meninės gimnastikos čempionate 2 sportininkės 17  vietą. 

About the author

Renata Rutkauskaitė was born on June 26, 1976 in Kaunas

Office address:
Lithuanian Academy of Physical Education



Sporto str. 6, LT–44221 Kaunas, Lithuania

E–mail:
            r.rutkauskaite@lkka.lt, gimnastika@gmail.com
Education:
1996–2000 Studies at the Faculty of Sport Pedagogic at Lithuanian Academy of Physical Education – Bachelor Degree


2000–2002 Studies at the Faculty of Sport Pedagogic at Lithuanian Academy of Physical Education – Master Degree of Sport Science 


2002–2006 PhD studies at Lithuanian Academy of Physical Education

Professional 
since 2003 Junior scientific worker at Laboratory of sport 

Experience
performance management, Lithuanian Academy of Physical Education


Since 2005 Instructor–Manager at Kaunas Center Sport Schooll Gymnastics Department 

Apie autorių

Renata Rutkauskaitė gimė 1976 metų birželio 26 dieną Kaune.

Adresas: 
Sportininkų rengimo laboratorija, Lietuvos Kūno Kultūros Akademija, 
      
Sporto g. 6, LT–44221 Kaunas, Lietuva

El. paštas: 
                   r.rutkauskaite@lkka.lt
, gimnastika@gmail.com
Išsilavinimas:
1996–2000 LKKA, Pedagoginis fakultetas – bakalauro laipsnis

2000–2002 LKKA, Pedagoginis fakultetas – sporto magistro laipsnis


                    2002–2006 LKKA, Edukologijos doktorantūros  studijos

Profesinė 
nuo 2003 metų Lietuvos Kūno Kultūros Akademija, 

patirtis:
Sportininkų rengimo valdymo laboratorija – jaunesnioji mokslo darbuotoja

nuo 2005 metų Kauno Centro Sporto mokyklos gimnastikos skyriaus metodininkė–instruktorė
Funkcinis pajėgumas





Funkcinis pajėgumas









































PAGE  
1

_1230484794.unknown

