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ABSTRACT

BIOLOGICAL ADAPTATIONS IN PREPUBERTAL 
AND PUBERTAL BOYS: HEREDITY AND TRAINING

by

Apostolos Danis 

 The aim of this study was to investigate: a) the possibility and the extent of 

the adaptation of the human organism before and during adolescence under the 

influence of training and b) the relative importance of heredity and training to 

adaptation.

 Nine pairs of male monozygotic twins aged 11 to 14, of height 147.4 7.6

cm and weight 39.7 9.6 kg, without any previous systematic participation in 

training, were selected for this study. Twin zygocity was tested using 

morphological, dermatoglyphical and haematological methods, and Tanner’s 

method (1962) was used for the evaluation of biological maturation. Only one 

twin in each pair undertook training with running for 6 months, 3 times per 

week, with duration of 1-1.5 hours and an intensity of 85-120% of the 

anaerobic threshold (AT). The other twin comprised the control group and took 

part together with his brother only in the course of physical exercise of their 

school. Any possible participation of the twins in other physical activities was 

checked every week by a questionnaire. 

 Measurements took place before, in the middle and after the training and 

included: anthropometry, determination of the VO2 max and the AT (4 mmol/l) 

on the treadmill, evaluation of the running economy (consumption of O2) and 

study of the kinetics (increase and recovery) of VO2, VE, VCO2 and HR, in 

two constant speeds, under and above AT, determination of the maximal blood 

lactate concentration after a supramaximal running effort for 300 m, evaluation 

of the anaerobic alactic capacity (time in a 60 m run and peak blood lactate 

concentration) and performance in endurance running (2 and 5 km). 



 No significant difference existed between the twins of the experimental 

(E) and control (C) group before training. Significant differences (p<.05) 

however, were observed after the training in the VO2 max/kg (E: 57.5 3.6, C: 

55.4 3.3 ml/kg/min) and in the AT (E: 13.4 1.1, C:12.7 1.1 km/h). The 

increase was 10.6  and 18.2% in group E (p<.01) and 2.7 and 6.8% in group C 

(p>.05) respectively. A significant change only in group E (p<.05) was 

recorded in the following parameters: a) percentage of body fat (decrease from 

17.8 to 16.2%), b) sum of skinfolds (decrease 9.2%), c) somatotype (decrease 

of the endomorphy from 2.66 to 2.23, the mosomorphy from 4.79 to 4.61, and 

increase of the ectomorphy from 3.31 to 3.74), d) VO2 /kg at the AT (increase 

8.7%), e) kinetic of the VO2 during recovery after running under and above AT 

(decrease of t1/2 13.1 and 8.6% respectively), and f) time in a 60 m run 

(decrease 4.1%). Also a significant greater decrease of blood lactate 

concentration and HR was observed in group E in the two constant intensities, 

under and above AT. 

 No training effect was found in the rate of skeletal development and 

biological maturation, in the vital capacity, in the HR and percentage of VO2

max at the AT, in the running economy, in the kinetic of the increase of VO2,

in the maximal blood lactate concentration and in the anaerobic alactic 

capacity. The twins of group E had better running performance after training 

than their brothers, they didn’t differ statistically however. 

 A significant effect of training only after 3 months (p<.01) was noted also 

in the absolute value of the VO2 max (increase 7.9%), in the O2 -pulse

(increase 11.7%), in the time of 300 m run (improvement 6.0%), and in the 

time of 2 km run (improvement 13.1%). After 6 months the improvement was 

significant in both groups (p<.01). Group C had a numerically but not 

statistically lower improvement. The increase of the VO2 max after 6 months 

was 14.9% in group E (from 2.08 0.43 to 2.37 0.45 l/min) and 10.5% in 

group C (from 2.10 0.41 to 2.32 0.47 l/min). An analysis of the 

improvement of VO2 max of the pairs in relation to matural stage showed that 

the effect of training was greater in prepubertal twins (19.3 vs. 5.2%), whereas 

it did not surpass the effect of development in pubertal twins (12.7 vs. 13.1%). 

 With the use of the analysis of variance, the relative importance of 

training, heredity and their interaction was estimated to: a) 20, 70 and 10% for 

the decrease of the body fat, b) 35, 45 and 20% for the increase of VO2

max/kg, c) 25-30, 50-60 and 15-20% for the increase of the speed at the AT, d) 



27, 45 and 25-30% for the decrease of  blood lactate concentration in the 

running intensity above AT, and e) 15-25, 70-75 and 5-10% for the 

improvement of the kinetic of VO2 during recovery. 

 In conclusion, training during prepuberty and puberty causes adaptations 

to body composition, relative VO2 max, anaerobic threshold, blood lactate 

concentration and HR in submaximal effort, as well as to the rate of recovery 

of VO2, improving at the same time the performance in long and middle -

distance running. These adaptations surpass the changes of development. 

However it seems that the influence of training cannot surpass the increase of 

development in the case of the VO2 max (l/min) during the adolescent growth 

spurt. Generally, the adaptations of training before and during adolescence are 

not especially high, so as to characterize a critical period. Heredity is the most 

determining factor for these adaptations, whereas the interaction of heredity 

and training has a limited but existing ground. It is mainly caused by the 

different sensitivity of genotypes and only a little by the differences of their 

initial level. 
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µ .
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µ ,  µ

µ , µ µ .

 Tanner (1962)  Malina (1978) 

. ,

, µ , , µ ,

µ .

' µ

µ µ µ , µ

µ µ  (Malina 

1978, 1979, Reznickova et al. 1981, Wanne and Valimaki 1983). 

,

µ µ µ

µ µ  µ  (Scheusing und Rieger 

1964, Bouchard und Thibault 1986).  µ µ

 " "  " µ "

µ µ ,

µ µ  (Mirwald et al. 1981, Martin 1982). 

µ  µ , µ µ

 ( ,

 µ , )  ( )  µ

 ( µ ) (Hahn 1982). 

µ µ )  µ

 µ

µ µ )

 µ .

 µ µ ,  µ

3.4  (Hollmann und Bouchard 1970), 

µ ,  µ  µ µ .

 µ µ '  µ

µ .

 µ

 µ ,

.  µ  (Scmuecker und 

Hollmann 1973, Bar-Or and Zwiren 1973, Kobayashi et al. 1978, Yoshida et 

al. 1980, Mirwald et al. 1981) µ  µ

,  (Brown et al. 

1972, Weber et al. 1976, Lussier and Buskirk 1977, Vaccaro and Clarke 1978, 
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Gerhardus 1980, Petratis et al. 1983, Rotstein et al. 1986) 

.

µ  µ

 Ekblom (1969), Eriksson (1972), Massicotte 

and MacNab (1974), Kobayashi et al. (1978), Mirwald et al. (1981), Mahon 

and Vaccaro (1989), µ  Daniels and 

Oldridge (1971), Parizkova and Sprynarova (1975), Stewart and Gutin (1976), 

Weber et al. (1976). µ µ

µ  µ  µ  VO2

max .

 µ  µ

 (Mader et al. 1976, Davis et al. 1979, Ready and 

Quinney 1982, Denis et al. 1982, 1984). 

µ µ  (Ger- 

hardus 1980, Becker and Vaccaro 1983, Rotstein et al. 1986, Mahon and 

Vaccaro 1989). '

,  µ

 µ µ  µ . ,

, µ µ .

µ  µ

µ  µ µ

 (Keul 1982).  VO2

 µ '  (Macek 

and Vavra 1980, Sady 1981),  µ

µ  µ

µ  µ µµ 2 (Macek and Vavra 

1980, Bar-Or 1982). µ

 µ '

(Keul 1982), µ

µ  µ , µ  (Eriksson 

et al. 1973, Keul 1982).

 µ µ

µ  (Eriksson 1972, Kindermann et al. 1975, Wasmund und Nowacki 

1978),  µ  µ

µ µ

(Eriksson et al. 1971, Paterson et al. 1986). 

µ µ
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µ  (Eriksson 1972, Eriksson et al. 1973). 

 (CP, ATP) 

 µ

(Eriksson et al. 1971). 

µ µ  µ  µ µ

µ ,  ml O2 /kg/min  µ

µ µ  (Krahenbuhl and Williams 1992). 

µ  µ µ

µ  (Astrand 1952, Daniels and Oldridge 1971, Daniels et al. 1978, 

Krahenbuhl et al. 1989),  µ  µ

µ  (2-3 µ ) (Krahenbuhl and Williams 1992). 

 µ µ

, µ µ  VO2 (

)  µ µ .

 µ  µ  3 µ

µ µ , µ  (Krahenbuhl and Williams 1992). 

µ

 VO2,  µ  (Hickson et al. 1978). 

 Eriksson et al. 1973, µ  (Ekblom 1969, Weber et al. 1976) 

µ .

µ .  µ

 µ µ

400-4200 m,  µ  VO2

max (Rotstein et al. 1986),  µ  (Sjodin 1981, 

Palgi et al. 1984). 

µ µ

µ

(Klissouras 1971, Klissouras et al. 1973, Pirnay and Crielaard 1983), 

µ  µ

(Klissouras 1972).  µ µ

,

, µ µ  µ  µ µ .

µ µ  VO2 max 

(Weber et al. 1976, Pru'home et al. 1984, Hamel et al. 1986) 

µ . µ

 µ µ ,
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µ ,  µ  42  51 % (Weber et al. 1976)  20  30 % 

(Bouchard 1986). 
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 1. µ  ( µ  µ , , ,
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2,
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 5. 

µ  (VE, VO2, VCO2 ) )
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µ  300 m. 

 7.  ( µµ µ

µ µ
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 8. µ  (2000  5000 m). 
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. µ µ  µ

µ µ , µ ,

.
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µ µ µ µ

µ µ µ

.

µ  Jakowlew (1972) 

µ µ µ .
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, µ  µ

µ , µ .
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µ µ
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µ  µ  µ . µ µ  µ
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µ , . '
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µ µ
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µ  (Viru 1984).
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µ - - , µ µ .

µ µ  ACTH 
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 µ µ

µ . µ

 µ µ .

 µ -µ

, µ

µ , µ µ

. µ µ
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µ .  µ

 µ µ , µ

µ  (Selye 1946). 

 µ µ µ ,

µ µ  µ µ µ

µ µ µ

 (Viru 1983, 1985). µ
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µ µ  (Galbo 1981, Viru 1983, 1985). 
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.
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µ  (Viru 1984). 
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 mRNA.  µ

 mRNA  µ µ

 ( )  µ

,  µ µ  µ µ  (
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µ .

µ  µ  (operator), 
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" "  µ  DNA  mRNA. 

 mRNA 

.  µ µ µ

 (Jacob and 

Monod 1961) , µ ,

µ .

 µ

µ µ .

µ

µ  µ µ

µ .  µ

µ  ( µ ),  µ

( µ µ ) µ µ

µ .  µ

µ µ  µ

µ , µ .

µ , µ  µ

µ  (Verchoshanskij und Viru 1990). 

µ µ
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µ , µ . µ
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.

 µ µ

 µ ,

µ .

µ µ
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µ .
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µ '  µ µ .

µ ,

µ .

3.2. µ

µ ,

µ ,  µ  µ , µ

.  µ

µ

.  µ µ

, µ .

µ µ

µ µ µ

.

,  De Montbeillard  µ ,

 µ µ µ

µ .  µ  4  µ

µ µ  6-8 ,

µ µ  (mid-growth spurt).  13-15 

 12-13  µ µ

µ  ( µ  - adolescent growth spurt) 

 µ µ  µ ,

,  µ  (Tanner 1962). 

µ  1 

 ( . - µ  et al. 1986). 

 Malina (1978) µ

µ , µ .

' , µ

 µ , ,

µ µ µ ,

µ

.
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µ µ µ

, µ µ  µ

µ . O Sklad (1973) 

DZ µ ,

 µ  DZ µ  µ

, µ .

µ µ

(Fischbein 1977a, 1977b, Sklad 1977) 

 µ µ  MZ µ  µ  DZ µ ,

µ µ µ  ( :

81 %, DZ: 43 %). µ  µ

µ  88 %  30-39 %  DZ µ  (Sklad 

1977),  µ µµ  0.29 

 D  0.71  (Fischbein 1977b). 

 Tanner (1962) µ

,  µ

µ  µ .

 µ µ .

'

µ µ µ

, µ , µ .

 µ  µ µ µ

µ .

 µ µ , µ , µ ,

, ,

µ , µµ  µ µ

, µ µ , (Malina et al. 1973, 1978, 1979, 

Maerker 1979). µ ,

µ

µ  µ  µ µ  (Buckler and Brodie 

1977,  1986, 1988)  µ µ  (Peltenburg et al. 

1984, Theintz et al. 1989), 

µ  µ  1-2 

.

µ µ µ

µ ,  µ

µ µ .

µ µ
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 µ µ  µ µ ,

µ µ ,

 µ ,

µ  (  1986, 1988, Theintz et al. 1989). 

,  µ µ

µ µ µ

(Astrand et al. 1963) µ  (  1990)  µ

µ µ µ

µ µ . alina

(1979) µ  µ  µ

µ ,  µ

.  µ µ µ  (Beyer 1896, Schwartz et al. 

1928, Adams 1938:  Malina 1979),  ( kblom, 

1969, Eriksson 1972) µ  µ , µ

µ , µ

µ  µ  ( alina

1979).

 Steinhaus (1933), 

 µ ,

, µ

µ  µ  µ . µ  µ  µ

 µ .

 Reznickova et al. (1981)  3 µ

µ  12  15 ,

 µ  µ µ  6 µ  ( ,

, , ,

). ,

µ µ , µ µ

µ .

 µ µ µ

µ , , µ  µ  µ µ

, µ µ .

µ .

µ ,

 µ '  µ µ

µ µ .
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 O  Wanne and Valimaki (1983) 

 (n=106), µ  3 µ  µ

µ µ  (>10, 6-10  <5) 

 µ  µ µ µ  (n=161). 

µ µ µ , µ

µ µ ,  µ µ  µ µ .

 µ µ µ µ  µ

µ µ

µ , µ  µ , µ

. µ µ

 " µ " , µ

µ µ  µ

.

µ µ

µ , µ µ

, µ  µ µ

µ . µ

µ  µ µ ,  µ

µ , -

µ ,  VO2 max (Hollmann et al. 

1965, Hollmann und Bouchard 1970). O  µ

 µ ,

 13  (3.4 )  11  (3.0 

) (Hollmann et al. 1983). 

µ µ

 Parizkova (1973) 

 µ µ  ( )

µ  µ µ  ( ).

µ µ .

µ  (n=96)  11 

15  (Parizkova 1970, Parizkova and Sprynarova 1975). µ

 µ ) µ  µ µ

 (6 / µ ), ) µ  µ µ

 (µ ), ) µ  µ  µ

µ ) µ  µ  µ µ

. µ
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, µ  µ

µ µ .  µ

µ

µ .

µ  µ  ( )  µ  µ

µ

µ . µ  µ µ

 ( ) µ

. µ  µ

µ  ( ), µ  µ µ .

µ  ( )  µ  µ µ  µ

µ µ  ( )

, µ .

µ  µ µ  µ µ

 Parizkova and Sprynarova (1970, 

 Parizkova 1973)  µ µ  (n=41) 

µ µ  µ  18 .  µ

µ  14-15 .

 Gilliam and Freedson (1980),  physical 

fitness µµ  12 µ  7-9 ,

µ µ µ  (n=11) 

µ  (n=12) µ  ( ),

 VO2 max µ . µµ

 25 min  µ , 4 

µ , µ  2 µ µ

.

µ  µ µ .

µ  µ  Rotstein et 

al. (1986)  10-11  µ  9 µ µµ

.  µ µ  µ

µ µ  (1.6  0.4 %),  µ

µ µ . µ  µ

µ µ  µ ,

µ µ .

µ  µ

µ

, µ µ  µ ,
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 µ  µ µ  (Pollock 1973, ACSM 1990). 

 µ µ .

µ  µ  µ

.  µ

µ  µ µ µ

µ .

 µ µ µ  (2 µ ,

 2 )  11  µ  14 ,

 µ ,  Scheusing und 

Rieger (1964). µ  µ  µ

µ  (44  45 )  µ  µ  µ

µ  (37  35 ). µ

µ ,  11 µ  14 

,  µ µ .

µ ,  VO2

max ( ) 2- µ ,  12 

13  µ  µ  ( 2- µ  µ

µ )  µ . µ

 VO2 max  13  µ

 µ µ  µ µ ,

 µ .

, µ µ µ

µ  µ .

, µ  µ

µ µ ,

, µ  µ  µ

µ .

 Labitzke (1969)  µ  11  (n=21) 

 (n=20),  2-3 µ

 ( µ ), µ  (n=60) ,

µ  µ µ

 VO2 max (2.18  1.71 l/min),  (496  393 

ml)  O2- µ  (10.7  8.5 ml/bt). O

µ µ  VO2 max (57.9  47.4 ml/kg/min) 
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 (13.2  10.8 ml/kg). µ

µ , µ  µ µ  µ  VO2

max (µ  2.40 l/min  62.7 ml/kg/min) 2- µ  (µ  12.0 ml/bt).  

µ ,  11 

µ µ  µ

,  µ  µ

µ . ,

.  6 µ ,

µ  11

207, µ µ , µ  µ

µ  (Labitzke und Vogt 1976). 

µ µ  Chrustschow et al. (1975) 

 500 

µ  µ  1.5-2 .

 ( µ ) µ

( µ )  µ µ µ ,

 (12-16 ). , µ

/ µ

 µ µ  µ µ

µ . µ

µ

µ µ  µ .

.

,

µ  µ µ µ µ

µ : )

µ µ

'

µ µ  µ . )

 µ .

µ µ ,

µ ,

 µ µ  µ µ µ ,

 µ .

µ  µ

µ  µ µ  µ µ

,  µ . . .
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µ µ µ µ µ

, µ

,  µ

µ .

.

µ  (n=6) 11  Ekblom (1969) 

µµ ,  µ µ , µ  7 

, µ .  6 µ

µ µ  VO2 max 

15 % (  2.15  2.48 l/min)  10 % (  53.9  59.4 

ml/kg/min), µ µ .  5 

µ µ  26 

µ ,  VO2 max  55 %  µ  37 % 

 4 µ µ . µ

 VO2 max µ  (7 %). 

, µ µ

 µ ,

µ µ . µ

µ µ µ

.

 Daniels and Oldridge (1971) 

µ , µ

µ  1  2 µ ,  14  11-15 ,  µ

 22 µ µ .  6 

 22 µ  µ  VO2 max 

 22 % (  2.33  2.84 l/min)  µ µ µ

µ  (VO2/kg  4 µ  202 

m/min)  12.5 % (  52.0  45.5 ml/kg/min). ’

 23 % (9.2 kg)  VO2 max µ

µ .

µ µ  14  (

µ µ  12 µ )

VO2 max.  11 %  VO2 max 

µ  µ ,

 13 %.  1  2 µ µ  32 

 63 sec .

µ µ

µ µ .
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µ

(11,2 cm  22 µ  6.4 cm  12 µ ),  µ

µ ,

. µ

µ .

 Eriksson (1972), µ  4µ  (3 / µ )  12 

 11-13 ,  µ  VO2 max  19 % (

1.86  2.21 l/min),  10 % (  496  544 ml), 

µ  10 % (  389  428 gr) 

µ  12 % (  2.92  3.28 l).  VO2 max 

/kg µ  16 % (  41.8  48.5 ml/kg/min). 

 µ µ '  µ µ .

rikson (1972)  µ  VO2 max 

,  14 %.  µ µ

µ  3.5 cm  4 µ ,

µ µ

µ .

µ  12 µ ,

Brown et al. (1972)  12  8-13 ,

 6 µ  µ µ  8 µ µ .

µ µ  (9 

)  VO2 max /kg  18 %  6 µ

 26 %  12 µ , µ µ  µ

µ  6 µ .

µ . µ

 µ .

 µ  (Sprynarova 1973), 

 VO2 max µ  (n=39)  11 µ

 18 .  µ µ µ µ

 (4-6 / µ ), µ  µ  (2-4 / µ )

µ  (  2 / µ ).  µ

 VO2 max µ  11-15 '

µ ,  µ  µ µ  15-18 

.  VO2 max/kg  µ µ µ

11-15 ' µ ,  µ  µ µ  15-18 

( µ µ ).

 µ 2- µ , µ .
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µ µ  VO2 max µ µ

µ  µ  15 .

µ  µ µ

(n=96)  11  15 ,

Parizkova and Sprynarova (1975). µ  µ

µ  µ µ  µ

µ ,  VO2 max, 

 13  µ ,  VO2 max/kg , µ

 14 .

 O  Schmuecker und Hollmann (1973) 

µ ,  10 .

 µ µ  6-7  (n=12) 

 4 µ , 3 µ ,  160 

µ /min,  10 min. µ  8

10  (n=10  31 ) ,

µ  µ µ  (n=10) µ µ  9.3 

. µ  6-7  ( ) µ

 10 µ ,

 µ  µ µ  VO2 max/kg (6 %)  µ

µ 2- µ .

µ  µ  µ

 (µ µ )  VO2 max/kg  8 %, µ

µ  µ µ ,

 VO2 max/kg .

µ µ , µ  VO2 max 

 10  µ

.

µ µ  Bar-Or and Zwiren (1973) 

 9 µ  9  10  (n=91). 

µµ , µ  2, 3 

4 / µ . µ µ

, µ µ  VO2

max. 

µ  µ µ

 Massicotte and MacNab (1974)  3 µ

 11-13 , µ  6 µ  (3 / µ  µ

 12 min). µ ,

µ  µ  170-180, 150-160  130-140 ./min,  µ
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µ µ . µ

 VO2 max  µ µ ,

µ  (  2.0  2.3 l/min -  15 %  46.7 

51.8 ml/kg/min -  11 %).  VO2 max 

µ µ 2- µ  (  10.4  11.8 ml/bt). 

µ µ . µ

µ µ µ . µ

 µ

µ .

 Stewart and Gutin (1976)  8 µ  µ µ

(n=13)  10-12  µ µµ ,

11 µ . µ

 VO2 max ( ),  µ µ ,

 µ , µ .

 µ

,

µ µ . µ

 VO2 max .

 Weber et al. (1976)  12 

µ µ  (4  10 , 4 13  4 16 )  10 

µ .  µ  µ

 VO2 max  10  16 µ µ  (23.5 

 20.5 % , <.05)  µ

 (11.8  3.2 % ).  13 µ µ

 µ  ( µ : 14.2, : 16.0 

%).  13 µ  µ  12 µ

 µ µ  8 cm, 

µ µ , µ µ

. ,

µ  µ

µ µ , µ  µ

.

 VO2 max µ µ  (n=25),  11.5 ,

 2 µ  µ , µ

Labitzke und Vogt (1976) µ  19 µ µ

. µ  µ  2 

. µ  µ µ  VO2 max 

 µ  µ µ ,  µ  (1.83  1.67 
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l/min  49.1  44.6 ml/kg/min)  µ  (2.10 

1.99 l/min  50.0  44.0 ml/kg/min). 

µ , µ  VO2 max, µ

 µ µ .

 VO2 max µ , µ

,  VO2 max µ µ .

µ ,  µ  µ

µ µ ,

' µ .

 Lussier and Buskirk (1977)  3 µ  16 

 8-12  (4 / µ  µ µ µ

 10-45 min,  80 %  VO2 max). 10 µ

µ . µ µ

 1  Tanner, . .

µ µ µ µ  VO2

max (  55.6  59.4 ml/kg/min) µ  (  1.76, 

µ  1.96 l/min). µ ,  µ µ  µ

µ  (40  80 %  VO2 max) µ

µ .

µ µ µ µ .

,

µ ,

µ  µ .

 7 µ  (4 / µ µ )  3 

 12  9-11 ,  Vaccaro and Clarke (1978), 

 µ  15 . µ

 µ  µ

µ  VO2 max (8.1  2.2 ml/kg/min) 

PWC170 (80  30 kpm/min). µ  3.0 cm 

µ  3.4 cm µ ,

µ  7 µ µ µ

µ . µ  VO2 max 

µ . µ µ ,  µ  µ

,  VO2 max  PWC170 µ

.

µ ,

.



27

 Kobayashi et al. (1978)  VO2 max  3 µ

µ  2-6 .  µ µ  (n=7) 

µ  4-5 / µ  (1-1.5 )

 9-10  15-16 .

µ  (n=43) µ  µ µ

 12-13  17-18 .

µ  (n=6)  µ

 14- 16  16-17 .

µ µ  VO2 max 

µ µ µ

µ ,  µ . µ µ

µ  µ µ . µ

µ , µ  1 ,  µ

 µ µ µ ,

µ . µ µ

,  µ  µ

µ .

µ µ  Mirwald et al. (1981) 

 7  16  14 

µµ  11 µµ .

, µ

 VO2 max µ µµ  µ

µµ µ

.

µ  (µ µµ ) µ

µ µ  µ µ .

µ µ

 µ µ , µ  µ

µ  µ µ  µ .

 Gerhardus (1980) µ

µ  36  8, 9  10 ,

 µ  36 µ µ

µ  1 . µ µ

 µ  2-4 .  VO2 max 

µ  16 %  ( )

 25 % µ ,

µ  µ  µ .

 µ µ µ
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26  34 %,  µ µ  15  19 %, 

µ 2- µ  25  32 %,  (Watt /kg  3 

mmol/l)  18  26 %,  13  20 % 

 11  18 %.  µ

µ  3.5 % µ µ .

µ .

 µ µ ,  µ

 µ  µ

 8, 9  10 .

, µ  µ

µ  µ µ '

µ , . µ µ µ

µ .

 Petratis et al. (1983)  10 µ ,

µ  (40 %  75 %  VO2 max), 

 (6-12 )  (30-44 ).

µ  VO2 max  µ µ

 (8 %)  (12 %)  µ

. µ µ µ

µ µ  µ . µ ,

,  µ

µ . µ ,

 Massicotte and MacNab (1974) 

 (  90 %  µ  - '  85 % 

VO2 max). 

µ µµ

VO2 max  Rotstein et al. (1986)  16 

 (10-11 ). 12 µ

.  9 µ  VO2 max  µ

µ µ µ  (7 %  8% 

µ ), µ µ .

µ µ  µ µ

µ  1200 m,  µ

µ  µ  VO2 max,  µ  (

 Wingate test), µ ' .

 Mahon and Vaccaro (1989) µ

 (n=8)  10-14 , µ

µµ  8 µ  µ µ µµ  (4 
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/ µ ). 8 µ .

 µ µ  VO2 max 

µ µ  (7.5 %  9 % µ ),

µ µ µ .

 µ '

, ' µµ

, . ,

.

 3-1.  VO2 max 

.

_______________________________________________________________

.

    µ

----------------------------------------------------------------------------------------------

Weber et al. 1976    Schmuecker und Hollmann 1973 nc

Lussier and Buskirk 1977   Bar-Or and Zwiren 1973 

Vaccaro and Clarke 1978   Kobayashi et al. 1978 

Gerhardus 1980 ?    Yoshida et al. 1980 

Petratis et al. 1983    Mirwald et al. 1981 

Rotstein et al. 1986 

_______________________________________________________________

B.

    µ

----------------------------------------------------------------------------------------------

Ekblom 1969 ?     Daniels and Oldridge 1971 nc

Eriksson 1972 nc    Parizkova and Sprynarova 1975 ?

Massicotte and Macnab 1974 ?  Weber et al. 1976 

Kobayashi et al. 1978   Stewart and Gutin 1976 ?

Mirwald et al. 1981 

Mahon and Vaccaro 1989 ?

_______________________________________________________________
? µ

nc µ

µ µ

, µ  µ µ  µ
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µ

,  (  3-1).

 Weber et al. (1976), Lussier and Buskirk (1977), Vaccaro 

and Clarke (1978), Gerhardus (1980), Petratis et al. (1983)  Rotstein et al. 

(1986) µ ,

 µ  µ  VO2 max 

.  Schmuecker und 

Hollmann (1973), Bar-Or and Zwiren (1973), Kobayashi et al. (1978), Yoshida 

et al. (1980)  Mirwald et al. (1981).

µ ,  µ

 (Eriksson 1972, Massicotte and Mac ab 1974, Kobayashi et 

al. 1978, Mirwald et al. 1981, Mahon and Vaccaro 1989)  µ

 (Daniels and Oldridge 1971, Stewart and Gutin 1976, Weber et al. 

1976).  Ekblom (1969)  µ , µ

 µ µ µ

,  Parizkova and Sprynarova (1975)  µ

 µ  12 ,

µ µ  µ  12 .

 (Massicotte and MacNab 1974, Petratis et al. 1983) 

µ ,

µ .  µ

 Schmuecker und Hollmann (1973), µ

.

µ µ µ

µ µ

,  µ µ µ  (

µ µ )  µ .

µ

.

 µ  µ

 µ ,  µ  µ

 VO2 max . µ

µ

µ .
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 Buhl et al. (1982)  µ µ  8-10 

,  11-13  3 mmol/l, µ

µ µ  ( µ )

,  µ  µ µ ,

µ µ . µ  µ

:  8-10  11-13  2.8  2.9 m/sec 

,  8-10  11-13  3.2  3.4 m/sec 

,  µ µ  (18-22 ) 3.3 m/sec. 

 4.4 m/sec ( )  4.9 m/sec 

( ), µ  5.4 m/sec. 

 µ

µ .

µ  (Watt/kg  3 

mmol/l)  Gerhardus (1980)  8, 9  10

 2-4 µ  µ  µ

µ . µ  18 % 

 26 % µ

. µ  VO2 max 

µ  77.5  83 %  µ µ  70 

73 %.  VO2/kg  12  18 %. 

µ

,  Watt/kg  VO2

 VO2 max. 

 3 mmol/l µ

 Gerhardus (1980) , µ  µ µ

µ . . .  Buhl et al. 

(1982) µ  3 mmol/l  µ  µ  (2 

mmol/l)  (4 mmol/l) .

 µ µ  Heck et al. (1987), 

 (9-15 )  µ  µ

µ  (max.Lass)  µ  4.06 ±0.93 mmol/l, 

. µ . . µ µ

µ ,

max.Lass,  µ  µ  3.03 ±0.56 mmol/l. 

µ µ ,  3 mmol/l 

µ  Gerhardus (1980). µ

, ,

µ  µ  25 W  2 min. 



32

 µ µ µ  (3.1 mmol/l), 

µ  µ µ .

µ  µ  µ  (>3 min),  µ

 4 mmol/l. 

 4 mmol/l 

 3  Gaisl und Buchberger 

(1982)  28 10-11 . µ

 µ µ  (31 %)  µ

µ  µ  (  184  173 

./min),  VO2 (  45.3  40.5 ml/kg/min)  VO2

max (  84.3  73.2 %). µ

 µ µ µ  µ

.

 Becker and Vaccaro (1983)  8 µ  (3 

/ µ ) 11  9-11 µ , µ  µ

µ

 VO2 max. 11 µ

. µ µ ,

 µ  28 % 

(  25.95  33.23 ml/kg/min),  µ  µ

 67  71 %  VO2 max,  13 % 

µ  (  28.48  32.31 ml/kg/min) 

 µ  68  73 %  VO2 max. 

 VO2 max.  µ

µ ,

µ µ .

 5 %  4 mmol/l (  10.36 

 10.91 km/h)  µ  9 µ µµ

 16  10-11  Rotstein et al. (1986), µ

µ . µ  µ µ

5 % , µ µ µ  (

10.04  10.55 km/h),  µ µ  µ  4.4 % 

 VO2 max (  85.1  80.6 %  82.2  77.9 %  4 

mmol/l µ µ ). µ

µ , µ µ .

,

'  VO2 max. µ

.
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µ  19.4 % 

 (  30.5  36.4 ml/kg/min)  Mahon and Vaccaro 

(1989)  8  10-14 ,  8 

µ  (4 / µ ), µ µ  (10-30 min µ  70-80 % 

VO2 max) µµ  µ  (100-800 m µ  90-100  VO2 max). 

To  VO2 max 

µ ,  66.6  73.8 %. µ

µ  µ .

 µ ,

.

µ  µ µ  (Gerhardus 1980, 

Gaisl und Buchberger 1982, Becker and Vaccaro 1983, Rotstein et al. 1986, 

Mahon and Vaccaro 1989),  µ µ

,  VO2 . µ µ

 Gerhardus (1980), Becker and Vaccaro (1983), Mahon and 

Vaccaro (1989)  µ ,  Gaisl und Buchberger (1982), 

Rotstein et al. (1986) ,  µ

 VO2 max .

 µ µ

µ ,  5 % (Rotstein et al. 1986)  28 % (Becker and Vaccaro 

1983).  µ µ

 (

).

µ µ

µ µ 2

µ µ µ  (Daniels 1985, Morgan et al. 

1989).  O2 µ

µ µ µ µ

µ µ , µ  µ µ  20-30 % 

(Costill et al. 1973, Farrell et al. 1979, Daniels 1985).  µ

,  ( µ , µ ,

), µ  ( µ  µ µ ,

/ , , µ µ µ ,

µ , µ ) , , ,
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µ µ  (Morgan et al. 

1989, Morgan and Craib 1992, Martin and Morgan 1992).

µ 2  µ µ µ

µ µ

(Costill et al. 1973, Farrell et al. 1979, Daniels 1985, Morgan et al. 1989b). 

µ µ ,  µ µ µ ,

 µ µ . ,

 µ µ  (Farrell et al. 

1979, Morgan et al. 1989b). 

2 (ml/kg/min) µ

,  µ µ µ µ  µ

 (Astrand 1952, Bar-Or 1983, Krahenbuhl and Williams 1992). 

 Bar-Or (1983) 

µ  µ  µ ,

µ µ  µ

.

µ µ  µ  µ ,

µ ,  (Astrand 1952, 

Daniels et al. 1978, MacDougall et al. 1983). 

µ µ

 (Daniels and Oldridge 1971, Daniels et al. 1978, Petray and 

Krahenbuhl 1985). 

 Daniels and Oldridge (1971)  µ µ

µ  (VO2/kg  202 m/min)  12.5 %  10-

15  µ  22 µ  µ µ

. , µ ,

.

 µ µ  (Daniels et al. 1978), µ  µ

µ µ µ µ µ µ

 µ µ  (µ  17 ),

µ  (  10  12  13  17 

), µ

.

 µ µ

Krahenbuhl et al. (1989).  µ µ µ

 6 µ µ  10  17 ,  µ
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µ ,  VO2 max. 

µ  9 min ( ).

µ µ

µ µ .

 µ  (12 µ )

 Petray and Krahenbuhl (1985)  10 .

µ µ  (µ  µ µ , µ  µ

µ  µ  µ µ

) µ µ µ

(VO2 /kg  161 m/min)  µ µµ . µ

µ µ  µ

µ µ µ .

µ µ  µ  µ  µ

µ µ .

µ µ  µ 2 µ  (40 

 53 %  VO2 max)  Lussier and Buskirk (1977) µ

 3 µ  µ µ

.  µ  68 %  VO2 max 2

 µ  µ .

µ  (µ

3 µ ) µ µ

. µ µ ,

µ µ  µ , µ

µ  µ .

 VO2

 VO2 µ µ

µ  VO2 ( ).  µ ,

 µ

µ ,  µ  µ

 µ .  µ

.

µ ,

 µ  µ

µ .

µ  (t1/2),

µ µ .  µ µ
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.

 µ  ( . 4.2.5). 

 VO2 (  µ µ )

µ , µ  t1/2 µ µ  18  90 sec 

(Cerretelli et al. 1980).  µ

µ 2  µ µ  µ µ ,

 VO2  t1/2 µ  12-26 sec (Stegemann 

1984). µ

.

 Margaria et al. (1965) µ  30 sec 

 VO2,

. µ  di Prampero et al. (1970)  Davies 

et al. (1972). µ µ  VO2

Katch (1973) (t1/2= 28.8 sec)  Davies et al. (1972) (t1/2= 30 sec). 

µ  t1/2  Linnarsson (1974),  (27.3-31.8 sec) 

 VO2 (26.4-31.9 sec). 

 t1/2

 Whipp and Wasserman (1972), µ µ µ µ  25 

 40 sec  µ .

µ µ  Linnarsson (1974). 

µ µ  (Hagberg et al. 1978, Cerretelli et 

al. 1980) µ

.

 µ  VO2 (Macek and 

Vavra 1980, Sady 1981, Bar-Or 1983).  Macek and Vavra (1980) 

 VO2 µ , 10-11

20-22 ,  µ  µ µ  VO2

 µ  10-11 .  µ

µ µ  µ  µ µ

µ , µ

 15 sec.  Sady (1981) µ

17.2 sec  VO2  10 . µ

µ µ  (t1/2= 28.5 sec).

 µ µ  µ

µ  VO2 .

µ µ  µ  VO2

 µ  (Hagberg et al. 1978, Cerretelli et al. 1979, Powers et al. 

1985).  Hickson et al. (1978)  µ
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 VO2 µ  10 µ  7 .

 µ µ µ ,  µ

.

µ

 (Robinson 1938, Astrand 1952, Eriksson et al. 1971, 

Kindermann et al. 1975, Wasmund und Nowacki 1978) 

µ µ  (PFK) 

(Eriksson 1972). , µ µ  µ

µ  (Cumming et al. 1980). 

 (ATP, CP)  µ

µ µ  (Eriksson et 

al. 1971, Bar-Or 1983).  µ µ  µ

, µ

.

 Eriksson et al. (1973), µ  4µ µµ  11-

13  (n=8),  µ µ  µ

. . µ  4.8  5.9 mmol/l (23 %)  µ

8.8  13.7 mmol/kg  µ  (56 %). TP  CP 

 4.3  14.5  4.8  20.2 mmol/kg  µ

. To µ  54  71 mmol µ

 /kg  µ .

 5  6 

µ µ  µ

 (PFK)  83 % 

(SDH)  30 %, µ  µ µ

µ  (Eriksson et al. 1973). 

µ

 (Eriksson 1972). 

µ  µ

µ  (  8.0  9.6 mmol/l)  Massicotte and 

Macnab (1974) µ  6 µ µ  (3 

/ µ , 12 min,  170-180 ./min)  11-13 .

µ µ ,  µ

µ , µ

µ .
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µ  µ . . µ

µµ  16 µ  ( .

)  9-10  µ µ µ

µ .  30 % (

6.7  6.3  8.8  8.2 mmol/l µ

µ ).

 Weber et al. (1976)  µ µ  µ

. ., µ  10 µ  16

µ µ  (  7.5  9.5 mmol/l). µ

 10  13 µ ,

.

µ  µ . .

Ekblom (1969)  11 , µ  6 µ . µ

 µ µ  8.5 mmol/l, 

µ µ .  32 µ

µ µ  µ

10.5 mmol/l, µ .

µ µ ,

µ

. µ : )

) µ µ , µ

µ  (  8 mmol/l), 

9.5 mmol/l.  

µ . . (Eriksson et al. 1973, Massicotte 

and MacNab 1974, Weber et al. 1976, . )

 µ  µ ,

µ  µ

.  µ

 (Massicotte and MacNab 1974), µ

 µ  µ µ µµ  (

. ).

 µ  µ

 Eriksson et al. (1973),  µ  39 % 

PC  µ  11 %  ATP. ,

 µ .
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4.

4.1. µ µ

µµ  9  µ µ

( ) µ  11 µ  14  (x= 12.3 ±1.1). 

µ  µ

:

 4-1. µ  µ .

---------------------------------------------------------------------------------------

   11  12  13  14   

µ

   2   3   3   1  

--------------------------------------------------------------------------------------

µµ ' µµ

( µ µ ), µ

 ( µ ).  µ µ

µ  µ  µ

, µµ  µ  µ µ

µ .

 µ µ  µ

µ µ ,

:

) µµ

 µ µ µ , µ

.

) µ

 µ .
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) µ µ µ

µ .

 µ µ µ

( µ  Bar-Or 1983) µ µ

.

4.1.1. µ

µ

µ µ

.  µ

µ µ µ ,

µ .

µ µ µµ

 µ  µ  µ

µ  µ  µ

µ . µ µ

 (Smith and Penrose 1955, Juel-Nielsen at al. 

1958, Dencker et al. 1961, Sutton et al. 1962, Nichols and Bilbro 1966) 

µ  : 

) µ : µ  µ , µ  µ  µ ,

µ µ .

µ

µ , .

) µ µ : µ

, µ  µ  µ  µ .

) : µ 0, µ  MNSs (M,N, S,s), 

µ  P (P), µ  Rh (D,C,E,c,e), µ  Kell (K,k), µ

Duffy (Fy
a
,Fy

b
), µ  Kidd (Jk

a
,Jk

b
), µ  Lewis (Le

a
,Le

b
)

µ  Lutheran (Lu
a
,Lu

b
).  µ

µ  ( - , - , - , - , - ,

-S, -s, -P, -D, -C, - , -c, -e, - , -

k, -Fy
a
, -Fy

b
, -Jk

a
, -Jk

b
, -Le

a
, -Le

b
, -Lu

a

-Lu
b
) µ '

µ µ .

µ

µ  µ µ

µ  (Parisi et al. 1970, Reed et al. 1975), 
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. ,

 ( . µ , 10-20). 

µ  µ  Smith and Penrose (1955), Wilson (1980) 

 µ

µ  4 %.

4.1.2. µ µ

µ µ  µ

µ  5 

,

Tanner (1962). µ :

 1. . ,

µ .

µ .

 2.

µ  µ µ .  µ

. µ  µ

 µ , µ ,

.

 3. ,  µ ,

 µ µ .

 µ , µ ,

µ . '

µ .

 4.  µ µ  µ

.

, µ µ .

 µ ,

 µ .

 5.  µ µ .

 µ

.  µ  µ ,

,

 µ

µ .

µ ,

 µ
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 5  Tanner (1962).  5 

µ , µ

µ  µ : 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5  5. µ

, µ

µ  µ , µ

 (Tanner 1962). 

µ  µ µ µ

 µ µ

. µ µ

(  3)  1  µ

 (  2).  µ  2  4 

µ  2 µ  13 - 15 ,

2  µ  4  5.

4.2.

µ µ ,  µ ,

µ µ  (EKG). 

µ  6  4 .

µ  µ  25 mm/sec 

 Fukuda Denshi (ECG/Phono system, FD-31P). µ

µ µ

µµ µ µ

µ .

4.2.1. µ

µ µ µ

µ

µ µ :

) µ :  µ  µ  (Bilance Salus 

Milano)  100 gr, µ µ .

) µ  µ : µ µ , µ ,

,  µ ,

µ µ .  µ  µ'  Martin-

type µ  1 mm. 
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, µ

µ  µ µ

 µ ,  µ µ

µ .

) µ : µ µ

.  µ  µ'  Martin- type µ  µ

,  ( µ ) µ  (

) µ .  µ  1 mm. 

) µ : µ  (  µ

 µ )  µ  µ

,  µ  µ

- , µ

 µ µ  ( )

µ µ .  µ  µ µ  µ  1 

mm. 

) µ : µ

µ  µ  4 µ ,  ( ),

, µ µ .

µ  µ'  Harpenden µ µ  0.1 

mm. µ µ µ µ µ  µ  µ

µ  10 p/mm
2
.

µ µ  µ  µ  Durnin and 

Rahaman (1967)  12.7 - 15.7 .  µ

µ µ  (D) µ

:

    D = 1.1533 - 0.0643 x log ( 1+ 2+ 3+ 4)    (1) 

µ  (F) µ  Siri 

(1956):

     F (%) = [ ( 4.95 / D ) - 4.5 ] x 100     (2) 

    1, 2, 3 4 µ  mm. 

 (1)  0.0083.

 µ µ

µ µ µ
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µ  µ µ

µ µ .

) µ : µ , µ , 4 µ  (

, µ , µ ),

µ ,  2 

µ , (  µ ) µ

µ µ  Heath and Carter (1967). 

µ µ  µ'  Martin-type 

µ  1 mm. 

µ µ , µ ,

µ µ µ  µ µµ

computer ("Somatotype"), µµ  Basic .

µ µ ,

µ µ ,  µ µ

µ µ , µ

µ  (µ

µ ) µ µ

( /
3

).

µ µ  µ  µ

 Tittel und Wutscherk (1972), Wutscherk (1981). 

4.2.2.  µ

 µ  µ

,  µ .

 µ'  µ  µ

µ µ ,

.  µ  µ µ  µ

µ ,  µ

µ .

4.2.2.1.  (VO2 max)

µ : T µ

µ  µ µ  µ

µ µ  µ  (µ

). µ  8 km/h, µ

 2 km/h µ  3.5 . µ
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µ µ µµ  µ .

µ  1 %, µ

µ  (Heck et al. 1985).

µ µ  5 µ

µ . µµ  10-15 ,

 µ µ µ ,

µ  ( µ µ

µ , µ µ

µ ). µ

µ µ  20 µl µ  µ

. µµ

µ .

µ µ ,  µ

µ µ . )

µ µ , )

 1.15, ) µ

 µ µ µ )  µ

 (Shephard 1971).  µ

µ µ  (

µ µ  µ ).

µ µ

Quinton, model 644 µ µ µ  (0-25 km/h)  (0-40%). 

µ  230 cm x 60 cm. 

µ :  µ µ

µ  µ µ µ

(MMC Horizon  Sensormedics). µ µ

µ µ  µ  µ µ

µ , µ

 µ  2.5 m µ  3.5 cm, '

 3.5 l,  µ µ .

 µ .

µ µ  (calibration) 

µ ) µ

µ , ) µ  µ ,

) µ  µ ,

 (16%, 4%  80% ) )

µ µ . µ µ
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µ  µ µµ µ .

µ µ µ  µ µ µ

 µ µ . µ

 µ µ µ  µ

0.05%.

 µ  µ µ µ µ

(VE), ,  µ

.

µ µ  µ

µ  (turbine) 

µ  (breath switch) 

,  µ .

 µ  µ

,  µ µ

 µ  µ

,  µ

µ .  µ  µ  µ' 

 ( , µ )  µ

 µ' µ µ

. :

        = P  / Pb     (3)  

 P  µ  Pb µ

.

µ µ µ  µ µ

µ  BTPS ( µ µ , µ

µ µ µ  µ

47 mm Hg  37  C), µ

µ  STPD ( µ  0  C, 

µ  760 mm Hg µ µ ).

µ  (VE, VO2, VCO2, ):

µ  µ  µ µ

µ ,

 µ  BTPS  STPD ( µ  µ

 MMC Horizon µ ):

VE (BTPS) =[Vol(60)/t]x[(Pb-PH2O)/(Pb-47)]x[310/(273+T)]    (4) 
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VE (STPD) = (VE) x (Pb-47) / 863       (5) 

VO2 (STPD) =[(FIO2)x(1-FEO2-FECO2)/(1-FIO2-FICO2)-FEO2]xVE (STPD)  (6) 

VCO2 (STPD) = (FECO2-FICO2) x VE (STPD)      (7) 

 = VCO2 / VO2      (8) 

µ  = VE / VO2      (9) 

2- µ  = VO2 x 1000 /        (10) 

 Pb µ µ  µ , PH2O

 µ µ µ

µ , 47 mm Hg  µ µ

µ  37° C, 310°  = 37° C (273 + 37), µ

µ , 863 = 310/273x760, FIO2

FICO2 µ

, FEO2  FECO2 µ

.

µ µ  30 sec (

µ  30 sec).

 µ µ ,  µ

, µ  µ , µ

µ µ , µ , µ

, .

4.2.2.2.  ( )

 µ '

µ  µ'  Philips, AR 100  MM 210 µ  µ

µ . ,  µ ,

,  6  7 ,

µ µ .

µ ,

 µ  µ µ

µ  30 sec. 
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4.2.2.3.  (VC)

 µ µ

Vitalograph, S-model µ µ  µ'  Vitalograph function 

analyser.  µ µ µ  function 

analyser µ µ µ

µ µ  ATPS 

BTPS (ATPS = µ µ ,

µ µ  µ µ  BTPS = µ

µ  37° C, µ µ µ

µ  µ  47 mm Hg µ  37° C). 

, µ µ µ

µ µ .

 µ  µ

 µ  µ µ

µ µ .  µ µ µ

µ  µ  µ  µ

 µ  70 cm µ  µ .  µ

, µ  µ .

µ µ  µ

 µ .

 µ  (VC) 

µ  (FVC). 

µ  ( µ )  (  function 

analyser).  (l) 

 BTPS  µ µ

 1  (FEV1), 

µ .

4.2.3.  ( )

µ

µ  4 mmol/l (

 Mader et al. 1976).

 µ µ  ( )

. µ
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µ

µ µ  VO2 max ( . 4.2.2.1.), 

µ µ .

µµ  30 sec 

µ  20 µl µ  µ ,

µ µ  200 µl  (0.6 )

µ .  µ'  µ

µ , µ µ ,  µ

µ µ . µ µ

µ  2 min  12000 /min 

µ  +4° C.  µ

µ  7 µ .

:  µ

µ  µ  µ µ µ .

µ  µ µ  Boehringer 

Mannheim, No. 256773 (  Noll 1974), µ  µ µ .

µ  µ .

 400 µl µ  (NAD µ

µ )  40 µl µ µ  8 µl 

µ  (LDH/GPT). µ  (

µ ), µ  µ µ µ  2 

µ , µ  8 µl 

µ  ((NH4)2SO4). µ

µ  15 min µ . :

                                  LDH
L-  + NAD

+
 + NADH + H

+
    (11) 

                                                      GPT
 + L- µ  L-  + -   (12) 

 µ  µ

 NADH + H
+
,  µ µ

 (11)  µ .

 µ  NADH + H
+

µ µ  365 nm µ' µ µ  Beckman, model 

42.  µ µ µ µµ

µ µ µ

µ µ
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 µ  35.7, 

 mmol/l µ .

µ  µ , '

µ  µ  0.5 mmol/l. 

µ .

µ : µ

 µ µµ µ µ µ  µ

µ  µ µ  4 mmol/l µ :

     = (4- 1) x ( 2- 1) / ( 2- 1) + 1    (13)  

1 2 µ  µ µ  µ µ

 4 mmol/l 1 2 µ

1 2.

µ  (13) ,

µ , .

µ

 µ . '

 (km/h), 

 (ml/kg/min),  VO2 max (%) 

 (bts/min). 

4.2.4. µ µ

µ µ µ

µ µ .  µ

µ µ µ

.

µ µ

µ '  ( .

Daniels 1985, Morgan et al. 1989). 

µ : µ

 µ  2 

µ  ( µ )

µ  2-4  5-8 

mmol/l . µ µ

 (2-4 mmol/l), µ
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, µ µ  (5-8 

mmol/l). 

µ µ µ µ

µ µ ,

 µ  (  4.2.2.). 

,  1 min  µ µ µ

 ( µ ), µ

µ  4 min µ .

µ  µ µ

 5 min ( ). µ

 10 min. 

µ µ  20 µl  µ

µ ,  1 , 3  5 ,

µ µ .

µ ,

:  µ µ µ

 µ µ  (MMC Horizon, 

µ ), µ  VO2 max ( . 4.2.2.).  µ

µ ,  15 sec 

( µ  15 sec). 

µ µ µ  µ

 4.2.3. 

 µ  µ  µ  (Takei 

memory H-R), µ µ  µ , µ  µ  µ

 µ .  µ µ

µ µ  4.2.2. 

 µ µ  10 sec 

 10 min (1 min µ , 4 min  5 min 

).  10 min µ

 µ µ '  (Takei, heartrate 

analyzer)  µ  Epson RP 

80.

µ µ : µ

µ  3 µ : )

µ  steady state, )

 4 min µ  5 min )

.
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µ  steady state 

µ µ  4 min 

(µ µ ).

µ  9 

min. µ  µ :

   VO2 (ml/kg) = (VO2(t) x 15/60),  t=1.0  9.1  (14) 

 VO2 (t) µ  15 sec. 

µ  9 min, 

µ ,  µ µ µ

µ . µ  µ

:

   VO2 (ml/kg) = [(VO2(t)-B) x 15/60],  t=1.0  9.1  (15) 

 VO2 µ  15 sec 

µ .

 µ µ µ

µ ,

 µ µ .  µ

' ,

µ

µ .

4.2.5. µ

µ µ µ µ

( . 4.2.4.) µ  µ

µ . µ  µ

µ µ , ,

. , .

 (2 - 4 mmol/l) 

 (5 - 8 mmol/l), 

µ  µ .

:

µ  ( . .  VE, VO2, VCO2 )
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,  µ  µ

µ  µ  µ  µ  (Henry 

and DeMoor 1956, Broman and Wigertz 1971, Whipp and Wasserman 1972, 

Katch 1973, Linnarsson 1974, . .).

µ µ  µ ,

steady state .

 µ  µ  steady state  (µ . µ

 VO2 µ )

µ  µ .

 4-1.  µ  µ  (1)  (2) 

 µ

µ .

µ  µ

:

     Y(t) =  -  e
-(t-D)/

      (16) 

     Y(t) =  - 1 e
-(t-D)/ 1 - 2 e

-(t-D)/ 2    (17) 

 Y(t) µ µ µ  t, 

µ ,  ( 1+ 2) µ  µ µ  ( µ ), D 

 µ  µ
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µ ,  (16), 1 2

 µ

(17).

2/3 µ .

µ

µ  µ  µ

µ 1 2 . µ   4-

1 µ .

µ µ µ  µ

µ  ( µ  Rasch 1968) 

 µ  ( . µ , 10-19) 

µµ  Basic  Computer. µ  µ

 (16)  µ  (17) 

µ  µ µ  (R
2
).

µ µ

(t1/2), .  1/2 µ .

 µ µ

µ µ . µ

:

      t1/2 = 0.693      (18) 

µ  µ  (17) 

 µ  t1/2  µ , µ

 t1/2  µ '

 µ .

4.2.6.

 µ  µ µ

µ  µ µ µ  300 µ . µ

 µ  300 m, µ µµ

µ . µ

µ .

µ  15 µ , µ

µ  20  µ

µ µ ,
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µ  (0.6 - 2.4 mmol/l,  Kuehnle et al. 

1977).

µ  µ  µ µ  (Piratron) 

µ  µ

. µ µ

µ  µ µ

" µ ", µ .

µ , µ µ . µ  µ

µ µ µµ .

µ µ  20 µl 

 8 µ  µ

 1 , 2 , 3.5, 5 , 7 , 10 , 14  20 .

µ

µ µ µ . µ µ µ  200 µl 

 (0.6 )  µ

 4.2.3. 

 µ µ µ µ  µ

µ . µ µ

µ .

4.2.7.

µ µ

µ  µ µ µ  60 µ  µ

µ . µ  µ

µ  µ .

µ µ µ

 µ  µ µ

. µ µ  60 m 

 µ  (r= .828, n=622) (Hellwig et al. 

1988). µ  ( µ

) ,

µ  (Keul et al. 1981, 

Hellwig et al. 1988). , µ  Hellwig et al. 

(1988), µ  " ",  µ

 µ ,

µ  ( µ ,

, µ µ .).
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 µ ,  4.2.6, 15 µ

µ µ ,  20

µ

 ( µ ). µ µ µ

µ , µ µµ

µ . µ  µ

µ  (Piratron, ).

µ µ µ

µµ µ  " µ ",  1 

 µ µ  " µ ".

µµ µ µ µ ,  4 

µ ,  µ µ . µ  µ

µ µ µ  µ µ

µµ µ µ .

µ µ  µ .

µ µ  µ

,

.

 1 , 3 , 5  7 µ  µ  20 µl µ

µ µ µ

200 µl  (0.6 ). µ  µ

 4.2.3. 

µ  µ

µ  µ  4 µ .

4.2.8. µ

µ µ

µ , 2000 µ  5000 µ .

µ µ

)  µ  (3-10 min), )  µ  (10-30 min) 

)  µ  (  30 min),  Hollmann und 

Hettinger (1980),  µ

 Harre (1982) µ .

µ  (3-10 min) 

 µ  µ

 µ µ ,  (10-30 

min)  µ
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 (  30 min) 

µ

(Hollmann und Hettinger 1980).  

µ µ ,

µ µ  2000 m 

 µ  µ

, µ  5000 m  µ

.

µ

 µ  µ ,

µ

.

µ µ  µ  µ

,  300 m µ , µ µµ

µ , µ . µ µ

 µ µ

µ .  µ  µ µ  (Piratron, 

)  ( µ µ )

µ  300 m. 

, .

 µ  5 µ .

µ

µ µ µ

. µ  µ  µ

µ µ ,  µ  µ µ

 µ µ . '

, ,

µ µ µ µ .

 2000 m  3 µ µ

 1 , 3  5

µ , µ  4.2.3. 

 µ µ µ .

4.3. µ  µ

 µ  4.1  4.2. µ

 ( ,  µ

) µ µ µ
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µ µ .  µ

µ µ µ ,  µ  µ

.  µ  µ ,

µ µ µ , µ  1/4 

 µ  µ  1/6  1/3 

.

µ  µ  25.9.1988 

25.4.1989.  µ µ

25.9. - 22.10.1988,  µ  µ  (µ  3 µ )

µ  19.1. - 31.1.1989  µ  (µ  6 µ

) µ  15.4. - 25.4.1989. 

 µ , µ µ  µ

µ . µ

µ  µ : µ , EKG, 

 µ  µ , VO2 max -  µ  µ , µ

µ  -  µ  µ , 60  2000 m  µ  µ

 300  5000 m  µ µ  µ .

µ µµ  µ

µ  3.12. - 6.12.1988 (µ .  1.5 µ )  µ

, , µ µ

µ . µ µ  19.11. 

- 22.11.1988 (µ .  1 µ ) µ  17.12. - 

22.12.1988 (µ .  2 µ ) µ

µ  60, 2000  5000 µ ,  300 µ  (µ

1  µ ).

µ  µ µ , µ

µµ  µ µ µ .

VO2 max  µ  µ  µ  µ µ

µ .  µ  µ  60 

 2000 m  µ  300  5000  µ  5000 m. 

 µ ,

 µ µµ , µ

µ  µ

µ  ( ),

 µ .

µ  µ ,

µ µ  µ .
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4.4.

µµ  25 µ  (6 µ )  3 

µ . µµ  µ µ

µ µ .  11  25 µ  µ

 µ µ , µ

 (µ , , µ )

µµ µ µ .

 µ µ

µ ,  µ  µ

.

µ µ µ

µ .

/ µ  µ

µ µ .

 300 m µ µ

µ . ,

µ ,  µ

µ  µ µ

µ .

 µ )  µ  15

µ  µ µ , )  µ

)  3-5 min, µ µ .

µ  1 µ  1.5 .

µ µ µ , µ µ

µ ,

,  µ ,

.

µ  µ µ

, µ  µ  µ

(  1989). µ  µ  85 - 100 % 

µ

,  µ  100 - 120 % 

 µ .

 µ µ µ  µ

(µ µ ) µµ  µ

( ). µ     µ    µ
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 4-2. µ µ

µ µ .

=============================================================

    .  * 

--------------------------------------------------------------------------------------------------------

) µ  µ  (µ )

  - 30-45 min µ  µ  85-95 % 

) µµ  µ  ( )

 - 2 x 15-20 min µ  µ  90-100 %  - µµ

    4-5 min 

 - 3 x 10-12 min µ  µ  90-100 %  - µµ  4

    min 

 - 4 x 8 min µ  µ  95-100 %  - µµ  3-4

    min 

 - 5 x 6 min µ  µ  95-100 %  - µµ  3 min 

--------------------------------------------------------------------------------------------------------

=============================================================

    .  VO2 max 

--------------------------------------------------------------------------------------------------------

) µµ  µ

 - 2 x 10 min µ  µ µ  (  110-115 % 

       µ  80-90 % ) - µµ  5 min 

 - 2 x 15 min µ  µ µ  (300 m  105-110 %  300m 

       85-95 % ) - µµ  5 min 

 - 6 x 900 m µ  115-120 % µ

 - µµ  3 min 

 - 2 x 4 x 900 m µ  µ  105-110 %  - µµ

       2 min  µ  4 min 

 - 6 x 5 min  µ  90  110%

 - µµ  3 min 

) µµ  µ

 - 2 x 3-5 x 600 m µ  µ  105-115 % 

       - µµ  2 min  µ  4-5 min 

 - 2 x 4-6 x 300 m µ  µ  115-120 % 

       - µµ  1-2 min  µ  4-5 min 

 - 2 x 5 x 2 min  µ  115-120 %  - µµ  2 min  

 µ  5 min 

 - µ  3-5 x 600 m  4-5 x 300 m µ  µ  110-120 %

 - µµ  1-3 min  µ   4-5 min 

) µ µµ  µ

 - µ  2-3 x 900 m, 3-4 x 600 m  4-5 x 300 m µ  µ

       105-115 %  - µµ  2-3 min  µ  4-5

        min 

 - µ  4 x 900 m  4 x 600 m µ  µ  100-110 % 

 - µµ  2 min  µ  5 min 

--------------------------------------------------------------------------------------------------------

* µ  µ .
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 4-2. 

=============================================================

.  VO2 max 

--------------------------------------------------------------------------------------------------------

) µ  µ  (µ µ )

 - 30 min µ  µ  µ  105-115 %  µ

        85-90 % 

) µµ  µ

 - 2 x 15 min µ µ  µ  µ  105-115 % 

   µ  90-95 %  - µµ  5 min 

 - 3 x 10 min µ µ  µ  µ  110-115 % 

    µ  90-95 %  - µµ  5

    min 

 - µ  4 x 1200 m  3 x 900 m µ  100 -110 %

     µ  85-90 %  - µµ  3 min  

     µ  5 min 

--------------------------------------------------------------------------------------------------------

µµ  µ µ

,  µ µµ  µ

 µ .  µ

µ  4-2. 

µ µ

, µ  µ µ

 µ  VO2 max. 

µ µ µ  µ µ

µ . µ µ

µ µ

µ ,

 µ .

µ

µµ µ  4-2. 

 % µ µ

. µ µ :

     = ( 1 x E1 + 2 x E2 + 3 x E3) /     (19) 

µ , 1, 2, 3, 1, 2, 3

 µ .

 (

µ µµ )  µ 1, 2, 3.
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 4-2.  ( )

(% )  25 µ

µµ  ( = µ =

).

µ µ

 µ µ µ

µ .

,  µ , .

µ

µ .

µ  µ µ µ

.

4.5.

µ  µ µ  (x),  ( )

 (cv) 

µ .

µ  µ µ  µ

 (ANOVA) µ  (two-way) 

µ µ  µ  ( . Cohen and 

Holliday 1982). µ µ µ

 µ , µ  µ

.
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 µ  ( 0) µ  µ

µ µ , µ  µ

.  µ µ

 ( 1), . .

, µ

µ  µ , µ  µ µ  µ

 µ  µ  Newman-keuls .

,  µ µ  µ

µ µ  µ  ( . Sachs 1984). 

 µ µ µ µ

 µ  one-way 

µ µ  µ .

µ µ  µ µ  µ  Newman-

Keuls .

 µ  µ  µ  Pearson 

. µ  µ

 µ  ( 0: =0)  µ

µ .  µ

 ( 1: 0)  µ >0 <0 (Sachs 1984). 

µ µ  µ  "intra-class" 

 (R).  R  (between) 

 (within pairs) ,  one-way 

, µ : R= ( -W)/(B+W),  W 

 ( . . ) ( . Falconer 1989, 

. 387).

 µ µ ,

 µ µ

µ  - .  one-way 

 µ µ

µ , µ  µ  (Bonnier and 

Hansson 1948), .

, µ

µ  ( µ

) µ

. µ

 ( µ )

.
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µ µ

 (  µ

) ( . Ramm und Hofmann 1982)  µ

.
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5.

5.1. µ

 6 µ µµ

µ µ µ  µ .

 5-1 µ  two-way 

.  F1  µ

µ µ ,  F2  µ

 µ , , µ  µ

µ  F1 2 .

 5-2  µ µ  µ

 µ µ .

µ µ :

5.1.1.

 µ µ

 2.5 ±1.3, µ µ µ µ  1.0  4.5.  µ

µ µ µ  (2.4 ±1.3) µ  µ

µ µ  (2.6 ±1.4). µ

(R= 0.96),  6  9 µ µ .

µ

 µ  µ  µ ,

, µ  µ  ( <.001,  5-1), µ

µ  ( <.001).  5-2  µ

 µ µ .  µ

6  µ  0.5 ±0.2. µ

µ  µ .
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 5-1. µ  F  (P) 

 (two-way) µ µ µ  µ

µ µ .

_______________________________________________________________

     F1  P    F2    P     F1 2      P 

 _______________________________________________________________ 

  .066  ns  41.69  ***  .462  ns  

 (cm)

µ   .004  ns  144.34  ***  .113  ns  

µ   .022  ns  100.13 ***  .318  ns 

  .001  ns  18.63 ***  .507  ns 

  .004  ns  53.64  ***  1.818  ns 

µ   .032  ns  25.04  ***  .087  ns 

µ   .007  ns  81.45  ***  .346  ns 

 (cm)

µ  .002  ns  8.50  **  .003  ns 

  .007  ns  .24  ns  .462  ns 

.  (cm)

.  ( )  .002  ns  20.54  ***  2.475  ns 

.  ( )  .006  ns  .33  ns  .461  ns 

 µ   .002  ns  9.00  **  .616  ns 

µ   .051  ns  32.72  ***  .291  ns 

  .001  ns  3.69  *  4.972  * 

 (kg)

µ   .004  ns  22.82  ***  2.077  ns 

µ   .002  ns  39.08  ***  1.792  ns  

µ  (%)  .057  ns  5.01  *  3.010  ns  

. µ  (mm)  .141  ns  1.78  ns  2.449  ns 

µ   .146  ns  6.38  *  3.111  ns 

µ   .257  ns  6.98  **  .007  ns 

µ   .001  ns  10.39  ***  1.901  ns 

_______________________________________________________________

F1 : F  µ µ

 F2 : F µ  µ

 F1X2 : F µ  µ

 ns : P>.05, * : P<.05, ** : P<.01  *** : P<.001 
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 5-2. µ µ  ( :
µ µ , : µ ).

_________________________________________________________________________________________________ _____

                                           µ  3 µ                   µ  6 µ _   __
               µ        µ

_________________________________x_____ _________x_____ _______x______ _________x______ ______x______ _

 2.4 1.3 2.7 1.3 0.3* 0.3 2.9 1.4 0.6* 0.2 
 2.6 1.4 2.8 1.5 0.2* 0.3 3.1 1.5 0.5* 0.3 

 (cm)
µ  147.7 7.6 149.7 8.2 2.0* 0.8 151.9 8.3 4.1* 1.4 

 147.4 8.0 149.6 8.6 2.2* 0.9 151.7 8.9 4.3* 1.4 
µ  121.5 7.4 123.2 7.5 1.7* 0.9 125.2 7.7 3.7* 1.5 

 120.9 7.6 122.9 8.0 1.9* 0.9 124.5 8.3 3.6* 1.2 
 66.4 4.1 67.3 4.7 0.9* 0.9 67.5 4.6 1.2* 1.3 
 66.2 5.5 67.2 5.4 1.0* 1.1 67.8 5.5 1.6* 0.4 
 76.5 4.8 77.1 4.6 0.6* 0.3 77.9 4.9 1.2* 0.7 
 76.3 4.6 76.8 4.6 0.5* 0.3 77.9 4.9 1.6* 0.7 

µ  39.4 2.8 39.9 2.7 0.6* 0.4 40.3 2.8 1.0* 0.5 
 39.1 2.6 39.7 2.7 0.6* 0.3 40.1 2.6 1.0* 0.8 

µ  77.3 4.3 78.9 4.8 1.6* 0.8 80.2 5.0 3.0* 1.0 
 77.0 4.4 78.9 5.1 2.0* 1.3 79.9 4.9 3.0* 1.3 

 (cm)
µ  30.5 2.2 31.0 2.2 0.5 1.1 31.6 2.7 1.1* 1.4 

 30.4 2.5 30.9 2.7 0.5 0.8 31.5 3.0 1.1* 1.4 
 22.5 2.6 22.5 1.8 0.0 1.4 22.5 1.6 0.0 1.8 
 22.2 2.1 22.5 1.7 0.4 1.2 22.6 1.5 0.5 1.7 

_________________________________________________________________________________________________ _____
* µ  µ  (P<.05) 
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 5-2. 
________________________________________________________________________________________________ ______ 

                                         µ  3 µ                   µ  6 µ ___ __             
               µ        µ

_________________________________x_____ _________x_____ _______x______ _________x______ ______x______  _

 (cm)
 77.8 8.6 78.1 8.7 0.3 1.5 79.3 9.0 1.4* 1.6 
 76.8 7.4 78.4 8.7 1.5* 1.5 79.5 8.4 2.6* 1.5 
 71.7 8.4 71.5 8.1 -0.3 1.6 71.7 7.4 -0.1 2.1 
 71.0 8.1 71.3 8.3 0.3 1.8 71.7 7.8 0.7 1.7 

 µ  42.3 5.6 43.0 5.2 0.8* 0.8 43.0 5.1 0.7 1.3 
 42.0 5.2 42.7 5.2 0.7* 1.3 43.1 5.2 1.1* 0.8 

µ  30.2 3.7 30.8 3.7 0.6* 0.3 31.1 3.5 1.0* 0.6 
 29.8 3.4 30.3 3.6 0.5* 0.6 30.8 3.6 1.0* 0.7 
 24.0 3.6 23.8 3.3 -0.1 0.4 24.0 3.3 0.0 0.4 
 23.5 3.3 24.0 3.4 0.5* 0.6 24.2 3.3 0.7* 0.8 

 (kg)
µ  40.2 10.4 41.4 10.1 1.2* 1.2 41.8 10.1 1.6* 1.9 

 39.2 9.3 41.2 9.9 2.0** 1.4 42.2 10.1 3.0** 2.0 
µ  32.8 7.3 34.0 7.4 1.3** 0.7 34.9 7.8 2.1** 1.3 

 32.5 7.1 34.1 7.7 1.6** 0.8 35.1 7.9 2.6** 1.2 

µ  (%)  17.8 4.1 17.4 4.2 -0.5 1.0 16.2 3.7 -1.6** 1.4 
 16.8 2.8 16.9 3.2 0.2 1.7 16.6 2.8 -0.1 1.6 

µ µ -  44.5 15.6 43.7 16.5 -0.7 4.8 39.9 12.7 -4.6* 5.9 
 (mm)  39.9 9.8 40.8 11.4 0.9 5.6 40.6 10.4 0.7 6.3 

________________________________________________________________________________________  ______________
* µ  µ  (P<.05, ** P<.01) 
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 5-2. 

_______________________________________________________________________________________________________

                                         µ  3 µ                   µ  6 µ

               µ        µ

                                                                 x                     x             x                     x             x

µ   2.66  1.05  2.55  1.04 -0.11  0.27  2.23  0.83  -0.42**  0.36 

  2.34  0.64  2.38  0.72  0.03  0.36  2.28  0.62  -0.06  0.35 

µ   4.79  1.11  4.71  1.08  -0.07  0.16  4.61  1.03  -0.17* 0.20 

  4.78  0.98  4.75  0.98 -0.03  0.10  4.69  0.94  -0.08  0.15 

µ   3.31  1.27  3.37  1.13 0.06  0.29  3.74  1.09  0.43**  0.40 

  3.44  0.98  3.41  0.93  -0.03  0.21  3.59  0.98  0.15  0.36 

______________________________________________________________________________________________________

* µ  µ  (P<.05, ** P<.01) 
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 5-1. µ µ ,  ( ), 

µ  ( µµ µ )  µ  ( µµ )

.

µ  5-1 µ µ

,  µ ,  µ

.  2 

µ ,  2 

( ) µ  3  5. 

5.1.2. µ  µ

µ µ  µ  µ

µ  µ , , µ  µ ,

µ  ( <.001,  5-1  5-2). µ

µ µ µ .

µ  5-2 µ

µ  µ , µ

µ . µ  µ

µ .

µ  µ µµ  µ  2.1 ±0.8 cm µ

  µ   4.2 ±1.4 cm  µ   µ .   µ
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 5-2. µ  µ  6 µ

µ  ( µµ ) µ

( µµ µµ ).



72

µ  (1.8 ±0.9  3.6 ±1.4 cm 

 µ ).  µ

µ µ  (3 µ : 0.6 ±0.3  6 µ : 1.4 

±0.7 cm), µ  µ  µ  (3 µ : 0.6 

±0.3  6 µ : 1.0 ±0.7 cm).  µ

µ  µ  µ µ

(  3  6 µ : : 1.0 ±1.0  1.4 ±1.0 cm, 

µ : 1.8 ±1.1  3.0 ±1.1 cm). 

µ  5-2. 

 5-3. µ , µ ,  µ

µ  5 .

µ  5-3  µ µ ,

µ ,  µ

 5 .  µ µ

 3  4. µ

µ µ  2 , 3  4

, µ  5 

.  µ , µ

, µ  3 ,  2

 µ  4 .
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5.1.3. µ

µ µ

µ ,  µ  µ  µ  µ  6 µ

 ( <.05) (  5- 2). µ

µ .  µ µ  µ

µ  1.1 ±1.4 cm. 

µ  µ

µ  µ  µ  (  5- 1). µ

 µ  µ  (0.5 ±1.7 cm),  µ

µ µ  (0.0 ±1.8 cm). 

5.1.4. µ

µ µ

 (  5-2). µ µ µ

 µ , µ

µ  ( µ  5-4). 

 5-4. µ µ

µ ,  µ  ( )  µ  ( )

.
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 µ  µ

µ  µ µ  ( <.05), µ

µ µ µ .  µ

µ µ  ( <.05),  µ

µ  (2.6 ±1.5 cm) 

µ µ  (1.4 ±1.6 cm). 

 µ µ

µ  µ ,  µ ,

µ µ . µ  5-4, 

µ  µ µ  µ

µ µ µ ,  µ

.

µ

µ µ , µ µ  ( <.05),

 (0.5 ±0.6 cm)  µ  (0.7 ±0.8 cm). 

 µ µ µ

µ  3  6 µ  ( <.05).

 µ  µ

µ µ  (0.8 ±0.8 cm) µ  (0.7 ±1.3 cm). 

µ  ( <.05).

 6 µ  µ µ  µ  (1.1 ±0.8 

cm, <.05), µ µ µ µ  µ

(0.7 ±1.3 cm). 

µ µ  µ

µ µ  ( <.05),  (0.6 ±0.4 cm) 

 µ  (1.0 ±0.7 cm).  

5.1.5. µ

µ  µ µ

 µ µ  ( <.05) 

µ  ( <.001).

µ  ( µ <.01 µ <.001).

µ  5-5  µ µ µ

 µ µ .  µ

µ µ  (3 µ : 1.2 ±1.2, 6 µ : 1.6 ±1.9 kg) 

 µ  µ µ  (3 µ : 2.0 ±1.4, 6 

µ : 3.0 ±2.0 kg). µ µ



                                                                                                                          

75

 5-5. µ

 6 µ µ  ( µµ )

µ  ( µµ µµ ).

 5-6.  ( ) µ

 ( )  µ .
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 ( µ : 1.3 ±0.7  2.1 ±1.3 kg, : 1.6 ±0.8  2.6 ±1.2 

kg  µ ).

µ  µ , , µ  µ ,

µ  µ µ

µ . µ µ

µ µ

µ µ ,  µ

 ( µ  5-6), µ µ .

 µ µ  µ

Pearson  µ µ  0.73 ( <.001)

µ , 0.68 ( <.05) µ  0.79 ( <.01)

µ .

5.1.6. µ

µ

 6 µ µ . µ µ

  µ µ  µ  (-1.6 ±1.4 %, 

<.05),  µ  µ µ  (-0.5 ±1.0 %, 

>.05) ( µ  5-7). 

 5-7. µ µ

 6 µ µ  ( µµ )

µ  ( µµ µµ ). 
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 5-8. µ

µ  3  6 µ .

, µ µ , µ

µ  ( , , µ ,

µ ). µ  µ  µ

µ  (0.7 ±6.3 mm, >.05), µ µ  µ

µ  µ  (-4.6 ±5.9 mm, <.05).

 µ  ( µ  µ µ )

µ µ  ( µ  5-7), µ  µ

µ µ  µ

. µ  µ

µ µ  µ µ  (-9.2 ±10.8 %) 

µ  (2.2 ±16.8 %) µ .

 ( µ : -8.9 ±7.4 %, 

µ : -0.6 ±9.9 %) µ  ( µ  5-8). 

5.1.7. µ

µ µ ,

µ µµ µ  5-9,  µ

µ µ    ( <.05). µ
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 5-9. µ µ µ ,  µ

 ( µ : , : ).

 5-10. µ , µ µ µ

µ  ( µµ ) µ  ( µµ µµ )

 6 µ .
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µ µ  µ .  SDD 

(somatotype dispersion dinstance = µ µ )

 Ross and Wilson (1973), µ µ  µ

, µ µ  1.54, µ

 µ  0.46. 

µ µ µ

 µ µ  ( µ ,

µ µ , µ )  µ , µ  µ

 (  5-1). 

µ  µ µ

µ µ  (-0.42 ±0.36, <.01), µ

µ µ  (-0.06 ±0.35).  µ µ

µ  µ µ µ  (-0.17 

±0.20, <.05), µ  (-0.08 ±0.15). 

µ µ µ  (0.43 ±0.40, <.01),

µ µ  (0.15 ±0.36) (  5-

2).

µ  5-10 µ

µ µ µ ,  6 

µ . µ

µ ,  µ  µ µ µ .

5.1.8.

 5-3 µ  "intra-class" 

(R),  µ ,

 6 µ ,

µ µ .  µ µ

 R  µ  µ

.

µ  R  µ µ

µ , µ  µ  µ

 µ µ

µ .

µ   ( µ ,

µ µ , µ ),  µ   µ µ

µ .

  "intra-class"   



80

 5-3. Intra-class  (R)  µ

,  6 

µ , µ .

_______________________________________________________________

     R       Rµ       R% .

 _______________________________________________________________

  .96  ***  .98  *** - 

µ   .96  ***  .98  ***  .43  

  .94  ***  .97  ***  .60 

µ .   .97  ***  .97  ***  .28 

µ   .83  **  .85  ***  .43 

µ µ   .75  **  .83  **  .54 

µ   .77  **  .79  **  .41 

µ   .94  ***  .93  ***  .58 

µ   .90  ***  .89  ***  .54 

_______________________________________________________________

 ** <.01  *** <.001

µ  µ µ , ,

µ  .40  .60, µ µ .

µ  µ

.

5.1.9.

µ µ µ , µ

µ , µ , µ µ µ ,

6 µ  µ µ

µ µ µ , µ

.

 µ µ  3 µ ,

 µ  6 µ , µ

, µ µ  (  5-2). 
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µ , µ µ µ

µ µ µ

µ . µ  µ

µ  " "

.

 5-4  ( . . )

) µ µ , ) µ

) µ

(µ µ µ ).

 one-way µ   µ .   

µ µ

,      µ

( µ )

µ .

 5-4.  ( . . )

, µ

µ .

_______________________________________________________________

            µ

       %          %           %  

_______________________________________________________________

µ   312.34  20  132.14  69  20.78  11 

. µ   549.00  16  356.24  75  43.88  9 

µ   780.30  21  316.31  68  50.52  11 

µ   14.41 7  21.34  77  4.57  16 

µ   798.64  12  625.43  75  110.76 13 

.  (3)  10.38  16  4.53 55  2.44  29 

.  (3)  30.67  32  4.31  36  3.94  32 

.   42.03  27  8.70  44  5.70  29 

.µ   3.19  3  9.04  69  3.59  28 

_______________________________________________________________

 (3):  3 µ .
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µ

, µ µ

.

µ ,

µ µ µ µ

 20 % (20, 16  21 % , µ

70 % (69, 75  68 % . µ  10 %

 (11, 9  11 % ).

 µ µ µ

 10 %  (7  12 %),  75% 

µ  (77  75 %)  15 % 

 (16  13 %). 

, µ

.

µ  16 % ,

 30 %  3 % 

µ . µ µ  55 % 

,  40 %  69 % 

 µ . µ  30 % 

.

5.2.  µ

 5-5 µ  two-way 

µ . µ

µ µ  µ µ .

µ  ( <.05), µ' 

µ ,

µ .  µ µ

 µ  ( <.05)  µ  VO2 max 

µ ,  O2- µ .
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 5-5. µ  F  (P) 

 (two-way) µ µ µ  µ

 µ µ .

_______________________________________________________________

     F1         P         F2        P            F1 2        P 

_______________________________________________________________

VC (l)  .001  ns  47.69  ***  .328  ns  

FEV1 (l)  .014  ns  34.63  ***  .722  ns 

VE (l/min)  .002  ns  26.64  ***  1.562  ns 

.  (br/min)  .057  ns  3.28  ns  .725  ns 

VO2 max (l/min)  .019  ns  53.49  ***  1.583  ns  

VO2 max (ml/kg/min)  .096  ns  22.87  *** 7.443  ** 

VO2 max (ml/kg /min)  .612  ns  14.80  ***  4.493  *  

 (bts/min)  .293  ns  15.69  ***  1.457  ns 

2- µ  (ml/bt)  .046  ns 56.89  ***  4.617  *  

  .031  ns  6.81  **  1.633  ns 

µ   .271  ns  2.39  ns  1.425  ns 

 _______________________________________________________________ 

F1 : F  µ µ

 F2 : F µ  µ

 F1X2 : F µ  µ

 ns : P>.05, * : P<.05, ** : P<.01  *** : P<.001 

5.2.1.

 6 µ

µ  ( <.05) µ  (9.6 ±5.2 %) 

µ  (10.6 ±4.5 %). µ  µ ,

µ  ( <.05)  1.5 µ µ µ  (5.5 ±4.5 %) 

 3  µ µ  (8.1 ±4.5 %), µ µ '

 µ  1.5 µ  (  5-6).  µ µ

2.62 l, µ µ  6 µ  2.88 

±0.46 l µ  2.91 ±0.63 l. µ  µ ,

, µ  µ , µ  µ ,

µ  µ .

 µ µ

 1 sec  (FEV1)  (  5-6).  µ µ

 2.27 ±0.29 l µ µ  ( <.05),  1.5 

µ  (7.7 ±7.6 %)  6 µ  2.53 ±.49 l 

(  10.8 ±8.9 %). µ   2.31 
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 5-6. µ

(VC)  µ µ  1 sec (FEV1), 

 µ  ( :

µ µ , : µ ).

_______________________________________________________________

                                               VC (l)                  FEV1 (l)

       µ  (%)            µ  (%) 

        x                     x        P         x            x       P

_______________________________________________________________

  2.62  0.40     2.27  0.29 

  2.62  0.50              -    2.31  0.42              -  

1.5 µ

  2.78  0.50  5.5  4.5  *  2.45 0.41  7.7  7.6  * 

                           -               -                      -                -  

3 µ

  2.84  0.46  8.3  4.3  *  2.53  0.40  11.5  6.6  *  

  2.84  0.56  8.1  4.5  *  2.52  0.43  9.4  6.4  * 

6 µ

  2.88  0.46  9.6  5.2  *  2.53  0.49  10.8  8.9 * 

  2.91  0.63  10.6  4.5  *  2.60  0.47  12.7  5.2  * 

_______________________________________________________________

*: P<.05 

±0.42 l µ  3 µ µ  ( <.05)  9.4 ±6.4 % 

 6 µ  2.60 ±0.47 l (  12.7 ±5.2 

%). µ µ .

5.2.2. µ µ

 µ µ µ  µ µ

 6 µ  (P<.001) 

µ  (  77.16 ±16.37  88.63 ±18.36 l/min,  15.5 ±9.9 %) 

µ  (  78.52 ±15.36  86.23 ±18.61,  9.6 ±7.6 

%). µ µ  µ  (

5-7).

µ  5-11  µ  µ µ µ

 6 µ µ µ

.    µ    µ , ,   µ    µ

µ    µ µ . µ µ
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 5-11.  µ µ µ  6 

µ µ  ( µµ ) µ

( µµ µµ ).

 5-12.  µ  6 

µ µ  ( µµ ) µ

( µµ µµ )
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 5-7. µ µ µ  ( ) µ  ( )  µ

µ , , µ  µ .

__________________________________________________________________________________________________________

            µ  1.5 µ            µ  3 µ          µ  6 µ

                                      _                              _                                         _                                          _  

                                                       x                               x          P               x            P                x                     P

VE (l/min)    77.16  16.37  82.53   15.82  *  83.61  15.35  *  88.63  18.36  ** 

  78.52  15.36   -   85.63  18.23  **  86.23  18.61  ** 

  63.12  5.73  65.58   2.94  ns  65.00  3.74  ns  66.60  3.04  ns 

(br/min)    63.90  4.55   -   64.17  5.30  ns  65.26  5.37  ns 

VO2 max (l/min)    2.076  0.434  2.197   0.440  *  2.234  0.451  **  2.369  0.446  ** 

  2.098  0.411   -   2.178  0.425  ns  2.317  0.473  ** 

VO2 max (ml/kg/min)    52.07  3.56  53.79   4.16  *  53.94  3.78  *  57.49  3.63  ** 

  54.02  3.85   -   52.61  3.79  ns  55.38  3.27  ns 

VO2 max    63.30  3.20  65.32   3.26  *  65.38  2.84  *  68.87  2.96  ** 

(ml/kg /min)    64.88  3.75   -   63.37  3.07  ns  66.47  2.85  ns 

  205.3  9.7  200.7   10.5  *  199.0  8.4  **  200.2  9.4  ** 

(bts/min)    206.1  11.3   -   203.0  8.1  **  202.4  9.5  **  

.    1.11  0.05  1.15   0.06  ns  1.15  0.05  ns  1.14  0.06  ns 

  1.10  0.04   -   1.17  0.05  *  1.12  0.05  ns 

. µ   37.24  2.17  37.68   1.70  ns  37.58  2.39  ns  37.39  2.49  ns 

  E  37.57  3.62   -   39.24  3.01  *  37.27  3.27  ns 

2- µ   10.17  1.99  11.07   2.19  **  11.36  2.29  **  11.84  2.25  ** 

(ml/bt)    10.40  1.95      -   10.81  2.04  ns  11.52  2.10  ** 

__________________________________________________________________________________________________________

*: µ  µ  (* P<.05, ** P<.01), ns: µ µ  ( >.05)
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µ ,

 3  6 µ .

5.2.3.

 µ ,  5-5, 

µ µ  µ ,

µ µ .

µ µ  µ  µ  (

63.12 ±5.73  66.60 ±3.04 br/min,  6.1 ±7.9 %)  µ

µ  (  63.90 ±4.55  65.26 ±5.37 br/min,  2.3 ±8.7 %), 

µ  µ µ

µ , µ  ( µ  5-12) 

.

5.2.4.

µ  µ  (l/min) 

 6 µ   µ µ   ( <.001)

 5-13.  µ

 6 µ µ  ( µµ )

µ  ( µµ µµ ).



88

 5-14.  µ  ( :

µ , : )  6 µ

µ  ( µµ ) µ

( µµ µµ ).
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µ µ  (  2.076 ±0.434  2.369 ±0446 l/min, 

 14.9 ±7.8 %) µ  (  2.098 ±0.411  2.317 

±0.473 l/min,  10.5 ±6.6 %). µ µ

µ  ( <.05)  µ  1.5 µ  (6.1 

±3.0 %), µ  3  µ

µ  (4.0 ±5.8 %).  ( <.01) µ

µ  3  µ  7.9 ±4.0 % (  5-7). 

 µ µ  µ

µ  µ , , µ  (3 µ ),

µ  ( µ  5-13).  µ µ

 3  6 µ ,  µ

µ µ , µ µ

 ( µ  5-15). 

 µ µ

(ml/kg/min) µ  ( <.001) µ  6 µ

µ µ  (  52.07 ±3.56  57.49 ±3.63 

ml/kg/min), µ µ µ

µ  (  5-7). µ µ

µ  ( <.05)  µ  1.5 µ  (3.3 ±2.4 %), µ  µ

 3 µ  (3.7 ±3.7 %)  µ  µ

 6 µ  (10.6 ±5.6 %). µ

 µ  µ  (-2.5 ±5.2 %)  µ ,

µ µ µ  (2.7 ±5.3 %) 

( µ  5-14). 

µ µ µ µ  µ

 µ  3 µ .  6 µ µ ,

VO2 max µ µ µ  µ  VO2

max µ .  µ µ

µ  3 ( <.05)  6 µ  ( <.01) ( µ

5-15).

 µ

µ  (ml/kg /min) ( µ

5-14). µ µ  µ µ

( <.05)  1.5 µ  (  63.30 ±3.20  65.32 ±3.26 

ml/kg /min,  3.2 ±2.4 %),  3 µ  (65.38 

±2.84 ml/kg /min) µ  ( <.05)  6 

µ  (68.87 ±2.96 ml/kg /min,  9.0 ±6.1 %). 

µ µ   (  µ
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 5-15.  µ µ µ

 3  6 µ  µ

 ( , µ

).

) µ  3  6 µ

(  5-7). 

µ  µ  VO2 max /kg  µ  µ

 ( <.05) ( µ  5-14),  µ

µ µ  µ

µ  ( <.05)  3  6 µ

( µ  5-15). 

5.2.5.

 µ µ µ

( <.001)  3  6 µ  (  5-7). 

µ µ  205.3 ±9.7 bts/min µ  µ

 200.7 ±10.5 bts/min (2.2 ±3.6 %, <.05)  1.5 µ

 µ , µ

199.0 ±6.4 bts/min (3.0 ±2.8 %, <.01)  3 µ  200.2 ±9.4 (2.5 ±1.9 

%, <.01)  6 µ . µ  µ  206.1 

±11.3  203.0 ±8.1 bts/min (1.4 ±1.8 %, <.01)  3 µ  202.4 

±9.5 bts/min (1.7 ±1.5 %, <.01)  6 µ  ( µ  5-16). 
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 5-16.  µ  µ  6 

µ µ  ( µµ ) µ

( µµ µµ ).

 µ µ µ  µ

µ , µ

µ  µ µ , µ  µ .

 µ  3  6 

µ  ( µ  5-17). 

5.2.6. 2- µ

 To µ  O2 µ  µ µ

µ µ  ( <.001) .  1.5 µ

µ  µ  (9.0 ±4.8 %,  10.17 ±1.99 

 11.07 ±2.19 ml/bt, <.01), µ

µ ,  11.36 ±2.29 ml/bt (11.7 ±4.4 %, <.01)  3 

µ  11.84 ±2.25 ml/bt (16.8 ±6.2 %, <.01)  6 µ

 (  5-7). 

µ µ

µ  6 µ  (  10.40 ±1.95  11.52 ±2.10 ml/bt,  11.1 ±7.1 

%, <.01),  3 µ  µ  (4.1 ±5.8 %, 10.81 ml/bt) 

µ  (  5-7). 



92

 5-17.  µ µ µ

 3  6 µ  µ

( )  µ  O2- µ  ( ).

 5-18.  µ  O2- µ  6 µ

µ  ( µµ ) µ

( µµ µµ ).
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µ  5-18  µ  O2- µ

 6 µ µ .  µ

µ  µ

µ , µ  3 µ  ( <.05).

µ  µ  3 µ  ( <.01)

µ µ  ( µ  5-17). 

5.2.7.

µ  µ

µ  µ  1.11 µ  1.16. 

µ µ  µ µ

µ  µ , µ  µ

 (  5-7). 

µ µ µ  1.11 ±0.05 

µ  µ µ  1.15 (1.5 µ : 1.15 ±0.06, 3 µ :

1.15 ±0.05  6 µ : 1.14 ±0.06). 

µ .

µ  µ µ  1.10 ±0.04  µ

 µ µ  3 µ  (1.17 ±0.05, <.05), 

 6 µ  (1.12 ±0.05). 

5.2.8. µ

 two-way µ

µ µ  (  5-5),  one-way 

µ µ  µ µ

, µ  3 µ  ( <.05).  6 µ

 µ µ µ . µ

µ µ µ  6 

µ .

µ µ  µ

µ  µ  3 µ

4.9 ±7.4 % (  37.57 ±3.62  39.24 ±3.01),  6 µ

µ  (37.27 ±3.27). µ µ  µ

µ µ '  µ

( : 37.58 ±2.39, 1.5 µ : 37.68 ±1.70, 3 µ : 37.58 ±2.39  6 µ :

37.39 ±2.49) (  5-7). 
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 5-19. µ  µ

 6 µ µ  ( µµ )

µ  ( µµ µµ ). 

µ  µ , , µ  µ ,

µ  µ µ

µ  ( µ  5-19). 

5.2.9.

 5-8 µ  "intra-class" 

 (R) µ  µ

, .

µ  R  µ

 µ .

,  µ µ  1 sec, 

µ µ ,  µ ,

2- µ  µ

 R  µ , µ

,

.

 µ

 µ  µ   µ  (
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 5-8. Intra-class  (R)  µ

,  6 

µ , µ .

_______________________________________________________________

     R      Rµ       R% .

 _______________________________________________________________

 VC  .91  ***  .93  ***  .27 

 FEV1  .89  ***  .94  ***  .16  

 VE  .89  ***  .90  ***  .41 

  .91  ***  .63  *  .75  ** 

 VO2 max  .96  ***  .96  ***  .25 

 VO2 max /kg  .71  *  .55  -.02 

 VO2 max /kg   .73  *  .32  .11 

  .92  ***  .94  ***  .26 

2- µ   .94  ***  .94  ***  .17 

_______________________________________________________________

 * <.05, ** <.01  *** <.001

0.71  0.55  VO2 max/kg,  0.73  0.32  VO2 max/kg 

 0.91  0.63 ), µ  µ

 µ

.

 R µ

µµ  µ  0.15  0.25. µ µ µ

µ µ  (0.41)  (0.75, 

<.01).  µ µ µ  (-0.02  0.11) 

µ , µ

µ .

5.2.10.

µ  µ  (l/min) 2

µ  3 µ µ

µ µ , µ .
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µ µ µ

µ µ . µ  µ

 (ml/kg/min  ml/kg /min) µ

µ µ  3  6 µ ,

µ  (  5-7). 

µ  µ 2 µ µ

 µ µ µ µ  3 

µ ,  6 µ  µ  VO2 max (ml/kg/min  ml/kg 

/min).  µ µ

µ  3  6 µ  VO2 max,  µ

 3 µ µ .

 5-9  ( . . )

µ

, µ

µ .

, µ

 5-9.  ( . . )

, µ

µ .

_______________________________________________________________

        µ

        %          %          %  

_______________________________________________________________

VO2 max (3)  68.19  15  31.67  54  18.19  31 

VO2 max /kg (3)  170.08  34  27.18  44  13.38  22 

VO2 max /kg (6)  278.48  37  43.55  46  16.60  17 

VO2 max/kg  (3)  136.11  28  25.63  43  17.23  29 

VO2 max/kg  (6)  179.36  24  48.33  53  21.29  23 

2- µ  (3)  261.17  38  33.57  39  19.54  23 

. µ  (3)  61.91  6  59.49  46  63.29  48 

_______________________________________________________________

(3):  3 µ , (6):  6 µ .



                                                                                                                          

97

µ , ,

µ .

 µ  VO2 max 

15 %,  (31 %). 

µ  µ  (54 %). 

µ  VO2 max ( µ )

 35 %, µ

45 %  20 %.  VO2 max 

 µ  25 %, 

µ µ  45-50 % 

 25 %.

2 µ  µ  (38 %) 

µ  (39 %),  23 %. 

µ  µ  6, 46  48 % ,

µ ,  µ  µ

.

5.3.

 4 mmol/l µ  ( <.001 <.05) 

 5-10. µ  F  (P) 

 (two-way) µ µ µ  µ

µ  4 mmol/l. 

_______________________________________________________________

    F1   P        F2       P              F1 2  P 

_______________________________________________________________

 (km/h)  .316  ns  25.89  ***  5.507  **  

VO2 (ml/kg/min)  .104  ns  3.41  *  2.344  ns 

 VO2 max (%)  .325  ns  1.22  ns  0.588  ns  

 (bit/min)  .003  ns  1.00  ns  0.007  ns 

_______________________________________________________________

F1 : F  µ µ

 F2 : F µ  µ

 F1X2 : F µ  µ

 ns : P>.05, * : P<.05, ** : P<.01  *** : P<.001 
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5.3.1.

 km/h µ µ

µ  ( <.001)  6 µ  (  11.39 ±1.32 

 13.37 ±1.09 km/h,  18.2 ±10.1 %),  µ

µ

 1.5 µ  (12.87 ±0.87 km/h,  13.8 ±9.5 %, 

<.05). µ µ µ  µ ,

 µ  (  11.90 ±0.93  12.67 ±1.06 km/h, 

 6.8 ±10.1 %).  3 µ  14.7 

±7.9  4.8 ±8.1 % µ µ .

µ  5-20  µ  µ

µ µ µ ,

µ  µ  µ .

 µ µ  µ

µ µ

, µ µ

µ . µ µ

 5-20. µ µ

( µµ ) µ  ( µµ µµ ).

µ  µ .
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 5-21.  km/h  6 

µ µ  ( µµ ) µ

 ( µµ µµ ).

 5-22. ,

µ ,  3 

 6 µ .
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, µ .

 µ'  µ  3 µ

.

 µ µ  km/h 

µ  3 µ  µ

µ , µ  6 µ  ( <.05) ( µ  5-21). 

µ µ µ  ( <.05)

µ  3  6 µ

( µ  5-22). 

5.3.2. VO2

 4 mmol/l 

µ µ

µ µ  ( <.05), µ

µ  µ . µ µ µ µ

VO2  1.5 µ  5.6 ±6.1 

% (  45.48 ±3.69  48.00 ±4.21 ml/kg/min, <.05),  3 µ  3.1 

±8.2 % (46.84 ±4.59 ml/kg/min, >.05)  µ  µ

 6 µ  8.7 ±8.6 % (49.28 ±4.03 ml/kg/min, <.01). µ

 µ  47.14 ±3.71 ml/kg/min , 45.64 ±3.99 

ml/kg/min  3 µ  47.27 ±4.30 ml/kg/min  µ

 (  5-11). 

µ µ µ

µ  µ µ , , µ

µ  ( µ  5-23). µ µ

 µ

 3  6 µ  µ µ  ( µ  5-

22).

 VO2 max, µ µ µ

µ µ  µ  µ µ  ( µ  5-24). 

µ µ  1.5 µ  µ

 (  87.4 ±4.5 %  89.2 ±3.6 %), µ

 µ  86.8 ±4.9 %  3 µ  85.7 ±4.0 %  6 

µ . µ ,

µ µ  (87.3±4.4 % , 86.7 ±4.3 %  3 µ

85.4 ±6.4 %  6 µ ) (  5-11). 
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 5-23.  ml/kg/min 

 6 µ µ  ( µµ ) µ

 ( µµ µµ ).

 5-24.  (%  VO2 max) 

 6 µ µ  ( µµ )

µ  ( µµ µµ ).
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5.3.3.

 4 

mmol/l  µ µ . µ

µ  µ  189.1 ±7.8  185.9 

±5.7 bts/min (1.6 ±2.9 %),  186.1 ±8.3 bts/min  1.5 µ  186.4 

±6.8 bts/min  3 µ . µ  µ

189.4 ±11.1  187.9 ±8.6 bts/min (0.7 ±3.9 %),  µ  190.1 ±9.1 

bts/min  3 µ . µ µ

µ  (  5-11). 

 5-25.  6 

µ µ  ( µµ ) µ

( µµ µµ ).

 µ  µ µ µ ,

µ  µ µ ,

 µ µ  µ  ( µ  5-25)  µ

 3  6 µ  ( µ  5-22). 

5.3.4.

µ  "intra-class"  (R) 

5-12, µ , µ
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 5-12. Intra-class  (R)  µ

,  6 

µ , µ  4 

mmol/l.

_______________________________________________________________

     R    Rµ    R% .

 _______________________________________________________________

  .76  **  .52  .26 

 VO2 AK  .52  .74  **  .35  

 VO2 AK  .46  .59  .24 

  .78 **  .65 *  -.02  

 _______________________________________________________________

 * <.05, ** <.01.

 6 

µ .  µ µ  R  µ

 µ .

 µ  R  µ

 (  0.76 

 0.52  0.78  0.65 ).  µ

 µ .

.

 VO2  VO2 max 

 µ  (  0.52  0.74 

0.46  0.59 ),

.

 R 

. µ  µ  0.24  0.35 µ

 (0.26), VO2 (0.35)  VO2 max (0.24), 

 -0.02. 

5.3.5.

µ  µ
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 5-13.  ( . . )

, µ

.

_______________________________________________________________

                   µ

          %          %          %  

_______________________________________________________________

(km/h) (3)  444.59  30  92.76  50  35.66 20 

 AK (km/h) (6)  580.36  26  167.08  60  37.88  14 

 AK (ml/kg/min) (6)  289.16  17  134.70  65  37.66  18 

_______________________________________________________________

 (3):  3 µ , (6):  6 µ .

.  µ  µ µ

 3 µ .

 5-13  ( . . )

µ , µ

µ

µ .

,

 25-30 % ,  50-60 % 

µ  15-20 % .

 µ

 µ  20 % (17 %) 

µ  (65 %), 

.

5.4. µ µ

µ µ µ µ

(VO2 steady state,  O2, . .

) µ  µ

µ  two-way .

µ

( <.05), µ µ   µ
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 5-14. µ  F  (P) 

 (two-way) µ µ µ  µ

µ µ µ .

_______________________________________________________________

         F1      P          F2         P   F1 2     P 

 _______________________________________________________________ 

µ µ

 VO2 (ml/kg/min)  .383 ns  4.77   *  .273  ns  

 VO2 (ml/kg)  .081  ns  2.29  ns  .286  ns 

 VO2 (ml/kg)  .009  ns  5.79  *  .162  ns  

 (mmol/l)  .115  ns  13.21  ***  .969  ns 

 (bts/min)  .032  ns  41.18  ***  3.139  ns 

µ µ

 VO2 (ml/kg/min)  1.206  ns  2.40  ns  .435  ns  

 VO2 (ml/kg)  1.472  ns   2.02  ns  .778  ns 

 VO2 (ml/kg)  1.090  ns  1.87  ns  .138  ns  

 (mmol/l)  .244  ns  51.32  ***  4.326  * 

 (bts/min)  .351  ns 32.38  ***  2.607  ns 

 _______________________________________________________________ 

F1 : F  µ µ

 F2 : F µ  µ

 F1X2 : F µ  µ

 ns : P>.05, * : P<.05, ** : P<.01  *** : P<.001 

µ  µ .  µ µ

, µ  ( ),

. .  ( <.001).

µ µ  ( <.05)

µ  µ  VO2  steady state 

2.

µ  5-26 µ

µ µ  (

) µ µ ,  µ

.

 (steady state, ) µ  µ

µ  µ   (µ µ

µ ), µ µ  µ µ
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 5-26. µ µ µ

µ  (1)  µ  (2) , µ

( µµ ) µ  ( µµ µµ ).
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µ .

µ  µ µ ,

µ µ µ µ .

5.4.1. µ µ

µ , µ

, µ µ µ

 10.6 ±.7 km/h.  

5.4.1.1.

µ  5-27 µ  µ

 6 µ

. µ  µ , µ  µ ,

µ µ µ

,  VO2  steady state (5-27 ), 

2 (5-27 ), 2 (5-27 ).

2 µ

µ  6 µ

µ µ  ( µ  5-27).  

 VO2  steady state µ  41.80 ±1.91  40.56 ±2.82 ml/kg/min 

(  2.9 ±6.2 %) µ µ , µ µ µ  41.72 

±2.68 ml/kg/min  1.5 µ  40.13 ±2.44 ml/kg/min  3 µ .

 µ µ  41.85 ±3.00  41.21 ±3.46 

ml/kg/min (  1.4 ±6.7 %), µ  39.95 ml/kg/min  3 µ .

µ µ  (  5-15). 

2 µ  205.5 ±9.6  198.2 ±12.4 ml/kg 

µ µ  (  3.4 ±8.0 %), µ µ µ  203.7 

±15.0 ml/kg  1.5 µ  197.3 ±13.8 ml/kg  3 µ .

µ  µ µ  204.3 

±15.0  201.6 ±16.2 ml/kg (  1.2 ±6.9 %), µ  199.5 ±11.8 ml/kg 

3 µ .  µ µ

µ µ  (  5- 15). 

2 µ  140.0 ±10.4  133.1 ±13.8 ml/kg 

µ µ  (  4.6 ±11.6 %), µ µ µ  136.5 

±8.9 ml/kg  1.5 µ  130.6 ±10.8 ml/kg  3 µ .



                                                                                                                          

109



110

 5-27. 

 6 µ µ  (

µµ ) µ  ( µµ µµ ). 
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 5-28.  µ µ

µ µ  3  6 µ

.

 138.7 ±11.6  134.5 ±15.2 ml/kg (  3.1 ±7.0 %), µ

129.2 ±10.0 ml/kg  3 µ . µ  µ

µ  (  5-15). 

µ  µ  (two-way ), ,

µ  µ ,  µ µ

µ  VO2  steady state 2 µ

 µ  3 µ  ( <.05) (  5-14). µ

µ µ µ .

 3  6 µ

µ µ  µ µ

( µ  5-28). 

5.4.1.2.

µ

 µ µ  µ  ( <.001) µ

µ µ .

µ µ µ  µ

3.6 ±1.0  mmol/l   µ µ   µ   ( <.01)
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 5-29. 

 6 µ

µ  ( µµ ) µ  ( µµ µµ ).

 1.5 µ  (2.4 ±0.5 mmol/l),  µ  2.3 ±0.7 

2.3 ±0.5 mmol/l  3  6 µ . µ

 3.3 ±0.7 mmol/l, µ  2.4 ±0.7  3 µ

2.6 ±0.7 mmol/l  6 µ , µ  µ

µ  µ µ  (

5-15).

µ  5-29 

µ µ .

µ µ  µ  µ  µ ,

µ µ  µ µ  µ

µ , µ  µ . µ

µ  µ µ µ ,

µ µ  µ µ  ( µ  5-28). 

5.4.1.3.

 µ µ  µ

( <.001)  6 µ µ .  µ

µ µ µ   ( <.01)  1.5 
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 5-30. 

 6 µ µ  (

µµ ) µ  ( µµ µµ ). 

µ , µ  µ  6 µ

 ( <.01).

µ  178.7 ±11.2 bts/min µ µ  µ

 1.5 µ  167.0 ±8.4 bts/min (  6.4 ±4.1 

%),  3 µ  167.9 ±11.5 bts/min (  6.0 ±4.4 %, <.01) 

 6 µ  159.3 ±11.3 bts/min (  10.3 ±3.0 %, <.01). µ

 µ  µ  3 µ  (  174.6 ±10.3 

172.8 ±14.5 bts/min,  1.0 ±4.2 %, >.05)  µ

µ  µ  6 µ  161.1 ±11.6 bts/min (  7.1 ±1.7 %, 

<.01).

µ  5-30 µ  µ µ µ

µ µ µ

µ ,  µ  µ µ µ .

 µ  µ µ  µ

µ  3  6 µ  ( <.05),

µ  5-28.
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5.4.2. µ µ

µ , µ

, µ µ µ

 13.6 ±1.0 km/h.  

5.4.2.1.

µ  5-31 µ

2  6 

µ .

µ  µ µ µ , µ

µ  µ µ µ

µ ,  VO2  steady state (5-31A), 

2 (5-31 ), 2 (5-31 ).

 VO2  steady state µ µ  (  1.5 

µ ) µ  (  49.92 ±2.21  50.96 ±4.49 ml/kg/min), 

 3 µ  µ  (48.43 ±2.63 ml/kg/min) 

 6 µ  µ  (50.52 ±3.07 ml/kg/min). µ

 µ µ µ  µ .

µ µ  µ µ ,

µ µ  µ µ

( : 50.65 ±1.90, µ : 50.32 ±3.47  µ : 51.29 ±3.09 ml/kg/ min) 

(  5-16). 

2 µ

. µ µ  µ 2  247.8 

±9.4  236.9 ±10.3 ml/kg  3 µ  (  4.3 ±4.8 %)  242.1 

±13.7 ml/kg (  2.3 ±4.6 %)  6 µ .  1.5 

µ µ  (250.1 ±21.6 ml/kg). µ

 µ  µ ,  249.0 ±9.0  246.5 

±14.8 ml/kg  3 µ  (  1.0 ±5.2 %)  247.1 ±15.3 ml/kg 

 6 µ  (  0.7 ±5.9 %) (  5-16). µ

µ  µ µ .

2  µ

2. µ µ  µ

2  177.2 ±9.0  168.9 ±13.8 ml/kg  3 µ  (

3.7 ±7.8 %)  173.8 ±13.8 ml/kg  6 µ

(  1.5 ±6.6 %).  1.5 µ µ  180.3
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 5-16. µ µ µ  ( ) µ  ( ) , µ

µ .

______________________________________________________________________________________________________

                                µ  1.5 µ                µ  3 µ                 µ  6 µ

                                                  x                    x        P                   x         P                  x         P

VO2 (ml/kg/min)    49.92  2.21  50.96  4.49  ns  48.43  2.63  ns  50.52  3.07  ns 

  50.65  1.90                        -    50.32  3.47  ns  51.29  3.09  ns 

 VO2 (ml/kg)     247.8  9.4  250.1  21.6  ns  236.9  10.3  ns  242.1  13.7  ns 

  249.0 9.0                        -    246.5  14.8  ns  247.1  15.3  ns 

 VO2 (ml/kg)    177.2  9.0  180.3  20.4  ns  168.9  13.8  ns  173.8  13.8  ns 

  180.8  10.0                        -    176.0  17.7  ns  178.5  14.3  ns 

.  (mmol/l)    7.6  1.8  5.5  1.4  **  4.6  1.4  **  3.9  0.8  ** 

  6.8  1.1                        -    5.3  1.4  **  4.7  1.1  ** 

 (bts/min)    195.3  8.1  188.7  11.5  ns  184.9  10.9  *  178.4  9.6  ** 

  193.0  8.1                        -    190.4  10.4  ns  181.6  6.6  *  

______________________________________________________________________________________________________

*: µ  µ  (*: P<.05  **: <.01), ns: µ µ  ( >.05)
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 5-31. 

 6 µ µ  ( µµ )

µ  ( µµ µµ ).
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 5-32.  µ µ

µ µ  3  6 µ

.

±20.4 ml/kg. µ  180.8 ±10.0 µ  176.0 ±17.7 ml/kg 

 3 µ  (  2.7 ±7.8 %)  178.5 ±14.3 ml/kg  6 µ

(  1.2 ±6.6 %) (  5-16).  µ

µ , µ µ .

µ  5-32 

µ µ µ .

µ 2

µ  µ µ  3  6 µ

.

5.4.2.2.

µ

 µ µ  µ

µ µ  ( <.001). µ µ  µ

 7.6 ±1.8 mmol/l  5.5 

±1.4 mmol/l  1.5 µ  ( <.01),  4.6 ±1.4 mmol/l  3 µ  ( <.01) 

  3.9 ±0.8 mmol/l      6   µ   ( <.01),
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 5-33. 

 6 µ

µ  ( µµ ) µ  ( µµ µµ ).

 µ  µ  47.5 ±12.1 % 

µ µ . µ  µ

6.8 ±1.1  5.3 ±1.4 mmol/l  3 µ  ( <.01)  4.7 ±1.1 mmol/l 

 6 µ  ( <.01),  30.0 ±17.9 % (  5-16). 

µ µ  µ  µ

 ( µ  5-33), 

µ  µ µ µ

µ .  µ µ µ µ

µ ,  3  6 µ

( <.05) µ  µ µ  ( µ  5-32). 

5.4.2.3.

 µ µ  µ

( <.001)  6 µ µ .

 µ µ µ µ  3 µ  ( <.05), 

µ  µ  6 µ  ( <.05).

µ µ  µ  195.3 ±8.1 

 188.7 ±11.5 bts/min  1.5 µ   (  3.4 ±4.6 %, >.05),  184.9 
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 5-34. 

 6 µ µ  (

µµ ) µ  ( µµ µµ ). 

±10.9 bts/min  3 µ  (  5.4 ±3.6 %, <.05)  178.4 ±9.6 

bts/min  6 µ  (  8.2 ±3.6 %, <.01). µ

 µ  193.0 ±8.1  190.4 ±10.4 bts/ min  3 

µ  (  1.3 ±1.8 %, >.05)  181.6 ±6.6 bts/min  6 µ

(  5.3 ±2.3 %, <.05) (  5-16). 

µ µ  µ µ

µ µ µ  µ ,

µ µ µ µ  ( µ  5-34). 

µ µ  3 µ µ  µ µ

( <.01),  6 µ  ( µ  5-32). 

5.4.3.

 5-17 µ  "intra-class" 

 (R) µ

µ µ ,  µ

, µ

 6 µ .  µ µ
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 5-17. Intra-class  (R)  µ

,  6 

µ , µ µ µ

.

_______________________________________________________________

     R      Rµ      R% .

_______________________________________________________________

µ µ

 VO2 steady state  .67  *  .84  **  .60  * 

 VO2  .48  .77  ** .48  

 VO2 AK  .47  .83  **  .50 

  .40  .42  .50 

  .84  **  .94  ***  -.01  

µ µ

 VO2 steady state  .83  **  .84  **  .79  ** 

 VO2 .93  ***  .80  **  .74  ** 

 VO2 AK  .77  **  .77  **  .64  * 

  .46  .45  -.10 

  .86  ***  .63  *  -.29  

_______________________________________________________________

 * <.05, ** <.01.

R  µ  µ .

µ 2

 µ  µ ,

 µ 2

 µ µ  (0.48  0.47 ) µ  (0.77  0.83). 

'  µ

' .



                                                                                                                          

121

µ  µ

 R, 

2  µ  (  0.93  0.80). 

µ  VO2  steady state 2,

2

 µ .

µ  R, 

µ .  µ  µ

µ  50 %, 

.

 µ

 (  0.84  0.94),  µ  (

0.86  0.63).  µ  µ

 µ .

 R 

µ µ 2

(  0.48 µ  0.77). µ  µ

µ  (  5-17). 

µ  R . .

 (0.50), µ  (-

0.10),  µ .

µ  R 

 (-0.01  -.29 ).

5.4.4.

µ  µ

 (3  6 µ ),

 (3 µ ).  µ

µ µ µ µ .

µ

µ  µ

 (3  6 µ )

 (3  6 µ )

 (3 µ ).
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 5-18.  ( . . )

, µ

µ µ µ .

_______________________________________________________________

        µ

        %          %          % 

_______________________________________________________________

µ µ

. . (3)  687.79  11  503.77  65  188.95  24 

. . (6)  1314.48  6  1848.41  73  524.74  21 

 (3)  118.72  31  31.72  58  5.94  11 

 (6)  41.30  33  8.34  46  3.81  21 

µ µ

. . (3)  1415.68  27  319.21  49  155.93  24 

. . (6)  1379.35  27  270.55  42  197.84  31 

 (3)  56.91  32  11.95  48  4.96  20 

_______________________________________________________________

 (3):  3 µ , (6):  6 µ .

 5-18  ( . . )

, µ

µ  µ µ

.

µ

,  µ

.

µ  µ

 30 % 

,  45-60 % µ

 10-20 % µ .

µ

 5-10 % ,  65-75 % 

µ  20-25 % .
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 25-30 %, µ  40-50 % 

µ  25-30 % . 

5.5. µ

µ

µ  VE, VO2, VCO2 µ ,

 5-19. µ  F  (P) 

 (two-way) µ µ µ  µ

µ  (t1/2)  sec 

µ .

 _______________________________________________________________ 

     F1  P   F2   P    F1 2    P 

 _______________________________________________________________ 

 VE  .108 ns  3.43  *  1.158  ns  

 VO2  .001  ns  .32  ns  .233  ns  

 VCO2   .240  ns  1.83  ns  1.788  ns 

  .698  ns  3.81  *  .447  ns 

 VE  .207  ns  7.51  **  3.067  ns 

 VO2  .487  ns  8.42  **  3.401  *  

 VCO2  .545  ns  16.00  ***  3.480  * 

  1.456  ns  3.08  ns  .420  ns 

 VE  .105  ns  1.11  ns  .132  ns  

 VO2  .025  ns  .60  ns  .062  ns  

 VCO2  .298  ns  .56  ns  .081 ns 

  .141  ns  .34  ns  .127  ns 

 VO2  .005  ns  7.32  **  1.611  ns 

 VCO2  .021  ns  26.42  ***  3.311  * 

  .599  ns  4.07  *  .212  ns 

 _______________________________________________________________ 

F1 : F  µ µ

 F2 : F µ  µ

 F1X2 : F µ  µ

 ns : P>.05, * : P<.05, ** : P<.01  *** : P<.001 
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 two-way  (  5-19). 

, ,

µ , ,

. µ  µ

 µ  VO2  VCO2

 VCO2

.

5.5.1. µ -

5.5.1.1.

µ  (t1/2)

µ µµ  µ

 µ µ ,

µ .  VO2

µ .  5-20  µ

µ  t1/2 µ '  µ ,

µ  µ

µ .

 µ µ µ µ  µ

 µ  µ  µ µ µ ,

 39.07 ±4.26 sec  31.33 ±7.06 sec µ

 (  19.4 ±18.3 %).  µ  µ

µ ,  36.22 ±8.07 sec 

 33.76 ±5.03 sec µ  (  3.7 ±20.0 %). 

µ µ  µ µ .

µ  5-35  µ  µ  t1/2  VE

µ µ µ µ µ

( <.01) µ  µ .  µ

µ  µ µ µµ .

µ µ

. µ µ µ µ

 24-25 sec (  5-20).  µ  5-35, 
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 5-20.  (t1/2) µ

µ  ( ) µ  ( ), , µ  µ .

______________________________________________________________________________________________________

                                µ  1.5 µ                µ  3 µ                µ  6 µ

_________________________x______ _________x________ ____ _________x_______ _____ ________x______ ____

t1/2  VE (sec)    39.07  4.26  37.29  11.10  ns  36.51  10.97  ns  31.33  7.06  ns 

  36.22  8.07                        -     33.96  10.21  ns  33.76  5.03  ns 

  P                   ns                                                                            ns                                        ns 

t1/2  VO2 (sec)    24.99  2.73  25.49  1.88  ns  25.40  3.17  ns  24.12  3.22  ns 

  24.96  4.37                        -    24.77  3.39  ns  24.71  2.29  ns 

  P                   ns                                                                            ns                                        ns 

t1/2  VCO2 (sec)    37.44  4.48  37.65  8.55  ns  35.22  8.73  ns  31.15  4.81  ns 

  36.00  8.12                        -    36.03  10.40  ns  35.97  5.08  ns  

 P                   ns                                                                            ns                                        ns

t1/2  (sec)    20.54  7.98  21.61  6.33  ns  19.97  7.33  ns  18.47  6.43  ns 

  24.60  8.64                        -    22.40  9.51  ns  17.51  4.30  ns 

  P                   ns                                                                            ns                                        ns 

______________________________________________________________________________________________________

 ns: µ µ  ( >.05)
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 5-35. µ µ

µ  ( µµ )  µ  ( µµ µµ )

.



                                                                                                                          

127

µ  VO2  µ

µ µ .

µ  VCO2 µ

µ µ  37.44 ±4.48 sec  31.15 ±4.81 

sec µ  (  15.8 ±16.7 %), µ  µ

µ  µ  (  5-20).  µ

µ . µ µ

.

µ  5-35  VCO2,  µ

 t1/2 µ µ  µ µ  µ

( <.01) µ .

 µ  µ  t1/2

, µ µ  (  20.54 ±7.98 sec 

 18.47 ±6.43 sec µ ,  8.1 ±32.6 %) µ

(  24.60 ±8.64 sec  17.51 ±4.30 sec µ ,  18.8 ±33.5 %). 

µ µ µ µ

 (  5-20). µ  5-35, 

 µ µ

µ µ .

 5-36.  µ  t1/2

µ

3  6 µ .
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µ µ

µ  µ µ  (  5-20).  µ

µ  µ  3  6 µ

 µ µ  ( µ  5-36) 

µ µ ,  µ

.

5.5.1.2.

 µ µ

µ

µ . µ

 5-21. 

µ µ µ

µ µ  µ  µ

,  6 µ  µ µ

( <.01). µ  t1/2  34.64 ±6.29 sec 

µ  µ  27.04 ±4.58 sec 

(  21.2 ±10.5 %).  µ µ µ

 (  32.37 ±5.53  30.67 ±5.43 sec µ ),

µ µ µ  µ .

µ  µ  t1/2  V µ

µ  µ , µ  5-37, 

µ  ( <.01) µ  µ .

 µ µ  µ

µ .

µ µ .

µ

 µ µ  µ µ µ ,

 1.5 µ  (  28.53 ±2.28 sec  26.90 ±1.89 sec, 

P<.05).  µ  µ  µ  µ  25.82 ±2.39 sec 

 3 µ  24.74 ±2.95 sec  6 µ  ( <.01),

 13.1 ±9.4 % (  5-21). µ

µ  µ  µ  (  27.62 ±2.73  26.87 ±2.92 sec, 

 2.2 ±10.6 %), µ µ  µ .

µ  5-37 µ µ µ

 VO2 ( µ ),  µ

 µ µ .



                                                                                                                          

129

 5-21.  (t1/2) µ

µ  ( ) µ  ( ), , µ  µ .

______________________________________________________________________________________________________

                       µ  1.5 µ            µ  3 µ                µ  6 µ

_________________________x______ ___________x______ ____ _________x_______ ____ _________x______ ____

t1/2  VE (sec)    34.64  6.29  33.04  4.11  ns  30.04  4.59  ns  27.04  4.58  **  

  32.37  5.53                          -    31.85  3.15  ns  30.67  5.43  ns 

  P                    ns                                                                             ns                                        ns 

t1/2  VO2 (sec)    28.53  2.28  26.90  1.89  *  25.82  2.39  **  24.74  2.95  ** 

  27.62  2.73                          -    26.70  1.99  ns  26.87  2.92  ns 

  P                    ns                                                                             ns                                        ns 

t1/2  VCO2 (sec)    34.20  4.81  31.72  3.59  ns  29.47  3.56  **  27.44  3.18  ** 

  32.79  4.69                          -    31.76  2.99  ns  30.05  4.00  *  

 P                    ns                                                                             ns                                        ns 

t1/2  (sec)    30.20  6.86  31.06  8.17  ns  31.67  13.66  ns  25.08  6.39  ns 

  31.75  9.07                          -    36.87  13.31  ns  30.61  15.47  ns 

  P                    ns                                                                             ns                              ns

______________________________________________________________________________________________________

*: µ  µ  (* P<.05, ** P<.01), ns: µ µ  ( >.05)
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 5-37. µ µ

µ  ( µµ )  µ  ( µµ

µµ ) .



                                                                                                                          

131

µ  µ µ

µ µ ,  3  6 µ  ( <.01). 

34.20 ±4.81 sec  t1/2 µ  29.47 ±3.56 sec  3 µ  27.44 

±3.18 sec  6 µ  (  18.9 ±10.2 %). µ

 µ µ  µ  6 µ

(  32.79 ±79  30.05 ±4.00 sec, <.05,  7.7 ±10.0 %) (  5-

21).

µ  5-37 µ µ µ µ

 VCO2 µ µ

.  µ  µ  t1/2 µ µ

µ µ µ  µ

( <.01), µ  µ

µ .

µ

µ µ µ

(  5-21).  µ µ µ  µ

6 µ  (  30.20 ±6.86  25.08 ±6.39 sec,  15.6 

±33.6 %),  µ µ  ( <.01)

µ  µ ,

( µ  5-37). 

 5-38.  µ  t1/2

µ

3  6 µ .
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µ  µ µ µ ,

µ µ µ  µ

µ  µ µ µ , µ

µ  µ  (  5- 21). µ  µ

µ  ( <.05) µ  6 µ

 µ  t1/2, µ  VE, VO2  VCO2

( µ  5-38). 

5.5.2. µ -

 µ µ

µ ,  µ  µ .

µ  t1/2 µ µ  3 µ  15 min 

µ .

 t1/2  µ .

5.5.2.1.

µ

µ µ

 µ , µ µ

. µ

 5-22. 

µ µ  µ  µ

µ µ µ

(  40.49 ±6.32  37.53 ±6.96 sec.  6.2 ±18.7 %) 

µ  (  42.80 ±9.05  37.89 ±9.30 sec,  8.4 ±28.2 %). 

µ  µ µ .

µ  5-39 µ µ µ  µ  t1/2

 V  µ µ µ  µ

, µ µ µ

( <.01).
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 5-22.  (t1/2) µ

µ  ( ) µ  ( ), , µ  µ .

______________________________________________________________________________________________________

             µ  1.5 µ                 µ  3 µ               µ  6 µ

_________________________x______ _________x_______ ____ __________x______ _____ _________x______ ____

t1/2  VE (sec)    40.49  6.32  39.90  8.60  ns  39.30  7.47  ns  37.53  6.96  ns 

  42.80  9.05                        -     39.50  10.39  ns  37.89  9.30  ns 

  P                  ns                                                                            ns                                        ns 

t1/2  VO2 (sec)    26.73  3.07  26.78  3.31  ns  25.47  2.34  ns  26.14  2.66  ns 

  27.11  2.28                        -    25.92  6.16  ns  25.85  4.65  ns 

  P                  ns                                                                            ns                                        ns 

t1/2  VCO2 (sec)    40.14  7.61  43.89  8.05  ns  38.65  6.93  ns  37.75  5.37  ns 

  40.78  5.56                        -    40.82  10.23  ns  39.19  6.60  ns  

 P                  ns                                                                            ns                                        ns

t1/2  (sec)    21.21  4.12  19.50  6.54  ns  19.84  4.98  ns  20.21  6.61  ns 

  22.46  6.83                        -    18.75  5.43  ns  21.41  8.08  ns 

  P                  ns                                                                            ns                                        ns 

______________________________________________________________________________________________________

 ns: µ µ  ( >.05)
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 5-39. µ µ

µ  ( µµ )  µ  ( µµ µµ )

.
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µ  VO2  µ  µ

µ µ  3 µ  (  26.73 ±3.07  25.47 ±2.34 sec, 

 3.6 ±13.8 %),  6 µ  (26.14 ±2.66 

sec,  0.8 ±17.1 %)  µ  µ µ  (  27.11 

±2.28  25.85 ±4.65 sec,  5.7 ±19.8 %). µ µ µ

µ  (  5-22). 

µ

µ  µ µ µ  (  40.14 ±7.61  37.75 ±5.37 

sec,  4.0 ±17.5 %), µ

 µ  (40.78 ±5.56 , 40.82 ±10.23 

3 µ  39.19 ±6.60 sec  6 µ ). µ µ

µ  (  5-22). 

 µ  µ µ µ ,

µ µ  5-39, µ µ µ  µ

 ( <.01).

µ  µ

 µ µ  ( µ :  21.21 ±4.12  20.21 

±6.61 sec :  22.46 ±6.83  21.41 ±8.08). µ µ

µ  (  5-22).

 5-40.  µ  t1/2

µ

3  6 µ .
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µ  5-39 µ µ µ

µ  µ  ( <.05).  µ

 t1/2 µ  µ .

µ  µ µ  µ µ

µ µ µ , µ

 µ  (  5-22). µ µ

 µ µ  3  6 µ

 ( µ  5-40). 

5.5.2.2.

µ

µ  µ  µ

µ , ' µ .

 5-23 µ

.

µ µ µ µ

 µ  µ µ ,

 µ µ  µ  6 µ  (  43.35 

±7.67 sec  32.90 ±4.74 sec,  23.4 ±6.7 %, <.05). µ

 t1/2  µ  µ ,  41.65 ±9.47  35.23 

±5.96 sec,  12.1 ±21.1 %), µ

µ  µ .

µ  5-41 µ

VE µ . µ µ µ µ

, µ  µ

µ µ  ( <.01). 

µ  VO2

 µ  µ µ , µ  µ

µ  6 µ , µ µ

µ  ( <.05). µ  µ µ µ

 8.6 ±7.1 % (  31.24 ±2.80  28.48 ±2.64 sec), µ

 2.4 ±9.0 % (  30.13 ±3.21  29.28 ±2.95 sec). 

µ  VO2

µ µ  5-41. ,

µ  µ µ ,  µ  t1/2

µ .

µ   VCO2   µ µ
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 5-23.  (t1/2) µ

µ  ( ) µ  ( ), , µ  µ .

______________________________________________________________________________________________________

              µ  1.5 µ            µ  3 µ        µ  6 µ

__________________________x______ __________x______ ____ _________x______ _____ _________x______ ____

t1/2  VE (sec)    43.35  7.67  41.84  15.79  ns  37.23  8.63  ns  32.90  4.74  *  

  41.65  9.47                       -    39.56  9.22  ns  35.23  5.96  ns 

  P                 ns                                                                           ns                                        ns 

t1/2  VO2 (sec)    31.24  2.80  31.78  4.42  ns  30.62  3.31  ns  28.48  2.64  ** 

  30.13  3.21                       -    30.63  3.12  ns  29.28  2.95  ns 

  P                 ns                                                                           ns                                        ns 

t1/2  VCO2 (sec)    44.29  7.25  39.12  10.02  *  36.64  6.44  **  33.23  4.65  ** 

  41.16  6.62                       -    39.10  6.42  ns  35.03  6.05  **  

 P                 ns                                                                           ns                                        ns 

t1/2  (sec)    40.83  10.52  38.57  12.37  ns  35.07  18.85  ns  34.04  8.22  ns 

  43.31  7.78                       -    32.96  10.76  ns  33.74  13.38  ns 

  P                 ns                                                                           ns                                        ns

______________________________________________________________________________________________________

*: µ  µ  (* P<.05, ** P<.01), ns: µ µ  ( >.05)
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 5-41. µ µ

µ  ( µµ )  µ  ( µµ µµ )

.
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µ  6 µ µ  ( <.01).

µ µ  µ µ  1.5 µ  ( <.05). 

µ  t1/2 µ µ  µ  44.29 ±7.25 

39.12 ±10.02 sec  1.5 µ ,  36.64 ±6.44 sec  3 µ

33.23 ±4.65 sec  6 µ  (  24.4 ±7.3 %, <.01),

µ  41.16 ±6.62  39.10 ±6.42 sec  3 µ  35.03 

±6.05 sec  6 µ  (  13.9 ±13.9 %, <.01) (  5-23). 

 VCO2 µ

µ µ µ µ  5-41. µ

µ µ

µ µ  ( <.01) µ µ .

 µ  µ

µ µ  (  40.83 ±10.52  34.04 ±8.22 sec, 

 20.5 ±20.3 %) µ  (  43.31 ±7.78  33.74 

±13.38 sec,  23.2 ±29.7 %). µ µ µ

µ µ  (  5-23). 

 5-42.  µ  t1/2

µ  µ

 3  6 µ .
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µ  5-41 µ µ µ  µ  t1/2

 µ µ ,

µ µ µ  µ  ( <.05).

µ µ

µ  µ µ  µ µ  t1/2,

µ  µ  (  5-23). µ µ

µ µ  ( <.05)  µ  3 µ

,  µ  t1/2  VCO2.

µ µ µ

 3  6 µ  ( µ  5-42). 

5.5.3.

 5-24 µ  "intra- class" 

 (R)  µ µ µ

 µ ,  µ

 (t1/2) µ

. µ  R  µ

 µ .

µ  R  µ µ

µ

µ . µ µ  0.05  0.88 

µ .

µ µ

, '  VE,  µ

µ µ  R.  µ

. µ  µ

µ  VO2  VCO2.

, ,

 µ  VE, µ

VCO2  µ  µ  VO2 .  µ

µ  µ ,

 V  µ

 VCO2

µ .

 µ   µ
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 5-24. Intra-class  (R)  µ

,  6 

µ ,  t1/2

µ ,

.

______________________________________________________________

     R    Rµ    R% .

______________________________________________________________

 VE  .17  .42  .38  

 VO2  .48  .35  .63  * 

 VCO2  .58  .27 .03 

  .47  .24  .22 

 VE  .45  .08  -.24 

 VO2  .61  *  .51  .46 

 VCO2  .60  *  .33  .21 

  .41  .05  .50 

 VE  .63  *  .74  **  .79 ** 

 VO2  .68  *  .33  .42  

 VCO2  .83  **  .82  **  .74 ** 

  .67  *  .34  -.66 * 

 VE  .08  .64  *  .06 

 VO2  .78  **  .88  ***  .59 

 VCO2  .73  *  .80  **  .38 

  .06  .71  *  -.07 

______________________________________________________________

 * <.05, ** <.01.

' µ . µ  VO2  VCO2

  µ  µ  (  0.78  0.88  0.73 

0.80 ), µ  VE

µ  (  0.08  0.64  0.06  0.71 ).

 µ  µ  µ

 µ  µ .

µ µ  µ  t1/2

µ . µ  R µ  -

0.66  0.79. µ  VE  -0.24  0.79,  VCO2
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0.03  0.74,  -0.66  0.50  µ  VO2 µ

 µ  0.42  0.63,  µ

µ  µ .

5.5.4.

µ  µ  t1/2

µ µ µ ,

µ VE, VO2  VCO2  6 

µ , .

 VO2 ,  µ

µ  3 µ .

,  µ µ µ

µ µ

 3 µ , ,

µ  µ  VCO2,  3 µ

.

 5-25  ( . . ),

, µ

µ  µ

. µ µ , µ

.

 VE

 32 % 

 13 % .

µ µ  35 %  47 %, 

µ  33 %  40 % .

 VO2

 15-25 %  70-75 % 

µ ,  µ  (4-8 %) 

. µ ,  VO2

 3 µ ,

µ  µ  (50 %) 

µ  (34 %). 

 VCO2

, µ  20-30 %, µ

 50-55 %  15- 20 %.
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 5-25.  ( . . )

, µ

 t1/2 µ .

_______________________________________________________________

        µ

       %         %           %  

_______________________________________________________________

/  VE (6) 1338.42   32  185.53  35  176.02  33 

/  VO2 (3)  185.45  16  73.96  50  49.52  34 

/  VO2 (6)  532.39  25  188.74  71  11.94  4 

/  VCO2 (3)  484.09  20  148.01  48  98.07  32 

/  VCO2 (6)  567.47  26  157.19  57  45.70  17 

/  VE (6)  575.14  13  266.75  47  224.83  40 

/  VO2 (6)  174.55  14  118.87  77  12.93  8 

/  VCO2 (3)  707.86 29  168.31  56  44.76  15 

_______________________________________________________________

 (3):  3 µ , (6):  6 µ .

µ  µ µ  3 µ

, .

5.6.

 µ , µ

µ ,  µ µ  µ  µ

, µ  µ  (F=4.59, <.05).

 µ  µ µ  ( <.05),

.
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µ  300 m  µ µ

 µ  µ  (F=38.31, <.001),  µ

µ  µ µ  µ  (F=3.34, 

<.05).

5.6.1. . . µ  300 m

µ  300 m µ  6 

µ µ µ  (  62.4 ±6.8  55.0 

±6.5 sec,  11.7 ±5.7 %, <.01) µ  (  60.8 ±5.8 

 56.3 ±5.0 sec,  7.2 ±3.8 %, <.01).

 5-26 µ µ µ

 3 µ  (58.6 ±6.0 sec,  6.0 ±3.3 %, <.01), 

µ  (60.1 ±6.0 sec,  1.1 ±4.8 %). 

µ µ µ

, µ  µ , µ  µ

. µ  5-43  300 

m µ µ µµ

 5-43.  300 m  6 µ

µ  ( µµ ) µ

( µµ µµ ).
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 5-26. µ

 300 m, 

µ  ( : µ µ , :

µ ).

_______________________________________________________________

                               (sec)  (mmol/l)

            (%)         µ  (%) 

         x             x              P       x             x         P

_______________________________________________________________

  62.4  6.8     9.4  2.0  

 60.8  5.8             -      9.2  1.0               -  

 P                          ns                    ns 

1 µ

  61.0  5.7  2.0  6.8  ns  8.2  1.6  -11.4  10.5  * 

                           -                   -                          -                     -

3 µ

   58.6  6.0  6.0  3.3  **  8.8  1.6  -4.5  15.9  ns 

  60.1  6.0 1.1  4.8  ns  8.2  0.9  -11.0  9.8  ns 

  P                          ns                  *                         ns                   ns 

6 µ

  55.0 6.5  11.7  5.7  ** 9.4  1.6  2.3  18.5  ns 

  56.3  5.0  7.2  3.8  **  9.0  1.6  -2.5  15.1  ns 

  P                          ns                  ns                       ns                   ns  

_______________________________________________________________

ns: µ µ , *: P<.05,  ** P<.01 

 µ µ  3 µ ,

µ µ .

 3 µ µ µ µ  ( <.05),

µ  µ  6 µ  ( µ  5-45). 

 µ  µ  300 m 

 µ µ  µ µ µ  µ  1 µ

 (  9.4 ±2.0  8.2 ±1.6 mmol/l,  11.4 ±10.5 %, <.05).

,  two-way µ  µ

µ  3 µ ,

µ , µ µ  (3 

µ : 8.8 ±1.6, 6 µ : 9.4 ±1.6 mmol/l) µ  (  9.2 

±1.0  8.2 ±0.9  3 µ  9.0 ±1.6 mmol/l  6 µ )

(  5-26). 
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 5-44.  µ  300 m, 

 6 µ µ  ( µµ )

µ  ( µµ µµ ). 

µ  µ , µ  µ

µ  µ  µ ,

µ µ µ  ( µ  5-44). 

, µ  µ ,

 3  6 µ  ( µ  5-45). 

µ  300 m  µ

µ  µ  -0.44  -

0.74  Pearson . µ

µ µ  - 0.62 ( <.05), -0.57, -0.72 ( <.05)  -0.58 

µ ,  1,  3  6 µ .

µ µ  -0.44, -0.55  -0.74 ( <.01)

µ ,  3  6 µ .

µ  5-46 µ

 µ  20 µ

µ ,  µ ,  3  6 µ

. µµ µ

µ , µ  µ

,    µ µ µ .   µ µ
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 5-45.  µ

µ  300 m, µ µ ,

 3  6 µ .

µ µ  5  7 .

µ µ  µ  µ  µ

µ  10  µ

 µ  µ .  µ

,  µ  µ ,

µ  µ  µ µ  µ .

5.6.2.

 5-27 µ  "intra-class" 

µ  300 m  µ

,  µ ,

µ .

µ  R  µ

 µ .

 R  µ

 300 m µ .

    µ , µ
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 5-46. µ  µ µ

300 m µ  20 µ µ

,  µ , µ  µ .
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 5-27. Intra-class  (R)  µ

,

6 µ ,  µ . .

µ  300 m. 

_______________________________________________________________

     R      Rµ      R% .

 _______________________________________________________________

  .90  ***  .89  ***  -.08  

  .72  *  .68  *  .41  

 _______________________________________________________________

 * <.05, *** <.001.

.

µ  µ

.

 R  µ  µ  µ

µ

. µ

µ µ  (0.41),  µ  µ µ

 µ  µ . . µ

.

5.6.3.

µ ,

 5.6.1., µ µ  ( )  3 µ ,

 5-28.  ( . . )

, µ

µ  300 m.  

_______________________________________________________________

        µ

        %          %           %  

_______________________________________________________________

 (3)  111.61  29  20.37  42  14.15  29 

_______________________________________________________________

 (3):  3 µ .
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µ µ  µ µ ,

µ .  µ

.

 5-28 

 29 %,  42 % 

µ  29 % 

µ .

5.7.

µ µ µµ  µ

,

µ  60 m, µ  µ  6 

µ .

µ  µ  µ  (F=8.72, P<.01 

F=33.58, P<.001 ),

µ  µ µ ,

µ µ  µ .

5.7.1. . . µ  60 m

µ  60 m  µ µ

µ µ ,  3 µ  (  10.39 ±1.09 

 10.12 ±0.91 sec,  2.4 ±2.7 %, <.05  3 µ  9.95 

±0.95 sec,  4.1 ±3.0 %, <.01  6 µ ).

µ  µ µ . µ  µ

 6 µ µ  (  10.09 0.99 

9.73 ±0.82 sec,  3.3 ±5.6 %). µ

 5-29. 

µ  5-47 µ µ

µ µ  60 m µ

µ , µ  µ . µ µ

 µ µ

 3  6 µ  ( µ  5-49). 
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 5-29. µ

 60 m, 

µ  ( : µ µ , :

µ ).

_______________________________________________________________

                                       (sec)  (mmol/l)    

       (%)          µ  (%)  

     x                      x        P         x            x       P

_______________________________________________________________

  10.39  1.09     5.5  1.0  

  10.09  0.99             -   5.8  1.0                 -  

 P                       ns                       ns 

1 µ

 10.31  0.97  0.7  2.6  ns  4.0  0.7  25.7  13.4  ** 

                        -                      -                            -                      -

2 µ

  10.16  0.94  2.1  2.9  ns 3.9  1.0  27.5  17.9  ** 

                       -                      -                           -                      -

3 µ

  10.12  0.91  2.4  2.7  *  4.4  1.0  18.1  21.1  ** 

  9.96  0.78  1.0  4.7  ns  4.2  0.6  24.6  20.9  ** 

  P                       ns                     ns                         ns                    ns 

6 µ

  9.95  0.95  4.1  3.0  **  3.8  0.9  30.8  10.7  ** 

  9.73  0.82  3.3  5.6  ns  4.2  0.5  26.8  14.1 ** 

 P  ns                     ns                         ns                    ns  

_______________________________________________________________

ns: µ µ , *: P<.05, **: P<.01 

µ  µ µ  60 m 

 µ µ  µ

µ . µ µ . . µ

 5.5 ±1.0  3.8 ±0.9 mmol/l,  30.8 ±10.7 %, <.01

µ  5.8 ±1.0  4.2 ±0.5 mmol/l,  26.8 ±14.1 %, <.01 

(  5-29). µ µ  µ µ

 µ ,  µ

µ  µ

 ( µ  5-48). 



152

 5-47.  60 m  6 µ

µ  ( µµ ) µ

( µµ µµ ).

 5-48.  60 m, 

 6 µ µ  ( µµ )

µ  ( µµ µµ ).
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µ µ  µ

, µ  µ  µ µ  ( µ  5-

48). µ µ  µ µ

 µ . . µ µ  60 m, 

 3  6 µ  ( µ  5-49). 

 5-49.  µ

µ  60 m, µ µ ,

 3  6 µ .

 Pearson µ  60 m 

µ : -0.75 ( <.05), -0.65, -0.46, 

-0.45  -0.77 ( <.05) ,  1 , 2 , 3  6  µ

µ µ  -0.40, -0.13  -0.64 ,  3

 6  µ µ .

5.7.2.

 5-30 µ  "intra- class" 

µ

µ  60 m,  µ ,

µ .
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 5-30. Intra-class  (R)  µ

, µ

 6 µ , . .

µ  60 m. 

_______________________________________________________________

     R      Rµ      R% .

 _______________________________________________________________

  .85  ***  .93  ***  .62  * 

  .62  *  .72  *  .48 

______________________________________________________________

 * <.05, *** <.001.

 O  R  µ  µ

.

 60 m,  0.85 

0.93 µ  6 µ , µ

 (0.62).  µ

µ  µ  µ .

,

µ  µ µ .  R  0.62  µ

0.72  0.48. 

µ  µ  µ

 µ .

5.7.3.

 µ µ  ( )

 3  6 µ , µ µ

µ µ µ .

 µ µ µ  µ

' µ ,  µ

µ .

 5-31 

 60 m  µ  (1-4 %), 

µ  µ  77-79 % .
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 5-31.  ( . . )

, µ

µ  60 m. 

_______________________________________________________________

        µ

             %            %    %  

_______________________________________________________________

 (3)  9.06  4  23.74  77  5.96  19 

 (6) 3.19  1  32.33  79  8.26  20 

_______________________________________________________________

 (3):  3 µ , (6):  6 µ .

µ  µ

µ  (19-20 %). 

, µ

µ µ  3  6 µ .

5.8. µ

 H two-way µ  µ

µ  2000 m (F=27.9, P<.001) 

5000 m (F=90.4, P<.001). µ

 µ µ µ µ

µ . µ µ

 µ

µ  2000 m,  µ µ  µ  µ .

µ .

5.8.1. µ  2000 m

µ  2000 m µ µ

µ  (  10.36 ±1.23  8.41 ±0.54 min, 

 18.0 ±9.0 %, <.01), µ

 1  µ . µ
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 5-32. µ

 2000 m,  5000 m ( :

µ µ , : µ ).

_______________________________________________________________

                             2 0 0 0 m                                    5 0 0 0 m

       (min) .  (mmol/l)  (min) 

          x         P         x        P              x         P

_______________________________________________________________

  10.36  1.23   7.5  1.8   28.64  2.43  

  10.09  1.14   6.7 1.9  28.34  2.50 

 P                          ns                            ns                                  ns 

1 µ

   9.44  0.64  **  6.7  1.8  ns  27.26  2.86  * 

                           -                              -                                   -

2 µ

  9.25  0.62  **  7.1  1.6  ns  24.99  2.31  ** 

                           -                              -                                   -

3 µ

  9.00  0.68  **  8.2  1.9  ns  24.67  2.00  ** 

  9.53  0.87  ns  6.7  2.0  ns  25.86  1.85  ** 

  P                          ns                            ns                                  ns 

6 µ

   8.41  0.54 **  7.4  2.0  ns  22.96  1.41  ** 

  8.86  0.57  **  7.1  2.0  ns  24.02  1.39  ** 

  P                          ns                            ns                                  ns   

_______________________________________________________________

ns: µ µ , *: P<.05, **: <.01

µ µ  6 µ  (  10.09 

±1.14  8.86 ±0.57 min,  11.4 ±9.4 %, <.01),

µ  µ  3 µ  (  5-32). 

 µ  2000 m µ µ  µ

 µ ,

 µ µ , µ  µ µ  ( µ  5-50). 

 µ  1  µ µ  µ

µ µ µ ,

µ µ µ ,  3 

 6 µ . µ , µ  5-53, 

   µ
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 5-50.  2000 m  6 µ

µ  ( µµ ) µ

( µµ µµ ).

µ µ  3  6 µ ,

µ .

µ  µ µ  2000 m 

µ µ µ

µ  (  5-32). µ µ  µ

 3 µ  (8.2 ±1.9 mmol/l), µ

µ  µ  µ  µ

µ  ( µ  5-51). 

 5-33  (Pearson) 

 2000 m ( ) µ  µ

,  µ .

µ  µ . .

µ  (-0.91, -0.76  -0.43) '

µ µ  (-0.57, -0.29  0.18), µ

µ  ( µ )  µ  µ .  µ

VO2 max  (-0.78 <.001)

 µ  µ  3  6 µ  (-

0.48, <0.5  -0.46 ). µ µ

µ .  µ
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 5-51.  2000 m, 

 6 µ µ  ( ) µ

 ( µµ µµ ).

 5-33. Pearson  (r) µ

 2000 m ( ) µ ,  VO2 max, 

 ( : µ : µ ).

______________________________________________________________

          . .         VO2 max    

______________________________________________________________

  -.57  -.80  **  -.12  

  -.91  ***  -.77  *  .16 

   +   -.67  **  -.78  ***   -.04 

 3 µ   -.29  -.46  -.59  

  -.76  *  -.46  -.33 

   +   -.61  **  -.48  *  -.50  *  

6 µ   .18  -.37  -.74  * 

     -.43  -.40  -.36 

   +   -.15  -.46  -.61  ** 

______________________________________________________________

 * <.05, ** <.01  *** <.001.
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µ  ( µ )  µ  µ µ

µ  (-0.12, -0.59  -0.74, <.05). µ

µ  µ  µ .

5.8.2. µ  5000 m

µ  5000 m  µ µ

µ . µ

µ  µ  28.64 ±2.43  22.96 ±1.41 min,  19.6 

%, <.01, µ  1  µ

. µ

 µ  28.34 ±2.50  24.02 ±1.39 min,  14.8 

%, <.01, µ µ  3 µ

 (  5-32). 

µ µ  µ  µ

2  µ  µ , µ  5-52, µ

µ µ  µ µ , µ

 µ . µ  3 

6 µ , µ µ

 5-52.  5000 m  6 µ

µ  ( µµ ) µ

( µµ µµ ).



160

 5-53.  2000  5000 m, 

µ µ  3  6 µ .

 5-34. Pearson  (r) µ

 5000 m ( ) µ  VO2 max,  ( :

µ : µ ).

_______________________________________________________________

         VO2 max      

_______________________________________________________________

  -.59  -.71  * 

     -.33  -.50 

   +   -.45  -.61  ** 

 3 µ   -.39  -.78  * 

     -.62 *  -.55 

   +   -.52  *  -.71  **  

6 µ   -.43  -.80  ** 

     -.69  *   -.31 

   +   -.60  **  -.61  ** 

_______________________________________________________________

 * <.05, ** <.01  *** <.001.
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 µ  µ  ( µ  5-53). 

 5000 m µ  µ

 µ  µ  µ

µ µ  (  -0.59  -0.39  -0.43), µ

 µ  (  -0.33  -0.62  -0.69). 

 µ . µ

µ  µ , µ µ  r -0.71, -0.78  -0.80 

( <.05)  µ , µ  µ ,

µ  µ  µ  µ µ  r -

0.50, -0.55  -0.31 ( >.05) (  5-34). 

5.8.3.

 5-35 µ  "intra-class" 

 2000  5000 m 

 2000 m,  µ ,

µ µ .

,  2000  5000 m, µ  R 

 (0.95  0.94 ),

 µ  µ  µ  (  0.56  0.50 

).  µ  µ  µ

. µ

   0.69    0.36     2000   5000 m  ,

 5-35. Intra-class  (R)  µ

, µ

, . .  2000 m 

 5000 m. 

_______________________________________________________________

     R      Rµ      R% .

_______________________________________________________________

 2000 m  .95  ***  .56  .69  * 

 2000   .70  *  .79  **  .44 

 5000 m  .94  ***  .50  .36 

_______________________________________________________________

 * <.05, ** P<.01  *** <.001.
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 µ µ µ

 2000 m  µ µ

 5000 m. 

µ  2000m 

 µ  µ  µ  (  0.70  0.79), 

 µ  µ  µ  µ

µ . µ

 (0.44)  µ  µ µ .

5.8.4.

µ  µ

 2000 m  3 µ ,

µ µ µ µ .

 5-36  18 %, 

 73 % µ .

 µ  9 %  µ µ .

 5-36.  ( . . )

, µ

µ  2000 m. 

_______________________________________________________________

         µ

        %            %    %  

_______________________________________________________________

 2000m (3)  252.05  18  128.76  73  16.18  9 

_______________________________________________________________

 (3):  3 µ .
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6.

6.1.

µ

 µ  µ µ

. µ µ

µ µ , µ µ ,  µ .

6.1.1.  µ µ

 µ µ µ  µ

µ  µ , µ

µ µ

( ) . µ

 (co-twin) 

, µ

.

,  µ µ ,

µ µ  µ  µ , µ ,

 (Newman 

et al. 1937).  µ

.

 O Price (1950)  µ µ

µ ,

 " " )

 ( µ  µ ,

, µ ), )

( ) ,  µ

µ ' ) µ µ
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 µ µ µ

µ .

µ  µ

µ  µ ,

 ( ).

µ

µ µ

.

µ

µ  ( , ), µ

 µ  (Smith 

1976, Wilson 1981, 1986). µ

µ  µ  9 ,  µ  DZ 

µ  µ  (Wilson 

1986).

µ µµ ' µ

µ ,

 5-3.  µ  µ

µ  7 kg, 

µ  (  5 %). 

,  µ , ,

µ , µ

 µ µ µ , µ

µ  µ µ  (Gesell 1942, Price 1950). 

µ  µ µ ,

µ ,

(paired), µ  µ  (Deming 1961). 

µ  µ ,  µ ,

µ . , µ

µ ,  µ

" " µ  µ

µ ,  µ µ . '

µ µ  ( ), µ

µ  ( ) µ  (Sachs 1984), 

µ µ . '

, µ µ .
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6.1.2. µ µ

µ  µ µ  µ µ  µ

µ  (n) µ  µ

µ µ µ  (Sachs 1984) 

µ . µ

, µ µ  µ ,

µ  µ ,  µ

 µ .

 µ , µ  µ µ µ

 µ µ , µ

µ µ  (  µ µ µ )

12  20 ( µ  µ µ

µ µ µ ).  µ

µ  (co-twin)  µ µ

µ µ  ( . Ramm und Hofmann 1982) µ  µ

µ . µ , , µ

, , , , µ

µ

( ), µ µ  µ

. µ µ  µ

µ µ µ

µ  (Deming 1961).  

µ µ µ  µ µ µ

,  µ ,

 µ

µ  ( µ  µ  1 

µ ) (Gesell 1942). 

µ  10 µ .

µ , µ  µ µ  9 .

µ ,  µ  18 µ ,

µµ  10,  1  µ

 3 µ .

6.1.3.  µ
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 µ µ  ( .

1991).

,

µ  (  µ ).

µ  VO2 max, µ

 µ  ±5.6 % µ µ , µ

 90 %  µ  10 % 

 (Katch et al. 1982). 

µ µ  ±0.25 mmol/l 

( µ . µ ),  µ µ µ

 (Mader et al. 1979). 

µ  µ

µ µ µ µ  µ  ( .

).  µ

µ . µ

µ  (  3 µ ), µ  sensor 

, .  µ

µ  µ µ

µ . µ  µ

µ  6.5.

µ  Katch et al. (1982), 

µ µ ,

 µ

µ  µ  µ . µ

µ µ

 µ , µ ,

, .

6.1.4.

µ µ  µ  µ

 ±10 % .

µ  µ  85 %  120 %. 

VO2 max  75 % µ  97 %.  -10 % 

 80 %,  +10 %  93 %  86.5 % 

 VO2 max.  µ , µ '

µ  75 %  97 %  VO2 max   80 % µ

99 %  µ , ,
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 (ACSM 1990)  ( )

µ  µ  (Massicotte and MacNab 1974, Stewart and 

Gutin 1976, Petratis et al. 1983). µ ,

µ µ

 µ  µ µ

(Katch et al. 1978). 

µ  µ  µ

 ( ), µ

µ  µ  ( ,

 µ ) ( . 4.4). 

 µ µ

µ ,

 VO2 max.  

 µ

µ , , µ µ

µ ,  µ ,

, µ .  µ

 µ µ .

µ  µ µ .

µ µ  µ  µ  µ

 µ µ  µ .

,

µµ  µ ,

 50 %,  ( µ  4-2). 

µ  µ .

 2 µ µ

µ  µ  ( . 4.3). 

µ µ µ  µ  (3 µ )

µ .

µ  1  1.5 .

µ ,

µ  (ACSM 1990). 

µ / µ µ

µ µ .  Davies and 

Knibbs (1971), Pollock (1973), Bouchard et al. (1980) 

. µ
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,  3  5 µ . µ

 µ  ( µ

)  Meller und Mellerowicz (1968)  µ

 15 % µ  VO2 max 

µ µ  6 µ , µ  1  6 

µ .

, µ

( .), µ  µ  5 µ

. , µ µ

µ µ µ µ

µ ,  µ ' .

 (11-14 ). µ

µ µ

.

6.2. µ µ  µ

6.2.1. µ

µ  (Tanner 1962) 

µ µ .

, µ

µ µ  µ µ

µ µ .

µ  5-3  µ

µ  5 . µ

µ  3  4, µ

 2, µ µ

(  3). µ  µ

 3  4.  µ

µ  2  5 

µ µ µ µ

.

 Tanner (1962) µ µ

 µ µ .
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µ µ

,

 µ µ ,  (

) µ µ

.

µ  µ  Tanner (1962), µ

,

. 1 µ

µ .  1 

µ , µ

µ . µ  µ  µ

µ  µ  6 µ ,

µ µ  1 

( µ  2/3 ). µ

,  µ

µ . µ µ

µ  µ µ

µ .

µ µ  5 µ  5-1  3 

 6-1. µ µ µ  6 µ

µ µ µ .
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µ  (  2)  ( . 4.1.2.). 

µ  µ µ ,

µ µ . µ  6-1 µ  µ

µ .

1,  "µ "

µ  (  >3 cm). µ

µ µ .  µ  µ

µ  µ

 µ  µ .

 3 ,

 µ  1.  µ  µ  5 

.

 " "

 1  µ

µ . µ  µ  µ

µ µ

 (1.5, 2.5, ).  6 

µ  1.5 ( µ  5-1). 

 µ .

µ  2 .

µ

µ µ  µ

. '

 µ ,

. µ  µ

 µ µ µ µ

µ  µ  DZ 

µ , µ  (Fischbein 1977a, 

1977b, Sklad 1977).  µ

µ µ  0.45 

(Fischbein 1977a, 1977b). 

 µ  µ µ  6 

µ , µ  µ

 µ µ µ ,  µ

 Tanner (1962) µ

 µ . µ

µ .
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6.2.2.  µ

µ µ  µ

µ µ µ  µ

µ ,

µ  6-2.  µ , µ  3 % 

(µ µ  x-3 )  1 , µ

 µ .

µ  µ

 µ  µ

µ µ µ µ .

µ µ µ ,  µ

 µ

µ .

 µ  ( µ  µ )

 µ µ . µ

µ µ µ µ ,

µ µ µ  µ

 6-2. µ µ µ ,

 µ .  µ .

µ -

µ  et al. (1986). 
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µ

' µ .

, µ µ

µ ,  µ

 µ µ  (Clark 1956, Venerando and Milani-

Comparetti 1973, Pirnay and Grielaard 1983)  µ

 (Malina et al. 1970, Bouchard 1977, Szopa 1979). 

Vandenberg and Falkner (1965) µ

µ µ µ .

µ µ

 Reznickova et al. (1981),  3 

 µ µ ,  Wanne and Valimaki 

(1984), µ  µ  µ µ .

µ  Parizkova (1970) µ  5 

µ µ  µ µ

, µ µ µ .

Ekblom (1969)  Eriksson (1972)  µ  µ

µ µ ,  µ  µ

µ , µ

µ .

, µ ,

µ µ µ µ .

µ  µ

µ µ .

µ  µ

, µµ  µ

µ , .

6.2.3. µ

µ µ

µ , µ µ

µ µ , µ  µ

µ µ .

.

µ

µ .



173

0.73  µ . µ ,

,  µ  (r=0.79) '

µ µ  (r=0.68). 

µ ,

µ µ  (Clark 1956, Venerando and Milani-Comparetti 1973, 

Sklad and Piechaczek 1978, Pirnay and Grielaard 1983), 

µ  µ µ , µ

 µ  h
2
.  µ

 µ  µ  µ ,

 µ

µ µ .

 µ

, µ , µ  (Tanner 1962) 

µ µ . µ

 3  6 µ , µ µ

µ µ . µ

µ µ .

 µ µ

µ ,

µ . µ µ

, µ

. µ µ µ

µ µ , µ

, µ  ( µ  5-5  5-7).

µ

µ , µ  µ

, µ  µ µ

µ µ µ  ( µ  5-8). 

µ  ( µ  5-4) 

µ µ µ

. µ

µ µ ,  µ  µ

 µ  µ µ µ , µ µ

.

, µ µ

 µ

 µ µ

.
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µ

µ  Parizkova 

(1970), Reznickova et al. (1981), µ

µ  µ µ .

 µ µ  µ

 µ  µ µ ,

. µ µ

µ µ . µ

µ µ , µ  µ  Oscai (1973), 

 µ  µ µ

 µ .

 Sklad and Piechaczek (1978)  D µ

µ µ

µ  µ  µ .  µ

.

µ  µ µ µ

 10  (Brook et al. 1975). 

,

µ , µ µ ,

 µ µ .

 µ  µ

µ  (R=.60), ' µ µ .

 µ µ µ  µ

µ  (R=.28), µ

(R=.43).  µ , µ µ

 µ µ

µ . µ

 µ  (  5-4). 

µ  µ  20 %  70 % 

µ ,  µ

. µ

µ  µ µ .

µ

 µ µ  6 

µ .

6.2.4. µ
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µ

µ µ µ µ .

µ  5-9  5-10, µ  µ

µ µ

µ  6 µ .

µ µ µ µ

µ ,

µ , µ µ µ .

µ µ µ µ µµ

 µ  µ - µ  µ µ

µ µ  ( . Garay et al. 1974),  µ

µ µ µ µ .  µ

µ µ  µ µ

µ .

µ µ

µ µ , µ µ

µ ,  µ µ  µ

( µµ  µ ) µ

µµ µ  (Heath and Carter 1967). 

µ µ µ µ

µ µ , µ µ  µ  µ

µ  (Kovar 1977, Chovanova et al. 1982), .

 Kovar (1977) µ  14 MZ  10 DZ 

µ  11-23 µ

µ , µ µ  µ µ µ

(0.88  0.87 )  µ µ µ

µ  (0.69). µ µ  (0.78, 0.87  0.86 

µ , µ µ µ )

Chovanova et al. (1982)  28  29 DZ µ

. µ µ µ

µ µ . µ

µ µ µ

µ  µ .  µ

µ .

µ µ

µ µ µ

µ  ( . 6.2.3.) µ  µ

µ .  µ
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µ µ µ µ

 µ  µ µ .

 µ  µ µ µ ,

µ  (  5-2). 

 µ µ µµ µ

µ µ ,

 Garay et al. (1974). 

µ  (1987) µ  µ

µ .

 µ

µ  µ µ ,

,  µ

, µ µ  µ µ

µ . µ  µ µ

.  µ µ

.

µ  µ µ µ ,

µ ' µ ,

, µ  inta-class 

µ .  µ  µ µ  (R=.58) 

µ  µ µ ' µ

(R=.54) µ  (R=.41).  R µ

µ µ .

 µ

µ  µ  µ µ µ

(  5-4).  21 % 

µ , 12 % µ  µ  7 %  µ µ .

µ  µ

µ ,  µ  µ µ µ  (77 

 75 %)  µ µ  (68 %). 

µ  µ  µ

µ  (11-16 %), 

µ  µ . µ

0.57 ( <.05) µ , 0.41  µ µ  0,42 

µ .

6.3. K µ
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6.3.1.

 µ  (l/min), 

µ ,  µ

µ µ . µ , µ

µ ,  (2-3 

. . µ ),  µ  10.5 %. µ

µ , µ ,  µ  µ

 (14.9 %), µ µ

µ .

 VO2 max (l/min) 

 µ  (Astrand 1952). 

, µ

 (Paterson et al. 1986).  Krahenbuhl et al. (1985)  µ

µ ,

 µ  VO2 max,  µ

,  µ  µ .  µ

 (Mirwald et al. 1981, Kemper and 

Verschuur 1981), µ  VO2 max 

, µ  µ  µ , µ

µ  (Mirwald et al. 1981). 

µ µ  Kobayashi et al. (1978). 

 µ  VO2 max 

µ  µ  µ µ ,

µ  µ µ µ ,  14-17 % (Hermansen 

and Oseid 1971, Andersen et al. 1978, Bailey et al. 1978) µ  22 % 

(Kobayashi et al. 1978).  µ

 µ µ

µ . µ

.

µ  VO2 max ( µ

) µ µ µ  µ .

µ  5-13  5-14 µ , µµ

 VO2 max µ ,

 3 µ  µ  µ  µ . µ

, ,

µ  ( . 6.2.3.). 
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2 µ  µ  µ  µ

, µ  VO2 max. 

µ  µ

 VO2 max .

,

 µ ,  µ µ µ  µ

,  VO2 max µ  (

) µ  (Krahenbuhl et al. 1985). 

 Shephard et al. (1978)  µ µ  µ

µ  VO2 max 

6-12 , µ µ  µ µ - µ

µ  µ µ - .

'

. µ  VO2 max 

µ  µ  µ .

µ µ  µ  µ

µ  VO2 max  µ µ  ( µ  5-

13). µ , µ µ  1.5 

µ  (6.1 %), µ  µ  µ  6 

µ , µ  µ

µ ,  µ µ  µ .

µ  VO2 max 

 µ  3 µ .

µ ' ,

µ  6 µ .

µ

µ  VO2 max (  kg ), µ

µ µ  1.5 µ , µ

µ µ  µ  6 

µ . µ µ  6 µ  10.6 %  9.0 

% µ  kg  kg .

µ µ  µ µ .

 µ  µ

µ µ  ( . 5.1.6.). 

 µ  VO2 max (15 %  10 % 

µ )  Ekblom (1969) 

µ  11  µ  6 µ , µ

µ µ .
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: ) µ µ

µ , µ

µ )  32 

µ , µ µ  VO2 max  µ

 55 % µ µ  37 % µ  ( .

), µ

µ  VO2 max,  7 % µ .

 Massicotte and Macnab (1974)  µ  15 % 

µ  11 % µ  VO2 max  11-13

 µ  6 µ .

µ  µ µ µ , '

 µ  (170-180 /min). ,

µ µ µ  µ .

µ  Eriksson (1972) 

 (19 %)  (16 %) µ  VO2 max, µ  4µ

 11-13 .  Mahon and Vaccaro (1989) 

 µ  µ  (9 %) 

(7.5 %) µ  VO2 max, µ  8 µ  10-14 

.

 Kobayashi et al. (1978)  Mirwald et al. (1981) µ µ

 VO2 max µ

µ µ  µ . µ

Schmuecker und Hollmann (1973), Bar-Or and Zwiren (1973), Yoshida et al. 

(1980) µ µ  VO2 max µ

. µ  Parizkova and Sprynarova (1975) 

µ  µ  Kobayashi et al. (1978), Mirwald et al. 1981), 

µ µ

µ  13  µ . , µ

µ µ ,  µ

µ .

 µ , µ  Weber et al. (1976) 

 µ µ  (23.5 % 

11.8 %), µ  (14,2 % 

15.9 %), µ  10 µ  4 

.  Daniels and Oldridge (1971)  µ

 (22 %)  µ  22 µ  11-

15 , µ  VO2 max. 

µ  µ µ .
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µ µ  VO2 max  Stewart 

and Gutin (1976) µ  8 µ µµ  10-

12 ,  Vaccaro and Clarke (1978)  µ µ

 VO2 max ( )  17 % µ  7 µ

µ  9-11 .  µ

µ  µ µ  VO2 max (7 %) 

 Lussier and Buskirk (1977) 

 (  1) µ  3µ .

 VO2 max ( : 7 %,  8 %) 

 Rotstein et al (1986), µ  2µ

 (10-11 ).

µ  µ ,

 Gerhardus (1980)  8-10 .

µ

µ  µ µ .  µ

µ , µ

- , µ  6 

µ ,  µ  VO2 max µ ,

 15-20 %. µ

µ  10-15 %. µ

 µ  µ ,  µ

µ  µ .

µ

, µ  µ µ

. µ  µ

. µ  6-3 µ  µ

µ .

, µ µ

 3 µ  1.  µ

µ µ  19.3 % 

5.2 %  µ µ .  ( )

 µ , µ

 µ µ  µ  µ  12.7 %  13.1 %. 

 2  µ  2  1  3 

µ  µ .

, µ

µ  (  1), µ
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 6-3. µ  µ µ  VO2 max 

 6 µ , µ ,

. µ  (= ) µ  (= ).

 (  2-5). 

µ  VO2 max 

µ . ,

µ  6-1  6-3.  µ µ µ

µ  µ  VO2 max, µ  µ

,  µ  µ

µ . µ

µ  µ µ µ

µ  VO2 max (0.77, <.05).

µ µ µ  1, 

'  0.93 ( <.05).

 µ µ  Weber et al. (1976), 

µ , µ

 µ  VO2 max. 

, µ µ ,

µ . µ

 µ  µ  VO2 max, 

 µ  µ .
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 Weber 

et al. (1976) µ µ .

, µ

 µ µ , ,  µ

. µ

 ( )  µ  µ

(Goldberg and Goodman 1969) 

µ .

µ µ  µ µ

 µ µ

 VO2 max. µ ,

 µ  µ

, µ ,

µ  µ µ

 (Hunter et al. 1965, Tausk 1979, Ganong 1985, Guyton 

1990), µ 1  µ  µ

 µ  µ  ( )

µ  VO2 max.  µ

µ µ , µ

.

µ µ  µ µ

 Tausk (1979)  Ganong (1985) .

µ  ( 4)

( 3) µ  µ

µ µ  (Goldberg and Griffin 1977). 

Tanner (1962) 

 µ  ( )

µ ,

.

µ  (Tanner 1972). 

 µ  µ µ µ

µ  (Frasier et al. 

1970, Wirth et al. 1978)  µ  (Illig and Prader 

1970). ,  µ µ

-----------------------------------------------
1 µ µµ  µ

µ µ , µ µ

(Tanner 1972, Tausk 1979, Ganong 1985, Guyton 1990). 
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µ µ µ

 µ  (Greenwood et al. 1964, Hunter 

and Rigal 1966, Westphal 1968), 

, µ  µ µ

 (Greenwood et al. 1964). µ

µ µ  2-3  µ

, µ

µ  1 ng/ml,  (Hunter and Rigal 1966). 

µ µ  µ

µ  (20-30 min) 

 (Eriksson et al. 1971, Oseid and Hermansen 1971). 

µ  µ

 µ  (Hartley et al. 1972). µ

µ µ  µ  (Malina 1979). 

µ  (1990) µ

µ , , µ  µ

µ , µ .

, µ

µ  µ  µ

,  µ µ

,  µ µ  VO2 max 

.

µ

, µ µ

(Husmann 1976, Tausk 1979, Ganong 1985). ,

 µ µ µ

( ),

,  ( )

 µ  (Ganong 1985, Guyton 1990).

 µ µ .

µ  RNA µ

µ ' µ µ  rRNA 

( µ  RNA)  (Rogozkin and Feldkoren 

1979).  µ µ

µ :  µ µ ,  µ
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µ , µ

µ µ µ - µ ,

 RNA- µ  mRNA, 

 rRNA µ µ ,

 (Lehninger 1979). 

 µ

 µ  µ

µ  VO2 max. , µ

,  µ

(Fahey et al. 1979)  µ  VO2 max 

(  µ ,  µ

µ ) ( µ  6-3). 

µ µ

 µ  µ , µ  VO2 max 

µ  µ .

 (Dufaux et al 1981, Calbo 

1981, Kindermann et al. 1985, Adlercreutz et al. 1986), µ

 µ ,

µ µ  µ  µ  µ ,

'

.

 µ  2-3 .

 µ

 1 .  µ µ

µ µ ,

µ µ .

µ , µ .

µ  VO2 max 

µ , µ

, µ .

 Tanner et al. (1976)  µ  µ µ

µ ,

µ  µ µµ

.

µ .  µ  µ µ  µ

 (doping) µ

 ( . Lamb 1975).  
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µ µ  µ

 µ . ,

µ  (Tanner 1962), 

µ

µ  µ µ

VO2 max.  µ µ µ  µ

µ .

µ µ µ

 VO2 max (  µ µ

)  5.4  23.8 %.  µ  µ

µ µ  -6.8  9.7 %. 

µ  µ  µ

µ  (µ  25 %) µ

 (  40 %)  (Klissouras 

1972, Pollock 1973, Prud'homme et al. 1984, Boulay et al. 1986, ACSM 1990). 

µ  µ  80-90 %  (Lortie et al. 1984, Hickson et al. 1977) 

 µ

 ( . Saltin et al. 1968, Pollock 

1973).

µ µ  µ

 µ .  5-8  intra-

class  VO2 max 

 0.71,  µ  µ µ .

 µ  0.55,  µ µ

µ .  intra-class 

µ  (R= -.02) µ

µ  µ µ .

µ  ( )  VO2

max/kg µ .

 (sensitivity)  VO2 max/kg 

µ ,

Prud'homme et al. (1984)  Hamel et al. (1986), Boulay et al. (1986), 

 µ  µ µ

µ , µ .

µ

µ µ ,

µ .  µ

( ) ,
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 ( µ )

 µ  (Perkins and Jinks 

1968, Falconer 1989).

µ , µ

µ  Afman et al. (1989),  µ

 22 µ  DZ µ

 µ  µ µ  VO2 max 

,  D µ .

µ  µ  µ

µ µ

. µ

-

. µ

 Prud'homme et al. (1984), Hamel et al. (1986), Boulay et al. 

(1986) µ µ , ,

µ  VO2 max 

' µ

µ  µ .

µ -

 VO2 max µ  µ

 20 %,  35  45 % 

µ  (

5-9). µ  20 %  µ  µ  µ

,  µ µ µ  7 % 

Weber et al. (1976) µ  50 %  Bouchard 

(1986).

 VO2 max  µ

µ  (Bouchard 1986) 

 (Prud'homme 1984). 

µ  µ

 µ µµ . µ

µ

µ  ( µµ ) (Fox and Mathews 1981), 

µ µ

(Astrand and Rodahl 1977). 

 µ  µ  VO2 max/kg 

µ µ  (r= -0.52, 

<.05). µ µ  µ
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µ ,  µ  (r= -0.35)  µ

 (r= -0.56). µ  µ  µ

 µ µ µ  µ µ  VO2

max/kg,  31 % . µ

µ µ  µ  12 % .

µ  ( µ ), µ µ

.  10 % 

 Bouchard (1986) .

 6-4. µ  µ  VO2 max/kg µ

µ µ  6 µ .

µ µ  ( µ

6-4)  µ  µ

. µ µ

µ  µ µ µ ,  µ µ

, µ

µ
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(Klissouras 1976).  µ  µ

.

 Bouchard and Lortie (1984) 

µ µ  (high  low responders), 

 (early  late response) 

µ . µ

µ  µ  ( µ µ  µ )  µ

µ  µ .

 µ µµ , µ  (23.8 %) 

 µ  µ .

µ  µ µ ,  µ

,  µ

 µ  µ  µ µµ .

 µ  µ µ

, µ  µ  µ , µ  µ

 Klissouras (1977), 

µ  µ  µ  µ µ .

µ µ  µ

µ  µ

 ( ),  µ

µ  (  1990), 

 µ

 µ µ  (Bouchard 1986).  µ  µ

µ  (23.8 %) 

 60 % ,  Bouchard 

(1986). µ  µ µ  ( )

 µ µ  µ

.  µ

 µ

, µ µ .

6.3.2.

 µ µ  µ  (199-206 

µ./min)  µ µ

µ

 µ  Robinson (1938)  Astrand (1952).
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 µ µ  6 µ

µ , µ ,

µ ,  µ µ  µ  ( µ

206  202 µ µ  205  200 µ./min). µ

µ  µ µ

µ  µ ,  µ ,

 µ  µ

µ µ  ( µ  5-16).

,  Pollock (1973), µ  µ  µ  µ

 µ

.  µ

µ µ , µ  µ

.  µ  µ  µ

 Ekblom (1969), Eriksson and Koch (1973), µ  µ

 Massicotte and Macnab (1974), Weber et 

al. (1976), Lussier and Buskirk (1977)  Vaccaro and Clarke (1978). 

Eriksson and Koch (1973) µ  µ

(  196  191 µ./min),  Ekblom (1969) 

 µ .  6 µ

, µ µ  µ  µ  204 

 199 µ  198  196 µ./min. 

µ µ  µ

µ  µ µ

 (  µ  µ ) '

µ µ .

µ  µ .

 µ µ  µ µ

.

 ( .

1991)  µ  µ  µ  5 µ./min. 

, µ µ

Astrand (1952)  10  15 , µ  µ  µ

 1-3 µ./min µ µ

.  µ  µ µ  1  (

 10.5  11.5 )  3 µ./min 

Hermansen and Oseid (1971).  2  1 µ./min  µ

 Gerhardus (1980) µ  1 
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µ  (  197  195 ./min)  (  202  201 

./min) .

 CO2 ,

 µ µ

(Stegemann 1984),  µ

µ .  µ  µ

µ µ

µ  ( . Viru 1985). 

6.3.3. µ

µ , ,

µ µ , , 2- µ ,

µ , ,

µ 2- µ  3 µ .

, µ ,

 µ  µ µ .

µ :

.  Astrand and Rodahl (1976)  µ

,  µ  µ  µ ,

µ µ  µ

µ .  µ µ

µ  VC  VO2 max (Astrand 1952),  µ

 (Astrand and 

Rodahl 1976) µ  (Cureton 

1936).  Palatsi et al. (1980)  µ µ

µ µ  (FVC)  VO2 max 

 µ µ , µ

µ .

, µ

.

 VC  FEV1 (  10 %) 

µ µ µ  6 µ ,

.

 µ µ

µ  Robinson (1938), Astrand (1952)  Hollmann et al. (1965), 

 Andersen et al (1980). 
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µ µ .  µ

µ µ µ µ

. µ  5-11, µ

, µ

.

µ  ( ) µ µ

µ µ , µ

 µ µ ,  Weber et al. (1976), Lussier 

and Buskirk (1977), Vaccaro and Clarke (1978), 

µ  µ  µ  (Massicotte and Macnab 

1974).  Ekblom (1969)  Lussier and Buskirk (1977) 

 µ  µ µ µ .

 Astrand (1952)  µ  µ µ

µ µ µ

µ  ( µ  2 ). µ

 6 µ

.  10  l/min µ

 ( ) µ

 Astrand (1952). 

 Pollock (1973)  VE max  µ

10-20 %  6  10 µ . µ

µ .

µ

µ µ  µ .

µ  26 %  Gerhardus (1980) 

µ  µ .

 34 % µ  1 .

µ

µ ,

 µ  µ ,

.

.  µ  Robinson (1938) 

Astrand (1952)  µ

. '  µ

 (VT),  µ

VC, '  µ µ µ

µ µ  (Astrand and Rodahl 1977).
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,  µ  µ

 µ µ

µ , .

,

 µ

 µ  (Astrand and Rodahl 1977). 

2 µ .  µ µ  Pollock (1973) 

µµ  VO2 max.  Hollmann und 

Hettinger (1980) 2 µ µ

µ µ .

µ  µ -

µ .

µ µ  µ

µ 2 µ  1.5  µ ,

µ  µ ,

.  VO2 max 

(l/min),  Pollock (1973) (  5- 7). 

 µ  µ µ  µ

µ , µ µ .

 µ 2 µ ,

 VO2 max .

 µ 2 µ  µ µ

 Scheusing und Rieger (1964), µ

µ  12  13 . O Gerhardus 

(1980) µ  µ µ

,  µ

 1 .

.

 " µ "  µ 2 µ

µ

(38  39 % ,  5-9).  23 % µ

.  µ  µ

µ  µ

µ ,  intra-class 

 µ  (  5- 8).  µ  O2

µ  " "

,  µ  VO2 max. 
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.

µ  µ .

µ  µ µ  µ µ  µ  µ ,

µ  1.15 (  5-7). 

µ  µ ,

, .

 Robinson (1938)  µ

 µ ,  µ µ

µ  20-55 .

µ  µ µ  8-10 

 Gerhardus (1980) µ . µ

 µ µ .

µ  µ  ( µ ) µ

 (Daniels and Oldridge 1971, Eriksson 1972, Massicotte and Macnab 

1974, Vaccaro and Clarke 1978), 

µ  (Weber et al. 1976, Gilliam and Freedson 1980).  

 µ

µ .  µ

 µ , µ  µ

 µ

(Robinson 1938). '

.

µ .  Hollmann und Hettinger (1980) 

µ

µ µ  µ µ µ .

 µ µ  30-35 µ µ

µ . µ µ

µ µ µ

µ  35 (  5-7). 

µ µ µ

, µ µ  µ

µ , µ  39. µ

µ  µ µ µ  µ  VO2

max (  5-7)  µ

.

6.4. µ
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 µ µ  µ

µ ,

(  5-11). µ  µ µ µ

µ . µ  µ

 µ ,

, µ  µ

µ .

µ µ

 6 µ ,  6.8 %, µ

 11.9 km/h (3.3 m/sec)  12.7 km/h (3.5 m/sec). 

.

 µ  (2 %, >.05) µ

 Rotstein et al. (1986) µ µ  2 µ .  µ

µ µ  VO2 µ

(13  5 %),  µ  2 µ  Becker and 

Vaccaro (1983)  Mahon and Vaccaro (1989).  µ

 VO2  (

5-11),  Rotstein et al. (1986),  µ

 +2 % (P>.05).

,

 4 mmol/l,  µ , µ  µ µ

. µ

µ ,  µ µ  ( )  µ

µ µ  3.0 ±0.5 m/sec (Mader et al. 1976, Buhl et al. 1982). 

VO2  4 mmol/l 

µ  µ .

 VO2 max /kg  ( . 6.3.1.).

 VO2 max  4 mmol/l 

' .

µ  µ  80-85 % (Gaisl and Buchberger 1980, Rotstein 

et al. 1986, Danis et al. unpubl.), µ  60-80 % 

(Liesen et al. 1977, Denis et al. 1982, 1984, Tanaka et al. 1986). 

µ µ  µ ,

 80-90 %  VO2 max (Liesen et al. 1977, Kindermann et al. 1978). 
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µ

µ  (60-70 %  VO2 max) (Becker and Vaccaro 

1983, Cooper et al. 1984, Palgi et al. 1984, Mahon and Vaccaro 1989), 

 (40-60 %  VO2 max) (Davis et al. 1976, 1979, Ready and 

Quinney 1982), µ  µ .

µ

. .  (%  VO2 max) 

 (Eriksson et al. 1971). 

µ .

 4 mmol/l. µ  µ µ

Kindermann et al. (1978), Gaisl and Buchberger (1980), 

 4 mmol/l  185-190 µ./min. 

µ µ  160-180 µ./min (Keul et al. 

1978). ,

µ µ  µ µ

. . .

µ µ  5- 20. 

µ  µ µ

µ µ

. , µ

µ  (  12 km/h  µ ), µ

µ .  µ ,

. ., µ  µ µ .

µ  µ  6 µ µ µ

. ., µ .

µ  5-21 

, µ .

µ , µ µ  µ  (13.8 %) 

 1.5  µ ,

µ .  µ  µ

µ µ µ ,

 µ  11 % 

µ µ .

 µ µ  µ  6 

µ µ  18.2 %, 

 6.8 %. µ µ

 ( <.05) µ ,
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µ µ  µ ,

µ  ( µ  5-22). 

 5 %  4 

mmol/l,  Rotstein et al. (1986) µ  9 

µ .  µ

 ( µµ  µ µ  150-600 m). 

µ

,  µ µ ,

30  60 min ,

µ  (Kindermann et al. 1978, Foehrenbach et al. 1981). 

µ  VO2

4 mmol/l,  µ  µ  8.7 %, 

µ  ( µ  5-22). µ

µ  µ  1.5 µ ,

µ  3 µ  µ  6 µ  ( µ  5- 23). 

 µ  1.5 µ  (5.6 %)  µ  µ

µ  µ  VO2 max, µ

 µ  VO2 max 

 ( µ  5- 24). µ  VO2

 (Gaesser and Poole 1986). 

 3 µ  µ ,  VO2 max 

 VO2 ,  µ  µ

 VO2 max  4 mmol/l. 

 3 µ  VO2 µ  µ  VO2

max/kg ( µ  5-14)  µ

µ  ( ).

µ  2 µ  µ , µ

 ( µ  4-2),  µ

.

 VO2  28  19 %, 

 µ  8 µ  Becker and 

Vaccaro (1983)  Mahon and Vaccaro (1989) 

.  µ

µ ,  13  5 % .  VO2 max 

 µ , µ µ

, '  µ µ

 Rotstein et al. (1986). 
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µ

,  Poole and Gaesser (1985)  µ ,

µ µ  µ ,  µ µ  µ µµ

.  (Gaesser and Poole 1986) 

 µ  µ

. µ  µ

µ .  µ

 (  VO2

VO2 max) 

' .

 µ  4 

mmol/l µ µ  (  189  186 µ./min) 

µ .

, µ

 µ .

 4 mmol/l (Watt) , µ  18 % 

µ  40 µ  (Denis et al. 1982) µ  42 % µ

 20 µ  (Denis et al. 1984).  31 

%  Gaisl und Buchberger (1982)  10-11  µ

µ  3 .  18.2 

% µ  µ  6 µ

 (25 µ ), .

 µ  (km/h)  µ

VO2 max (l/min), .

 µ  (  + )  (µ )

µ µ µ  µ

.  µ

 VO2 max 15  4.5 %  18  11.5 %.  1.5 

µ  µ  13.8 %, 

VO2 max µ  6.1 %. ,

Rotstein et al. (1986) µ .

, µ

µ  VO2 max, µ µ

µ  µ  (6 µ : r=0.46, 

P>.05, 1.5 µ : r=-0.23, P>.05). µ  µ

µ  (Hollmann und Hettinger 1980). 
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 6-5. µ  µ µ

 6 µ µ ,

. µ  (= ) µ  (= ).

µ  µ µ  4.5 

34.5 % µ µ  -6.6  25.2 % 

. µ  µ

µ  µ ,

µ  6-5. 

µ .

 µ

. µ µ

µ µ

.  µ

µ ,  -0.23 

µ µ , -0.08 µ  -0.34 

.

 µ

µ µ  (35 %)  VO2

max/kg, µ  µ  µ  (42 %) 

 Denis et al. (1984) µ . µ

 (  25%) 
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 Becker and Vaccaro (1983)  Mahon and Vaccaro (1989), 

 44 % (Davis et al. 1979)  70 % (Ready and Quinney 

1982) , µ  µ µ

 µ ' .

µ  µ  µ

µ ,  intra-class 

 (0.26). 

 µ

,  µ µ

µ .

µ µ  R  (0.76) 

 µ  (0.52).  µ

 µ .  VO2 , µ

 µ

µ  µ .  µ

.

µ

µ ,  VO2.

µ  25-30 %  50-60 

% µ ,  VO2

 17  65 %. µ

 µ  µ µ .

 µ  µ µ  VO2 max, 

µ .

µ

µ  ( . 6.3.1.). 

µ

µ µ  Bouchard 

(1986) µ  µ  (maximal 

aerobic capacity), µ  90 min 

. µ  20 % 

µ , 40 %  40 % .

µ µ , µ µ

 µ  µ  (Farrell et al. 1979), 

 µ µ

µ .

µ  (0.60-0.80),  µ

(Danis et al. unpubl.) µ µ
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 6-6. µ  µ  ( )

VO2 ( ) µ µ µ

 6 µ .
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.  µ

µ .

 µ µ

 15-20 % µ ,  VO2

.

 µ

µ

.  VO2 max /kg,  µ

µ µ µ  µ

 µ  (-0.57  -0.51,  VO2 ,

<.05). µ  Pearson µ

µ , µ µ

.  -0.58  -0.52 µ

µ ,  VO2  -0.43  -

0.51.

 µ  VO2

µ  33  18 % 

µ  27  26 %. 

µ ,

.

 µ  µ

µ µ  ( µ  6-6).  µ µ

,  VO2,

. ,

µ .

 µ µ :

µ µ  µ µ  µ

,

.

 (sensitivity)  (Perkins and Jinks 1968, 

Falconer 1989). 

 Bouchard and Lortie (1984) 

µ µ  (high  low responders) 

 A .
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 VO2  µ  VO2 max 

( µ  6-4), .

µ  µ

 µ .  µ

 (Klissouras 1977) ,

 µ  µ µ  µ

,  (Bouchard 1986)  µ µ

 µ  µ  µ

.

µ  6-6, µ µ

µ  6-4,  VO2 max. 

 VO2  10  31 %,  µ

µ  56.7 ml/kg/min (88.8 %  VO2 max) 

µ  54.6 ml/kg/min (88.9 %  VO2 max). 

 18.8 

34.5 %. µ  µ ,

µ  µ  µ µ .

µ  µ  15.1 km/h 

 14.0 km/h. 

µ ,  µ  4 .

µ µ

,  VO2  VO2 max, 

µ .

6.5. µ µ µ

µ µ µ

 VO2 /kg (steady state)  µ µ µ µ

 (Daniels 1985, Morgan et al. 1989). 

 µ µ .

µ  µ

µ , µ µ

µ µ  µ µ

µ .  µ

µµ

 µ µ  (Morgan et al. 1989).
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 µ µ

µ  VO2/kg  steady 

state 2

, .

µ

µ .

µ ,

µ µ ,

.

µ µ µ

. µ

) µ µ µ

) µ µ µ

.

6.5.1. µ µ

2 µ

µ µ  6 µ

. '  µ  µ ,

µ µ , µ

. µ µ  ( µ

2) µ

,

µ  6 µ ,

.

 3 µ

 Petray and Krahenbuhl (1985), 

µ  µ µ  40  53 %  VO2 max 

 Lussier and Buskirk (1977). µ

µ  µ

µ µ  µ µ .  Daniels et al. 

(1978b), Wilcox and Bulbulian (1984)  Lake and Cavanagh (1990) 

µ  µ  µ µ  1.5-2 µ .

 µ  Patton and Vogel (1977), Conley et al. 

(1981), Sjodin et al. (1982) µ µ  µ  3 µ

. µ  3  13 %.
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µ µ µ

µ  Daniels and 

Oldridge (1971), Daniels et al. (1978)  Krahenbuhl et al. (1989). 

 Astrand (1952)  µ

 VO2 µ  µ

. µ  (3 

%) µ  (1.5 %)  ( µ  5-27) 

.

 µ  µ

 3 µ , µ µ .

 µ 2  3 µ

µ  6 µ . µ

VO2 /kg  steady state ' µ µ  µ  3 

µ  4.3 % ( <.05), µ  µ  2.3 % ( >.05)  6 µ .

2.

µ

µ µ  µ .

µ  Morgan et al. (1989)  µ µ

µ  µ  µ µ µ ,

 5  10 %. µ

µ  Conley et al. (1981). 

µ  µ  µ µ µ

 3 µ ,  6.1.3.  sensor 

µ .  µ µ µ µ

µ , µ

. µ

.

 µ 2  3 µ

µ µ , µ  µ

µ µ  (Daniels 1985, 

Morgan et al. 1989, Martin and Morgan 1992), µ

 6 µ  µ µ

µ µ .

 µ

 6 µ ,

µ  ( µ  5-29),  µ  µ

µ µ .
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µ µ  µ . . µ

 1.5 µ .  µ µ

µ . µ

 " "

µ . . µ µ .

µ  µ . .

µ µ  (450 kpm/min) 

Massicotte and MacNab (1974)  11-13 , µ µ µ

 µ  (170-180 ./min). 

µ , µ  µ

µ µ  µ .

 µ  µ

µ  ( µ  5-20), 

 µ  µ  µ

µ . µ  Hollmann und 

Hettinger (1980) µ

µ  µ .

µ  Holloszy (1975)  µ  µ

µ , µ

. . µ

µ .

µ µ

µ µ ,  µ µ  µ

. . µ ,

 µ µ µ  µ .

 µ ,

 µ µ .

µ  µ

µ  µ µ .

µ  µ

µ µ  µ

µ  ( . Ekblom 

1969b). µ

 Eriksson and Koch (1973) 

µ  250, 500  750 kpm/min,  Massicotte and MacNab (1974) 

µ  450 kpm/min  Lussier and Buskirk (1977) 

µ  40 %  VO2 max.  



206

 µ µ

µ . µ

 µ µ ,

µ  (Ekblom 1969b). µ

µ  µ

µ . µ

µ µ  (Eriksson and 

Koch 1973). 

µ  µ

µ ,  pCO2

( '
+
) (Stegemann 1984), .

 Thimm et al. (1980) µ

 µ  µ µ

. .  µ . µ

 µ  µ  µ µ

 µ . µ  µ

. . µ µ µ

 µ µ

µ .

µ µ µ

 µ  µ

.  5-17, µ  µ

intra-class µ µ

2, µ  0.80. 

µ  µ µ

µ µ .

µ  µ  µ

µ µ µ µ

 µ µ  µ .

 µ µ µ

µ µ , µ  0.60 

(Danis et al. unpubl.).  µ µ

µ  Pirnay and Grelaard (1983)  VO2

 130  170 ./min,  Bouchard et al. (1982) 

PWC150.

µ . .

 µ , µ

 0.4,  µ  µ µ .
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 µ µ .

µ  intra-class 

 µ µ µ .

µ  µ  µ  (R= 0.5-0.6 µ

, µ

µ .  µ µ

,  µ .

,  µ

µ , µ

 65-70 %,  10 %. 

µ  20-25 

%.  µ . . µ µ

µ ' .

 µ  µ

 (30 %)  45-55 % µ ,

 10-20 % µ

µ . µ

 µ µ

.

6.5.2. µ µ

µ ,

, µ  µ µ

 µ

 (µ µ )  µ  µ

 µ  (5  10 km). 

µ , µ  µ

µ µ

, µ .

 Daniels and Daniels (1992), 

µ ,  µ

µ µ µ µ µ

µ , µ .

µ , µ

µ µ

.
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µ µ

2

. µ  VO2 ,

µ  VO2/kg

µ µ  6 

µ . µ µ  µ

µ  µ  3 µ , µ

.

 µ  µ 2  3 µ

.

, µ µ

µ µ  (Morgan et al. 1989, Morgan and 

Craib 1992). µ  µ

( . 5.1.5),  µ µ

 VO2 max ( µ  5-14),  µ

, µ µ .

µ µ  µ  VO2/kg,

 µ µ .  µ

,  2 

µ  µ  3 µ  ( µ  4-2), 

µ µ .

 (Daniels and Oldridge 

1971, Daniels et al. 1978, Petray and Krahenbuhl 1985, Krahenbuhl et al. 

1989) µ µ  µ

13.6 km/h µ µ

µ , µ µ

µ  µ  µ

µ µ . µ

2-3 µ µ  Krahenbuhl and Williams (1992) 

 µ  6 µ

.

µ , µ  µ

µ µ µ  6 µ .

, µ µ µ

µ µ  µ  1 ,
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 Daniels and Oldridge (1971), Daniels et 

al. (1978)  Krahenbuhl et al. (1989).

µ  Daniels (1985) 

Morgan and Craib (1992)  µ  µ

µ µ , µ

µ µ .

µ  µ  µ µ  (Danis et al. 

unpubl.) µ µ µ

 60 % µ .

µ µ  80 %. 

µ

µ .

 µ µ  µ µ .

µ µ µ  (47.5 %) 

µ µ  (30 %). 

,  µ  µ

µ µ ,

.

 µ µ  (  3.7 mmol/l) µ

 (  2.1 mmol/l)  µ

2  µ  ( µ )

 4 min. µ

, µ  µ  VO2

µ µ .

µ  µ

µ  ( µ

µ ,  µ ),

(Holloszy 1975),  µ

 µ  µ .

Eriksson et al. (1973),  µ

 (SDH)  30 % µ

4µ  11-13 .

 µ µ  µ

µ µ  3 µ , µ

 µ  6 µ . µ

 3 µ , µ
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 µ  µ  6 µ . ,

.

 µ

.

µ µ 2

 µ  inta-class 

 0.80. 

µ

 µ  (Danis et al. unpubl.). µ

 VO2

 VO2 max µ  90 %, 

 75 %. 

µ

µ ,

 0.45,  µ µ

.  µ

 µ  µ

 µ  (  µ ).

µ  intra-class 

 µ 2,  µ  µ

µ  µ µ . µ

 µ  µ .

µ µ ,  µ µ .

 µ

µ  30 %. µ

 µ µ ,

. .  µ .

 45 %  50 % µ

µ . . ,

µ  µ µ .

µ  25-30 % . .  20 % 

, µ  µ .

6.6. µ

µ
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,  µ  µ µ

, µ

µ .

µ µ  ( ),

µ , µ µ

(µ ),  µ  µ .

µ  µ µ

 ( ),

 µ .  µ

2  µ µµ

2.

 Margaria et al. (1933) µ

µ  µ µ  µ µ  µ ,

µ µ

( ) .

µ  µ  µ µ

µ  (t1/2),  µ

 µ µ .

 Margaria et al. (1933, 1965) µ  µ

µ µ  µ  VO2

µ  30 sec .

 Henry and DeMoor (1956)  Broman and Wigertz (1971), 

Whipp and Wassermann (1972), Katch (1973), Linnarsson (1974) 

 µ , µ

µ  µ ,

µ  µ ,  µ  "non-steady-state" 

. '

µ  ( . 4.2.5.). 

µ

 µ

 µ .

µ µµ 2  µ  µ

µ µ  µ .

 µ µ µ

 (ATP, CP), µ  O2

,  µ  (Margaria et al. 

1933).  µ
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2

µ . ..

6.6.1.

µ µ

µ

, µ  ( ).

µ µ µ

µ  4 µ  (  5-20  5-22). 

 VO2  (x= 10.6 km/h) 

µ  µ  µ , µ  t1/2  24-

25 sec. 

(x= 13.6 km/h), µ  µ  t1/2 (25-27 sec). 

 µ .

µ µ  VO2

µ µ  30 sec,  Margaria et 

al. (1965), di Prampero et al. (1970), Davies et al. (1972) µ ,

 µ µ  17.2 sec, 

 sady (1981) , µ  15 

 sec  Macek and Vavra (1980).

 VO2 max 

 75 %  92 % . µ  µ

 90-100 %  VO2 max  Macek 

and Vavra (1980)  103 %  VO2 max  Sady (1981), 

µ µ µ  µ

 µ . µ

 µ  (7-11 )

µ  t1/2, µ

 (Danis et al. unpubl. b). 

 Cooper et al. (1985)  (7-10 

) µ  (15-18 ) µ

 VO2 . 

µ ,  75 %  (µ

 60 %  VO2 max).  µ

 VO2 26.5 sec  28.0 sec µ ,

µ  t1/2 18.4 sec  19.4 sec . µ

 µ µ µ .
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 µ  (80, 160 

240 Watt) µ  Linnarsson (1974), 

µ  39.4, 40.6  45.9 sec, 

 t1/2 27.3, 28.1  31.8 sec. µ  Fox et al. (1980) 

 t1/2 21.6 sec  38 %  VO2 max  32.8 sec 

 65 %  VO2 max.  Whipp and Wasserman (1972) 

 µ µ µ  t1/2 µ  25  40 sec 

. µ  µ

µ ,  µ

 VO2.  Hagberg et al. (1978). 

 de Vries et al. (1982)  VO2  (21-

29 )  (60-69 ) ,  45 % 

VO2 max,  t1/2 27.4  30.0 sec .

µ .  Cerretelli et al. (1980) µ

 t1/2  VO2 µ  µ ,

33  41 sec, µ

 µ µ  µ  18  90 sec. 

µ  24-27 sec 

 µ µ .

µ  µ

µ µ , µ  µ ,

µ µ  VO2

µ .

 Hagberg et al. (1978), Cerretelli et al. (1979)  Powers et al. (1985) 

 µ  VO2 µ

 µ µ , µ .

 µ  µ µ

µ  VO2 max, µ  r= 0.80 (Powers et al. 1985). µ ,

Hickson et al. (1978)  µ  VO2

( ) , ,  7 µ

µµ µµ  10 µ  (6 

/ µ ). µ µ

µ  VO2.

. µ  t1/2

µ .

µ

 VO2 µµ µ .
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 µ .

µ  6 µ µ  µ

 VO2.

 VE  VCO2  µ  µ

 µ  VO2. µ

µ µ µ µ  31  39 

sec µ  37  43 sec 

 (  5-20  5-22). 

µ µ  VE  VCO2

µ  (Davies et al. 1972, Linnarsson 1974). 

µ

µ  µ  VO2.  Broman and Wigertz 

(1971)  µ µ  t1/2  VE µ  46  70 

sec. µ  (45.4 sec)  de Vries et al., 

.  Davies et al.  t1/2 50 sec 

 VE  VCO2,  30 % 

µ  VO2.  µ  t1/2

 CO2  Linnarsson (1974), 45-56 sec  µ  42-

47 sec  t1/2  VE.

µ µ  µ

µ , µ  VE

 VCO2 µ .

µ µ  µ  µ µ

µ  µ

 (7-11 ) (Danis et al. unpubl. b). 

µ

, µ  µ

 (Cooper 1985). 

 µ  µ  t1/2  VE

µ , µ  µ µ µ . µ

 VCO2

µ µ . µ

.  µ µ µ µ

µ µ µ  VE  VCO2

( µ  5-35  5-39).

 µ µ  µ

µ µ
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( . 5.4.1.2  5.4.2.2). µ . .

µ µ  CO2  µ µ

µ , µ  µ  µ

µ  (Astrand and Rodahl 1977). µ

 µ µ µ

.  µ µ

 ( µ ) µ .

 µ

µ . µ µ

 µ  ( µ )  µ µ

µ  18  24 sec  19 

 22 sec  (  5-20  5-22). 

,

µ  t1/2 µ ,

µ .

.  Broman and Wigertz (1971)  t1/2

 µ  6.2- 8.1 sec,  Davies et al. (1972)  t1/2 22.5 sec 

 de Vries et al. (1982) 21.7  24.4 sec 

. µ  o 

Linnarsson (1974) µ  80, 160  240 Watt. 

µ  t1/2  10.8, 20.0  28.3 sec. 

µ µ

 µ  VO2.

 Sady (1981)  µ

µ  10  30 ,

µ  t1/2  (24.8 sec) '  (41.0 sec). µ

 t1/2

 µ .  Cooper et al. (1985) 

 µ  µ µ  t1/2  (20.5 

sec)  µ µ  (15.2 sec). µ µ  µ

 µ  µ  (7-11 

) µ  µ  (t1/2= 19-25 sec). 

µ

µ .

 VO2

.

.
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 µ µ

µ µ

µ  µ µ  µ µ  µ

( . 5.4.1.3.  5.4.2.3.). µ  µ

,  µ µ ,

 µ  µ

, µ  µ µ .

µ

.

µ µ '

µ

µ  (  5-24). 

 R 

4 . µ  (VE  VCO2)

, µ

µ µ . µ  µ

µ  R.

µ

 4 µ  DZ µ

(Danis et al. unpubl. b). 

µ  µ  MZ  DZ µ .

µ

µ

µ .

6.6.2.

µ µ  VO2,

VE  VCO2 µ µ

. µ

 µ  VCO2.

,

.

'  µ µ  VO2

 (t1/2= 25-28 sec) µ  µ

 (t1/2= 28-31 sec). µ

µ  VO2,

 µ
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. µ

µ µ .  µ  t1/2

 µ

 (Whipp and Wasserman 1972, 

Linnarsson 1974).

µ µ

 VO2 µ  27  54 sec ( . Katch 1973). 

µ µ  µ µ

Katch (1973)  Linnarsson (1974) (t1/2= 26.5-31.8 sec). µ

 µ , µ  7-11  t1/2 25 sec 

 (  µ  t1/2 )  28.3 sec 

 (  µ  t1/2 ).

 VO2

 µ .

µ  µ µ  Eriksson et al. (1971), 

,

 µ µ

µ .  µ 2

2 (di Prampero et al. 1970), 

 kg .

 µ  VO2

 µ

 O2.

µ  VO2

,  µ  µ µ  13.1 

 8.6 %. '  µ

2 µ µ

.

 µ . . µ

 ( . 5.4.1.2.  5.4.2.2.), µ  µ  µ  µ

µ  (Saltin 

and Essen 1971, Karlsson 1971, Knuttgen and Saltin 1972).  µ

µ

2  µ  VO2

(Knuttgen and Saltin 1972, 1973). µ  Karsson et al. (1972) 

µ  µ µ  ATP  CP  µ  7 
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µ , µ  µ TP

µ  µ µ . .

. µ µ  µ µ

.

 µ ,  µ

µ .

 VO2

µ ,  µ  µ  µ

.  Paterson et al. (1986)  µ

2 ( 2)  0.8 l (9 ml/kg) , µ

µ ,  µ  19  11 

µ  15. µ

µ  6 µ .

µ  VE µ  µ

µ µ , µ  µ  µ

 (  5-21  5-23). µ

VCO2, µ µ µ .

µ  t1/2  VE  33.5 

42.5 sec .

µ  µ µ µ  27.0 

32.9 sec . µ  t1/2

 VCO2,  (  5-

21  5-23).

µ µ µ  VE

 VCO2  Linnarsson (1974), 

, 80 Watt (t1/2= 32.1  31.5 sec ), 160 Watt (t1/2= 44.3 

 39.0 sec )  240 Watt (t1/2= 54.6  49.3 sec ).

,

µ , .

µ  ( µ  VE  VCO2

),  µ ,

.

.

µ µ  ( µ  5-37  5-

41). µ µ  µ

µ  µ  µ

. µ  (
+
) - pCO2 - µ
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µ  (Astrand and Rodahl 1977, Stegemann 1984, 

Despopoulos  Silbernagl 1989). 

,

µ ,  µ

µ . . µ . µ

µ  µ  ( µ  5-46), 

µ  µ

µ .

µ

.

 VCO2 µ µ ,

 µ  VE.

µ  µ µ

( . 5.4.1.2  5.4.2.2.). 

, µ µ µ  µ  t1/2.

µ  (

) µ µ  µ

µ , µ  µ

µ µ  t1/2  µ

µ µ µ .

µ µ

µ  (  5-21  5-23), 

 Linnarsson (1974). 

,  Linnarsson (1974), 

.

µ  µ ,  10 sec 

 µ  20 sec 

.

µ

µ µ  VE , µ  µ  µ

µ µ  VO2  VCO2 ,

 µ

(  5-24). µ µ

µ µ  µ  µ

µ  7-11 .  µ µ

µ .

µ  µ  6 µ
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µ ' µ ,  µ

 µ .

µ

µ  VO2, VE  VCO2

 µ .

 VO2 µ

15-25 %, µ  50-75 %  5-

35 %. 

 3 µ  (  5-25), µ µ

 70-75 %  µ  4-8 %. 

µ

µ .

 VCO2 µ

20-30 %, µ  50-55 % 

15-30 %. µ

 VCO2 µ , µ  (

µ µ ) . µ

.

 VE .

 32  13 %. 

.

µ µ  µ µ

(35- 45 %), µ

 (30-40 %). 

6.7. µ

6.7.1.

 µ

 ( µ , µ )

µ , µ . .

,

 (Kindermann et al. 1975, Kindermann und Keul 1977). 

µ µ  300 m, 
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 µ  µ µ

(Margaria et al. 1964, Hermansen 1971, di Prampero 1971), 

µ  ( )  µ

.

 µ  µ

µ  µ  300 m µ

8.2 - 9.4 mmol/l.  µ  VO2 max 

µ µ  7.1 - 8.5 mmol/l 

µ  µ

µ  300 m. µ

µ  300 m µ µ µ  0.45 

 0.59,  µ  µ

µ  300 m µ .

µ  µ  Kindremann et al. (1975) 

9 , µ  300 m (9.7 mmol/l) µ  (7.3 

mmol/l).  

µ  µ µ

12.5 mmol/l. µ µ µ  14 

15 mmol/l 

 (Kindermann et al. 1975, Cumming et al. 1980). 

 µ

, µ

µ . µ µ

, µ  9.4  9.2 mmol/l  9.4  9.0 mmol/l µ

, . µ

µ  µ  µ , µ .

µ µ  µ  µ  1 µ  µ

µ  (8.2 mmol/l).  

 µ .  µ

,  µ

 (85-90 % )  µ

µ µ .  µ

300 m (2 %, >.05)  µ  µ  (  5-26) 

.

 µ  µ

 µ . .

 µ  0.9 mmol/l  (Paterson et al. 1986),  µ

µ µ  Eriksson et al. 
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(1971). µ  µ

.  µ

 µ µ µ  µ

. . µ  (Spearman r= 0.63, 

P<.01). , '

 µ  µ  µ

. . µ  (Astrand 1952, Kindermann et al. 1975, Cumming et al. 1980, 

Paterson et al. 1986). 

 µ . .

 Eriksson et al. (1973)  11-13  µ

4µ µµ ,  Massicotte and MacNab (1974) 

 µ  6 µ

µ  µ  (170-180 ./min) 

 ( . )  9-10  µ  4µ

µµ .

µ  20 µ  30 %. µ

 Ekblom (1969)  11  µ  6µ

 Weber et al. (1976)  10  13  µ

 10 µ .

µ µ

 µ µ  9.5 mmol/l. ,

assicotte and MacNab (1974), µ  8.0 mmol/l, 

µ  (5-7 mmol/l). 

 Ekblom (1969)  Weber et 

al. (1976) (13 ) µ  µ  8 mmol/l.  

 µ  µ . .

 µ µ  9.5 mmol/l. 

µ  µ

 µ µ ,

µ µ µ  µ

µ .  µ

 µ µ µ

,  µ µµ

(Keul et al. 1967, Margaria et al. 1969, Hermansen 1971, Saltin and Essen 

1971, Roberts et al. 1982). 

 (µ  100 %  VO2 max), µ

µ µ ,  µ

µµ .
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µ µ

 300 m ( µ  5-46)  µ

.  µ µ µµ

 µ µ µ  µ  300 

 600 m (Mader et al. 1979),  µ  µ µ

µ .  µ

µ µ µ µ ,

.

 Shephard (1982)  µ

 µ ,

 µ µ .

, µ  µ  µ

 (Mader et al. 1979). µ ,

 µ

 µ µ , µ

µ µ  µ  µ

 µ . µ

.

µ

µ . .  µ

. µ

. µ

µ µ  µ

 (1500  800 m)  µ µ

 (Bachl 1980). 

 µ . . µ

µ  300 m  -

0.6 µ  -0.7.  300 m 

 35-50 %  µ . . µ .

µ µ

 µ .

µ  300 m  µ µµ

µ µ  ( µ  5-43),  µ µ

µ  3  µ  µ . µ

µ  3 µ , µ  µ µ  µ

6 µ . ' µ

 µ  3 µ , µ µ  3 
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 6 µ  µ  1.4 

sec.  1.6 sec .

µ  300 m  µ  µ

, µ µ

µ . µ

µ  µ . .,

µ

.

µ  300 m  VO2 max 

µ  µ  0.0  -0.2 .

µ µ µ  40 sec 

( )  14  Tanaka (1986). 

µ µ  300 m 

µ . . µ

,  intra-class  (  5-27). 

 µ  (

0.72  0.68)  µ  µ µ µ , µ

. µ

(0.41)  µ  µ µ µ

. µ

µ  µ . .

(Klissouras 1971, Danis et al. unpubl.) µ  µ  µ

µ .

µ  300 m (  3 µ )

 µ  µ µ ,

 (  5-28). 

µ  30 %  µ .

6.7.2.

 (ATP, CP)  µ .

 µ  µ  µ µ  µ

µµ µ µ

µ  60 m. 

 µ

µ  (Hellwig et al. 1988). 
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, µ

µ  µ µ  60 m  3  µ

 µ . µ  µ

,  µ µ .

µ µ  44  (4.1 %), 

µ  36  (3.3 %).  µ

µ µ µ

µ  µ  ( µ  5-47). 

µ  60 m 

µ ,  µ  µ

.

 µ µ  µ µ

 µ  10 sec, µ  60 m, 

µ  µ . . µ  5.5 mmol/l 

 4 mmol/l µ .  µ

,  µ µ µ

µ  µ  µ  10 sec (Kinderman und Keul 

1977),  µ  µ µ  (Mader et 

al. 1983, Hellwig et al. 1988), µ

.

 µ  µ

µ , µ µ  (  5-29). 

µ  µ

.  µ ,  1  µ

µ µ ,

µ µ , µ µ

( µ  5-48).  µ µµ

.

µ  µ  µ µ

 µ  µ .

µ  50-60 %  (Danforth 1965, Sahlin 

1978).  µ  CP µ

µ  µ  µ µ ,

µ µ .

 Eriksson et al. (1971) 

ATP  CP  13  µ µ
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µ  (Karlsson 1971). µ µ

(5.0  17.0 mmol/kg  µ  ATP  CP )

µ  µ  (3.9  4.9 mmol/kg  µ )

 µ . µ

ATP  CP  Eriksson et al. (1973) µ  4µ

 11-13 . µ

µ  µ .

µ µ

 60 m ,

 (  µ  µ ,  µ µ

µ µ ),

 µ .

µ µ  60 m 

 300 m  µ ,

 intra-class  (  5-30). 

µ  µ  µ  µ  µ

µ . µ , µ

 µ  µ  µ µ

µ .

 60 m µ

(  80 %). µ  1-4 %, 

 µ . µ

 µ  20 % µ

.

µ

µ  µ  µ µ  300 m. 

µ  R µ  (  0.62  0.72), 

 µ  µ µ  µ ,

.  µ  µ

µ µ  (R= 0.48),  µ  µ

 µ  µ µ

µ  60 m µ .

6.8. µ
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µ  (2000  5000 m)  µ

µ µ . µ µ

µ  1  µ ,  µ

µ µ  µ  3  µ , µ

2000 m, µ  µ  µ  6 µ .

µ  2000 m  3 µ  µ µ

 µ .  6 µ  µ

µ ,  µ

 ( µ  µ ).

µ

. µ  5000 m 

µ  3 µ µ .

µ

µ .

 6 µ  µ

 11.4 % (1.23 min)  2000 m  14.8 % (4.32 min)  5000 m. 

 µ

 18.0 % (1.95 min)  19.6 % (5.68 min). 

 6.6 % (43 sec)  4.8 % (82 sec)  2000 

 5000 m . µ  µ

 VO2 max/kg (7.9 %) 

 (11.4 %), µ  " "

.

µ  6 µ

.

µ  µ  µ  " "

 Rotstein et al. (1986) 

µ  1200 m,  11  µ µµ  9 

µ . µ µ µ

(34 sec), µ µ  (4 sec).

µ  Daniels 

and Oldridge (1971)  10-15 µ  1 (32 sec)  2 µ

(63 sec) µ  22 µ . µ

 Daniels et al. (1978) µ µ  10 

µ  12  1 µ  (  21 sec),  12 

 17  1 (  45 sec)  2 µ  (  115 

sec). µ

µ µ µ .
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µ  15 min (  - 

µ ),  10 µ  12 ,

µµ µ µµ . . (Pahlke und Peters 

1979),  µ  µ

µ  0.2 m/s.  µ µ µ ,

µµ . . µ ,  µ µ

µ  (0.4  0.25 m/s ).

µ

µ ,

.

µ

 µ

.

 µ

,  µ  µ µ

µ , µ

:

 µ  µ .

µ .

, µ µ µ  µ

µ ' , µ µ

 µ .

 Hollmann und Hettinger (1980)  µ

 3 : ) µ  (3-10 min), ) µ

 (10-30 min) ) µ  (  30 min). 

µ µ  VO2 max 

 ( . 4.2.8.). µ

 VO2 , µ  (2000 m) 

 µ

µ  (5000 m)  µ .

 µ µ

 2000 m  µ : . ., VO2 max 

 (  5-33) 

VO2 max, . . .  µ

µ . ,

 µ . .  VO2 max 

.  µ  µ

µ µ .
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µ  Pearson : )

,

µ µ  2000 m, 

VO2 max µµ  µ µ . )  µ

µ  ( ), µ

 VO2 max  µ µ  µ

. ) , µ

,  VO2 max 

 µ µ .

5000 m µ  µ  VO2 max  (  5-34). 

 µ ,

µ µ  µ  µ

 VO2 max µ  µ µ  µ .

µ µ  µ

µ  µ  µ  µ  VO2 max. 

µ  5000 m 

µ : )  µ

µ µ

,  VO2 max. )  µ

µ  ( )  VO2

max. )

 µ  µ  VO2 max. 

 µ ,  2000 m 

 5000 m, '

µ µ µ . µ µ ,

µ ,

, µ

µ µ  VO2 max.  5000 m µ

, .

 µ  2000 m  µ  5000 m 

µ µ ,  µ µ ,

.

µ  µ µ  VO2 max 

µ  Farrell et al. (1979). 

 µ  µ µ  3.2, 9.7, 15, 19.3 

42.2 km 18  µ .
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 µ '  VO2 max. 

µ  µ µ

,  0.83  0.91  VO2 max  0.91  0.98 

. µ  µ  (0.5-0.6) µ

µ µ  (VO2  268 m/min).  

µ µ  (-0.91)  Costill et al. (1973) 

µ µ  10 µ  VO2 max, 

 µ  µ  µ µ µ  (% 

VO2 max  268 m/min), µ  -0.94. µ  µ

µ µ  (241, 268  295 m/min) 

 10 km  Conley and Krahenbuhl (1980), µ

 0.83, 0.82  0.79 , µ

µ  VO2 max (r=-0.12). 

,  µ

µ µ

µ µ ,  µ µ  µ µ

µ µ .

 Sjodin (1981) 

 1000, 3000 m µ

µ  4.2 km µ  (0.90, 0.89  0.71 ),  µ

VO2 max (0.47, 0.48  0.77 ).  µ

µ  (r=-0.56)  1000 m µ µ

µ  (VO2  17 km/h).  Klissouras (1973b)  µ

µ µ

 1000 m  VO2 max (r=-0.93). 

 Tanaka (1986) µ µ  5 min ( )

 (r=0.65).

µ , µ  µ

.  VO2 max µ

µ .

µ  µ ,

1000 m. µ

µµ .

µ  2000 m 

,

µ µ µ . µ

 µ  µ
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,  µ µ

.
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µ  (R=0.95  0.94 ),

µ  µ  µ  (R=0.56  0.50 

).  µ

,

.  µ  µ  µ

µ µ  2000 m,  µ  µ

µ  5000 m.  µ

, '  µ

µ µ , ' µ .

µ . .  µ , µ

 R µ  µ  µ . . µ  300 m. 

 µ µ  µ

 2000 m  3 µ ,

µ µ µ µ µ

. µ  µ µ  18 % 

, 73 % µ  ( ' )  9 

% µ .  µ

µ  µ  2000 

5000 m, µ

µ .
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 µ µ µ  µ

 µ µ µ µ

µ , .

µ µ

µ

. µ  µ µ

µ , µ

.

µ  µ µ

µµ  6µ  µ µ

85 - 120%  (3 / µ )

:

1. µ

µ , µ , µ  µ

µ  µ µ .

2.  µ  VO2 max (l/min)  15 %,  µ

 µ  10 %. 

 " " µ  µ µ  VO2

max. µ

µ µ .

µ ,

VO2 max µ  µ

, µ

.

13%, µ  µ µ µ ,
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 µ  µ  VO2 max, 

 µ  µ µ  µ .

3.  µ  10 % µ  VO2 max 

(ml/kg/min  ml/kg /min),  µ

µ .

 µ .

4.  µ µ  µ 2 µ ,

.  µ 2

µ µ

VO2 max.  

5.  µ .

 18 %, µ  (km/h) 

 8.5 %  VO2 (ml/kg/min). 

µ  6 µ  µ

 (  7 %),  µ

µ  µ .

6. µ  VO2,  VE  VCO2,

µ  µ µ ,

. µ

 µ 2.

 µ

 VCO2.

7. µ  µ  VO2 max 

.

8. µ  µ µ µ ,

2 (ml/kg/min  steady state, 

 VO2/kg,  VO2/kg) µ

,  (x= 10.6 km/h)  (x= 13.6 km/h). 

µ ,

,  µ ,

µ µ  µ

. µ  µ

 µ µ .  µ µ

µ µ

µ  ( µ µ  µ )
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9. µ

µ  VO2, VE, VCO2 ,

, .

10. µ  µ

µ ,  µ µ  300 m. 

µ  µ µ µ . .

11.

, µ µ  µ µ

µ µ

 60 m, .

12.

µ . µ  6 µ

,  µ

,  µ  µ .

13. µ  2000  5000 m µ  VO2 max 

.

 µ ,

 µ  µ  VO2 max. 

14. µ µ

 35 %  45 %  VO2 max (ml/kg/min), 

 25-30 %  50-60 %  (km/h),  27 %  45 

%  µ

,  15-25 %  70-75 % 

 VO2 .

15. µ

 20 %  VO2 max, 15-20 % 

, 25-30 %  µ . .  5-10 % 

 VO2.

16.  VO2 max 

 µ  µ ,

µ  µ
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 µ )

µ µ µ

) µ

µ µ .

µ  9  µ

µ  ( )  11-14 , µ µ  147.6 ±7.6 cm 

 39.7 ±9.6 kg, µµ µ

. µ  µ  µ , µ -

µ  µ µ µ  µ

 µ  Tanner (1962). µ

 6 µ , µ µ , 3 / µ ,

 1-1.5  85-120 %  ( ).

µ µ µµ

µ  µ  µ µ . . . µµ

µ µ

µ µ .

, µ  µ

µ : ) µ , ) µ  VO2 max 

µ , ) µ  (4 mmol/l) µ ,

) µ µ  ( 2  2 -

, ), ) µ

 VO2, VE, VCO2 , ) µ  µ

 ( . ) µ µ

300 m, ) µ  (
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. . µ  60 m) ) µ

 (2  5 km).  

µ µ µ µ

µ  ( ) µ  ( ) .

µ  (P<.05)  µ  VO2

max/ kg ( : 57.5 ±3.6, : 55.4 ±3.3 ml/kg/min)  ( : 13.4 ±1.1, :

12.7 ±1.1 km/h). 

10.6  18.2 % µ  ( <.01)  2.7  6.8 % µ

( >.05). µ  µ  µ µ µ

( <.05), µ : ) µ

 (µ  17.8  16.2 %), ) µ µ  (µ  9.2 

%), ) µ  (µ µ  2.66  2.23, 

µ µ  4.79  4.61 µ  3.31  3.74), 

) VO2/kg  (  8.7 %), )  VO2

 (µ  t1/2 13.1  8.6 % )

)  60 m (µ  4.1 %).  µ  µ

µ . . µ

.

µ µ

µ ,

,  VO2 max , µ

µ ,  VO2,  µ . .

. µ

µ µ µ ,

µ .

µ µ  µ  3 µ  ( <.01)

µ  VO2 max (  7.9 %), 2

µ  (  11.7 %),  300 m (  6.0 %) 

 2 km (  13.1 %).  6 µ

µ µ  ( <.01). µ  µ µ ,

µ  µ .  VO2 max  6 

µ  14.9 % µ  (  2.08 ±0.43  2.37 ±0.45 l/min) 

10.5 % µ  (  2.10 ±0.41  2.32 ±0.47 l/min). 

 VO2 max  µ µ ,

 µ  (19.3 

 5.2 %), 

(12.7  13.1 %). 
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, µ

: ) 20, 70  10 %  µ µ , ) 35, 

45  20 %  VO2 max/kg, ) 25-30, 50-60  15-20 % 

, ) 27, 45  25-30 %  µ

. . ) 15-25, 70-75  5-10 

 VO2 .

µ

µ µ ,  VO2 max, 

, . . µ ,

 VO2,

µ µ . µ

µ .  VO2 max (l/min), 

µ ,

µ . µ

,

 µ µ . µ

µ ,

µ  µ µ ,
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 10-1. µ  ( ), µ

3 µ  ( )  µ  6 µ  ( )  (  = µ µ

 = µ ).

________________________________________________________________

                      

.µ.                                      

________________________________________________________________

01   12.7  13.0  13.2  4.5  5.0  5.0 

02   12.7  13.0  13.2  4.5  5.0  5.0 

05   10.9  11.2  11.4  2.0  2.5  2.5 

06   10.9 11.2  11.4  2.0  2.0  2.5 

08   12.0  12.3  12.5  3.0  3.0  3.5 

07   12.0  12.3  12.5  3.0  3.5  3.5 

10   11.7  12.0  12.2  1.0  1.5  1.5 

09   11.7  12.0  12.2  1.0  1.5  1.5 

15   12.3  12.6  12.8  1.0  1.5  1.5 

16   12.3  12.6  12.8  1.0  1.0  1.5 

19   13.5  13.8  14.0 4.0 4.0  4.5 

20   13.5  13.8  14.0  4.5  4.5  5.0 

27   13.4  13.7  13.9  2.0  2.0  2.5 

28  13.4  13.7  13.9  2.0  2.5  3.0 

29   13.3  13.6  13.8  3.0  3.5  4.0 

30   13.3  13.6  13.8  4.0  4.0  4.5 

36   10.5  10.8  11.0  1.0  1.5  1.5 

35   10.5  10.8  11.0  1.5  1.5  1.5 

________________________________________________________________

 _

 x   12.3  12.6  12.8 2.4   2.7  2.9 

 s   1.1  1.1  1.1  1.3  1.3  1.4 

 cv   2.9  2.9 2.9  18.4  15.3  15.4 

 _

 x   12.3  12.6  12.9  2.6  2.8  3.1 

 s   1.1  1.1  1.1  1.4  1.5  1.5 

 cv   2.9  2.9  2.9  18.3  17.2  15.8 

________________________________________________________________
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 10-2. µ µ µ  ( ), µ

 3 µ  ( )  µ  6 µ  ( )  (  = µ

µ  = µ ).

________________________________________________________________

         µ  (cm)      µ  ( kg)

.µ.                                                           

________________________________________________________________

01   160.1 162.5  164.2  60.2  58.9  58.5  

02   157.2  160.0  162.5  54.5  56.4  57.2  

05   147.2  149.2  151.5  35.4  37.4  39.9  

06   147.5  150.9  153.6  37.5  41.5  44.1  

08    151.7  153.5  155.4  48.4  50.5  50.0  

07   149.4  152.6  154.9  41.4  44.8  45.9  

10   151.1  154.0  155.8  38.2  40.8  41.6  

09   151.4  153.3  154.5  38.1  41.1 41.8  

15   136.4  137.2  138.6  29.7  30.8  30.1  

16   134.0  135.3  136.0  28.3  28.7  29.1  

19   154.4  157.6  160.1  47.6  49.1  49.3  

20   157.3  159.2  161.2  50.6  52.6  52.7  

27   144.3  145.5  146.8  33.5  33.6  33.7  

28   141.9  143.1  146.1  33.2  33.2  35.6  

29   146.2  148.5  152.6  41.6  43.7  45.0  

30   149.6  152.4  155.4  42.2  44.6  46.2  

36   138.3  139.3  141.7  27.3  28.2  28.0  

35   138.0  139.3  141.0  27.0  27.9  27.2  

________________________________________________________________

_

x   147.7  149.7  151.9  40.2  41.4  41.8  

s   7.6  8.2  8.3  10.4  10.1  10.1  

cv   1.7  1.8  1.8  8.7  8.1  8.0  

_

x   147.4  149.6  151.7  39.2  41.2  42.2  

s   8.0  8.6  8.9  9.3  9.9  10.1  

cv   1.8  1.9  2.0  7.9  8.0  7.9  

________________________________________________________________



266

 10-3. µ , µ µ

µ µ  ( ), µ  3 µ  ( )  µ  6 

µ  ( )  (  = µ µ  = µ ).

________________________________________________________________

     µ             µ

      (%)    µ  (kg) µ  (mm) 

.µ.                                             

________________________________________________________________

01   23.7  21.5  19.8  45.9  46.2  46.9  68.7  59.5  52.2 

02   21.1  20.6  20.1  43.0  44.8  45.7  55.7  56.7  53.0 

05   15.6  16.0  16.5  29.8  31.4  33.3  35.3  36.4  39.2 

06   15.7  19.0  19.5  31.6  33.6  35.5  35.9  47.3  50.8 

08   23.9  25.0  22.2  36.8  37.9  38.9  67.9  76.6  62.2 

07   18.9  20.6  18.8  33.6  35.6  37.3  44.2  51.8  47.3 

10   17.9  18.3  17.2  31.6  33.3  34.5  43.3  45.5  44.7 

09   16.1  17.9  16.4  32.0  33.8  34.9  37.7  41.6  42.8 

15   12.7  12.2  11.5  25.9  27.0  26.6  27.2  26.1  24.5 

16   13.9  12.5  12.7  24.4  25.1  25.4  29.2  26.4  26.4 

19   18.3  17.0  15.2  38.9  40.8  41.8  47.4  44.5  38.8 

20   18.6  17.1  17.2  41.2  43.6  43.7  49.2  44.5   42.8 

27   19.2  18.7  17.6  27.0  27.3  27.8  47.1  45.7  41.5 

28   18.2  17.8  17.2  27.1  27.3  29.5  46.0  43.2  44.6 

29   12.8  12.0  10.5  36.3  38.5  36.2  25.0  23.5  20.8 

30   12.1  11.5  12.1  37.1  39.5  40.6  24.8  22.4  23.6 

36   16.5  15.8  15.4  22.8  23.8  23.7  38.4  35.7  35.2 

35   16.3  15.4  15.5  22.6  23.6 23.0  36.7  33.7  34.3 

________________________________________________________________

_

x   17.8  17.4  16.2  32.8  34.0  34.4  44.5  43.7  39.9 

s   4.1  4.2  3.7  7.3  7.4 7.5  15.6 16.5  12.7 

cv   7.6  8.0  7.6  7.5  7.2  7.3  11.7  12.6  10.7 

_

x   16.8  16.9  16.6  32.5  34.1  35.1  39.9  40.8  40.6 

s   2.8  3.2  2.8  7.1  7.7  7.9  9.8  11.4  10.4 

cv    5.5  6.4  5.6  7.3  7.5  7.5  8.2  9.3  8.5 

________________________________________________________________
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 10-4.  µ  (VO2 max) 

µ ,  ( ), µ  1.5 µ  ( ), µ  3 µ  ( )  µ

 6 µ  ( )  (  = µ µ  = µ

).

________________________________________________________________

      VO2 max (l/min)    VO2 max (ml/kg/min)  

.µ.                                  

________________________________________________________________

01   2.771  2.891  2.970  3.078  47.0  48.9  49.2  53.5 

K 02   2.648       -   2.738  2.854  48.9        -   47.2  49.7  

05   1.936  2.051  2.069  2.265  53.2  54.0  52.8  57.7 

06   1.921       -   2.213  2.329  50.6        -   51.8  53.6 

08   2.450  2.545  2.557  2.615  49.9   50.0  49.9  52.6 

07   2.304       -   2.256  2.549  55.0        -   50.3  55.9 

10   1.970  2.177  2.167  2.296  51.6  54.2  54.3  56.2 

09   2.122       -   2.038  2.118  55.6        -   49.6  51.8 

15   1.745  1.880  1.905  1.919  58.4  62.7  62.0  63.8 

16   1.693       -   1.756  1.721  60.8        -   60.3  58.6 

19   2.378  2.517  2.610  2.735  49.3  50.5  51.9  55.0 

20   2.529       -   2.721  2.871  49.9        -   51.4  54.1 

27   1.870  1.880 1.874  1.986  55.4  55.7  55.1  58.4 

28   1.830       -   1.838  2.033 55.8        -  53.3  58.3 

29   2.247  2.398  2.445  2.700  54.2  55.8  55.6  58.8 

30   2.411       -   2.504  2.752  57.0        -   54.7  58.7 

36   1.313  1.435  1.507  1.723  49.6  52.3  54.7  61.4 

35   1.423       -   1.536  1.625  52.6        -   54.9  57.7 

________________________________________________________________

 _ 

 x   2.076  2.197  2.234  2.369  52.1  53.8  53.9  57.5 

 s   .43  .44  .45  .45   3.6  4.2  3.8  3.6 

 cv   6.97  6.68  6.74  6.27  2.3 2.6  2.3  2.1 

 _ 

 x   2.098   2.178  2.317  54.0   52.6  55.4 

 s   .41       -   .43  .47  3.8        -   3.8  3.3 

 cv   6.53   6.51  6.81  2.4   2.4  2.0 

________________________________________________________________
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 10-5.  µ  O2- µ

µ ,  ( ), µ  1.5 µ  ( ), µ  3 µ  ( )  µ  6 

µ  ( )  (  = µ µ  = µ ).

________________________________________________________________

 (bts/min)                        O2- µ  (ml/bt) 

.µ.                      A          B                 A         B

________________________________________________________________

01   209  194  196  199  13.8  15.1  15.5  15.5  

K 02   208         -   204  206  13.4        -   13.4  14.1 

05   208  199  197  203  9.3  10.3  10.5  11.2 

06   209         -   203  205  9.5        -   10.9  11.3 

08   211  216  210  207  11.3  11.6  12.5  12.8 

07   222         -   214  212  10.8        -   10.5  12.0 

10   192  198  193  195  10.3  11.2  11.3  11.8 

09   195         -   199  197  10.8        -   10.4  10.8 

15   200  197  202  197 8.9  9.6  9.5  9.7 

16   200         -   197  195  8.5        -   8.9  8.8 

19   212  200  200  205  11.2  13.0  13.2  13.5 

20   208         -   205  205  12.5        -   13.6  14.0 

27   221  215  210  216  8.5  8.7  9.0  9.4 

28   221         -   214  216  8.3        -   8.6  10.0 

29   204  205  200  198  11.2  12.0  12.4  13.8 

30   205         -   203  202  11.8        -   12.7  13.8 

36   191  182  183  182  7.0  8.1  8.3  8.9 

35  187         -   188  184  8.0        -   8.3  8.9 

________________________________________________________________

_

x   205.3  200.7  199.0  200.2  10.2  11.1  11.4  11.8 

s   9.7 10.5  8.4  9.4  2.0  2.2  2.3  2.3 

cv   1.6  1.7  1.4  1.6  6.5  6.6  6.7  6.3 

_

x   206.1   203.0  202.4  10.4   10.8  11.5 

s   11.3       -   8.1  9.5  1.9        -   2.0  2.1 

cv   1.8   1.3  1.6  6.2   6.3  6.1 

________________________________________________________________
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 10-6. µ  km/h 

µ /min,  ( ), µ  1.5 µ  ( ), µ  3 µ  ( )  µ

 6 µ  ( )  (  = µ µ  = µ

).

________________________________________________________________

      4 mmol/l  

                 (km/h)                     .  (bts/min) 

.µ.

________________________________________________________________

01   12.16   12.71   14.03  14.18  187  181  187  191  

K 02   12.58       -   12.39  13.00  189         -   192  195 

05   10.58  11.71  12.40  12.88  197  181  181  191 

06   11.17       -   12.43  12.25  191         -   185  191 

08   9.05  12.15  11.29  11.74  188  201  193  189 

07   10.77       -   10.78  10.88  200         -   201  190 

10   13.40  13.61  14.38  14.00  186  185  190  184 

09   13.15       -   12.73  12.28  183         -   181  180 

15   12.69  14.43  14.49  15.07  188  186  192  186 

16   12.50       -   14.20  14.27  185         -   189  188 

19   10.87  12.06  12.11  12.25  194  182  181  180 

20   11.18       -   12.81  12.91  187         -   197  192 

27   11.86  13.36  12.00  12.43  203  198  196  194 

28   13.12       -   12.17  12.69  213         -   204  200 

29   11.48  13.33  13.13  13.79  179  186  182  180 

30   11.43       -   11.92  11.71  180         -   184  171 

36   10.41  12.49  13.18  14.00  180  175  176  178 

35   11.18       -   12.44  14.00  177         -   178  184 

________________________________________________________________

_

x   11.39  12.87  13.00  13.37  189.1  184.6  186.4  185.9 

s   1.32  .87  1.14  1.09  7.8  7.5  6.8  5.7 

cv   3.87  2.27  2.91  2.72  1.4  1.4  1.2  1.0 

_

x  11.90   12.43  12.67  189.4   190.1  187.9 

s   .93       -   .90  1.06  11.1        -  9.1  8.6 

cv   2.61    2.40  2.78  1.9   1.6  1.5 

________________________________________________________________
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 10-7. µ  ml/kg/min 

%  VO2 max,  ( ), µ  1.5 µ  ( ), µ  3 µ  ( )

µ  6 µ  ( )  (  = µ µ  = 

µ ).

________________________________________________________________

      4 mmol/l  

      VO2 (ml/kg/min)                   %  VO2 max  

.µ.           A          B                      A          B          

________________________________________________________________

01   43.7  42.9  45.1  48.1  93.06  87.81  91.57  89.89  

K 02   42.7        -   42.3  45.0  87.28       -   89.51  90.54  

05   47.0  44.2  42.0  45.0  88.42  81.83  79.58  78.06  

06   44.1        -   42.8  43.5  87.11       -   82.70  81.16  

08   40.1  44.2  40.7  45.5  80.28  88.40  81.28  86.54  

07   48.9        -   42.4  45.1  88.85       -   84.25  80.75  

10   47.6  51.0  49.7  50.1  92.27  94.04  91.60  89.15  

09   49.8        -   43.5  44.1  89.51       -   87.76  85.76  

15   51.6  56.2  55.5  56.7  88.32  89.65  89.56  88.79  

16   50.3        -   53.9  54.8  82.73       -   89.35  93.43  

19   41.9  45.9  45.4  46.1  84.91  90.97  87.44  83.89  

20   42.5        -   48.3  47.4  85.11       -   93.93  87.67  

27   49.3  50.6  44.9  47.6  89.06  90.77  81.49  81.54  

28   53.2         -   43.4  47.3  95.36        -   81.41  81.06  

29   43.8  48.5  48.1  49.8  80.81  86.92  86.55  84.68  

30   45.6        -   45.0  44.1  80.05       -   82.29  75.18  

36   44.3  48.5  50.2  54.6  89.35  92.72  91.81  88.93  

35   47.2        -   49.2  54.2  89.77       -   89.54  93.93  

________________________________________________________________

_

x   45.5  48.0  46.8  49.3  87.39  89.23  86.76  85.72  

s   3.7  4.2  4.6  4.0  4.53  3.60  4.87  4.03  

cv   2.7  2.9  3.3  2.7  1.73  1.34  1.87  1.57  

_

x   47.1   45.6  47.3  87.31   86.75  85.42  

s   3.7        -   4.0  4.3  4.42       -   4.27  6.44  

cv   2.6   2.9  3.0  1.69   1.64  2.51  

________________________________________________________________
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 10-8. , VO2 steady-state µ

µ µ µ  ( ), µ

 1.5 µ  ( ), µ  3 µ  ( )  µ  6 µ  ( )

(  = µ µ  = µ ).

________________________________________________________________

             µ µ

    .     VO2 steady-state (ml/kg/min)       .  (mmol/l)  

.µ.     (km/h)       A          B                       A       B

________________________________________________________________

01   11  42.93  40.15  38.08  39.85  4.6  3.0  2.5  2.1 

K 02   11  40.06       -   38.43  41.83  3.0       -   2.9  2.8  

05   10  40.46  39.65  37.38  36.30  4.1  3.0  1.6  2.2 

06   10  41.85       -   36.97  35.10  4.3       -   1.6  2.7  

08   10  43.50  38.95  38.70  43.10  5.6  2.3  3.8  2.2 

07   10  42.70       -   39.55  43.18  3.9       -   3.5  2.4 

10   12  45.03  44.05  42.10  42.10  2.8  1.5  1.6  1.5 

09   12  47.53       -   43.60  44.40 4.1       -   2.8  1.7 

15   11  39.45  46.43  39.93  43.13  2.6  1.7  1.5  1.8 

16   11  42.10       -   39.70  44.26  3.3       -   2.1  2.0 

19   10  39.55  39.97  38.43  37.25  3.4  2.3  2.6  2.3 

20   10  36.80       -   39.30  37.96  3.5       -   2.1  1.9 

27   11  42.85  44.17  44.78  44.53  3.7  2.9  2.7  2.9 

28   11  42.93       -   42.07  43.60  2.9       -   3.3  3.5 

29   10  40.75  39.40  39.43  39.63  2.3  2.3  1.9  3.3 

30   10  39.25       -   39.05  37.98  2.1       -   1.8  2.8 

36   10  41.70  42.68  42.38  39.18  3.2  2.5  2.2  2.1 

35   10  43.40       -   40.88  42.55  2.6       -   1.9  3.7 

________________________________________________________________

 _ 

 x   10.6  41.80  41.72  40.13  40.  3.6  2.4  2.3  2.3 

 s   .7  1.91  2.68  2.44  2.82  1.0  .5  .7  .5 

 cv   2.3  1.52  2.14  2.03  2.32  9.7  7.5  10.8  8.0 

 _ 

 x   10.6  41.85   39.95  41.21  3.3   2.4  2.6 

 s   .7  3.00       -   1.98  3.34  .7       -   .7  .7 

 cv   2.3  2.39   1.65  2.71  7.9  .5  8.8 

________________________________________________________________
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 10-9. , VO2 µ

µ µ µ ,  ( ), µ  1.5 µ

( ), µ  3 µ  ( )  µ  6 µ  ( )  (  = 

µ µ  = µ ).

________________________________________________________________

        µ µ

                   VO2 (ml/kg/min)          .  (mmol/l)  

.µ.                 (km/h)      A         B                       A        B

________________________________________________________________

01   14  46.68  46.98  44.35  47.48 8.2  6.0  4.3  4.2 

K 02   14  48.07       -   46.63  50.80  5.7       -   6.0  6.3 

05   13  50.60  49.63  48.03  47.23  8.4  6.9  3.9  3.9 

06   13  50.85       -   46.96  46.78  7.6       -   4.0  5.2 

08   13  48.90  48.65  45.48  53.48  11.8  6.0  7.9  4.8 

07   13  49.54       -   48.58  53.80  8.4       -   7.8  6.2 

10   14  50.68  54.40  49.10  49.78  6.1  4.9  4.0  3.3 

09   14  52.08       -   49.53  52.40  6.7       -   5.8  3.4 

15   15  54.48  59.58  47.98  55.45  6.8  5.4  4.7  2.9 

16   15  53.35       -   54.88  57.05  7.8       -   6.2  4.1 

19   13  48.15  44.93  48.78  47.80  7.3  5.6  5.0  3.9 

20   13  47.68       -   49.78  47.75  7.0       -   4.2  4.0 

27   13  48.70  51.78  50.70  52.43  6.4  3.8  4.2  4.4 

28   13  50.63       -   50.73  52.00  5.5       -   5.3  4.0 

29   15  50.87  54.07  53.32  52.83  6.7  7.8  4.4  5.0 

30   15  51.90       -   56.98  51.08  7.1       -   5.1  5.5 

36   12  50.18  48.60  48.13  48.18  6.4  3.5  2.6  2.6 

35   12  51.73       -   48.82  49.93  5.4       -   3.0  3.6 

________________________________________________________________

 _ 

 x   13.6  49.92  50.96  48.43  50.52  7.6  5.5  4.6  3.9 

 s   1.0  2.21  4.49  2.63  3.01  1.8  1.4  1.4  .8 

 cv   2.5  1.47  2.94  1.81  2.03  7.8  8.2  10.4  7.1 

 _ 

 x   13.6  50.65   50.32  51.29  6.8   5.3  4.7 

 s   1.0  1.90       -   3.47  3.09  1.1      -   1.4  1.1 

 cv   2.5  1.25   2.30  2.01  5.3   9.0  7.9 

________________________________________________________________
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 10-10. µ µ

µ µ ,  ( ), µ  1.5 µ

( ), µ  3 µ  ( )  µ  6 µ  ( )  (  = 

µ µ  = µ ).

________________________________________________________________

           (bts/min)  

                  

a.m.          A          B         G           D               A          B          G         D  

________________________________________________________________

01   195  167 172  171  202  184  186  178 

K 02   184         -   182  171  195         -           -   185 

05   185  168  167  168  200  188  185  178 

06   181         -   174  166  197         -   188  188 

08   192  178  181  174  200  205  199  195 

07   188         -   186  179  201         -   204  184 

10   175  169  171  164  191  174  171  178 

09   176         -           -   167  187         -   184  185 

15   165  159  154  153  187  188  182         - 

16   169         -   157  158  190         -   186  181 

19   170  155  150  146  196  186  178  178 

20   160         -   155  145  188         -   186         - 

27   187  181  186         -   210  205  204         - 

28   184         -   196         -  207         -   208         - 

29   167  165  166  151  189  195  186  180 

30   164         -   169  149  192         -   190  180 

36   172  161  164  147  183  173  173  162 

35   165         -   163  154  180         -   177  168 

________________________________________________________________

 _ 

 x   178.7  167.0  167.9  159.3  195.3  188.7  184.9  178.4 

 s   11.2  8.4  11.5  11.3  8.5  11.5  10.9  9.6 

 cv   2.1  1.7  2.3  2.5  1.5  2.0 2.0  2.0 

 _ 

 x   174.6   172.8  161.1  193.0   190.4  181.6 

 s   10.3        -   14.5  11.6  8.1       -   10.4  6.6 

 cv   2.0   3.0  2.6  1.1   1.9  1.4 

________________________________________________________________
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 10-11.  (t1/2)

 (VO2) µ , ,

 ( ), µ  1.5 µ  ( ), µ  3 µ  ( )  µ  6 µ  ( )

 (  = µ µ  = µ ).

________________________________________________________________

                   VO2

               t1/2  (sec)             t1/2  (sec) 

a.m.                    A          B          G          D               A         B          G          D  

________________________________________________________________

01   25.25  23.69  25.14  23.43  30.62  28.40  27.76  27.46 

K 02   19.75       -   23.40  25.39  27.75        -   26.25  28.77 

05   22.80  27.90  20.73  23.20  29.91  26.46  22.68  23.50 

06   27.22       -   22.49  23.42  27.77        -   26.95  23.18 

08   28.65  26.54  27.63  27.40  29.99  28.62  29.25  25.99 

07   25.85        -   26.63  24.84  27.16       -   25.80  28.08 

10   24.26  21.96  24.69  19.66  29.64  27.65  28.97  27.27 

09   27.76       -   28.62  26.24  30.77       -   30.29  30.81 

15   22.04  24.45  21.44  22.25  23.60  24.94  23.25  23.63 

16   19.37       -   19.48  22.18  22.14       -   23.92  24.41 

19   29.35  25.01 30.31  23.14  29.93  29.81  24.26  23.89 

20   27.74       -   27.43 25.85  30.62       -   28.75  30.35 

27   21.51  26.11  24.90  30.66  27.04  24.21  25.83  23.12 

28   19.29        -   20.39 26.42  26.04        -    26.72  25.13 

29   25.89  26.98  28.98  24.99  29.21  26.84  25.66  28.75 

30   26.50       -   26.82  27.60  26.24        -   27.29  27.68 

36   25.14  26.77  24.80  22.34  26.82  25.15  24.68  19.08 

35   31.17       -   27.64  20.42  30.09        -   24.34 23.41 

________________________________________________________________

_   

x   24.99  25.49  25.40  24.12  28.53  26.90  25.82  24.74 

s   2.73  1.88  3.17  3.22  2.28  1.89  2.39  2.95 

cv   3.64  2.45  4.16  4.45  2.66  2.34  3.09  3.97 

_

x   24.96   24.77  24.71  27.62    26.70  26.87 

s   4.37        -   3.39  2.29  2.73       -   1.99  2.92 

cv   5.84   4.57  3.09  3.30   2.49  3.62 

________________________________________________________________
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 10-12.  (t1/2)

 ( ) µ , ,

 ( ), µ  1.5 µ  ( ), µ  3 µ  ( )  µ  6 µ  ( )

 (  = µ µ  = µ ).

________________________________________________________________

    

   t1/2  (sec)   t1/2  (sec) 

.µ.            

________________________________________________________________

01   17.44  25.68  23.83  25.99  35.11  26.52  35.87  29.77  

K 02   37.09        -   39.29  26.36  34.39        -   27.74  18.77 

05   18.71  17.38  15.74       -   41.05  26.26  25.50  16.95 

06   23.10        -   19.39  15.10  37.19        -   63.44  30.74 

08   13.22  23.00  26.66  17.29  30.02  39.64  21.16  28.74 

07   21.65       -   18.90  19.26  33.50       -   40.60  32.35 

10   29.26  25.17       -   22.41  28.71  33.55       -   27.65 

09   30.81       -           -   18.03  50.06        -          -   44.44 

15   11.50  17.50  12.12  9.03  18.91  20.78  14.49  16.95 

16   19.41       -   12.51  17.98  20.49       -   17.99  21.55 

19   33.48  22.41  19.99  15.36  23.11  45.27  52.13  28.12 

20   38.28       -   24.06  15.05  31.85       -   35.94    60.59 

27   12.42  9.15  19.06       -   26.00  23.19  20.35       - 

28   15.26        -   32.60       -   21.43        -   29.89       - 

29   27.75  31.48  31.98  25.66  33.77  36.56  35.29  33.31 

30   18.02       -   11.46  11.59  24.66       -   36.94  13.06 

36   21.09  22.73  10.37  13.55  35.12  27.78  48.54  19.16 

35   17.74       -   20.98  16.69  32.22       -   42.39  23.41 

________________________________________________________________

_

x   20.54  21.61 19.97  18.47  30.20  31.06  31.67  25.08 

s   7.98  6.33  7.33  6.43  6.86  8.17  13.66  6.39 

cv   12.96  9.76  12.98  13.69  7.57  8.77  15.25  9.01 

_

x   24.60   22.40  17.51  31.75   36.87  30.61 

s   8.64        -  9.51  4.30  9.07       -   13.31 15.47 

cv   11.71   15.01  8.68  9.52   12.76  17.87 

________________________________________________________________
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 10-13.  (t1/2  µ )

 (VO2) µ -

,  ( ), µ  1.5 µ  ( ), µ  3 µ

( )  µ  6 µ  ( )  (  = µ µ  = 

µ ).

________________________________________________________________

      VO2

   t1/2  (sec)   t1/2  (sec) 

a.m.        A          B          G          D               A         B          G          D  

________________________________________________________________

01   25.73  27.16  24.98  25.06  35.72  35.71  34.24  34.31 

K 02   26.50       -   30.07  28.93  31.99        -    33.65  34.64 

05   30.84  29.10  22.05  24.65  29.52  27.58  27.56  26.36 

06   28.74       -   25.26  26.14  30.48        -   29.85  26.87 

08   26.85  27.08  27.48  27.76  32.71  32.80  32.67  29.25 

07   23.93        -   26.44  28.29  31.44        -   30.57  30.40 

10   26.76  32.41  25.84  26.23  30.52  31.61  32.12  27.01 

09   27.05       -   20.93  30.57  28.87       -   31.74  29.77 

15   23.22  24.71  22.60  23.85  28.32  31.60  28.31  28.77 

16   24.56        -   26.46  22.03  27.61       -   27.43  29.15 

19   30.77  24.70  28.49  27.30  35.38  39.86  34.82  28.43 

20   31.39        -   18.19  16.44  36.11        -   35.64  29.29 

27   21.45  23.61  26.48  29.05  28.13  28.37  27.14  27.64 

28   26.36       -   19.71  26.51  25.53        -   27.63  26.61 

29   27.64  22.19  27.77  29.88  30.89  33.25  32.58  29.61 

30   28.82        -   38.53  30.71  32.01        -   32.79 31.94 

36   27.33  30.07  23.50  21.51  30.01  25.22  26.15  24.95 

35   26.68        -   27.72  23.07  27.16        -   26.41  24.87 

________________________________________________________________

_

x   26.73  26.78  25.47  26.14  31.24  31.78  30.62 28.48 

s   3.07  3.31  2.34  2.66  2.80  4.42  3.31  2.64 

cv   3.83  4.12  3.06  3.39  2.99  4.64  3.61 3.09 

_

x   27.11   25.92  25.85  30.13   30.63  29.28 

s   2.28        -   6.16  4.65  3.21        -   3.12  2.95 

cv   2.80   7.92  5.99  3.55   3.39  3.36 

________________________________________________________________
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 10-14.  (t1/2  µ )

 ( ) µ ,

,  ( ), µ  1.5 µ  ( ), µ  3 

µ  ( )  µ  6 µ  ( )  (  = µ µ

 = µ ).

________________________________________________________________

     

   t1/2  (sec)   t1/2  (sec) 

a.m.          A         B          G         D                A          B          G         D  

________________________________________________________________

01   24.95  21.64  26.37  25.79  56.21  49.48  80.13  48.76 

K 02   30.41        -          -   25.48  50.56        -           -   55.15 

05   19.46  14.15  15.31  11.14  45.08 32.25  27.74  33.36 

06   14.04        -   13.75  17.03  35.43        -   36.47  37.96 

08   15.35  19.93  21.34       -   36.33  34.66  35.58       - 

07   19.04        -   15.73  13.39  41.50        -   39.03  30.63 

   

10   26.87        -          -   21.93  45.20        -          -   31.43 

09   24.20        -          -   29.87  47.64        -          -   49.26 

15   15.93  10.46  15.03        -   23.52  21.67  21.33  26.79 

16   13.47        -   21.54  14.17  47.16        -   26.27  23.48 

19   24.40  31.33  20.02  26.44  46.59  55.59  26.69  37.10 

20   34.09       -   29.67  29.99  39.50       -   29.62  34.84 

27   21.49  16.07  12.98       -   30.28  29.50  27.59       - 

28   23.78       -   15.09       -   31.61       -   32.07       - 

29   23.92  24.85  22.11       -   33.67  32.59  25.75      - 

30   23.05       -   17.37  11.78  56.35       -   16.48  18.30 

36   18.55  17.55  25.54  15.77  50.63  52.84  35.73  26.82 

35   20.08       -   18.12  29.58  40.04       -   50.78  20.27 

________________________________________________________________

_

x   21.21  19.50  19.84  20.21  40.83  38.57  35.07  34.04 

s   4.12  6.54  4.98  6.61  10.52  12.37  18.84  8.22 

cv   6.48  11.86  8.87  14.63  8.59  11.34  19.00  9.86 

_

x   22.46   18.75  21.41   43.31   32.96  33.74 

s   6.83       -   5.43 8.08  7.78       -   10.76  13.37 

cv   10.13   10.94  13.34  5.98   12.48  18.30 

________________________________________________________________



278

 10-15.  (sec)  µ

µ µ  300 µ ,  ( ), µ  1 µ  ( ), µ

3 µ  ( )  µ  6 µ  ( )  (  = µ µ

 = µ ).

________________________________________________________________

      µ  300 µ

           (sec)     (mmol/l)  

a.m.            A          B          G         D                 A         B          G       D  

________________________________________________________________

01   56.8  54.5  53.6  43.7  11.6  9.5  9.7  9.8 

K 02   53.2         -   56.0  50.9  9.8         -   8.8 11.2 

05   69.4  61.3  60.2  58.6   7.2  7.6  8.0  8.8 

06   62.8        -   61.3  60.5  8.6        -   8.1  8.5 

08   61.9  61.2  59.0  58.0  12.5  11.4  10.8  11.6 

07   62.8        -   63.0  57.9  11.0        -   9.3  9.7 

10   65.5  63.3  60.6  58.2  7.0  6.9  8.9  9.5 

09   62.4       -   65.9  58.2  9.0        -   6.4  9.7 

15   56.5  57.5  55.2  52.1  9.3  8.4  9.2  10.4 

16   57.4       -   57.2  54.1  9.0        -   9.3  9.8 

19   57.0  60.6  55.0  53.0  10.7  7.3  8.8  10.0 

20   57.7       -   55.8  55.3  10.3        -   8.0  7.2 

27   69.1  69.2  66.  64.2  7.2  6.2  7.1  6.8 

28   67.6       -   67.8  63.5  7.6        -   7.3  6.7 

29   53.4  52.6  49.2  47.7  10.0  9.1  9.5  10.7 

30   53.5       -   49.2  47.5  9.2        -   8.6  10.5 

36   72.1  68.7  67.2  59.7  8.9  7.5  6.8  7.0 

35   69.9       -   64.7  59.3  8.7        -   7.9  7.6 

________________________________________________________________

 _ 

 x   62.4  61.0  58.6  55.0  9.4  8.2  8.8  9.4 

 s   6.8  5.7 6.0  6.5  2.0  1.6  1.3  1.6 

 cv   3.7  3.1  3.4  3.9  7.1  6.4  4.9  5.7 

 _ 

 x   60.8   60.1  56.4  9.2   8.2  9.0 

 s   5.8       -   6.0  5.0  1.0        -   .9  1.6 

 cv   3.2   3.3  2.9  3.6   3.8  5.8 

________________________________________________________________



279

 10-16.  (sec) µ

µ µ  60 µ ,  ( ), µ  1 µ  ( ),

µ  2 µ  ( ), µ  3 µ  ( )  µ  6 µ  ( )

 (  = µ µ  = µ ).

________________________________________________________________

         µ  60 µ

         (sec)             (mmol/l) 

.µ.        A        B               E              A       B        E 

________________________________________________________________

01   9.3  9.3  9.3  9.3  8.9  5.8  4.4  4.5  4.1  4.2  

K 02   9.1       -        -   9.2  8.7  5.7      -         -   4.0  4.6 

05   11.1  11.2  10.9  10.5  10.1 5.5  3.5  4.6  3.6  2.7 

06   11.6      -        -   10.1  10.0  5.5      -         -   3.9  3.4 

08   10.3  10.4  10.2  10.2  9.9  6.5  4.8  4.5  6.2  4.8 

07   10.0      -        -   10.0  9.8  6.1      -         -   5.2  4.6 

10   11.4  10.9  10.9  10.8  11.1  5.7  3.1  2.2  3.0  3.1 

09   11.0      -        -   11.0 10.8  6.5      -         -   3.1  3.6 

15   9.9  10.1  9.9  10.2  10.0  5.0  4.7  3.7  3.9  3.7 

16   9.7      -        -   10.1  10.0  4.6       -        -   4.1  4.6 

19   9.4  9.6  9.6  9.3  9.2  6.2  4.8  5.4  4.9  4.7 

20   9.7      -        -     9.5  9.1  6.2       -        -   4.6  4.6 

27   11.1  10.7  10.9  10.8  10.6  4.6  3.6  3.0  3.8  3.7 

28   10.0      -        -   10.1  10.4  7.0      -         -   4.2  4.2 

29   8.9  8.7  8.4 8.6  8.5  7.0  4.2  4.0  5.5  4.9 

30   8.6      -         -   8.6  8.4  6.9      -         -     4.2  4.5 

36   12.1  11.8  11.3  11.4  11.2  3.6  3.3  3.6  4.6  2.8 

35   11.2      -        -   11.0  10.4  4.1      -         -   4.9  3.5 

________________________________________________________________

 _ 

 x   10.4  10.3  10.2  10.1  10.0  5.5  4.0  3.9  4.4 3.8 

 s   1.1  1.0  .9  .9  1.0  1.0  .7  1.0  1.0  .9 

 cv   3.5  3.1  3.1  3.0  3.2  6.2  5.6  8.1  7.6  7.4 

 _ 

 x   10.1    10.0  9.7  5.8    4.2  4.2 

 s   1.0      -         -   .8  .8  1.0      -         -   .6  .5 

 cv   3.3    2.6  2.8  5.7    4.8  4.2 

________________________________________________________________
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 10-17.  (min) µ

µ µ  2000 µ ,  ( ), µ  1 µ  ( ), µ

 2 µ  ( ), µ  3 µ  ( )  µ  6 µ  ( )  (  = 

µ µ  = µ ).

________________________________________________________________

               µ  2000 µ

        (min)     (mmol/l)  

.µ.       A         B               E               A        B      E 

________________________________________________________________

01   12.07  8.90  8.87  8.55  8.10  7.5  6.6  7.6  8.7   9.6 

K 02   12.02      -         -   8.92  8.67  4.6       -         -   6.4 11.0 

05   11.02  9.80  10.05  9.60  8.95  5.6  6.9  7.0  6.6  6.1 

06   10.55      -        -   10.73  9.37  5.5       -         -   4.3  5.8 

08  10.10  9.72  9.60  9.40  9.18  10.6  9.9  9.3  11.7 10.2 

07  9.58      -        -   9.95  9.77  8.6       -         -   8.2  7.2 

10   10.95  9.93  9.03  9.10  8.05  6.4  3.4  6.2  7.5  4.8 

09   10.50      -        -   10.27  9.28  5.2       -         -   4.3  4.1 

15   8.00  8.18  8.40  7.85  7.83  10.0  8.6  7.3  7.3  6.4 

16   8.20      -        -   8.30  8.37  8.8       -         -   8.2  6.9 

19   10.47  9.60  9.40  8.95  8.65  8.2  7.0  8.7  9.6  9.6 

20   9.73       -       -   9.58  8.78  7.9       -         -   6.5  8.0 

27   10.38  9.55  9.55  9.63  8.53  7.3  5.6  4.0  5.8  7.3 

28   10.32      -        -   10.07  8.63  6.4       -         -   4.6  7.8 

29   8.95  9.00  8.40  8.20  7.60  7.2  6.2  7.9  9.8  7.8 

30   8.87      -         -   8.22  7.87  8.7       -        -   9.8  8.0 

36   11.27  10.27  9.97  9.75  8.78  5.1  6.1  5.8  6.5  5.0 

35   11.02      -         -   9.75  9.00  4.3       -         -   8.1  5.5 

________________________________________________________________

 _ 

 x   10.36  9.44  9.25  9.00  8.41  7.5  6.7  7.1  8.2  7.4 

 s   1.23  .64  .62  .68  .54  1.8  1.8  1.6  1.9  2.0 

 cv   3.97  2.25  2.22  2.50  2.13  8.1  9.1  7.5  7.8  9.1 

 _ 

 x   10.09    9.53  8.86  6.7    6.7  7.1 

 s   1.14      -         -   .87  .57  1.9       -         -   2.0 2.0 

 cv   3.78     3.06  2.14  9.3    10.0  9.1 

________________________________________________________________
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 10-18.  (min) µ µ  5000 µ ,

 ( ), µ  1 µ  ( ), µ  2 µ  ( ), µ  3 µ  ( )

µ  6 µ  ( )  (  = µ µ  = 

µ ).

________________________________________________________________

      µ  5000 µ  (min)  

.µ.

________________________________________________________________

01   28.87  25.10  23.73  22.50  22.30 

K 02   26.57                 -                   -   24.90  24.67 

05   30.07  27.67   25.97  26.80  24.22 

06   30.05                  -                  -   27.07  24.73 

08   32.68  33.45  27.80  25.80  24.08 

07   32.70                  -                  -   27.08  24.32 

10   28.02  25.63  23.83  23.45  22.70 

09   28.62                  -                 -   27.78  26.07  

15   23.38  23.42  21.60  21.23  20.37  

16   23.38                 -                  -   22.03  21.58 

19   29.20  28.63  26.07  25.20  23.30 

20   28.48                 -                  -   26.23  24.17 

27   28.83  28.13              -   26.30  24.73  

28   28.82                 -                  -   26.40  24.73  

29   28.62  25.87  22.97  23.92  21.42  

30   28.30                 -                  -   24.10  22.07  

36   28.13  27.43  27.98  26.80  23.52  

35   28.12                 -                  -   27.17  23.87 

________________________________________________________________

 _ 

 x   28.64  27.26  24.99  24.67  22.96 

 s   2.43  2.85  2.31  2.00  1.41 

 cv   2.82  3.49  3.27  2.70  2.05 

 _ 

 x   28.34    25.86  24.02 

 s   2.50                 -                   -   1.85  1.39 

 cv   2.94    2.39  1.93 

________________________________________________________________
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10-19. µµ µ  µ  µ

µ  ( µ  Rasch 1968).

µ

µ  µ :

) µ :

  yi =  -  e
-(ti-D)/

        (1) 

)  µ :

  yi =  - 1 e
-(ti-D)/ 1 - 2 e

-(ti-D)/ 2    
  (2) 

 D '

µ

µ µ  t µ  D. 

(1)  (2)  t-D µ µ  t. 

µ ,  (1) µ

µ :

y  - n  + e
-ti/

  = 0      (3)  

y  e
-ti/

 – e
-ti/

 + e
-2ti/

 = 0      (4)  

yi ti e
-ti/

 - ti e
-ti/

 + ti e
-2ti/

 = 0     (5) 

µ  µ µµ .

µ :

 = yi /n + e
-ti/

 /n       (6) 

   - yi ti e
-ti/

 + yi ti e
-ti/

 /n 

 =  -------------------------------------      (7) 

   ti e
-2ti/

 - e
-ti/

ti e
-ti/

 /n 

( ) = ( yi e
-ti/

 - yi e
-ti/

 /n) ( ti e
-2ti/

 - e
-ti/

ti e
-ti/

 /n) - 

           ( e
-2ti/

 - e
-ti/

e
-ti/

 /n) ( yi ti e
-ti/

 - yi ti e
-ti/

 /n) = 0  (8) 
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µ µ  µ  µ  µ  µ

µ  µ µ .  µ

µ :

2 = 1 - ( 1 - ) ( 1) / [ ( 1) - ( )]      (9) 

2  µ  µ ' ( 2) < 

0.00005.  (7)  (6) 

.

µ µ  µ µ

 s
2

µ  R
2
:

  s
2
 = (yi -  +  e

-ti/
)

2
 / (n - 3)      (10) 

       (yi -  +  e
-ti/

)
2

 R
2
 = 1 -  -----------------------       (11) 

    (yi - y)
2

µ  (2) 

,  µ  ( 1, 1 1)

µ  ( 2, 2 2). µ 1 + 2.

:

 1  µ :  (3) µ  (11). 

 2  µ : µ µ  y i (  i=1 µ  n) :

  y i = yi - 1 (1 - e
-ti/ 1)        (12) 

 (3) µ  (9) 

µ . ' 2, 2 2.

µ µ  µ :

  s
2
 = (y  -  + 1 e

-ti/ 1 + 2 e
-ti/ 2)

2
 / (n - 5)     (13) 

      (yi -  + 1 e
-ti/ 1 + 2 e

-ti/ 2)
2

 R
2
 = 1 - --------------------------------------     (14) 

     (yi - y)
2

 R
2
 > R

2
 µ  µ

 (2),  µ  µ  (1). 



284


