I AHanu3 cooTHOLIEeHUA 00 beMOB HU3KOMHTEHCUBHbIX
NPOAOCIKUTENbHbLIX U UHTEHCUBHbLIX MHTEPBarnbHbIX
TPEHUPOBOK B CITOXUBLLUENCSH NPaKTUKe 3apyOeXHbIX
I 3MMUTHbIX CMOPTCMEHOB LMKIIUYeCcKMX BMOOB criopTa.

Ha ocHoBe 00630pOB:

I «Intervals, Thresholds, and Long Slow Distance: the Role of
Intensity and Duration in Endurance Training».
Stephen Seiler and Espen Tonnessen, Sportscience 13, 32-53, 2009

«Training for intense exercise performance: high-intensity or
high-volume training?»
P. B. Laursen, Scand J Med Sci Sports 2010




1400 Annual Training Volume (h)  TpeHWpoBO4HbIE OObEMBI B Yacax B roj

1200
1000
800 -
600
400
200 -

Distance ~ Orienteer Cross-country  Rower Cyclist Swimmer
runner OpueHTUpOoBLLNKK Skier [pebubl [noBubl
BeryHel ITeKHMKN BenocunegucTel

Pa3Hnua B o6 bemax Bbi3BaHa Pa3HbIM BO34euUCcTBUEM BUOOB cnopTa Ha CyCTaBbl, CBA3KN U
MbllWLUbl, HAJINYUNEM IKCLUEHTPUYHECKUX n GannucTnyeckux Harpy3okK npn ABUXEHUN.



2. anHFITbIe WwKaJlibl UHTEHCUBHOCTMN.

Table 1: A typical five-zone scale to prescribe and moni- gigure 1. Threef i;:tepsify Zgnes dedﬂned fy physiological
e etermination of the first and second ventilatory turnpoints
tor training of endurance athletes. using ventilatory equivalents for O2 (VT1) and CO2 (VT2).
Intensity VO2 Heartrate Lactate  Duration Nil.&8
zone  (%max) (%max) (mmol.L") within zone VEC>)O% LT, LT, 100%
45-65  55-75 0.8-1.5 1-6 h e VT, VTs VO, g

1

2 66-80  75-85 1.5-25 1-3h

3 81-87  85-90 254 50-90 min
- 88-93  90-95 4-6 30-60 min
5 94-100  95-100 6-10 15-30 min

The heart rate scale is slightly simplified compared to the
actual scale used by the Norwegian Olympic Federation,
which is based primarily on decades of testing of cross-
country skiers, biathletes, and rowers.

Zone 1 Zone 2

[La] blood

Exercise Intensity

CneBa ynpoLeHHbIN BapUaHT WKanbl MHTEHCUBHOCTEN, NpuUHATON HopBexxckon OnumMmnumnckon
dPepepaumen ona LUKNNYECKUX BUOOB CropTa.

CnpaBa — Tpex30HHas LWwKarna, OCHOBaHHasA Ha nokKasaTesnifix a3poobHOoro, aHaapobHOro NOporosB U

mowHocTu MIK. 3oHa 2 npu 3TOM COOTBETCTBYET 30He 3 CTaHAAPTHOMU 5-TN 30HHOM LIKarbl.



3. NpumMmep pacnpepeneHnsa Harpy3Kku B

I roqoBOM LIMKIIe Y rpebuoB.
140 5 Training duration (h) O6LWuii o6beM B Yacax U pacnpegeneHue
TPEHNPOBOYHbBIX CPeacTB No MecAalam
120 -
100 — H H
80 - H H u H H
. i
60 - i
40
20 -
0

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug

[0 Rowing, Zones 1-2 M Rowing, Zones 3-5 [ Strength training
[ pedbna, 30HbI 1-2 [ pebna, 30Hbl 3-5 Cunoeasa nojroToeka



4. lons aHa3pOOHbIX N A3POOHbLIX NCTOYHUKOB
3Heprmm B 3aBUCUMOCTHU OT OAJINTESIbHOCTU FOHKM.

100 MpoueHTHOe COOTHOLLEHNE 3HEePruK, nonyyaemon n3 aspobHbIX 1
aH83p06Hb|X MCTOYHMKOB NpK NPOXOoXA4eHUN ,U,MCTaHLlMW pa3nw~|Hoﬁ ANMNHbI.
% -
80 ~75 cekyHp
70 1
c
2
F Rt —+— Aerobic
€ .
S 507 ~#- Anaerobic
€
S 401
ke
Q.
30
20 1
10 1
0 500 1000 1500 2000 2500 3000 3500

Distance (m) ([ucTaHuusa B meTpax, 6eryHsol)



5. Npumep pacnpeneneHns Harpy3ku
Nno 3oHaMm y BerilocuneanucToB.

300
I EZone 1 [ 1Zone 2 [1Zone 3
250
I 200
Tralm.ng 150
duration
h
(h) 100
Ob0beM
B 50
Yyacax
0
Winter mesocycle Spring mesocycle
(Nov-Feb) (Mar-Jun)
HoAadopb - ®eBpanb MapT - VioHb

daHHbIe no rpynne 3JIMTHbIX UCMNAaHCKUX BeriocuneancToB, BO3pacT AO 23 net. 3-X 30HHasA MoAerb.



6. lNpumep pacnpeneneHns Harpy3ku
No 30HaM Yy NbPKHUKOB.

% TPEeHUpPOBOK

., 100 - DTime-in-Zone@
. 55 2
O 90 W Session goal HR
p 907 O Session RPE
% 70 1 ession
S 60 -
=
%‘ 40 ~
= 30 =
O 10 T
o
3 _mi o
Zone 1 Zone 2 Zone 3

JaHHbIe HOPBEXCKUX JIbXKHUKOB FOHNOPOB, 3-X 30HHaA Mmoaenb.



7. NMpumep pacnpepeneHnsa Harpysku
NO MHTEHCUBHOCTU Y HOPBEXCKUX
JNIbIXKHUKOB - CIPUHTEPOB.

Table 4. Total training performed in the 6 months before testing in world-class and national-class sprint cross country skiers (mean £ SD)
TpeHnpoBOoYHbIe 06 BeMbl B Yacax, BbiNoNIHEHHbIE 3a 6 MecAleB 40 TecTupoBaHnA. HopeeXXckne NbBKHUKN CNPUHTEPDI
3NUTHOrO YPOBHA N HaLWOHaNbHOro YPOBHA B CPaBHEHUN.

Variables World-class (n= 8) National-class (n= 8)

Training hours % of total training Training hours % of total training
LIT 340 £+ 23** 76.4 =46 254 + 94 73.1 +£12.0
MIT 29 412~ 60 £22° 14 + 6 44 +24
HIT 1943 44 £ 038 19+ 8 5.6 + 2.1
Speed R O e = - 8 e 23412
Strength 39 + 14 88 +£29 31+ 14 9.4 + 3.7
Total 445 + 27" 100 341 £ 90 100

Significant group differences: *P<0.05. **P<0.01.

LIT, low-intensity endurance training; MIT, moderate-intensity endurance training; HIT, high-intensity endurance training.
LIT - HU3KOMHTEHCHBHBbIE MIT - TpeHnpoBKM ¢ YyMEepEeHHON HIT - TpeHnpoBkn ¢ BbICOKON
TPEHUPOBKN WHTEHCUBHOCTBIO WHTEHCUBHOCTBIO

CpaBHUTeNbHbIE AaHHbIE HOPBEXCKUX NbIKHUKOB-CNPUHTEPOB. dNUTa U BTOPOU
AVBU3UOH.

OTnnynTenbHOM 0COOEHHOCTLI TPEHUPOBOK OoOfee CUNbHLIX JIbIXKHUKOB SIBIAETCA
HaMHOro GosbLWNN 00 bEM HU3KOUHTEHCUBHbLIX TPEHUPOBOK.



8. UccnepoBaHuA cpaBHUTENbHOIO BO3A4EUCTBUA ANUTESbHbIX
TPEHUPOBOK U MHTEHCUBHbIX UHTEepBarnbHbIX. Mpumep 1.

A3pOOHble UHTepBarbHblie TPEHUPOBKU BbICOKOW MHTEHCUBHOCTU ynyuywarT MIMK Gonble, yem
TPEeHUPOBKU YMEePEHHON UHTEHCUBHOCTM!.

Aerobic high-intensity intervals improve VO2max more than moderate training. 2007, Jan Helgerud et. al.

40 yenoBek (cpeaHun MIK ~60 mn/muH/kr) TpeHpoBKM 8 Heaenb, 3 pa3a B Heaesno
MNMopeneHbl Ha 4 rpynnbl (KonuyecTBO paboTbl oagMHakoBoe AN BCeX rpynn):

LSD (aAnuTenbHbIV MepneHHbIN 6er, 70% YCCmakc., 45 MUH.)
LT (6er Ha AHI, 85% YCCmakc., 24.25 MUH.)
15/15  (6er, 47 pa3 x no 15 cek. Ha 90-95% YCCmakc. yepes 15 cek. Ha ckopocTn, cooTB. 70%)]
YCCmakc)
4x4 (oer, 4x 4 MuH. Ha 90-95% YCCwmakc. Yepe3 3 MUH. Ha ckopocTn cooTB. 70% YCCmakc)
E VOZmax
151 B Stroke volume

o
=]
g
: 5- ﬁi
< l
=
0. ﬁ . _l_

T T

LSD LT 15/19 4 x4 min




9. UccnepoBaHuA CpaBHUTESNTbLHOIO BO3AEeNCTBUA ANMUTENIbHbIX
TPEHUPOBOK M MHTEHCUBHbIX MHTepPBanbHbIX. [pumep 2.

KpaTKOBpEMeHHbIe CNnpuHTEepCKue wuHTtTepBalsibHbleé TPEeHUPOBKM MNPOTUB TPaaAUUUNOHHDLIX
ANCTAaHUMOHHbLIX TPeHUPOBOK: OAMHAKOBbLI€ Ha4YalibHble afganTauMn B CKeJieTHbIX Mbilluax "
npoun3BoaAuUTEesIbHOCTM.

Short-term sprint interval versus traditional endurance training: similar initial adaptations in human skeletal
muscle and exercise performance. 2006, Gibala et. al.

16 myxuuH ( BospacTt ~21 roa, cpeaHee VO2peak = 4 n/MuH., okono 50 mn/kr/muH.) NoaeneHbl Ha 2
rpynnbl no 8 yenosek (AuctaHumoHHyo ET u cnpuHtepckyto SIT ), n BbInonHunn 6 TpeHUPOBOK Ha
Benoaprometpe 3a 14 gHen:

ET (65% VO2peak, 90-120 mun.) SIT (250% VO2peak, 4-6 pa3 no 30 cek yepes 4 MuH. (oTabix unu 30 BT.)

[IPRE ET (aucraHu.)

- >=
£ . |l 8 22 [IPRE
s o \ § st gz 210 E3POST *
s S & 200
= 601 % 2F 1 O6Lee BpeMs:
@ [ = E,
§E 5ol RS g3 170 - 630 munyT
- I~ = o 7
) = Qi 150 /
o 40= 235 140 “
2 ol : . 25 oL : ' OHepro3aTpaTbl:
SIT ET SIT ET 6500 kOx
o — i SIT (cnpunT)
= ] CIPRE == 600 EIPOST *
5 & EPOST 22
£8 i 0 O6uwee Bpems:
£a 6 23 400
<9 "
<2 o2 a0 15 (135) munyt
S 2 £ 200
°E 7 2E 400
= g TN OHeprosaTpaTbl.
SIT

E'T SIT - 630 (950) KK




10. UccnepoBaHuA cpaBHUTENTbHOIO BO3AEUCTBUA ANUTENIbHbIX
TPEeHNPOBOK U MHTEHCUBHbIX MHTepBanbHbIX. Npumep 3.

OouHakoBble MeTabonu4yeckMe aganTauMm BO BpeMsi YNpaXHEeHWW Mnocrie CNPUHTEPCKUX
WHTepBanbHbIX TPEHUPOBOK Marioro o6bLema U TPagULMOHHbIX TPEHUPOBOK Ha BbIHOCIIUBOCTb Y

yeJsioBekKa.

Burgomaster et.al. Similar metabolic adaptations during exercise after low volume sprint interval and traditional
endurance training in humans. J Physiol 586.1 (2008)

Mpynna Mpynna
UHTepBanbHasa |O6blyHas
(n=10) (n=10)
Mpotokon |4—6 x 30 cek. |40-60 muH.
TpeHUpoBo [Yepe3 4.5 MuH. HenpepbiBHO
K (Bcero 6 |oTabixa SpasB
Heaenb) 3 pa3aB Hegento
HeAaenwo
UHTeHcuB- |«Bo BCro», 65% ot
HOCTb BuHreur. VO2peak,
~500 W ~150 W
Bpewms 10 MUHYT 4.5 yaca
Harpy3ku B |(~ 1.5 yaca
Heaento BKN. OTAbIX)
3aTtpadeHo (225 k[x 2250 kOx
3Heprum B
Hegento

TecT 4yepe3 6 Hepgenb:
60 MUHYT Ha MOLLHOCTH
65% VO2peak
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B noxoxem muccrnegoBaHuUun (2005) 3a 2 Headesnu CNPUHTEPCKUX UHTepBanbHbIX
TPEHUPOBOK BpemAa paboTbl
yBenuuyunocb Ha 100%, ¢ 26 ao 51 muHyT. XoTa VO2peak He uameHunaco.

A0 oOTKasa Ha wmowHoctu 80%

VO2peak



11. AHTeHCUBHbIe UHTepBanbHble TPEHUPOBKMU
yBenU4YnBakoT YTUNU3aLU U0 XKUPOB.

XeHWwunHbI, He cnopTcMmeHKn. UccnepgosaHue 2006 ropa.

TecTupoBaHue FPHIOPBAREHEE {1T(T TecTupoBaHue
* \ TPE€HNPOBOK: | / \
B 60 min 60 min IOV v
V(Zéf:“l‘ @ 60% s1{ [s2f Es3| |s4f iss| |se| §s7 @ 60% ) Ote‘zt““k
' VO2peak VO2peak '
Day ] 3 5 7 9 1] 13 15 17 20 22-23

10 X 4 MMH. Ha mowHocTK 90% MINK, 4yepe3s 2 MUH. OTAbIXA

YBenuuunucb: VO2peak Ha 13%. OkucrneHme xxupoB Ha 36%. AKTUBHOCTb LUTPAT CUHTa3bl Ha 20%.

2000 BN pre-training A0 170 1 HCC
L [ Post-training MOCIE @ Pre-training [0
= &= - 4 - Post-training Mocne
x 1500 - E
c ' : ,.
o & P 160
b= ©
S 1000 - T * 2
x e
o T 2
S ©
3] = 150 -
S 500 t
P @
Xz
0 ] I I 140
Total ox CHO ox Fat ox ! ' ! !
Bcero OKucneHue OKucrnieHue 15 30 45 60

oKuUcneHue yrneeofos XKUpoB Time (min)



I 12. WccnepoBaHusa Ha CUSNbHbLIX CMOPTCMEeHax.

Stephen Seiler and Espen Tonnessen:

«Controlled studies directly comparing CT and HIT in
already well-trained subjects were essentially absent
from the literature until recently».

«MccnepoBaHUA C KOHTPOJSIbHOU FPynnou, B KOTOPbIX
eCTb NpsiMoe cpaBHeHMe BO3AEeUCTBUA HenpepbIBHbIX
N BbICOKOMHTEHCUBHbIX WHTepBaribHbIX TPEHUPOBOK
Ha XOpPOLWO TPEHUPOBAHHbLIX JMOAEU, NPAKTUYECKMU
OTCYTCTBYIOT B NuTepatype A0 HACTOALLEro BpeMeHn».



13. UccnepoBaHnA cpaBHUTESNIbHOIO BO3AEeNCTBUA ANMUTESIbHbIX
TPEHUPOBOK U MHTEHCUBHbIX MHTepBanbHbIX. pumep 4.

BnusiHne MHTEHCUMBHOCTU TPEHMPOBOK Ha TPaAHCNOPTEpPbI NTakTaTa B MbILLAX U NTaKTaTHbIN Nopor
Y NbDKHUKOB FOHLUMKOB.

Effect of training intensity on muscle lactate transporters and lactate threshold of cross-country skiers.
Evertsen F, Medbo JI, Bonen A. Acta Physiologica Scandinavica (2001) 173, 195-205.

Npynna n3 20 kBanncgpuumpoBaHHbIX JILDKHUKOB FKOHUMOPOB CO CTaXXeM TPEHUPOBOK U copeBHOBaHUM 4-5 neT Ha
HauuMoHanbLHOM M MeXxayHapoaHomMm ypoBHe. [locrne AByX MecsiueB TPEHUPOBOK, OAMHAKOBbLIX AN BCeX,
JNIbDKHUKK ObINu pasaeneHbl Ha 2 rpynnbl, B KaQXXA0W U3 KOTOPbIX TPEHUPOBOYHas nporpamMmma obisia usmMeHeHa
no-pasHoMy (TO eCTb KOHTPOSILHOW rpynnbl He ObIso).

- (3 mecsiua, 10 yacoB B Hegento High Moderate
o TPEHMPOBOK HAa MHTEHCUBHOCTHU - - : :
60-70% VO2max, o '”t_e?g'ty
16% Ha uHTeHcuBHOCTU 80-90% VO2max (n=10) (n=10)
VO2max >
MOD (rpynna HIGH (rpynna o
yYMEPEHHON NOBbILEHHON Lactate-threshold speed 13%
WHTEHCUBHOCTMH). WHTEHCUBHOCTMH). 20-min run at 9 % grade 13.8%
3 mecsua. 3 mecsua. Fiber type <>
CooTHOLLEeHue 83% Ha 80-90% VO2max, | || Enzyme activities
MHTEHCUBHOCTEWN 17% Ha 60-70 %VO2max.
OCTanocb NPeXHUM. MCT 1 transporter
O6bem 1 ¢ 10 ao 16 [06Bem 7 ¢ 10 Ao 12 MCT 4 transporter
4YacoB B HeAeno. 4YacoB B Heaeno. Citrate synthase
Succinate dehydrogenase




14. UccnepoBaHnA cpaBHUTESNIbHOIO BO3OEeNCTBUA OObIYHbIX
TPEHNPOBOK U MHTEHCUBHbIX UHTepBarbHbIX. Mpumep 5.

OTKNMUK Ha TPEHUPOBKMU Y JNIbIXKHUKOB FOHLLUMKOB.
Responses to training in cross-country skiers. Gaskill et.al. Med Sci Sports Exerc. 1999.

B nccnepoBaHum yyacteoBanu 14 nbnKHUKOB ogHOro Kry6aB TedyeHue 2 neT. B nepBbin rog Bce
TpeHupoBanucb 0AUHaKOBO.

1-n roa
660 yacoB. 16% Bcero o6LemMa Ha MUHTEHCUBHOCTM JIaKTaTHOro Nnopora usu BblLle.

7 YenoBeK — 3HaYUTeNbHbLIN Nporpecc |7 YenoBeK — OTCYTCTBME CYLLEeCTBEHHOro

nporpecca
2-u roa
NMpopoonxaroT Ty XXe camyio YBenn4ymBarotT o0 bemMm TPEeHMPOBOK Ha YPOBHE
TPEHUPOBOYHYIO NMporpaMmy. NlakTaTHOro nopora v Bbliwe o 35% oo6uwero
obbema.

O6beM HU3KOUHTEHCUBHbIX TPEHUPOBOK
CHMXxarT Ha 22%.

Takou e nporpecc, Kak u B 3HauuTenbHoe noBbiweHune MIK, AHI,
npeabiayLWwun roa. MaKCMMaribHOU MOLLHOCTU PYK U
pe3ynbTaTtoB COPEeBHOBAHUMU (B T.Y. OUYKN).




15. MexaHn3Mbl BO34eNCTBUA UHTEHCUBHbLIX TPEHNPOBOK.

UHayumpyemblie Bo3moXxHble curHanbl Bo3moXxHble Bo3MOXHble
U3MeHeHud No3nTuBHbIE 3P PeKTbl |HeraTuBHbIe 3PP EKTbI
NMoBbIWeHue YBenunyeHHoe NMNoBbIWeHue ???
ANacTonn4yecKkoro pacTskeHue/Harpy3ka Ha |MakKCUMaribHOro
HanosnHeHus JIXK n Muocmnobpunnol yAapHoro oosLema,
KOHe4YHoro KOMMNEeHCcaTopHoe
AnacTonn4yecKkoro oonema. yTornuweHne CTeHOK

XKenyao4KoB.
MNMoBbiweHHasa YCC um MoBbiweHHbIe RPP ManoBeposiTHO, MukponoBpexaeHus
NoBbILWEeHHOoe (cucTtonuyeckoe Bblaatroumecs MUoKapaa???
BHYTPUXenyao4YKkoBoe AasneHue * YCC) n OKUCNUTernbHbIe 3amearneHHoe
cUcTorinyeckoe gaBrieHue. [metabonunyeckas CNOCOOHOCTU cepaeYHoOn |[BoccTaHoBreHue. Puck

Harpy3ka MuokKappaa

MbILWLUbI.

aunctpodpunn mmokapaa
NPV NOBbIWEHHbIX
06bemMax MHTEHCUBHbIX

TPEHUPOBOK.
lNMoBbIWeHHOe Ynucno lNMoBbiweHHan YnydweHHoe okucneHue |lpexaeBpeMeHHoe
aKTUBUPYEMbIX mMeTabonunyeckas XXMpa MbllLaMU, COBUT  |yTOMIIEHUe.

MbILWeYHbIX BONOKOH (AE).

dKTUBHOCTb 6bICprIX
MbIilWWeYHbIX BOJIOKOH

(AE).

JlaKkTaTHOro nopora B
CTOPOHY OonbLuen
MOLLHOCTM!.

HepoctaTouHbIn cTUMYN

Ana Hu3KkonoporoBbix [AE
?2?7?

PacwunpeHune cocygucroro
npocseTa uU3-3a aKkTuBauum
pononHutenbHbix OE.

JlokanbHble
MexaHu4yeckue u
mMeTabonunyeckue
CUrHanbl

CMellaHHbIA aHrmoreHes
apTepumn, Kanunnapos n
BeH, N3MEeHeHue
KOHTPOSSA COCYyAUCTOro
COMpPOTUBIIEHUS.

??7?

KnioyeBble husnonornyeckne naMmeHeHus CBA3aHHble C yNpaXXHEHUAMU UHTEHCUBHOCTbLIO OT
70% VO2max gao 90% VO2max u 6onee.




16. MexaHn3Mbl BO34EeUCTBUS MHTEHCUBHbIX TPEHNPOBOK
(npoaonxeHue).

UHayumpyemblie
U3MeHeHus

Bo3mMoOXHble curHanbl

Bo3MoOXHble
NO3UTUBHbIE 3(pheKTbl

Bo3MoOXHble HeraTuBHbIe

adhdeKTbl

lNMoBbiWeHne CKoOpoCTHU
rnmKonmsa B
aKTUBHbIX MbILUEYHbIX
BOJTIOKHaX

CHuxeHue
BHyTpukKknetTo4yHoro pH

MNMoBbiweHne 6ycepHoON
€MKOCTHU

MpexpeBpemMeHHOE
yToMIieHue Ha ypoBHe [1E,
CHUXeHue cTumyna ans
CUHTE3a OKUCNUTENbHbIX
¢epmeHTOB

MoBbIiWeHHasA
cuMnaTmyeckas
aKTuBauus

KneTkn noaBepXxeHbl
BNMUSAHUIO NOBbIWEHHbIX
KOHUEeHTpauun
appeHanuvHa un
HOpaapeHanuHa B KPOBM
(koHUeHTpauusa x Bpems)

?2??

CunbHasa 3apepxkka
BoccTtaHoBneHusa BHC;
XpoHuyeckoe CHUXeHue
YYBCTBUTEJILHOCTHU
ropMoHarsribHbIX peLenTopoB
(k appeHanuHy 1 T.n.) Npu
NOBbIWEHHbIX 06bemMax
MHTEHCUBHbIX TPEHUPOBOK.

NMoBbIWeHne CKopocTu
rmukKonusa B
aKTUBHbIX MbILUEYHbIX
BOJIOKHaXx

CHuXeHue
BHYTpUKreTo4Horo pH,
YBenunyeHue
KOHLEeHTpauunm nakrara B
MbILLEYHbIX KINeTKax u
KpoBu

YBenn4YeHHbIN CUHTE3
TPAHCNOPTHLIX 6enkoB
MCT cemencrtBa u
Apyrux. YckopeHue
BbiBOAA NaKrTata u
3ameJieHne CHUXeHUs
pPH B BbICOKONOPOroBbIX
IOE. 3ameaneHus Havyana
WHIr1MOupoBaHuUA
OKUCIIUTESNIbHOro
¢docchopunupoBsaHua ???

YckopeHue pgerpapgauum
MUTOXOHAPUANbHbIX
oenkoB??? Pe3kun caBur B
CTOPOHY FMUKOSNTIUTUYECKNX
MEeXaHN3MOB
3Heproobecne4yeHus B
Ha4vyane NnpMMeHeHus
WHTEHCUBHbIX Harpy3okK ???
CaBur nponopuumn
nsocpopm JIAI' B cTOpPOHY
npeo6nagaHua nsodopm
MbILLEYHOro Tuna ???

KnroueBble cbuauonomqecxue N3MeHeHusA cBA3aHHble C ynpaXHeHUAMn MHTEHCUBHOCTbLIO OT

70% VO2max gao 90% VO2max u 6onee.




17. MexaHU3Mbl BO34E€UCTBUA NPOAOITKNTESIbHbIX

TPEeHUPOBOK.
UHpoyunpyembie Bo3moxHble curHanbl | Bo3aMOXHble Bo3mMoOXHble HeraTuBHbIe
U3MeHeHuA NO3UTUBHbIE acpchekTbl
apdeKTbl
MoBbIlLeHHOEe lNMoBbiweHe cTUMYNOB | YnyulwieHue HeratuBHO BnuseT Ha
KONMM4ecTBO ABWXEHUU | ANAa MuenuHesauum CTaOMUNMbHOCTU TEXHUKU, | TEXHUKY, ecnun Xxapakrep
(cokpalweHun MbliLuLy) HepPBHbIX BOJIOKOH, NnoBbIleHue ABWXEHUU CUNBHO
aKTUBUPYHOLLUX 3KOHOMMYHOCTHU OoTNnUuYyaeTcs oT
paboTtaowme AE ABWXEeHUA COopeBHOBaTesIbHOMN
TEeXHUKU ??7?
MoBbiweHue akTuBauum |loBbIlLeHHasA YnydweHune okucrneHus ???
BbICOKOMOPOroBbIX MeTabonuyeckasn XXMPOB MbILULIEN B LEeNom,
(6bicTpbIx) AE aKTUBHOCTb B ObICTPbIX (CABUr NakTaTHOM KPUBOW
Bcrneacteue ytomneHus |OE M NaKTaTHOro nopora
Hu3skonoporoBbix AE Bnpaso.
MoBbIWeHHbIU pacxon |(??7? MoxeT ycunuBaTtb MoTeHunanbHoOEe HaKomnmneHue
rmmKoreHa CUrHan Aans cuHTesa yCcTanocTu, ecCnu B nuiue
HEeKOTOpbIX HeaoCTaeT yrnesoaoB
OKUCNUTENbHbIX
¢pepmeHTOB

KrnoyeBble husnonornyeckne naMmeHeHUs CBA3aHHbIe C yBerIn4eHuemM AnuTenibHOCTHU
ynpaxXHeHUn MHTeHCUBHOCTbLIO 60- 70% VO2max ¢ 45 MuHyT fo 120 MUHyT.



18. MexaHn3Mbl BO34EeNCTBUA NPOAOIIKUTESbHbIX
TPEHUPOBOK (NMpoaormkeHue).

UHayumpyemblie
U3MEHEeHNS

Bo3amMoXxHble curHanbl

Bo3MOXHbIe
NO3UTUBHbIE 3(PppheKTbI

Bo3MoOXHble
HeraTuBHbIe 3(ppeKTbI

MoBbilWleHue
OKUCJIEHUSA XNPOB

Bonblioe yBennyeHue
KOHUEHTpauumn
CBOOOAHLIX XUPHbIX
KUCIOT B Nyia3me KpoBMU

MoxeT ycunmBaTtb CUrHan
Ana onocuHTesa
MUTOXOHAPUN

222

MNMoBbIWeHHbLIN pacxon,
rmuKoreHa

CHuXeHue ypoBHA
rMuUKOreHa B MbiluLax u
nevyeHU NPUBOAMT K
CHWXXEHUIO KOHLEeHTpauum
rMOKO3bl B KPOBMW.

CHWXeHue XXnpoBom
Macchbl Tena BcneacTeue
aKTMBauum nunonusa.

YckopeHue katabonuama
GenkoB Bcrneacrteue
NOBbILWEHNSI KOHLeHTPauuu
KopTusona *

TpebyeTcsa yBenuyeHHoe
BpemMs ons
BOCCTaHOBJIEHUA.

MNMoBbIWeHHOoe
KONnm4yecTBO
OBWXEeHUN

???

Mpun mowHocTn Aall n
HWUXXe NpUBOAMUT K
YCUINEHUIO BITUSAAHUA
napacumMmnaTu4ecKkoro
otaena BHC (cHuwxeHune
YCC, cHnxeHune
BEHTUNALNN).

MoBbiWeHne Harpy3Ku Ha
OOA ???

KnioueBble husnonornyeckme nameHeHus1 CBsisaHHble C yBeNIM4eHuem AriMTeribHOCTH
ynpaxXHeHUn MHTeHCUBHOCTbLIO 60- 70% VO2max ¢ 45 MuHyT fo 120 MUHyT.




19. CxoactBo u pasnunume 3acpheKkToB TPEHUPOBOK.

MHTeHCUBHBIE,
>70% MIK

OnuntenbHble,
50-70% MIK

MoBbIleHUe
AONKn OKUCHNe HUA
XUpoB

MoBbilweHUe
Katabonusma
©enkoeB nNpu
onpepAeneHHbIX
yCrnoBuUAX

Puck paseButus
anctpocdum Muokapaa
npu onpeae neHHbIX
ycroBuax

MoBblWeHUe
3anacos

rMUKoreHa u
CKOpPOCTH €To

BOCCTaAHOBMNeEe HUA

MoBbIwWwe Hue
NrMoTHOCTU OenkoB
TpaHcnopTe poB
nakrara

MoBbilweHUe

MepecTponka PocT MuTOXoHa puin Oyche pHON € MKOCTH
He PBHbIX BOITOKOH, (noBblwe HUEe a3pOGHBLIX MbILLL
aKTUBU pPYHOLUX BO3MOXHOCTE N MbILLUL])
MbILWL bl

Poct 06BemMa
KpOBU U yaapHoro

PocT kKanunnsapoB B MoBkilWe HUe BUAHUA

MoBkilWe HUe BNUAHUA

napacumnaTye cKoro MEIHX o6beMa cepaua EVMTEIMAE ekoro
otaena BHC otaena BHC

(cHMXe HMe YCC (noBbiwe HUe HYCC,
Be HTUNALUMN) ’ BeHTUNALMUMK)

NMosbiweHue MIIK,
A3l1 n AHIN

HeKOTOpre (bVI3I/IOJ10FI/I‘-IeCKMe S(b(beKTbl CBsAA3dHHbIe C Pa3HbIMU TUNaMU TPEHUPOBOK.



20. IBuratenoHble eauHULbl (motor units).

Spinal cord

!

s

Motor Motor >
unit 1 unit AY
éé,’

Motor neuron  Motor neuron £

cell body axon 0 4
.1. w
LSS

B MbiwLlax 0ObIYHO HACUYUTLIBAETCHA OT HECKOMbKUX ThICAY
0O HECKONIbKUX COTEeH TbICAY MbIWEYHbIX BOJIOKOH,
opraHu3oBaHHbIX B 50-300 aBuratenbHbIX eAUHUL.

40

NMpumep opraHnsauum
~40000 MbliWeYHbIX
BoJyiokoH B 100 [1E.

W
o
L

Number of Motor Units
> S

0 [ —

0 500 1000 1500 2000
Number of Fibers per Motor Unit

BbicTpble FATIGUE YtomneHue

FF =~

BbicTpble,
yCTON4YUBbIE
K YTOMJIEHUIO

FR™

20} i |

Tension (g)
<]

(«]

MepaneHHble,
OKMUCIUTENbHbIE

S - .

B )
REHI

Bpema pa6otbl Time (minutes)
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100

&
1

% of muscle fibers used
3
1

d00TakLWNX BONTOKOH

Moderate
Ycunue

1
Maximum

Normalized myoelectric signal
(RMS amplitude)

—o— Biceps (N = 61)
—— Deltoid (N = 76)
80 - | —— FDI {N = 43)
60 ~
40 ~
20
0 1
20 40 60 80
Force

(% of maximal voluntary contraction)

oueHka amnnutyabl SMIr

rms-EMG (uV)

200

100

| I I I I I | | |
0 50 100 150 200 250 300 350 400 450

Power output (W)  MoOLWHOCTb




22. IBUraTtenbHble eANHULDbI, PeKpyTU3aumns, 3aBUCUMOCTb
OT YTOMJIEHUA U UCYepnaHUs rMUKoreHa.

l 10 pa3 no 1 MuUHyTe ‘

A 130 - t

125

- -
- N
(] o
1 1

Vastus Medialis
Mean Power Frequency (%)
]

1

100 ~

©
(3]
1

90 -

B 130 - T

125

_\A

)

[6,] o
1 1

-

o

o
1

Vastus Lateralis
Mean Power Frequency (%)
]

1

©
(&3]
1

90 1
8

o4
N
N
w
SN
o
o
~

Time (min)

we CHWXKEHMe 3anacoB rNMKOreHa

50 :
8] ST
> . v
E . 0‘
XL 20 1) \ /\ £ \ )
ol e -. ........ ll
— I 1F { —
5s 50 s 6s
50 50
MU# MU#
1 [l
10 (1l ~ sty | e PN PIRSY
9 [l 1] \
8 | | s /M s IR IR T
7 il 0 ;" m \ I AR (000N
6 N0 ¢ I O 0 0 R | ) s OO | | O SO
5 W s WL )0 R | 5 THRMER 0 A
4 W l 4 R O e e 4 THRER | 00RO R
| \ 3 SR T 3 TR | O TR T
f -m ‘ummmlmm f -Hm“m 1 ..........................................
0 20 40 60 0 20 40 60 Time (s) 20 40 60
Contraction #1 Contraction #5 Contraction #10
50
12 Il 12
X D A
Qe T 10
= = ! (VT T o
.- S - 4H HHHHHHHHHH , CTH T i
0 ; TN ! [N ' [T
! [N ' (I S AR TECTTAETTER
C NN i P R
o LT DDA LTI 4
IIIIIIIIIIIIIIIIIIIIIIII T DI [ 3
[T (LTI ===ee aEswaanEERERRRRES 2
i |111|||u|||||||||||||1|ummmmuumuuuuml ' (== === == e mee 1
2 6 2 4 6 0 2 4 6
Tlme (s) Time (s) Time (s)

an yTOMJ1I€EHUN pa60Ta|ou.mx OE ansa nogaepixaHusA rnpexHero

ycunusa BKnro4varoTcAa gonosnHutenbHble [E.

B pabotarowmx [OE Takxe
NPMBOAUT K CYLECTBEHHOMY
CHUXEHUID pa3BUBaeMon UMU

MOLWLHOCTH n ans
nogaepxaHusA npexHero
ycunusa BKJTHOYaKOTCA

aononHutenbHble [OE (3To
XapakTepHoO AN ANUTENbHbIX
TPEHUPOBOK).



23. bnoxnmmnyeckue curHarnbl BO34eUCTBUSA TPEHUPOBOK Pa3HOWU

MHTEHCUBHOCTM.

UHTEeHCUBHBIE

OnutenbHble
High-intensity training

High-volume training

High energy - Repeated
contractions contractions

ATP - AMP Mca?] ;

EXercise 11me (s)
10 15 20 25

l Knro4vyeBou curHan l

Master switch

AMPK | — G | cavik

25

e ol Eo l—--------‘ e o e s o e ey s g

r'PTypel i M Mitochondrial | r'l‘ Fatoxidativel " ™ GLUT4 1
I fibres j L biogenesis I capacity J L 1 Glycogen |

? % BOMOKOH | f MnotHoCTL ? CnocobHocTb ? TpaHcnopTepbl
TMNa MUTOXOHAPWUNA OKUCHNATb XUpbl | TMIOKO3bl, KOMN-BO
rnMKoreHa

OcHOBHbIe d)u3uonomqecme CUrHanbl, cBA3aHHbIE C PAa3HbIMU TUNAaMUN TPEHUPOBOK.



24. OdpheKkTbl OT paboTbl HA YMEPEeHHON MOLLHOCTU MOTYyT
pa3nnyaTtbCcs AN pa3HbIX CNOPTCMEHOB.

200$4CC. NB a/MuH

18071

1607

1404

120¢

100¢

80¢

60¢

104

20%

YAaN

AHIN
AHIM

- BeHTUNsuus

AHIN

"MOI.I.I.HOCTb Br/kr
* & -

0.5

2.5

3

3.5

4 45 5



25. HekoTopble orpaHn4nTenu nporpecca pesynboratos. MAM.

200%4CC,; 1B a/MuH
180
160
140
120
100
80 _.,-'
60 L
L MAM 980 BT
. BT AHM 210 BT
20 sqne AHM/MAM=22%
MoLlHOCTb BT
0 75 150 225 300 37’3

BeHTunauma n/mMuH, yactoTta gblXaHus B MUH.

120
110 -
100 -
90 -
80 4
70 4
60 4
50 4
40 -
30 4
20 ]
10

VE

BF

0
0

T
120

T T 1
240 360 480 600

T

I

—T T —
720 840 960 1080

20034CC, 1B n/MuH.

180

160

140

120

100

80

60

40

20

L MAM 520 BT

L AnIT 181 Bt
ARIN/MAM=35%

MoLLHOCTb BT

o

75 150 225 300

BeHTunauma n/MuH, YacTtoTa AblXaHUs B MUH.

120 -
110 -
100 -
90 4
80 4
704
60 -
50 4
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20
10 -
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T T T T T J T T T x T
120 240 360 480 600 720 840



26. HekoTopble orpaHnunTenu nporpecca pesynbsratoB. CCC.

1801
160+
140+

1201

20024CC. 1B n/MuH.

1001
801
601

40{

201
‘ MowWwHOCTb BT

MAM 850 BT
AHI1 265 BT
AHIMT/MAM=31%

MAM 1100 BT
AHI1 265 BT
AHIN/MAM=24%

MAM 825 BT
AHIl 300 BT
AHIN/MAM=36%



27. MNpnmepbl OTPULATENBHOIO BO34ENCTBUSA MHTEHCUBHbIX TPEHUPOBOK.

1BZ%HTVIJ'IFILW|$I N/MUH, YacToTa AbIXaHUsi B MUH. BzeOHTVIJ'lﬂLWIﬂ N/MUWH, YacToTa AbIXaHUS B MUH.

. 120 -

110: 110:

100 4 100 4

90 90 4

80 80 4 7 VE

70 4 70 4

60 - 60 -

50 4 50 4

40 40

30 - 30 J BF

20 BF 20 -

10 10;

11 A I U | T S ' N —— N I S I I— N— E—N—
0 120 240 360 480 600 720 840 960 1080 0 120 240 360 480 600 720 840
T T

240tAnll BT, YUCC, 1B niMun. 240t AHI BT, YCC, 1B n/Mun.

220 220

200 200

180 180 CpeaHee no 4-m cnopTcMeHaMm

160 160

140',1"-\\__‘-_-’ﬁ“_ VA0t T
120/‘\/\ > 120 ————
100 S N T 100F e b L1 e T

80 80

60
a0 T——

20

Huum

0 25 50 75 100 125 150 175 200 225 250 275 300 0 25 50 75 100 125 150 175 200 225 250 275 300




28. UameHeHuUe cnekTpa BPC B 3aBucMmMocTu ot nepuoaa
NoAroToBKU (A0S/IN UHTEHCUBHbIX TPEHUPOBOK).

YCC 61, yactoTa AbIxaHusa 23.5 B MUH.

YCC 50, yacTtoTa abixaHus 20 B MUH.
100% training load

YCC 56, yactoTa abixaHusa 19 B MUH.
75% training load

DETREND
10000 -

20000 1 20000 -

10000

RRI {ms® / Hz)

2

RRI (ms [ Hz)

0,2

0,3 0,4 05
Hz

10000 4

0,1

0,2

0,3 0,4 0,5
Hz

RRI (ms2 f Hz)

5000 A

0,1

0,2

0,3 04 0,5
Hz

I'Ipumep N3 ONnbiTa NOAroTOBKU UTAJIbAHCKUX rpe6u,OB.

CneBa — cneKkTp B nepexoaHoOM nepuopae, B 3ToT nepuop cpeaHsas YHCC nokos 56 yaapoB B MUHYTY.

— ChNeKTp B noaroroeutesibHOM nepuoae cCoO cpe,quﬁ Harpy3|<oi/'|. flBHOE

B cepeauHe
npeo6nagaHme HF KOMNOHEeHTbI - BbICOKMMX OCTpbIn NUK. CpeaHsaa YCC nokosa cHuxkaetca Ao 50

yOapoB B MUHYTY.

CnpaBa — cnektp B nepuop noaBoaku Kk YemnuoHaty Mupa. UayT nHTepBarnibHble CKOPOCTHLIE
TpeHupoBKu. lNpeobnagaHme LF komnoHeHTbl, nuk HF cmecTunca BnpaBo (4actoTta AbIXaHUA B

nokoe yBenuuunacob). CpegHsasa YCC nokosa noBbicunacb Ao 61 yaapa B MUHYTY.



29. NMpnmepbl BO3AEUCTBUA YPE3MEPHO XKECTKUX TPEHNPOBOK.

2007

180

160

140

120

100

80

60

40

20

'YCC, f1B n/MuH

MowHocTb BT

75 150

225

300 375

2001
180
160
140
120
100
80
60
40
20

'YCC, 1B n/Mun.

MowHocTb BT

0

75 150 225 300 375

NMpumep uaMeHeHUN PU3NONOrMYECKUX MNoKasaTenem CrnopTCMEHOB Mnocre
U3MEeHeHNa obLlen HanpaBfEeHHOCTN MNOArOTOBKU, C Pe3KUM yBerIM4eHUuem
00BLEMOB XECTKOM NPbIKKOBOU MMUTaUMN Ha penbede.



30. Bo3MOXHble NPUYNHbI HEraTUBHOro BO34eUCTBUSA
Yype3mMepHO XXeCTKUX TPEeHUPOBOK.

UHTeHCUBHBbIE OnuteneHble A
High-intensity training High-volume training
High energy l - l Repeated (‘\*"—
contractions . contractions 8
g Buffered
ATP - AMP T ca?) £ . phase
X Linear Overload
l KnroyeBon curHan l © phase phase
Master switch =
e —
-
Ca?* load (extramitochondrial [Ca?*])
Exercise Time (s)
0 5 10 15 20 25
r-----‘ r--'-----.-‘ r----.--‘--l - L ) ) i N )
1 T Typel | 1 Mitochondrial 1 | 4 Fat oxidative ™ GLUT4 i
| _fibres 1 | _bicgenesis  J I _ capacity _j |__7 Glycogen ] 0 -
f % BOMNOKOH | T MnotHoCTb T CnocobHocTtb ? TpaHcnopTepbl
TUMNQa MMTOXOHApMI;I OKUCTIATE XUPbI rMKOKO3bl. KON-BO ’g
rnuKoreHa © -5
E;
—, -10 4
£
|AT® — 1Ca2+ — 1Ca2+(murtox.) E
o -15 -
|_
\pH — yckopeHue 1Ca2+(murtox.) =
_20 -
_25 .

lNoBbiWeHUe KOHLUEHTpauuun Kanbuua B KIreTKe Bbille onpeferieHHoro npegena Bbi3biBaeT
norrnouweHne Kanbuma mutoxoHapusamMu. MoxeT HacTynutb asa neperpyskum Kanbumem u
OTKpbITUE NMOP MUTOXOHAPUU, OYeHb BpepHoe AnA Knetok. CHuxeHue pH B KneTke pes3kKo
yCKOpsieT npouecc nornoweHns KanbLumsa MUTOXOHAPUAMM.



31. OHTOreHes. BnuaHune nepuoaoB pa3BUTUSA Ha ANHAMUKY pe3yrbTaToB
U Ha MHTepnpeTauuio AaHHbIX UCCneaoBaHUM U HAONIOAEHUMN.

~ 3 ropa
. Y . Y S
~ 7 nert e
/\/\, - oS A
>
Bo3spacT
CKOpPOCTh
BO3pacT 3aXuUBNeHUs
1- 10 nem X
| )« 33 4,26 £0,31
11 - 24 K
I a ]\ 8,45 +0,17
“ 9
25-38
I YK 84 8¢ X6 XX X4 BR| 10121043
39-52
v 6 68 A4 12,77 +0,20
53 - 66
v Xml AR AA 1550 + 0,41
67 - 80
Vi iy o 17,47 + 0,81
87-94 iv ua
Vil 21 22 30,0 £0,50

120 — — 100
— 90
100 -
— 80
— 70
L 80
60 — . _ 50
a0
40
/\7 -
My, ‘/d - 20
20 _ Q
‘ 10
0 | I — | I — 0

4 mec. 7wec. 9ucc. 1ran 2roaa 4 ropa 7 net 11 ner 14 ner 17 nar 20 net 70 ner

Bl vBreand. [ | MBI MBIB =—Q= MBIIA
KnuHunyeckue nccriegoBaHus CKOpoCTHU
pereHepauuun (ckopocTb 3aXKNBEeHus

pas3nuyHoro TUna paH) nokasano Hanuuiuve
nepuoaoB XW3HWU ANUHOW npumepHo B 14
net, HauuHas ¢ 10-neTHero Bo3pacTta. Mexnay
3TUMN nepuoaamMm CKOPOCTb 3aXUBNeHusi
MEHSIeTCSl Pe3KMMU CKayKaMu.
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