I AHanus3 cooTHoLEeHUss 06bEeMOB HU3KONHTEHCUBHbIX
NPOAOMKNTENbHbLIX U UHTEHCUBHbIX UHTEPBanbHbIX
TPEHUPOBOK B CIOXUBLLUENCH NPaKTUKe 3apyOeXHbIX
I 3NINTHbIX CMOPTCMEHOB LUMKNNYeCKMX BUAOB CMoOpTaA.

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)  TpeHWpoBO4Hble 0ObEMBI B Yacax B roj

1200
1000
800
600
400
200

Distance  Orienteer Cross-country  Rower Cyclist Swimmer
runner OpmneHTupoBLLMKK SKier [pedubl [1noBLbI
BeryHel ITeKHMKN BenocunegucTsl

Pa3Huua B 06 bemMax Bbi3BaHa Pa3HbIM BO3eNCTBUEM BNOOB cnopTa Ha CyCTaBbl, CBA3KN U
MbilWUbl, HANMN4YnNemM 3KCUEeHTPUYEeCKUX n GannucTuyYecKkux Harpy3okK npn ABUXEHUMN.



2. lpyHATbIE WKanbl MHTEHCUBHOCTM.

Table 1: A typical five-zone scale to prescribe and moni- Figure 1. Three intensity zones defined by physiological
tor training of endurance athletes determination of the first and second ventilatory turnpoints

using ventilatory equivalents for O2 (VT1) and CO2 (VT2).

Intensity VO2 Heartrate Lactate  Duration MLSS
zone  (%max) (%max) (mmol.L-") within zone 50% LT, LT,  100%
1 4565 5575 0815  16h VOama VT, VT, VO,

2 66-80  75-85 1.9-2.5 1-3h

3 81-87  85-90 2.54 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- Y _
country skiers, biathletes, and rowers. Exercise Intensity

Zone 1 Zone 2

[La] blood

CneBa ynpoLieHHbIX BapuaHT LWKanbl MHTEHCUBHOCTEN, NpuHATON HopBexckon OnMMnumnckoun
depepaumen AnNAa UMKINYECKUX BUAOB crnopTa.
CnpaBa — Tpex30oHHas WwKaria, ocHoBaHHas Ha nokasaTensax a3pobHoro, aHa3poOGHOro NOPoOroB U
mowHocTu MIK. 3oHa 2 npu 3TOM COOTBETCTBYET 30HE 3 CTaHAAPTHOMU 5-TU 30HHOMN LIKanbl.



I 3. [NpumMmep pacnpeneneHnsa Harpy3kKu B
I roqoBOM LMKIIe Y rpebLoB.
140 ~

Training duration (h) O6LWuin o6bem B Yacax U pacnpeaeneHme
TPEHUPOBOYHBIX CPEACTB MO MecsALam

||
60 -

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
[pebna, 30HbI 1-2 [ pebna, 30HbI 3-5 Cunoeas nojroTtoBka



4. lona aHa3pOOHbIX U a3POOHbLIX NCTOYHUKOB
3Hepruu B 3aBUCUMOCTM OT ANIUTESNIbHOCTU FOHKMU.

100 MpoLeHTHOe COOTHOLLEHNE 3HEPriK, NonyYaemMon n3 aspobHbIX 1
aHa3poBHbIX NCTOUHUKOB NPY NPOXOXAEHUN ANCTaHLWUIA pa3inYHON ANNHBI.

% -

801 ~75 cekyHA

70 -

-+ Aerobic

-~ Anaerobic

Percent Contribution
v
o

30 1

20 1

10 1

0 500 1000 1500 2000 2500 3000 3500
Distance (m) ([ucTaHuusa B meTpax, 0eryHsol)



5. NMpumep pacnpeneneHUs Harpys3Ku
No 30HaM y BeriocmneaucToB.

300
EZone 1 [1Zone 2 [1Zone 3
250
200
Training
duration
h
(h) 100
Ob0bem
B 50
Yyacax
0
Winter mesocycle Spring mesocycle
(Nov-Feb) (Mar-Jun)
Hoaopb - ®eBpanb MapT - MoHb

daHHbIe no rpynne 3JINTHbIX UCMNAHCKUX BeriocnneancTtoB, BO3pacT AO 23 net. 3-X 30HHasA MoAerb.



6. NMpumep pacnpeneneHnst Harpy3Ku
Nno 30HaM Yy NbDKHUKOB.

% TPEHUpPOBOK

,, 100 - DTime-in-Zone@
C _
O 90 W Session goal HR
o 80 - O Session RPE
g 70 ~ ession
S 60 -
c
:C:)' 40 -
= 30 -
O 10 T
o
0 —mi N
Zone 1 Zone 2 Zone 3

OaHHble HOPBEXCKUX NbI’)kHUKOB FOHUOPOB, 3-X 30HHaA moAernb.



7. NMpumep pacnpeneneHnst Harpy3Ku
MO NHTEHCUBHOCTU Y HOPBEXCKNX
NbDKHUKOB - CNPUHTEpPOB.

Table 4. Total training performed in the 6 months before testing in world-class and national-class sprint cross country skiers (mean = SD)
TpeHnpoBoYHble 06BbeMbl B Hacax, BbiNONHEHHbIE 3a 6 MecALleB 40 TecTupoBaHna. HopeeXkckne NbPKHUKN CNPUHTEPDI
3NMIUTHOrO 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 £ 12** 6.5 + 227 14 +6 44+24
HIT 19 +3 44 £ 038 19+8 56+ 21
Speed 16 £ 777 3.7 £157 7+3 2.3+1.2
Strength 39 + 14 88 £29 31+ 14 9.4 + 37
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 - HU3KOMHTEHCUBHbIE
TPEHUPOBKN

MIT - TP€HUPOBKN C YMEPEHHO
WHTEHCUBHOCTbIO

HIT - TpeHnpoBKN ¢ BbICOKON
WHTEHCUBHOCTbIO

CpaBHUTerNbHbIE AaHHblIe HOPBEXCKUX JIbIXKHUKOB-CMIPUHTEPOB. AnuTa 1 BTOPOM

OUBU3UNOH.

OTnnunTenbHOM 0COOEHHOCTLIO TPEHNPOBOK Oonee CUIbHbIX JILDKHUKOB AABMSIETCA
HaMHOro 60nbLWNN 06BbEM HU3KOUHTEHCUBHbIX TPEHUPOBOK.



8. UccnepoBaHuA cpaBHUTESNTbHOIO BO3OEeNCTBUA OANMUTESIbHbIX
TPEHUPOBOK U MHTEHCUBHbLIX UHTepBanbHbIX. NMpumep 1.

A3po6OHbIe NHTepBaribHble TPEHUPOBKN BbICOKON MHTEHCUBHOCTU ynydwatrTt MIMK 6onble, yem
TPEHUPOBKN YMEPEHHON UHTEHCUBHOCTM.

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

0 yenoBek (cpeaHnn MIK ~60 mn/MuH/Kr) TpeHupoBKU 8 Heaenb, 3 pasa B Hegenwo
oaeneHbl Ha 4 rpynnbl (KonnyecTBo paboTbl ogUMHAKOBOE AN BCeX rpynn):

SD (anuTenbHbIN MeaneHHbIN 6er, 70% YCCmakc., 45 MuH.)

T (6er Ha AHI, 85% YCCmakc., 24.25 MUH.)
15/15 (Ger, 47 pa3 x no 15 cek. Ha 90-95% YCCmakc. yepes 15 cek. Ha CKOPOCTU, COOTB. 70%
YCCwmakc)
Ux4 (6er, 4x 4 MuH. Ha 90-95% YCCmakc. Yepe3 3 MUH. Ha ckopocTu cooTB. 70% YCCmakc)
D Vozmax
151 - B Stroke volume

)
=]
c
-g 5- ﬁi
: l
R |-T-|
0 P — _l_

TT

LSD LT 19/15 4 x4 min




9. UccnepoBaHunA cCpaBHUTESNTbLHOIO BO3OENCTBUA OANMUTESNbHbIX
TPEHNPOBOK U MHTEHCUBHbIX UHTEepBanbHbIX. MMpumep 2.

OUCTAHUMUOHHbLIX TPEHUPOBOK: OAMHAKOBbLIe HadanbHble aganTauuu B CKeJIeTHbIX MbiWuUax wu
npou3BoaUTENIbHOCTMW.

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

16 myx4uuH ( BospacTt ~21 roa, cpepgHee VO2peak = 4 n/MuH., okono 50 mn/kr/mMmuH.) NMoaeneHbl Ha 2
rpynnbl no 8 yenosek (AMctaHuumoHHyr ET n cnpuHtepckyto SIT ), U BbinonHunu 6 TpPeHNPOBOK Ha
Benoaprometpe 3a 14 gHen:

I KpaTkoBpeMeHHble CNPUHTEePCKUEe WHTepBalfibHble TPEHUPOBKU MNPOTUB TPaAULMNOHHLIX
I ET (65% VO2peak, 90-120 mun.) SIT (250% VO2peak, 4-6 pa3 no 30 cek Yepe3 4 MuH. (oTabix unu 30 BT.)

= 80 N £Z 20 [IPRE ET (
£ . AUCTaHL,.)
E POST 83 210 x
£ n \ \ §£ o f POST
= =
£ 6oy N 2% 190 |O6Liee Bpems:
3 N s £ 170
E 5o <t 52 160 Z 630 munyT
al 40 o T Z
p b S5 140
2 ol : : 25 oL . . AHeprosaTparbl:
SIT ET SIT ET 6500 kOx
o 200 — SIT (cnpwuHT.)
= g e Srosr
28 g3 500 |OGLee Bpems:
3 6= >0
35 o2 o 15 (135) munyr
= 4 o=
§§° . g 200
E 7 =E 100 AHepro3arparbl:
oL ol - 630 (950) kx

ET SIT ET




10. UccnepoBaHnA cpaBHUTESNIbLHOIO BO3OENCTBUA OANMUTESbHbIX
TPEHNPOBOK U MHTEHCUBHbIX UHTepBanbHbIX. [Mpumep 3.

OpouHakoBble MeTabonuyeckue agantaumMum BO BpemMA ynpa)KHeHm‘/'l nocrsie CnpuUHTEepCKUX
MHTepBalibHbIX TPEHUPOBOK Masioro oobema u TPaAULUUOHHbLIX TPEHUPOBOK Ha BbIHOCJINBOCTb Y

yeJioBekKa.

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

MNpynna MNpynna
UHTepBanbHasa QOgkiyHas
(n=10) (n =10)
Mpotokon |(4-6 x 30 cek. |40-60 MuH.
TPeHUpoBo 4epe3 4.5 MMH. HenpepbIiBHO
K (Bcero 6 |otabixa 5 pa3 B
Heaenb) 3 pasaB Henerno
HeAenw
MHTeHcuB- [ «Bo Bclo», 65% ot
HOCTb BuHreur. VO2peak,
~500 W ~150 W
Bpems 10 MUHYT 4.5 yaca
Harpy3ku B (~ 1.5 yaca
HeAento BKJ1. OTAbIX)
3arpayeHo 225 kOx 2250 kOx
3Hepruu B
Heaenw

TecT 4yepe3 6 Hepenb:
60 MMHYT Ha MOLIHOCTH
65% VO2peak
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B noxoxem wuccrnegoBaHum (2005) 3a 2 Hegenu CNPUHTEPCKUX MHTepBaribHbIX
TPEHUPOBOK BpeMs paboTbl A0 oTKa3a Ha mowHocTn 80% VO2peak yBenuumnocb
Ha 100%, ¢ 26 oo 51 MuHyT. XoTa VO2peak He nameHunacob.



11. AHTeHCUBHbIe UHTepBalibHble TPEHUPOBKU
yBenU4YnBaloT YTUNN3auuio XXMpoB.

XeHWwunHbl, He cnopTcMeHKn. UccnepgoBaHune 2006 roaa.

Day

TecTupoBaHue [ VHTEPBANbHLIX - T TecTupoBaHue
* \ TPEeHUPOBOK. I / \
o 60 min 60 min o
V(zé‘s’:"l‘ @ 60% sty |s2 Fs3| Is4f Iss| |s6| §s7 @ 60% \ Oté‘;:“k
VO2peak VO2peak

! ] 5 7 9 11 13 15 17 20 22-23

10 X 4 MuH. Ha mowHocTH 90% MK, Yyepes3 2 MUH. oTAbIXa

YBenunuunucb: VO2peak Ha 13%. OkucneHue XmpoB Ha 36%. AKTUBHOCTb LMUTPAT CUHTa3bl Ha 20%.

Total oxidation (kJ)

2000 BN Pre-training 40
1 [ Post-training MOCHE
1500 —
*
1000 — T *
T
N i
1] T T T
Total ox CHO ox Fat ox
Bcero OKucneHue OKucneHue
OKUcneHue yrneeonoB XUpos

170

160

Heart rate (beats-min™)
z
{

YccC
—{l— Pre-training ho
- 4 - Post-training Mocne

140

Time (min)



I 12. UccnepnoBaHusi Ha CUNbHbIX CMOPTCMEHaXx.

I 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».

«AccnepoBaHUsl ¢ KOHTPOSIbLHOU FPyrnnou, B KOTOPbIX
€CTb NpsiMoOe cpaBHEeHWe BO3OAENCTBUA HenpepbIBHbIX
N BbICOKOMHTEHCUBHbLIX WHTEpPBaNbHbIX TPEHUPOBOK
Ha XOpOLIO TPEeHUPOBAHHbLIX JHOAOEU, MPaAKTUYECKMU
OTCYTCTBYIOT B nutepaTtype 00 HaCTOALLEro BpeMeHUny.



13. UccnepoBaHuA cpaBHUTESNTbHOIO BO3OEeNCTBUA ANMUTESbHbIX
TPEHUPOBOK U MHTEHCUBHbLIX MHTepBanbHbIX. NMpumep 4.

BnusiHne NHTEHCUBHOCTU TPEHMPOBOK Ha TPaAHCNOPTEpPbI flakTaTa B MbIWLAX U NaKTaTHbIA Nopor

Yy NbDKHUKOB FOHLLMKOB.
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 JIbLDKHUKOB FHOHMOPOB CO CTaXXeM TPEHUPOBOK U COpeBHOBaHUM 4-5 neTt Ha
HauuMoHanbLHOM M MexayHapoaHoMm ypoBHe. [locrne AByXx MecsueB TPEeHUPOBOK, OAMHAKOBbLIX ANS BCeX,
JNIbDKHUKKN ObINKn pasferneHbl Ha 2 rpynnbl, B KaXA0W U3 KOTOPbIX TPEHUPOBOYHaA nporpaMmma Obina namMeHeHa
No-pa3HoOMYy (TO eCTb KOHTPOSILHOM rpynnbl He ObIS10).

o2 mecsaua, 10 [MacoB B Heaenwo High Moderate
SR Tpe"ggg%? \r,'g;';;itmm"ocm intensity intensity
16% Ha uHTeHcuBHocTn 80-90% VO2max (n=10) (n=10)
VO2max <> <>
M,S&.ﬁ;%.""a r']'JS.,'}L‘J.E’.XQE.'a Lactate-threshold speed 13 % —
WHTEHCUBHOCTM). WHTEHCUBHOCTM). 20-min run at 9 % grade +3.8% 1.9 %
3 Mecsiua. 3 Mmecsiua. Fiber type PN o
CooTHoLweHue 83% Ha 80-90% e
WHTEHCUBHOCTEN V002max, Enzyme activities
B 1 /o a2 9970 MCT 1 transporter VAN V12 %
O6bem 7 ¢ 10 no 16
o] BT . S MCT 4 transporter VAN VAN
beM T C ao :
BT B T Ty Citrate synthase <>
Succinate dehydrogenase 16 % <>




14. UccnepoBaHnA cpaBHUTESNIbHOIO BO3OEeNCTBUA OObIYHbIX
TPEHNPOBOK U MHTEHCUBHbIX UHTEepBanbHbIX. [Tpumep 5.

OTKNUK Ha TPEHUPOBKMU Y JNIbDKHUKOB FOHLLMKOB.
Responses to training in cross-country skiers. Gaskill et.al. Med Sci Sports Exerc. 1999.

B nccneposaHumu yyactesosanu 14 nbnKHMKOB oAHOro krnybae TedyeHue 2 net. B nepBbIn roa Bce
TPeHnpoBanucb OANHaAKOBO.

1-1h rog

660 yacoB. 16% Bcero o6 Lema Ha UHTEHCUBHOCTU JTAaKTaTHOrO Nopora unum Bbilue.

7 YenoBeK — 3HaYUTENbHbLIN Nporpecc |7 YernioBeK — OTCYTCTBMUE CYLLeCTBEHHOIro

nporpecca

2-y rona
[MpoaoonxaroT Ty Xe camyio YBennymBarotT o6bemMm TPeHNPOBOK Ha
TPEHMPOBOYHYIO NporpaMmy. YpPOBHeE fnakTaTHOro nopora v Bbiwe Ao 35%

obuwero oosema.

O0beM HU3KOMHTEHCUBHbLIX TPEHUPOBOK
CHMXxarT Ha 22%.

Takou e nporpecc, Kak u B 3HauuTtenbHoe noBbiweHune MIK, AHI1,
npeabiayLwnn roa. MaKCMMaribHOU MOLLHOCTU PYK U
pe3ynbTaToB COPEBHOBAHUM (B T.4. OYKM).




15. MexaHn3mMbl BO34eNCTBUSI UHTEHCUBHbIX TPEHUPOBOK.

UHaoyumpyembie Bo3MOXHble CUrHanbl Bo3MoOXHble Bo3MoOXHble
U3MEHeHus No3nTUBHbIE 3hheKkTbl |HeraTuBHble 3P eKTbI
MNMoBbiweHne YBennyeHHoe MNoBbiweHne 2?7

ANacToNn4YeckKoro pacTskeHue/Harpy3Kka Ha | MakCcumanbHOro

HanosnHeHusa JTXK n Munomnopunnol yAapHoro ooLema,

KOHEYHOoro KOMMeHcaTopHoe

ANacTonnyeckKoro yTOSLWeEeHNe CTeHOK

ob6bema. Xesryao4YKoB.

MoBbiweHHaa YCC um MoBbiweHHbIe RPP ManoBeposTHO, MukponoBpexaeHus
NoBbILWEHHOoEe (cuctonunueckoe BblaaloLimecs MUoKapaa???
BHYTPUXenyao4yKoBoe AasneHue * YCC) n OKUCnUTenbHbIe 3ameAaneHHoe
cUcTonuyeckoe gaBrneHue. | metabonunyeckas CNOCOOHOCTU cepaeyYHon [BoccTaHoBeHue. Puck

Harpy3ka mMuokapaa

MbILWLUbI.

AucTpodumn mmokKapaa
NpPW NOBbILWEHHbIX
o0bemMax UHTeHCUBHbIX

TPEHNPOBOK.
MoBbIWeHHOe Yncno NMoBbiWweHHanA YnydweHHoe okucneHue |lMpexaeBpeMeHHoe
aKTUBUpPYyeMbIX mMeTabonu4yeckas XUpa MblwlamMu, cABUr |yTOMIEHuUe.

MbILIEYHbIX BONOKOH (LOE).

dKTUBHOCTb 6bICprIX
MblLUEe4YHbIX BOJIOKOH

(AE).

NakTaTHOro nopora B
CTOPOHY OonbLuen
MOLLHOCTM.

HepocTtaTouyHbIn CTUMYT
ANA HU3KOMOPOroBbIX
AE ???

PacwupeHue cocyaucrtoro
npocseTa nU3-3a
aKTuBauum
pononHutenbHbiX OE.

NlokanbHbIe
MexaHUu4YeckKkue u
mMeTabonunyeckue
CcUrHanbl

CMellmaHHbIX aHrMoreHes
apTepun, Kanunnsapos n
BeH, U3MEeHeHue
KOHTPOSA COCyaAnUCTOro
COMPOTUBNEHUS.

??7?

KnioueBble husmonornyeckne naMeHeHus CBA3aHHble C yNpaXXHEHUAMN MHTEHCUBHOCTbLIO OT
70% VO2max go 90% VO2max u 6onee.




16. MexaHU3Mbl BO34EeNCTBUA UHTEHCUBHbLIX TPEHNPOBOK
(npoaonxeHue).

UHayumpyembie
U3MEeHeHuUs

B0O3MOXHble CUrHanbl

Bo3MOXHble
No3nTUBHLbIE 3P PeKTbI

B0O3MOXHble HeraTuBHbIE

adpdeKTbl

lNMoBbiWeHne ckopocTu
rmuKkonusa B
AKTUBHbIX MbILWEYHbIX
BOJIOKHaX

CHuxeHune
BHyTpuKrnetoyHoro pH

MNMoBbiweHne 6ycepHoOM
€MKOCTHU

MNMpexaeBpemMeHHOE
yToMrieHue Ha ypoBHe [1E,
CHMXeHune cTumyna ans
CUHTE3a OKUCIIUTENbHbIX
thepmeHTOB

MoBbilWeHHasA
cuMnaTunyeckas
aKTnBauus

KneTkn noaBepXxeHbl
BJSIUSAHUIO NOBbILWEHHbIX
KOHUEHTpauumn
agpeHanvHa u
HopagpeHanuHa B KpoBU
(KOHUEeHTpauunsa X Bpems)

?7?7?

CunbHas 3apepxka
BoccTtaHoBrneHust BHC;
XpoHun4yeckoe CHMXXeHne
YYBCTBUTESIbHOCTHU
ropMOHarsibHbIX
peuenTopoB (K agpeHanuHy
M T.N.) NpY NOBbIWEHHbIX
00bemMax UHTEHCUBHbIX
TPEHUPOBOK.

NMoBbIWeHne CKOpoCTHU
rnMuKonusa B
aKTUBHbIX MbILWEYHbIX
BONOKHaXx

CHUuxeHwue
BHYTpUKreTo4Horo pH,
YBenuueHue
KOHUEHTpauum nakrarta B
MbILIEYHbIX KIeTKax u
KpoBU

YBenun4yeHHbIU CUHTE3
TPaAHCNOPTHLIX 6enKkoB
MCT cemencra u
Apyrux. YckopeHue
BblBOAA NnaKrarta u
3amMeanieHne CHMXeHuUs
pPH B BbICOKONOPOroBbIX
LOE. 3ameaneHus Havyana
WHIrMonposaHus
OKUCNUTENbHOro
¢docchopunupoBaHua ???

YckopeHue pgerpagaumm
MUTOXOHAPUASNbHbIX
oenkoB??? Pe3kuu coBvr B
CTOPOHY FUKOSNTIUTUYECKNX
MeXaHU3MoB
3HeproobecnevyeHus B
Havarne npuMeHeHus
MHTEHCUBHbIX HarpysokK ???
CaBur nponopuum
nsodcopm JIAI' B cTOPpOHY
npeo6nanaHua nsodopm
MbILLIEYHOro Tuna ???

KniouyeBble (t)VISVIOHOFVI‘-IGCKVIG n3MmeHeHus cBA3aHHbIEe C YNpaXXHeHNAMUN MHTEHCUBHOCTbLIO OT

70% VO2max ao 90% VO2max n 6onee.




17. MexaHN3Mbl BO34EeUCTBUA NPOAOIIKUTENbHbIX
TPEHUPOBOK.

UHayumpyembie
U3MEHEeHuS

Bo3amMoXxHble curHanbl

Bo3MoXxHble
NO3UTUBHDbIE 3PP EKTbI

BO3MOXHble HeraTuBHbIe

adekTbI

NMoBbIWeHHOe
KOJZIN4eCcTBO ABWXEHUUN
(cokpalleHMn MbliLuL)

MoBbiWweHe cTUMYNoOB
ANA MuenuHesauuu
HepPBHbIX BOJIOKOH,
aKTUBUPYIOLLUX
paboTarowme AE

YnydJweHue
CTaOUNBbHOCTN TEXHUKMU,
NnoBbILLEHUE
3KOHOMUYHOCTHU
OBWXEeHUs

HeratuBHO BnusieT Ha
TEeXHUKY, eCriu Xapakrtep
OBWXEHUN CUINbHO
OTNUYaeTcs oT
copeBHOBaTesIbHOMN
TeXHUKuN ??7?

NMoBbiweHUue akTuBauum |lMoBbieHHanA YnydweHue okucneHuma |???
BbICOKOMOPOroBbIX mMeTabonun4yeckas XUPOB MblIlLLEN B

(6bicTpbIX) AE aKTUBHOCTb B ObLICTPbIX |Uernom, caBUr NlakTaTHOMU

BCcrneacreume 113 KPUBOMU U NakTaTHOro

yTOMNEeHus nopora Bnpaso.

HuskonoporoBbix [ E

lNoBbIWeHHbIN pacxon |?7?? MoxeT ycunmBaTtb NoTeHumanbHoOe

rMuWuKoreHa

CUrHan ans cuHTe3a
HEeKOTOPbIX
OKUCNUTENbHbIX
¢epmeHTOB

HaKonJsieHue ycTanocTu,
ecnu B Nuue HegocTaeT
yrnesonoB

KrntoueBble husnonornyeckne naMmeHeHUs1 CBAA3aHHble C yBefIM4eHUeM ANUTesIbHOCTU
ynpaxHeHUn MHTeHCcuBHOCTbLIO 60- 70% VO2max ¢ 45 muHyT A0 120 MUHYT.




18. MexaHn3Mbl BO34eNCTBUA NPOAOIIKUTESIbHbIX
TPEHUPOBOK (NpoaomkeHune).

UHayumpyemblie
U3MEeHeHus

Bo3mMOXHble curHanbl

Bo3MoOXHble
NO3UTUBHbIE 3(pheKTbl

BoO3MOXHble HEraTuBHbIE

acdhdeKTbl

MoBbiWweHue
OKUCNEeHUs XUpPOoB

Bonbloe yBennyeHue
KOHLUEeHTpauum
CBOOOAHLIX XXUPHbIX
KUCNOT B NJjila3me KpoBM

MoxeT ycunumBatb CUTHan

ans 6M0CMHT93a
MUTOXOHAPUN

??7?

MoBbIWEeHHbIN
pacxopn rnmKkoreHa

CHMXxeHune YPOBHA
rMuWKoreHa B Mbiliyax
neyeH NnpmBoAUT K
CHUXEeHUIK0 KOHUEeHTpauunu
MIOKO3bl B KPOBM.

CHMXeHune Xuposon
Maccbl Tena BcneacTeue
aKTMBauum nunonusa.

YckopeHue kaTabonunama
O0enkoB BcrneacTBue
NOBbIWEHNA KOHLEeHTpaummu
KopTusona *

TpebyeTcsa yBennyeHHoe
BpemMs ans
BOCCTaHOBJIEHUS.

MoBbIiWeHHOoe
KONnu4yecTBO
OBWXEeHUN

??7?

Mpun mowHocTn Aall n
HUXXe NPUBOAMUT K
YCUJIEHUNIO BITUSAAHUA
napacuMmnaTu4eckoro
otaena BHC (cHuxeHune
YCC, CHMxeHune
BEHTUNALNN).

MoBbIWeHne Harpy3ku Ha
OOA ?7?7?

KnoueBble husmonornyeckne uaMmeHeHUs cBs3aHHble C yBefI4eHueM AnmMTesibHOCTHU
ynpaxHeHUn MHTeHCcuBHOCTbLIO 60- 70% VO2max ¢ 45 muHyT A0 120 MUHYT.




19. CxoactBO M pasnuuue 3ahpPhpeKToB TPEHUPOBOK.

UHTeHCUBHBIE,
>70% MIK

OnuntenbHble,
50-70% MIIK

MoBblWweHue
OOJN OKUCHe HUA
XUpoB

MoBbIileHUe
Katabonusma
OenkoB Npu
onpeAeneHHbIX
ycrnoBuax

Puck paseButusa
anctpodum MMokapaa
npu onpeae neHHbIX
ycrnoBusax

MoBblWweHKe
3anacos

rMUKoreHa m
CKOpPOCTU €ro

BOCCTaAHOBMNe HUA

MoBbliwWwe HUe
NNOTHOCTU BenkoB
TpaHcnopTepoB
nakrara

MoBbilweHUe

MepecTponka PocT MuTOoXxoHgpuin Oyche pHON e MKOCTH
HE PBHbIX BOJTOKOH, (noBbIlWwe HUe a3pOBHbIX MbILUL
aKTUBU pYHOLUX BO3MOXHOCTE N MbILLUL])
MbILWL bl

Poct 06BemMa
KPOBU U yaapHOro

PocT kanunnsapos B MoBbilWe HUe BNUAHUA

MoBbilWe HUe BNUAHUA

napacuMMnaT1ye cKoro e o6beMa cepaua cumnaTnieckoro
otaena BHC otaena BHC

(cHuxeHue YCC (noBbIwe HUe YCC,
BE HTUNALUM) , BeHTUNALMUMK)

NMosbiweHue MIIK,
A3l1 u AHI

HekoTopble chusnonornyeckme apdekrbl cBA3aHHbIe C Ppa3HbIMU TUNAMU TPEHUPOBOK.



20. iIBuratenbHble eauHULbI (Mmotor units).

40 -
Spinal cord -

Mpumep opraHnMsauum
~40000 MblWeEYHbIX
BoriokoH B 100 AE.

w
o
L

Number of Motor Units
> S

. L e —

0 500 1000 1500 2000
Number of Fibers per Motor Unit

FATIGUE YtomMmneHue

‘tﬁ’

Motor neuron  Motor neuron ‘

cell body axon y ¥ ‘g/
. “2_ ) .

BbicTpble

< FF =

BbicTpble,

Muscleﬂ{ Muscle fibers ycTonuusble
) i K YTOMJIeHUr
| FR>= -

20} i

Tension (g)
5

(o)

MepneHHble,
OKUCNUTenbHbIEe

-

B Mbiwiuax OObLIYHO HAaCYUTbIBAETCH OT HECKOJNbKUX ThICAY At
0O HEeCKONMbKUX COTEH TbICAY MbIlWEeYHbIX BOJIOKOH, ol S e
opraHu3oBaHHbIX B 50-300 aoBuratenbHbIX eAUHUL.

Bpema pa6oTbl Time (minutes)
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22. AByratenbHble eAMHULbI, PEKPYTU3aLMs, 3aBUCUMOCTb
OT YTOMJIEHMS U NcYepnaHus rMUKOreHa.
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MNMpuv yTomneHnum paboTtarowmnx AE aona noaaepxaHus npexHero
yCcuUnusi BKnro4yarTcAa gononHutenbHble [E.

Time (min)

we# CHMXKEHue 3anacoB rNUKOreHa
B paboTtarwux OE Takxe
NPUBOANUT K CYLECTBEHHOMY
CHUXEHUI0 pa3BMBaeMoOu UMM

=N W HpON®O

MOLWHOCTMH

] ansa

noaAepXaHuUs NpexHero

ycunus

BKNHO4YakwTCH

aononHutenbHble OE (3aTo
XapakTepHO Ans AnUTesibHbIX
TPEHUPOBOK).



23. Bnoxumunyeckue curHanbl Bo3geMcTBUSA TPEHMPOBOK pa3HOM
WHTEHCUBHOCTM.

MHTEHCUBHBIE
High-intensity training

a®
-

High energy
contractions

OnutenbHble

ATP - AMP

!

AMPK

-----‘
r'rTvr»el I
| fibres j

T % BOJMOKOH |
™MNa

KnrovyeBou curHan
Master switch

e PGC1c R

|

TCa?]

|

High-volume training

Repeated
contractions

EXercise 1ime (s)

5 10 15 20 25

CaMK

ATP (mmoL kg™ dm)

|_

-20 4

_25

~~ ~
~— -
—J ==

I omorp == F e
" 1T Mitochondrial I j 1 Fat oxidative " ™ GLUT4 |
L _ biogenesis__J | _ capacty _ _y 1 _2Glycogen _;
? MnotHoCTbL * CnocobHocTb % TpaHcnopTepbl
MUTOXOHAPUN OKUCHIATBL XUpbl | MMIOKO3bl, KON-BO
rmuKoreHa

OCHOBHbI€e cpwsvlonoruqecme CUrHanbli, cBsA3aHHbIe C pa3HbIMU TUNMAaMU TPEHUPOBOK.



24. 3 dekTbl OT paboTbl HA YMEePEeHHON MOLHOCTU MOTYT
pa3nuyaTtbCcA Anf pa3HbIX CNOPTCMEHOB.

200$4CC. NB a/MuUH

180¢

1607

1404

120¢

100%

80t

60t

404

201

YAan

AHIN

AHI

' BeHTUNSAUunA

AHI

‘iMOLI.I.Hopr BTI@'

0.5 1

25

3

35

4 45 5



25. HekoTopble orpaHunyuTenu nporpecca pesynbratos. MAM.

200t4CC, 1B a/muH
180
160
140
120
100
80 -
60 ..::: .....
L MAM 980 Br
I it AHIT 210 Bt
L
20 PTIL AHIT/MAM=22%
MollHOCTb BT
0 75 150 225 300 37'3

BeHTunauma n/mMuH, yactoTta AblXaHUsa B MUH.
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— T T T
720 840 960 1080

20034CC; 1B a/MuH.
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0

75 150 225 300

BeHTunaums n/MuH, 4YactoTa AblXaHUs B MUH.
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80 4
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40
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120 240 360 480 600 720 840
T



26. HekoTopble orpaHnuuTenu nporpecca pesynesratos. CCC.

1801

160+

1201

200*4CC. 1B A/MuH.

1401

1001
80+
60+

40{

201
‘ MOLWHOCTb BT

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

MAM 1100 BT
AHIT 265 BT
AHIMT/MAM=24%

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



27. MNMpumepbl oTpULaTENbHOIro BO34EeNCTBUS UHTEHCUBHbLIX TPEHUPOBOK.

BeHTunauusa n/MuH, 4acTtoTa AblXaHUs B MUH.

120 -
110 4
100 4
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70 4
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50 4
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BeHTunauusa n/mMuH, 4YactoTta AbliXaHUs B MUH.
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28. UameHeHune cnekTpa BPC B 3aBucumocTu oT nepunoaa
NOAroTOBKU (4O MHTEHCUBHbLIX TPEHUPOBOK).

YCC 56, yactoTa abixaHus 19 B MUH.
DETREND

20000 -

10000 -

RRI {ms? / Hz)
2
RRI (ms ! Hz}

Hz

YCC 50, yactoTa AbixaHnsl 20 B MUH.

20000 -

10000 ~

75% training load

0,1

0,2

0,3 04 05
Hz

RRI (msZ / Hz)

10000 -

5000 4

YCC 61, yacToTa AbIxaHuA 23.5 B MUH.

100% training load

0,1 0,2 0,3 0,4 0,5
Hz

I'Ipumep N3 ONnbiTa NOAroTOBKM UTAJIbAHCKUX I'p96L|OB.

CneBa — cneKkTp B nepexoaHOM nepuopae, B 3ToT nepuop cpeaHasa YCC nokos 56 yaapoB B MUHYTY.

B cepeaovHe — cnekTp B NOAroToBUTENIbHOM nepuoae CO cpeaHeu Harpyskoun. fBHoe
npeobnagaHne HF KoMNoHeHTbI - BbICOKUN ocTpbin nNuK. CpeaHaa YCC nokosi cHuMxaetca Ao

50 yaapoB B MUHYTY.

CnpaBa — cnekTp B nepuoa noaBoakum K YemnuoHaty Mupa. UayT uHTepBanbHble CKOPOCTHbLIE
TpeHupoBKU. lNpeobnagaHne LF komnoHeHTbl, nMK HF cmecTunca BnpaBo (YacTtoTta AbiXxaHus B

nokoe yBenuuunaco). CpeaHsas YCC nokosi noBbicunacb Ao 61 ynapa B MUHYTY.




29. Mpumepbl BO3AEUCTBUA YPE3MEPHO XKECTKUX TPEHUPOBOK.

200
180
160
140
120
100
80
60
40
20

t4CcC, B n/muH

MowHocTb BT

75 150

225

300 375

2001
180
160
140
120
100
80
60
40
20

YCC, 1B nfMun.

MowHocTb BT

0

75 150 225 300 375

NMpumep nameHeHun uU3nMoNoOrMYecKMX nokKasatenem CNOPTCMEHOB MoOcre

NOAroTOBKU, C PEe3KUM yBennyeHunem
00bLEMOB XeCTKOW NPbDNKKOBOU MUMUTaLUU Ha penbede.

U3MeHeHnAa odLlen HanpaBrieHHOCTMU



30. Bo3MOXHble NPpUYnNHbI HEraTUBHOIro BO34eUCTBUSA
Yype3MepHO XeCTKUX TPEHUPOBOK.

MHTEHCUBHBbIE OnuTenbHble A
High-intensity training High-volume training
High energy l - l Repeated ("\"'—
contractions contractions 8
o Buffered
ATP - AMP Ca?) 2 . phase
< Linear Overload
l KnroveBon curHan l © phase phase
Master switch =
) JIIETY  G—
'
Ca?* load (extramitochondrial [Ca?*])
Exercise Time (s)
0 5 10 15 20 25
————— r--.-----.-‘ r----.--.--l - 1 ) ) 1 ) y
1 T Typel | 1 Mitochondrial I |  Fat oxidative ™ GLUT4 1
| _fibres 1 |__biogenesis_ J I _ capacty _j I _7% Glycogen ;] 0
f % BOMNOKOH | T MnotHoCTb T Cnoco6HocTb t TpaHcnopTepbl
TUMNa MMTOXOH,quﬁ OKUCTIATb XUNPbl MKOKO3bl, KOJI-BO ’g
rnMKoreHa 5 O
e
—, -10 4
£
|AT® — 1Ca2+ — 1Ca2+(mutox.) S 5
|_
|pH — yckopeHune 1Ca2+(murtox.) <
-20 -+
25

MoBbiWeHne KOHUEHTpauuum Kanbuusa B KNneTKe Bbllle onpeaeneHHoro npegena Bbi3biBaeT
nornoweHnMe Kanbuusi MuTOXoHApuMaAMU. MoxeT HacTynuTb pasa neperpyskm Kanbuuem u
OTKpbITME MOP MUTOXOHAPWMK, OYeHb BpegHoe ANsA knetok. CHmxeHuMe pH B knetke pe3ko
yCKOpsieT npoLecc NnormfoweHuns KanbLuua MUTOXOHOPUSIMU.



31. OHTOreHes. BnuaHue nepuoaoB pa3BUMTUA Ha AUHAMUKY pe3yribTaToB
U Ha MHTepnpeTauuro AaHHbIX UCcrnegoBaHUU N HabnooeHUN.

~3ropa
/—\/W\, -~ ‘
~fner ____
/\/\' - - - A
-
BospacT
CKOpPOCTb
BO3pacT 3aXXUBJEHUA
1- 10 nem
| )& 3» 4,26 + 0,31
11-24 K
Il .‘.“ bﬁ 845+0,17
25 - 38
I XK §8 80 XK KX XX AR | 1012:013
39-52
Y M ‘10 ‘1:1 12,77 0,20
53 - 66
v XX AR ABA 15,50 + 0,41
16 17 1
67 - 80
Vi ) 17,47 £ 0,81
81 - 94 is
Vi 21 22 30,0 £0,50

120 — — 100
— 90
100 -
— 80
— 70
60
60 — - B - 50
L 40
40
&*x -3°
Py, ‘/d — 20
20 _ (@)
‘ — 10
0 — — | I — 0

4 mec. 7 wac. Suoc. 1ran 2rogad ropa 7 nat 11 ner 14 nar 17 ner 20 ner 70 et

I VB reane. [ | MBI MB IIB

=== MB llA

KnnHuyeckmne uccnenoBaHUA CKOPOCTU
pereHepauumn (CKOpPOCTb 3aXWUBIEeHUA
pasnMYHOro TuUna paH) nokasano Hanu4iue
nepuoaoB XW3HW ANWHOW npumepHo B 14
neT, HaunHasa ¢ 10-netHero Bo3pacta. Mexay
3TUMU MepuogamMm CKOPOCTb 3aXXUBJEHUSA
MEHSIeTCA Pe3KUMMMN CKavyKamMum.



