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TEOPETUHECKOE 3HAHUE B OBJIACTU CITOPTA

TeopeTnyeckoe 3HaHWe B obnactu
cnopra OCHOBbIBaETCH Ha
6MONOrNMYECKUX 3HAHUAX O CTPOEHUM
Tena  CnoptcmeHa, ocobeHHocCTAX
pPaboTbl GU3NONOTMHYECKUX CUCTEM NPU

BbINOJIHEHNU YNpa*XHEHUN.
BapuaHTamu TeopeTn4ecKkoro
Pa3BUTUA Teopun CnopTa ABAAKOTCA
MmegnLUMNHCKanA aganTtosiorma

(ny6nmnkaumm @.3. MeepcoHa, 1979-
1991), cnoptTMBHas W CNOPTUBHO-
nearorn4yeckas aganTonoruna
(ny6nnkaumm B.H. CenyaHoBa 1999-
2012).

CenyaHos
BuKkTOp HMKONaeBnY

(21.06.1946-16.07.2017)



SMMNUPUNYECKOE U TEOPETUYECKOE HAMNPABMIEHWUE
MCCNEAOBAHUI B CNOPTUBHOW HAYKE

IMNUPUYHECKOE 3HAHUE

- HabniogeHne obbekTa

- Cratuctmnyeckana obpaboTtka

- ®opmynnpoBKa 3aKOHOMEPHOCTEMN

- He packpbiBaeTca CywWHOCTb
ABneHnn!

TEOPETUYECKOE 3HAHUE

O6beKT B3aMMOAENCTBMA MOAEND
CpeacTtBo nccnegoBaHus
MOJE/IMPOBaHNE
JKCNepPMMEHTaNbHAA NPOBEPKaA
NONOXEHUM

PacKpbiBaeTca CYyLHOCTb AB/IEHU!




METABO/INU3M
BbICOKO CKOOPAMHUPOBAHHAA AEATENbHOCTb KNETKU, MPU KOTOPOW
NPOUCXOANT B3aUMOAENCTBME MHOTUX MYNbTUDEPMEHTHbBIX CUCTEM
ANA Toro, YytobbLI:
1. U3BNeUb XMMUUECKYIO SHEPTUIO U3 OKPYKaloLen cpeabl;
2. MpeBpaTUTb MO/IEKY/Ibl MUTATE/IbHbIX BELLECTB B CO6CTBEHHDbIE,
XapaKTepHble ANA AAHHOU KNEeTKu;
3. Ocyw,ecTBUTb CUHTE3 U Aerpagauuto buomonekyn,
HeobxoanmbIxX KneTtke AnA BbiNno/sHEHUA ee PYHKLUM.

4

OcHoBsbl 6noxnmumn JleHnHaskepa: 8 31. T.2 : BuosHepretrka u metaboamsm / . HenbcoH, M.KoKc; - 3-e usa., ucnp. — M: Jlabopatopusa 3HaHui1,2017. — 636 c.



CXEMA MNMPEOBPASOBAHWA SHEPTUN
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[TlepBUYHbIM UCTOYHMKOM 3HEPTUUN ANA BCEX HKUBDIX
OPraHM3MOB AAIBNASIETCA 3HepPrna conHua. OpraHn3m
4yesIoBEeKa NoJIy4aeT SHEepPrmto U3 BHeLWHen cpeapbl C
PACTUTENBHOU N }KNBOTHOU NULLLEEN B BUAE YINeBOAOB,
XUPOB N benKos.

Buoxnmua mbiweyHo geartenbHoctn : Bonkos H.U., HeceH 3.H., OcuneHko A.A., KopcyH C.H., — Kues. : Onumnuiickaa nutepatypa, 2000.



AT® — yHMBEpCaNbHbIK NCTOYHUK SHEPTUU B OPraHU3ME
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AneHO3UHTPUPOCPOPHaAA KNCNOTA — HYKNEOTUA, COCTOALLMNN U3
a30TUCTOro OCHOBAHUA — aZleHWHa, yriesoda — pubo3bl, KOTOpbie
BMecTe 06pa3yoT aAeHO03UH, U Tpex ocTaTKoB GOCPOPHOM KMUCOTbI.

Buoxnmua mbiweyHo geartenbHoctn : Bonkos H.U., HeceH 3.H., OcuneHko A.A., KopcyH C.H., — Kues. : Onumnuiickaa nutepatypa, 2000.



MPEBPALWLEHWE SHEPTUW B NMOJIE3HYIO PABOTY

B OAHO N TO KE BPEMA B PASHOE BPEMA

e

-

HAJIMMUE TOMIMBHOTO BAKA!

Metabolic regulation: a human perspective / Keith N. Frayn. — 3rd ed. 2010.



FeHepauusa u padora OMO3HEpPrum B KneTke
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STAMNbI PACMALA TMMMNTATE/IbHbBIX BELLECTB B KJTETKAX
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Kposb Kucnopop
[nnkonus
«AHa3pO6HO» fnukoreH
40-60 cek (Thoko3a)

OkucnmntenbHoe
docpopunmpoBaHme

2 NMupysarta Linkn Kpebca
2 AT® rn

40% mouwHOCTH

32-34 (130)
AT® mx

10-15 cek Kp® <>Kp + ® + dHeprus

100% motHocTH Knetka /

ATO <SAND + O + JHeprus

AHa3pobHble mMexaHU3Mmbl

MOTPEBHOCTWN KNETKU B SHEPTUU



EMO3HEPTETUKA YMPAXKHEHUI
TPAOMUMOHHbIN B3rNAL
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MpoaHaAn3npoBaB NO AaHHbIM MUPOBbIX PEKOPAOB 3aBUCMMOCTb MEXKAY CKOPOCTbIO
nNpeoaoneHns pPasHbIX ANCTAaHUUM U NpeaenbHbiM BpemeHem, B. C. ®apdensb

pasgenun "Kpusyio pekopaos" Ha YeTbipe 30Hbl OTHOCUTE/IbHOM

MOLLHOCTMW: c NnpeaenbHOM NPOAO0KUTENbHOCTLIO YnpaxkHeHuM Ao 20 ¢ (30Ha
MaKCMManbHOU mowHOCTH), oT 20 ¢ A0 3-5 MUH (30HaA cybMaKCMManbHOM
mowHocTun), ot 3-5 a0 30-40 muH (30Ha 6onbluoi mowHOCTU) 1 6onee 40 MUH
(30Ha ymepeHHOM MOLLHOCTH). TaKaa KnaccuPumKaLma CnopTUBHbBIX LIUKAUYECKUX
yrnpa*KHEHUN NONYYUA LUMPOKOE pacnpoCTPaHEHMe.



MOZE/Tb BUOIHEPTETUKM (TPAAMLMOHHASR)

AHa3pobHbIN A i o
Afla KF')TaTH bll\;l ]',1M|:Z.E:|?1I:"Cl:z::xnii A3p06H bIU
HCTOMHHK MCTOYHUK
NcTouHUK
Bnepsble mogensb

sHeproobecneyeHms bbina

! npeacrtasneHa B pabortax R.

AT® Margaria (1976). OHa BKAtoYana Tpu
MEeTaboNNYECKUX NCTOYHUKA ANA
pecuHTesa monekyn ATO:
aNaKTATHbIN, NAaKTaUUAHbIN U
a3pobHbIN.

Mexann4eckas MOIIHOCTh

Ecnn ncnonb3oBaTb NPOCTENLLYIO MOAENb OBUOIHEPTETUKU, TO €AUHCTBEHHbIM
BO3MOXXHbIM 0OBbACHEHNEM nepexoaa oT a3pobHoro sHeproobecnevyeHUs K
aHaspobHOMY ABNAETCA HEXBATKA KMCN0OpoAaa B KneTke. Kputepnem
3P PEKTUBHOCTM a3pobHOro obecnedyeHnA ABNAAETCA B 3TOM Cy4ae MaKCUMalbHOe
notpebnenne kncnopoga (MIK), KoTopoe AMMUTUPYET CepAeYHO-COCYANCTanA
cuctema (B. Saltin, 1973).




[MPOCTAA MOLEJIb BUO3HEPTETHUKOB

Pa3symeeTca, 30Hbl MOWHOCTU MMEKTCA, EC/TN UCMONb30BaATb AN
0b6bACHEeHMA ABNEHMN NPOCTEULLYIO Moaenb opraHm3ama. OHa
COCTOMT N3 OAHOI0 MbILLIEYHOrO BO/JIOKHA, CEPAEYHO-COCYANCTON U

AblXaTe/IbHOU CUCTEM.

100% 4 Kp® ==~ //"

4 *s IITAKOIU3 // a3pobHOE OKHCIEeHME

2 6 30 60 120 1t (cex.)
Puc.l. Yyacrye pasiasuHbiX MeXaHu3MoB pecuHTesa ATO B 3HeproobecuecHeHuu Mbluey-
HOW AERTENBHOCTH B 3a8BHCHMOCTH OT aaurensHoctH paborui ( no H.H. Sxosnesy, 1974 ).

Takum o0bpasom, MOXKHO onpeaennTb 30Hbl: INMONN3A,
CMELLAHHYI0, IMNKON3a, aNaKTaTHYIO.
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MEXAHU3Mbl SQHEPIOOBECIEYEHNA PABOTDI
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MEXAHU3Mbl SHEPITOOBECIMNEYEHUA PABOTbI MblLLL
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MOZAEJ/Ib BUO3HEPTETURN PYKONALUHOIO BOA
(TPAONUNOHHBLIE NPEACTAB/IEHWA)

30Ha KucnopogHoro gedunumTa O6pasoBaHne _____, HaKonneHue

—
PaboTa «B fonr» MOJIOYHOWU KUC/IOTbI yTomneHumsa!
A A
100 % Na
AT® - Kpd 14CC
60
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" POCOK Bpems
OEeNCTBMA  Ha Horax \ pykamu 1 Ha Horax pyKamu 2 B naptepe Ha HOrax  Horamu P
CXBaATKun
YTnnmsauyusa 5 MUH

30Ha noraweHwusa
KWCNOPOAHOro AO0Nra

> MosoYyHOM — BoccTtaHoBneHue!

KUC/OTbl



MOZAE/Tb BUOSHEPTETUKW PYRONALWIHOIO BOA
(TPAONUNOHHBIE NPEACTAB/IEHWA)

KucnopoaHbiii sanpoc  MoZenb «b1osHepreTuka Bcero opraHusma -

MowwocTs  3ampoc Ha sHepruio AT nepexon K aHaspobHbIM NMPOUCXOANT M3-3a
pabotel, % A HeXBaTKM KUCA0pOoAa B KneTke!
100
AT® - Kpd
60 MK
AHa3po6HbM
MUKoan3
30

Ny Bo3morkHoctn CCC
A3pobHoe

OKuciaeHune \

\-
e e
TexHn4ecKkue nemncTems \ /I'Iay3a oTAbIXa

KucnopoaHbin gonr
KucnopogHbi npuxog, (bbicTpana n meaneHHaa dpakunm)
Onpepenaetca MIK OueHKa Bknaga Kp® v rmnkonmnsa




B npoctenwen moaenn R .Margaria (1976) yBennyenume
NHTEHCUBHOCTM PaboTbl NPUBOAUT K POCTY NOTPebeHMnA Kncnopoaa.

34ecb cpasy e BO3HMKaeT BOMNPOcC, a Kak

CNOPTCMEH YBENNYNBAET MHTEHCUBHOCTb NN
MEXaHNYECKYIO MOLLLIHOCTb???7?




KAK PEFYIMPYETCA CU/IA MbILIEYHOTO
COKPALLLEHMA???

BMosHepreTMkn Ha 3TOT BONPOC BOODOLLE He OTBEYALOT, a
HEUPOPU3NONOTMN TOYHO 3HAIOT, YTO POCT CUNDI
COKpaLWeHMA MblLLL, CBA3AH C PEKPYTUPOBAHMNEM

aAsuratenbHblx eamHuu !
(Henneman, 1965)




The Transition from Aerobic to Anaerobic
Metabolism

James S. Skinner & Thomas H. Mclellan

To cite this article: James S. Skinner & Thomas H. Mclellan (1980) The Transition from Aerobic
to Anaerobic Metabolism, Research Quarterly for Exercise and Sport, 51:1, 234-248, DOI:
10.1080/02701367.1980.10809285

Table 1—Hypothetical Model of Selected Characteristics of the Various Thresholds
and Phases During Progressive Exercise from Rest to Maximal Oxygen Consumption

Phase | Phase Il Pnhase il
Rest Aerobic Anaerobic VO,
Threshoid Threshold max

Predominant Type
of Metabolism Aerobic —_> Anasrobic
Predominant
Substrate Fat>Carbohydrate —_> Carbohydrate>Fat
Predominant
Muscle Fiber
Type | I, lia I lla, b
Relative Intensity
(% VO,max) 40-60 65-90
Heart Rate
(b-min?) 130-150 160-180
Blood Lactate
(mmol- 1) ~2 ~4

Teopwusa Skinner J.S., MacLellan T.H.,(1980) ctponnacb Ha Moaen akTUBHOW MblILLLLbI
c Haanumnem OMB, NMMB n F'MB, ob6bAcHANA NOABNEHME POCTA JIaKTaTa B KPOBU B
CTyNeH4YaToOM TecTe B pe3ynbTaTe peKpyTuposaHua scex OMB, n Hauyane
pekpyTnpoBaHuna NMMVIB nam N'MB, B KOTOPbIX HEAOCTAaTOYHO MUTOXOHAPUN U
Ha4YMHaeT PYHKUMOHMPOBATb aHA3POOHbIN IMNKOAN3.




CnenoBaTenbHO, €CTH VBEIHYMTE TEMIT NIeIaTMPOBAHWA B CTYIIEHYA-
ToM Tecte ¢ 73 ob/mMuH go 90 06/mun, To Bce OMB bynyT pekpyTupo-
BATLCS MPH TOM XK€ BHEUIHEM COMPOTHRISHHUH, 4 MOIIHOCTh B 3TOT MO-
MeHT OyaeT Beile Ha 16-20%. DkcnepuMMeHTHI MOKAa3alM, YTO UMEHHO
TAK M MPOMCXOIWT NPH H3MEHEHHH TEMIA NeJaTHpPOBAaHHA B CTYMEeHYa-

TOM TECTE.
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AHDEH&FF&TH'—I&CK{]H JHTEPATYVPE HAKOIUJICHHE TakTaTd CEA3LIBAKDT C
HEOOCTATKOM MOCTVILUIEHHA KHCIOPOId K MBILULIE ('D MBIIIEYHBIX BOJMOK-

Hax BOOOLLIE HWYETD HE TOBOPAT, KAK CTYICHTHI IBOCILIHWUKH).
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KNACCUDUKALIMA OE

AKTUBHOCTb MMO3MHOBOMN ATd-asbl Cuna, r Cuna, %
CBfA3aHa C UHTEHCMBHOCTbIO 100] ®
COKpalleHn MB

CNMHHON MO3T
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4 CyuwiecTsyeT pasniMume BO
BPEeMeHU COKpaLleHuMA
pa3Hbix JE (ot 20 ao 140 mc).
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MbILLLbI OTPaXKaeT CoCTaB
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CtpoeHune n GpyHKUMA MOTOHEMPOHA —

COOTBETCTBYET MOPPONOTMYECKUM 0 24 08
Bpemsa, muH

XapaKTePMUCTUKAM MbILLEYHbIX

BOJIOKOH, KOTOpPble OH MHHEPBUPYET.
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PEKPYTUPOBAHWE AE. MPUHUWMIM PASMEPA IO HENNEMAN (1965)

a Cwuna MnagKui TeTaHyc

3ybuaTtbin TETAHYC

NMopor aktneauuu [E 4

Mopor aktnsauuun AE 3

-
-

—
————___
-
-

Mopor aktneauuun AE 2

MakcumanbHoe HanpaxeHue [E 1

cokpalleHna MB T

Mak

CMMaZibHOe

HanpAaxeHue [E 4

MakcumanbHoe HanpaxeHue [E 2

(Mbiwup! B cnopte, M. M. Nerep, K. Kptorep 2016.)



N3meHeHne IMI npu BbINONHEHUN YNIPAXKHEHUM
C PA3/IMYHON MOLLHOCTbIO

MIMT, %
A 150% MK
100 + 130% MK
100% MK
50% MK
30% MMK
20% MK
} t | } o

1 2 3 4 5 6 7 8 Bpema, muH



MOAENb MOTOHEMPOHHOIO NY/IA B CMMHHOM MO3TE

A 100% TuUNbl PEKPYTUPYEMBbIX
MbILLEYHbIX BOJIOKOH

Cuna
MbILLEYHOTro
HaNpAXeHuA

Umnynbebl

0 10 20 30 40 50 LIHC, Iy



BanaroT nu METa6OJ'IVITbI, KOTOpPbIle NMPOnN3BOAATCA BO BpeEMA
ynpaxHeHA C conpotunBieHnem Ha yBe/ityeHme I'l/ll'leprO(I)MM N\bILULI,?

15 repetitions into a 30RM 24 repetitions into a 30RM Volitional Failure
(50% completed) (75% completed)

Low Loads

- .
" . o P
to volitional failure ReSTes: =

i —
= o

- ]
-

& Repetitions into a 10RM 7/8 Repetitions into a 10RM

Volitional Fail
{50% completed) (~75% completed) olitional Failure

High Loads
to volitional failure

= Indicatas a cell that is inactive and not stimulated to grow

@ Indicates a cell that has been activated and has received the stimulus to grow but has been selectively turmed off to allow for recovery
¢ Indicates a cell that is currently activated and receiving the stimulus to grow

&2 Indicates a rell that is corrently activated ot may nnt be under tension far a lang ennugh duration ta receive the stiriilus ta grow

Do metabolites that are produced during resistance exercise enhance muscle hypertrophy? Eur J Appl Physiol 2017



MOZAE/Tb MbILLEYHOIO COKPALLEHWA
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CenyaHos B.H. 2014



MOZAE/1b SHEPTOOBECIEYEHAUA B TMB
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MexaHunuyeckas pabota CenysHos B.H. 2014




AHASPOBHbIV [YTb PECMIHTE3SA AT®
(«AHASPOBHbIN TTTMKOJ1M3»)

* Pacnag Kp®
* Kp n ® akTUBUPYIOT pepMeHTbl MnKoansa Ha CIP

* [MTMKOreH Uam rnoKo3a pacnagaeTca A0 NMpyBaTa C
obpasoBaHuem ATO

* ATO TyT XKe naet Ha pecuHTtes Kpd

* C nomouwlbto pepmeHTa JIAI — M nupyBaTt npeBpaLlaeTca B
JIAKTaT.

* JTOT npouecc cConpoBoxXA4deTCA O6pa3OBaHVIEM U
HaKoniaeHnem moHoB BOA4OPOAA.

* YBenmnyeHue B MIB KOHUEHTpaUnn naktata U H+ npnBoauT K
NHIMOUPOBAHUIO OKUCNIEHUSA KNPOB



MOAE/1b SHEPTOOBECINEYEHUA B OMB
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AIPOEHbIN MYTb PECUHTE3A AT®
(ASPOBHbIN TAMKONN3 M OKUCIEHUE IPOB)

* Pacnag Kp®
* Kp 1 @ aktnBUpyroT pepmeHTbl rmnkonnia Ha CrpP
* [IMKOreH 1 rKo3a pacnagatoTca Ao nupysaTa ¢ obpasoBaHnem ATO

* [lnpysaT n CHKK npespawatotTca B ALeTUa-KosH3MM-A U nogBepraeTca
oKkucamntTenbHomy pochopuInpoBaHNIO B MUTOXOHAPUAX C 0Opa3oBaHMeEM
CO2,H20 n AT®

* 3a cyeT AT® obpa3oBaBLIENCA B MUTOXOHAPUN, C MOMOLLbIO MUTOXOHAPWNA/IbHOW
K®PK-Ha3bl, naet pecnHtes Kpd

* A3pobHble npouecchl CBA3aHbl C NOM10WEeHMEM MOHOB Boagopoaa. B MMB (OMB)
npeobnagaet depmeHT JI[-H, KOTOPLIN BONEE MHTEHCMBHO NPEBPALLAET JIaKTaT
B MUPYBAT, NO3TOMY naeT bbiCTpoe ycTpaHeHMe NaKkTaTta M MOHOB BOAOPOAA

* IHTEHCUBHOE OKMUCNEHUNE XKNUPOB NPUBOAUT K HAKOMJIEHUIO UMTPATa, @ OH
yrHeTaeT pepMeHTbl IMIMKO/IN3a



MowHOCTb GYHKLMNOHNPOBAHUA OKUC/IUTENDBHbIX U
[MTUKOJIUTUYECKUX MbILLIEYHbIX BOJIOKOH

N
\J

MB OMB

W W
100% | 100%

H+

ATO A Asl - VO2
Kp® AHT Kp®

15 60 t, s 15 60 t, s
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MOZAE/Tb BUOSHEPTETUKW PYRONALWIHOIO BOA
(COBPEMEHHDbIE NPEACTAB/IEHUA)

PaboTa pykamm YCC 170-180 ya/muH
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MOZAE/Tb BUOSHEPTETUKW PYRONALWIHOIO BOA
(COBPEMEHHDbIE NPEACTAB/IEHUA)
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Am o Phywiol Encocrinal Medab 284: E159-F90E, 2004,
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Leg and arm lactate and substrate kinetics

during exercise

G. VAN HALL.' M. JENSEN-URSTAL,* H. ROSDAHL"

H.C. HOLMEERG,? B. SALTIN," AND J. A L. CALBET"

"The Copenfiogen Muscle Research Centre, University Fospifal,

2100 Copenhagen, Denmark; and the Depariments of “Cordiology and
Physiology- Fharmacoology, Karolinska Instituie, 171 77 Biockholm, Swedsn
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¥an Hall, ., M. Jensen-Ursiad, H. Rosdahl, H-C.
Holmberg, B. SBaltin, and J. A L. Calbet. Log and arm
Inctarte and sohstrate kinotics dﬁgnum.ﬁm.f?fgﬂ
Endocrinol Mazh 284: E193 3003, First published
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lnctats dohydrogennss; cross-couniry skimng: trocors

AS EARLY &8 1907, Fletcher and Hopkins (11) nof only
provided definitive evidence of the relation between
muscle nctivity and production of lactic acid in the

nmphibian skeletal muscle, but they also concluded
that skeleial muscles possess the requisite chemical
mechnnisms for the removal of Inctic acid once formed.
Despite this early finding, lnctate was long considered
a metabolic end product, that is, lactate produced dur-
ing musde contraction and releassd into the circula-
tion for subasquent updake by the liver for recycling via
gpluconengenesis. The importance of skeletal muscle in
lartate clenrance in humnans became clear from exper-
iments stariing in the late 1950s. 1t was shown that,
during exercise, Inctate wns taken wp by nonmctive
skeledn] musdes (1, 7. 12). Furthermore, when the
arierial lnctate concentrotion was also slevoted, ackive
skelednl muscles cleared lactate (12, 36, 300, and when
two-legged cycle ergomeier exercise was performed
with one leg having n normal and the other a low
glycogen content, the leg with the normal glycogen
content relensed Inctate, whereas lactote was taken ap
by the beg with the low glycogen comtemt (10, 131 In
u.dli.l.hlm., the utilization of lactate by skeletal muscle
nppenred to be higher when light exercise was per-
formed compared with complete rest (14, 24, 286, 2TL
From thess studies it was concluded that skeletal mus-
cles not only produce lnctate, bui they are also the
major iissue for lactate removal from the arculation.
Further siudies with lnclate isotopes have shown a
simultaneous limb lactate uptake nnd relesse ot rest
nnd during exercise (15, 18, 34} This suggests n dy-
namic situntion, with exchange of lactate ns 8 carbo.
hydrate source between fibers within the same muscle
but alsc from one muscle group to another, whether
noiively contrncting or not. Te study the magnitude of
such Buxes, aix elite crosscountry skiers were studied
during reller skiing. This exercise medel provides &
unique opportunity to systemic and skele.
tal muscle Inctate nnd energy kinetics during exerciss
with the majority of the body's skeletal muscl: mass
engaged in the exercise. Cross-country skiers have a
similar truining status in the upper and the lower body
muscles, and to them roller-skiing is a nataral mode of
exercise with substantinl changes in skeletal muscle
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KUHETUKA JTAKTATA BO

BPEMA YIMPAXKHEHUA

lLecTb LLIBEACKNX NbIXKHUKOB
3NNTHOTO YpoBHA 24 roaa (21 —
30), MMK 5,2 n/muH (4,9 - 5,8)
nnn 71 mn/kr/muH (65 — 74)
Yy4aCcTBOBA/IM B SKCMNEPUMEHTE Ha
NbIXeponnepax. BoinonHANn
paboty 76% ot MIK
nonepemeHHbIM X040M (PyKu —
HOMM) N OAHOBPEMEHHbIM
6e3LwarKHbIM XoA40M (pyKn).

Van Hall, G., M. Jensen-Urstad, H. Rosdahl, H.-C. Holmberg, B. Saltin, and J. A. L. Calbet. Leg and arm lactate and substrate kinetics during

exercise. Am J Physiol Endocrinol Metab 284, 2003.
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Van Hall, G., M. Jensen-Urstad, H. Rosdahl, H.-C. Holmberg, B. Saltin, and J. A. L. Calbet. Leg and arm lactate and substrate
kinetics during exercise. Am J Physiol Endocrinol Metab 284, 2003.



KaTeTep B NOAKNHOUYNYHOWN BEHE

s

cubi
[1-"*Clactate infusion
blood sampling
saline infusion + themmistor
for blood flow measurement

foemoral vein
blood sampling (distal)

right atrium
blood sampling

femoral vein
saline infusion + thermistor
for blood flow
measurement

Katetep B 6beapeHHOM apTepumu

fig. 1. Position and function of the catheters.

Van Hall, G., M. Jensen-Urstad, H. Rosdahl, H.-C. Holmberg, B. Saltin, and J. A. L. Calbet. Leg and arm lactate and substrate
kinetics during exercise. Am J Physiol Endocrinol Metab 284, 2003.
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ApTepuanbHblii nakTaTt yBenmumncs ¢ 0,7 mmonb / n < [MOCTOSAAHHbIN YNCTbIN BbIXOA, NaKTaTa
B NoKoe A0 2,5 mmonb / 1 Ha 76% VO2 max u 2 MMO/b / MWH U3 MbILLL, PYK, U B TO }Ke Bpems
OCTaBasiCA NOYTU NOCTOAHHbIM B TedeHne 40 MUH. TAKOE e MNOornoLweHne NakTata HabaogaeTcs B

MblLWUaXx HOT.

MpAMblie N3IMEPEHUA CoAePHKAHMNA NaKTaTa B apTepUasibHOM U BEHO3HOM KPOBU NMOKa3anu,
YTO Y BbICOKOKBA/IMOULMPOBAHHbIX NbIXXHUKOB Npu paboTe nonepemeHHbIM xoaom (paboTa
PYKaMn U HOFaMm) C MUHTEHCMBHOCTbIO 76% oT MITK mbiwwLbl PYK NPOAYLUPYIOT NaKTaT,
TOrAa Kak Mbilubl HOT ero noTpebnaator(!), npn asTom KOHUEHTPALUKMA NaKTaTa B
apTepuanbHON KPOBU COCTABAAET OKONO 3 MMOAb/N.

Van Hall, G., M. Jensen-Urstad, H. Rosdahl, H.-C. Holmberg, B. Saltin, and J. A. L. Calbet. Leg and arm lactate and substrate
kinetics during exercise. Am J Physiol Endocrinol Metab 284, 2003.



Kpupasa MHPOBBIX PEKOPAOE
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Puc. 32. Kpusble HHAUBUAYATBHBIX JOCTHXKEHHH B Gere
(B.M. 3anumopckuit, H.W. Bonkos, H.I. Kynuk, 1965).

Kpugas I coeuHsIeT TOYKH JMYHbIX PEKOPIOB Ha Pa3HbIX JMCTAHUMUAX y CIIPHHTeEPA,
xpusas II — y crailepa. JIeBee TOYKHU epeceyeHHst KPHUBBIX JyYIIHE PE3Y IbTaThl HUMeeT
CIIPUHTEP, IpaBee — CTalep

3aymopckun B.M., «®dnsmnyeckne Kavyectsa cnopTcmeHa, cTp. 121, 1966



METO/Zbl ®U3NYECKOM NOATOTOBKM

Mpn paccmoTpeHnn npobaembl GU3NUYECKON NOATOTOBKU NPUHATO Ppa3BMBaATb
dunsmyeckme Kadectsa. Ho, mopdonoru euwe B 80-e roabl yctaHoBuan (/1. U. ApynH un
ap., 1987), 4To ameHeHne PyHKLMU NPONCXOANT TONBbKO NP MOPPOIOrMYECKUX
N3MEHEHUAX B KNeTKax!

Bce meToabl dpunsnyeckoro pasBmutnUa moryT bbiTb
CrpynnupoBaHbl Ha chegyrowme pasaensi:

MeToabl runepnsiasnm mmopmbpunn,
MeToabl runepniasnm MUTOXOHAPUN,
MeToabl cynepKOMMeHcaumu MNKOoreHa,

MeTobl NoBbILWEHNA NPOU3BOANTENBHOCTU CepaLia.

OcTanbHble CTPYKTYPbI B COOTBETCTBUM C Teopuen cummopdo3a obpasytoTcs
BMecTe ¢ poctom maccbl mmodpubpunn (Carpenter S., Karpati G., 1984).



OnpeaenaTb HaJ0 HE YPOBEHb Pa3BUTUA PU3NYECKUX KAYeCTB, a
cTeneHb Mop¢dONOrMYECKUX NEePECTPOEK B HaMbonee CcyLLLeCTBEHHbIX
ANA NAHHOTO BMAA CNOPTA TKAHAX U OpraHax:

Cuna 3aBuUCUT:

-OT KO/QIM4ecTBa peKkpyTupoBaHHbIX [E,

-0T cTeneHu rmnepnnasnm M® s OMB, NMB n TMB.

CKOpOCTb 3aBUCUT:

-OT KO/INYeCcTBa peKpyTupoBaHHbIX E,

-aKTUBHOCTU MNO3MHOBOM AT®P-a3bl (MbILLIEYHOW KOMMNO3ULMK),
-cTeneHu runepnnasnmn Mo 8 MB pa3Horo tuna.

Temn 3aBUCUT:

-OT KO/INYECTBA Ka/IMN HAaTPUEBLIX U KaNbLMEBbIX HACOCOB B membpaHax MB;
-OT MAcCbl MUTOXOHAPUMN, KOTOPble 06CNYXKNBAOT 3TN HACOCHI.
BbIHOCAUBOCTb onpeaenaerca:

- maccon MmmodubpunnapHbix mMmtToxoHapui B8 MB pasHoro tmna;
- OCTaBKOW Kncnopoaa Kk MB.

CunoBas BbIHOC/IUBOCTb B 60/1blLIei cTeneHU 3aBUCUT:

oT 3anaca Kp® B mbiwue, 3anaca [IE v cteneHn 3akucneHusa MB (KoTopas Bcerga

MmeHbwe B MB ¢ 6onbliMm cogepaHnem MUTOXOHAPUN.)
Cenyanos B. H., 1999 - 2012




Pa3paboTka meToanKu pmuanyeckom noaroToBKum
npeanonaraeT onpegeneHme caneayowmx napameTpos:

® ¢ {HTEHCUBHOCTb COKPALLEHUA MbILLILL,

® ¢ IHTEHCUBHOCTb YyNpa*KHeHMA (Temn),

® ¢ NPOJONMKUTENBHOCTb YNPAXKHEHMUS,

® ¢ \HTEHCMBHOCTb MHTEPBANA OTAbIX3,

® ¢ [1POO/IKNTE/IBHOCTb MHTEPBA/IA OTAbIXA,
® ¢ KO/INYECTBO NMOBTOPEHUN,

® e KO/TNYECTBO TPEHUPOBOK B HeAeNIo.

Cenyanos B. H., 1999 - 2012



CMNTOBAA TPEHUPOBKA



MAKCUMAJIbHAA NMPOU3BOJIbHAA CUNTA

N3mepeHne MmbilleYHOM CUJ/Ibl OCYLLLEeCTBAAETCA NPYU NPOU3BOJIbLHOM YCUIUWN,
CTPEM/IEHUN MAKCUMMAJIbHO COKPaTUTb Heobxogumbie MbiLlLbl.

Koraa roBopAT 0 MbllIEYHOM cune, peyb AeT 0 MakCMmMasibHOW MPOU3BO/IbHOM
cune - MINC, (B cnopTuBHOM Nneaaroruke ato "abcontoTHas cuna mbiw").

ABE IPYMMbl ®AKTOPOB

MbILWEYHDbIE KOOPOAUHALUNOHHDLIE
(MEPUPEPUYHECKME) (LEHTPA/IbHO-HEPBHDbIE)



MEPNPEPUYHECKUE GAKTOPbI MIMC

1. MexaHu4YecKue ycnoBusa AeACTBUA MbILLEYHOM TATU - NeYo pblyara
NEeNCTBUA MbILLEYHOM CUNbI U YTON NPUIOKEHNA 3TOM CUAbI K KOCTHbIM
pblyaram;

2. ANMHa MbILWL, TaK Kak HanpaXKeHWe MblLLbl 3aBUCUT OT €€ A/INHbI;

3. NonepeyHuK (ToNwmMHa) aKTUBMPYEMbIX MbILLLL, TaK KaK NpU NPoYmnx
PaBHbIX YC/IOBUAX NPOSBAAEMAs MbllleYyHasa cuna Tem bonblue, yem
6onblue CyMMapHbI NONepeyYHnK NPOM3BOIbHO COKPALLAOLLNMXCA MbILLILL;
4. Komnosuuma mbilll, T. €. COOTHOLLUEHME DbICTPbIX U MeAeHHbIX

MblleYHbIX BO/IOKOH B COKPallatoWwmMxca MmblLluax.



[MEPUDPEPUYHECKUE PAKTOPbLI MIIC




LEHTPAJIbHBIE PAKTOPbI MINC

K ueHTpanbHO-HepBHbIM GaKTOPamM OTHOCUTCA COBOKYMHOCTb MEXaHM3MOB
yNpaBAEHUA MbILLEYHbIM annapaTomM - MEXaHMU3Mbl BHYTPUMbILLEYHOM
KOOPAUHALUN U MEXaHN3Mbl MEXXMbILLIEeYHOI KOOpAUHaLUN.

MexaHu3Mbl BHYTPUMDILLEYHOWN KOOPAUHALUM ONPeaensitoT YNC/I0 U YaCToTy
MMMNYAbCALUN MOTOHEMPOHOB AAHHOM MbILLLbI U CBA3b MX MMMY/IbCAaLUM BO
BpemeHU. C NOMOLLBbIO 3TUX MEXAaHM3MOB LieHTpPa/IbHasA HepPBHAA CUCTEMA
perynanpyet MIMNC aaHHOW mblWwUpl, T. €. onpeaensieT, HaCKObKO CUNa
NPOW3BO/IbHOrO COKPALLEHMA AaHHOM MblWwLbl 6113Ka K ee MC
(pekpyTnpoBaHue).

Moka3atenb MIC ntobor mblleyHOW rpynnbl AaXKe 04HOro CycTaBa 3aBUCUT OT
CUbl COKPALLLEHUA MHOTUX MbiwLl,. CoOBepLIEeHCTBO MeXXMbILeYyHOMU
KOOpAMHaLMM NPOABAAETCA B a1eKBAaTHOM Bbibope "HYXHbIX" MbILLILL-
CUHEPrnCToB, B OrPaHNUYEHUN "HEHYXKHOMN'' aKTUBHOCTU MbILWL-aHTarOHUCTOB
NAHHOIO N APYrux cyctaBoB (TeXHUKaA).
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TUMNbl MbILWEYHON TMNEPTPO®UN

BbigenaloT gBa KpanHUX Tuna pabouen runeptpodmm mbilieYHbIX BOJIOKOH -
capKonnasmaTuyeckmm n mmodubpunnnsapHbin.

CapKkonnasmatuyecKkas runeptpodusa - 3To yTo/ILLEHNE MbILLIEYHbIX BO/IOKOH 33
cYeT NPEenMyLLECTBEHHOIO yBeAnYeHnAa obbema capkonaasmel, T. €.
HECOKPaTUTE/IbHOW MX YaCTW.

MunodubpunnapHasa runeptpodua cBA3aHa C yBeIMHEHMEM YMcaa U 0bbema
Mmmnodpunbpunn, 1. € cobCTBEHHO-COKPATUTENBHOTO annapaTta MbilLEYHbIX BOJIOKOH.
Mpn 3TOM BO3pacTaeT NAOTHOCTb YKAaAKU MUOGUOPUNAN B MbILLIEYHOM BO/TOKHE.
Takas paboyas runepTpodPura MbilLeYHbIX BONOKOH BEAET K 3Ha4YNTENbHOMY POCTY
MC mbiwubl.

Muscle Fiber Sarcoplasmic Myofibrillar
hypertrophy hypertrophy

Myofibrils Sarcoplasm



Komnosuuus yemsbipexanasou mMbiwubl bedpa (HapyXHoU 20/108KU) U
rnrow,adk rornepevyHo20 ceveHus pasHbix 8UO0O8 MbIUIEYHbIX 80JIOKOH Y
CrIopmcMeHo8 pasHbix crieyuanusauud u HecriopmemeHos (@. [puHe, u
op., 1976)

Komno3unuma mbiwiy, HecnopTcmeHbl LUTaHruncrol BeryHbl - cTauvepbl

BMB, % 26,4 44,5

NMB, % 38,1 10,5 39,7

MMB, % 35,5 45 44,3
NMMVB + MMB, % 73,6 55,5 84

Mnowaab nonepeyHoro
ceyeHUs , MKm?

BMB 3418 6577 2938
nvs 4105 7299 5224
MMB 3303 4430 4609



OTHocuTenbHanA (%) naoLLaab BOIOKOH Pa3HOro TUMa Yy COPEeBHYIOLLIMXCS
TAMEN0aTNeToB, Nay3pAndTepoB N KyAbTYPUCTOB.
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Ponb pasnnyHbIX TUMOB BOOKOH B rMNepTpopum MbiLlL,

The Role of Fiber Types in Muscle Hypertrophy: Implications for Loading
Strategies

Article /n 5Strength and conditioning journal - April 2014
DOI: 10.1519/S5C.0000000000000030

[MosaBNAOTCA HOBbIE AaHHbIE, YKa3biBaloLWMeE HA TO, YTO BOIOKHA Tuna |
MOTYT BHOCUTb CYLLECTBEHHbIN BKAAA, B 0O6LWKMNA 06beM MblLL.
NccnepnoBaHMA TaKKe MOKa3bIBAKOT, YTO YMPaArKHEHUS C HU3KOM

HArpy3Kom MoryT NomMoYb MakCMMM3NPOBATb TMNepTpodUto BOJIOKHaA |,

NPW YCI0BUM, YTO YNParKHEHUE BbIMONHAETCA A0 OTKa3a. B KavecTse
NPaKTUYECKUX PEKOMEHAALNN MOXKHO OTMETUTb: €C/IN LeNblo
ABNAETCA MAaKCMMaibHbIN Habop 0bLen MmbllLle4YHOM MaccChbl, TO

peEKOMeHAAUUN ANA TPEHUPOBOK AO/IXKHbI BKAOYATb YNPaKHEHUA C

LUIMPOKMUM CNEKTPOM NMOBTOPEHUMN.

Daniel | Ogborn, Brad J Schoenfeld. The Role of Fiber Types in Muscle Hypertrophy:
Implications for Loading Strategies . Strength and conditioning journal . April 2014



Resistance training

Mechanical tension Metakrolic stress
. Energy substrates
HiYp o depletion
Ruscle da mage T Testasterons
Y
Mechanotransduction intracellular metabolits
accumulation
satellns palls /\
Call swelling TGH, IGF-1
M’ 'l
Tissue repair Myofibrillar protein Energy substrates
gynthasic supercom pensation

Muscle hypertrophy

Effect of resistance training set volume on upper body muscle hypertrophy: are more sets really better than less?
CV. La Scala Teixeira et.al Clin Physiol Funct Imaging. 2018 Sep;38(5):727-732.



Cxema OCHOBHbIX CUTHA/IbHbIX MyTeln, CBA3AHHbIX C KOHTPOEM MbILLEYHOM
rmnepTpodmm U MMTOXOHAPMANbLHOTO bBruoreHesa

i Glycogen
1T AMP:ATP

Protein translation Mitochondrial protein

initiation transcription
1 Mitochondrial
Hypertrophy biogenesis
> <> D — :CED D@

John A. Hawley et. al. Integrative Biology of Exercise. Cell 159, November 6, 2014 — 738-749



METOAbl CU/TOBOU TPEHUPOBKW
TUNEPTINASNA M® B TMB

[MapameTpbl CUNOBOMN TPEHUPOBKU — METOA, MAaKCUMasIbHbIX YCUnmni!

NCM - He meHee 80% OT MaKkcumyma.

NY (temn) - B 3aBucumoctu ot cpeacts, 0 — 20% oT makc;

MY — 1-3 noBTopeHua (1 YcnoBHana aHabonunyeckaa eanHmnua YAHE —
0o 30% PACXO/ Kpd)

UNO — HnKe yposHA A3l

MNO - TpaTbl Kp® He 6onee 30%, 2-4 MUHYTBI.

KM — ecau uenb rmneptpodua, To 5 — 6 noaxonos, (3agayvya HaKONUTb
6onbwoe Kon-8o YAHE!), HeckonbKo pa3 B AEHb.

KT — 3-6 B Hegento Ha oAHY MblwLy (WTaHrMCTb!).

HecmoTpa Ha manbin 06beM MHTEHCUBHbIX YNPa*KHEHUW B OAHOM NOAX0AE,
cymmapHbin 06vbem noaHatTna 80-90% Becos coctaBnaeT 500-600 noagbemos B
HeaeNto Ha O4HY MbileYHyto rpynny. baarogapa aTomy manble aganTauMoOHHbIe
N3MEHEHUA CYMMMUPYIOTCA - TAXKEN0aT/IEeTbl yBennumsatot cmny MB
BbicOKonoporosbix [E.




TUNEPMNASNA MO B TMB

[lapameTpbl CUTOBON TPEHUPOBKU — MOBTOPHbLIN meTo,!

NCM - 70 - 80% oT makcmmyma.

NY (temn) - 8 3aBucnumoctun ot cpeacts, 0 — 50% oT makKc;
MY — 8 - 15 nostopenunn, 20 — 40 cek(6 - 12 YAHE)

UNO — HnXKe yposHA A3l

[MNO - 6onblumne Tpatbl Kpd, 5-10 MUHyT.

KM —oT1 1 a0 9 noaxonos, (3aga4ya HaKONUTb DObLLOE KOJI-
BO YAHE 30 - 100, B0O3MOXHO MaKc runepnnasmna 2% 3a
TpeH.!).

KT — 1-3 B Hepgento Ha oAHY Mmbilily (3aBUCUT OT KOJ1-Ba
noaxonos, bonee yactble 3aHATUA ByAYT meLwaTb Xoay
CTPOUTENbCTBA HOBbIX MMODUNOPUAA —Yalle 2-3).



TUNEPTINASNA M® B OMB

[MapameTpbl cMNO0BOUN TPEHNPOBKKU — CA1Y |

NCM - 20 - 60% oT makcmmyma.

NY (temn) - 10 — 30% oT makKc;

MY — 8 - 15 nostopenunint, 30— 50 cek(8 - 15 YAHE)
UNO — HnXKe ypoBHA A3l

[MNO - npuHuMn cynepcepun, ao 30 cek.

Kl —2 -6 B cynepcepun, MO mexay cepnamm 5 — 10
MWH.

KCC - no 9, (3apgaya HakonuTb bonblioe Kos-Bo YAHE,
BO3MOXHO MaKc runepnsa3ma 2% 3a TpeH.!).

KT — 1-2 B Hegento Ha oaHy Mmbilily (oaHa
TOHU3UpyoWwan! bonee yactble 3aHATMA ByayT MewWwaTb
X0y CTPOUTENIbCTBA HOBbIX MMOdUbpUN.).



A Review on the Mechanisms of Blood-Flow Restriction
Resistance Training-Induced Muscle Hypertrophy

Stephen John Pearson - Syed Bobinl Hussain

& Sproger tessason] Pebleling Swiserked 04

Absiract 1 hes tradiionally been believed thal residance
trxining can anly induce muscle growth when the exercize
intenszity i grester than 65 % of the 1-repetition masmum
(RM). However, more recently, the use ol low-inlemity
resigance exercise with blood-llow resinction (BFR) has
challenged this theory and consigendy shown that hyper-
trophic abspiations can be induced with much lower
exercize inemilies (<50 % 1-RM)L Despite the poen
hypertrophic effecs of BFR resilance training being
demomsirated by numerous studies, the underlving mech-
aniams repoasible for such effects are nol well delined
Metabalic siress has been fugpeded 1o be a primary [acor
responsble, and thisis heonsed o actvale numenous olher
mechanizms, all of which are thought to mduce muscle
growih via autoonine andior paracrne achons. However, il
1% mve worthy that some of these me chanismes do nol appear
Loy he medisted 1o any grest extent by metshalic dres bu

rather by mechamcal tension (another pimery facior of

muscl hyperirophy). Given that the level of mechamical
lension i typically low with BFR resistance exercize

(<250 % I-RM), one may gueston the magmbude of

involvement of these mechanisms aligned to the sdspis-
tioms reported with BFR resigtance training. However,
despite the kow level of mechamcal engon, it i plausible
that the ellects mduced by the primoery Fsctors (mechamical
lension aml melasholic dress) are, m facl addibive, which
ultmately connbutes o the alaplations seen with BFR
resisdance (raining. Exercise-induced mechamical temion

amnl metsholic dres are theonsed lo signal 2 number of

mechanizms for the inducton ol muscle growh, including

5L Pearsown () 5 B Hessam
Ceamore for Health, Spoer amd Hebabalsarom Scesnc e Research,
ummmmmzm@u LK

e #Re bl e e

incresed] [ad-twilch hbre recnnimend, mec henolransduc-
tion, musclk damage, sydemic and localied hormone
production, cell swelling, and the production of reactive
oy gen species and il vanants, moluding mine osde and
hest shock profteins. However, the relative extent to which
these specilic mechanisms are nduced by the primary
[=ciors with BFR resitnce exercise, as well a5 ther
magnitude of myvolvemen! in BFR resistance faining-
induced muscle hypertrophy, requires further exploration.

Mechanical ension and metshalic dress are both
primary mechamzms of redstmos Uramming -indoced
muscle hypermophy.

Metaholic sress may play the dominant rode in
mechating the potent hypertrophic eflecs seen with
hlood-llow redncton (BFR) resdance rainng, bul
mechanical Enson also plays a par.

Mechanical ension and metshalic sress st
synergisdically to madiste mumerow secondeary
asocialed mechanizms, all of which simulate
auocrne andior parscrine actions for the induction
ol muscle hypertrophy with BFR resstance trammng.

1 Backgrouml

During resisiance & xercise, modor mnits, and hence mscle

libvres, are reonmfed a:cv:r:rrh:ng i the W:.acpnn:l]ie [1], in
B T L S L O ] i —— i =] T L E T

MEXAHWU3Mbl MbILLEYHOM
TMNEPTPO®UUN NOC/E bPP-TPEHUHTA

B nocnegHee Bpema,
MCNO/Ib30BaHME CUNOBbIX
ynpa*XHEHUN HU3KOM
WHTEHCUBHOCTM C OTPAHNYEHNEM
KpoBOTOKa (BFR) nokasano, uto
rmnepTpodmsa MbillL, MOXKET bbITb
BbI3BaHa C HU3KUM YPOBHEM
MHTeHcuBHOCTK (50% M HUXKe oT
1MM). OCHOBHblE MEXaHM3MbI MOKA
pPOCTa TOYHO He onpeaeneHoil.
MeTabonnyeckni ctpecc bbin
npeasioXeH B Ka4ecTBe OCHOBHOMO
daKTOpa aKTMBALUMM MHOXKECTBA
APYrnNx MEXaHM3MOB, KOTOpble
BbI3bIBAKOT POCT MblLLIL,

S.J. Pearson et.al. A Review on the Mechanisms of Blood-Flow Restriction Resistance Training-Induced Muscle Hypertrophy. Sports Med 2014.




BFR 06bl4HO AocTUraeTcsa nyTem
OrPaHUYEHNA NPUTOKA KPOBU K MblLLLLE
bnharogaps BHeWHeMY AaBNEHUIO,
CO34aBaeMOMY XKIYTOM UK
MaHXEeToMN, KOTopaa NPUMeEHAETCA
Ha4 NPOKCMMaANbHOM YaCTb BEPXHUX
NN HUXKHUX KOHEYHOCTEMN.
[MpunorKeHHoe BHelWHee gaB/eHune
AO0CTaTOYHO ANA nNoaaepKaHuA
apTepuanbHOro NPUTOKa BO BpeMS
OKKN03UKN, HO OFPaHNYEHNA BEHO3HOIO
BO3BpaTa M3-3a KOTOPOro MOXKET
YMEHbLINTLCA NPUTOK KPOBU K
Mbiuam. C4MTaeTcA YTO CHUMKEHHbIN
KPOBOTOK BbI3bIBaeT NULLEMUYECKYIO /
FMNOKCUYECKYIO cpeay, YTO yCununBaer
TPEHUPOBOYHbIN 3PPEKT, NpmBoAA K
YBENNYEHUIO MbILLEYHOWN MaCCbl U
CUNbI.

S.). Pearson et.al. A Review on the Mechanisms of Blood-Flow Restriction Resistance Training-Induced Muscle Hypertrophy. Sports Med 2014.



OTHOCUTENIbHBLIE BRJTAAbl MEXAHWYECKOIO HATTPAXKEHWA U
METABOJIMHECKOTO CTPECCA HA TUMNETPOPUYECKMNE CUTHA/IbI

High-intensity Maoderate-intensity Leny-intensity
resistance Training resistance training resistance training
with BFR
Loy metabolic stress —_—_———_———_——_——— High metabolic stress

secondary mechanisms -relationships and relative contributions

4 FEbrerecruitmen@ - s
— r 4  Mechanotransduction %7 <
B
—s 4

¢ Muscle damage

Systemic and localised hormones

e P ¥ cellsweling 4

— ¢ ROS -~
— 4 NG5 t2
— ¢ HsP 42

v

Autocrine/paracrine actions

v

Muscle hypertrophy

S.). Pearson et.al. A Review on the Mechanisms of Blood-Flow Restriction Resistance Training-Induced Muscle Hypertrophy. Sports Med 2014.



Ponb pasnnyHbIX TUMOB BOOKOH B rMNepTpopum MbiLlL,

MoABNAKOTCA HOBbIE AaHHbIE,
YKa3blBalOLLME HA TO, YTO BOJIOKHA
TMNa | MOryT BHOCUTb CYLLLECTBEHHbIN
BK/J1aJ, B 0OLLMIM 06bEM MbILLILL,
NccnepoBaHUA TaKXKe NOKa3bIBaloT,
YTO YNPaXKHEHUSA C HN3KOW HArpy3Kowu
MOTYT MOMOYb MAaKCMMU3NPOBATb
runepTpoduto BONOKHA |, npu
YC/I0BUMU, YTO yNparKHEHUe
BbIMO/IHAETCA A0 OTKa3a. B KauecTtse
NPAKTUYECKNX PEKOMEHOALNN MOXKHO
OTMETUTb: eC/IN LENbIo ABNAETCS
MaKCUManbHbIN Habop obuen
MbILUEYHOW MaCCbl, TO PEKOMEHAALNM
ANA TPEHUPOBOK A0/IKHbI BKAKOYATb
YyNpa*KHEHUA C LUMPOKUM CMEKTPOM
NOBTOPEHUMN.

The Role of Fiber Types in
Muscle Hypertrophy:
Implications for Loading
Strategies

) Dan Ogbam, MEBe, CHCE and Brad 1. Scheanduld, MEc, C3CE CEPS?

B EE *Lehman College, Brone, Mew York

ABSTRACT

EMENGMNG EVIDERCE SUGGESTS
THAT TYPE | FIBERS DENFLAY A
SUBSTANTIAL PROPENSETY FOR
GHOWTH IF THEY ANE SELEL-
TIVELY TAMGETED W% LUV LD
TRAMFG THE PURPSOSE OF THIS
ANTICLE 'WiLL BE T REVIEW THE
FESEANCH HECGATING FIEET
TTPE-SPECIRD HEFERTROMHY
AKD DA EVIDERNCE-BASED
COMDLLESONS A5 TO THERE
IMPLICATIONS FLIR PR
DESKGH
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Inducing hypertrophic effects of type I skeletal muscle fibers: A hypothetical | 4
role of time under load in resistance training aimed at nuscular hy pertrophy  |[5=5
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MnepTpodmAa MbilLieYHbIX BOJIOKOH | TMNA nocsie TPEHMPOBKU C
OrpaHUYEeHMEeM KPOBOTOKA Yy nNayapandrepos

15 My*4mMH (nayapandrepbl HaLMOHANBHOIO YPOBHA) NepeaHne npuceaanms 6,5 Hegens.
BPP 4 noaxopa 30% ot 1MMM Ao oTkasa.

KoHTponb 4 nogxopa 70% ot 1MM oo oTkasa

Brarnsen el al. (2018)

Blood Flow Restriction (BFR) Training

Type 1 Muscle Fiber Hypertrophy in Powerlifters @shakebotapp

17 elite powerlifters trained 5x/week for 6.5 weeks, which included 16 front squat sessions. 9 lifters
performed 63% (10/16) of front squat sessions with low loads (24-31% 1RM) & blood flow restriction
(BFR): the other 7 lifters (Control) used standard, heavier loads (74-76% 1RM) during these sessions.

. STRENGTH GAINS (MVIT,1RM SIZE GAINS (Quadriceps Muscles CSA
S
R 11.2% ‘
3.3% 2.9% 3.9% 3. 6%
I 0.1% 2.1%
-0.6% ! | &.
Knee extension: Front Squat 1RM Type 1 Fibers Type 2 Fibers
isﬂ;wna:;ir: ?;:} :‘L;n[tnj?m B Low-load resistance training with blood flow restriction (BFR)

M Standard high-load resistance training (Control)

Bipygeptda®@ eontrol group performing 10 more high-load front squat sessions than BFR, strength &

Type 2 muscle fiber size gains were similar. BFR experienced greater increases in Type 1 fibersize &

myonuclear addition (not shown). Low-load BFR in combination with traditional strength training may
be of importance to optimize adaptation of both fiber types in highly strength-trained individuals.

Bjgrnsen T et. al. Type 1 Muscle Fiber Hypertrophy after Blood Flow-restricted Training in Powerlifters. Med Sci Sports Exerc. 2018 Sep 4
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SCIENCE AND
DEVELOPMENT OF

'y Cthoenfeld

Brad Schoenfeld

PA3BHTHE NOKANLHOR
MbILEYHOW BbIHOCIHBOCTH
B UMKNHYECKMX BHAAX CNOPTA

Buktop Hukonaesuny CenysaHos

YyeHblit, AoKTop dunocodpum
. Mpodeccop, KaHANAAT BMONOTMUYECKUX HaYK
Cneumannct no MblllevyHom runepTpodum

«...CnnoBas TpeHMpPOoBKa ¢ 6onblMmK Harpyskamm (260% ot «..rmneptpodma MMB npum KnaccuyecKom CUNOBOM
1RM) Bbi3biBaeT 6oabwimin poct MB Tmna ll, Toraa Kak TPEHUPOBKEe BblpaXkeHa OTHOCUTE/IbHO He CWJIbHO,
TPEHMPOBKA NPU HU3KKUX HarpysKax (<60% 1RM) moxeT BMOMMO, U3-3a KPAaTKOCPOYHOCTU AEUCTBUA CTUMYNA, 2
yBennuntb runeptpoduto MB | Tuna. MB | u Il Tna obnagatot npossnAaeman runeptpopua BMB  vacto asnaetca
OT/INYNTENbHBIMU XapaKTEPUCTUKaMMN. BO3MOXKHO, 13-3a HeraTMBHbIM (aKTOPOM B BMAAX Ha BbIHOC/IMBOCTb.
6onee HM3KoM yTomnsemoctn MB tuna |, ana ctumynaumnm Mostomy Hanbonee npMemnemon Kawerca runoresa ,
pocTa aTux MB morkeT noTpeboBaTbcs 60/blUe BpeMeHM Nog, yto runeptpodun MMB bHyayt cnocobceTBOBaTH
Harpy3Kon. 3To MoXKeT B6bITb AOCTUTHYTO NPU TPEHUPOBKE C NU30TOHMNYECKME N CTAaTOANHAMUYECKNE YNPAXKHEHUSA,
HU3KOW Harpyskol (npumepHo 30% ot 1RM) 1 oo oTKasa. BbINONHAEMble Npu CcOBNOAEHMU CTPOrMX NpaBul.
(Schoenfeld 2013, 2018)» (CenyaHos B.H. 1991)»

Brad J. Schoenfeld et al. Inducing hypertrophic effects of type | skeletal
muscle fibers: A hypothetical role of time under load in resistance training ~ MakuH4yeHko E.b., CenyaHos B.H. Pa3suTne n0KanbHOM MblLLEYHOM

aimed at muscular hypertrophy. Medical Hypotheses 112 (2018) 4042 BbIHOC/IMBOCTU B LIMKNMYECKMX BUAAX cnopTa. 2005 - 182-183.



PO/1b MOBPEXAEHNM MB B YCKOPEHWW CUHTE3A BEJIKA
REPAIR-ORIENTED ~ HYPERTROPHY-ORIENTED

Muscle

Hypertrophy
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CropocTb mruodmnbpunnsapHoro cuHTesa 6enka (MyoPS), noBblleHHas Nocae TPEHUPOBKM ANA PEMOHTA (KenTble 061acTu) 13-3a NOBPEKAEHUA
MbILLEYHOr0o BOJIOKHA (OpaHKeBbI MYHKTUP IMHUKN) M NOBbIWEHHAA AN TMNePTPOGUM MbILLEYHbIX BOIOKOH (3€/1eHble 30Hbl).

Mbl yTBEPXKA4aeM, YTO nepBOHa4vasnbHoe ysennvyeHme MPS post-RT, BepoATHO, HanpasB/ieHO Ha
BOCCTAaHOB/IEHWE MbILIL, U PEMOAEIMPOBAHME N3-332 HAHECEHHOTO yuepba u He Koppenunpyer ¢
rmuneptTpoduen mbill, BbI3BAHHON HECKONbKUMU Hegenamun RT. YBennuenme MPS nocne RT cnocobersyet
rmnepTpodum MblLlL, TONbKO NOCAe 0cnabneHna mollevyHoro nospexaeHua. Kpome toro, npotokonbi RT,
KOTOpble He CNOCOBCTBYOT 3HAUYUTENIBHOMY NMOBPEKAEHUIO MbILLULL, Bbl3bIBAKOT CXOAHYIO rMNepTpoduto.
Taknum 06pa3om, Mbl 3aK/IFOHAEM YTO MbILLEYHOE NOBPEKAEHUE HE ABNAETCA MPOLLECCOM, KOTOPbIN
onocpeayet uaun ycunmsaeT RT-MHAYLMPOBAHHYIO rTMNEPTPOPMIO MblILLLL.

Felipe Damas et.al. The development of skeletal muscle hypertrophy through resistance training: the role of muscle
damage and muscle protein synthesis. European Journal of Applied Physiology 2017



ASPOBHAA TPEHMPOBKA



KOIMMA roeoprm O BbIHOC/IUBOCTU — HEOBXOAUMO BCNMNOMHUTDb 3TY 3ABUCUMOCTb

Memoduxa 80CNUMAHUS 8bIHOCIUBOCTU
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Puc. 32. Kpusble HHANBUAYAIbHBIX JOCTHXEHHUIT B Gere
(B.M. 3anuopcxkuii, H.H. Boaxos, H.I' Kynuk, 1965).

Kpugast | coeuusieT TOYKH TUHBIX PEKOP/IOB HA Pa3HBIX TUCTAHIHAX y CIIPHHTEPA,
kpusast 1 — y cTaiiepa. JleBee TOUKH MepeceveH s KPUBBIX JIyYIIHE PE3Y ILTaThl HMEeT
CIIPUHTEP, IIpaBee — cTaiiep

3aymopckun B.M., «®dnsmnyeckne Kavyectsa cnopTcmeHa, cTp. 121, 1966



TPAONUMOHHDBIE MPEACTABJIEHUA O BbIHOC/IMBOCTU

OCHOBHASA LIE/NTb — MNOBbILWEHUE YCTOMYMBOCTU COPTCMEHA K
HEBNATOMNPUATHBLIM CABUTAM BHYTPEHHEW CPEbI OPTAHU3MA.

YTOMJIEHUE OBbACHAETCA , [MTABHbIM OBPA30M, PABOYEW TMMOKCMEN MbILLL,
YTO BbI3bIBAJTO AKTUBU3ALUWNIO TTMKOJ/TU3A, MOBbILLEHWE KOHUEHTPAL WA
NNAKTATA U APYTUX NPOAYKTOB AHA3SPOBHOIO METABO/IU3MA B KPOBMW.

NIYYLLIAA BBIHOC/TIMBOCTb K PABOTE CYBMAKCVMAJ/IbHOW MOLLIHOCTU
OBbACHANACH MNMOBbLIWWEHHBIM NOCTYNAEHUEM KUC/TOPOAA B MblLLbI.

MPEACTABJIEHMA O BbIHOC/IMBOCTU KAK ®YHKLIMN B OCHOBHOM
ObIXATE/IbHOM U CEPOEYHO-COCYANCTOW CUCTEM, OBECTMEYMBAIOLLNX
AOCTABKRY KUC/IOPOAA K PABOTAKOLLNM MbILLUAM.

[TTABHbIM ®AKTOPOM , OMPEAENAKOWNM BbIHOC/IMBOCTb CHUTAETCA ASPOBHAA
MOLWHOCTb OPTAHU3MA, OLEHMBAEMAA MO MIK, A B KAHECTBE ®AKTOPA,
JIMMUTUPYIOLLEETO NMNOTPEBJIEHVUE KUCZTOPOAA - MOWHOCTb CEPAUA N MOK.

OCHOBHASA PO/1b B TPEHWUPOBKE YO U MOK OTBOAMTCA AUCTAHLUMOHHbIM
CPEACTBAM, TAK KAK AAHHbIE MOKA3ATE/IN XOPOLLO PA3BMBALIOTCA
PA3/TMYHLIMU BUOAMU OANUTENBHOMN MbILLEYHOW PABOTHI.



TPAONUNOHHBIE MPEACTABJIEHNA O BIHOC/TMUBOCTU
BbIHOC/IMBOCTb PA3LENAIOT HA OBLLYO M CMELMA/IBHYIO

B OCHOBE OBLLEN BbIHOC/IMBOCTU NIEXXUT MAZTOCMNELIMOUYHAA ASPOEHAA
TPEHWUPOBAHHOCTb, PA3BUTUE KOTOPOW HE 3ABUCUT OT BHELLHEW ®OPMbI
OBUXKEHUIA. XAPAKTEPU3YETCA LUMPOKUM NEPEHOCOM.

CNELNATTIBHAA BbIHOC/IMBOCTb — BBIHOC/IMBOCTb K ONPEAEJIEHHOMY BUAY
OEATENBHOCTW.

[MIABHbIM YC/TOBMEM PA3BUTUA BBIHOCIMBOCTU CHUTANOCH AOBEAEHUE
CMNOPTCMEHA 10 YTOMNEHMA MOBA/IbHOW MbILLEYHOW PAEOTOMW.
YTBEPY¥JANOCH, YTO JIOKANTbHAA MbILLEYHAA PABOTA HE CBA3AHA CO
3HAYUTENBbHOW AKTUBALIMEWN ObIXATE/IBHOM U CEPAEYHO-COCYAMNCTOMN CUCTEM.

OTCHOAA ANA PA3BUTUA OBLLEN BLIHOC/IMBOCTM AOMYCKAKOTCA NHOBbIE
CPEACTBA, B TOM YUC/IE OANNEKUE OT CBOEIO BUAA (BET, NNTABAHWUE, NbIXKN U
AP.) AN1A PA3BUTUA CNELMANBHOM KE BBIHOC/IMBOCTM PEKOMEHAYETCA
NCIMOJ/Ib3OBATb COPEBHOBATEJ/IbHbIE YINPAXHEHWA.

PA3BUTUE CMELMANBLHOM BbIHOC/IMBOCTU K CYEMAKCMMAJ/IbHOM PABOTE
CBA3bIBA/IOCH C COBEPLLEHCTBOBAHMEM IUKO/IUTUYECKOWM
MPOW3BOAMNTENIbHOCTY OPTAHU3MA.

OMPEAENEHHYIO YACTb PABOTbI PEKOMEHAOBA/TOCH BbINOAHATH HA BbICOKOM
YPOBHE KOHLEHTPALMM JIAKTATA B KPOBM, YTOBbI «MPUBbLIKATb» K
METABO/IMYECKOMY ALMIO3Y.



COBPEMEHHBIE MPEACTABJIEHNA O BBIHOC/IMBOCTU

BarkHenwWwmnmn BbIBOA, K KOTOPOMY NPUBOAAT
COBPEMEHHbIEe AOCTUKEHUA PU3NONOTNN
MbILLEYHON AEATENIbHOCTM, 3aK/IHI0OYAETCA B TOM,
4YTO BbIHOCNMBOCTb B CMOPTE ONpeaenseTca He
TONIbKO U HE CKOIbKO KOJIMYECTBOM KMCNOPOAa,
[O0CTaBASIEMOro K paboTatoLmMm MblLLLLAM,
CKOJIbKO UX CNOCOBHOCTbIO NCMOb30BATb
NOCTYNaoLWMmM Kncnopoa ana pecnHtesa ATO.

BepxowaHckumn, 2007
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METABOANMYECKUE NMEPEXOADI
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METObl ASPOEHOMN TPEHMPOBKW

N

Mwuodpunbpunnbl

MuTtoxoHgpumn

MWTOXOHAPUM — SHEPTETUYECKUE
CTaHUWUM KNETKKU, 0ObIYHO
obHapyxunBatoTca B6/1M3UN y4aCTKOB
LMTOMNNA3Mbl, [4e BO3HUKAET
notpebHocTb B ATO.
MuTOXxOHApPWMaNbHaA ceTb onaeTaeT
MMNOPUOBPUNNBLI TONBKO B OAUH CNON.
[Mo3TOoMy CyLLECTBYET NpeaesibHoe
COOTHOLLEHME MACCbl MUTOXOHAPUM
n mmodmnbpuan. ITo MMeeT MecTo B
MUOKapAEe U OKUCAUTE/TbHbIX
MbILUEYHbIX BOJIOKHAX.

CenyaHos B. H., 1999 - 2012




(SIT, CUT) CMPUHTEPCKAA UHTEPBAJIbHAA TPEHUPOBKA
TUMEPTMJTASUA MX B TMB

NHTEHCUMBHOCTb COKpaweHnA mbiwl- He meHee 80% OT maKkcumyma.
NHTEHCUMBHOCTb yNparkHeHUA (Temn) - B 3aBUCMMOCTHM OT CPEeACTB.
[Mpoao N KUTENIbHOCTb YripaxKHeHUA — « 1o yToMneHuA, HO TepneTb
Henb3Aal»

Bua HTEpBana oTabixa — MACCUBHbIN MW aKTUBHbIN A0 YpoBHA A3ll
Bpemsa otabixa - 1:4 - 8 cooTHOWEHUEe paboTbl U OTAbIXA

Kon-Bo nosTopeHunn — 5 B cepun, 2 cepumn — nogaeprkaHue, 3-5 —
pa3suUTHe (6 Npu exkxeaHEBHOM PUCK NEPETPEHMNPOBKU!).

Kon-Bo TpeHUPOBOK B Heaento — TOHM3npyrow,aa 2-4 pasa B Hegento
(6e3 3akucneHus!), passuBatowan - exxeaHeBHO No 2-4 pa3a B AEHb.

B pamKax meTtoga Bpema akTMBHoCcTU MB B cymme 3a Hepento
COCTaBAsET NPM TOHM3Upyrouwen TpeHnposke 600- 800 c, npu
pa3suBatoLent 3000-5000 c.

Cenyanos B. H., 1999 - 2012



BbICOKOUMHTEHCUBHAA UHTEPBAJIbHAA TPEHUPOBKA
(HIT, XUT) TUNEPNJIA3MA MX B TMB

NWHTEHCMBHOCTb COKpaWeHna mblwlly, - He meHee 90% - 110% ot MIK.
NHTEHCMBHOCTb ynpa*KHeHUsa (Temn) - B 3aBUCUMOCTU OT CPeACTB.
[1poAoNKNTENbHOCTb YNpaXKHEeHUA — 1 — 8 MUHYT «J1o yTOMNeHUA, HO
TepneTb Henb3a!l»

Bua nHTepBana otabixa — NaCCMBHbIN UM aKTUBHbIN A0 YpoBHA A3[]
Bpemsa otapbixa - 1:1, 1:2 cooTHoweHUe paboTbl U OTAbIXA.

Kon-Bo noBtopeHnn — ot 4 no 8, 4 nutepsana — nogaepkaHme, 6-8 —
pa3BuTUe (6-8 Npu exxegHEBHOM PUCK NEePETPEHUPOBKU!).

Kon-BO TPEHUPOBOK B Heaento — TOHU3upyuwana 2-4 pasa B Heaento
(6e3 3akncneHuna!l), passmBaroLLan - exxeAHEeBHO Mo 2 pa3a B AEHb.

B pamKax meTtoga Bpema aktuBHocTn MB B cymme 3a Heaento
coCTaBnAeT Npu TOHU3upytowen TpeHnposke 600- 800 c, npu
pa3suBatoLlent 3000-5000 c.

Cenyanos B. H., 1999 - 2012



MeTop, pa3Butna membpaHHbix MX B TMB (CKOPOCTHOWM BbIHOCANBOCTH)

Mpn BbINONHEHUN YNIPAXKHEHWM C HU3KMM TEMMNOM OCHOBHbIE 3aTpaTbl SHEPTUM
CBA3aHHbI C COOCTBEHHO MbILIEYHbIM COKPALLEHMEM, A NMPU YIParKHEHUM C
BbICOKMM TEMIMOM eLlle U c obecneyeHnem npouecca paccnabneHmna mbibl
(MUTOXOHAPUKN OKONO KanbLMEBBLIX HACOCOB T-TPYHOUEK).

NWHTEHCMBHOCTb COKpaWeHNA Mmbllll, - He meHee 80% OT makcumyma.
MHTEHCUBHOCTb ynparkHeHna (temn) — 6bicTpbi oT 90% OT MaKc.
[MpoponKntenbHoCcTb ynp. — «J1o yromneHunsa, Ho TepneTb Henb3a!»
Bua nHTepBana otabixa — A0 ypoBHA A3l

Bpemsa otabixa - ecnu 3atpaTbl Kp®d He 6onee 30%, To 45-120 c.
Kon-Bo noBTopeHunn — 5 B cepun, 2 cepuun — nogaeprkaHue, 3-5 —
pa3suTHe (6 Npu exxeaHEBHOM PUCK NEPETPEHUPOBKU!).

Kon-Bo TPEeHUPOBOK B HeAento — pa3BmBaloWan exxeaHeBHO 2-4 pasa B
neHb (6es3 3akmncneHus!), ToHnsumpytowas - no 2-4 pasa B Heaento.

B pamKax meTtoga Bpema aktuBHocTn MB B cymme 3a Heaento
COCTaBNAeT Npu TOHU3upytowen TpeHnposke 600- 800 c, npwu
pa3suBatoLlent 3000-5000 c.




TEMMNOBAA PABOTA «OROJ10 N1 HA TTOPOTE»
TUMNEPTINASUA MX B ITMB

B LBC oueHb nonynapHa pabota Ha Ao AHI (6a3a) n Bbiwe AHI (MIMK agantaumnsa?!)

NMHTE@HCUBHOCTb COKpaLLEeHMA MblLUL, - MOLLHOCTb OT Ha AHII;
NHTEHCMBHOCTb COKPALUEHMA MblLWL, (TeEMMN) — B 3aBUCUMOCTU OT
CpeAcTB, BbIrOAHO peaKo, HO MoLHo! ©

MHTEHCUBHOCTb COKpalleHnAa mblwl, — 2 — 20 MUH, nakTaT 4- 6;

Bua nHTepBana otabixa — 40 ypoBHA Asll;

Bpema oTabixa - A0 YCTPaHEeHUA YyTOM1eHuA.

Kon-so nostopeHunit — 20-60 MnH YNCTOro BpemeHu paboTsbl.

Kon-Bo TPEHUPOBOK B HeAEeN0 — exXeaHEBHO (b6e3 cylecTtBeHHOro
3aKkucneHusa!), ToHnsupyrowan — 2-3 pasa B HeAENtO, eXKeAHEBHO NO
2 pa3a B AeHb.

CenyaHos B. H., 1999 - 2012



METOZbl TPEHUPOBKM CEPALIA

BeHO3HbI BO3BPAT 3aBUCUT OT MACChI
MbILLLL, Y4aCTBYOLWMX B ABUraTE/IbHOM
ANeNcTBUN. TPEHNPOBKA MENKUX

BN & ‘ MbILUEYHbIX FPYMM He NPUBOAMT K
TPEHUPOB ot M PaCTAMKEHMIO MMOKapaa 13-3a
Ha Cy|_|_||(e? | vy OTCYTCTBUSA MHTEHCUBHOIO MOTOKA

KPOBU K cepauy.

YHUBEPCA/IbHbI METO/,

- NIHT@HCMBHOCTb yNpa*KHeHUA cooTBeTcTByeT mowHocTn MIIK;

- MpoponxutenbHocTtb - 60 ¢ ansa goctuxkeHms YCC 180 ya/muH m ewwe 30 ¢ ans
noagepaHuma BbICOKOro nynbca, T.e. 90 c;

- UIHTepBan otabixa 2 MUH — yAaeTcA NOJIHOCTbIO MeTaboIn3npPoBaTb MOJIOYHOM
KUCNOTY;

KonnyectBo noBTOpPEHUIM MOXKeT cocTaBnasaTb ot 10 ao 40 pas;
KonnyectBo TpeHMPOBOK B Hegento - 2-3.

CenyaHos B. H., 1999 - 2012



MaKcmanbHaa AMacToNmnyecKkaa eMKOCTb *Keslyao4uKa

OPAKLIMN ANACTO/TMYECKOM EMKOCTU NEBOTO XENYAOYKA
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NOCTABRA U YTUNTN3ALUNA O,

[Mpumep:

MJ/IB Ha TecTax moxeT aocturatb 150-200 n/muH — vepes nerkue npoxoaut 30 — 40 nO2/muH
MOK =YOC * YCC = 0,160mn * 190ya = 30,4 n/muH

Toraa Bo3moxkHoe MIK cocTtasuT:

MMK =YOC * YCC * Hb * 1,34 = 0,160*190*150*1,34 * 0,001 = 6,1 n/MuH

Ecnn macca tena 75 kr, to MMK 81,3 ma/kr/muH

4 n O,/MuH

51 O,/MUH Ha AHI

Camble TpeHNPOBaHHbIE C TOYKM 3PEHMA BbIHOC/IMBOCTU MbiLLEYHbIE BOIOKHA OKMCAUTENbHOrO Tnna (OMB) cnocobHbl
notpebnAatb He 60nee 300 M1 B MUHYTY Ha KWAOTPAMM CBOEN Maccbl. HaumeHee BbIHOC/IMBbIE IUKONUTUYECKNE
BoNOKHa (TMB) «eaaTt» okono 120 mn/mMuH. B cpeaHem e, Y XOPOLLO TPEHMPOBAHHbIX CNOPTCMEHOB OCHOBHbIE

paboumre mblwLbl NOTPebAAOT 0K0M0 200 MA B MUHYTY HA KaXKAbIA KWAOTPaMM.




LEEHTPAJIbHbIN U NEPUGEPUYECKUE GAKTOPbI PABOTOCMOCOEHOCTM

LleHTpanbHbit pakTop: CCC.

npOFIBJ'IFIETCFI peaKo, 4alle Ha npeaene CrnopTmnBHLbIX LI,OCTMH-(EHVIVI, 3aBUCUT OT Pa3mepoB
cepaua;

1 n kposu nepeHocnt 160 mn O2
YOC makc = 120-130 mn/ya, y HETPEHUPOBAHHOIO!
Mpun YCC 190 nonyymm: 190*130*160=0Kon0 4n/MunH ,yposeHb MC!

(y cynepatnetos 7-8 n/muH) MNpepen - 6onble 81/MUH HET HN Y Koro!

Nepudepuuyeckue pakropbl: Mbiwubl.

[MpoaBnaeTca oyeHb YacTo, 3aBmncUT oT Ol mbiwL;

1 Kr OMB notpebnser 02 0,2-0,3 n/MuH

10 Kr aKTUBHbIX U MaKCUMa/IbHO MOArOTOBAEHHbIX MbllWL, — 31/ MUH;

Cynepatnet 60% MmblLL, OT Maccbl TeNa, akTUBHbIX MblLL, Npu 6ere okono 5 Kr — cepaue aaet
6onblie, YeM MblLLbI MOTYT NOTPEOUTD;

70/MUH — npegen ONMMINACKUX YeMMNOHOB!
NotpebneHne 02 Ha AHIN noytn Bceraga 50-80% ot MIIK;
NMoka3aTenn MIK 3aBUCAT OT BUAA IOKOMOLUMNMK;

PocT pe3ynbraTtoB cBA3aH ¢ poctom AHI (nogrotoBka mbliLuL,).



Using Molecular Biology to Maximize Concurrent Training

Keith Baar

© The Amhoris) 2014, This anszle is published with open access @ Springedisk.com

Absiract  Very few sports use only endurance or siremgth.
(hetside of nmning long distances on a Aat surface and
power-lifting, practically all spors require some comhi-
nation of endurance and stremgth. Endurance and strength
can be developed simulanepusly to some degree. How-
ever, the development of a high level of endurince seems
o prohibit the development or mainienance of muescle mass
and stremgth. This imteraction between enduramce  and
strength & called the comcurrent training effect. This
review specifically defines the concurrent traiming effect.
discusses the polemtial molecular mechanisms umderlying
this effect, and proposes stralegies o maximize strength
and endurance in the high-level athlete.

1 Imtroduction

Robert Hickson was a power-lifter when he went 1o do his
post-doctoral work im the laboratory of Professor John
Holloszy. Every day, Holloszy, the father of endurance
exercise research, would leave the Washingtom Umiversity
Medical Campus and go for rnuns through the adjpoining
Farest Park. In his effort to make 2 good impression with
his new boss, Dr. Hickson decided o accompany Prof.
Holloszy om his aflernoon nens, but soon found that his
muscle mass and stremgth were decreasing in spile of the
fact that be was still doing his sirength training at the same
frequency and intensity. When Hicksom approached

K. Baasr (=0

Fusctional Molecular Biology Lab, Depamssent of
Nearobiology, Physaskogy, ssd Behavion, Universaty of
Califenia Devis, One Shislds Ave, 174 Briges Hall,
Dranvits, CA 55616, LISA
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Holloszy with his problem, he wax told: “this should be the
first sty you do when you have youar own Bh.” Troe o
his womnl, the first study that Hickson completed in his mew
laboratory at the University of [llinois in Chicago was the
semimz] study on concurremt training.

Published in 1980 [1], Hickson's classic shudy trained
three groups of subjectss Growp | performed siremgth
traimimg alome; Group 2 performed endurance  trainimg
alome; and Group 3 performed siremgth amd endurance
together. The strength traming was performed 5 days per
week for 10 weeks, amd was desigmed exclusively to
increase leg strengih. Troe to his power-lifting background,
Hick=om had his suhjects perform all of the exercises with
as much weight as possible. The endurance tmining was
performed 6 days per week for the same 10-week period
and consisted of 3 days of cycling amd 3 days of nmning.
The cycling exercise comsisted of six 5-min inlervals at
maximal aerohic capacity (Vi ). whereas the imstruc.
tions on ihe nanning days were 0 “nan as fast as possible™
far 3 min'day in the first week, 35 minday for the secomd
wock, and 40 minfday for the remainder of the study. The
cancurrent traiming group performed both the strength amd
endurance Imining probocols in a mon-standardized onder
with between 15 min and 2 h of rest in between.

Al the end of the 10-week training programe Vi, was
determined on the bike amd treadmill. The strength alone
group showed 2 4 % improvement in Y0, on the bike
with mo change when measured o the treadmill. In con-
trast, the endurance and concurrent training groups hoth
increased Vi, by 17 % on the readmill and ~20 % on
the bike. This indicated that strength traiming does not
negatively affect endurance adaptations or performance. It
should be noted. however, that the concument traimimg
group did mot imcrease their bodyweight over the traiming
pericd as a result of their strength traiming. If they had, it

€ Sprimger

MOJTERY/TAPHAA BUOJIOIMNA
KROHKYPEHTHOIO TPEHUHTA

1"“} SHHFEH'I
=
5 120
5
o Concurrent
(7]
=
o 100
=

@ Endurance

80

o

5 10
Training duration (weeks)

Fig. 1 The concurrent training effect on strength. The figure shows
the increase in one repetition maximum in the squat in subjects who
participated in 10 weeks of high-intensity resistance exercise alone
{resistance), endurance exercise alone (endurance), and both types of
training (concurrent). Also, note that the strength and concurrent
groups both increased their strength together up to 7 weeks, when the
strength group started making greater gains than the concurrent group
{adapted from Hickson [1], with permission). /RM one repetition
maximum

Keith Baar. Using Molecular Biology to Maximize Concurrent Training Sports Med (2014) 44 (Suppl 2):S117-S125



MOJERYJTAPHAA BUOJTIOTMA KOHKYPEHTHOTO TPEHUHTA

PekomeHgaunm gna makCMMmn3aumm MMTOXOHAPUANbHBIX a4anTaunm m gna
MbllLeYHOWM MACCbl K CUTOBbIX aAaNTaLlUn:
(a) Mobble BbICOKOMHTEHCUBHbIE TPEHUPOBKM Ha BbIHOC/IMBOCTb
AONXHbI 6bITb BbINOJIHEHHbIM B Havazse AHA. 3aTeM Nepurop,
BOCCTAaHOB/IEHUA J0/XKEH NPOAO/IKATLCA HE MeHee 3 4YacoB, YTOObI

aKTnuBHocTb AMPK u SIRT1 BepHYAUCb K NCXOAHOMY YPOBHIO.
MpennonoXxeHne oCHOBAHO Ha TOM, 4YTO aeatenbHOCcTb AMIK 6bicTpo
YBEIMYMBAETCH, @ 3aTEM BO3BpaLLaeTcA K 6a30BbIM YPOBHAM B TeYEHME NepBbIX 3 Y
Nocne BbICOKOMHTEHCMBHbIX YNPAXXHEHMIN, TOrAaa Kak aktTuBHOCTb MTORC1 moxKeT
noaaepXmnBaTbCA Ha YPOBHE elle MUHUMYM Yyepe3 18 4 nocne ynparKHeHum ¢
oTAroweHmnammn.

(b) Cunosblie ynpa*XHeHMA A0/1XKHbl CONPOBOXAATbCA NPUEMOM
Nnerkoycsosemoro, 6oratoro neMumMHom, 6esKa, Kak MOXKHO cKopee
nocae TPEHUPOBKU ANA MAaKCUMA/ZIbHOIrO YCBOEHUA NIeULUHA U

CUHTE3a benkKa. Tak Kak ynpasKHeHWA C CONPOTUBAEHMEM BbIMOJHAIOTCA NO3XKe B
TOT e A€eHb, CTaHOBUTCA elle bonee BaXKHbIM NOTPebNATL 6eN0K HenocpeaCcTBEHHO
nepes cHOM, YTObbl MaKCUMMU3NPOBATb CUHTE3 He/IKa HOoYbIO.

Keith Baar. Using Molecular Biology to Maximize Concurrent Training Sports Med (2014) 44 (Suppl 2):S117-S125



MOJERYJTAPHAA BUOJTIOTMA KOHKYPEHTHOTO TPEHUHTA

c) MoNHOCTbIO BOCMO/IHATL NOTPAYEHHYIO SHEPTUID MEXKAY
yTpeHHeNn NHTEHCUBHOWU TPEHUPOBKOMN HA BbIHOC/IMBOCTb U
nocneobepaeHHom cunosou, Tak Kak AMPK moxkeTt bbiTb

AaKTUBMPOBAHA HU3KMUM FNUKOreHom , a SIRT1 aktusuposaH

orpaHnyeHmnem Kanopuifl. Ecav HEBO3MOXKHO NoaAepKMBaTb NOJIOKUTE/IbHbIN
sHeprobanaHc mn3-3a 06bema U UHTEHCUBHOCTU TPEHMPOBOK, MOKET ObITb yylle
3ape3epBUPOBATb YAaCTb MEXKCE30HbA (M KOPOTKME NEPNOAbI B CE30H) UCKAKOUYUTENIBHO AN
YBE/IMYEHMSA Pa3Mepa MbILLL, U CU/IbI, @ 3aTEM UCMONb30BaTb bonee BbiCOKoe noTpebneHue
6enka 4nAa noaaeprKaHmMAa MblLLEYHOM MACCbl MO Mepe YBeNnYeHUs a3pobHOM HarpysKu B
TeyeHune ce3oHa.

(d) YTo6bI YAYyUWINTDL peaKkumio Ha ynpa*XHeHMUA Ha BbIHOC/IMBOCTb
HU3KOWU UHTEHCUBHOCTU U 0becneunTb CUNOBON CTUMY/, NOAYMANUTE
O BbIMNO/IHEHUMU CUIOBLIX TPEHNPOBOK Cpa3y nocne
HU3KOMHTEHCUBHOMN, HE UCTOLLAIOLWLEN TPEHUPOBKM Ha

BbIHOCJ/IUBOCTb. BbinosnHeHMe cMN0OBOM CeCCMM CPa3y NOCAe ceaHCa HU3KOUHTEHCUBHOM

paboTbl NpUBOAMUT K BosbLLEMY CTUMYNY ANA aAanTaLMN BbIHOCAIMBOCTU, YEM OANH CEAHC
HWU3KOWUHTEHCMBHOM PaboTbl HA BbIHOCAIMBOCTb, U CEAHC HU3KOM MHTEHCUBHOCTU HE NOBAMAET
Ha nepeaavy CUrHanoB, PEryINPYIOLMUX NPUPOCT CUNDI.

Keith Baar. Using Molecular Biology to Maximize Concurrent Training Sports Med (2014) 44 (Suppl 2):S117-S125
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The Hole ol Intra-Session Exercise Sequence in the Interference
Elfect: A Systemalic Review with Mela-Analysis
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Ahstract

Backy round There is a necessity for momeroos spors to
devdop mrengh md serohic apxity simolensoosdy,
placing 2 signifimnt demand opon the pradice of efiective
oonaament teining methods. Concmment training reqoires
the athlete 0 peaform both resisance and endorance
exercise within 2 mraining plan. This traiming paradigm has
heen msociated with an ‘imerferne effec’, with afem.
ater] strength adspiation in comparison o that fallowing
isaled resitance maining. The effectiveness of the tran-
ing programme msts on the immcacies of manipolating
acuie traiming varighles, soch as exwercise seqoence. The
research, in the mos part, does not provide a clarity of
message 25 i whether imrasession exexrise seqoence has
the polentiz]l to exacerhaie or mifigaie the mierfaence
effect associsted with concmrent training methads.
b The aim of the sysiematic review and met-
amalysis was to asess whether inim-session conomment
exercise sejoence modifies stenghbmed ooicomes xso-
ciged with the merfaence eflect

Merhods Ten sindies were identified from 2 systemaic
review of the lferatme for the omomes of kower-body
dymamic and static swrengh, lower-body hypertrophy,

Lee Bliem anl Ko v Soneen are oo aghos
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Nodusbr Uevesay, Mewosde poa Tyee K

¥ Waky Rescach Group, Mot Wl Univesiy,
Poanidird devnnss Tk & B

Eddens L. et.al. The Role of Intra-Session Exercise Sequence in the Interference Effect: A Systematic Review with Meta-Analysis. Sports Med.
2018 Jan;48(1):177-188

maximal zerobic capacity and body fa percentage Fach
smdy examined the offect of miresession emercise
sequence on the specified omcomes, acroes 2 prolonged
(=5 weels) oocument tminmg progamme in heakby
admhx.

Remfre Amalysis of pooled dan indicated that msiance
endorance exercine sequence had 2 positve offect for
lower.hady dymamic strength, in comparison to the aher
mate sequence (weighted mean difference, 6.91% change;
95% confidence imerval 196, 1187 change; p = 0LO0G),
with nio effectof exercine sequence for lwerhady moscle
ypermophy (weighted memn difference, 115% dhange;
95% confidence mterval — 156, 3457 change; p = 0.40),
lower-body satic smength (weighted mean difference, —
0% change; 95% oonfidence mierval 309, 3.11
dhmge; p = 0.95), or the ramaining cotcomes of maximal
serohic mpacity and body fat percentage (p = 005}
Conclusion These resolis indicate that the practice of
mnomTent Taining with 2 resistance Bllowed by an
endorance exercise order & henefigal for the owicome of
lower-body dymamic stength, while aiemaing the oder
of simali affars no henefit for training ooicomes ageo cizied
with the inerfaence effect

POJ1b BHYTPUTPEHVUPOBOYHOW

NOCNEOOBATE/IBHOCTH

YMPAXHEHUIN B SODEKTE
NWHTEP®EPEHLNW

[MonyyeHHble AaHHble NOATBEPKAAIOT
MPaKTUKY CUI0BOM TPEHUPOBKM C
nocneayloLen TPeEHMPOBKOM Ha
BbIHOC/INBOCTb A1 AMHAMMUYECKOMN CUNblI
HUXKHeM YacTu Tena, BO Bpems
anntenbHol (oo 5 Hepenb)
napannenbHo TPEHUPOBKMU.

He 6b110 HUKAKOro A0NONHUTENBHOIO
BIMAHMA AAHHOrO BapMaHTA Ha
pe3ynbTaThbl 418 CTAaTUYECKOW CUNbI
HUXXHEW YyacTu Tena
N MbilLeYHOM rnnepTpodumn. 3to 6bINO
BEPHO N AN MaKCMMa/ibHas aspobHas
€MKOCTb 1 NPOLLEHTA *KMpPa B
OpraHmsme.
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The physiological effects of concurrent strength and endurance training sequence:

A systematic review and meta-analysis
Zsolt Murlasits®, Zsursanna Kneffel and Lukman Thalib®

sewwel  [IOC/IEAOBATE/IBHOCTb CU/TOBOW U
ASPOBHOW TPEHUPOBKWM NPU

KOHKYPEHTHOM TPEHUHTE:

“fport Sdence Frogam, Qatar Uniersity, Dofa, Gatar; Yaboatay Animal Resmecth Center, Qatar University, Doba, Qatar; {Dep ariment of Public

Health, Qutar University, Doba, Qutar

AESTRACT

We conducted 2 systematic Merature mview and ta assess the chronic effects of the
sequence of conqument stength and endwrance waming on sebedted Important phys iral and
perfommance pammeiers, namely lower body 1 repetrion maomum (1RM] and zembnc
apadty . Bazed on peedeermined elhghilty orteria dhmonic effed inals, comparing
strengthrendurance (5] with endurance-strength (E%] raining sequence in the same sexion wes
included. Data on effed siees, sample sze and 50 2 well other rebted shudy chamcheschic wese
extraded The effed soes were pooled usng Foed or Aandom effect models 25 per bewed of hetero
genesty between shudies and 2 furfer sensiraty malmes wa carnsed out using nwerse Variance
Hetesogenety (Widet]) modek to adjust for potential bias due to helerogenesty. Lower body 18M was

Hcan @y higher when fraining peeceded endurance with a pooled mean e of 196

g'i&u'aﬂtgrml;lwlhm temguqmmhadnummmhc:w Ilhbg
padled mean difierence of 039 mikgmn~ (95%CE -1.03 to 181 mikgmn 'L Saquenong strength
framing paor o endurance in @nouent ramng appears to be benefirial for bwer body strength
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CnnoBas TPEHUPOBKaA,

adapations, while the mprovement of aembic capaaty s not aff

It o s

Perfomming strength and endurance training simultansously in
the msme training period, typially alled concunent training,
5 a popular training strategy to develop varous aspeas of
physinlogical capebilities in most sports {Balshing, Psyoids,
Moukes, Vassiiou, & Behrakis 200% Wong & Chaouschi,
2010). Concurrent training can also impact overall hesith,
inchuding cardirvascular fsk factors and muscullar fitness to a
grester ecemt  than esch modality alone  (Hikddnen,
Hannonen, Myman, Lyyshd, & Hikkinen, 2003%; Sheilhales Lami-
Vatani, Sishkouhian, Halimi, & AF-Mohammadi 2015;
Takeshima et al, 2004). Howewer, the compatiility of these
different training methods has been questoned as it appears
that performing stength and endurance teining concunnenfy
can intefere with long-term adaptatons compamd to when
they am performed aslone (Dudiey & Djamil, 19895 Glowadd
et al, 2004 Hennessy & Watson, 1994 Hickson, 1980). Studies
in genersl show that while strength performanae is ne gatively
affected by the inclusion of endurance training, conourrent
training ssems to hawe no negative impact on cadiovascular
adaptatons {Wilson et al, 2012) This conapt i very ract-
cally relevant, because masimal strength i & major determi-
nant of athletic pedfommance a5 well = daily functioning
(Beattie, Camon, Lyons, Aosiber, & Kenny, 2017; Mitchell
et al, 2012) Therefore, optimizing stength adsptations with
endurance training remains an important goal both for clinicl
and perfonmance mesearch

d by teaning order.

Howerwer, it has been shown that several fsctors, such as
emencise mode and inte msity, muscle goups trained fupgeer vs
lower body]l and subject chaescteristics jelite athletes ws
sedentary, young wvs_ ald], along with inerindividual varistions
may influence the outoome of ma@mment stength and endur-
ance training {Dodherty & Sponer, 2000; Fyfe, Bshop & Stepta,
214 Gergiey, 2009 Additionally, the imma of ssquence,
that i strength training perfonmed pior o endurance training
& opposed 1o enduranae training prior to strength Taining i
nat well known Previows stdies on this smea were small,
under-powered and contradicone

It & conceivable that when one type of training & per-
formed immedistely pdor 1 the sscond stimubhs, scute local
or systemiic fxtigue would interfere with the later perfomance
{Reed, Schilling, & Murlssits, 2015 Along these Fnes, Sporer
and Wenger (2003 demonstrated that both high-imtensity
inerval execise and @ntinuous submaximal exercise bouts
reduced the number of repetitions performed in stength
training for at beast eight hours afier these sesions. Similady,
basck squet perfanmanae, but not bench press repetitions, wene
affected immedistely following a 45-min submenimal cycle
sesgon st 9% of moesimal hesrt rate Heed ot al, 2013
Therefare, long-term adaptatons may e optimised when
strength and endumnce training are performed on ahe mate
days, separated by at bexst 24 hous (Cantrell, Schilling
Paquette, & Murlssits 2014; Karavirta et al, 20111 On the
other hand, the cument feoture is in conflia whether the

BbINO/IHAEMAnN A0 TPEHUPOBKMU
Ha BbIHOC/MBOCTb B
napannenbHoOM TPEHUPOBKE,
KarkeTca, bonee nonesHa Ann
CWM/I0BOM aganTaunm HU3a Tena,
B TO BPEMSA KaK Ha yayJlleHune
a3pO06HbIX BO3MOXHOCTEN
NOPALAOK YNpPaXKHEHUM He
B/USIET.

Zsolt Murlasits, Zsuzsanna Kneffel & Lukman Thalib (2017): The physiological effects of concurrent strength and endurance training
sequence: A systematic review and meta-analysis, Journal of Sports Sciences
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['mikoreH DddeKT cyrnepKoMIeHcaunu

[ToHATHE «PaboTOCNOCOOHOCTLY CYLLECTBEHHO
LIMPE NOHATUA «CoAepHKaHMe NIMKoreHa»!

Pab6ora : g . SESN
0 24 48 12 .49
1 2 3

Puc. 13. U3MeHeHNe KOHIIEHTPALIMH [JIMKOTeHa B MbILIIax y pyroonucTosB (Jacobs u nip., 1983)

H y KpBIC rocJie 5-6 yacos 1uiaBaHus (SHaHuC, DpoabKUC)

PaboTtocnocobHoCTb (MOLLHOCTb) — KonnvecTBo paboTbl, BbipaboTaHHOE B
eVHNLY BPEMEHMU, - 3aBUCUT OT YPOBHA noTpebnenma kncnopoga Ha AHI
BO3MOXHOCTU MbiLL, paboTaTb B A0ATr, T.e. OT maccbl TMB. Jlumutunpytowmm
3BeHOM cTaHoBUTCA npounssoamtenoHocTb CCC, korga MNK Ha AHIT coctaBnaeTt

90-100% MIIK.

CenysHoB B.H., CapcaHua K.C., 3aboposa B.A., 2012



[ETEPOXPOHHOCTb CYNEPKOMMNEHCALUNA

MK Ha AHI1 3aBMCUT OT maccbl Mmopubpunnn n mmtoxoHapuii 8 OMB.
CtpoutenbctBo mmodpubpunn npoaonxaertca 7-15 aHen, mutoxoHapumn — 10-20
AHEeW, N0O3TOMY CyrnepKoOMNEHCaLUUA NPONCXOANT HE Ha BTOPOW AEHb, KaK Y
[IMKOreHa.

CenysHoB B.H., CapcaHua K.C., 3aboposa B.A., 2012



KYMYTATUBHBIN SPDEKT

ITOT 3P PEKT CBA3bIBAOT C HAKOMJAEHMEM B OPraHM3me CnopTCMEHOB
KaKUX-TO M3MEHEHMI, KOTOPbIe AO/IKHbI CO34aBaTb OCHOBaHMeE AA
nporpecca CnopTMBHbIX Pe3yNbTaToB.

CenysHoB B.H., CapcaHua K.C., 3aboposa B.A., 2012



Macca M® nocne pa3BuBatolen TPEHUPOBKK pacTeT 7-14 aHelr, no3TOMY B
NpPaKTUKe CUJIOBUKOB pa3BMBalOLLME TPEHUPOBKN MPAKTUKYIOTCA He Yalle 04HOro
pa3a B Heagento. Macca MX pacteTt B TeueHume 20 gHEN, C TAKOM e CKOPOCTbIO
NponcxoanT ux paspylieHue. MNMpupoct MX byaeTt paBeH UxX pa3pyLLueHuto, ecnm
TpeHMpoBaTbcsa oguH pa3 B 20 aHen. Echm TpeHUpPoBKM He ByayT Bbi3blBaTb
Ype3MepPHOro 3aKUCNEHUA , TO MX MOXKHO BbINOJIHATbL MHOIO Pas3 B A€Hb U

Ka*kablN AeHb.

CenysHoB B.H., CapcaHua K.C., 3aboposa B.A., 2012



\ — MOXHO TaKsKe OTMEeTUTb, UTO
e T yaepKaTb 3a4aHHbIN
: 81/, YPOBEHb rMnepniaasum
: 8 | B MMODUBPUAN MOXKHO AarxKe C
; ° Tp:m; coot MHTepBaNOM OTAbIXa B 7-14
[HEeWn, Toraa Kak
[ 77~ | Fnepraasss wwronorgon noaaep*aHua 3afaHHOM
‘g ’T \N'\ p—— rmnepniasmMm MMTOXOHAPUM
A f_ O~ _{Z_,,L“F’ : TpebyeTca bonee yacTan
- o ey (noyTn exxeaHeBHanA)
T TPEHWPOBKA, a ANA
Tpesuposka_Boccranosnenne rmMnepnaasmnm KJeToK xenes
Pucyno 8.2 Hanenenue conyenmpayuu u-PHK (cnaousan sunus) 3SHAOKPUHHOWU cncTembl — 4—
It CIenexl 2UnepRAasUy op2anein (RYHKMUPHAR AUKUA NPU BbNOAHEHUN o
cutosois  aspobitos mpenupoco. Budno, umo cmenexs eunepnagsuu 5 aHen (npuHLMN
s reTepoXpOHHOCTH).



NPUHUMMNbI ®UINYECKOM NOATOTOBKMA
C YYETOM MOJIOXEHWW CMTOPTUBHOW AJANTO/10TUN

1. EnnHcTBO 06WeEN 1 cneunanbHOM GU3MYECKOM NOArOTOBKU. He Bce
3a4a4n MOXHO pewnTb cneunaibHbiMU CcpeacrtesamMu.

2. MpuHuMn CI'IELI,VICI)MH HOCTW. EgMHCTBO NpoABAeHnA PU3MYECKMX KayecTB Ha
TPEHUPOBKax N COPeBHOBAHUAX.

3. Hal'lpaBJ'IEHHOCTb K MaKCMMaJIbHOMY NpPOABAEHUIO (I)MBMHeCKMX
Ka4yeCTB. PaboTta c npeaenbHOM MHTEHCMBHOCTbIO, HO B paMKax 3aKOHOB aJanTauun.
4, HerlpeprBHOCTb (I)M3VIH€CKOI7I NOATrOTOBKW. KymynatusHbin addeKT.

5. BapmatnBHOE U3MEHEHME TPEHMPOBOYHbIX HarpPy3okK.
BcnomoraTtenbHble ynpaxXHEHUA. Pa3BMBaI-OLLI,I/1€ U TOHU3NPpyrowmne TpeHNpPOBKH.

6. PasymHaa nHamsuayanmnlauma cpeacts U MeTOA0B. TectuposaHme.

7. UnknnyHoctb npouecca GrU3n4ecKom noaroTOBKU. feTepoxpoHHOCTb
da4anTauMOHHbLIX MPOLECCOB.

3. [TpUHUMN MUHUMU3ALUU TTUKONUTUYECKUX HATPY3OK. PaHHee
HacCTynaeHne yTomaeHua B cneacreme yBesimyeHna MOLLHOCTU NTMKO/IN3a.

0. ﬂleHLI,VII'I SKOHOMWU TOPMOHOB. Obwuni aganTaumMoHHbIM cuHapom Cenbe.

CenysHoB B.H., CapcaHua K.C., 3aboposa B.A., 2012
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BANAHUE NOABOAKUN HA

Effects of Tapering on Performance:  pAEOTOCMOCOBHOCTb: META AHAJIN3 2007

A Meta-Analysis
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Kiry Waardac: TR AT TNTENATTY, TRADIDNG VOLUME, TRATMNG FREOUESCY, mxmm

he taper i o redoction in the maiming lboad of
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The difficulty for sthletes, coadhes, mnd sporis soientisis
oommists in finding the sraegy dot will modmiz de
decmase in acoumuolued feigoe whils retvining or furder
emluncing physical fiiness, thos leading o peak perior
mance. Mamy smategies o deoresse the traiming lad have
been repored i the tpering lermure, most of theam
leading 0 an improvemend in perfonmance and’or s
physinlogical comelsies (252539,4955) Some sidies
have soggesied that the mdnction in traiming vo leme shoold
be subsimniial, somewhers near E5% of normal taining
valume (28], whereas others hove reporied s imi lur imgrove-
ments in paformance ofier a 31% redoation (1) This
decmase in training volume i gmeonally oltained dwough
the degease in the dunation of each timing sessiom
{34257 However, some stndies prefar o mampuolade e
training frequency {ie., the mumber of fining s sions per
wedk ) 0 deoresse weskly traiming volume & 311,35) The
duration of faper i also opan 0 wide varifions i dhe
literatmre. Alhough mosi sindies have wsed o 2ok taper
(3,%0,% 1,%{), significant improvemenis in perbrmance also
have hean reporied fr vary shomt (=7 d) (52) or very long
tapers (28 d) @0}
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BINAHUE NOABOAKUN HA PABOTOCNOCOBHOCTb: META AHAJIU3 2007

TABLE 1. Effects of moderator variables on overall effect size for taper-induced
OBLUUNE IPDPEKTDI changes in performance.

Overall Effect Size:

Categories Mean (95% CI) N P
CHu»KeHue obbema Decrease in training volume
< 20% —0.02 (—-0.32, 0.27) 152 0.88
21-40% 0.27 (0.04, 0.49) 90 0.02
41-60% 0.72 (0.36, 1.09) 118 0.0001
CHUXeHune = 60% 0.27 (—0.03, 0.57) 118 0.07
UHTEHCUBHOCTM Decrease in training intensity
Yes =0.02 (—-0.37, 0.33) 63 0.91
No 0.33 (0.19, 0.47) 415 0.0001
CHxenne Decrease in training frequency
YacCTOTbl Yes 0.24 (—0.03, 0.52) 176 0.08
No 0.35 (0.18, 0.51) 302 0.0001
AnnTenbHOCTb Duration of the taper
noaBoAKu =7d 0.17 (—0.05, 0.38) 164 0.14
8-14 d 0.59 (0.26, 0.92) 176 0.0005
15-21d 0.28 (—0.02, 0.59) 84 0.07
=22d 0.31 (—0.14, 0.75) o4 0.18
Tun noasoaKu Pattern of the taper
Step taper 0.42 (—0.11, 0.95) 98 0.12
Progressive taper 0.30 (0.16, 0.45) 380 0.0001

BOSQUET, L., J. MONTPETIT, D. ARVISAIS, and |I. MUJIKA. Effects of Tapering on Performance: A Meta-Analysis.
Med. Sci. Sports Exerc., Vol. 39, No. 8, pp. 1358-1365, 2007.



BINAHUE NOABOAKUN HA PABOTOCNOCOBHOCTb: META AHAJIU3 2007

IOODEKTbI MO BUAAM CINOPTA

TABLE 2. Effects of moderator variables on effect size for taper-induced changes in swimming, running, and cycling performance.

Swimming Running Cycling
Categories Mean (95% Cl) N Mean (95% Cl) N Mean (95% Cl) N
Decrease in training volume
= 20% —0.04 (—0.36, 0.29) 72 No data available 0.03 (—0.62, 0.69) 18
21-40% 0.18 (—0.11, 0.47) 9 0.47 (—0.05, 1.00)% 30 0.84 (—0.05,1.74)% 1
41-60% 0.81 (D42, 1.20)* 70 0.23 (—0.52, 0.98) 14 214 (—1.33, 5.62) 15
= 60% 0.03 (—0.66, 0.73) 16 0.21 (—0.14, 0.56) 66 0.56 (—0.24, 1.35) 36
Decrease in training intensity
Yes 0.08 (—0.34, 0.49) 45 —0.72 (—1563, 0.19) 10 025 (—0.73,1.24) ]
No 0.28 (0.08, 0.47)" 204 0.37 (0.09, 0.66)* 100 0.68 (0.09, 1.27)t 72
Decrease in training frequency
Yes 0.35 (—0.36, 1.05) 54 0.16 (—0.17, 0.49) 74 0.95 (—0.48, 2.38) 25
No 0.30 (D10, 0.50)* 195 0.53 (0.05, 1.01)¢ 36 055 (—0.05,115)% 55
Duration of the taper
=7d —0.03 (—0.41, 0.35) 54 0.31 (—0.08, 0.70) 52 028 (—012, 0.70) 47
814 d 0.45 (—0.01, 0.90)% 84 0.58 (0.12, 1.05)* 38 159 (—0.01, 319)t 33
15-21 d 0.33 (0.00, 0.65)t 75 —0.08 (—0.95, 0.80) 10 No data available
=22d 0.39 (—0.08, 0.86) 36 —0.72 (—1563, 0.19) 10 No data available
Pattern of the taper
Step taper 0.10 (—0.65, 0.85) 14 —0.09 (—0.56, 0.38) 36 216 (0115, 4.47) 25
Progressive taper 0.27 (0.08, 0.45)" 235 0.46 (0.13, 0.80)* 74 028 (—0.10, 0.66)% 55

Y P=001 1 P=0.05 % P<=010.

BOSQUET, L., J. MONTPETIT, D. ARVISAIS, and |I. MUJIKA. Effects of Tapering on Performance: A Meta-Analysis.
Med. Sci. Sports Exerc., Vol. 39, No. 8, pp. 1358-1365, 2007.
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FIGURE 1—Dose—response curve for the effect of taper duration on
performance.
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FIGURE 2—Dose—response curve for the effect of percent decrement
in training volume during taper on performance.
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systematic review and meta-analysis
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Introduction

Historically, & blck paricdimton (HP) taming sppoach appeared for the first
time in the arly 1980s and has since than been popuolir md widely msed among
g hp arfiormance: coaches." BP was at dat time and even today, an alkemative o
tradiional pediodimaton (TRADE TRAD is simukmeoasly developing differem
taming abilites Swoughon &he anmml famng season, whem BP has highly
C;r:;'_f;f;h:‘:; Dmrg  comeetmted tEining hll::ch nmeing and developing selectad abiliies
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B/IOKOBAA U BbIHOC/TIUBOCTb:
META AHATIN3 2019

BnokoBadA nepnoausaums ABNAETCA
afeKBAaTHOW a/IbTEPHATUBOW
TPaAMUMOHHOMN. PacCMOTpEHHbIE
nccneaoBaHUA NOKA3bIBAKOT
MHoroobewatowme apdekTtbl bl ans
TPEHUPOBOK BbIHOCAMBOCTU. OAHAKO
3TU pe3ynbTaTbl AO/IKHbI ObITb
PACCMOTPEHbI C HEKOTOPOW
OCTOPOXKHOCTbIO U3-3a HEOONbLIOTO
KONM4ecTBa UCCneaoBaHNI, KOTOpPble,
KaK NpaBuna0, HU3KOTO
MEeTOA0/I0TMYECKOro KayecTsa
(cpegHana oueHKa PEDro = 3,7 / 10).

Knut Sindre Mglmen et.al. Block periodization of endurance training — a systematic review and meta-analysis Open
Access Journal of Sports Medicine 2019:10 145-160




OCHOBHbIE NPETEH3UW K TPAAULUMOHHOMN MOAENN NEPUOAN3ALNM

1.9HeproobecneyeHmne: OTCyTCTBME AOCTAaTOYHON SHEPTUM ANA OAHOBPEMEHHOIO
BbIMO/HEHMSA PAa3HO0BpPaA3HbIX paboymx Harpysok;

2. KnetoyHaa agantaumaA: TPeHNPOBOYHbIE aAanTaUUmM, TaKMe Kak MUTOXOHAPWUANbHbIN
buoreHes, cMHTE3 6enKoB MMOGUOPUAN U CUHTE3 aHA3PODOHbIX pepmMmeHTOB NpegnonaratoTt
OTAEeNbHbIe NYTU BUONOTMYECKMX CUTHANOB;

3. BocctaHoBNnEHME NoOC/ie TPEHUPOBKU: NOCKOIbKY pa3Hble GU3NON0TMYECKME CUCTEMDI
TpebytoT pa3HbIX NEPMOAO0B BOCCTAHOB/IEHMSA, CNOPTCMEHbI MOTYT HE MOJ/ly4aTb A4OCTATOYHOIO
BOCCTAaHOBNEHMUSA,;

4. COBMECTMMOCTb Pa3/IMYHbIX Harpy3oK: YnpaxKHeHunA, codeTatowme pasinyHble
MOAA/IbHOCTM, YaCTO B3aMMOAENCTBYOT HErAaTUBHO M3-3a AedULUTA IHEPTUUN, TEXHUYECKOM
CIOMKHOCTU N / UM HEPBHO-MbILLEYHOM YCTaNnocCTy;

5. YMCTBEHHaA KOHUEHTpaumaA: BoinosnHeHMe HanpAXKeHHbIX HAarpy3ok TpebyeT BbICOKOro
YPOBHS YMCTBEHHOM KOHLUEHTPALMM, KOTOPAA HE MOXKET ObITb HanpaB/ieHa Ha

MHOrO LieNier 04HOBPEMEHHO;

6. [lOCTaTOMHOCTb TPEHUPOBOYHbIX CTUMYNOB AN1A NPOrpecca: NPorpecc CNOPTCMeHOB
BbICOKOro YpoBHS TpebyeT 60/1bLLOro KoAM4ecTsa TPEHMPOBOYHbIX CTUMYNOB, KOTOpPbIe
He/1b351 N0/Iy4UTb OAHOBPEMEHHOMN TPEHNUPOBKOW AJ11 MHOTUX LE/eN;

7. CopeBHOBaTeNbHaA AeATENbHOCTb: HEBO3MOXKHOCTb 06ecne4YnTb MHOTOMMKOBYHO
NOArOTOBKY U yCMNeLHble BbICTYNNEHUA B TEYEHNE BCErO rO40BOr0 LIMKAA.




OCTATOYHbIN TPEHUPOBOYHbLIN YDDEKT

Table lll. Factors affecting the duration of short-term training residuals!7-58.52.53]

Factor Influence

1. Duration of training before cessation Longer training causes longer residuals

2. Load concentration level of training before  Highly concentrated training compared with complex mulii-component training causes
cessation shorter residuals

3. Age and duration of sport career of athletes  Older and more experienced athletes have longer residuals

4. Character of preparation after cessation of  Use of appropriate stimulatory loads allows prolonged residuals and prevents fast de-training
concentrated tfraining

5. Biological nature of developing abilities Abilities associated with pronounced morphological and biochemical changes like muscle
strength and aerobic endurance have longer residuals; anaerobic alactic and glycolitic
abilities have shorter residuals

1. MpoAoNXKNTENBHOCTb TPEHMPOBKU A0 NpeKkpaleHua: bonee aantenbHasa TPEHUPOBKA NPUBOANT K
bonee pAnTenbHbIM OCTaTOYHbIM 3O PEKTaM;

2. KoHueHTpauma Harpyskm nepes npekpaweHnem TpeHNPOBKM: BbICOKOKOHLEHTPUPOBAHHaA
TPEHUPOBKA MO CPABHEHMIO CO COKHBIMU MHOTOKOMMOHEHTHbIMU MOZENIAMW OCTaBAAET O60NbLLNIM
apdeKT;

3. Bo3pacT 1 npoaonKmMTeNbHOCTb CMOPTUBHOWM Kapbepbl CNOPTCMEHOB: Y 6os1ee ONbITHbIX CNOPTCMEHOB
6onblue OCTaTOUYHbIN 3PDEKT;

4. XapaKTep nNoaroToBKM NOC/e NPEKPALLEHNA KOHLUEHTPUPOBAHHOM TPEHNPOBKMK: Micnonb3oBaHme
COOTBETCTBYIOLMX CTUMYIUPYHOLMX HArpy30K NO3BOIAET NPOA/INTb OCTAaTOUYHbIN 3QPEKT M NpeaoTBPaTUTb
HeraTMB CHATUA HArpy3Ku;

5. Buonormyeckasa npupoga pas3sntna cnocobHocten: CNocobHOCTU, CBA3AHHbIE C BbIPpaXKEHHbIMMU
MOPPONIOTMYECKMMU N BUOXMMUYECKMMWN UBSMEHEHUAMM, TAKUMU KaK MbilLieyHaa cMaa n asapobHas
BbIHOC/INBOCTb MMEIOT Bonee ANUTENbHbIA OCTAaTOUYHbIN 3PPEKT NO CPaBHEHMUIO C GePMEHTATUBHbIMU U
SHEepPreTM4eCKUMM U3MEHEHUAMM.




OCHOBHbIE NPUHUMIMbI B/TOKOBOW NEPUOAN3ALNN

Table IV. Basic principles of block periodization training!®*-=!

Basic principles

Comments

High concentration of training workloads

Minimal number of target abilities within a
single block

Consecufive development of many
abiliies

Compilation and use of specialized
mesocycle blocks

Provides sufficient training stimulation for high-performance athletes

Necessary to provide highly concentrated training stimulation

Usually the number of decisive abilities exceeds the number of abilities developed within a single
block

Specialized mesocycle blocks — i.e. accumulation, transmutation and realization — form the content
of block periodization training

1. BbicOKaa KOHUEHTPaLUUA TPEHUPOBOYHbIX Harpy3ok: ObecneymBaeT AOCTAaTOUYHYIO
TPEHUPOBOYHYIO CTUMYIALMUIO A1 BbICOKOK/TACCHbIX CMOPTCMEHOB.

2. MnHMManbHOE KOIMYECTBO LesieBbIX CNOCOBHOCTEN B Nnpeaenax

oaHoro 610Ka: Heobxoammo obecneymTb BbICOKOKOHLLEHTPUPOBAHHOE 0byyeHue Ans

CTUMmynauumn

3. NMocnepoBaTenbHOE Pa3BUTUE MHOTUX cnocobHocTen: ObbIYHO KONMYECTBO
HeobxoaMMbIX cnocobHOCTEN NpeBbIWAET KOIMYECTBO CNOcobHOCTEN, pa3BMBAEMbIX B

ogHOM b610Ke;

4. CocTaB/ieHME CNeLunanmM3mMpoBaHHbIX ME30LUKAOB - T.€. HAKOM/IeHMe, TPaHCMYyTaumsa u
peannsayma - GopmMmpyroT cogepKaHue 6,10KoBoOM Nnepuoansauunn.




EMO/TOMMYECKOE O5OCHOBAHME B/IOKOBOW NMEPUOAM3ALIAN

Biological Background of BP Training

Table 1 Biological background related to the essence of appropriate blocks mesocycles

Type of training Biological background Application to BP system References
Voluminous extensive workloads directed at developing basic athletic abili- Homeostatic regulation Accumulation block [4, 5]

ties
Intense workloads directed at developing sport-specific athletic abilities Stress adaptation Transmutation block [7, 8]
Sequencing of exercises directed at full recovery and simulation of targeted Law of supercompensation Realization block [11,12]

competitive activities

BP block periodization

O6WwMpHbIe 06 bEMHbIE Harpy3Kku, HarnpaBAeHHble Ha Pa3BUTUE OCHOBHbIX CMIOPTUBHbIX
CNOCOBHOCTEN: TOMEOCTaTUYECKOE PEryIMPOBaHME - HAKOMUTE/bHbIN BI0K.

MHTEHCUBHbIE HArpy3KK, HanpaB/AeHHbIE HA Pa3BUTME CMOPTUBHbIX cneunduyeckmx
cnocobHocTen: cTpecc-aaanTtaums - 610K TpaHCMyTaLU K.

MocnenoBaTeNbHOCTb YNPaXKHEHWM, HanpPaBEHHbIX Ha NOJIHOE BOCCTaHOB/MEHME U
npoBeJeHue LiesIeBON COpeBHOBATE/IbHOM AeATE/IbHOCTU — Peain3aLMOoHHbINA BOK.



il

@ Fresly Available Online Cellular and Maolecular Exercise Physiclogy

Block periodization training of endurance athletes: A
theoretical approach based on molecular biology
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Introduction

Coaching scentists have evolved a number of FaRing ek
based predominandy on years of experience of working with
warnous levels of athletes and perhaps o a lesser degres on
empirical reseanch [temiure. A key componsnt of training Seony
I= periodizaton. The erm pefodizafon of minieg 1z umed o
denoie the subdivision of the annual fraining pericd Info shoder
pericdsirainng cpoes (Issuin, Z010). The bock pericdzadion
({EF) mode] was conceptualzed in crder io overcome Benittions.
o traditionsl raiming models (lesurn, 20900 In contrxst &, “the
sireitanecus  deveiopment of many tageted abilbes” of
radBonal models (Issurin, 20900, e biock pericdizdon
approach proposed Cydes of highly concentated speclaitred
workloads ngefing spediic abllles (Issarin, 2010) In that way
binck perodimtion was designed D owercome  possibie
Incompaiiblites betaesn divergent exertiss alning program:s.
Recenty, severl studes sxamined the =Soxcy of 2P versus
fadSonal crganiz=d training In endurance athletes amd reporbed
epmanced raining sdaptytions with BP (2. higher improvemient
In roaxial coygen uplake, WOy o). Athough, perodizaion
consihubes e comersions of fhe Eanning and fainng process,
& molecular justification |5 lacking. Thes, the pumposs of the
prezent review |s o oiicaly discuss bicck perodization mining
organization for endurance athleies (induding sfrength raining)y
In Tz conbext of e emeging molecular [HeERbre undepRning
sdapmbion o evercise, and rot o compare BF with redbons
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modeis. However, as molecular dats |5 not akvays avalable Wi
respect o blodk periodizafion, some Esues are approached
theonetically and molecdar Sndings are ussd o formuiate
mypotheses and fo provide practical recommendations that
mould be uzed within EF programs. Furthemmore, several studes
have examined sues relaisd o bock perindization taining {Le.
mokeculyr responses b concurent streng@h and endumnce
‘training) amd Eeir findings are crfcaly dscussed and used b
formuiate an intzgrathe spproach o Hock perodizabion training
for sndumance sports. I @ere s Bwibed ieformalon ot e
maleculyr level In athiebes, data from aniral and afbemadvwe
human models [unirainsd participants) ane used only wihen tis
may prowide a refiection of e poltental Impact this may have
on afhietes. As S present review atemphs fo unie applled
sport performance with moleculsr ewercize physiology, s
ould thersfore be of inferesf o both modecular exercise
physioinglsts and coaching sdentisis. Table 1 Indudes the basic
maching soence Eminoiogy o faciibobe eaders who are
LT |l i Shis Gype of specific teminoiogy .

Bieck periodization of endurancs trainbng

The lxst few years a number of sfudes have segregabed high
and kow Imt=nsity taining (HIT and LIT respecively] by using
‘raining blocks Fat incuded malniy HIT or LIT and compansd

Jul 2081 Volume 40 lssue 11 23

E/TOROBAA NEPNOAUSALNA U
MOJTERY/IAPHbIE OCHOBbI
2016

Goutianos, G (2016). Block periodization
training of endurance athletes: A theoretical
approach based on molecular biology. 4(2): e9.



MpaKTnyecKkmne peKomeHaauuu

NccnepoBaHmsa B o6nactn 610K0BOM Nepmnoamnsaumm Bce ewe HaxoaaTcs B 3a4aTOMHOM COCTOAHMU. B

HacTosLLee BpemMsi HEM3BECTHO, B1aronpuAaTHbIE aganTaummn K TPEHMPOBKam no cxeme bl sBnatoTca

3ac/yrom metoAa Man NPoCTO HOBOTO TPEHMPOBOYHOrO cTtumyna. (To ectb bl Kak anbTepHaTUBa, HO He

Kak bonee apPpeKTnBHaA 3ameHa).

[NpepnaratoTca cnegyrowme npakTMyeckme pekomeHaauumm no bll:

1. Regnnestad et al. (2012a, 2012b, 2015b) ncnonbsosanu 1-HepgenbHble 6n10KK HIT. 3Ta
NPOAO/IKUTENbHOCTb KaxkeTcs adPeKTUBHON,; ogHako, 610kM HIT ¢ 6bonbluen npoaonKnTENbHOCTbIO
TaKKe MoryT 6bITb ZONYCTUMbIMMU.

2. [obaBneHue cMI0BbIX TPEHUPOBOK K 6/10Kam HIT moxKeT oKa3aTb HeraTMBHOE BIMAHME Ha KA4yeCTBO
HIT n He pekomeHayeTcA. 1o 3TOM NpUYNHE CUNOBbIE TPEHUPOBKM MOTYT BbINONHATLCA BO BpeEMA
6nokoB LIT. UHTepBan oTabixa MOXET COCTaBAATb> 3 Yaca, Korga ANA AOCTUMKEHUA UaeabHOro
COOTHOLIEHMA CUMbl U Beca TpebyeTca Hebonblloe yBeIMYeHME TMNepTPOPUN UIN OY4EHb KOPOTKOE
(T. E. 5-15 MMHYT, 4TObbI COBNAAAThL C BbICOKMMUK ypoBHAMM AMPK), Koraa uenbto TPEHUPOBKU
ABNAETCA noagepKaHue molwy,. ExeHenenbHaa CM0BaA TPEHMPOBKA MOXKET UCNONb30BaTbCA BO
Bpema 6,10KkoB HIT ana npenoTBpalleHna noTepu agantauun.

3. Ka)keTcA, YTO CHMMKEHMEe KOHLEHTPaLUM IMUKOTeHa B MblLLLAX MOXKeT YCUINTb aJanTaumio K
TPEHUPOBKAM Ha BbIHOCAMBOCTb. C ApYron CTOPOHbI, 3TO OrpaHMYmMBaeT Kavectso HIT. B atom
KOHTEKCTe NpaBaonofobHOM peKoMmeHaaunemn aBnaeTca TPEHUPOBKA C HOPMAIbHbIMM YPOBHAMM
rMMKoreHa Bo Bpemsa 6n10kos HIT  npumeHeHne nogxoaa ¢ HU3KMM YPOBHEM IIMKOreHa BO BPeEMS
6nokoB LIT, Ho He Bceraa, YTobbl M36eXKaTb NePeTPEHMPOBAHHOCTU. XOTA TEKYLLME AAHHbIE HE
NOATBEPKAAOT YCU/IEHME CUTHAIbHOM PONU CHUMKEHHOMO YPOBHSA MbILLEYHOrO MIMKOreHa Ha
MbILLEYHYIO TMNEPTPOPUIO, PEKOMEHAYETCA NOECTb Nepes, TPEHNUPOBKOM C OTATOLWEHUAMM, YTOObI
n3berkaTb OTPULLATENIBHOIO SHEPreTUYECKOrO CTaTyca.
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OUEHKA ASPOBHOIO U AHASPOBHOTIO MNMOPOTOB B MNMATHU
PA3/TMYHBIX TEXHUKAX B CTYTIEHYATOM TECTE VY JIbIXKHUKOB

10 NbIXKHUKOB 3/TIMTHOIO YPOBHA (5 MYXXUMH U 5 KEeHWMH).

Males (n=5) Females (n=5)
Age (vears) 234 +45 260 +39
Height (cm) 1801+32 l666+46
Body mass (kg) 722 +27 600 +38
FIGURE 1. Diagonal stnde technique. This figure illustrates a half cycle in DS stating withzl  Fat (%a) 103 +1.5 194 +29

amm poling phase (position 1-4) and nght leg kick (positon 3 and 4) leading into z glide ph: _
(position 4 and 5) (Rusko 2003, 38).

e,

Mm@l AR

1 2 3 4 5 6 7 8
FIGURE 4. V1 skating technique. Positions 1-4 illustrate the skier poling with a left amm lead while
skating on the left leg followed by a full weight transfer onto the nght leg (positions 3-8) (Rusko

FIGURE 2. Double pole technique. This figure illustrates a cycle of DP starting with a hugh hand 2003, 47).
position to imtate the poling phase (positions 1-5) followed by a recovery phase (positions 6 and 7)

FIGURE 3. Double pole kick technique. Positions 1-3 illustrate the kicking phase and positions 4-7

the poling phase (Rusko 2003, 44). FIGURE 5. V2 skating technique. This figure illustrates the first half of the V2 cycle. Each skate
stroke 15 accompanied by a double pole. and the arms require a quick retum into a forward, and high
position (Rusko 2003, 50).

Monahan, Kristen Elizabeth 2016. Assessment of Aerobic and Anaerobic Threshold in Five Different Technique Specific Incremental Treadmill
Tests in Cross Country Skiing. Department of Biology of Physical Activity, University of Jyvaskyld. Master's Thesis in Exercise Physiology. 73 pp.



OUEHKA Asll, AWl v MIK B INMATU PA3JTUYHDBIX
TEXHURAX JIbIKHOIO XO4A

5 91 Regenerative/ i Moderate-/ | Interval

3 low-intensity  ihigh-intensity: training

E 8 e’,‘;‘l‘r’,‘,";‘;e e’t‘:’a‘l‘r’,?:;e S ASSESSMENT OF AEROBIC AND ANAEROBIC THRESHOLDS
% i | i | IN FIVE DIFFERENT TECHNIQUE SPECIFIC INCREMENTAL
c , anaerobic |

[ < TREADMILL TESTS IN CROSS COUNTRY SKIERS

g 2 -— ,ﬂi,_-» i MLSS = anaerobic

'é ! threshold

B 0

1 1
Work intensity . .
FIGURE 7. A lactate-workload plot to derive endurance training intensities for different Krlﬂt&n E I Iml:'ﬂth M{}n’ahﬂn

zones adopted from Faude et al. (2009).

MaKcnmmanbHble 3HaYeHUne 5-Tm TeXHUK

NW DP DS V2 V1
bLa
Men (mnm]-L'I) 12.12+£1.76 11.97x223 1063302 1194284 1057=x1.69
HR (bpm) 193 +2 193+ 5 194+ 4 194+ 5 102+ 3
bLa

Women (mmol-L1) 1415203 985=2171 1196=173 11.67=180 12.03=x3.23

HR (bpm) 190 =12 156 =11 192 = 8 190 =9 180 £ 9

Monahan, Kristen Elizabeth 2016. Assessment of Aerobic and Anaerobic Threshold in Five Different Technique Specific Incremental Treadmill
Tests in Cross Country Skiing. Department of Biology of Physical Activity, University of Jyvaskyld. Master's Thesis in Exercise Physiology. 73 pp.



NNAKTAT HA ASPOBHOM U AHASPOBHOM TMOPOIE

Men (n=5) Women (n=5)
NW UHAUBUAYANbHDIN 139+0.15 1.59+0.08
DP 1.51+0.36 1.79 +032
DS Asrl 141 +0.25 161 +0.28
V2 150+0.23 162 +023
V1 128+027 152+0.19
Men (n=5) Women (n=>5)
NW  UnausuayanbHbiif 353+030 407+0.7
DP AHN 327T+087 343 +0.386
D5 281+045 385+053
V2 348 +040 427+025
V1 326+0.36 3.68 +0.31
' NW DP DS V2 V1
bLa at AerTra (mmoll)y 149+016 165+035 151+016 156+023 140+026

CpegHum
bLa at AnT14 (mmel Ly 380+061 335+082 333+072 388+052 347+030

Monahan, Kristen Elizabeth 2016. Assessment of Aerobic and Anaerobic Threshold in Five Different Technique Specific Incremental Treadmill
Tests in Cross Country Skiing. Department of Biology of Physical Activity, University of Jyvaskyld. Master's Thesis in Exercise Physiology. 73 pp.



4CC HA ASPOBHOM

170 L
- NMOPOTE B 5-TW
155 R TEXHUKAX
£ 150
2 145 [
% 140 | 0o 20 ya/mun! CpedHAaa y ecex
135 M
130
125 L
120
NW DP . DS V2 * V1
Men (n=5) Women (n=5)
NW 144 + 13 — — 141+ 5
DP —137+ 15 . F{—13(1:111 -
DS 5741 ‘ ‘L 153 +7 } Pazbusxka M/}
V2 e 147114 148+ 6
Vi 13840 146 + 9

Monahan, Kristen Elizabeth 2016. Assessment of Aerobic and Anaerobic Threshold in Five Different Technique Specific Incremental Treadmill
Tests in Cross Country Skiing. Department of Biology of Physical Activity, University of Jyvdskylda. Master's Thesis in Exercise Physiology. 73 pp.
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4CC HA AHASPOBHOM
1 . MOPOI'E B 5-TW
180 4 ~_ TEXHUKAX

§ 175 7
£ 170
V' Do 12 ya/muH! CpedHsan y ecex
165 5
160 |
155 .
A DF DS V32 V1l
Tests
Men (n=5) Women (n=5)
NW 177 +2 [ 17710
DP  171+6 __]—_ 1ﬁ4im--|
DS Loy [ L 180£6 ~+  pg36uska M/}
\ 178 + 5 _"1 180+6 -
V1 175+5 . 176 + 10

Monahan, Kristen Elizabeth 2016. Assessment of Aerobic and Anaerobic Threshold in Five Different Technique Specific Incremental Treadmill
Tests in Cross Country Skiing. Department of Biology of Physical Activity, University of Jyvdskylda. Master's Thesis in Exercise Physiology. 73 pp.



B bl B O,ﬂl bl Men (n=5) Women (n=5)

NW 705+1.7 oI 58.7+34
DP 702+ 4.0 ~514+38
o
DS MMK, ma/kr/mun 71115 -88221 1o
12 609+350 56.7+22-
! 68538 584+33 —

YCC Ha noporax 4yacTto onpeaenatoT Ha beroBomn AopoXKKe. Ho B NbirKax
Y4aCTBYOT MbiLLLbI BCErO TeNa C yNopoMm Ha BepX. Pe3ynbTaThl
nccneaoBaHMA NOATBEPXKAAOT HEOOXOANMMOCTb cneundmnyeckoro
TeCTMpPOBaHUA (JarXKe B paMKax 04HOro Bmuaa crnoprta). HanaeHol
6onblmne pas3nnuma B HCC Ha noporax B pa3HbIX yrnpaxKHeHmAX. N3-3a
3TOro Npu pekomeHaaumnax cnegyet cobntoaatb OCTOPOKHOCTb.
TecTnpoBaHUE BEPXHEM YACTU B NbIKaxX O4EeHb BaXHO. CyulecTByeT
cunbHaa koppenauua mexay VO2max npu pabote pykamu u
rOHOYHbIMW XapakTepuctnkamm. (Rusko 2003)

Monahan, Kristen Elizabeth 2016. Assessment of Aerobic and Anaerobic Threshold in Five Different Technique Specific Incremental Treadmill
Tests in Cross Country Skiing. Department of Biology of Physical Activity, University of Jyvaskyld. Master's Thesis in Exercise Physiology. 73 pp.




JlabopaTopHble AeTEPMUHAHTbLI U CKOPOCTb JIbIXKHMKA Ha
amctaHumax: 7446, 9601 1 5827 m

Koadpuumentnr koppesnsmun Mesxy cpemeii ckopocTbio TPeX
COPE€BHOBATEJIbHBIX IMCTAHIMIH 1 (PU3HOJIOTHYECKMMH N10KA3aTE/ISAMH,
OIIpe/ICJICHHBIMH B TECTE C BO3pacTalouleil Harpy3Kou npu pabore
| Ha pyunom sprometpe SkiErg (Concept 2) |

(DH3HOJIOFH‘IGCKHﬁ InoKa3sarteJib r
MorHoCTb Ha aHa3POOHOM TIOpOre 0,47
MouHOCTh Ha aHA9POOHOM MOpore / Macca TeJia 0,74
ITorpebaieHne Kucaopoza Ha aHaspoOHOM OPOre 0,44
[Torpebaenune KuCJI0po/a Ha aHAIPOOHOM TI0pore / Macca 068
TeJia ’
I[Tukosoe Vo, 0,47
[Tuxosoe Vo,  /macca Tesa 0,69
MaxkcumasibHast MOIHOCTD 0,52
MaxkcumasibHast MOITHOCTB / Macca TeJia 0,60
OrHomenue noTpeb/ieHus KUCJA0Poia Ha aHaapoOHOM 030
nopore k Vo, ;
max P

Nonos [1.B. AspobHaa PabOTOCNOCOOHOCTb yenoseka / UHCTUTYT MeamnKo-6rnonormyeckmnx npobnem PAH. — M.: Hayka, 2012. — 111 c.



CUJTA NN MINK BEPXA TEJIA U 200 meTtpos CINPUHT KAAK
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o Y . = -3.1759x + 53.302
R."’ = 0.4953
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Pickett CW et.al. Maximal Upper-Body Strength and Oxygen Uptake Are Associated With Performance in
High-Level 200-m Sprint Kayakers. J Strength Cond Res. 2018 Nov;32(11):3186-3192.



TECTUPOBAHUE K/ZTYBEOB KXJ1 U MXN 2017/2018
MX/ FOHUOPDI

Ce30H MMK MIMK YCC
—~ Bt/Kr mn/Kr MMK

1 mnH 2017 3 37,9 166 4 46,2 186

30 cek 2018 3,3 33,9 157 4.3 41,6 177

KXN B3POC/IbIE

Ce30H MMK MIMK YCC
annJu BT/Kr mn/Kr MMK

1 muH 2017 32 38 160 4 45 175

30cek 2018 3,3 34,6 143 4.5 42.6 162

*HEONYB/IMKOBAHHbIE AAHHbIE



CTYMEHYATbBIN TECT C TAHTENTIAMWU

TecT 1 pyKu Ha pyne CTyneHbKa 2muH ¢ warom B 30 BT

TecT 2 crnbanHus pyk 1,8 kr (17BT) Pagota o otkasa (AK 1,1-1,2)
Temn nepgannposaHus 80 06/MuH
TecT 3 crnbaHusa pyK 3 Kr

Temn crmbanums 30 noagbemos/MUH



KUWHETURA NOTPEBJIEHNUA KUCNTOPOAA B CTYINEHYATOM TECTE

3400

2900 -

2400

1900

1400

900

MotpebneHue kucnopoaa, mn/MuH

3 Kr

CpegHAa pasHMUA B CTYNEHYaTOM
Tecte mexxay «bE3» n «1,8» —475
MA/MUH, «3» — 549 ma/MUH.

60 60 60 60 90 90 90 90 120 120 120 120 150 150 150 150 180 180 180 180

—f=TeCT] =fll=TecT? =fe=TecT3




HYCC B CTYINEHYATOM TECTE

180
170
160
150
140
130
120
110
100

90

80

YCC, ya/MmuH

CpeaHAA pa3HMLA B CTYNEHYATOM
Tecte mexay «bE3» n «1,8» — 20 3
va/MUH, «3» — 26 ya/MUH.

60 60 60 60 90 90 90 90 120120120120150150150 150180 180180 180
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MPUYUHDBI MOABNEHWA NMAHO

bonbwaa macca Manasa macca

A[HB], MEMOJIB*Ch

100 4

: M M M M w0 M M M M e
Harpyska, % oT mMakcumyma Harpyska, % oT mMakcumyma
Pucyrox 2. Havenenue xoryenmpayuu zevoziotuna (A[Hb]) e m. vasius lateralis npu

patome Ooteioll (clesa) u Matol (cnpasa) MBIWEYHOU MACCH € Meche ¢ HenpepuleHo

HOSH MY SlIcA HA2PVIKol 00 omKkaza.

[Mpun paboTte 601bLION MbILLIEYHOM MACCbl MOLLLHOCTb, Ha KOTOPOM NPOUCXOANT
CHU)KeHUe KpoBeHano/IHeHMA paboTatolen MblllLbl, COBMaaaeT C MOPOrom
aHa’pobHoro obmeHa, 0AHaKO Yy NOJIOBUHbI TPEHMPOBAHHbIX N0AEN
MHTEHCUPUKALMA aHadIPOOHOTro MUKOAM3a NPoncXxoamuT 6e3 CHMKeHua
KPOBEHAMO/IHEHMUS.

Nonos [.B. ®PAKTOPbI, OTPAHUYUBAIOLLUME ASPOBHYIO PABOTOCNOCOBHOCTb HA YPOBHE OTAENbHOW MbILLLbI Y TKOAEN C PA3NTUYHBIM
YPOBHEM TPEHUPOBAHHOCTW. AsTopedepat ancceptalmnm Ha COMCKaHME Y4EeHOM cTeneHun KaHamaaTta buonornyecknx Hayk. 2007.
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A Sport-Specific Upper-Body Ergometer Test for Evaluating
Submaximal and Maximal Parameters in Elite Rock Climbers

Michail Lubomirov Michailov, Audry Morrison, Mano Mitkov Kstenliev, and Boyanka Petkova Pentcheva

Traditional irzadmill or Hcrcl: crgomeiry neglects the spper-body mesculature that ominantly limits or terminaies
rock-climbing performance (ie, the insbility 1o contimsally pull up one's hody mass or “hang on”) Prpese: To develop an
incremental maximal upper-body erpometzr test (T o evalusie climbers” szrobic fitness and spor-specific work capac-
ity and ko compare these resaks with o traditicnal tresdmill protocol. Methody: Fleven ofie spont climbers (hest mdipoin
wrade Fr.Bh) performed a UBT on a vertically mounied rowing srpometer and, on o separale oocesion, pedormed a maximal
incremental tezadmill gz (TMTL Cardioeespimalory parameiers were measured conbinuossly. Lactale (La) sampls were
codlected. Resuliv: Peak cuygen consamption (Ve b ond Bear mie in URT and TMT wer 340 2 4.1 w583 = 26 ml. -
min - kg1 and 185 + B vs 197+ 8 beaisfmin, respectively, and both variohles were uI'siEniI'lcauJ:,- lower magsituds duri

URT (P« 0401 ). End-of-fes La levels for UBT (119 = 1.7 mmob) ond TMT (123 + 2.5 mmol/lL} wers similar (F = 5541
Treadmill ¥ s mot correlated with sither apper-hody (UBY VO (F = .B54) or nedpoint and on-sight climbing prade
ability (" 2= 05), UB V) zpuy snd pesk powsr outpul perkgmymwm:m bath :Inmgr::,- correlaled (F < 05) with climbing
e mhility. The highest cormelation cosfficient was calcul between cument on-sight grade and UR WOgpe (r= 85, F' =
000}, Concdusion: UBT seroéic- mdwurtulpaci:\' results were strong by comelsted o climbing-performance wariahles and

reflecied sport-specific fatigse, and TMT reulls were not. UBT is prelemred io TMT 1o est maoniter dedicaizd and elite

mock ciimbers” training stsne.

Kepwovds: spor climbing, maximal incremenial exercise, amm ergometry, aerobic parwer, spori-speci fic work capacity

The ox consumption {Y( af rock climbers as
estimal mmqgwm«rgtkmg has been reportad io
b 4910 55 mL.- min! - kg 1,* ‘ardanwmbﬁtfat:mge‘r‘:hhals
b-uenr?'nmdwhcﬂclimn@' wsinghe route (20.6-31.9 ml. . man' .
g 1AM Thesse values arereltively low compomed with the Ve
of elite cxddurance athleirs This esis thal sepobac capacity and
genzral endurnce ore mod vanishies sssential for rock-climbing
perfoemance and thal serobic metabolism plays 2 secondary me
dhring climbing. * [n contrast, V1, For rack climbers from geseml
incremental sxsrcie fesix was found io be similar io #al of elite
wresilens and feam-sport aghleies ** Them fore, the aemhic copahili-
tiz= of climbers should not be undersstimaied. '\"()-_‘.. is knram 1o
incresse with climbing difficalty (op 1o 44.1 mi. . mis! 13[( IR
or in specialized incremeneal wsts with increasing veliocity (up 1o
E36ml. . min? - kg 101 Pires ot ol found tBat elite climbers
performed longer than intermediste climbers in anupper-limb band
cycling -=rpometer 1est, but the '-'U;l.tlmmenmmgm.p dfid nat
differ significantly. This latter finding may be doe i the protoool's
moi reflecting the load-bearing hanging and palling exemiss done
o Tafigue when aciually chmbing.

Maxima| iesis with increasing chimbing velocity mdecsd e
hi gt V0 values, bul such resalis sreonly relevant io the competi-
tive “speed climbing” subdiscipline. This may be the reason thai
I'ﬁam.-anm: el 2l found ne significant comelaticns hetween
Wiy snd bead cEmbing-performasce shility in Bdgh-level
climbers. Schief et al™ ussd a rotating climbing wall to condact
constant-load tesix, with different wall inclinations ssigned o e
subjects’ climbing level 1o ftigus bat collectsd so gas-exchange
datn. When interpreting such data considemSan must pko be given
io the resisiance and gripping forces involved :}- prog ressivel
muaking the climhing wall more sieep and difficult © climb; this
wasthy mndifies the binmechanical charmct e stics imvolved snd lilely
changes the redative contribution of different muscle grosps. Kool
climbing may result in less-promounced physiological responses
than E{?’I‘ﬂ:ﬂ.ﬁé wersaal or overbanging mmﬁs Bqtkﬁb graded in
difficuliy®

Therefoee, evabuation of dimbers’ acrobic Sness sad wock
apacity woulkd be more informative if the physological lesiswens
designad o reflect specificity Lo climbing exzrcise and the model
of Fatigee that limits or trmisales climbing performance—that

Position 3

Table 3 Correlation Coefficients Representing the Relationships Between Some Parameters From the Upper-
Body Maximal Test, Anthropometric Variables, and Climbing Abilities (N = 11)

PPO relative to body mass VOgzpeax relative to body mass Body-mass Index Percentage body fate

A5 (P =081)
47 (P=.148)

6T (P =.025)
L8%(P=.022)

—65% (P=.029)
—46 (P = .160)

-31(P=.109)
=27 (P=.430)

Best redpoint

Best on-sight

B0E* (P =.003)
J5%% (P =007)

J2%(P=.013)
B5%+ (P =001)

—-.63* (P=.038)
—46 (P=.150)

—T8%* (P = .004)
—-.63* (P =.039)

Current redpoint

Current on-sight

Abbreviations: PPO, peak power output; V. peak oxygen consumption. Note: Only indicators that correlated significantly (P < 05) with climbing abilities are included.
* Percentage body fat calculated through the equation of Durnin and Womersley. '
#P < 05 correlation coefficients (Spearman 7). ##P < 01 correlation coefficients (Spearman r).



®GYHKUNOHAJIbHOE TECTUPOBAHWE B IABOPATOPUN

Mpu paboTe HOramu U pykamu onpeaenanu:

A3pobHble BO3MOXKHOCTU (MowwHOCTb AHIN);

CKopocCTHO-cnnoBble BO3MoXKHoCcTU (MAM);

MpoussoautensHoctb CCC (MYOC).

Perucrtpuposanu:

-  MouwHocTb paboTbl;

- JlerouyHyto BEHTUNALMUIO;

- YCC.

[0 aKCcnepMMmeHTaIbHbIM AAaHHbIM
onpeaenanm nokasartesnn mowHoctn n YCC Ha

yposHe AHI n MYOC.



Pa3Hunua ao 30% B MOLWHOCTH




dYHKUMOHA/TbHbBIA MPODUJb

BbIHOCAMBOCTb
PYK

100

Mo
LLLHOCTb Cuna pyK
cepaua
bIHOCINBOCTb
Cwvna Hor
HOr
NogaepxKaHue YOC

NopogeprkaHue Kon-ea M® B mblwiLax Hor
[Mnepnnasua M® B mbiwLaX PyK

[Mnepnnasma MX B mbiLlLL@AX HOT
3HauuTenbHasa runepnaasna MX B mbiiLax pykK

BbicOKUI ypoBeEHb
CpeaHun ypoBeHb

Pe3ynbTaT cCnopTCMeHa



®AKTOPDbI, ONPEAENAOWNE PUSNYECKYHO PABOTOCINOCOBHOCTb BOKCEPA
N =

OCHOBHbIEe
A3p0obHble CMOCOOHOCTM MbiLLIL, OCYLLECTBAAIOLWLMUX OCHOBHYIO paboTy
AJEeKBaTHOE KPOBOCHAOKEHME 3TUX MbILLILL.
CKOPOCTHO-CM/1I0Bble CNOCOOHOCTU MbILLUL, PYK U HOT.
CocTaB Tena.

W N e

BTopocTeneHHble

1. CocraB Tena.
2. KoHueHTpauma rnnkoreHa B paboTtatoLmx MblLULAX.



BarkHoe npumeHeHne OLUEHKU peaKkuun cepaua Ha pusnyeckume
ynpaxHeHuna bblno ncnonb3oBaHue cybmakcmmanobHom YCC, YCC
nokosa n YCC makc, ytobbl oueHnTb VO2max.

YacTto oueHKa YCC maKc pekomeHayeTca no popmyne

YCC makc = 220- Bo3pacrt

[1nAa pacyeta MHTEHCUBHOCTU yNparKHEHMA BblaIM UCNOIb30BaHbl %
YCC makc nnmn % HYCC pesepsa.

%VOmax % HRygx %HRR**

40 63 40
50 69 50
60 76 60
70 82 70
80 89 &0
o0 95 a0

*based on Karvonen method (HR=HRrest +
((1ntended fraction) * (HR 3% - HRrest))):

~%.HRR equals the intended fraction expressed as %
Adapted from Heyward V. (5) and Swain et al. (6)

THE SURPRISING HISTORY OF THE “HRmax=220-age” EQUATION. Robert A. Robergs, Roberto Landwehr. JEP online. 2002;5(2):1-10.



250+ HRmax = (-0.8421*age) + 216.6

240+ , F=0.1859;S,, = 11 b/min
— 235- . .
E l * _ P ’ *
E _ C— . * .® = 2204 e * 0t . . ®
s . _:’!' 13 .. £ !':E'::z . .
= 1 = - ._l l.l'.l . "o o »- _i“"‘——._l l:'l . . e
o 2[}5 //:E -I'I| - . .e 1 5 EDD_ : I-E & L] _'____"—_____'l-! "N L] & -
£ s Hilae 1 NS S 23 FRETEN £33 o SN
o 1904 , T s e i £ A siegl ——
T . AT . x . B S .
.. . T 180 I o ° s s
17564 °* . . . " .
160 T T T | | | T I 160 : : . . . T |
2 6 10 14 18 22 26 30 34 10 14 18 22 28 30 34
Age (years) Age (years)

Astrand, P. 1952; Experimental studies of physical working capacity in relation to sex and age. Copenhagen, Musksgaard.

MonyyeHHaa popmyna YCCmakce = 216.6-0.84 (Bo3pacT). HecmoTpa Ha cxoAcTBO
ypaBHeHMM HRmax = 220 — BO3pacT MMeeT 3aMETHYI0 OLIMOKY NPOrHO3MPOBaHMUS.

THE SURPRISING HISTORY OF THE “HRmax=220-age” EQUATION. Robert A. Robergs, Roberto Landwehr. JEP online. 2002;5(2):1-10.
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Age-predicted vs. measured maximal heart rate in

voung team sport athletes

Partelis Theo Nikolaidis'

TDepartment of Frysical and Culural Education, Helenic Amy Acadenmy, Athens, Exerdse Fhysiology Laboraiony, Nikaia, Gresce

AdUrecs for ooITeEpondenoe:

ABSTRACT

Backgronnd: maximal heart mie (HE)_ is used widely to assess axencise mbensity
mwmﬂwmﬂﬂymmmmhmhmﬁddmwﬂwm
the uss of ape-based prediction equations of HE,_,, in spoct populatons. The aim of this stady
wiazs b compare the measumed-HE.__ with thres predichion equations (Foe-HE__ = z20-229 and
Tanala-HR__=208-0 7waoeand Miknlzidic-HR = 2123~1 44vapu) inyonng team sportathletes.
umﬂmmmﬁmeWMmmmmm
thres age groups (13-12, G—12 FRars, [ = 500 U-15, 1215 FRars, = 400 w13, 1518 years, 7 =57, all
mambars of compatitive chubs, velumtarily performed 2 sraded exercise Seld test (20 m shuttds
nmnndl.u:m'buﬂmml-m r.nnlmm:—m :.ud.N'Ihn].nﬂu-]-EB: overastimated
mnsmd—:—m_.wtn]nnnah—l—m_mdwmd:t[ﬂ o). Hnwm.:ﬂnsunndmmt
img sach group sap Iy: measured-HE__ was similar with Tanaka-
muﬂmﬂn—ls.wiﬂnnwmﬂumﬂ:.m:ﬂu-}m “in u-s. conchision: The
ﬂammmmm&mmmmmmmﬂywm
equations in a large sampls of youns athlstes, indicating the nesd for specific equation in

Dr. FT Nikoiakds,

Drepariment of Physical and Cultural
Educaion, Helenic Ay Acadenty,
Athens, Greece.

E-mail: pademiotmalloom

INTRODUCTION

Sport framing is based on the optimal prescription of
exercise mode, duration and intensity A daily task of
coaches and fitness trainers i5to plan an exerdse program
of adeguate intensity, On the contrary, special care is
given in order the exercise intensity not to increase the
likelihood of overtraining, When working with athletes,
coaches and fitness trainers often establish training
heart rate (HR) intensities for aerobic exercise based on
maximal HR (HR__ ), for example Karvonen method * HE__
is measured as the maximal value recorded in the end of
graded exerdse test (GXT) efther in alaboratory or in field,
However, oecasionally it is desirable not to perform a GXT,
for example to avoid the fatigue induced by maximal testing

IRAVIANE00- 1852 137192

differant sz groups. Thearafors., coaches and Smess tminers should prefar Tanala-HE_ when
desiring bo avoid overtraining, whils Fon-HR__ and Mikoladis-HR__ should ba their choice
= arder to snmire adequate axETCiss Mbemsty.

Koy words: Aps groups, athletes, candiae rate, praded axsrciss test, prediction equations

N=147

y=205.3-0.32x
r=-0.11, p=0.201
- SEE=F.8

“1 YenHoK

oa

12
Age (yr)

When it is not possible to m
from an age-based equation is
widely used by coaches and fi
equations used m the daily 5

The validity of these equati
extensively in large samples
specific categories of populatio
sedentary ™ overweight,” spal
mental retardation. The,
a GXT in a laboratory setting
only a few smdies have been
adoleseents®*= and wsing a
had a longinadinal desigm.'#
While available studies provide
the estimation of HR__, the
complete nor has it has been ¢
area of concern is that athl
under-represented in this

Pe3ynbTaTbhl 3TOr0 UCccnegoBaHUA HE CMOIMNN
npoBeEPUTb ABa LLUNPOKO NCMNOoab3yembIX N OAHO

HeaaBHO pa3paboTaHHOe ypaBHEHMEe

MPOrHO3MpPOBaHMUA B 60/1bLLION BbIODOPKE MONOAbIX
CNOPTCMEHOB, YTO YKa3blBaeT Ha HEOHXOANMOCTb
KOHKPETHOro YPpaBHEHMUS B Pa3HbIX BO3PACTHbIX

rpynnax.

OT TEIEAT TG 15T & TECET

study, it was shown that athletes of speed,/power
sports had similar measured- with enduarance
athletes and both had lower values than those who

Pantelis Theo Nikolaidis Age-predicted vs. measured maximal heart

rate in young team sport athletes Niger Med J. 2014 Jul;55(4):314-20.




CPABHEHMWE PACCYETHbIX M USMEPEHHOW YCC HA AHIT

Assessment of Exercise Intensity Formulas
By Use of Ventilatory Threshold*

Linn Goldbérg, M. Digne L. Eliat, M.D.; and Kerryg 5. Kiuehl, M5,

Cuidelinis for trsining beart rate (HR) during serobic
exervise are often determisned by predictive formalas.
Mewsursmest of the heart rabe ot vestilatory threthald
I:'\"I".lllrnpl.r'ud.numl}nhp’mﬁrs Iimﬂhd-urll'lhl
upper blimits of conditioning i hasted 105

wred maximal HE formulee. Mo significant difference
ameig the varkess HR frmulas st 77 percent and HE a2
VT wirrss Fiined for bigh-fitwods individusls. Among the bow-
and mverage-fiteess groups, the Karvones femuls at 77

nonsmeking, healthy sdults with mnrun-mr-n'pﬂl'
oxygen uptke to classify groups as lows [n=43), merage-
in=45] and high (n=25) -Rtness. Hewrt abe ol VT was
compared with the approximste midpoint {77 percent] of
remommended traiming inbensity as estimabed by the Kar-
vomen equstion, predicted maimal (220 = age), and mess-

Rmmmtnd.ltims for merohic conditioning  are

= ‘Hwﬂ_ﬂrmipt’ﬂ-ﬂl?h“ﬂ-
i muximal

HR nﬂpuultmnntlhﬂ:h VT mmong the bew
and weerage-ftneis mdividusli &nd are approprists For
traiming intemsity However, the Knrvonen formula sppears
0 wveredimate heart rabe inbensity ameng those of s and
merage fitness and may be exvessive for these groups.

'nnls threshold, found by bocating the point of a

based on the intensity, frequency, and d
of exercise.'? The intensity should be sufficient to
elicit a training response, yet if exertion is too intense,
the duration of training will be compromised.** The
heart rate (HR) is often a reliable indicator of both
myocardial and total sxygen requirements during
exercise, Heart rate changes are commanly used to
quantify and monitor endurance bradming "%

Several formubis (Table 1) employ sither predicted
ar measured maximal heart rates to prescribe exercise
intensity. The Karvonen equation” uses predicted
maximal HE (220 = sge) along with measured resting
HA and intrmdwces the cancept of a heart rate reserve:

[(220 - age] — {resting heart rabe)] = (50 1o 9%
+ (resting HE)

Alsa, o percentage of either the predicted maximal
(220 — agel = {70 to B3 percent] of the maximal HE
measiured during exercise testing (HR = 70 o 8% per-
cent) has been suggested as an appropriate training
Jewel 12

Although these heart mte farmulas predict the
tradning inbensity, respiratory parameters dering phys-
ital exertion provide a direct measurement of exertion
lewels * While exercise intensity below 50 percent of
peak oxygen consumption is not likely to result in
significant serobic conditioning** debermination of
the ventilatory threshold (V) is & preferred, nonin-
vasive method to assess the upper limits of training, "

*From the Heman lemnlnrr. Division of Ceneral
Portiand.

gm l:-irT:l]:[hHS 1 B3 PE T 0y
i
uSovard & gty it

% 3181 SW Sam m.nmd,

Porland, Oregon 87201

Linn Goldberg et.al. Assessment of Exercise Intensity Formulas By Use of Ventilatory Threshold.

rise in ventilation (VE) with respect
to oxygen conmsumption, cam be identified during
progressive exercise. *® Since YT correlates with an
weule rise in levels of venous kectabe, metabolic acido-
sia, amd an accelerated rate of musche glycogen deple-
tiom, exertion above this point results in an inahility
ta sustaln exercise, 1 In addition, & patental arrhyth-
mogenic increase in catecholamine eoncentration og-
curs during exercise above the ventilatory thresh-
obd war
To assess the validity of the predicted methods for
training intensity, we comgpared the suggested mid-
paint (77 percent) of thess formulas with the exercise
HE at the ventilatory threshold. IF the predicted HRE
intensity at this midintensity level is significantly
higher than the HR at VT, the duration of exertion
could be Hmited, with a resultant decresse in endur-
ance beefits 199 Exeessive tradndng intensity may also
be hamardous to those with coromary ischemia or
exercise-indweed archythmizs.

MarEnisl ano METHODS
ﬂmhldm]hblﬂfnb’-:hﬂ-n-dﬁlmﬂ
tively peferred for a fitness eviduation were shidied oeer 14
mizntha Incdusion criteris included -’ U, 0T
or bsery of cardiopalmonary disease, ard e coniral rdicetion or

Table |—Intenuity Prescription Formules

Table 1—Intensity Prescription Formulas

Predicted maximal
(220 — age) x TT%:
Karvonen formula
[(220 — age) — (resting heart rate) x 77%] +
resting heart rate
Measured maximal
Measured maximal heart rate x T7%

Table 2—Exercise Testing Results in Three Groups of

Predicted masimal

[(250) = age) = [resting heart rate) = T7% |+
pesting earl e

b pmauired maximal
BSeisured mazimal beart mte x T

Varying Fitness ( £ SEM)
Fitness

Measurement Low Average High
]':il 45 45 25
Vo,, mlkg/min 21.7+1.8 dlL.8+1.7 2l.2+2.3
Age, vr 442 46+3 42+2
Male/Female ratio 1.1:1 1.1:1 2.1:1
Cyele/Treadmill 1:1 1:0.58 1:0.9
Max RER* 1.32+ .02 1.26+ .03 1.2+ .02
Max HR, bpm 166 + 31 1763 178+ 2
*Respiratory exchange ratio.
tp <.05.

Chest. 1988 Jul;94(1):95-8



PASHULUA YHCC: TPU PACCHETHbIX SHAYEHWNA 77% N YCC HA BAHII

HenoarotoBneHHble CpeaHuit ypoBeHb

INTENSITY PRESCRIPTION
LOW FITNESS INTENSITY PRESCRIPTION
AVERAGE FITNESS
160 o 180 -
155 KapBoHeH 155k
«#p< 0.001
- eep < 0.001

150+ NN 150 AHI
T 145+ { 220-Bo3pacTt ask
s AHI 5
~
2 140} 77% ot 140+
« \ :
s 138k 3MepeHHOW g . |
2 | 4CC make § T

130+ £ 30}

125} 125+

1201 1201 N\

f A NN »Jf ‘\\
Predicted 220- Measured HRatVT
™% x77% 77% X X 77%

Ficure 1. Predicted training heart rate (HR) formulas at 77 percent
intensity compared with HR at the ventilatory threshold (VT) for
the low-fitness group.

Ficure 2. Predicted training heart rate (HR) formulas at 77 percent
intensity compared with HR at the ventilatory threshold (VT) for
the average-fitness group.

[MoaroToB/sieHHbIE

INTENSITY PRESCRIPTION
HIGH FITNESS
ISOF
AHI
1561 eep <0.001
150+
~ 145}
€
S
S~ 140 —
a
L]
[~
135
§ i
T 130k
125+
120J-
KlNon:?l 220-age Max HR HR at VT
7% X 77% X 77%

Ficure 3. Predicted training heart rate (HR) formulas at 77 percent
intensity compared with HR at the ventilatory threshold (VT) for
the high-fitness group.

®dopmyna KapsoHeHa Ha 77% Bblwe AR ana scex rpynn!

Linn Goldberg et.al. Assessment of Exercise Intensity Formulas By Use of Ventilatory Threshold. Chest. 1988 Jul;94(1):95-8
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160

140

120

100

80

60

40

20

PASHULIA MITK B % HA PASHOM ObOPYAOBAHUU

OpHU U Te e ucnbityemoblie, 10 yenosek, Kpocchutepbl

- 130 135
J 110 115
100 100
85
||||||“‘]‘\

Pyy Hoi'/'l Benoaprometp TpenbaH pebHon

B MMK my>X4nHbl B MIK XKeHWM HbI

Bonkos B. B., Paguny W. 10., CenyaHos B. H. iInddepeHumpoBaHHbIN NOAX0A K onpeaeneHmio aspobHon paboTocnocobHocTH
aTneTos, 3aHMMatloWwmxca Kpocchmutom/ /EBPasmMnCKMiA coto3 yueHblx. -2015. -Ne 8-3 (17). -C. 136-139.



CpaBHeHune YHCC makc n MITK y My*KUYUH M }KeHWKUH, %

MYy*KUYMHbI eHWMHWHbI
140 140 140 140
135
130 130 130 130
120 120 120 120
115
110 110 110 110
100 102° 100 100 9g 100
90 90 90 90
85
80 80 80 80
75
70 70 70 70
60 60 60 60
Pykn Horu Ber Mpebnn PyKu Horu Ber Mpebns
——Y4CC makc —e—MIIK ——Y4CC makc —e—MIK

CooTHoweHne makcumanbHon YCC n MK npu paboTte A0 OTKa3a Ha
PA3HbIX NU3MEPUTE/IbHbBIX YCTPOMUCTBAX B NPOLLEHTax OT AaHHbIX BOM

Bonkos B. B., Paguny W. 10., CenyaHos B. H. iIndpdepeHumpoBaHHbIN NOAX0A K onpeaeneHmio aspobHon paboTocnocobHocTH
aTneTos, 3aHMMatloWwmxca Kpocchmutom/ /EBPasmMnCKMiA coto3 yueHblx. -2015. -Ne 8-3 (17). -C. 136-139.



HYCC n mowHocTb Ha [TAHO y My}KUYUH U KeHLWKH, %

MYy*KUYMHbI eHWMHWHbI
150 150 150 150 150
140 70 140 140 140
130 130 130 130
120 120 120 118 120
110 113 110 110 110
100 100 100 100 og 100
90 0 90 90 - 90
80 80 80 80
70 70 70 69 70
60 60 60 60
Pykn Horu Ber Mpebnn PyKu Horu Ber Mpebns
——Y4CC NAHO =—e—[1AHO —e—YCCMAHO =—e—[1AHO

YCC Ha NMAHO n mouwHoctb NMAHO npu paboTte Ha pa3HbIX
N3MEPUTE/IbHbBIX YCTPOMCTBAX B NPOLLEHTAX OT AaHHbIX BOM

Bonkos B. B., Paguny W. 10., CenyaHos B. H. iIndpdepeHumpoBaHHbIN NOAX0A K onpeaeneHmio aspobHon paboTocnocobHocTH
aTneTos, 3aHMMatloWwmxca Kpocchmutom/ /EBPasmMnCKMiA coto3 yueHblx. -2015. -Ne 8-3 (17). -C. 136-139.
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Skeletal muscle oxygenation during cycling at different
9 9 cyciing onpeaennnun B nabopaTtopuu

power output and cadence

Lisha Shastri'* (3, Ma';iqana Alkhalil', Claire Forbes'*, Tina El-wadi', Gerrard Rafferty’, Kaoji Ishida® BeHTnNAa L|,V|OHH blﬁ
& Federico Formenti'>* [ o
1 Ce‘rtefur.d:nm.rn:l.ﬂﬂ:ied Frysologoal Saences, Faolty of Ui Soenoes and Medone, King's Callege London, Londaon, Unided Kngdom a Ha3p06H bI M nopor BAH |_I Ha
2 N Eoion of Armebetivs, Uiniacgay of s, i, Uk Hooeey
2 Dopastire o Bowedarin, ttbursny o braie s O, ok 70 06/MuH. CnycTs 48 yacos
OHU KpyTuam 70 n 90% ot AHI1
N— Abstract Ha pa3HbIx 06bopoTax
Exerane, musde, NFS, aopgen.
The selection of cadence duri i be determined by a mumber of
Correspondenae factom, incuding the degree o?mq:;;?m::yhﬂwuaﬁiq?kﬂaﬂ rmascle. (30,50,70,90,110)

Fededon Fommenti, Cemtre for Human and The purpose of this study was to determine the degree of muscle oxygenstion
Appied Frymoogol Soenes, facuty of Lde  gagoctsted with different cyeling cadences and exercise intensities, and its puts-
Science and Medicine, Shepherd's Hauss, tive role in the chodce of self-selected cadence during cpcling. We recorded
h;-"_;“;ﬁf’j -'g:ﬂ:':;?’_';? cardiopulmonary amd metabolic responses to cpcling 3t exercise intensities of
Tek 440207848 €292 7% and 90% of the ventilatory threshold (To.), and vsed near-infared  Table 1. Mean and standard deviation wvalues for participants’

spectroscopy Lo determine lEsse saturation index 2 2 mesqure of heletal

Faor 44420 THAE 6325 -
F-rmaif federica. formemiou fodk com muscle (vastes Literals) ooygenstion. Twelve participants epcled &t cadences of characteristics.

30, 50, 70, 90, and 110 revolutions per minwle (pm), each for 4 min, in a _
Funding Informatian randomized sequence, ntempesed with active mecovery perods. Despite car- Parameter n=12

Thi=work was spparted by a Great Brmin Jiyulmonary and metsholic responses being grester st 90% than at 70%

Saakaws fandston gmtm . Nmae  p g 110 ared with | : . Age (years) 29 +£10
_ ) - — Tpm i with lower cadences, vasties lateralts oxygens
I:J:::lw'f"':ﬂmh:'q-'g'mcge e om was not different between the tw exercise intensities and five cadences Height {m) 1.75 £ 0.09
' tegted, Our resulis indicste that skeletal muscle tsve stumtion index 8 not Wﬂ'ght {kg}l 74 £ 11

Sereared: 24 Movermbes 3018, Arepied: 7 substantially affected durng cpding for short periods of time ot constant, skinfold thickness® {mm) 80 +48

Decenber 2018 miderste exerciie intensity at cadences between 30 and 110 rpm, suggesting ’ ’
that skeletal muscle oxygenation may not be an important negative feedback Power output at Toen: (W) 170 £ 62

dior 101 814 pimgk 13963 signal in the choice of seli-selocted cadence during cycling &t moderste exer- VO, at Tor L min—") 212 £ 074
s ntensty.

Physicl Rep, 7(3), 2019, 213963,
Frttpiiod orge 10 148 T4iphya. 12063
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Shastri L. et.al. Skeletal muscle oxygenation during cycling at different power output and cadence. Physiol Rep. 2019 Feb;7(3)
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YnpoueHHaa cxema UCMoNb30BaHUA 6eKka NULLM B OpPraHM3Me B COCTOAHUM MOKoA. M3 NpoTenMHOoB, NPUBAN3UTENBHO
50% 3KCTparMpyeTcs C NOMOLLbIO BHYTPEHHUX TKaHeK nepes BXOAOM B Nepudepmnyeckoe KpoBoobpalyeHue.

MHTepecHOo, 4To ToNbKo 10% noTpebnsemoro 6enKa MCNONb3YIOT ANS CUHTE3a Be/ika CKeNeTHbIX MblLLLL, OCTa/ibHOe
KO/INYeCTBO KaTabonn3nposaHo.

/ \
LR L L J

eoee 20 g milk-based
LA L1 g%
coee protein ingested

. ||ecee
- L 7

~50% of ingested protein is
extracted by splanchnic tissues (gut,
liver) prior to entering circulation

/ Remaining ~40% of ingested protein \
is catabolized

I Energy K \
o Ureagenesis

LA A1) >
e e o o Neurotransmitter \ /
\ production /

CnocobHocTb nepeBapuBaTb M abcopbupoBaTb AUETUHECKMIM BENOK NpeBOCXoaAuT
CMOCOOHOCTb CKENETHbIX MblLL, UCMO/Ib30BaTb COCTaBNAOWME AMUHOKNCNOTbI
Ansa aHabonmsma.

Tanner Stokes et al. Recent Perspectives Regarding the Role of Dietary Protein for the Promotion of Muscle Hypertrophy with Resistance

~10% (2.2 g) de novo
protein synthesis
L X

Exercise Training. Nutrients. 2018 Feb 7;10(2).



A. Rest B. Post Exercise

] 159, 48%

52% 51%

: . l .

Time (h) Time (h)

MPS (%/h)
MPS ( %m;

YBennyeHue CKOPOCTHN CUMHTE3a MblLLEYHOTIO 6em<a, BbI3BAHHOTO I'IOTpe6J'IEHMeN\
CbIBOPOTOYHOTO 6enKa, Y MO104bIX MYXKYNH B NMOKOE U NOCNE TPEHNUPOBKHU
npoueHTHoOE UIMEHEHNE OT 0.

Tanner Stokes et al. Recent Perspectives Regarding the Role of Dietary Protein for the Promotion of Muscle Hypertrophy
with Resistance Exercise Training. Nutrients. 2018 Feb 7;10(2).



[MPAKTUHECKWUE PEKOMEHOAUNW ONTA COCTOAHUA
JHEPITETUYHECKOTIO BA/TAHCA

1. Notpebnainte ~ 0,4 r / Kr maccbl Tena, YTo6bl MaKCMMaIbHO CTUMY/IMPOBATH
MPS nocne

nepuoa oTabixa UAKM YNParKHEHUA C CONPOTUBNEHMNEM.

2. IHTepBan 6enkoBocoaepKalmx NULLEBBIX NPOAYKTOB ~ 3-5 4 B TeyeHue
AHA MaKcmmusunpyet ckopoctb MPS no cpaBHeHUIO nepepbiBOM B 12 yacos.
3. MpaKTnKkymnTe npnem nuwmn nepea cHom (1-3 yaca go cHa), 4Tobbl
KOMMeHCcUpoBaTb CHMXKeHne MPS, KoTopoe NponcxoasaT B Te4eHUE HOYHOTO
ro/I04aHuUA.

4. YTo6bl MAKCMMM3MPOBATb aKKPEL MO MbILLEYHOTO BesKa C MOMOLLLbIO
YNPaXXHEHWI C CONPOTUBNEHUEM, exXeaHeBHOe noTpebaeHmne benka AONKHO
6oitb~ 1,6 1/ Kr/cytmn no 2,2 r/ kr/ aeHb. 310 noTpebaeHmne moxeT bbITb
AOCTUTHYTO NyTEM Npuema 3-x pa3oBbIX MPMEMOB MUK, KaXKabl U3 KOTOPbIX
cogeput ~ 0,53 r / Kr 6enka, nnm 4-x pasoBoe NuUTaHue, cogeprkaee ~ 0,4 r
/ Kr 6enka.

Tanner Stokes et al. Recent Perspectives Regarding the Role of Dietary Protein for the Promotion of Muscle Hypertrophy
with Resistance Exercise Training. Nutrients. 2018 Feb 7;10(2).



MPAKTUYECKUE PEKOMEHOAUMM A1 COCTOAHMUA
SHEPTETMYECKOIO AEGULNTA

1. ExxegHeBHble TpeboBaHUA K 6enKam Bbllle, YeEM B NEPUOA,
3HepreTnyeckoro banaHca, Ana noaaepHKaHue Uam yBesmyeHus ToLEN
Maccbl Tena.

2. Ynpa*XHeHUA C CONPOTUBAEHNEM A0/1KHbI BbIMOJHATLCA BO BPEMA
OrPaHUYEHUNA SHEPTNMN, YTOObI CNOCOOCTBOBATH COXPAaHEHMIO MbILLIEYHOM
Macchl.

3. lna cnopTcMeHOB, KOTOPbIE Ha CYLWLKe AIUTENbHOE BPpeEMA, cneayeT
BbIOMPATb BbICOKOKAYECTBEHHbIE UCTOYHUKM DEsIKa, TaKMe KaK CbIBOPOTKY U
Ka3enH AN CMeCb KaXA4oro n3 HMUX ana onTMMmn3aumm KOHTPOIA anneTuTa.
4. CHUKEHUIo yObIIN MbILLEYHOM MACCbl BO BPpeEMS NOTEPM Beca
cnocobcTByeT noTpebnenne 6enka ~ 2,3-3,1r/ Kr/ AeHb.

[nsa B3pOCAbIX, 3aHUMAKOLLMXCA GU3UYECKMMMU YNPAKHEHUAMMU, Y KOTOPbIX
BbICOKUMN NPOLEHT KMpPa AOXKHbI CTPEMUTLCA K HUXKHEW FPpaHuMLe 3TOro
AnanasoHa, a NtoAn C HOPMaabHbIM NPOLLEHTOM XUPA — K BEPXHEN.

Tanner Stokes et al. Recent Perspectives Regarding the Role of Dietary Protein for the Promotion of Muscle Hypertrophy
with Resistance Exercise Training. Nutrients. 2018 Feb 7;10(2).



COYETAHUE CUJTOBOU U ASPOBHOW TPEHMPOBOK

BbiBOAbI pe3yNbTaTOB 3KCMEPUMEHTOB, B KOTOPbIX U3Yy4Ya/IUCb
3P PeKTbl COYETAHMA CUTOBOMN N A3POOHON TPEHMNPOBKMN:

1. A3pobHan TpeHUPOBKa HA YPOBHE a3p0bOHOro nopora UMmeeT
OrpaHUYeHHY0 3PPEKTUBHOCTD;

2. AspobHas TpeHMpOoBKa Bcerga CHM*KaeT aPpPeKT CMI0BOM;

3. CnnoBas TPEHMPOBKA He CHUXKaeT addeKTa asapobHOoW;

4. Mpwn ncnonb3oBaHUN OAHOIO M TOTO e 0b6bema aspobHoOM
TPEeHUPOBKU Yepes 1-2 mec. NoKasaTenun BbIXO4AT Ha NaaTo,
OAHAKO NMpn co4YeTaHUN CUI0BON U a3POBHON TPEHMUPOBKU

CKOPOCTb NPMPOCTa a3pobHbIX NOKasaTenen Bo3pacTaer.

CenyaHos B. H., 1999 - 2012
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o—" CNELUNUDUYHAA CUT (RST, SIT) — TPEHUPOBKA B BOKCE

Sport-Specific Eepeated Sprint Training Improves Punching Abilitv And Upper-Body M nesn uccneaosaTene l‘/ll

NPUBAN3NTb MHTEPBANKY K
COpeBHOBATE/IbHOM AEATE/IbHOCTHU

Aerobic Power In Experienced Amateur Boxers

Interval Training Improves Pinching Ability

Sigitas Kamandulis, Vidas Bruzas, Pranas Moclus, Alvydas Stasiulis, Audrius Snieckus, and 18 6okcepos-nobuteneit (7 net
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Kamandulis, S, Bruzas, V, Mockus, P, Stasiulis, A, Snieckus, A, and Venckunas, T. Sport-specific repeated sprint training improves punching
ability and upper-body aerobic power in experienced amateur boxers. J Strength Cond Res 32(5): 1214-1221, 2018



CANEUNDPUNYHAA CUT (RST, SIT) — TPEHUPOBKA B BOKCE
MIK pykamu
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CNEUNDPUYHAA CUT (RST, SIT) — TPEHUPOBKA B BOKCE
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CNEUNDPUYHAA CUT (RST, SIT) — TPEHUPOBKA B BOKCE
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ORIGINAL ARTICLE
EXERCISE PHYSIOLOGY AND BIOMECHANICS

Effects of plyometric exercise training with external weights
on punching ability of experienced amateur boxers

Vidas BRUZAS, Sigitas EAMANDULIS, Tomas VENCEUMNAS, Aodrins SNIECEUS *, Pranas MOCEIS

Imstinte of Sport Science and Innovations, Littmanian Sports University, Kannas, Lithmasia
*Cesveipainling suthes: Awdrmus Smsckes, Lahusnien Sjeit Univeraty, Spoin 6, LT-242121 Kasma, Lahusnis. E-ae]: sl e ke i
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oxing is combat sport require complex phoysical,

fumctional and physiological charactenistics. Mns-
cle strength and power in bath the upper and lower limbs
generates boxing punches explosiveness.| To succesd,
3 boxer nmst contimme to deliver high-impact punches
despite increasing fatigue during a compeddve fight 2. ¢
Dravis & al* reporied that boxers at the elite amatenr
level execute abont 20 punches per minnie over three
roumds lasting --200 s each According o the modem
miles of the sport, the winner im 2 boxmg match = de-
cided mainly on the acouracy and strength of ponches,
which mmst be comvincing enongh to be scored by the
Jqudges. It iz also possible that a single punch can canse
knockout, in which case the winner is decided mnam-

bigunonsly md mmediately. At the elite level, the abso-
hite ponch force can be =40} N for straight and hook
panches, 3 value that mdicates the mmscle power of a
highly developed fighter . =7

To increase muscular power and eficiency of spe-
cific movements, varons exercizes including ballistic,
phyomeiric, snd weighilifiing ramimg have been used
with different degrees of mccess across many sports. &0
Flyomesiric fraining is among the most popular fypes of
dynamic resistance ramng smong indwiduals aoming
o meregse muscular power and explosivensss. || When
performing plyometnic exercise, 3 rapid stoetching of a
mmscle {eccenitic action) is mmediately followed by
a concentric, or shortening, acton ! 1 Dhinng the ec-

MNJIMOMETPUKA U YOAPHbBIE
CNOCOBHOCTH

B nccnegosaHuUu NpUHAAK yy4acTne
BOCEMb DOKCEPOB-MYKUYMH B
Bo3pacTte 22,3 + 2,5 roga c onbiToOm
He meHee 7 neT. OHK BbINONHUAN
12 namomeTpmnyecKnx TPEeHUPOBOK,
BHYTPU 8 ynpa*KHeHUn ans
Pa3/IMYHbIX FPYNN MblLL,
BbIMOJ/IHAEMbIX C MAaKCUMa1bHOM
CKOPOCTbIO ABUXKEHUA. 6
ynpa*kHeHn 6b11n BbINONHEHDI C
BHELWHUMU BECAMUN U 2
YyNpa*KHeHUA C UCMO/Ib30BaHUEM
Beca Tena. YgapHble
XapPaKTEPUCTUKU Bbl/IN NPOBEPEHDI
Ha HaYa/IbHOM 3Tane n nocne 4
HeaeNlb TPEHUPOBOK C
NCcnonb3oBaHMeM BOKCepCKoro
mewKa Kiktest-100.

Bruzas V, Kamandulis S, Venckunas T, Snieckus A, Mockus P. Effects of plyometric exercise training with external weights
on punching ability of experienced amateur boxers. J Sports Med Phys Fitness 2018;58:221-6.



MJIMOMETPUKA U YOAPHbBIE CIMOCOBHOCTH

COAEPHRAHUE NJTMOMETPUYHECKNX TPEHUPOBOK

TABLE I —Plyometric training sessions.

Best between Rest between

Muscles involved; exercise Series Repe-titions ceries. exercises, s Overload Remarks
Amm_ back, and legs; throwing the metal 3 10 90 300 ~15% BW Reverse pickup. hands at
bar upward with bent arms shoulder width
Back. abdomunal, legs, and shoulders; 3 10 90 300 ~15% BW Arms slightly bent, feet at a
barbell disc waving with hands from comfortable width
side to side m a standing position
Legs: jumping down from a 60cm height 3 10 20 300 Hands hatting the air  Feet shoulder width apart,
followed by a rebound jump mimmal bending of knees.
Rest between each jump
-15s
Upper body: push-ups 3 10 90 300 Legs on Hands shoulder width, back
15 cm box straight
Abdominal; leg lifts whale lying on back 3 10 20 300 1 kg on each leg Partner pushes the legs down
explosively
Arm_ chest, and legs; hatting the air with 3 10 90 300 1 kg for subjects of  Feet at a comfortable width,
straight (exercise 1), side (exercise per exercise =69 ke BW; minimal knees bending
2). and low (exercise 3) punches with 1.5 kg for sulyects of
weight in each hand =69 ke BW

BW: body weight.

Bruzas V, Kamandulis S, Venckunas T, Snieckus A, Mockus P. Effects of plyometric exercise training with external weights
on punching ability of experienced amateur boxers. J Sports Med Phys Fitness 2018;58:221-6.



NJTIMOMETPUKA U YOAPHbBIE CITOCOBHOCTH

S0 1 O Baseline 3a4HAA pyKa ' 1 ©Basline Kon-Bo ygapos
04 W BAMing
B After raming o o e nine
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Figure 1 —Force of single straight. side and low punches with rear (A)
and front (B) hand. 0 .
*P<0.05 compared with baseline. 3= 8=

CnabocTb uccnepgoBaHUA — HET KOHTponA!

Bruzas V, Kamandulis S, Venckunas T, Snieckus A, Mockus P. Effects of plyometric exercise training with external weights
on punching ability of experienced amateur boxers. J Sports Med Phys Fitness 2018;58:221-6.
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AFROBIC CAPACTTY IS CORRELATED WITH
THE RANEIM OF BOXERS"*

VIDAS BRUZAS, ARVYDAS STASTULIS, ALGIRDAS CEFULBMAS, FRAMAS MOCEITS,
BIRUTE STATEEVICIEME, asn VITALITUS SUBACTLNS

Litfowmzia Sporfs Lhdisersity, Konres, Lithounia

Sumomary.—The goal was to amess fhe asmobic capacity of boeoers and it relabion
with sport mastery. Faridpants wene 12 boxers from the Lithuardan national feam
(VO max— 35,05+ 5,00ml, g/ min) of different weight dames. Their sport mastery
rankding was establizhed according to their achisved resulls during the last years of
partidpation in amatear bodng contests. In a graduated treadmill onning hest, the
boroers” aemobic capadfy indices wers astablizhed. Punning speed at Srct and second
venilatory threshelds, VO mare, and mardmal axygen pukse had moderate to strong
cornelations with fhe boxers” sport mastery rankdng. Asrcbic capacity & an impor-
tant Giness component of boxers in all weight cabegorie:. Spedal athenfion chould
be paid fo development of cardiac capacdty in the boroers’ fraining processes, as with
asTobic power and anasrobic threshold training.

Contest borang matches are charactenized by dynamic movement,
changing situations, a varety of blows and defensive actons, and great
mental stress (Smith, Dyson, Hale, & Janawy, 2000; Cymarskd & Litwiniul,
2002; Guadetta, Musubin, & Baldan, 2002; Hatmaker & Wemmner, 2004; Schan-
ke, 2007). During a match, boseers have to maintain the intensity of the fight,

force of blows, and speed and acouracy of movements even 1.\-].'1.En fatigue
IMcTeasss {i‘beltnan& Eegan, 1983; thrsh Goswani, & Ahuga, 1993 Chat-

terjee, Banenee, Mamumdar, & Chatterjee, 2003). The energy supply to the
boxer's body dunng the competition depends on the development of asr-
obic and anaercbic energy production and interachion (Ghosh, ef al., 1995;
Cuidett, et el 2002; Cracfulh ﬁ‘l‘e]]J,.Ca.PPEJ,.I‘vhllETTDGED Melic, ot al., 2009).

Aerobic capacty affects endurance, ie., the ability to resist fatigue
and mamntain the igh mten=sity of a match {G}'u:r_.h et ﬂ! 1985; Chattenee,
et al., 2005; Khanna & Manna, 2006; Smith, et al, 2006). Dh.m:ng an intensive
l:lc-xi:ig match, boxers' oocygen pulse can amount to 85-100% of mardmal
oxygen uptake (VO mar; Ghosh, 2000). The higher (cdoser to VIO, max lim-
it) the anaerobic threshold of boxers, the better is their ability to maintain
higher inten=ity and resist fatigue (Karlson, Bonde-Petersen, Henrike=somn,
& Knuthen, 1975; Weltman & Eegan, 1983; Hogan & Smaith, 1994; Guidett,
et al., 2002). A high anaerobic threshold in boxers can help them awvoid the

ASPOBHAA NMPOU3BOAUNTE/IBHOCTb
KOPPEJIMPYET C PEMTUHIOM BOKCEPA

YyacTHMKamm nccnegoBaHma ctanm 12

6okcepoB 13 cbopHou J/IUTBbI.

KomaHaa (M Bo3pact = 21,8 ner, SD = 3,4;
M pocTt=1,82m,SD=0,97;, M Bec=79,2
Kkr, SD = 13,8 kr; Kunp = 10,5%, SD = 3,5).

Cpeamn HUX 5 Npmn3epoB YeMnmoHaTa
EBponbl no n 7 obnagatenn meganem Ha
yemnuoHate JlIntebl. boKcepbl Hbin
PaHXWPOBaHbl B COOTBETCTBUM C UX
CNOPTUBHbLIMU AOCTUXKEHUAMMU 33

nocneaHnin roa No ycnexam Ha

MeXAYHAPOAHbIX TYPHMPAX U BHYTPEHHMUX

TypHupax AIBA.

Bruzas V, Stasiulis A, Cepulenas A, Mockus P, Statkeviciene B, Subacius V. Aerobic capacity is correlated
with the ranking of boxers. Percept Mot Skills. 2014 Aug;119(1):50-8



A3POBHAA NPOW3BOANTE/NBHOCTb KOPPEJIMPYET C PEUTUHIOM BEOKCEPA

KnucnopogHblii KoadpuumeHT Koppenaumm
V. BRUZAS, ET AL. I'Iyl'l bC
(«Pa3smep
TABLE 2
DESCRIPTIVE STATISTICS OF AEROBIC CAPACITY cepaua »)

PARAMETERS AND THEIR CORRELATION WITH BOMERS' SPORT
MASTERY RANKING

Measure M SD p
VT1, km-hr! 10.57 1.58 .b6* -
VT2, kvhrt 1514 299  82f E
VO, max, I'min™! 446 078 .78 E:
VO,max, ml'kg-min™ 58.03 3.00  .63* e
VO,max, ml-kg™-min™ (0.75) 171.38  13.01  .79% é
VO,max, ml-kg-min™ (0.944) 7392 413  .70% P
VEmax, I'min* 167.15 25.93 B7F =E
TVmax, 1 277 056  .79% s |
BFmax, l'min! 67.94 617 —.25 S 1o} .
Oxygen pulse max, ml-beat™ 2373 440  .88%
Oxygen pulse max, ml-(beatm’y” 12.06 E'SI el o s 10 15 20 25 30 35 40 45 50
HEmax, beats-min™ 192.3 7.8 —.29 Points
Note—p=Spearman rank order correlation with boxing rank-
ing. *p<.05. $p=.01. 0.75 = mass exponent traditionally used Fic. 1. Correlation between boxers' maximal oxygen pulse and their sport mastery rank-
for allometric scaling of aerobic power; 0.944 = mass exponent  ing points.
calculated in this study for allometric scaling of aerobic power. OuKkn pe NTUHTa

Bruzas V, Stasiulis A, Cepulenas A, Mockus P, Statkeviciene B, Subacius V. Aerobic capacity is correlated
with the ranking of boxers. Percept Mot Skills. 2014 Aug;119(1):50-8



A3POBHAA NPOW3BOANTE/NBHOCTb KOPPEJIMPYET C PEUTUHIOM BEOKCEPA

Ba*KHO OTMETUTb, YTO MAaKCUMa/IbHbIN KUCNOPOAHbIN NMynbC (KaK
abCoNOTHBIN, TAK M OTHOCUTEIbHbIN) NPOAEMOHCTPUPOBAN CUNbHENLLYIO
KOppensaumio ¢ PEMTUHIOM CNOPTUBHOIO MacTepcTBa BoKcepos.

Yem Bbllle KUCNOPOAHbIN Nynbc, TeM 6o/blue A0CTaBNAAET KNC/I0POAa
cepAue C KaxkabIM yaAapoM, MbiLLLbI IydyLlle cHabXKatoTca KUCA0POoA0oM
N BoKcep AeMOHCTpUpyeT bonblie pusmyeckon pabotocnocobHocTu.
KncnopoaHbiv Nynbc cBA3aH € yAapHbIM 06beMoM.

Ocoboe BHMMaHUe AO/IKHO ObITb YAENEeHO PAa3BUTUIO MPOU3BOAUTENBHOCTH
cepAua B TPEHUPOBKax BOKcepos.

HEOBXOAUMO bbiITb BOJIEE AKKYPATHbIM B TPAKTOBKE — «MOC/E
HE 3HAYUT B CIEACTBUE!»

Bruzas V, Stasiulis A, Cepulenas A, Mockus P, Statkeviciene B, Subacius V. Aerobic capacity is correlated
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Ahstract Boxing is ane of the oldest comba sports. The
aim of the coment mview i to crifically analyre the ama.
teur honer's physical and physiological characterisfics and
to provide pmetical recommendations for tmining as well
25 mew ares of scientific research High-lewel male and
female boxars show 2 propensity for low hody £t levels
Althongh smdies on hoxer somatotypes are Imited, the
avaibhle information shows that elitedevel male hoxers
are characierized by 2 higher proportion of mesomorphy
with 2 well-developed moscle mass and a low hody fai
level To hdp smpport the overall metsholic demands of a
baxing maich and to xceleraie the recovery process
hetween rounds, athledes of hoth sexes require 2 high level
of cadirespiraory finess. Imermationa]l hoxem show a
high peak and memn amerobic power owmput Muoscle
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srength in o the opper and lower Emhs & paramonnt for
a fighter's vidory and & one of the keys to snoess
hoxing. As boxing ponches am brief actions and wvery
dynamic, high-level boxing performance regoires well-
developed muscle powerin hoh the opper and kower limbs.
Alhe=ii miied, #he avalbhble siodies reveal fid isometnic
srength i linked to high-level hoxing performance. Fome
investigations inio the physical and physialogical attrimies
of haxers am required o enrich the corent data sed and o
help cresie 2 suitshle fraining pmgram

Highdevel boxes present low hody f and high
mascle mass peremages.

Elevated cardiorespiratory filness is imposant to
amatenr boxem 0 soppost the matahaolic demand of
the ambat and topmvide a faster recovery hetween
mmnds .

Well-developed muscle strength, mascle power and
maerobic power and capacity are key components io
saccess in hoxing.

1 Introduction

Boxing, which is @lled the “noble &i™ and is hisiorilly
mown as pogilism, is one of e oldest comhat spors
across 2l of homan coltmre. Acoomding to the Infernat onal
Boxing Association, the frst pmaof of boxing's appearme

NNIOBUTEJIbCKUW BOKC:
OU3INYECKUE U



NHOBUTE/TIbCKUN BOKC: PUINYECKUE U DU3NONTOTMYECKUE MAPAMETPbI

COCTAB TENIA M COMATOTMN cre-1
Table 1 Body fat percentage of amateur boxing athletes (data are presented as the mean & 5D)
Athlete characteristics (n) Body mass  Body fat (%) Method References
(kg) [range] (prediction equation reference)
Males
Indian national-level Khanna and
Junior (n = 30) 53641 122411 Siri [29] Manna [16]
Senior (n = 30) 76.7 £ 109 164 Lt 38
Indian junior national-level Khanna and
Light-weight (n = 7) 531435 12241.1 Siri [29] Manna [16]
Medium-weight (n = 7) 634+32 116+10
Heavy-weight (n = 7) 746 £54 112112
England international-level Durnin and Womersley [30] Smith [15]
Senior (n = 23) NR 9123
[4.7-13.5]
Junior (n = 73) NR 10,1 £ 2.6
[5.0-17.7]
Elite-level boxers from different Durnin and Rahman [31] Di Prampero
nationalities et al. [32]
White boxers (n = 9) NR 14.0 £ 1.1
Black boxers (n = 12) NR 114+1.0
Polish national-level (n = 34) 71.8 £ 151 9452 Durnin and Womersley [30] Hiibner-Wozniak
et al. [33]
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Elite-level boxers from different
nationalities

White boxers (n = 9)

Black boxers (n = 12)

Polish national-level (n = 34)

Malaysian national-level (n = 7)
Egvyptian elite-level (n = 17)

American recreational-level (m = 18)
Male (n = 12)

Female (n = 6)
South African novice-level (n = &)
Brazilian regional-level (n = 6) [two

Junior and four senior boxers]
[talian elite-level

Caucasian club-level (n = 12)
Polish national-level male (n = 13)
Females

Canadian club-level (n = 11)

Brazilian regional-level (n = 4) [two
Junior and two senior boxers]

Indian elite-level (n = 20)

COCTAB TENA U COMATOTUN

MR
MR
T1.R £ 151

569 £ 62
TiR £ 5.1

T1.5 £ 126

TRO £ 54

569 £ 122

414
779 £ 8.1

T1.8 £ 151

58779

612 = 6.6

5T6 =77

40=x1.1
410
9.4+ 52

143 £2.0

4419
[11.8-17.54]

161 £73
[4.8-286]

WValue for both male
and female

14455
[8.1-24.8]
127 £53

145 =15
24139

94+ 52

146 £ 2.0

20+35

268 +28

Durnin and Rahman [31]

Durnin and Womersley [30]

Durnin and Womersley [30]
MNE

Sin [29] for male

Lohman [35] for female
Durnin and Womersly [30]
Jackson and Pollock [38]

Dumin and Womersly [30]
Parizkova [410]

Mear-infrared mteractance instrument
(Futrex 6 100/XL, USA)

Total body duel-energy X-ray
absorptiometry scan

Jackson et al. [43]

NE
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Ctp.2

Di Prampero
et al. [32]

Hiibner-Wozniak
et al. [33]
Ismail et al. [34]

El-Ashker and
Masr [14]

Kraviw et al. [36]

Bellinger et al.
[37]

de Lira et al. [39]

Guidetti et al. [5]
Giovani and
Micolaidis [28]

Hiibner-Wozniak
et al. [41]

Trutschnigg et al.
[21]
de Lira et al [39]

Chatterjee et al.
[43]

NR information not reported
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ASPOBHAA NMPOU3BOAUTE/IbBHOCTb BORCEPA Crp.1

342 H. Chaabéne et al.

Table 2 Maximum oxygen uptake of amateur boxing athletes (data are presented as the mean = 5D)

Athlete characteristics (n) Ergometer '-,i’(jzm_u {mlkg/min) References
[range]
Males
Indian national-level Treadmill Khanna and
Junior (n = 30) 54.6 + 4.6 Manna [16]
Senior (n = 30) 617 £ 9.0
Junior light-weight (n = T) 583+ 2.2
Junior medium-weight (n = 7) 56.8 £ 2.1
Junior heavy-weight (n = 7) 5151+ 2.1
Englind international-level ME Smith [15]
Senior (n = 23) 638 + 4.8 [53.1-T0.0]
Junior (n = 26) 408 + 33 [43.2-56.2]
Elite-level boxers from different nationaliies (n = 21) Estimated from the Di Prampero
White boxers (n = 9) im:lil’o:t. method of 400 L 716 et al. [32]
Black boxers (n = 12) Margaria ef al, [51] 490 + 20

(both values measured at
2300 m above sea level)

French elite-level (n = 16) Treadmall 622+ 3.1 Vallier et al. [52]
English novice boxers (n = 10) Treadmill 50.8 + 4.3 [56.7-62.9] Davis et al. [12]
Indian elite-level (n = &) Treadmill 505+ 47 Ghosh [53]
Indian national-level senior boxers (n = 26) Treadmill 545 45 Ghosh et al. [48]
Greek national-level (n = NR) ME 558 (5D = NR) Sevas et al. [54]
Hungarian boxers (n = NE) Treadmaill 56.6 (SD = NR) Joko [55]
Egvyptian elite-level (n = 17) [VOap, recorded before  Treadmill 58.2 =+ 6.9 (hefore) El- Ashker and
and after 8 weeks (32 sessions, ~ 53 h) of a wraining 64.6 + 7.2 (after) Masr [14]
program]
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ASPOBHAA NPONU3BOANTENBHOCTb BOKCEPA Crp.2

American recreational-level (n = 18); male (n = 12),  Treadmill 41.0 £ 65 [29.4-52.3] Kravitz et al.
female (n = 6) (value for both male [36]
and female)
International male boxers (n = NR) NR 65.0 (SD = NR) Astrand and
Rodahl] [45]
Turkish elite-level (n = 5) Cycle ergometer 606+ 39 Baltaci et al. [56]
German elite-level boxers raining at moderate altitude; Treadmill Friedmann et al.
male (k= 16) [57]

61.0 £ 4.9 (before)
63.1 + 3.6 (after)
62.1 £ 3.6 (before)
61.6 £ 5.7 (after)
60.5 £ 7.5 (before)

Experimental group (n = 9)

Control group (n = 7) (values before and after a
training program of 18 days at moderate altitude)

German elite-level boxers raining at low altitude; male

(n = 13) (values before and after a training program S8.8 £ 6.0 (after)
of 14 days at low altitude)
Indian national-level (n = &) Treadmill 493 = 6.1 Garg and Ghaosh
[58]
Indian national-level (n = 7) Treadmill 57924 Ghaosh et al. [48]
French national-level (n = 13) Treadmill 647+ 6.3 Jousselin et al.
[59]
Novice-level (n = 10) (nationality = NR) Cycle ergometer 52.4 (5D = NR) Khedr [60]
Amateur Boxing Physiology M3
Table 2 continued
Athlete charactenstics (n) Ergometer \i’(]!m (mlfkg/min) References
[range]
Canadian experenced-level (n = 9) Treadmill 62,2 + 4.1 [53.6-66.2] Arseneau et al.
[50]
Brazilian regional-level (r = 10); male (n = 6), female Treadmill 52.2 + 7.2 (value for both de Lira et al. [39]
(n=4) male and female)
Italian elite-level male (n = &) Treadmill 575147 Guidetti et al. [3]
Females
Indian elite-level (n = 45) (VOhpmay recorded before and  Treadmill 48.6 = 6.8 (before) Chatterjee et al.
after 6-week training camp) 50.0 + 7.4 (after) [43]

Indian elite-level (n = 20) Treadmill 52169 Chatterjee et al.
[43]
Indian national and university-level (n = 11) VO, ., estimated from RHR 44,4 + 33 Kumar et al. [49]
and MHR
[VOapmas = 153%(MHR/
RHR)]

VO, maximum oxygen uptake, MHR maximal heart rate, NR information not reported, RHR resting heart rate
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[OTOBHOCTb CEpPAEYHO-COCYANCTON CUCTEMbI ABNAETCA OAHUM N3 Hanbonee BarKHbIX aCNEKTOB
dn3nyeckom noarotToBKM B 0OIMMNUNCKOM DOKCe.

XopoLlo pa3BuTas «asapobuka» nomoraeT BoKcepy nogaepKmMBaTb NoBTOPAOLWMECA AENCTBUA
BbICOKOMN MHTEHCUBHOCTM B NOEANHKE N YCKOPUTb NPOLLECC BOCCTAaHOBAEHMUSA. YPOBEHb
as3pobHOM NoAroToBNEHHOCTN BOKCEPOB onpeaenseTca U3MepeHnem MakCMmasibHOro
notpebnenuns kncnopoaa (VO2max, MINK) B Tecte Ha BesiospromeTpe nnm 6eroBomn A0pPOorKKe B
nabopatopun. CpeaHue 3HadyeHmna VO2max, yKa3aHHble B HAY4YHOM anTepaType BapbupyeTca
oT 49 0o 65 M / Kr / MUH AN MY>KUYUH U mexkay 44 n 52 mna / Kr / muH ana skeHwmH. CpegHue
3HayeHunsa VO2max, coobuiaemble y bokcepoB-ntobutenei, cpaBHUMbI C TEMU, KOTOPbIE paHee
6blnM ycTaHOBAEHbI AN8 APYyrux eanHobopcTs: 6opbba (0T 53 Ao 56 mna / Kr / muH) [20], KapaTs
(ananasoH ot 47 0o 61 mn / Kr / MmuH. Ana my>KumH) [18], TXaKBOHAO (AMana3oH oT 44 no 63 mn
/ Kr/ MmuH 1 o1 40 go 51 mn / Kr / MUH AN MY>KUMH U KEHLLUH, COOTBeTCTBEHHO) [17] u A3toa0
(ananasoH ot 50 g0 60 mn / Kr / muH 1 oT 40 go 50 M / Kr / MUH ANA MYXKUYUH U KEHLLWH,
COOTBETCTBEHHO) [19]. 9T BbIBOAbLI NOAYEPKMUBAIOT, YTO, NOOUTENBCKUIM BOKC, HYXKAaeTcA B
BbICOKOW MPOUN3BOAUTENBHOCTU CEPAEYHO-COCYANUCTON U AbIXaTE/bHOM CUCTEM.

B uenom, n3 uccnepoBaHui, NpeacrTaBieHHbIX Bbille, MOXKHO NPeAno/IoXUTb, YTO YPOBEHDb
KapAuopecnupaTopHOU NoAroToB/IEHHOCTU A0/XKEH PAaCCMaTPUBATbCA TPEHEPAMU U
y4yeHbIMM CNOPTA KaK NepBblii OPUEHTUP ANA YAYUYLUEHUE U MOHUTOPUHIA TPEHUPOBAHHOCTU
60Kcepa. Bce NnpoTOKO/bI TECTUPOBAHUA NPeACTaB/eHbl Bbiwe (To ecTb 6er Ha 6erosoi
AOPOXKe U / unu e3aa Ha Benocunepe) 6oinm ganeko He cneymnduruHbl Ana 6okca,
AaNbHeuwmne nccnegoBaHna HeobxoaMmbl B yCN0BUAX cneumuanbHoOM paborbl.

Helmi Chaabe’ne et.al. Amateur Boxing: Physical and Physiological Attributes Sports Med (2015) 45:337—-352




AHASPOBHAA NPOU3BOANTE/IBHOCTb BOKCEPA

30-c BUMHrenT aHas3pobHbIN TECT LUMPOKO NPU3HAH KaKk Hanbonee AeNCTBUTE/NbHbLIN
MEeTOo/, OUEeHKM paboTtocnocobHocTn cuctembl ATO-Kpd v mMNMKOAUTUYECKON
cuctemsbl [67]. Heckonbko nccnegoBaHuni, npeactaBaeHHbix B Tabanue 3
NMOKa3a/In, YTO NMKOBAA U CPeiHAA BbIXOAHAsA MOLLLHOCTb 3Ha4YeHus bokcepos
MYCKOro nosia bb11M conoctaBuMbl C paHee co3aaH ana A3toao [19], TXaKBOHA0
[17] v KapaTa [18], HO HEMHOTO HUKE, YEM 3HAYEHMUS
BbICOKOKBaIMPULMPOBAHHbIX 6opLoB My»KcKoro nona [20].

B stom KoHTekcTe Hubner-Wozniak et al. npeanonoxunnm, 4yTo OTHOCUTENbHbIN
MAKCUMYM U CpeaHAA MOLLHOCTb HUKHUX KOHEYHOCTEN OLLeHUBAaeMasn Mo TecTy
Wingate 6bin1a 3HauMTEIbHO Bbille y 60pLUOB MO cpaBHEHUIO ¢ bokcepamu. XoTA
NPOU3BOAUTENBHOCTb B IIOOUTENBCKOM BOKCE 3aBUCUT OT aHa3POOHbIX
cnocobHocTen, bopbba, KaxkeTtca, HemHoro 6onee aHa3pPoObOHbIM BUAOM CMOpPTa
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AHASPOBHAA NMPOU3IBOANTE/IBHOCTb BOKCEPA

B cBeTe TOro ¢pakTa, YTO OCHOBHOM LieN1blo OBOKCEPOB ABASIETCA NPeyCcneTb B
HaHECEHMM YNCTbIX U MOLLLHbIX YAaPOB NPOTUBHUKY, OLEHKA CUbl MblLLLL
BEPXHEN KOHEYHOCTEW O4YEeHb BarKHa. CyLllecTBYeT TO/IbKO HECKO/IbKO
nccneaoBaHMM, KOTOPbIE KOJIMYECTBEHHO OLLEHWIU CUAY U MOLLHOCTb PYK Y
H6oKcepoB. 3Ha4YeHUA, NpeacTaBaeHHble B Tabaunue 3, 6bl1M conocTaBMMbI C
AAHHbIMM, YCTAHOB/IEHHbIMW Y CMOPTCMEHOB No A3t040 [19] n Onnmmnumnckmx
6opuos [69].

AHaspobHasA NPON3BOANTE/IbHOCTb CBSA3aHA C BbICTYN/JIEHUSMMU B IIOOUTENBCKOM

b6okce JononHUTENbHO HEOBXOANMA pa3paboTKka HOpM AnAa BoKcepos pa3HOMU
KBaMPMKALMM NO STUM TECTaM.
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344

H. Chaabéne et al.

Table 3 Anacrobic test performance of amateur boxing athletes (data are presented as the mean + SD)

Athlete characteristics (n)

Peak power

Peak power

Mean power

Mean power References

(W) (Wikg) (W) (Wikg)

Indian male national-level (Wingate 30-s Khanna and
test) Manna [16]
Junior (n = 30) NR NR NE 494+ 0.7
Semor (n = 30) NE NE NE 6.5+ 05

Serbian male elite-level (n = 14) 7151 £ 90.3 93+£12 5173 4+ 568 674+£00 Popadic Gacesa
(Wingate 30-s test) et al. [70]

Polish male national-level (n = 34) Hiibner-Wodniak
(Wingate 30-s test) et al. [33]
Upper limb NR 5.4 4+09 NR 6.3+ 05

Ppea (Wikg NR Prean (Wikg
vy = 9.3 £ 0.7 vy = 69 £ 04
Lower limb NR 98 £ 0.5 NR 8.6+ 0.6
Preax (Wikg NRE P Wikg
vy = 108 £ 0.3 mvy) = 95 + 04

Caucasian club-level male (n = 12) Giovan and
(force—velocity test) Nicolaidis [28]
Upper limb 4450 + 80.0 584+ 1.1 (P NE NER

(P iax)
Lower limb 9100 £ 1380 11.8 £ 2.0 (Puas) NR NR
(P sase)
Polish national-level male (n = 13) NR 8.0+ 009 62406 Hiibner-WoZniak

(Wingate 30-s test); upper limb

et al. [41]

FFM fat-free mass, NR information not reported, P, maximal power output, F,,.., mean power output, F... peak power output
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OyeHb MHTepecHoe nccnegosaHme [xkosaHn n Hukonamauca [28], npoBeaeHHoe
Ha BboKcepax-ntobutenax — npeagnonaraeTca, YTo MakCMmassbHas MOLLHOCTb
BEPXHMX M HUMKHUX KOHEYHOCTEN 3HAYUTENbHO CBA3aHbl Apyr ¢ apyrom (r = 0,70).
3TOT BbIBO/, O3HAYaET, YTO HoKcepbl ¢ 60s1ee BbICOKOM MAaKCMMa/IbHOM CUI0MN U
MOLLHOCTbIO B HUMKHUX KOHEYHOCTAX CNOCODOHbI AEMOHCTPUPOBaTL bonee
BbICOKAA MaKCMMa/IbHYO MOLHOCTb U CUAY B BEpPXHUX[28]. 9Tn BbIBOAbI OblNN
NOATBEPKAEHbI NPeablayLuMn UCCeg0BaHUAMM, KOTOPble NOKasanm bonee
BbICOKYIO CUY yAapa Npu 3aHEM yaape 13-3a A0NOJHUTENIbHOM POJIN HUXKHEN
KOHe4yHocTun [77, 78].

3TN HaboAEHUA OTPAXKAOT BaXKHOCTb 418 TPEHUPOBOYHbIX MPOrpamm, KOTopble
AOIKHbI Pa3BMBATb CUY KaK BEPXHUX, TaK U HUXKHUX KOHEYHOCTEN Y BOKCepos.
Hay4yHble nccnegoBaHum Nno XKeHwmHam-bokcepam He XBaTaerT.

B cBeTe Toro ¢akTta, YTO MbilLeYHaA CUNA ABNAETCA OAHUM N3 ONpeaenatoLLmnx
dbaKTOpOM ycrnexa B Ntobutenbckom b6okce, byaywme nccneaoBaHUsa JOMKHbI
ObITb HaNPaBAEHbl HA MOUCK CBA3U MeX 4y BO3PacTOM, BECOBOM KaTeropmemn um
YPOBHEM TEXHUKU N / unn ycnexa 6oKkcepa, 4tobbl pa3pabaTtbiBaTb NpaBu/ibHbIE
CTpaTerMm NOAroTOBKM.

Helmi Chaabe’ne et.al. Amateur Boxing: Physical and Physiological Attributes Sports Med (2015) 45:337—-352




TONKAHME AIPA

Table 5 Muscular power performance of amateur boxing athletes (data are presented as the mean £ SD)

Athlete characteristics (n) Upper limb shot put test (m) Lower limb (cm) References

Right hand Left hand

Lithuanian elite-level male boxers (n = 10) 9.8 & 1.4 (before) 9.1 £ 2.0 (before) SLJI;: 2257 £ 11.2  Cepulénas et al. [90]
[values recorded before and after 2 102 + 1.5 (after) 9.4 + 1.8 (after) SLIy: 239.7 + 12.7
microcycles (i.e., 2 weeks) .
of specific boxing training] CMlyemi: 41.7 + 3.0
CMJ,po: 43.6 £ 4.3

Polish national-level male boxers Obminski et al. [93]
Male (n = 7) 92 £ 68 77 £55 NR
Female (n = 7) 6.8 £ 3.8 59 +£4.1 NR

Polish national-level female boxers (n = 7) 6.81 £+ 0.76 (before) 6.26 = (.83 (before) NR Obminski and Blach [95]
[values recorded before and after 728 + 0.77 (after) 6.63 + 0.82 (after)

2 microcycles (i.e., 2 weeks)
of specific boxing training]

CMJ .7 counter movement jump with arm swing after 2 weeks of athletic training, CMJ_,,,.> counter movement jump with arm swing after
2 weeks of specific training, NR information not reported, SLJ; standing long jump after 2 weeks of athletic training, SLJ; standing long jump
after 2 weeks of specific training
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CUJTA XBATA

Table 6 Hand-grip isometric strength performance of amatear boxing athletes (data are presented as the mean £+ SD)

Athlete charactenstics (n)

Hand grip srength
performance (kg)

Measurement equipment References

Right hand Left hand
Mexican high-level male boxers (n = 22) (values Harpenden manual dynamometer Ramirez Garcia
are for the right and left hands) graduated for kilogram-force et al. [96]
Light-weight G:36l £ 36 30217
S:384 42 3066+ 38
C:35 74 H43+74
Middle-weight Grdlex 23 420x£55
S:440 £ 36 42941
C:481 £39 464 £ 4.1
Heavy-weight G522 £ 84 496 =90
S:550x£64 520x95
C:535x76 3507+04
Total boxers G433 86 426 £ 81
S:458 £ 84 438 L R9
C:d60 16 439 +£100
Lithuanian elite-level male boxers (n = 10) MR Cepulénas et al,
Values recorded after 2 microcycles 539 £ 105 525 £92 [20]
(ie.. 2 weeks) of athletic waining
Values recorded after 2 microcycles 585 £ 121 567 =94
(ie.. 2 weeks) of specific raining
Italian elite-level male (n = &) 582 £ 6.9 [dominant hand]  Spring device hand-grip dynamometer Guidetti et al
[5]

' competitive preparation phase, ¢ general preparation phase, NR information not reported, § specific preparation phase

Myt yBennyenuma cunol yaapa / dunmmoros B.U. [u ap.] // Bokc : ExxeroaHuk. - M., 1983. - C. 41-43.



N3OMETPUYECKAA CUNA

N3omeTpuyeckana cmna xsaTa ABNAETCA BaXKHbIM Nokalatenem Gpusnyeckoun
nogrotosneHHocTu [5, 73, 94]. B nccnegoBaHuUmM Ha UTaNbAHCKUX SNNTHOTO
ypoBHsA bokcepax-ntobutensx, Guidetti et al. [5] yctaHoBAN€EHO,
N30METPUYECKAA CKUIA MbILLL, 0OCOBDEHHO BEPXHEN KOHEYHOCTU
(AOMUHMpYOLWAA pyKa), TECHO CBA3aHa C pernTUMHrom boKkcepa. Kpome Toro,
Bruzas et al. [94] noKa3anun, 4To NOKa3aTeNnn CUbl PYK KOPPENMNPYIOT KakK C
cunomn axkeba n 6okosoro yaapa (r=0,74 nr = 0,63 COOTBETCTBEHHO).

3Tn BbIBOAbI UMELOT ocoboe 3HaueHue AN TPEHEPOB M MOTYT NMOMOYb C
pa3paboTKoOM NpaBUIbHbIX CTPAaTErMn TPEHUPOBOK A/19 OOKCepos.
Pamupec lMapcma u gp. [96] npeanonoxunnm, 4to KUCTEBAss AMHAMOMETPUS
npeactaBnaeT cobon KOCBEHHbIN NMOKa3aTeb CUJibl BEPXHEN KOHEYHOCTMW.
B 3TOM KOHTEKCTe 3TO H6bI10 BbIABNEHO, YTO €Lle OAHMM U3 OCHOBHbIX
$aKTOpPOB, CBA3AHHbIX C MPON3BOANTENBHOCTBLIO B Nt06UTENBCKOM HBOKCE -
3TO YPOBEHb CU/1bl BEPXHEN YacTu Tena [5].

Myt yBennyenuma cunol yaapa / dunmmoros B.U. [u ap.] // Bokc : ExxeroaHuk. - M., 1983. - C. 41-43.



BbIBObl OB30OPA

Nmetowmeca aaHHble CBMAETENLCTBYHOT O TOM, YTO pa3BMTaA aspobHaAs MOLWHOCTb
Heobxoanma AnAa nognepaHua NOBTOPAOLWMECA UHTEHCUBHbIX AENCTBUN B
nobutenbckom 6oKce, YTOObI YCKOPUTL NPOLLECC BOCCTAHOBAEHUA U MOMOYb B
noaaep*aHnm obuero sHepreTUYeCKoro 3anpoca. Xopowo YCTaHOBAEHO, YTO
aHa3pobHaA MOLWHOCTb CBA3aHA C MPOU3BOAMUTE/IbHOCTBIO B Nt0buTenbckom bokKce.
MblweYyHas cnna B 060MX BEPXHUX U HUKHUX KOHEYHOCTAX MMEIOT BarKHOE 3Ha4YeHune
ANA yPOBHA KBannduKaumm 6okcepa. HactoAawmm o630p MmoKeT AaTb NOHMMAHME
dnsmnyeckmnx n pusnonornyecknx TpebosaHmnm K NtobUTENBCKOMY BOKCY.

Tem He meHee, 10 cuX Nop uccaenoBaHusa pusmyecknx / GuUsnMonornyeckmx
XapaKTepPUCTUK BOKCEPOB B OTHOLLEHWUM BO3PACT, NOJI, YPOBEHb
KOHKYPEHTOCNOCOOHOCTM M ycnexa, BECOBbIX KaTErOPUM OYEHb CKYAHbI.

Taknum ob6pasom, HeobxoaAMMbI 4ONONHUTE/IbHbIE NCCNEA0BaHNA, @ UMEHHO pa3paboTka
a3pobHoro cneundmnyeckoro HOKCEPCKOro Tecta, KOTOPbIN YYTET TEXHUYECKUE
0COOEeHHOCTM AeATeNbHOCTH.

TaKe OTCYTCTBYIOT U3SMEPEHMA CUbI YAAPOB B YCNOBUAX peasibHoro 60a, n oTaenbHbIX
BKNAA0B PYK M HOT B CUAY yAapa.

Helmi Chaabe’ne et.al. Amateur Boxing: Physical and Physiological Attributes Sports Med (2015) 45:337—-352
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ARSTRACT

Franchini, E, Comack, 5, and Talkéto, MY Efiocts of high intonsity
interal fraining on Olynpio combal sports athintes” pariommanon
and physinlogod adaptafion: A systomatio mviow. | Stangth
Cand Ras 33{1): 242-282 201 8#—-Combat spofs mpmsont
amund 25 of al Ciympic medals disputed, and the sucomss
in thess spots am determined by technioet dinal acolenon
and supporied by physinlogioal and peychologoal devslopmont.
Nhough T raning in combat sports is intermillien? faining by
natm, oM msaarchers hawn started o0 foous Shair afiontion on
i affeds of complamantany high-intonsity intoreal raining (HET) -
omupled standasd combat spots-specifo fainng on moplolog-
ioall, phsiclogical, and perbrmancs ad aptations. Thus, in s sys-
fomatic meiow, wa amed fo werilly o ofiects of s pe of
franing on thasn vasabies. A fotal of 117 ariches in $e olecionio
dat ahass Pubmed ., Soopus, and Wah of Soianos wom retianed,
and 9 studios remaned in e prsond systematio mview_ A fotal of
298 athietos (138 judo atiotes, 40 tokwonds hlotes, 18
bowees. 17 kamte atloes, and 15 whstos) wemn irmesigased
in fesa 8 siudos {5 Wi judo dhintes, 1 Wi boos, 1 with
kamin athldes, 1 with wasfos, and 1 with aolsondo abistes]
Tha HET pmtomis mestigated did not gonemie any changa in
body i pemontage o body mass bt gonorlly reslted in i
o N Vooman or Vonpaak, varying from 4.4 10 23 0% How-
v 1ha most obenrved bandit of HIET pmoto s was an inomass
in anasrobic finess, represonted by impovement s in anaarobio
peower and capaciy.

Ky WoRDS intomitiont fmiring. body composition. aomibio
and anaoranc porifomancn, martial ars

Maddrog cormapesdenes 1o Mossm V. Tasie, dheceallisple
I N2 252

S af Fowageh and Cmditon g Roacck

& 2008 Nt Sroept oxal amlibisiey Ao fior

242 |l of Smngh o Condifioning Reseaxch

ITRnD DT
omiat spons repesent anound 2 5% of @l Clymp
medas dispaed [13). At the Tokyo F20 Clym
s, individoal male and femae will he comested
in heing, fencing, jodo, kamte and freeshis wre
ging, and @elowondn, wheress only mals will compeds in
Creco-Boman westling. In addition, dhere will be medals
for team eventss in fencing and jodo [36) The soccess in these
spors ar dewrmined by technicaltacfical excellence and
supparted by physislogica and psychal ogical develogament,
athongh the key elements dor grppiing and srildng anmbhat
spors seem o vary [R6-E DAL Time-moton smdies =
pored sirildng combat sposs, soch o hodng [39), karase
(40 and tadcwondn [35). & well a5 weapon-based mmibat
sport-dencing (43, have shorer highintensity «fors inder
spered by bonger pamse pesinds ompared with grappling
imhat spors soch & jodn (M) and wresSing (W] Thersdone,
grappiing animhat sports ey maore on Arengsh endoranoe and
higher levek of maximal stength (16253 4] wheres striking
mmha sports depend more on musde power and speed
5.9.1139.41) Consequerzly, grappiing comibat spors coniess
have a higher givoohvtic contrboson (253 compared with
siriking mmiat spors (35,1124, To cope with the high
imensity inermigent oot patem ad de physiologica
demand in hese spors, athletes periom high-intensity nienal
Taining sessins varying in temms of exencise mnde (Fenerd
eg. mnming rowing, and cycling-and sport-sperihic), efon
and panse intensites, dorations, and ratios (T162123.3341).
Highrintensity inderval tmining has heen nsed eviensively in
many diflerent sports for a long @me (1) bot has gained
increased interest of researchers especidly in the kst 2 deca
des, ressolting in sperific clasifi mtin of the diflerent types of
varighle combinatons i promote parSoukar adaptasions B.4).
Ciomihat sports-sperific training, especially oombat sim
ulation, is intermittent by namre (1639), bot only recently
researchers have started @0 focus their ateention on the

eflerts of complementary high-intensity inberval tmining

BIMAHUE MHTEPBA/IbHOW
TPEHUPOBKW HA
PABEOTOCMOCOBHOCTb
EANHOBOPLIEB: OB30P 2019

N3y4yannce TONbKO CMOPTCMEHDbI
BmewatenbCctso MMHMMym 4 Hep,

Bbino HanpeHo 117 ctatei

[locne oueHKKN KavyecTBa N yaaneHus
nybnnkatos B 0630p Bowsio 9 (138
cnopTcmeHsbl no a3toao, 40
CNOPTCMEHOB NO TX3KBOHA0, 18
H6okcepos, 17 KapaTts

cnopTcmeHsbl n 15 6opuos) 6biam
nccnenoBaHbl B 3TUX 9 nccnenoBaHUAX
(5 co cnoptcmeHamum no A3toao, 1 c
bokcepammn, 1 co cnopTCMEHaMM no
KapaT3, 1 c bopuamm n 1 co
CNOPTCMEHaMM MO TX3KBOHAO)

Franchini, E, Cormack, S, and Takito, MY. Effects of high-intensity interval training on Olympic combat sports athletes’ performance and
physiological adaptation: A systematic review. J Strength Cond Res 33(1): 242-252, 2019



B/IMAHWUE MHTEPBA/IbHOM TPEHMPOBKM HA PABOTOCMOCOBHOCTb
EAMHOBOPLLEB: OB30P 2019

NHTEHCMBHAA MHTEepPBa/ibHAA TPEHUPOBKA 0ObIYHO NpUBOAMUT K yBennyermo MIIK.

B cnopTtusHbIX egnHobopcTBax npupoct MIK Bapbupyetcs ot 4,4 no 23,0%. Tak KaK paHee
coobuianock, YTo aapobHble BO3MOKHOCTU cnocobcTBytoT Honee bbicTpomy
BOCCTAQHOB/IEHWUIO, 3TU pPe3yNbTaTbl NPeAnOaaratoT, YTO MHTEePBaIbHAA TPEHUPOBKA
BbICOKOM MHTEHCUBHOCTM MOXKET MOMOYb Y/y4LINUTb BOCCTAHOB/IEHNE MEXKAY
nocnenoBaTeIbHbIMU AEUCTBUAMM BbICOKON MHTEHCMBHOCTU UM

MeXKay payHa4amu.

Kpome TOro, 661710 HalAeHo elle OAHO NPEUMYLLLECTBO - MHTEPBAbHbIE MPOTOKObI
BbICOKOM MHTEHCUBHOCTM CNOCOHOCTBOBAIM MOBbLILWEHUIO M aHAa3POOHOM NOArOTOB/IEHHOCTH
— POCT CU/Ibl U MOLLHOCTU, KOTOPbIE MOTYT MPUHECTM NOoNb3Y B 60lt0.

[MTOCKONbKY TO/IbKO B 2-X UCCNeA0BaHMAX U3YYa/IUCh BAUSAHUA CMeLMasibHbIX YIParKHEHUN,
BbIMNO/IHAEMbIX NO NPOTOKONY UHTEHCUBHOM MHTEPBAIbHOM TPEHUPOBKU, byayLume paboTbl
[O/IKHbl ObITb COCPEAOTOUYEHbI HAa MEPEHOCE NPEMMYLLLECTB UHTEPBAIbHOMN TPEHUPOBKMU
BbICOKOM MHTEHCMBHOCTU Ha 60N MAKM crieunanbHble TECTbl B KaXKAblA U3 BUOOB
eanHobopcTs.

Franchini, E, Cormack, S, and Takito, MY. Effects of high-intensity interval training on Olympic combat sports athletes’ performance and
physiological adaptation: A systematic review. J Strength Cond Res 33(1): 242-252, 2019
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Abstract

Backgromnd & Sy AN An imparmant sspect concerning the specificiry peinciple i selared oo rhe rime srucnise of the speer. The sim
of our snudy was the effecs of shorn-term low-vwolame bigh-inerciry ingermatrens craining (FIOT) added o
rradivicnal judo rrainieg; on physiologice] and perfirmance responses o judo-specific rasks.

Maierial & Methods:  Thirry-five judo athleres wese randomly allocased o congenl grop (n = 8) and 5 HITT groups: (1) kower-hady
cycle-engnanerer (n = ¥; (2) upper-body cpcle-erpometer (n = % (3) wchi-komt (rechmiquee entrence) (n = ).
All presccals were cossriruned by 2 hlecks of 10 sers of 20 & of sll-our efforr, with 10 & imerval berween sems
and 5 mim berwesn blocks, ssecued mwice per weelr for A4 wesks, Pre and [rosT-Trining rhe arhleses pr-.rﬁ.‘tnwd
rhe ﬁprful Joda Firness Tesr (S]FT) and 3 sarch sevalarion, wirh blood lacmee, hormoses (comisel, C, and
peslesge e, 1) and miische ﬂ..ull:g-r idler (crearte kemse, CK, laomr d.l"]lr'd.rﬁﬂ:rmw. LDH.I:‘_MHE deral-
meransferase, AST and dlanine sminooransferss, ALT) messurements.

Resulls:  There was an increase (o= (L031) in the mamber of rheows in the SJFT for the apper-body group, while de-
crezsing the FIR immediarely afres the S]FT wnd rthe sumber of sequences in standing positian for the lower-
by grougp (p = (U001 and p = QL0 respecrively), the index in che SJFT far che achl-Esmi groap (p = (015
and rhe CE concenrarian (= (L004] in rhe manch sirmlarion for the upper-hady geoup. TAC mrio increased
(= CLCL) afrer rhe mnarch sevalarion in che posr-reaining,

Conchelon: Al rrising mades impeoved performance, biochemical and hormosal respanse 1o jodo-specific performance,
bur each proup adapred in a different way.

Raywanss:  wrhlenss = combar spaorr = raining iserciry = rraining load = uchi-keni
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KPATKOBPEMEHHAA MHTEPBAJIKA U CMELUWAJIbBHAA
PABOTOCINOCOBHOCTb B 43040

4 rpynnbl: KOHTPOJIb, MHTEPBAJIKA BEPX, MUHTEPBAIKA HU3, YUMU-KOMM.

CneumanbHbI nonesomn TecT (Kon-Bo 6pocKos)

Table 1. Athletes’ performance in/ the judo-specific tests pre- and post- three different high-intensity training protocols (values are mean + standard
deviation).

/ Lower-body Upper-body Uchi-komi Control group
Variable training group(n=9)  training group(n=9) training group (n =9) (n=8)

Pre Post Pre Post Pre Post Pre Post
Number of throws in the SJFT (rep) 2743 2743 15+2* 17+2 2543 262 25+3 24+
HR after the SIFT (bpm) 181+9* 17449 175+11 177+13 180+8 1759 1762 173+1
HR 1 min after the SMM] 15210 15013 142+22 144+13 152+14 140+12 14616 150£11
SJFT index (beats.min—".throw—") 12682199 12042175 12842255 1208135 1284147 12072136 13112149 13.80+1.14
Delta blood lactate SJFT (mmol.L- )& 8.60+0.79 7.24+240 9.62+2.20 9.73+226 10.27+1.47 1042+161 8234211 7.51+1.46

Note: SJFT Special Judo Fitness Test; HR heart rate; * different from post-training (p < 0.05); * lower-body training group different from control group
(p < 0.05).

BbiBOADbI: Pa3Hbie aganTtauynm OT Ppa3HbIX TpEHMpOBOK!

Franchini E, Julio UF, Gongalves Panissa VL et al. Short-term low-volume high-intensity intermittent training improves judo-
specific performance. Arch Budo 2016; 12: 219-229
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AMATEUR BOXERS

IemeEr Lomrren,! Fagm Y., Magaorea,'® Groaerve (. Armrorn™ Rorxano Kogar,!
Kara Krmaoswea,” Cesar O Car Aran,! Ioog F. Cruz,”® FELre Rovaso,® Lucas A PERERA," AND

Esersm: FrRooEDT
NAR ~ Mol of gk P,

ar din Sport, Sfo Pawk, Brael *Department of Physiarl Edvoatim, Stne University of

Londrins, Londrig, Brazl; "Martsad Arts and Combent Sports Resnoroh Grogg, Sofeal of Plysid Fadeation and Sport
Uinrersiy af Sn Pk, Srael *Labormory of Agpliad Nutritior amd Metabolim, Sohae! of Pysial Fduairon and Spart.
Umroersity of 850 Pade, Brrzn; awd “Hroelsm Boxging Canfaderation, S0 Paosds, Hroed

ARSTRACT

Lotwma, | Nakamura, FY, Arfioli, GG, Kobal, R, Kitsmum, K
Cal Abad CC. Cnz, F, Romano, F, Poreim, LA, and
Fran dhini, E Stmngth and power qualifies am highly assoor-
ated with pundhing impact in olite amateurbas s, J Stmngth
Cond Ras 30{1): 108-116 201 6-Thies sudy irsestgated
tha miationship bateosn pundhing mpact and salksoted
stmngth and power variables in 15 amatewr bassrs from the
Baziian Matonal Team (8 men and & woman]l Pundhing
impa0t wes 2 seassad in thae folowing conditions: 3 jahs stan-
ing from e standardeed posifion, 3 omsses stading fom
tha standardzsd position, 3 jabs staring from a sali-salsoted
pasifion, and 3 orosses stading from a so f-soected posiion
For punohing tests, a foron plagiom (1,02 ¥ 076 m]) oowmd
by a body shinld was mounted on the wall at a haight of 1 m,
porpon dicular fo tha floor The salocted stmngsh and power
vanables wore vertinal jump haight §n squat pmp and coun-
termowemant jumpl, mean pmpulsive powar in tha jump
squal, bench press [BF). and bench $row, masmum somet-
i oo in squat and BP, and mite of foros dewsibpmant in the
squal and BPF. Sex and posifion main efincis wem obsoned,
with higher impact for males compared with fomales {p =
005 and #w soisclecied distance resulling in highor
impaot in the jab o chnique compamd with the foed dstanos
{p = 0.05). Fnally, ta comiations batwesn sinang thiposer
wanables and punching impact ndioss mngad botweon 0567
and 085 Bocause of tha simng assodiatiors betwensn
punching impact and srengfh/power wariables (og., bhower
limby mrscle power), this study provides important information

Adedros oosopardees o ki Lo, e w oo oo b
T/ TI6

Sacrmad of T owagth sl Covoitiocioy Rosrmsk
& 2005 Matira Beroepot sl (mditioaing Aoociztin

for coaches io specifically dosign beflor frainin g stmteges fo
improva punching impact.

Err WoRDS combat sporis, punchos, meschn power,
strangth Taning. plfomatios

ISTROD DCTI0N

n amatenr hoxing hghts, boxers are only allowed to
nse mundhing techmiqoes, which must tar get the fron

tal or lateral parts of their opponens” head or torso
(3.16). The scoring s ystem in amadear hadng i cen
iered an the number of quality punches in the target area,
domination during the hout, competitiveness, technical and
tctical dominance, and infringement of the noles (5). The
doration and number of roonds vary in amatenr hoxing
depending on the competitive level and agreement of the
omaches and athiees [3]: novice boxers compets in thres
I-minute rounds, inermediate boxers compete i foor
2-minute rounds, and open-class haxers compete in three
J-minute or foar 2-minute romnds. In @l cases, rounds ane
interspersed by 1 mime A recent investigation (9) con
ceming the adivity profile of elit male amatesr hoxing
reported that howers mainfain an acfvity rae of anoond
L4 actions per second. In a simulited hodng match osing
the emporal stocmre as the reference, the tosl estimated
energy expendimre was around 6§50 k], with the iolowing
relative contributions : aerolbic, T7%; anaerobic alactic, 199
and angerdhic lactic, 4% (10). However, an athlete can win
the fight at amy dme ithe/she nocks the opponent o with
@ punch, this reduocing the total duration of the fight and the
oomespanding energy expenditure. Beranse knodonat isa con
stant goal during 2 match, hovers must have wel .developed
mascle power and sirength 5.27.254) 0 increase punch
impact and. 2% 2 conseqoence, knockom power.
A numher of descriptive s dies have alread y reponied that
munching impact foree i one of the main pefomano
indicainrs in amadear hodng (1927.37). Smith et al (35)
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CUNA N MOLWHOCTDb
CBA3AHbI C CU/IOM YOAPA
B JIKBUTE/IbCKOM BOKCE

CnopTcmeHbl TeCTUPOBANNCH 3 AHA
noapaa Kak cneayet: AeHb 1 NpbirKOK
n3 npuceaa (JS) n bpocok BBepx nexxa

Ha naske (BT) cpeaHsn MOLLHOCTbL B

BEPTMKANbHOM MpPbIXKKe Ha
onTMManbHOM Harpyske (MPP), aeHb
2, yaapHble NcnbiTaHMA axxeb n Kpocc,
a TaKXKe MaKcMmanbHas
N30METPMYECKan CMNa; N AEHD 3,
MaKCMMa/ibHaa MOLWHOCTb B }KUME
NleXKa Ha ckamewke (BP) npwm
ONTUMA/IbHOWN HarpyskKe.

Loturco, |, Nakamura, FY, Artioli, GG, Kobal, R, Kitamura, K, Cal Abad, CC, Cruz, IF, Romano, F, Pereira, LA, and Franchini, E. Strength and power
qualities are highly associated with punching impact in elite amateur boxers. J Strength Cond Res 30(1): 109-116, 2016



CUIA U MOLLHOCTb CBA3AHbI C CU/TOM YOAPA B
JNIOBUTEJZIBCKOM BOKCE

TaeLe 1. Comparisons of punching impacts, muscle power, and isometric test
performances between men and women.*

Men Women ES (Rating)
Fl (M) 1,152.22 + 246.877 902.50 + 213.49 1.08 (large)
FC (N) 1,331.67 £ 234.497 99417 + 22114 1.48 (large)
SSJ (N) 1,212.22 + 269.627 893333 + 164.76 1.28 (large)
SSC (N) 1,368.33 + 266.277 987.50 £ 19219 1.66 (large)
SJ {em) 36.78 + 5. 377 26.24 + 3.34 2.42 (large)
CMJ (cm) 37.42 + 4,757 27.07 =+ 3.30 257 (large)
MPP 1S (W) 67005 + 186.95 456.63 + 91.30 1.53 (large)
MPP BT (W) 511.58 £ 130.057 296.39 + 83.64 2.01 ({large)
MPP BP (W) 50949 + 115.267 29551 £ Y4.41 2.26 (large)
MIF squat (M) 2,609.56 + 950.811 1,807.67 = 31418 1.27 (large)
MIF BP (N) 1,017.67 + 26.20 T727.00 + 94.65 1.64 (large)
RFD squat (N-ms 1 46033 + 81.917 288.83 + 95.80 1.93 (large)
RFD BP (N-ms—1) 247 .44 + 50,437 16017 £ 4417 1.85 (large)

*ES = effect size; FJ = fieed jab; FC = fixed cross; SSJ = self-selected jab; SSC = self-
selected cross; SJ) = squat jump; CMJ = countermovement jump; MPP = mean propulsive
power; 1S = jump squat; BT = bench throw; BP = bench press; MIF = maximum isometric

force; RFD = rate of force development.
iDifferent from women (p = 0.05).
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CUNA N MOLLHOCTb CBA3AHbI C CU/TOW YAAPA B TFOBUTE/IbCKOM BOKCE

TaeLe 2. Correlations between punching impact indices and muscle power, and maximal isometric force.*}

FC

55J

SSC

FJ
S) 0.67 (0.30-0.93)
CMJ 0.67 (0.34-0.90)

0.77 (0.46-0.96

0.77 (0.46-0.91)
0.72 (0.50-0.88)

MEP 1S 0.76 (0.54-0.95)
MFF BT 0.70 (0.30-0.94)
MFF BF 0,70 (0,29-0.94)

)
0.79 (0.48-0.96)
0.84 (0.66-0.96)
0.76 (0.52-0.95)
0,78 (0.53-0.05)

0.78 (0.48-0.95)
0.80 (0.50-0.95)

0.83 (0.68-0.04)
0.75 (0.39-0.92)
0.76 (0.38-0.94)

0.85 (0.64-0.95
0.78 (0.54-0.94)
0.79 (0.53-0.95)

MIF squati 0.68 (0.28-0.92)

0.83 (0.49-0.93)

0.69 (0.32-0.94)

0.73 (0.45-0.95)

*FJ =fixed jab; FC = fixed cross; 55) = self-selected jab; SSC = self-selected cross; S) = squat jump; CMJ = countermovement
jump; MPP = mean propulsive power; J5 = jump squat; BT = bench throw; BP = bench press; MIF = maximum isometric force.

1 normal data.

TasLe 3. Correlations between jump height and
lower limb muscle power, and maximal isometric
force.*t

rﬁﬂf; 0.01 for all tested correlations.
n

SJ) CMJ
MPP JS 0.92 (0.84-0.97) 0.88 (0.74-0.96)
MIF 0.79 (0.43-0.95) 0.79 (0.44-0.96)
squati
RFD 0.80 (0.55-0.93) 0.76 (0.46-0.90)
squat

*S) = squat jump; CMJ = countermovement jump;
MPP = mean propulsive power; JS = jump squat; MIF =
maximum isometric force; RFD = rate of force develop-
ment.

'rﬁo-:: 0.01 for all tested correlations.

{Nonnormal data.

MPAKTUYECKOE NPUMEHEHMUE: U3-3a 60/1bINX U OYEHb BONbLLIKX
Koppenaummn, HanaeHHbIX MeXay CU0BbIMU N3MEPEHUAMMU B HUKHEN N
BEPXHEN KOHEYHOCTU U CUJIOM YAapa, TPEHEPAM HACTOATENbHO
PEKOMEHAYETCS peann3oBaTb KOHKPETHbIE CTpaTerMm obyyeHms ans
NOBbILWEHNA NPON3BOAUTE/IBHOCTU B 3TUX NEPEMEHHDbIX.
CooTBEeTCTBEHHO, OCHOBHbIE CMN0BbIE YNPAXKHEHUA, TAKNE KaK UM
Nexa, bpoCKM MAYa U NPbIXKKK, UCMONb3YA ONpeaesieHHbIA ANanasoH
Harpy3okK, CNoCOBOHbIX YBENNYNTb MOLLHOCTb, MOTYT ObITb UCMO/Ib30BaHbI
ANA YCUNEeHUs BO34enCcTBMA. Kpome Toro, CNOPTCMEHbI A0/TKHbI
pPa3BMBaTb MAaKCMMAIbHYIO CUJTY B HUMKHUX KOHEYHOCTAX, COCPpeoTOYNB
BHMMaHME Ha METOAAX, KOTOPbIe Bbl3blBAalOT HEMPOHHbIE aAanTauum, a
He rmnepTpoduyecKkme oTBeThlI.
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CUIA U MOLLHOCTb CBA3AHbI C CU/TOW YOAPA B
JNIOBUTEJZIBCKOM BOKCE

Halwwmn BbIBOAbI MOKA3bIBAOT, UTO 3NMUTHbIE BOKCEPbI MOTYT YAYYLLUTb YAAPHYHO
NPON3BOAUTENBHOCTb, A06aBUB K X 0ObIYHbIM TPEHUPOBKaM pPaboTy, OPMEHTUPOBAHHYIO
Ha NOBbILLEHNE CU/Ibl U MOLLLHOCTM OCHOBHBbIX FPYMNMN MbILL, BEPXHUX N HUMKHUX
KOHEYHOCTEMN.

[MpMmeyaTenbHO, KakK yrKe coobLanocb B Apyrnx nccaesoBaHmax c ydactmem 60eBbix
cnoptcmeHos (19,20,43), KarkeTca, YTO HUMKHME KOHEYHOCTU UTPatoT LEHTPaIbHYIO POsb B
CO34aHMUKN BO3AENCTBMA BO BPEMA yAapa, Nepenasasn IMHENHbIM MMNYAbC CUNbI

OT 3eM/I1 Yepes HOru M1, NocNeaoBaTeNIbHO, A0 PYK.

XOTA 3TV HEMPOMEXAHNYECKME BO3MOXKHOCTU MOTYT CYLLECTBEHHO MOBAUATL Ha
NPOU3BOAUTENBHOCTb OOKCEPOB, XapaKTep ABMKEHUA (TO eCTb, CEerMeHTapHOE BK/IIOYEHME
OT HUXHUX 0 BEPXHUX KOHEYHOCTEN) onpeaensaowmimn ¢aktop B co34aHnM 6onee BbICOKUX
CU/ BO Bpems yaapa.

[MoCKOoNbKY 3Ta MOAENb ABUFaTEIbHOIO HaBblKa cneuuduryHa AnA Kaxkaoro yaapa,
TpeHepam pekomMeHayeTca pa3pabaTbiBaTb TEXHUYECKME NPUEMDI 418 ONTUMKU3ALUN
[MepeHoca CKOPOCTHO-CU/I0BOM NPOU3BOAUTENIBHOCTU HA KAYeCTBO YAaPOB.

Loturco, |, Nakamura, FY, Artioli, GG, Kobal, R, Kitamura, K, Cal Abad, CC, Cruz, IF, Romano, F, Pereira, LA, and Franchini, E. Strength and power
qualities are highly associated with punching impact in elite amateur boxers. J Strength Cond Res 30(1): 109-116, 2016
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Abstract: The purpose of this case study was to examine the effects of a resistance-training program OCHOBe O P L yBeﬂ NMYnUTb B b|XO,ﬂ|Hy|'O

based on the optimum power loads (OPL) method on neuromuscular performance of Clympic o

boxing athletes during preparation for the Rio-2016 Olympic Games. Twelve elite amateur boxers MOLWHOCTb HAa OJTIUMMUUCKOM ypOBHe
from the Brazilian National Olympic Team participated in this study. Athletes were assessed

at four time-points, over bwo consecutive competitive seasons. In the first season (considered C”OpTCM€Hb| no 6OKCy'
as “control period”), the athletes executed a non-controlled strength-power training program for

10 weeks. In the second season (a seven-week experimental period), the elite boxers performed

14 power-orented training sessions, comprising bench press (BI') and jump squat (J5) exercises at the

OPL. Maximum bar-power output in BP and J5 exercises was measured pre and post both training

phases. Magnitude-based inferences were used to compare changes in pre and post training tests.

Bar-power outputs increased meaningfully in both BP (+8%:) and 5 (+79%) exercises after the OFL

training program. In contrast, after the control period, no worthewhile improvements were observed

in the variables tested. Based on the findings of this study, highly trained boxers might bemefit from

the use of a training scheme based on OPL.

Keywords: elite athletes; combat sports; physical performance; power training; muscle power
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Transference Effect of Short-Term Optimum Power Load Training on the Punching Impact of Elite
Boxers.
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Autheor information

B aTOM MccnenoBaHMKU U3y4aanUCb MSMEHEHMUS BbIXOAHOM MOLLHOCTU B XUMe nexxa (BP),
npbixkke (JS) u npucege (HS), BbI3BaHHbIe KPAaTKOCPO4YHOM (1 Heagens) cxeMown TPEHUPOBKMN,
OCHOBAHHOM Ha ONTMManbHOW cnnoBon Harpyske (OPL), npumeHsiemon kK 6bokcepam. B
3TOM MCC/IeA0BaHUN MPUHANM y4acTMe BoceMb HOKCEPOB 3/IMTHOMO YPOBHSA N3 COOPHOWM
bpa3uann. CnopTcmeHbl TECTUPOBANNUCH A0 U Nocae 3 CMN0BbIX TPEHUPOBOK,
npoBeaeHHbIX B OPL. dn3nyeckne oueHKn BKAOYanm B ceba nsmepeHuna cmnbl yoapos
(nxkebbl 1 Kpoccbl) Ha PUKCMPOBAHHbBIX M CAMOCTOATENIbHO BbIOPaHHbIX PAacCTOAHUAX, a
TaKXe BbIXOAHYI MOLLHOCTb WUTAHIU B yrnpa*kHeHunax BP, HS n JS. KoapdunumneHT nepeHoca
PACCYMTBbIBA/IN KaK COOTHOLWIEHUE MexXay NpubaBKoM pesy/sibTaTa B K HETPEHUPOBAHHbIX
ynpaskHeHunax» (yaapHoe BO3AeNCTBUE) U «TPEHUPOBAHHbIX YnparkHeHuax» (HS, JS n BP)
AN NepPEeMEHHbIX, NpeaAcTaBAAWMX BeIMYNHY 3dPpeKTa He meHee 0,2 , ObyueHne OPL
NPUBENO K 3HAYUTENBbHOMY YBEIMYEHMUIO YAAPHbIX cMa yaapa (8%) n BbIXOAHOM MOLLIHOCTH
JSM HS (Ha 12 u ~14% coOTBETCTBEHHO), HO He BbIXOAHOW MoLHOCTM BP. Mpounsowen
adpdekTUBHbIN NnepeHoc (TEC =~ 0,80) npupocTa xapakTepucTuk JS u HS Ha yaapHyto cuny
yAapa, YTo No3BOJISET NPEANON0KUTb, YTO YBE/IMYEHUE MOLHOCTU Ha HUMKHUX
KOHEYHOCTAX MOXKET ObITb HENOCPEACTBEHHO NEpPeAaHOo yaapHOMY BO3AENCTBUIO. IDTH
pe3ynbTaTbl AAOT TPEHEepPam U MPAKTUKaM LEHHYI0 MHGOPMALIMIO O TOM, Kak BbICTPO U
3pPEKTUBHO YBENNUYUTD YAAPHYIO CUAY ANA SNANTHbIX BOKcepoB-nt0butTenen.
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The Energetics of Semicontact 3 x 2-min Amateur Boxing

Philip Davis, Renate M. Leith&user, and Ralph Baneks

The encrgy expendilens of amalcur boxing is unknown. Purpase: Tolal melabaolic cost (W) 55 an aggregaic
af serohic (W), anacrebic loctic (W pese ), mnd amerobic alactic (W) cnogy of 2 3 % 2-min semiconiacl
amatcur boxing boul was analyred. Methods: Ten boxers {mean = 51D [koworfuppor 95% confidencs intor-
vals[j age 23.7 + 4.1 [20.8/26.6] y. height 180.2 + 7.0 (175.27185.2) cm, body mass 7006 + 5.7 (66.574.7)
kg porformed & scmicontact bout against handheld pads orcaled from previously analyred video fostage of
competithve bouts. Net metabolic was calculated using respiralory pases and bood [lactate]. Resuiis:

Wi, F26.0 £ 5T.1 (485.1/566.9) k. wus higher (F < .001) than W, 581 & 136 (4B4AGTE) k] W ey,
262+ 7.1 (ZL1E1.3) k. was lower (P < 001 ) than W ond Weey. An ~70-kJ fraction of the aerohic cnergy
expenditure reflects rephosphorylation of high-cnergy phosphates during the beeaks botwoen rounds, which
clovabed W, to ~680 k] with relative contributions of 775 W, 19% Wi, and 4% W0 Conclimrizns: The
nesulis indicats that the metabolic profils of amabear boxing is predominant]ly acrobic. They alse highlight the
imporiance of a kighly developed nerobic capacity os a preroqguisite of o high octivity rate dwing rounds and
recovery af the kiph-cnerpy phasphate sysicm during breaks as intorelaled requinements of successiul boxing.

Llenbto gaHHOro nccneaoBaHua 6bino
NpPoOaHanM3npoBaTb obume
meTabonumyeckue 3atpatbl (W tot) Kak

Keywords: combat sports, laciste, omypen, heart rate

Encrgy expenditune in amateur boxing is an aggrogate of high-inbensity actions of attack with the hands, defensive
muwements, and shan-disiance lecomotion. Rounds s intenspersed with 1-minute breaks, snd shonier stoppages coour

daring the rounds doc i the boxers clinching and the
refioree’s decision. Daring a typical boul, novice amatcur
bemers throw 130 punches and make 73 defonsive move-
munts and 224 ventical hip movements aver 6 minules of
aclivity, culminating in an activity mic of 1.2 actionss.!
It hax boen supgesied thal nmateur boxing is o pre-
daominantly anascrobic spon, 1o 2 magnitude of 70% 0
%2 This assumption is based on rescarch that oaly
daia on heart rabc and blood [lactaie] of sclection
trials withoul measuns of cxpined geses and no comment
on the cnorgetics of amatcur baxing.” Conscguently, it
is not clear wheno the 70°% 1o B0FE Ggunc came from.
Furthcrmore, considering previously reported posthout
bilod [lactsie ] values of 8.6 5.5, and 135 mmoell. over
Exrol durations of 522, 3 % 3, ond 4 X 2 min, respec-
tively®; assumptions of muscl phosphocreatine stoms
of =30 mmolkp muscle mass?; and o phosphoceatine
roplenishment time constant af 30 o 60 soconds, il scems
illogical o suggesi that anacrobic sowrces could provide
up io BFE: af the coergy in o G-minubs bout
The axypen-uptake (Vi) requircments of spar-
ring amd pad work have been reported as TO0% and

Daris is wilh the Centre for Sport and Exercise Science,
University of Fssex, Colchester, United Kingdom. Lesthiuser
and Heneke ame with the Inst of Sport Science and Molology,
Philfippe- University Marburg, Marburg, Germany.

GE%, respoctively, of the subjoct’s Vi achicved on
an incrementzl trcadmill run? However, the method
wsed, wheno the subject’s WO, was only moasurcd via
a spirametric device afler the lost round and the subject
asked 1o continue exertion al o similar istensity, lacks
validity. Furthermore, peak blood [lactsie] values of &
and 4 mmolil. for sparring and pad work, respectively,
highlight the lack of clon coverted by the bomers. In that
study the pad work was also nol designed bo roplicate a
boxing conlest or spaming. which is supporicd by the
Tact that the boxers threw double the amount of purches
during the pad work than they did in spanting.”

The cnergelics af o 1-on-1 {ooach'participant) labo-
raiory-based boning tmining session comprising warm-up
and conddown of 10 minutes, punching handbeld pads
Tar 18 minutes, punch-bag waork of 16 minuics, shadow
boxing of 13 minutes, and rest of 3 minuoics hawe boen
reportcd.” Heart rale, cxpircd gascs, and respirtony-
exchange b wore reoorded throughout tho iraining
sossion and the latier T used Lo predict cocrgy cxpendi-
ture via indireot calorimetry, resulling in 2 mean valoe
af 2821 kMe. Howewer, thal study was mal designed 1o
reflect encrgy expendilune of competitive bouts and was
conducted with suhjects who were necreational bowers
and mol imweved in compelitive baxing. Furthermone,
the: training scssion’s duration was 11 Gmes longer than
an amaleur baxing boul. Due 1o the mabane of the hyper-
bola relationship between sustairable power and time 1o
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COBOKYMHOCTb a3pobHbIx (W aer),
AHa3pobHbIX rnKonuTndeckux (W
[nakTaT]) 1 aHa3pobHbIX dpocdoreHHbIX (W
PCr) coctaBnawoLwWwmx sHeproTpaTt 3 x 2-
MMWHYTHOIO MNONYKOHTAKTHOIO NoeAmHKa
nobutenbckoro 6okca.

Philip Davis et.al. The Energetics of Semicontact 3 B 2-min Amateur Boxing International Journal of Sports Physiology and
Performance, 2014, 9, 233 -239




OHEPTOPACXO/, 3 PAYHO0B MHOBUTEBCKOIO BOKCA (MO/TYKOHTAKT)

Table 1 Activity Profile Data Including Attacking, Defensive, and Vertical Hip Movements (VHM),
Mean = SD (Lower/Upper 95% Confidence Intervals)

Round 1 Round 2 Round 3 Bout total
Total attack (n) 45.0 £ 3.7 (42.4/47.6) 44.5 = 6.8 (39.6/49.4) 47065 (42.3/51.7¢ 136.5 +16.6 (124.6/148.4)
VHM (n) 86.6 £ 25.0 (68.7/104.5) 83.2 = 10.7 (75.5/90.9) 90.0 = 8.0 (84.3/95.7) 259.8 +37.3(233.1/286.5)
Total defense (n) 20.1 £7.3(14.9/25.3) 19.2 +4.3 (16.1/22.3) 19.2 + 5.0(15.6/22.8) 58.6 £ 14.9 (47.9/69.3)
Activity rate (/s) 1.2+0.2(1.1/1.3) 1.2 +0.1(1.1/1.3) 1.3+0.1(1.2/1.4) 1.2 +0.1(1.1/1.3)

#Significantly different from round 2, post hoe analyses of main effects (P < .03).

Table 2 Peak Heart Rate, Oxygen Uptake (VO;2) Above Rest, [lactate] and A[lactate] Data Over all 3
Rounds, Mean = SD (Lower/Upper 95% Confidence Intervals)

Round 1 Break 1 Round 2 Break 2 Round 3 Posthout
Heart rate (beats/min) 166 + 19 1533+ 21 173+ 12 160 + 19 174 £ 13
(152/180) (138/168) (164/182) (146/174)+ (165/183)*
VO; (mL/kg) 85.2+907 38.0+4.2 949 +11.0 409 + 4.8 044+ 143
(78.3/92.1) (35.0/41.00 (87.0/102.8)* (37.5/44 3 (84.2/104.6)*
[lactate] (mmol/L) 6714 B6x15 05+1.8
(53.7/7.7) (7.5/9.7)* (8.2/10.8)%#
A [lactate] (mmol/L) 3.0+08 1.9 +0.5 0.9 +0.38
(2.4/3.6) (1.5/2.3)* (0.3/1.5)%#

*Significantly different from round | or break 1. #5ignificantly different from round 2. ¥Significantly different from break 1 (all P < .03).

Philip Davis et.al. The Energetics of Semicontact 3 B 2-min Amateur Boxing International Journal of Sports Physiology and
Performance, 2014, 9, 233 -239



Table 3 Energy Over All 3 Rounds, Mean = SD (Lower/Upper 95% Confidence Intervals)

Round 1 Break 1 Round 2 Break 2 Round 3 Postbout
W (kI 126.8 = 20.3 6.2+ 65 141.6 +24.0 G5 +7.3 40,9 = 28.6
(112.3/141.3) (51.5/60.9) (124.4/158.8)* (55.3/65.7) (120.4/161.4)*
W taciey (kJ) 13.5+4.1 R4+25 43+35
(10.6/16.4) (6.6/10.2)*% (1.8/6.8)%#
W (K1) 5E.1 2136
(48.4/67.8)

*Significantly different from round 1. #Significantly different from round 2 {all P < .035).

200
W ner
= W [lCtate]
150 L W
— W PO Repay
£ 100
=
S F
0

0 R1 Bl R2 B2 R3

Figure 1 — Energetic profile of semicontact 3 % 2-minute amateur boxing. Predominant aerobic metabolism (W, ) during all rounds
(R1 to R3) and breaks (Bl and B2), minor and decreasing anaerobic lactic contribution (W ) from R1 to B3, and substantial
contribution of the high-energy phosphate system {Wpe,) during R1 to R3 supplemented by highly effective aerobic rephosphoryla-
tion (Wper pepay) during B1 and B2.

Philip Davis et.al. The Energetics of Semicontact 3 B 2-min Amateur Boxing International Journal of Sports Physiology and Performance, 2014, 9, 233 -239



ITO uccneaoBaHUe ABAAETCA NEePBbIM, NO U3YYEHUID METabOIMYECKUX NOeAMHKa B 1t06UTENbCKOM boKce
yepes nsmepeHue nakTata Kposu 1 notTpebnenua Kncnopoga. MoagenmpoBaHue yCcrnewHo oTpasuio
TUMWUYHBIN 3 X 2-MUHYTHbIA NHOOUTENBCKNIA NOEAUMHOK MO NPOAO/IKUTENBHOCTU U aTaKYIOLWUM AENCTBUAM.
NHTEHCMBHOCTb MOXKET Obl/1a HEMHOIO HUMKE, YeM Y HacToALWero 60s, 3To YaCTUYHO OTParKaeTca no
3HAYEeHUAM NaKTaTa n cepaevyHoro putma. Tem He meHee, NoTpebaeHne KMCAopoaa HaxoAaMa0Chb Ha NUKe B
KOHLE Ka*KA0ro payHaa, YMeHblleHne N3MEeHEHUI B KPOBb [1aKTaT] ¢ noc/ieayowmmm payHaamm n
BbICOKMI YPOBEHb YyTUAMN3aUMN pocPoKpeaTMHa OCTaBAAIOT MaJio pe3epBa A/11 yBenYeHun
MHTEHCMBHOCTU - MAaKCMMa/ibHO Ha 5%.

BonpeKkn paHHEMY MHEHUIO, 006w KNI mMeTabonn3m 3 X 2 MUHYTbI 1I0OUTENBCKNIM BOKC ABHO
NPEeNMyLLECTBEHHO a3POOHbIN, KOTOPbLIN NOAYEPKMBAET BaXKHOCTb 00LLEN a3p0OHOM BbIHOCAMBOCTHU
TPeHMpOBKa AnA bokcepoB-ntobutenen. HesHaumMTeNbHbIM BKAA4, MUKOIMTUYECKON SHEPTUN YMEHbLLAETCA
OT payHAa K payHAay, B pe3ynbTaTte yero obwui ero Bknag ot 4% no 6%. NocneaHee ykasbiBaeT, YTo
NPOAO/IKUTENbHbIE TPEHUPOBKN MAaKCMMa/IbHON MHTEHCUBHOCTU, NPUBOAALLNE K BbICOKUI YPOBEHb
[nakTaTa] B KpOBM He COOTBETCTBYET TpebOBaHMAM NOATOTOBKM yCNeLHbIX 6OKcepos.

AspobHoe nepedochopuniMpoBaHme BbICOKOIHEPreTUYecKnx pochatos B TeHEHUE NEPEPbLIBOB MeKAY
payHAamuM No3BOJIAKOT 3HAYNTENIbHO MCMOb30BaTb aHAa3POBHOM SHEPTUN BbICOKOIHEPTreTUYECKUX
docdhaTos B BennumnHa Ao 19% ot obuieit ctommocTn meTaboiM3ama, KOTopas YKasbiBaeT Ha NONE3HOCTb
yrpa*kKHEeHU Ha B3PbIB, OrPaHNYEHHYIO OANHOYHbIE yaapbl U KOMOMHaLWKM yaapoB ¢ YactoTon ot 0,3 Ao
1,0 B CEKyHAY 1 Nnepnoamnyeckme NpUCTynbl BbICOKOKW YacTble yaapbl U B3PbIBHbIE CU/I0Bble TPEHNUPOBKMU
NPOAONKMUTENBHOCTLIO A0 ~ 5 cekyHA. B 3aknoueHne onpegennnm metabonmyeckmn npodpunb
noA4YepKUBAET BaXKHOCTb BbICOKOPa3BUTaA cCNocobHOCTb asapobHoro nepedochopnnmpoBaHmn

KaK Npeanocbi/ika BbICOKOW aKTUBHOCTM BO BPeMA PayH0B M BOCCTAaHOB/IEHME BbICOKO3HEPreTUYECKOM
docdaTHOM cncTeMbl NPU NepepbIBbl KaK B3aMMOCBA3aHHble TpeboBaHUA ycnelwwHoro 6okKca.

Philip Davis et.al. The Energetics of Semicontact 3 B 2-min Amateur Boxing International Journal of Sports Physiology and Performance, 2014, 9, 233 -239




YINEBOAHAA 3ATPY3KA NMOCNE YINPAKHEHNA
N NMOBTOPHAA PABOTOCITOCOBHOCTb

beranu noeTopHo Ha 70% ot MK
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Figure 3. Reported carbohydrate intakes during 4 h recovery and repeated running [21-23]. Values are
mean = SD. Values with similar lower cases are different (p < 0.05).

Abdullah F. Alghannam et.al. Restoration of Muscle Glycogen and Functional
Capacity: Role of Post-Exercise Carbohydrate and Protein Co-Ingestion Nutrients. 2018 Feb 23;10(2).
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The Effects of Concurrent Strength
and Endurance Training on Physical
Fitness and Athletic Performance in
Youth: A Systematic Review and
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Comioining treining of Musce Erengtn and ceriorespireiony #ness within a training
cycie could Increase anistic performance more than single-mode raining. However,
e physicioglcal eflects produced by eedh training modalty coud also Interfers with
gach othar, Improving Bthistic paronmance less than singls-mode fralning. Becase
enthropometric, physiciogical, and biomechanical difierences batwean young and sdut
gifietes can affect the responses to exercise fraining, young ethistes might respond
dfiarentty to concumant treining (CT) compared wih aouts. Thus, the Sim of tha
presant Systematic review with meta-Enalyss was bo detammine the aflects of concumant
strength End endurance franing on seiected physical finess companents end athistic
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B XYALEeM c/ly4yae Mbl He 06Hapymw1m

KOHKYPEHTHbIN TPEHUHT U
PABOTOCMNOCOBHOCTb
MON0AbIX ATNETOB

[JobaBneHne cM10BON TPEHUPOBKMN K
TPEHMPOBKE HA BbIHOC/IMBOCTb, NO-
BUAMMOMY, ycunmneaet ee 3pdeKT. Takou
noTeHuupyrLwmn apdeKT HabntoaaeTcs
6onblle y NoAPOCTKOB MO CPAaBHEHMUIO C
NeTbMU. Tem He meHee He ACHO, KaK KT
NPUBOAMUT K YNYYLLIEHMIO CNOPTUBHbIX
pe3y/IbTaToB Y MOIOAbIX CMOPTCMEHOB Ha
BbIHOC/IMBOCTb.

KT MOXET yNy4LlWnTb CUNY MbILLL, HUXKHEN

™ KOHEYHOCTM 60o/iblUe, YemM NPOCTO CUI0BON
o HUKARUX NOMEX, HO, B°3M‘I’<"T‘”°' °9 TPEHWHT Y HETPEHUPOBAHHOW MOIOAENKMN.
For noTeHUNpvoLwmnm 3 eKT no
i UMpyrowni 366 i 3TOT BbIBOA, ABNAETCA NOKa3aTenem

nesl  CPABHEHMIO C OAHUM TONbKO ST nan ETy 4
e noteHuupyrowero apdekta KT. OctaeTca

G i CNOpPTCMEHOB Ha BbIHOC/IMBOCTb B frca o
s BO3pacTe oT 10 10 18 IET v 1OHbIX E HEACHbIM MelWatouee BINAHUE YINParKHEHNNA
h:ﬂ?; CnOpTCN\eHOB B Bo3paCTe oT 10 plo 13 net. L. Ha BbIHOC/IMBOCTb Ha CHUJ10Bble a,EI,aI'ITaLI,I/IVl n

aie FIL5E]

UX 3aBUCUMOCTb OT BO3pPacTa.

Gabler M, Prieske O, Hortobdagyi T and Granacher U (2018) The Effects of Concurrent Strength and Endurance Training on
Physical Fitness and Athletic Performance in Youth: A Systematic Review and Meta-Analysis. Front. Physiol. 9:1057.
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NM3MEPUTb BEC N COCTAB TEJIA YTPOM

MNAH KOHTPOJIA BECA

ATAET NPEBbILWAET

HATOLLAK NOC/IE YTPEHHUX MPOLEAYP

OA
B3BELLMBAHWE YEPE3
HEZE/O U BONEE?

OA
ATNIET UMEET XXUPOBYO MACCY,
KOTOPYIO CMOMET MNOTEPATbL? (6onee
5% ona M, n 12% pna X)

OA
NMPOKOHCY/IbTUPYUTECH C
OWETO1I0IOM, HYTOBbI
CHUHATb MACCY XKUPA HA
1% B HEAE/HO

HET
MOTPEBYETCA OTCPAA
CrOHKA MEPE/
B3BELUMBAHUEM

HET
MNOTPEBNEHWUE YIIEBOJOB
MOET OCTATbCA TAKUM XKE

120 YACOB A0 BECA
CHUMKAITE NOTPEB/IEHME
HATPUA [0 500 mr 8 IEHb

AeHb

48-96 YACOB 10 BECA
CHUXKAWTE MOTPEBJIEHME
KNETYATKU MEHEE 10t B

BECOBYIO KATETOPUIO?

HET

NOAAEPHKUBATb TEKYLLYHO MACCY C AKLEHTOM HA TMAPATALINIO MEPES,
TPEHMPOBKOW U HYTPULMONOTMYECKOE BOCCTAHOBJ/IEHUE MOC/E

HET
MACCA TEJTA HA 10% BbILLE
KATETOPUWN NN Ha 5% EC/TU
COPEBHOBAHWA B 3TOT XE AEHb

AA
HE COPEBHYWTECb, PA3PABOTAMTE MNJIAH MO
YMNPABJIEHNKO BECOM
WP MEHBLLE 5/12% Ha KaTeropuio BBEpX, ecau
6onble TepanTe 1% B HeAeNt0 C MOMOLLBHO
LVeTbl

HET
MACCA TEJIA HA 5% BbILLE WU Ha
3% EC/TM COPEBHOBAHMSA B 3TOT }KE
JIEHb

AA
MCNOJIb3YMUTE A0 50r YI/IEBOAOB B
JEHb 3A 3-7 AHEN OO
B3BELUMBAHWA

0-24 YACOB 40 BECA
HAYUHAMNTE NACCUBHYIO
LETVAOPATALMIO: CAYHA, BAHHA
BEC JOCTUTHYT HAYUHAMTE
OXNAMIEHVE

24-36 YACOB A0 BECA
CHWXKAMTE NOTPEB/IEHUE
KUAOKOCTU, CTUMY/IUPYMTE
NOTOOTAENEHME
TPEHUPOBKOM

Acute Weight Loss Strategies for Combat Sports and Applications to Olympic Success” by Reale R, Slater G, Burke LM International Journal of
Sports Physiology and Performance 2016 Human Kinetics, Inc.
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Weight loss in combat sports: physiological,
psychological and performance effects
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Abstract

p=gented 10 deal withor 1o avoid BwWL

Background: The present arice brefly reviews the weight loss prcesses incombat spors We aimead 1o dious
e moat mlevant aspects of raped wesght loss WL in combat spors

Methods: This review was performed in the databases Medling Lilacs, Pubbed and SciBL0, and onganized ino
subrtomes (1] prevalence, magnitude and pecedunss, () payehobogical, physiokegical and pedarmance effecs, (3)
posible sTategies 10 svoid decressed performance M) organzational sTateges 1o avaid such p@cioss

Results: Thers was a high prevalence [S0%) of BWL, regardless the specific combar discipline. Methods used are
harmnful to performance and health, such as lasatives, diuretics, wse of plastic or nubber swits, and sauna. RWL aflecs
phivsical and cognithe capacities, and may increase the rek of death

Condusion: fecommendations during different training phases, educational and ceyanizationsl approaches 3=

Keywords: Martial arts, Rapid weight loss, Athlstic pedormances, Diunetics, Enerngy restriction, Weight opcling

Background

Combat sports represent ~25% of the Olympic medals.
Cerain sguorts (eg., boming and miced martial arts) are
watched by millions of spectators [1,2]. In almost all
combat sports, athletes are chsified acoonding to their
baedy mass so the matches are more equitable in terms
of body sire, srength and agility [34]. However, many
athletes acutely reduce body mass in an attempt to get
an advantage by competing against lighter, smaller and
weaker opponents [4.5]. Despite the well documented
adverse effects of rapid weight los (RWL) on health sta-
tus, the prevalence of aggressive and hamful procsduress
for rapid weight reduction is very high in most combat
sports, such 2 wrestling [6], jude [57-10], jujitsn [10].
karate [10]. teekwondo [10-12] and boxing [13]. Al
though there is no controversy on literature regarding
the negative impact of BEWL on physiological and
health- related parameters [14], the effcs on competi-
tive pedformance ame somewhat squivosal, 28 many fe-
tors (eg. time of weight reduction, recovery time after

* ComEproanse: et arc Hirgaon by

bl A aned Corndan Spors Fessandh Grop, Schood of Pryddcal
E dlacan iom ard Spacem, Wi ver doy of S0 Fauko, Sao Faulo, Brasi]

Fidl |52 of s inform o i3 aval abke ot the ared of e amida

() siomed Certral v s

wperiad

weigh-in and type of diet) may affect responses bo weight
Lo

In this namrative review (perfrmed in the databages
MedLine, Libes Pubbsd and ScELO), we discuss the
mast relevant aspects of WL in combat sports, namely
(1) the prevalence, magnitwde and proceduns wsed (2)
the effects of weight loss o paychological, physiological
and pedformance parameters; (3) srategiss to avoid per-
formance decrements and (4) organizational strategies to
avoid harmiul practices among athletes.

Rapid weight loss prevalence, magnitude and procedunes
Several studies have reported high prevalence of RWL
(B0-90% of competibors) among high school, collsgiate
and intemational style wrestling [6,1516]. In judo, a
similar trend was found, a5 -90% of athletes (heany-
weights excluded) meported that they have almeady
reduced body weight rapidly before a competition and a
somewhat lower percentage meduce body weight befre
competing o 2 mgubr basis [5]. Brte et al [10]
reported 2 dightly lower percentage of judo athletes
regularly redu cing weight (62 8%), which was similar to
athletes from jujitsu (56.8%), karate (708%), and taek-
wonde [(633%)L The percentages found in all thess

w0 0l L o ) Tl Lol This b ot Ol B ot off vl D) oo ot D o Db ilnsaliogn
it L (T b ot o i i g 0, b oo vt e T i, it e
oy vy, prind it s crigrnad wark 1 prigeerdy diad

[MOTEPA BECA B EAMHOBOPCTBAX:
®UN3NOJTOTNHECKUE U
[MCNXOJTOTMYECKNE SDPEKTDI.

Franchini et al. Weight loss in combat sports: physiological, psychological and performance
effects. Journal of the International Society of Sports Nutrition 2012, 9:52



NOTEPA BECA B EAUMHOBOPCTBAX: PU3IUNO/TOT'MYECKUE U MCUXONTOTNYECKUE SDDEKTDI.

NMcuxonornyeckmne apPeKTbl CrOHKU

HeckonbKo nccnegosaHuim coobwmnam Nnpo CHUKEHNE KPAaTKOBPEMEHHOM NaMATH,
3HEepPruyHOCTU, KOHUEHTPaLUWN, YBEPEHHOCTU, yBe/IMYeHNe pacTepPAHHOCTb, APOCTb, YCTaNA0CTb,
Aenpeccma N 0gMHOYECTBa, YTO MOXKET NPEenATCTBOBATb KOHKYpPEeHTHOM bopbbe.

dusumonornyeckne 3spPeKTbl CrOHKMU

BONbLWWMHCTBO UCCNEA0BAaHMN NOKA3bIBAKOT, YTO NOTEPA BECA CHUXKAET KaK aspobHble, TaK U
aHa3pobHble nNoKasaTenun. A3pobHble HapyLLEHUA CBA3AHbl C 06€3BOXKUBAHUEM,
YMeHbLIEHHbIM 06beMOM NJ1a3Mbl, yYalLLEHHOE cepauebneHne, rmaposnekTpoanuTUMYeCcKme
HapyLWeHMA, HapyLeHne Tepmoperyaaumm n NCToOWEHNE MbILLEYHOIO IMMKOreHa, CHUXKeHMe
aHA3pPOOHbIX NOKa3aTenem B OCHOBHOM CBA3AHO C YMEHbLUEHHOW BydepHOM eMKOCTbIO,
NCTOLEHUEM [/IMKOTEHA N TMAPO3TEKTPONUTUYECKNE HapyLleHNA. HekoTopble
3NUAEMMNONIOTNYECKMNE NCCNe0BaHMNA CBA3bIBAIOT CTOHKY C MOBbIWEHHbIM PUCKOM NOJTyYEHUA
TpaBMm.

N3-3a N060YHbIX 3PPEKTOB CrOHKM eCTb peakme cnydam cmepTtu. B 1996 rogy 3a Tpm mecAua
A0 Onnmnunckux urp B AtnaHte (22 roga, 74 Kr), cuntaeTcs BepOATHbIM Meaa/IMCTOM B
BECOBOW KaTeropum Ao 65 Kr B A3t040 HaAeH MepTBbIM B cayHe. [MpuynHom cmeptu bbin
cepaeYHbIn NPUCTy.

[op, cnycta 3 6opua ymepaun ns-3a rmuneprepmmmn n 06e3BoXmMBaHMA, CBA3AHHbIX CO CTOHKOMN.
3TK cayYaun UNANOCTPUPYIOT, YTO 3TO Cepbe3HaA Npobaema un AO/IKHA U3y4aTbCA.

Franchini et al. Weight loss in combat sports: physiological, psychological and performance
effects. Journal of the International Society of Sports Nutrition 2012, 9:52



MOTEPA BECA B EJMHOBOPCTBAX: PN3NO/TOTMYHECKUE N NMCUXONOTNYHECKUE SPDEKTDI.

Ctparterum, 4tobbl U36€3KaTb CHUXKEHUA NPOU3BOAUTENIBHOCTU NMOC/IE CTOHKU

CnopTCMeH He A0NXKEH FOHATb BeC, YTobbl COpeBHOBATLCA B 60/s1ee Nerkom BeCoBom
KaTeropuu.

XoTa paboTtocnocobHOCTb MOKeT ObiTb He 3aTPOHYTA - 34,0P0Bbe BCErAa B ONACHOCTMU.
CnepynTte MHCTPYKLUMUAM, YTOObI MMHUMM3UPOBATb BO3MOXHblEe NOHBOYHbIE 3PDEKTbI:

1) MocTeneHHaA NOTepA Beca, a HE CrOHKa;

2) Heobxoanmo cTpeMmTbCA K MaKCMMaIbHOM NOTEPE *KUPA U CBECTU K MUHUMYMY
ncToweHmne mbiwl, 1 06e3BoXKUBaHMUE;

3) CnopTCMeH A0/KeH CHMXaTb Bec He bonee, yem Ha 5%.

4) CnopTCMEH, KOTOPOMY HEOHXOAMMO CHU3UTL BEC, a ero / ee »Kup Tena byaeT HUXKe, yem
5% Ana My>KUnH n 12% ona XKeHWuH cneayeT noaymaTb O TOM, YTOObl HE TOHATb.

5) Bo Bpema neproaa CHUXKEHUA Beca, CU/I0BbIX TPEHUPOBOK M AobaBka BCAA moxkeT
MOMOYb COXPAHUTb MbILLIEYHY Maccy.

6) CnopTCMeHbl He A0NXHbl CMAETb HAa HU3KOYINEBOAHbIX AMeTax ANAa Toro, Yytobbl caenatb
BEC, Kak OHM BpeaHbl Ana pusnyeckom pabotocnocobHoCTH.

7) Echn y cnopTcmeHa meHee 3 4YacoB Ha BOCCTAHOB/IEHME NOC/e B3BELINBAHMUSA, caeayeT
n3beraTb OCTPOM CTOHKU M OrPaHUYEHUNA NMPMEMA YI/IEBOAOB.

8) Bo Bpems BOCCTaHOBUTENbHOMO Nepuoaa CNopTCMEHAM peKkomeHayeTcs NoTpebnsaTb
6oblLIOE KONNYECTBO YINEBOAOB, XXUAKOCTU U 3/IEKTPOINTOB. KpeaTuH MOXKeT ObITb
noneseH.

Franchini et al. Weight loss in combat sports: physiological, psychological and performance
effects. Journal of the International Society of Sports Nutrition 2012, 9:52
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Data collection overview
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Nutrilion is an imlegral component 1o any athlees taining and performance program. In adults the balance between energy
intake and energy demands is cnacial in traiming, recovery, and perfocmance. 1o young athletes the demands for training and
performance remain but should be a secondary focos behind the demands associated with maintaining the proper growth and
maturation. Research inberventions imposing significant physiological loads and dist manipulation are limited in youth doe to
the ethical considerations relaied to potential negative impads an the growth and maturstion processes associated with younger
individuals. Thix necassary limitation resulls in practitioners providing mstritional puidance to young athlstes to rely oo exercise
nuirition recommendations inbended for adults. While many of the recommendations can appropriatdy be repurposed for the
younger athlete attention needs to be aken towards the differences in metabalic needs and physiological differences.

1. Intredoction

Current estimates suggest approximately 35 million youth
betwaan the ages of 5-18 years participate In coganlzed sports
pach year [1]. while 2 majority of these young athletes
are plaping sports for the aspects of comradery and fun, a
growing segment of young athletes traln to enhance their
opporiuntty o make a career of sport. While elite sport has
long seen the presence of young athletes (Madia Comanec,
14 years of age (1576 {dymplc Gold Medallst), Marore
Gestring, 13 years of age (1936 Olymplc Gold Medalist),
and Dimiirios Loundras, 10 years of age (18%6 Olympic
Bronze Medalist)), the past few decades have experienced
an exparslon in the mambers of young athletes working to
perform at higher levels as younger athlefes. This expanslon
can be seen in the establishment of the many facilities open
focusing speclallzed training for sports performance on nod
only elite athletes but also largely youth athletes.

‘while the Increase In physical activity of youth 1s Impar-
tant we currently do not fully understand the effects such
training has on the growth and development of youth. The
American Academy of Pedizirics cutlined potentlal risks
associated with sports specizlization in young zthlstes In
a publication In 2000 [2]. Moted orthopedic surgeon, D
James Andrews, recenily discussed the potentiz] for negetive

affects of specialized training on developing bodles and the
mse tn youth sport injurles he experienced since around the
same 000 timeframe [3]. 1t 15 pot within the scope of this
teview to discuss the ethical considerations of having youth
focus thelr training on 2 singular sport, nor o discuss the
patentiz] for imury 25 related to oweruse Injuries. However,
with the continnal trend In younger athletes training for high
level performance it appears that our current options are to
contimss to underscone the potentlal risks whils at the same
time work with the participants prowlding as much assistance
25 poaslhle to enhance safety.

Proper matrition & a fundamental component of athletes’
training and performance plan. Proper nutritton ensures that
an Individual 15 amassing the fusls necessary for the energy
production nesds related to adivity and recovery. One of
the areas needing to be addressed 1s the unlgue matritsonal
nmeeds zssoclated with Intense exercise siress. Howeyer, oar
understanding of the effects of strenuowes physlological traln-
Ing and nuiriional varistions In comblnatlon with exer-
cise stress In youth athletes &5 greatly Hmited. This lmiied
knowledge is most Hkely duse to the ethica] considerations
af withholding nutrients and physiologlcally ererstressing 2
vulnerable population sach as children and adolescents still
1o the process of growih and development.
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TaBLE 1: Age-specific energy requirements for boys and girls who

participate in heavy physical activity levels.

Age Boys Girls
(vears) (kcals/day) (kcals/day)
6-7 1,800 1,650
7-8 1,950 1,775
8-9 2,100 1,950
9-10 2,275 2,125
10-11 2,475 2,300
11-12 2,700 2,475
12-13 2,925 2,625
13-14 3,175 2,725
14-15 3,450 2,855
15-16 3,650 2,875
16-17 3,825 2,875
17-18 3,925 2,875

Adapted from FAO/WHO/UNU, 2004 [7].
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PEKOMEHOAUWN MO NNTAHNIO A1A MONOAbIX CITOPTCMEHOB

TABLE 3: Supplemental nutrition recommendations for athletes.

1.2-1.8 g/kg/day derived from whole food

SOLUrces

Protein After exercise: 20 g of high quality protein

shortly after exercise

During exercise: 30-60 g/hr for exercise

Carbohydrate lasting more than 1 hour

After exercise: 1.0-1.5 g/kg of body mass
within 30 minutes of exercise cessation

Before exercise: 5-7 mL/kg 4 hrs prior to
exercise

During exercise: assess sweat rate and
develop hydration plan to maintain body
mass during exercise

After exercise: 450-675 mL/0.5 kg and
additional sodium consideration to account
for loss through sweat

Fluid

During exercise: sodium to offset losses

Micronutrients , , ) ]
associated with sweat being lost in sweat
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BEJIOR A1 MOJ1I04bIX CMTOPTCMEHOB

Mpwn ycnoBmmn, 4To NOTPEOHOCTM B SHEPIUM YA0BAETBOPEHbLI, NOTpebeHne
6enKka gonkHo coctasnatb ~ 0,11 r / Kr / 4 BO Bpemsa BOCCTaHOB/IEHUA Nocae
TPEHUPOBKU UNU 3KkBMBaneHT ~ 1,5 r / Kr / cyT (Hanpumep, ~ 0,3 r 6enka / Kr x
5 pa3 BO BpemMA efibl) A0/1KHO ObITb AOCTAaTOYHbIM A8 3aMEHUTb Ntobble
BbI3BaHHble GU3NYECKMMMU YNPAKHEHNAMU OKUCUTENIbHbIE NOTEPU
aMUHOKUCNIOT, YAYy4LWNTb 0bwmim 6anaHc 6enka B opraHMame n noaaep»aTb
HOPMabHbIM POCT U PAa3BUTUE CNOPTCMEHOB-NOAPOCTKOB.

MoTpebHOCTU B yrneBoaax caeayeT pacCMaTpPMBaATb C Y4ETOM TPEHUPOBOYHbIX
Harpy3oK. CyLuecTByOT HEKOTOPbIe AaHHble, CBUAETE/IbCTBYIOLLME O
NOBbILLIEHHOM PAaCcNPOCTPAaHEHHOCTM TENNOBbLIX 3a601€BaHUIN, CBA3AHHbIX CO
CMOPTOM M aKTUBHOCTbIO Y MOJI0AbIX CNOPTCMEHOB. TenanoBana 60n1e3Hb MOXKeT
3aBMCETb OT N1I0XOr0 COCTOAHMSA rMapaTaumMm Hapaay ¢ Apyrumm paktopamu,
TAaKUMU KaK Ype3mepHbie PU3MYeCcKne Harpy3ku, HeloCTaToOYHOE
OXNaXKAeHue mexxay TPEHUPOBKaMU U HEMPABUIbHbLIN BbIOOP oaeXabl,
BK/tOYaA dopmy.
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