Pe3romera Ha HAYYHHUTE TPY/JAOBE, MPEACTABEHH 32 Y4acTHE B
HACTOSA LM KOHKYPC

Pe3rome Ha moHorpaduuHus Tpyja

1. MuxaitioB M. OcCHOBHM Ha TPEHUPOBKATA M KOHTPOJIa HA cien(pUIHATA MYCKYJIHA CHJIA
U U3IPBAJIMBOCT B CKAJIHOTO KaTepeHe. Codus: bonua NUuc 2022.

CpBpeMEHHUTE TEXHOJIOTMH U 3HAYUTEIIHO YBEIMUEHUAT 00€M OT HOBH 3HAHMSI, [TOJIyYE€HHU OT
HAyYHUTE M3CJIE/IBaHUSA B CIIOPTa, CIOCOOCTBAT 32 YCHBBHPIIEHCTBAHETO Ha TPEHUPOBBUHUS
npouec. ToBa obaue oTmpaBsi MO-rOJIEMU W3MCKBAaHUS KbM IOATOTOBKAaTa Ha CHOPTUCTUTE U
KBaM(UKAIMATA HAa TPEHbOPUTE U CIOPTHUTE clenuanucTd. B Tasu MoHorpadus ca
CHCTEMAaTH3MpaHH M 33AbJI00YEHO ca MPEICTABEHUM CBEACHUS OT HAYYHHTE HW3CJIEIBAHUS B
cdepara Ha cHoOpTHATA TPEHUPOBKA U (PU3HOJIOTHS B CKATHOTO U CIIOPTHO KatepeHe. Ha tazu 6aza
ca MpeJI0KEHN U MOAXOIAIIN TPEHUPOBBYHHU METO/IU U TECTOBE 3a OLIEHKa HAa MYCKYJIHaTa cujia
U U3JPBHKIMBOCT, KOUTO ca TVIaBHU (HaKTOPH Ha CIIOPTHOTO MOCTHIKEHHE B KaTepeHero. Tasu
nHbOpMAaNHI MOKE J1a TIOCITY)KH Ha TPEHBOPUTE HA KaTEPAYUTE U CIIOPTHHUTE CHEIMAINCTH KaTo
OCHOBA 32 U3rPaXKTAHETO HAa HAYYHO OOOCHOBAH U MaKCHUMAaIIHO €(pEeKTUBEH TPEHUPOBBUECH MPOILIEC
B TO3U YBJIEKATEJIEH U C BCE MO-Pa3pacTBaIlO c€ OOIIECTBEHO 3HAYEHHE CIIOPT.

Michailov M. Foundations of training and testing sport-specific muscle strength and
endurance in rock climbing. Sofia: Bolid Ins 2022.

Modern technologies and the significantly increased amount of new knowledge obtained by
scientific research in sports contribute to the improvement of the training process. However, this
places greater demands on athletes’ preparation and coaches’ qualification. In this monograph,
scientific evidence in the field of sports training and physiology in rock and sport climbing is
systematized and presented in detail. On this basis, suitable training methods and tests for the
assessment of muscle strength and endurance, which are key performance limiting factors in
climbing, are proposed. This information can serve as a basis for climbing coaches and sports
professionals to conduct a scientifically based and maximally effective training in this exciting
sport with increasing social importance.



Pe3oMera Ha cTAaTUH

1. Michailov ML, Balas J. Rate of force development of finger flexor and shoulder girdle muscles
in sport climbers. 2023 JASS; ahead of print.

Rate of upper limb force development (RFD) belongs to the important performance factors in
sport climbing. This study aimed to investigate reliability and validity of various force-time
indicators for the assessment of finger and shoulder girdle strength in climbing. Ten male lead
climbers (climbing ability: advanced; IRCRA: 22 + 2) performed two RFD and two maximal
strength tests for the finger flexor and shoulder girdle muscles (one-arm finger hangs and lock-
offs, respectively). The maximal strength tests were used to assess maximal force (Fmax). The
RFD tests were used to assess: peak force (Fpeax); time to reach force representing 25%, 50%
and 75% of body weight (T2swew, Tsowsw, T75%8w); and absolute and relative RFD indicators
(e.g., RFD at 200 ms and 95% Fpeax, respectively). Reliability of finger flexor RFD indicators
was high (intrasession ICC between 0.760 and 0.973; intersession ICC between 0.883 and
0.955). Intersession reliability of finger flexor Tsowew and T7swsm reached excellent values
(ICC =0.949 and ICC = 0.978, respectively). Reliability of finger flexor and lock-off Fpeak and
Fmax were also high (ICC between 0.850 and 0.966). Consistency between Fpeak and Fmax was
not satisfactory. These variables differed significantly (p = 0.035) in the finger flexor tests and
ICC was moderate (0.605) in the lock-off tests. Most of the lock-off force-time indicators had
moderate or poor reliability. Finger flexor and lock-off Fmaxkg and Tsowsw Significantly
correlated (p < 0.05) with climbing ability (R =0.805, R = 0.653 and R = -0.703, respectively)
while lock-off force-time indicators did not. Tso%ew iS the most reliable and valid force-time
indicator in advanced climbers. RFD indicators are reliable but muscle strength appears more
important than RFD in advanced climbers.

Michailov ML, Balas J. Temn Ha pa3BHTHe Ha CHJAaTa Ha MYCKYJHTE CrbBa4M Ha
NPbCTUTE U PAMEHHHU NOSIC IPH cnopTHH KaTepadu. 2023 JASS; nox neyar.

Temna Ha pazBuTue Ha cuiara Ha ropuute kpaiinunu (RFD) e cpen daxropure Ha
CHOPTHOTO TOCTHKEHHE B CIIOPTHOTO KarepeHe. ToBa m3cieaBaHe MMa 3a 1€ J1a YCTaHOBH
HaJIeKTHOCTTa M BAIMIHOCTTA HA PA3JMYHU CHUJIIOBH M BPEMEBHU TOKA3aTeNn 3a OLIEHKA Ha
CIJIOBUTE KayecTBa Ha CTr'bBAaYMTE Ha NPBCTUTE U MYyCKylaTypaTa Ha paMEHHHUS MOsC B
KatepeHero. Jlecer karepauum B AWCIHUIUIMHATA ,,TPYAHOCT (MBXKE; KBATH(PUKAIIHS:
nanpennanu; IRCRA: 22 + 2) usneiaauxa n8a RFD Tecta u aBa Tecta 3a cuia Ha CTbBayHTe
Ha IPBCTUTE U paMEHHUS MosC (BUC Ha MPBCTUTE U ,,0/10K* Ha eHa). C TecToBeTe 3a cuiia 0e
M3MEpeHa MaKCcUMallHaTa Bb3MOXKHa cToWHOCT Ha cwiara (Fmax). RFD TecroBere Osixa
M3TOJI3BAaHU 3a M3MEpBaHE Ha rMokazarenuTe: nmukoBa cuiia (Fpeak); Bpeme 3a gocturane Ha
cwia, npeactasnsaBama 25%, 50% u 75% ot tenecHoTo Terno (Taswsw, Ts0%Bw, |750BW); H
abcomoTHn U otHocutenHu RFD moxazarenu (wanp. RFD cworBetHo mpu 200 ms u 95%
Fpeak). Hagexxnnoctra Ha RFD mokasatenmuTe Ha CrbBauuTe Ha TNPBCTUTE € BHCOKA
(BpTpemHocecueH ICC mexny 0.760 u 0.973; mexnycecuen ICC mexay 0.883 u 0.955).
MexnycecuiiHata HaJexKaHOCT Ha Tsowsw M T75008M Ha CT'bBAYMTE HA MPBCTHTE TOCTHUTA
otnnuHu cToHOCTH (choTBeTHO: ICC = 0.949 n ICC = 0.978). HamexaHnoctTa Ha Fpeak ¥ Fmax



Ha TMpbcTUTE W pameHHus mosc cbmo ca Bucokn (ICC wmexay 0.850 u 0.966).
CeriacyBanoctTa MeXKIY Fpeak U Fmax He € 3a0BonuTenHa. Te3u mMpoOMEHIIMBY CEe pa3inyaBaT
snauntesHo (p = 0.035) B TecToBeTE 3a CrbBauu Ha MPHCTHUTE, a ctoiiHocTTa Ha ICC e ymepeHo
Bucoka (0.605) mpu TecroBere 3a pameHeH mosc. [loBeuero OT CUJIOBUTE U BpPEMEBHUTE
MOKa3aTeIu Ha paMEHHUS MOsAC UMAT YMEpPEHa MIIM HUCKA HaleXKAHOCT. Fmaxkg 1 Tsowew Ha
CrbBauUTe Ha TPBCTUTE W HA paMEeHHHs Tosic 3HauutenHo kopenuwpar (p < 0.05) c
MOCTHXKEHUETO B KarepeHeTo (cboTBeTHO: R = 0.805, R = 0.653 u R = -0.703), nokaro ToBa
HE € Taka MpU CUJIOBUTE M BPEMEBUTE IOKa3aTeId Ha PAMEHHHUS MOAC. [so%Bw € Hail-
HAJCKIHUAT U BaJUICH CUJIOB U BPEMEBHU IOKas3aTell MpH HampeaHanu kartepaun. RFD
MOKA3aTeJIMTE Ca HAACKIHU, HO MYCKyJIHAaTa Cwia u3Iiiexkaa no-saxxkHa or RFD npu
HanpeIHalIu KaTepayu.

. Andersen V, Hermans E, Vereide V, Stien N, Paulsen G, Balas J, Michailov ML, Pedersen
H, Saeterbakken AH. Comparison of finger flexor resistance training, with and without
blood flow restriction, on perceptional and physiological responses in advanced
climbers. Sci Rep. 2023 Feb 25;13(1):3287. doi: 10.1038/s41598-023-30499-x. PMID:
36841900; PMCID: PMC9968301.

This study compared perceptional and physiological responses of finger flexor exercise
performed with free flow and blood flow restriction (BFR). Thirteen male advanced climbers
completed three sessions of finger flexor resistance exercise at (1) 40% of MVC (Low) and (2)
75% of MVC (High) and (3) BFR at 40% of MVC (Low +BFR) in a randomized and
counterbalanced order. Rate of perceived exertion for effort (RPE) and discomfort (RPD),
session pleasure/displeasure (sPDF), exercise enjoyment (EES), lactate concentration and
oxygen saturation were recorded after the last set. Both low-intensity sessions induced higher
RPD than High (p=0.018-0.022, ES =1.01-1.09) and High was perceived as more enjoyable
than Low-BFR (p=0.031, ES = 1.08). No differences were found for RPE or sPDF (p =0.132—
0.804). Lactate was elevated more after High than the Low-sessions (p <0.001, ES=1.88—
2.08). Capillary oxygen saturation was lower after Low + BFR compared to the other sessions
(p=0.031, ES=1.04-1.27). Finally, the exercise volume was greater in Low compared to
High (p=0.022, ES=1.14) and Low + BFR (p=0.020, ES=0.77). In conclusion, among
advanced male climbers, performing Low + BFR led to a similar exercise volume but was
perceived as more discomforting and less enjoyable compared to High. The Low session
yielded similar responses as the Low + BFR but required a much greater exercise volume.

Andersen V, Hermans E, Vereide V, Stien N, Paulsen G, Balas J, Michailov ML, Pedersen H,
Saeterbakken AH. CpaBHeHHe Ha CHJIOBHTE TPEHHPOBKH 32 CI'bBAYHTE HA MPBCTUTE CHC
U 0e3 pecTpUKIUMA HA KPbBOOOpPAIIEeHHETO, BbPXY BB3NPUATHATA U (PU3HOJIOTMYHUTE
peaKknmuH TpH HanpeaHaaum karepaum. Sci Rep. 2023 Feb 25;13(1):3287. doi:
10.1038/s41598-023-30499-x. PMID: 36841900; PMCID: PMC9968301.

ToBa m3cnenBaHe cpaBHSBA BB3MNPUATHATA M (PU3HOJIOTMYHHMTE PEAKIMU [0 BpeMe Ha
YIpaXHEHUS 3a CI'bBayM Ha MPBCTUTE, U3BBPILIBAHU IIPU HOPMAJEH U OTPaHUYEH KPHBOTOK
(BFR). TpunameceT MBbXe HaNpeAHAIM KaTepadd M3MBIHHXA TPU CEPUHM HA CHIIOBO



yIpaXHEHUE 3a CI'bBAYMTE Ha MpbcTUTE TpU MHTeH3UBHOCT (1) 40% ot MVC (Hucka), (2)
75% ot MVC (Bucoka) u (3) BFR npu 40% or MVC (uucka+ BFR) B mpousBonen u
Oamancupan pea. Crenenta Ha Bb3npuemanotro ycuiue (RPE) m muckomdopr (RPD),
yI0BOJICTBUE/Hey[0BoJIcTBUE OT cepusarta (SPDF), nacmama ot ynpaxsnenusta (EES),
KOHIIEHTpAallMs Ha JIaKTaT M caTypalusATa Ha KUCIIOpoAa Osixa 3alMcaHd Ciel MocjeaHara
cepusi. M nBere cepum C HHUCKa MHTEH3MBHOCT Ipenu3BHKaxa mo-Bucok RPD or High
(p=0.018-0.022, ES=1.01-1.09) u High ce Bp3npuemar karo no-npusitHu oT Low-BFR
(p=0.031, ES=1.08). He ca otkputu pazmuku 3a RPE wim sPDF (p =0.132-0.804). JlaktatbT
Oerie nosuieH nosede cien High orkonkoro ciex Low cepunte (p <0.001, ES =1.88-2.08).
Kanunapuara catypauus Ha kuciiopoja € no-uucka cien Low + BFR B cpaBHeHue ¢ npyrure
cecuu (p=0.031, ES=1.04-1.27). 1 nakpas, 00eMbT Ha HATOBAPBAHETO € MMO-TOJIAM pu LOW
orkonkoro mpu High (p=0=022, ES=1=14) u Low+BFR (p=0.020, ES=0.77). B
3aKJIIOUEHHUE. Cpell HalpeAHalu MbXKe KaTepauu u3nbjiHeHueto Ha Low +BFR Bogu 1o
noo0eH 06eM Ha HaTOBapBAaHETO, HO CE€ BB3IPHEMA KAaTO IMO-TUCKOM(OPTHO M IMO-MAJKO
npusaTHO B cpaBHeHue ¢ High. LOw cecusita npeaun3Buka nogoouu peakiuu kato Low + BFR,
HO M3MCKBA MHOTO TIO-TOJISIM 00€M Ha HATOBAPBAHETO.

. Andersen V, Balas J, Michailov ML, Saeterbakken AH. Editorial: Training and testing in
climbing. Frontiers in Sports and Active Living 2022; Aug 17;4:1006035;
https://doi.org/10.3389/fspor.2022.1006035

Climbing is often introduced as a naturally activity in childhood and to some extent follow us
throughout the lifespan. For some climbing becomes more time consuming either as a hobby
or a sport. Climbing has grown in popularity in the recent decades (Stien et al., 2022) and the
popularity will probably continue to grow as climbing has been enrolled in the Olympics
Games. Importantly, climbing is a relatively young area of research, and the evidence-based
knowledge is limited. Performance in climbing is affected by multiple physiological,
psychological, and technical factors (Vigouroux and Quaine, 2006; Balas et al., 2012; Philippe
et al., 2012). To develop reliable tests, improve performance, and avoid injuries in climbing,
several gaps of knowledge need to be filled. Therefore, the Research Topic “Training and
testing in climbing” aimed to increase the scientific knowledge of climbing related to testing
and training. Forty-eight authors originating from Europe and North America have contributed
to the 13 manuscripts being published in this Research Topic. The study design includes one
mini-review, eight cross-sectional studies, two randomized control trials (RCT), one
longitudinal follow-up, and one case study. These studies provide new knowledge to different
fields (i.e., training methodology, physiology, psychology, and medicine). Thus, the Research
Topic's interdisciplinary evidence has several applications: (a) increasing the informativeness
of tests for assessing and monitoring climbing-specific fitness; (b) optimization climbing-
specific training; (c) development of new training methods based on the physiological
functions as well as motor and mental abilities that most strongly determine climbing
performance.


https://doi.org/10.3389/fspor.2022.1006035

Andersen V, Balas J, Michailov ML, Saeterbakken AH. Pemakumonen: TpenupoBka u
TecTyBaHe B KarepeHero. Frontiers in Sports and Active Living 2022; Aug 17;4:1006035;
https://doi.org/10.3389/fspor.2022.1006035

Karepenero decto ce mpeincrtaBs KaTO €CTECTBEHA JEHHOCT B JETCTBOTO, KOSTO 0
M3BECTHA CTENEH HH Cle/Ba M Ipe3 Lenus >XKUBOT. Hskoum oTAensaT moBedye Bpeme Ha
karepeHeto. To 3a Tax e xobu mim cropt. Karepenero craBa momysisipHO Ipe3 MOCIECTHUTE
necerunetns (Stien et al., 2022) u Ta3u NOMYJISIPHOCT BEPOSATHO 1€ MPOIBIDKU J1a pacTe, Thid
KaTo KaTepEHETO € BKIoUeHO B OnuMnuiickuTe urpu. BasxkHo e, ue KaTepeHeTo € CPaBHUTEITHO
Miaza o0jacT Ha u3cjielBaHe W Oa3MpaHUTE Ha JOKA3aTeJCTBA 3HAHMS Ca OTPAHUYCHHU.
CHnopTHOTO TMOCTHMKEHHE B KaTEpPEHETO C€ BiIMAEC OT MHOXKECTBO (PU3HOIOTUYHH,
ncuxoJiorudecku M texuudecku (akropu (Vigouroux u Quaine, 2006; Balas et al., 2012;
Philippe et al., 2012). 3a 1a ce pa3paboTsT HaIeKIHU TECTOBE, Ja e MOJ00PH MPECTABIHETO
U J1a ce u30erHar HapaHsBaHUs MpU KaTepeHe, TpsiOBa Ja ce 3ambIHAT HAKOJIKO MPOIYCKHU B
HamyeATe 3HaHWs. ETO 3amo wm3ciemoBarernckara Tema ,, I peHUpOBKAa U TECTyBaHE B
KaTepeHeTo“ mMa 3a Iell Ja yBelW4Yd HAyYHHTE IMO3HAHMUS 32 KAaTePEHETO, CBBP3aHHU C
TECTOBETE M TpeHUpOoBKaTa. Uetnpuaecer u oceM aBTopH ¢ npousxoxa ot EBpona u CeBepHa
AmMepuka ca gonpuHecnu 3a 13-te craruu, nyOJIMKyBaHU B TO3U crenuaineH opoil. Ju3aiHbT
Ha TMPOYYBAHETO BKIIOYBA €IWH MHUHHU-TIPETJIENl, OCEM JECKPHIITUBHU IPOYYBAHHS, JIBE
paHJOMU3HMpAHU  U3CleIBaHHMA Ha e(deKTa MHTEepPBEHIMH, €IHO JIOHTUTYAWHAIHO
IpoclieAsiBAHEe U €IUH Kaszyc. Te3n M3clelBaHusl MPEJOCTaBAT HOBU 3HAHUSA B PA3IUYHU
obnactu (T.e. METOAOJIOTHS HA TPEHUPOBKATA, (PU3UOJIOTHS, TICUXOJO0TUsl U Meaununa). 1o
TO3W HAYMH, MHTEPIUCHUIUIMHAPHUTE JOKA3aTEIICTBA MO H3CIEA0BATENICKaTa TeMa HMaT
HSKOJIKO MPUJIOKEHUs: (a) MOBHINIaBaHEe Ha MH(POPMATHUBHOCTTA Ha TECTOBETE 3a OIEHKA U
MOHHUTOPHHT Ha crienuduyHaTa (u3muecKka roJHOCT Ha Karepadute; (0) onTUMU3MpaHE Ha
TPEHUPOBKATa Ba KaTepeHeTo; (B) pa3paboTBaHe HA HOBU TPEHHUPOBBYHH METOHU, Oa3upaHu
Ha PU3UOJIOTHYHUTE (DYHKIIMH, KAKTO U JTBUTATEIHUTE U MICUXUUYECKUTE CIIOCOOHOCTH, KOUTO
HaW-CHITHO OMPEIENSIT MPEICTAaBIHETO B KATEPEHETO.

Maciejczyk M, Bawelski M, Wiecek M, Szygula Z, Michailov ML, Vadasova B, Kacur P,
Patka T. Acute Effects of Whole-Body Vibration on Resting Metabolic Rate and
Substrate Utilisation in Healthy Women. Biology 2022; Apr 24;11(5):655;
https://doi.org/10.3390/biology11050655

The aim of the study was to determine the acute effects of single-whole-body vibration (WBV)
on resting metabolic rate (RMR) and carbohydrate—lipid profile of blood in young, healthy
women. The participants, in a randomised controlled crossover study, participated in two trials:
WBYV and a vibration simulation (placebo). The WBV was performed in the prone position
and cycloidal-oscillatory vibration was used. The RMR measurement (calorimetry) was
performed: before the WBYV, during WBYV, immediately after the completion of WBV, and 1
h after the completion of WBV. For biochemical analyses, venous blood was collected. During
WBYV, there was a significant increase in RMR compared to baseline. Immediately after and 1
h following the end of the WBV, RMR was close to baseline levels (p > 0.05). The increased
energy expenditure resulted from the increased utilisation of carbohydrates and proteins during
the vibration. In the placebo condition, there were no significant changes over time in the level
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https://doi.org/10.3390/biology11050655

of the studied indices during calorimetry. The WBV had no significant effects on the level of
glucose in the blood. The applied vibration did not significantly affect the concentration of the
analysed lipid indices, which were within the physiological norms for all measurements.
Results indicate the need for further research to establish the physiological mechanisms
underlying the observed effects of WBV on resting metabolic rate.

Maciejczyk M, Bawelski M, Wigcek M, Szygula Z, Michailov ML, Vadasova B, Kacur P,
Patka T. OcTpu edpexT 0T BUOpAIUUTE HA HSJIOTO TAJIO0 BHPXY CKOPOCTTA HA

MeTa00/1M3Ma B OKOii M H3MOJI3BAaHETO HA cydcTpaTa npu 31paBu xenu. Biology 2022;
Apr 24;11(5):655; https://doi.org/10.3390/biology11050655

Ilenta Ha wm3cienBaHeTo Oemie Aa ce€ OMPEACNAT CPOUYHUTE €PEKTH OT EJHOKPATHO
BB3JIeiicTBUE ¢ BUOpanus Ha 11su10TO Tsu10 (WBV) Bbpxy ckopocTTa Ha MeTabonu3ma B MOKOMH
(RMR) u BbriiexuapaTHO-IMIUAHUS IPO(UIT HA KPBBTA IPU MIIAJH, KEHH B JOOpO 31paBe.
VYyacTHULUTE B PaHAOMH3UPAHOTO KOHTPOJIMPAHO KPHCTOCAHO M3CJIE/IBAHE ydyacTBaxa B JIBE
n3mepBanusi: WBV u cumynanus Ha BuOpauuu (ruiane6o). WBV ce usBbpiuu B jerHaio
MOJIOKEHUE, W3MOJI3BaKU IUKJIOUTHO-OcIMIaTOpHa BuOpauusa. M3mepBanero Ha RMR
(xanopumetpus) ce u3Bbpiu: npeau WBV, no speme Ha WBYV, BenHara cien 3aBbpiiBane Ha
WBYV u 1 yac crnen 3apppiiBane Ha WBV. 3a GnoxuMuynus aHanus 6€ B3eTa BEHO3HA KPBB.
ITo Bpeme Ha WBYV nmamre 3Hauntenno ysennuenne Ha RMR B cpaBHEHMeE ¢ H3X0IHOTO HUBO.
RMR 6emre 6530 10 nzxoauute HuBa (p > 0,05) HenocpencTBeHo cien kpas Ha WBV u 1 yac
ClIe[l TOBA. YBEJIMUYEHUAT Pa3Xoj Ha €HEPrusl € pe3ysitaT OT NOBHILIEHATa YTHJIM3AlUs Ha
BBIVIEXUAPATH M NPOTEHHHM IO BpeMe Ha BuOpauusara. B ycnoBusara Ha miarnebo HsMa
3HAQUUTEJIHM IIPOMEHHM B H3CIECABAaHUTE II0OKa3aTeNqu B Xoga Ha Bpemero. WBV Hiama
3HaYMTeNEeH e(QeKT BbpPXy HUBOTO Ha IJIOKo3aTa B KpbBTa. Ilpuioxenara BuOpanus He
MOBJIMSIBA 3HAUUTEIHO KOHIIEHTPAIUATAa Ha aHAJIM3UPAHUTE JIUIHUAHN [TOKa3aTeNIN, KOUTO ca B
paMkuTe Ha (U3MOJOTHYHUTE HOPMM IpU BCHYKM H3MepBaHMs. Pesynaratute mnokasmar
HE0OXOIMMOCTTa OT MO-HATATBIUIHM W3CJIEIBAHUS 3a YCTAaHOBSIBaHE Ha (PU3NOJIIOTUYHUTE
MEXaHU3MH, JIeXKallld B OCHOBaTa Ha HaOmonaBanute epexrn Ha WBV BbpXy ckopocTTa Ha
MeTaboI13Ma B IOKOH.

Maciejczyk M, Michailov M, Wigcek M, Szymura J, Rokowski R, Szygula Z, Beneke R.
Climbing specific exercise tests: energy system contributions and relationships with sport
performance. PMID: 35140627; PMCID: PMC8819085. Frontiers in Physiology 2022 Jan
24: 12:787902. https://doi.org/10.3389/fphys.2021.787902

Purpose: The aim of the study was to evaluate distinct performance indicators and energy
system contributions in 3 different, new sport-specific finger flexor muscle exercise tests.

Methods: The tests included the maximal strength test, the all-out test (30 s) as well as the
continuous and intermittent muscle endurance test at an intensity equaling 60% of maximal
force, which were performed until target force could not be maintained. Gas exchange and
blood lactate were measured in 13 experienced climbers during, as well as pre and post the
test. The energy contribution (anaerobic alactic, anaerobic lactic, and aerobic) was determined
for each test.
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Results: The contribution of aerobic metabolism was highest during the intermittent test (59.9
+ 12.0%). During continuous exercise, this was 28.1 + 15.6%, and in the all-out test, this was
19.4 + 8.1%. The contribution of anaerobic alactic energy was 27.2 + 10.0% (intermittent),
54.2 + 18.3% (continuous) and 62.4 + 11.3% (all-out), while anaerobic lactic contribution
equalled 12.9 + 6.4, 17.7 = 8.9 and 18.2 + 9.9%, respectively.

Conclusions: The combined analysis of performance predictors and metabolic profiles of the
climbing test battery indicated that not only maximal grip force, but also all-out isometric
contractions are equally decisive physical performance indices of climbing performance.
Maximal grip force reflects maximal anaerobic power, while allout average force and force
time integral of constant isometric contraction at 60% of maximal force are functional
measures of anaerobic capacity. Aerobic energy demand for the intermittent exercise is
dominated aerobic re-phosphorylation of high-energy phosphates. The force-time integral
from the intermittent test was not decisive for climbing performance.

Maciejczyk M, Michailov M, Wigcek M, Szymura J, Rokowski R, Szygula Z, Beneke R.
Crnennuynn KaTepayHy JIBUTaTeJIHH TeCTOBE: /SIJIOBE HA eHePreTHYHHTE CHCTeMH U
BPB3KH ChC CNOPTHOTO moctukenne. PMID: 35140627; PMCID: PMC8819085. Frontiers
in Physiology 2022 Jan 24; 12:787902. https://doi.org/10.3389/fphys.2021.787902

Hesa: na ce OUEHAT OTAEIHU IOKA3aTed Ha PadOTOCHOCOOHOCTTAa M JASJIOBETE HA
€HEepreTUYHUTE CUCTEMU B 3 HOBM CHELM(PUUHM 32 KATEPEHETO TECTOBE 3a HATOBApBaHE Ha
MYCKYJIMTE CI'bBAYU HA IPBCTUTE.

Metoau: BKIIOYEHH OsiXxa TECT 32 MaKCHMajHa CHJIa, TECT C MAaKCUMAIHO YCWJIHE Ipe3
usanoro Bpeme (30 S), KakTO M HENPEeKbCHAT W HHTEPMUTEHTEH TECT 3a MYCKYJIHA
U3IPBAKIUBOCT TPU HMHTEH3MBHOCT, paBHsABama ce Ha 60% oT MakcuMalHaTa Cuia.
HenpexbCHATUAT M HHTEPMUTEHTHUS TECT C€ M3ITBIHSBAT /IO HEBH3MOXKHOCT 32 MOIbPKAHE
Ha 1esieBaTa cuiia. 'a3000MEeHbT U KPbBHUAT JIAKTAT OsXa U3MEpEeHU MpH 13 onmuTHYU KaTepadn
10 BpeMe, KaKTO U MPEeu U ciiel TecToBeTe. OnpeesieHn ca eHepruiiHUTe IsUI0Be (aHaepoOeH
aJlakTaTeH, aHaepOOEH JIAKTaTeH 1 aepoOeH) BbB BCEKHU TECT.

PesyaraTu: nenbT Ha aepoOHMS MeTaO0JIN3bM € Hall-BUCOK 110 BpeMe Ha UHTEPMUTEHTHUS
tecT (59.9 + 12.0%). ITo Bpeme Ha HeNpeKbCHATOTO HaToBapBaHe Tou e 28.1 £ 15.6%, a B
MakcuMmanHus TecT € 19,4 + 8,1%. IIpunochT Ha aHaepoOHaTa ajlakTaTHa eHeprus e 27.2 +
10.0% (uutepmutenten), 54.2 + 18.3% (nHenpeknscHat) u 62.4 + 11.3% (MakcumaseH), 10Kato
aHAEPOOHUAT JTAKTATEH JISJT CE paBHIBA CHOTBETHO HA: 12.9+ 6.4, 17.7 £ 8.9 u 18.2 + 9.9%.

3akil0ueHHe: KOMOMHUPAHUAT aHaIM3 Ha (DaKTOpUTE Ha CHOPTHOTO MOCTHXKEHHE WU
MeTaboMUTHUTE MpoUiIM Ha TecToBara OaTepus 3a Karepaud II0Ka3a, 4e HE caMmo
MaKCUMaliHaTa CHjia Ha XBarTa, HO U Y€ MAaKCUMAaJIHUTE H30METPUYHU KOHTPAKIIMU Ca €HAKBO
peliaBaly Mnokasareian Ha usndeckara paboOTOCIOCOOHOCT B KaTepeHeTo. MakcumaiHarta
cujla Ha XBaTa OTpa3sBa MaKCMMallHaTa aHaepoOHa MOIN, JOKAaTO CpeAHa Ccuia oT
MaKCUMAaJTHUS TECT ¥ UMITYJICHT Ha CHJIaTa OT KOHCTAaHTHA H30METpUYHA KOHTpakius mpu 60%
OT MakcUMaJHaTa cujia ca (YHKIMOHAJIHU HW3MEpPUTENM Ha aHaepoOHHUs KaraluTer.
AepoOHOTO TIOTpeOIeHNEe Ha €HEepTUs 10 BpeMe Ha WHTEPMUTCHTHH YCHIIHS TPEACTaBISIBA
peIuMHO aepoOHO pedochopunupane Ha BUCOKOeHepruitHu (hocdaTtu. UMmynchT Ha cunaTta
OT MHTEPMHUTEHTHHUS TeCT He Oellle pemraBali 3a CHOPTHOTO TIOCTHKEHUE B KATEPEHETO.


https://doi.org/10.3389/fphys.2021.787902

6. Rokowski R, Michailov M, Maciejczyk M, Wigcek M, Szymura J, Draga P, Trendafilov P,
Szygula Z. Muscle strength and endurance in high-level rock climbers. Sports Biomech.
2021 May 3; Online ahead of print. https://doi.org/10.1080/14763141.2021.1916577

The relative importance of key performance factors is poorly studied in high-level climbers.
This study aimed to (1) determine the role of forearm muscle strength and endurance in high-
level rock climbing, (2) and provide suitable dynamometric test parameters for muscle
endurance assessment in high-level climbers. Six higher elite (redpoint Fr.9a) and eight
elite/advanced (redpoint Fr.8a+) climbers performed one finger flexor maximal strength test
and three finger endurance tests: a 30 s all-out test and a continuous and intermittent test at
60% of maximal voluntary contraction. Higher elite climbers had higher (p < 0.05) maximal
strength, all-out test average force and continuous test force-time integral (all relative to body
mass) than the elite/advanced climbers. These parameters correlated significantly (p < 0.05)
with climbing performance, which has not been observed so far for continuous test scores.
Unlike in previous research, intermittent test force-time integral neither distinguished climbing
ability groups nor correlated significantly with climbing performance. Nevertheless, regression
models comprising of intermittent and maximal strength test scores more strongly determined
climbing performance than models including continuous or all-out test scores. Intermittent
muscle endurance is among the performance factors in difficult rock climbing but appears to
be less important than maintaining high forces during sustained muscle contractions.

Rokowski R, Michailov M, Maciejczyk M, Wiecek M, Szymura J, Draga P, Trendafilov P,
Szygula Z. MyckyaHa cujia ¥ H3APHAIMBOCT NMPH BHCOKOKBAIHU(PHIMPAHH CKAJIHH
karepaun.  Sports  Biomech. 2021 May 3; Online ahead of  print.
https://doi.org/10.1080/14763141.2021.1916577

OTHOCHUTETHOTO 3HAUYE€HWE HA TJIAaBHUTE (DAKTOpW Ha CIIOPTHOTO IMOCTHXKEHHE € ciabo
IIPOYYEHO NMPH BUCOKOKBAIM(UIMPAHU KaTepayd Ha BUCOKO HUBO. ToBa mpoyuBaHe MMa 3a
uen (1) ma onmpenenu posisiTa Ha CUJIaTa ¥ U3APHAIMBOCTTA HA MYCKYJTUTE HAa TPEAMHIIHHAIIATA
B CKaJIHO KaTepeHe Ha BUCOKO HUBO, (2) 1a OCUTYpH MOIXOSIIN AUHAMOMETPUYHM NTapaMeTpu
OT TECTOBE 3a OIIEHKa Ha MYCKYJIHATa M3APHKIMBOCT IIPU KaTepadd Ha BUCOKO HHBO. Lllect
enutHH (redpoint Fr.9a) u ocem enutHn/Hanpennanu (redpoint Fr.8a+) katepaun n3nmbiHsBaT
€/IMH TECT 32 MaKCHMAaJIHA CHJIa U TPU TECTa 32 M3JIPHAIMBOCT Ha CI'bBAYUTE Ha npbeTuTe: 30
CEKYHJIeH MaKCHMAaJIeH TECT U HEeNPEeKbCHAT U UHTEPMUTEHTEH TECT IpU UHTEH3UBHOCT 60%
OT MaKCHMAaJlHaTa BOJIeBa KOHTpakuus. EnuTHuTe Katepaun umat mo-Bucoku (p < 0.05)
MakcUMaliHa cujia, cpeaHa cuwia npu 30-CeKyHAHHsS TeCT M HUMILYJIC Ha Ccuiata Ipu
HEMpeKbCcHATUsl TecT  (BCHYKM TIOKa3aTeIM ca OTHECEHHW KbM TejecHara Maca) OT
eIMTHUTE/HANpeAHaIM Karepaud. Te3u mapamerpu kopenupar 3HauutenHo (p < 0.05) c
MPEJCTaBIHETO Ha KaTepeHe, KOeTo He € HaONroIaBaHO Jocera TpU pe3yiITaTd oOT
HEMpPEeKbCHATU TECTOBE. 3a pa3jiHKa OT MPEJUIIHN H3CIEABAHUS, UMIYJICHT Ha cUiIaTa Ipu
WHTCPMHUTEHTHHSI TECT HUTO Pa3TpaHWYaBa JBETE KaTEPAauHWTe C Pa3InIHA KBAJTH(PHUKAIIHS,
HUTO KOpeIupa 3HAYUTEIIHO ChC CIIOPTHOTO MOCTHXKEHUE B KaTepeHeTo. HezaBucumo ot ToBa,
PETPECHOHHUTE MOJIENM, BKJIIOYBAIM PE3YJITaTH OT WHTEPMHUTECHTHHS TECT TecTa 3a
MaKCHUMallHa CHJIa, OTIPENIENIAT IO-CUITHO MPEICTABSIHETO MPU KaTepeHe, OTKOJIKOTO MOJIEITUTE,
BKJIIOYBAIM  PE3YJNTaTH OT HENpPeKbCHATHS ¥ MakcuManHus 30-CeKyHJEH TecT.
HHTepMHUTEHTHATa MYCKYJIHA U3IPBAINBOCT € cpell (PakTOpUTe Ha CIOPTHOTO MOCTHKEHHE


https://doi.org/10.1080/14763141.2021.1916577
https://doi.org/10.1080/14763141.2021.1916577

I10 BpEME€ Ha TPYAHO CKaJIHO KaTCPCHE, HO U3IJICK/IA ITO-MaJIKO BaXXHaA OT IMMOAABPINKAHETO Ha
BHCOKHM CTOMHOCTH Ha CHJIaTa IIpH IPOABILKUTCIHU MYCKYJIHU KOHTPAKIUH.

. Michailov ML, Balas J, Tanev SK, Andonov HS, Kodejska J, Brown L. Reliability and
Validity of Finger Strength and Endurance Measurements in Rock Climbing. Res Q
Exerc Sport. 2018 Jun; 89(2):246-254.

Purpose: An advanced system for the assessment of climbing-specific performance was
developed and used to: (a) investigate the effect of arm fixation (AF) on construct validity
evidence and reliability of climbing-specific finger-strength measurement; (b) assess reliability
of finger-strength and endurance measurements; and (c) evaluate the relationship between
finger flexor all-out test scores and climbing ability.

Methods: To determine the effect of AF, 22 male climbers performed 2 maximal strength and
all-out tests with AF (shoulder and elbow flexed at 90°) and without AF (shoulder flexed at
180° and elbow fully extended). To determine reliability, 9 male climbers completed 2
maximal strength tests with and without AF and an all-out and intermittent test without AF.

Results: The maximal strength test without AF more strongly determined climbing ability than
the test with AF (r? = .48 and r? = .42 for sport climbing; r? = .66 and r2 = .42 for bouldering,
respectively). Force and time variables were highly reliable; the rate of force development and
fatigue index had moderate and low reliability. The maximal strength test with AF provided
slightly higher reliability than without AF (intraclass correlation coefficient [ICC] = 0.94, ICC
= 0.88, respectively). However, smaller maximal forces were achieved during AF (484 + 112
N) than without AF (546 + 132 N). All-out test average force had sufficiently high reliability
(ICC =0.92) and a relationship to sport climbing (r? = .42) and bouldering ability (r> = .58).

Conclusion: Finger strength and endurance measurements provided sufficient construct
validity evidence and high reliability for time and force parameters. Arm fixation provides
more reliable results; however, the position without AF is recommended as it is more related
to climbing ability.

Michailov ML, Balas J, Tanev SK, Andonov HS, Kodejska J, Brown L. Hage:xkaHocT u
BAJIMIHOCT HA HM3MEPBAHUS HA CWJIATAa M H3APHAKINBOCTTA HA NMPBCTHTE B CKAJHO
karepeHne. Res Q Exerc Sport. 2018 Jun; 89(2):246-254.

Hen: PaspaboreHa u mnpuiio)keHAa € YCHBBPIICHCTBaHA CHCTEMa 3a OIEHKa Ha
cnenuduuHaTta 3a KarepeHeTo paboTOCIMOCOOHOCT C 1en: (a) u3cienBaHe Ha edexkTa OT
¢ukcanuara Ha ropHus kpaHUK (AF) BbpXy KOHCTpYKTHBHATA BAIUIHOCT M HAICKIHOCTTA
Ha crnenu(UYHOTO B KAaTEPCHETO HM3MEpBaHE HA CHJaTa Ha MPBCTUTE, D) yCTaHOBSIBaHE
HAJEeKIHOCTTA HA HW3MEpPBAaHUATA Ha CHJIATa U U3APBKIUBOCTTAa HA TMPBCTUTE;, U (C)
YCTaHOBSIBAHE Ha 3aBUCUMOCTHTE MEKIY pe3yiaTaTuTe oT MakcumaiieH 30-CeKyHICH TecT 3a
CI'bBaYUTE HA MIPHCTUTE U CIIOPTHOTO MOCTHIKEHUE B KATEPEHETO.

Metoau: 3a na ce onpeznenu epexra ot AF, 22 mbke kaTepay U3MIbIHUXA JBa TECTa 3a
MakcumainHa cwia 1 aa 30-cekyHnnu tecta ¢ AF (pamo u naksT B 90° dnekcus) u 6e3 AF
(pamo B 180° (nexcust U JaKbT B II'bJIHA €KCTEH3Ms). 3a /a ce OMpeaeNH HaJaeXIHOCTTa, 9
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MBXKE KaTepadd 3aBbpIIrXa 2 TeCTa 3a MaKCuMaiHa cuia cbe u 6e3 AF u o aBa 30-cexyHaHn
U UHTEpMUTEHTHU TecTa 0e3 AF.

PesynaraTu: TecTbT 3a MakcuMaiHa cuia 6e3 AF mpenonpezens mo-CHIIHO CIIOPTHOTO
IIOCTHKEHHNE, OTKOJIKOTO TecThT ¢ AF (chorBeTHO 12 = 0.48 1 12 = 0.42 3a CHOPTHO KaTepeHe;
r’ = 0.66 u 1> = 0.42 3a 6oynasp). CHIOBHTE M BpPEMEBHTE IPOMEHIIMBH Ca C BHCOKA
HaJIeKAHOCT; TEMITHT Ha PAa3BUTUE HA CUJIATa U MHJEKCHT HA YMOpAa MMAT yMEpEHAa U HUCKA
HagexxgHocT. TecThT 3a MakcumainHa cuiia ¢ AF ocurypsiBa MaJIko 0-BHCOKa HaJI€KIHOCT,
otkonkoTo 0e3 AF (BpTpemHokiacoB kopenanuoneH koedunuent [ICC] = 0.94, ICC = 0.88,
CBhOTBETHO). BBIpEeKH TOBa Mo-MajJKu MaKCUMAJIHH CHJIM ca rocturHaTe npu AF (484 = 112
N), otkonkoro 6e3 AF (546 + 132 N). Cpennarta cwia npu 30-CeKyHAHHS TECT MMAIIe
noctarbuHo BHcoka HanexaHocT (ICC = 0.92) m Bpb3Ka CbC CHOPTHHUTE MOCTH)KCHHS B
croptHOTO Katepene (r2= 0.42) u 6oynaspa (r*> = 0.58).

3akiioyenue: l3MepBanusaTa Ha cuwiiata U U3APBAJIMBOCTTA HA CI'bBAYUTE HA MPBCTUTE
MIPEAOCTABAT JOCTATBYHO CBEACHUS 332 KOHCTPYKTHBHA BAJIMIHOCT M BUCOKA HAJEKIHOCT 3a
[apaMeTPUTE CUIOBUTE U BpEMEBUTE NapameTpu. PukcanusaTa Ha TOPHUA KPAUHUK OCUTYpsIBA
MO-HaJEXKIHU pe3yaTaTu. Bernpeku ToBa no3unusra 6e3 gukcanus ce npenopbusa, Thi KaTo
€ TII0-CHUJIHO CBbP3aHa ChC CIIOPTHOTO ITOCTUKEHUE B KATEPEHETO.

Michailov M, Rokowski R, Regwelski T, Staszkiewicz R, Szygula Z, Brown L. Physiological
Responses During Two Climbing Tests With Different Hold Types. International Journal
of Sports Science & Coaching 2017; 12(2): 276-283.

The purpose of this study was to investigate physiological responses to climbing with different
hold types. Eight elite climbers (red-point achievements 8a — 9a, French grades) performed
two climbing tests to failure which were steady in pace and uniform in wall inclination,
distances between holds and hold deepness. Only the hold contact surface inclination was
different. Duration of test 1 (111 + 54 s) was significantly (P = 0.005) less than test 2 (255 £ 127
s), but peak and average oxygen uptake (VO2), heart rate (HR) and post-climbing lactate
concentrations were not different (P> 0.05). Nevertheless, hold type had a greater impact on
peak compared to average VO2 and HR. Peak VO2 and HR in test 1 and 2 were 34.1 £4.8
versus 37 2.1 ml/min/kg and 166+ 16 versus 171 £ 13 bpm, respectively. Average VO2 and
HR were 28.2 +2.7 versus 29.2 £2.1 ml/min/kg and 154 + 15 versus 156 + 14 bpm. Duration
of test 1 and percent lactate clearance were significantly correlated with red-point achievement
(r=0.94, P=0.001 and r=0.75, P=0.033, respectively). Peak VO2 was significantly
correlated with duration of test 1 (r=0.80, P=0.017) and average VO2 was significantly
correlated with duration of test 2 (r=0.85, P=0.008). Different climbing hold types had no
influence on either average or maximal VO2 and HR or on post-climbing lactate. Therefore,
these variables could be used for performance evaluation but not as intensity indicators during
training for sport climbing.
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Michailov M, Rokowski R, Regwelski T, Staszkiewicz R, Szygula Z, Brown L.
POu3noJI0riyHu pPe€akuu 10 BpEeME€ Ha ABa TeCTa 3a KaTepeHe ¢ pa3djiMdYHu BHUI0BE
xBaTkHu. International Journal of Sports Science & Coaching 2017; 12(2): 276-283.

Ilenta Ha ToBa mpoyyBaHe Oemne Aa ce M3CIenBaT (DU3MOJIOTMYHUTE PEAKLUUU TPH
KaTepeHe, N3MOJI3BAKK pa3inyHu BUoBe XBaTku. OceM enuTHU Katepauu (redpoint 8a — 9a,
¢peHcka Kareropusanus) HM3MBIHUXA JIBE KAaTepayHH TecTa OO0 OTKa3, KOUTO 0siXa ChC
PaBHOMEPHO TEMIIOTO W €THAKBH 10 HAKJIOH Ha CTEHATAa, Pa3CTOSHUATA MEXKIY XBAaTKUTE U
abpa0ounHATa Ha XBarta. EAMHCTBEHO HAKIIOHBT HAa KOHTAKTHATA MOBBPXHOCT HAa XBATKHUTE
oemre pasznuyeH. [IpogbipkurenHoctra Ha Tect 1 (111 +54 s) e 3naunrtenno (P =0.005) mo-
Maska oT TecT 2 (255+ 127 s), HO IMKOBOTO M CpeJHO moTtpebnenue Ha kuciopox (VO2),
chpaeunara yectota (HR) v KOHIIEHTpaIMUTe Ha JIAKTAT CiIell KaTepeHe He Ce pa3jindaBaT
(P>0,05). He3aBucuMo OT TOBa TUII'BT XBAaTKM MMa MO-TOJISIMO BIIUSIHUE BBPXY IHKA B
cpaBHenue cbe cpeauute VO, u HR. TTukoBute VO2 u HR B Tect 1 U 2 ca ChOTBETHO:
34.1+ 4.8 cnpsamo 37 £ 2.1 ml/min/kg u 166 + 16 cnpamo 171 + 13 bpm. Cpenaure VO, 1 HR
Osixa 28.2+2.7 copsmo 29.2+2.1 ml/minkg u 154+15 copamo 156+14 bpm.
[IpoxgbmwxuTenHOCTTa Ha TeCT | M MPOLEHTHT HA CIMMHUHAIMATA HA JIAKTaTa JTOCTOBEPHO
kopesmpar ¢ redpoint mocrmxkenuero (crorBetHo: r=0.94, P=0.001 u r=0.75, P=0.033).
ITuxosata croitHoCcT Ha VO2 KOpenupa J0CTOBEPHO C PO IbIKATENHOCTTa Ha TecT 1 (r=0.80,
P=0.017), a cpeanata VO, CTOHHOCT KOpeIHpa JOCTOBEPHO C MPOIBIKUTETHOCTTA Ha TECT
2 (r=0.85, P=0.008). PaznuyHusT TUN KaTepayHU XBaTKU HE OKAa3BaT BIIUSIHHUE BBPXY
cpennute nan Makcumanan VO2 n HR mimm BBpXy nakrtaTa cien katepeHe. ClienoBaTenHo,
TE€3W MPOMEHJIMBU MOTAT Jla Ce M3MOJ3BaT 3a OllEHKa Ha paboTOCIIOCOOHOCTTA, HO HE U KaTO
WH/IMKATOPH 32 MHTEH3UBHOCT 110 BpEME Ha TPEHUPOBKA 3a CIIOPTHO KaTepeHe.

Balas J, Michailov ML, Giles D, Kodejska J, Panackova M, Fryer F. Active recovery of the
finger flexors enhances intermittent handgrip performance in rock climbers. EJSS 2016;
16(7):764-772.

This study aimed to (1) evaluate the effect of hand shaking during recovery phases of
intermittent testing on the time-force characteristics of performance and muscle oxygenation,
and (2) assess inter-individual variability in the time to achieve the target force during
intermittent testing in rock climbers. Twenty-two participants undertook three finger flexor
endurance tests at 60% of their maximal voluntary contraction until failure. Performances of a
sustained contraction and two intermittent contractions, each with different recovery strategies,
were analysed by time-force parameters and near-infrared spectroscopy. Recovery with
shaking of the forearm beside the body led to a significantly greater intermittent test time (1
22%, P < .05), force-time integral (1 28%, P <.05) and faster muscle re-oxygenation (1 32%,
P <.05), when compared to the hand over hold condition. Further, the ratio of intermittent to
continuous test time distinguished specific aerobic muscular adaptations among sport climbers
(2.02), boulderers (1.74) and lower grade climbers (1.25). Lower grade climbers and
boulderers produced shorter duration contractions due to the slower development of target
force during the intermittent test, indicating worse kinaesthetic differentiation. Both the type
of recovery and climbing discipline determined muscle re-oxygenation and intermittent
performance in rock climbers.
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10.

Bala§ J, Michailov ML, Giles D, Kodejska J, Panackova M, Fryer F. AxTuBHOTO
Bb3CTAHOBSIBAHE HA CrbBaYMTe Ha MPBCTHTE MOA00OpPSIBA HMHTEPMHUTEHTHATA
H3PHKIMBOCT HA XBaTa npu Katepauu. EJSS 2016; 16(7):764-772.

Toa npoyuBane umar 3a 11ei (1) 1a ycraHoBu eekTa OT pa3KIIallaHeTo Ha phKaTa Mo Bpeme
Ha (pa3uTe Ha BBH3CTAHOBSIBAHE HA WHTEPMHUTEHTEH TECT BBHPXY BPEMEBHUTE M CHIIOBUTE
XapaKTepUCTHKH Ha pabOTOCIIOCOOHOCTTa M MYCKYJIHAaTa OKCHUTEHaIus U (2) aa ompenenu
MEXIYUHAUBHAyaIHATa BapuaOUIIHOCT HAa BPEMETO 3a JIOCTHraHe Ha LiejeBaTa CHuiia Mpu
U3IIBJIHEHUETO HAa WHTEPMHUTEHTEH TeCcT 3a Karepayd. JlBajgecer M JBaMa Y4acTHHIU
U3MBJIHUXA JO0 OTKa3 TPU TecTa 3a M3APBAKIMBOCT Ha CrbBAaYUTE HA MNPBCTUTE IPU
uHTeH3UBHOCT 60% OT MakcuMmaliHaTa BoJIeBa KOHTpakius. Upe3 BpeMeBU U CHUIIOBU
napamMeTpu U CIEKTPOCKONHsS Ha ONU3KHUS CHEKThp Ha HH(payepBeHaTa CBETIMHA ca
aHAJM3UPAHU TTOCTHKEHHUATA 110 BpEME Ha HENPEKHbCHATO yCHWJIME M Ha JIB€ MHTEPMHUTEHTHU
HATOBapBaHUA. Bb3cTaHOBSIBaHETO ¢ pa3KiallaHe HAa MPEIMUIIHULIATA 10 TAJIOTO JOBEAE 10
3HAYUTEIIHO MO-TOJIIMO BpeMe Ha MHTepMUTEHTHUs TecT (T 22%, P <.05), umnync Ha cunara
(1 28%, P < .05) u mo-6bp3a myckynHa peokcureHanus (T 32%, P < 0,05), B cpaBHeHHe ¢
YCIIOBHETO 3a 3aJbpKaHE Ha pKara BbpXy XxBarkara. OCBEH TOBa, CHOTHOIIECHHETO Ha
BpEMEHAaTa Ha HMHTEPMUTCHTHHUS W HENPEKbCHATHS TECT pa3rpaHHuaBa CHEHU(PUYHUTE
aepoOHM aJlaNTallMOHHU IPOMEHU B MYCKYJIUTE TIPU CHOPTHU Katepaun (2.02), Goynabpuctu
(1.74) u xatepaun Ha nmo-uucko HuBo (1.25). Katepaunte Ha 10-HHUCKO HUBO U OOYIIBPUCTUTE
M3BBPIIBAT KOHTPAKIUH C MO-KpaTKa MPOABIDKUTEITHOCT MOPAaAX 1MO0-0aBHOTO pa3BUTHE HA
1eneBara cuja MO BpeMe Ha HMHTEPMHUTEHTHHUS TECT, KOETO IOKa3Ba IO-JIONIO0 HHUBO Ha
KHHECTeTHYHa audepeHnnanys. Kakto THIBT BB3CTAHOBSBAHE, Taka W JAWCIUILIMHATA HA
KaTepeHe JeTepMUHUpAT MYCKYJIHATa PEOKCUTEHAIINS M MPEACTABIHETO B MHTEPMUTECHTHUS
TECT IIPH KaTepayH.

Michailov ML, Morrison A, Ketenliev MM, Pentcheva BP. A Sport-Specific Upper-Body
Ergometer Test for Evaluating Submaximal and Maximal Parameters in Elite Rock
Climbers. Int J Sports Physiol Perform. 2015;10(3):374-380.

Traditional treadmill or bicycle ergometry neglects the upper-body musculature that
predominantly limits or terminates rock-climbing performance (ie, the inability to continually
pull up one's body mass or "hang on").

Purpose: To develop an incremental maximal upper-body ergometer test (UBT) to evaluate
climbers' aerobic fitness and sport-specific work capacity and to compare these results with a
traditional treadmill protocol.

Methods: Eleven elite sport climbers (best redpoint grade Fr.8b) performed a UBT on a
vertically mounted rowing ergometer and, on a separate occasion, performed a maximal
incremental treadmill test (TMT). Cardiorespiratory parameters were measured continuously.
Lactate (La) samples were collected.

Results: Peak oxygen consumption (VVOzpeak) and heart rate in UBT and TMT were 34.1 + 4.1
vs 58.3 = 2.6 mL - min? - kg? and 185 + 8 vs 197 + 8 beats/min, respectively, and both
variables were of significantly lower magnitude during UBT (P < .001). End-of-test La levels
for UBT (11.9 £ 1.7 mmol/L) and TMT (12.3 £ 2.5 mmol/L) were similar (P =.554). Treadmill

12



VO2peak Was not correlated with either upper-body (UB) VOzpeak (P = .854) or redpoint and on-
sight climbing grade ability (P > .05). UB VO2peak and peak power output per kg body mass
were both strongly correlated (P < .05) with climbing grade ability. The highest correlation
coefficient was calculated between current on-sight grade and UB VOzpeak (r = .85, P = .001).

Conclusion: UBT aerobic- and work-capacity results were strongly correlated to climbing-
performance variables and reflected sport-specific fatigue, and TMT results were not. UBT is
preferred to TMT to test and monitor dedicated and elite rock climbers' training status.

Michailov ML, Morrison A, Ketenliev MM, Pentcheva BP. CnenuduieH eproMerpuyex
TECT 32 TrOpPHATA YAaCcT Ha THJIOTO 32 OlEHKAa Ha CYyOMaKCHMAJIHM M MAaKCHMAJIHM
napaMeTpH NpHu eJuTHH Katepaun. Int J Sports Physiol Perform. 2015;10(3):374-380.

TpaguionHnata epromeTpuss Ha TpeTOaH WM  BEIOEPrOMEThp IpeHeOperna
MyCKyJlaTypaTa Ha ropHaTa 4acT Ha TsUIOTO, KOATO B Hail-rojisiMa CTENEH OrpaHUyYaBa WU
MpeKpaTsaBa JeHHOCTTa 10 BpeMe Ha CKaJHO KaTepeHe (T.e. HECIOCOOHOCTTa MPOABIKUTEITHO
BpeMe J1a ce U3IbpIIBa COOCTBEHOTO TETJIO WIIH JIa Ce MOJIbPIKa XBaTa).

Hea: /la ce pa3paboTy MakCUMaJeH CTHIIATOBUAECH €proMEeTpHUEH TECT 3a FOpHATa 4acT
Ha twioto (UBT) 3a gma ce omeHsAT cnenuuyHUTE aepoOHH BB3MOXKHOCTH H
paboTOCIIOCOOHOCT Ha KaTepayuTe U Jja C€ CPABHAT TE3H PE3YNITATH € TPAJIULIMOHEH TPOTOKOJI
Ha TpeTOaH.

Meroau: ExquHazeceT eIUTHH CIIOPTHHU KaTepauu (Haii-moosp redpoint Fr.8b) usnbanmxa
UBT Ha BepTUKaIHO MOHTHUpAH rpeOeH eproMeTbp, a OTIEIHO M3IbJIHMXA U MaKCUMAaJIEH
creranoBuieH tect Ha Tperdoan (TMT). Kapauo-pecnupaTopHuTe mapaMeTp ce Uu3MepBaxa
HenpekbcHato. ChOpaHu ca u jJakTatHu nmpobu (La).

Pesyararu: IlukoBara xucnopogHa koHcymanus (VOzpeak) U Chp/i€UHATA YECTOTA MPHU
UBT u TMT 6sxa chotBeTHO 34.1 £ 4.1 cripsimo 58.3 £2.6 mL - min™® - kg™t u 185 £ 8 cripsivo
197 + 8 ynapa/min, KaTo U JBeTe MPOMEHIUBH 0s1Xa ChC 3HAYUTEIHO MO-HUCKa BETUYMHA IO
Bpeme Ha UBT (P <.001). Huara La B kpasg va UBT (11.9 £ 1.7 mmol/L) u TMT (12.3 +2.5
mmol/L) ca cxoxuu (P = .554). VOzpeak OT TecTa Ha TpeTOaH He Kopenupa HUTO € VOzpeak HA
ropaara 4act Ha Tsmoro (UB) (P = .854), muro ¢ redpoint u onsight mocTtmxeHusTa B
katepeHero (P > .05). UB VOgpeak 1 mukoBaTa MOIIHOCT, OTHECEHA KbM TeJecHaTa maca
kopenupar cuiiHo (P <.05) cbe moctwkeHusTa B karepeHeTo. Hali-BUCOKUAT Koe(DUIIMEHT Ha
Kopenaius € Mex Iy Tekymnoro onsight moctwkerne 1 UB VOzpeak (r = .85, P =.001).

3akuouenue: Pesynrarute or UBT 3a aepoOeH kananuret 1 paboTOCIIOCOOHOCT ¢a CHITHO
CBBP3aHHM C TOKA3aTENINTE HA TOCTHKEHUETO B KATEPEHETO M 0Tpa3sBar crielupuIHaTa 3a To31
CIIOPT yMOpa, I0KaTo ToBa He ce oTHacs a0 pe3dynaratutre oT TMT. UBT e 3a npennountane
npen TMT 3a omeHsiBaHe W TpocieAsBaHe Ha TPEHUPAHOCTTA HA OTAAJECHU U EIUTHU
KaTepavw.
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11. Michailov_ M, Lambreva S, Deneva D, Andonov H. Importance of elbow flexor muscle
strength and endurance in sport climbing. Journal of Applied Sports Sciences 2017; 1: 3-
12.

The muscles that exert most during sport climbing are the finger flexors followed by elbow
flexors (EF). Nevertheless, climbers’ EF strength and endurance were not tested in an isolated
manner and EF endurance was not assessed at different relative intensities. Purpose: To
determine the importance of EF maximal strength and endurance in sport climbing. Methods:
Nine male sport climbers and a control group of seven male sport students performed an EF
maximal strength (MS) test and four EF endurance tests representing isometric muscle
contractions at 90%, 70%, 50% and 30% of the maximal voluntary contraction (MVC).
Results: Sport climbers sustained longer than the controls at 70% (39+11 versus 28+7 s;
p=0.044, 1?=0.259) and 50% MVC (57+10 versus 48+6 s; p=0.050, n? =0.248). The highest
effect size was estimated for the force-time integral related to body mass at 70% MVC (107+27
versus 75+18 N.s/kg; p=0.018, n? = 0.338). The two groups did not differ in MS (31352
versus 338+55 N; p=0.372) or MS related to body mass (4.6+0.6 versus 4.2+0.8 N/kg;
p=0.623). Climbing ability significantly correlated only with MS related to body mass. The
relationship between MS related to body mas and onsight ability was strong (r=0.806,
p=0.016). Conclusion: EF strength and endurance appear to be key performance factors in
sport climbing. Sport climbing demands a high level of EF endurance during muscle
contractions of high intensity. An excessive increase of EF endurance would not necessary
lead to a significant improvement in climbing ability. However, higher climbing ability
demands increased EF maximal strength.

Michailov M, Lambreva S, Deneva D, Andonov H. 3navenue Ha cijiaTa M H3APbKINBOCTTA
HAa MYCKYJHUTe CrbBayM B JAaKbTHAa CTaBa B copTHOTO Katepene. Journal of Applied

Sports Sciences 2017; 1: 3-12.

MyckynuTe, KOUTO c€ HanpsAraT Hali-MHOTO I10 BpeMe Ha CIIOPTHO KaTepeHe ca CrbBaunTe
Ha MPBCTHUTE, CIIEIBAaHM OT crbBaunTe B JakbTHA cTaBa (EF). HezaBucumo ot ToBa cunara u
m3apexkIuBocTTa Ha EF mpm karepaum He ca uW3MEpBaHW 10 W30JMPAH HAYWMH U
u3apexauBocTTa Ha EF He e oneHsBaHa npu pa3ianyHa OTHOCUTETHA HHTeH3UBHOCT. Len: Jla
ce OmpeleNy 3HAaYeHHEeTO Ha MaKCHMajHaTa cuia U u3ApbxinBoctTa Ha EF B cnopTHOTO
katepeHe. Meroau: JleBet cnopTHH Katepaun (MbKe) M KOHTPOJIHA TPYIIA OT CEJeM CTYACHTH
1o crnopt (MBKe) M3MbIHKMXA TecT 3a MakcuManHa cwia (MS) va EF u gertupum tecta 3a
n3apbxauBocT Ha EF, mpencrasisiBaliy U30METPUYHN MYCKYJIHU KOHTpakuuu npu 90%, 70%,
50% u 30% ot makcuManHara BosieBa KoHTpakuust (MVC). Pesynraru: CiopTHHTE KaTepayH,
U3IbpKAT TO-ABITO0 OT KOHTpoiHata rpyna mnpu 70% (39+11 cpemry 28+7 s; p=0.044,
1?=0.259) n 50% MVC (57£10 cpemy 48+6 s; p=0,050, > = 0.248). Haii-ronemusr paszmep
Ha epeKTa e yCTaHOBEH 3a UMITYJIC Ha cujaTa, OTHECeHa KbM TesnecHaTa Maca npu 70% MVC
(107+27 cnpsimo 75+18 N.s/kg; p=0.018, > = 0.338). JIBeTe Tpymu He ce paziruyaBar o MS
(313+£52 cpsamo 338+55 N; p=0.372) unu MS, otHecena kbM TesnecHata Maca (4.6+0.6 cpenry
4.2+0.8 N/kg; p=0.623). ITocTu’EeHUETO B KATCPEHETO 3HAYMTEIHO KOpeiaupa camo ¢ MS,
OTHECEHO KbM TenecHaTa Maca. Kopenanusra mexxay MS, oTHeceHa KbM TelecHaTa maca, u
onsight moctmkenuero e cuna (r=0.806, p=0.016). 3akaroueHue: cuaaTa U U3APHKIUNBOCTTA
Ha EF m3rnexxna ca xirodoBH (pakTopu 3a mpejacTaBsiHe B CHOPTHOTO KaTepeHe. CIOPTHOTO
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12.

KaTepeHe N3UCKBA BUCOKO HUBO HA M3IPHKIMBOCT HAa EF 110 BpeMe Ha MyCKyJTHM KOHTPAaKIUU
C BHCOKa MHTEH3MBHOCT. [IpekomepHOTO yBenuuaBaHe Ha u3apbxIuBocTTa Ha EF He On
JIOBEJIO HEMPEMEHHO J0 3HaYMTEIHO N0J00OpEHUE B CIOPTHOTO NMOCTUXKEHHE. Bhipeku ToBa,
II0-BUCOKOTO CIIOPTHO IIOCTHKEHUE B KATEPEHETO U3UCKBA YBEIUYCHO HUBO HA MAaKCUMaJlHA
cwia Ha EF.

Michailov ML. Evolvement and experimentation of a new interval method for strength
endurance development. In: Moritz FE, Haake S, ed. The Engineering of Sport 6, Volume 2.
Development for disciplines. New York: Springer Science and Business Media; 2006: 291-
296.

Method: Six climbers age 19 to 42, with experience of 3 to 27 years and selfreported red-point
best achievement 8+ to 10- UIAA, have trained for 7 weeks, 3 times a week, and during
weekends climbed not by the rules of the experiment. The new method is an interval method,
borrowed from the fartlek and represented by alternating in difficulty doing repetitions (8-10):
of easy (20-30 hand moves) and “difficult” routes (15-20 moves) and breaks of 30-60 s
(depending on the climbers’ self-confidence). The number of the sets was 2—3, with 20-30 min
breaks inbetween. The heart rate was monitored during training and testing. Tests: In order to
establish the climbers initial and final level of performance, a cycling ergometry and two
climbing tests were made. Test 1: a 5-minute climbing bout (for estimating the mixed energy
supply abilities) on an overhang of 120 degrees, with holds for the distal and partially for the
middle phalanges. Test 2: a I-minute roof climbing bout - 180 degrees (in the anaerobic-lactic
energy supply), with holds for the distal, middle and partially for the proximal phalanges. The
climbers had to apply as many as possible holds within the bout time. The heart rate was
monitored during training and testing.

Results: The mean maximum oxygen consumption estimated by cycling was 51.08
(ml/min/kg). No relation has been established between VO2zmax and test performance. The value
was small as compared to that of elite long-distance runners (85 ml/min/kg) and similar to
VO2max of elite wrestlers. The climbing tests registered improvement of 43 % in the one-
minute test and of 32 % in the five-minute test. There have been statistically significant
differences between the initial and final results.

Conclusion: The new method combines the advantages of both the interval and fartlek
methods. Although there was no control group, the performance improvement and the
statistically significant differences before and after the experiment testify to the method’s
effectiveness. It is expected to equally improve the mixed and the anaerobic-lactic energy

supply.
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13.

Michailov ML. Pa3paGorBaHe M eKcmepHMEHTHpPaHe HAa HOB MHTEpPBaJleH METOA 3a
pa3BUBaHe Ha CHJI0Ba W3ApPB:kIUBOCT. IN: Moritz FE, Haake S, ed. The Engineering of Sport
6, Volume 2. Development for disciplines. New York: Springer Science and Business Media;
2006: 291-296.

Metoan: [llectuma kaTepaun Ha Bb3pacT OT 19 1o 42 roguHu, ChC CIIOPTEH CTaxX OT 3 J0
27 ToIMHYU U CaMOOTYETEHH Hail-moOpu mocTikeHus B ctuia redpoint ot 8+ mo 10- UIAA,
TPEHHUPAT B NPOABDKEHHE Ha 7 CEIMUIIN, 3 TbTU CEMUYHO, a [IPEe3 YUKEHIUTE ca Ce KaTepHiin
HE 10 U3UCKBaHUATA Ha eKcrepuMeHTa. HoBUAT METOJ € MHTEpBaJIeH METOJ, 3aMMCTBAaH OT
dbaptieka u npeacTasisBa peayBane Ha mosroperus (8-10) ¢ pasznuuna tpyaHoct: ecHu (20-
30 nBuXEHUS € pbLETE) U ,,TpyaHU MapuipyTu (15-20 nBuxkenus) u nounsku ot 30-60 s (B
3aBUCHMOCT OT CaMOYYBCTBHETO Ha Kartepauute). bpost Ha cepunte e 2-3, ¢ 20-30 MunyTH
MIOYMBKHU MEXIy TaX. IIynchT e cineneH no Bpeme Ha TpEHUPOBKA U TecTBaHe. TecTose: 3a na
Ce yCTaHOBHU HAYAIHOTO W KPaHOTO HMBO Ha TPEHUPAHOCT Ha KaTepayuTe, O0gXa U3MbIHEHH
BEJIOEPrOMETpUs U JIBa KaTepauHu Tecta. Tect 1: 5-MUHYTHO KarepeHe (3a OLEHKa Ha
CIIOCOOHOCTHTE 3a CMECEHO €HEproocurypsisane) mo Haasec ot 120 rpaayca, CbhC XBaTKH 3a
JMCTATHATE ¥ YaCTHYHO 3a cpenuute (pananru. Tect 2: 1-MuHyTHO KatepeHe mo TaBaH - 180
rpanyca (pu aHaepoOHO-JIAKTATHO EHEPrOOCHUTYPSIBAaHE), C XBATKHU 3 TUCTATHUTE, CPSITHUTE
1 YaCTUYHO 3a IpOoKcUManHuTe ¢ananru. Katepaunte TpsdBalie 1a npeMUHaT Ipe3 Bb3MOXKHO
Hal-MHOT'O XBaTKU B PAMKHUTE Ha BPEMETO Ha TECTOBETE.

Pesyararn: Cpennara cToMHOCT Ha MakcUMajgHaTa KHCJIOpPOJHA KOHCyMalus,
yctaHoBeHa upe3 Benoepromerpusi, € 51.08 (ml/min/kg). He e yctaHoBeHa Bpb3Ka MEXIy
VO2max ¥ pe3yITaTUTE OT TECTOBETE. Ta3u CTOWHOCT € MaJlka B CPAaBHEHHE C Ta3H HA CITUTHU
O6eraun Ha Jabiaru pasctosHus (85 ml/min/kg) u momobna Ha VOzmax Ha €NTUTHU OopIy.
Perucrpupano e nomodpenue ot 43% npu eTHOMUHYTHUS TecT U OT 32% NpU METMUHYTHUS
TecT. Pasnukure MeX1y MbpBOHAYATTHUTE U KPAWHUTE PE3YNITATH ca CTATUCTUYECKU 3HAUNMU.

3akmwouenne: Hosuar MCTOJ CbhUYC€TaBa NPCAUMCTBATA HAa HMHTCPBAJIHUA MCTOA W Ha
(l)apTJ'IeKa. B’LHpeKI/I 4y HAMAIIC KOHTpPOJIHA Trpyla, HOI[O6pCHI/IeTO Ha TIIOCTHMXKCHUATA B
TECTOBCTC M CTATUCTHYCCKHU 3HAUYUMHUTC Ppa3JIMKu MCKAY PE3YITATUTEC IMPEAN U CJICA
CKCIICPUMCHTA CBUACTECIICTBAT 34 e(l)eKTI/IBHOCTTa Ha MCTOJA. Ouakga CC, 4uc TOM l'IOI[O6p$IBa
€IHaAKBO CMECCCHOTO U aHaepO6HO'HaKTaTHOTO AO0CTaBsAHC Ha CHEPTUA.

Muxaiinos M, JlomycumeBa-Pormesa I'. MoTuBaumuss Ha KaTepayu M AJIHUHHUCTH.
[Ty6nukyBano B: JInunoct, moTuBarus, cnopt, Tom 17. Codusi: HCA mpec; 2012: 90-100.

NuTepecHu 3a 00111€cTBOTO ca MPUYMHHUTE, KOUTO MOJ0YK1aT HAKOU X0pa Jia Ce 3aHUMaBaT
C KaTepeHe U alnuHu3bM. LlenTa Ha HacTOAIIOTO U3CIe/IBaHE € J1a ce OIpeneNaT (pakropute
Ha BbTpEUIHATa W BBHIIHATA MOTHUBALMS NPH KaTepayd M adnuHUCTU. 39 Karepaun U
annmuaucTy (7 )keHU U 32 MBKeE) C MIUPOK JAUamna3oH Ha mocTmwxkenus (redpoint ot 5 go 8c+
Fr./sport) naBaT camoolieHKH 3a BbTpEIIHA U BhHIIIHA MOTUBAIUs U aMOTUBAIUs 110 cKajlaTa
Ha Pelletier et al. (1995). CpaBHeHU ca MOTMBALIMOHHUTE XapaKTEPUCTHKH Ha KaTepayuTe
MBXKE U JKEHHU, Ha MPAKTUKYBAIIUTE Pa3IMYeH BUJ KaTepeHe, KaKTO M Ha KaTepauyuTe C
pa3NMYHU CIOPTEH CTaX, KBadudukanus W Bb3pacT. Hali-BUCOKM ca cTOHHOCTHTE Ha
BBTpPEIIHATa MOTHUBALIMS 32 U3MHUTBaHe Ha cTUMynanus. CiaenBar BbTpEIIHaTa MOTHBALUS 3a
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MOCTW)KEHUE, BBHIIHATA MOTHUBAIUs 3a HEOCh3HATO OOEKTHMBM3MpaHe (M30srBaHe Ha
YyBCTBOTO 32 BHMHA M TPEBOKHOCTTA), BBHTPENIHATA MOTHBAIMS 3a TO3HAHHE, BHHIIHA
MOTHBALIUS 33 OCB3HATO OTHXKIAccTBABaHe (BHMOO — BakHO ¢ HE HM3MUTBAHETO Ha
yJIOBOJICTBUE, a TIOCTHTAHETO Ha IEJH M CaMOYCHBBPIICHCTBAHETO), BhHIIHATA MOTHBAIIUS
ype3 comuyMa M aMoTuBanusaTa. CTaTHUCTUYECKH [IOCTOBEPHH pPAa3jIMKUd Ca OTKPUTU IO
nokazarensT BEMOO mexny nzcnensanure auna noa 30 u Haa 30 ronuniHa Bp3pact. Jlunara
mox 30 roauinHa BB3pPACT ca ¢ Mo-BHCOKU croiiHocT Ha BHMOO (p < 0.05). Ha nune € u
CTAaTHCTUYECKHU 3HAUYMMa Kopenanus Mexay rnokazarenss BHEMOO u cOpTHOTO TOCTHKEHHE
(r = -04, p < 0.05). Unrepecen e (akThT, Y¢ AIMUHUCTUTE, KOHTO Ca H3KAUYBAJIH
OCEMXWISITHUIIM M ca MyONWYHU JIMYHOCTU Ca C IO-BUCOKM CTOMHOCTM Ha BBHIITHATA
MotuBaius. CropTHaTa MOTHUBAILIMS HA KaTepauuTe M aJMUHUCTUTE € MPEJUMHO BHTPEIIHA.
Haii-cunHa e BbTpeniHaTa MOTUBALUS 33 H3NUTBaHEe HA cTUMynanus. OT BHHITHUTE MOTHBH
ce OTKpOsBa MUHHMH3HUPAHETO Ha TPEBOXKHOCTTA. Bb3pacTra M MOCTHIKEHUETO HaMalsaBatr
BrusareTo Ha BEMOO.

Michailov M, Domuschieva-Rogleva G. Motivation of climbers and alpinists. Published in:
Personality, Motivation, Sport, Volume 17. Sofia: NSA Press; 2012: 90-100.

Of interest to society are the reasons that motivate some people to engage in climbing and
mountaineering. The aim of the present study was to determine the factors of intrinsic and
extrinsic motivation in climbers and alpinists. 39 climbers and alpinists (7 women and 32 men)
with a wide range of climbing ability (redpoint from 5 to 8c+ Fr./sport) provided self-
assessments of intrinsic and extrinsic motivation and amotivation according to the scale of
Pelletier et al. (1995). The motivational characteristics of male and female climbers, climbers
who specialized in different climbing disciplines, as well as climbers with different sports
experience, qualification and age were compared. Values of intrinsic motivation for
experiencing stimulation are highest followed by the internal motivation for achievement, the
external motivation for unconscious objectification (avoiding guilt and anxiety), the internal
motivation for knowledge, external motivation for conscious identification (EMCO - it is not
the experience of pleasure that is important, but the achievement of goals and self-
improvement), external motivation through society and amotivation. Statistically significant
differences were found for EMCO between the participants under 30 and over 30 years of age.
Participants under 30 years of age had higher values of EMCO (p < 0.05). There was also a
significant correlation between the EMCO indicator and sport performance (r = -0.4, p < 0.05).
It is interesting to note that mountaineers who have climbed eight-thousanders and are public
figures had higher values of extrinsic motivation. The sports motivation of climbers and
alpinists is predominantly internal. Intrinsic motivation to experience stimulation is the highest.
Of the external motives, the minimization of anxiety stands out. Age and climbing ability
reduce the influence of EMCO.
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14. bosinos /I, MuxaitnioB M, [letkoB H. Bbiarapcka npoyuBartesiHa ekcneaumnus ,,Kapakopym
2011%. Cnopt u Hayka 2011; 6: 159-166.

CbpBpeMEHHHUTE KaTepaud M aJIUHUCTH BCE OIlle OMBAT MPHUBJIMYAHU OT HAW-BUCOKUTE
BbPXOBE B Hali-TOJIEMUTE IUIAHWUHCKU BEPUTH WM OT U3BECTHUTE CKAJIHM CTEHU B AJIIUTE.
Brbrpeku ToBa no-cuiieH € HHTePEChT KbM MOCEIIaBaHEeTO HA HOBU PErMOHU U M3KaYBAaHETO Ha
TPYZAHU KyJIM, MaKap U Ha IO-HHCKa HaAMOpcKa BucounHa. Llenra Ha u3ciensanero Oe 1a ce
OpraHM3upa eKCHEAMIMs, 3a Ja C€ MPOoydyaT U OLEHSAT BH3MOKHOCTUTE 3a MPEMHUEPHU
M3KauyBaHMsI HA TOJIEMU CTEHU U JEBCTBEHM BBPXOBE B JojuHara XaHe, Kapakopym (karto
mepBU etan Ha npoekta "Kapakopym Big Wall 2011/2012"). Tpuma Obarapcku aamuHUCTH
noceruxa jgonuHara npes nepuoaa 10 — 22 cenremspu 2011 r. U3cnenoBarenckure nedHOCTH
Osixa: crOupane Ha MHPOpPMALKS 32 YYKJIECTPAaHHUTE MOCEUICHHS U U3KaYyBaHUS B JOJIMHATA,
opoOHO 3aCHEMAHE HA pEruoHa, IPOyYBAaHE HAa BB3MOXKHUTE IMOJXOAM KbM CTEHUTE,
cHemane Ha GPS koopnuHaTH, 1aBaHe HAa UMEHA Ha cKamHuTe Gopmaruu. Tazu nadopmanus
0¢ W3MOoJ3BaHA CBHINO 32 M3TOTBIHETO HAa HOBU NOApoOHM Kaptu. JlommHara XaHe e
3a00MKOJIeHa OT MHOIO BBPXOBE, BCHMYKM OT KOUTO ca CKanucTd. Hskoum oT TaX ca
BIIEYATJISABALIY BYJIKAHUYHU KYJIH CbC CTeHH, fJocturamu 10 1000 m. [ToBedero or ckamHuTe
oOpa3yBaHMsI UMaT CJIOXHA CTPYKTypa, M3rpajeHa OT peAuna cKaaHu urian. OCHOBHHTE
BBPXOBE Ca C FOJIEMHU CTEHU, KOUTO ca TPYJHH 3a U3KAUBAHE U IOCTUraT HaAMOPCKa BUCOUMHA
10 kbM 6000 m. HuTto euH 0T OCHOBHHUTE BHPXOBE HE ca M3KaueHu. B 3akiroueHue: paiioHbT
€ MBJICH C MHOXECTBO CKallHM KYyJIH ChC CJIOXHa KOH(puUrypamus u nocthil. Hamume e
3HAYUTENICH MOTEHIIMAaJ 32 U3KauBaHE HA HOBU TPYJIHU CTEHHH MApUIPYTH HA CPABHUTEIIHO
rojsiMa HaJIMOPCKa BUCOYMHA.

Boyanov D, Michailov M, Petkov N. Bulgarian exploratory expedition "Karakorum
2011™. Sports and Science 2011; 6: 159-166.

Modern climbers and mountaineers are still attracted by the highest peaks in the largest
mountain ranges or by the famous rock walls in the Alps. However, the interest in visiting new
regions and climbing difficult towers, albeit at a lower altitude, has become stronger. The
purpose of the present research was to organize an expedition to explore and assess the
possibilities for first ascents of big walls and virgin peaks in the Khane Valley, Karakoram
(first stage of the Karakorum Big Wall 2011/2012 project). Three Bulgarian climbers visited
the valley during the period 10 - 22 September 2011. The research activities were: gathering
information about foreign visits and climbs in the valley, detailed photography of the region,
research of possible approaches to the walls, recording GPS coordinates, naming rock
formations. This information was also used to produce new detailed maps. The Hane Valley is
surrounded by many peaks, all of which are rocky. Some of them are impressive volcanic
towers with walls reaching up to 1000 m. Most of the rock formations have a complex structure
made up of a series of towers. The main peaks have big walls that are difficult to climb and
reach altitudes up to 6000 m. None of the main peaks have been climbed. In conclusion: the
area is full of numerous rock towers with complex configuration and access. There is
considerable potential to climb new routes on difficult big walls at relatively high altitudes.
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15. Muxaiizos M, Kpscres JI, Cemumuncku C, Ipomes O, Mopnasos I1. CpaBHHTe/IeH aHAIN3
HA AIaNTAIMOHHUTE NPOMEHH B TPEHHPOBbYHHS U ChCTe3aTeJIHUS MPOLeC NP eJTUTHU
¢yroommcru. Cropt u Hayka 2010, cneumanHo uznanue; “Cnoprt, crpec, amanTauus —
OnuMnuiicku copT U copT 3a Bcuuku”: 144-148.

BuBenenune: Oyr6oabT € Hal-OMyIApPHUAT criopT. B Tasu cdepa ce mpaBsAT orpoMHH
(DMHAHCOBM W MaTEepPUAIHA WHBECTHUIIMU. BBIpeku TOBa MPOOIEMBT ¢ HAYYHHS KOHTPOI B
CIOpPTHATa MOATOTOBKAa Ha (yTOOJUCTUTE YECTO € Ha IMOCPEACTBEHO paBHuule. Llenta Ha
W3CIIE/IBAHETO € Jla C€ YCTAaHOBU Jaldl TPEHUPOBBUYHUTE BB3ACHCTBUS OTroBapAT Ha
(YHKIIMOHATTHOTO HATOBAPBaHE M0 BPEME Ha ChCTE3aHUE MTPH EIUTHU OBJITapCKH GyTOOTUCTH.

Metoauka: UscnenBanu ca 28 dyrdomucrtu ot 3anamna ,,.b” [IOIN (OK , Axanemuk”
Copus u ®K ,,PakoBcku” CenueBo). M3mepena e cbpaeuynara yectora (HR) e u ca
M3YHCIICHH MTPOU3BOIHY MapameTpu. Hanpasenu ca 36 TereMeTpuyHH 3amnvca Ha ChbpAeYHaTa
yectoTa (CH) mo Bpeme Ha 11 cwerezanust (C), 15 3anumanus 3a pusndecka moaroroka (PIT)
u 10 3aHMMaHus 3a TEXHUKO-TakTH4Yecka moarotoBka (TTII).

Pesyararu: Cpennara CY Gemre Haii-Bucoka no Bpeme Ha C — 163 yn/min. Tazu CH e ¢
12 bpm noseue ot CY B 3anumanusita 3a ®I1 u ¢ 15 bpm ot CY B 3anumanusita 3a TTII. Te3u
pasnukH ca cratuctudecku goctosepuu (P < 0.05).

3akiroyenue: OyHKIIMOHAIHOTO HATOBAPBAHE 110 BPEME HA TPEHUPOBBYHUTE 3aHUMaHUS
Ha (pyTOOJTHUS HU €IUT 3HAYUTEITHO CE pa3jinyaBa 10 BeIMYMHA OT ChCTE3aTEIHUS MOJET U He
OTroBapsi Ha BUCOKUTE M3MCKBaHMA Ha IpodecroHamHus ¢yroon. O4eBUIHO € Y& TEXHUTE
TPEHUPOBBYHUTE HATOBApBaHMS TPAOBa J1a ca NO-UHTEH3UBHHU.

Mchailov M, Krastev L, Seliminski S, Groshev O, Yordanov P. Comparative analysis of
immediate adaptation changes during training and competition in elite soccer players.
Sport and Science 2010, Special Edition; "Sport, Stress, Adaptation - Olympic sport and sports
for all": 144-148.

Introduction: Football is the most popular sport. Enormous financial and material investments
are made in this field. Nevertheless, the problem of scientific control in the sport preparation
of football players is often ad mediocre level. The purpose of the study was to determine
whether the functional load during training correspond to the functional load during
competition in elite Bulgarian football players.

Methods: 28 players from the Western "B" PFG (FC "Akademik" Sofia and FC "Rakovski"
Sevlievo) were tested. Heart rate (HR) was measured and derive parameters were calculated.
36 telemetric heart rate recordings during 11 competitions, 15 physical training (PhT) and 10
technical and tactical training (TTT) sessions were made.

Results: The highest mean HR appeared during competition (163 bpm). It was 12 bpm higher
than HR from the PhF sessions and 15 bpm higher than HR during TTT. These differences
were statistically significant (p < 0.05).

Conclusion: The functional load during the training sessions of our football elite was
significantly different in magnitude from the competitive model and does not meet the high
demands of professional football. Apparently, the training loads should be more intensive.
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16. Mopaanos II, I'pomes O, KpbcreB JI, MuxaitmoB M, AnmoHoB X. CpaBHHTeJeH
METPOJIOTHYEH AHAJIHM3 HA METOAMKHM 32 M3MepPBaHe HA CKOKOBA W3APBKJINBOCT NPHU
yuenunu. Crnopt u Hayka 2010, usBbpHpenen Opou, yact 1; “Cnopt, crpec, agantamus —
OnuMnuiicky copT U copT 3a Bcuuku™: 124-128.

Iesnta Ha U3CIEBAHETO € Ja CE YCTAHOBU METPOJIOTMYHATa CbBMECTUMOCT Ha Pa3Iu4HU
MCTOAHKH 3a UBMCPBAHC HAa CKOKOBA U3APBHBIKIMBOCT U TAXHOTO NPUIIOKHO adallTUPAHC ITPpU
M3MEpBaHUS Ha YUEHULM OT cpeHOoTO yuuiuine. M3cnensanure yuenunu ca 38. Hskou oT TsX
HC Ca aHTaXXHUpaHW aKTUBHO B 3aHUMAHUA CHC CIIOPT, a APYrU C€a CbCTC3AaTC/IIM B pa3JIMdIHU
CIOPTHU JAUCUMUIUIMHYM. Y4YeHUIUTe u3NbiHABAaT MHorockouu (30 Op.). CpaBHeHu ca
KOJIMYECTBEHUTE CTOMHOCTH, IOJYYEHHU Ype3 METOJUKaTa ,,JOKOCBaHE Ha pa3rpadeHu 3Harm'
U eJIEeKTPOKOHTaKTHa IulaTgopma. Upe3 meroaukara ,,JOKOCBaHEe Ha pasrpadeHu 3Hauu™ e
peructpupana ¢ 4 = 0.6 cm no-rosisiMa cpejHa BUCOYMHA Ha MHOTOCKOLIUTE OTKOJIKOTO Upe3
eJIEKTPOKOHTAKTHA I1aTopma. HabronaBa ce TeHACHLMS Ha 3aM1a3BaHe HA Ta3u pa3jivKa Ipu
'bpBUTE, BTOpUTE U TpeTtuTe 10 MHOrockoka. 3a OllEHKa Ha CBhCTOSHHUETO Ha CKOKOBaTa
U3JPBAKIUBOCT B CPEJHOTO YUHIIUINE Hal-€(eKTUBHA OT METPOJOrMYHA, UKOHOMHYECKA U
MPUJIOKHA TIIEHA TOYKA € eNIEKTPOKOHTaKTHaTa rardopma. IlpunaraneTo Ha MeToanKara
,,JJOKOCBaHE Ha pasrpadeHH 3HAIM“ ChLIO € BB3MOXKHO, HO CieJ 00CTOlHHA METpOJOTHYHA
MIO/ITOTOBKA.

Yordanov P, Groshev O, Krastev L, Michailov M, Andonov H. Comparative metrological
analysis of methods for measuring jumping endurance in secondary school students.
Sport and Science 2010 Special Issue Part 1; "Sport, stress, adaptation - Olympic sport and
sport for all": 124-128.

The purpose of the research was to establish the agreement of different methods for the
assessment of jJumping endurance and their application in testing secondary school students.
The students were 38. They performed multi-jumps (30 jJumps). Some of the students were not
actively involved in sports, and others were competitors in various sport disciplines. The
quantitative scores obtained through the "touching of graphed signs" methodology and through
an electrical contact platform were compared. The average jumping height recorded using the
"touching of graphed signs” methodology was 4 + 0.6 cm higher compared to the average
jumping height from the electrical contact platform. There was a tendency of preserving this
difference in the first, second and third 10 multi-jumps. From the metrological, economical
and applied point of view, the electrical contact platform was the most effective approach for
the assessment of jumping endurance in secondary school. The application of the "touching of
graphed signs™ methodology is also possible, but after extensive metrological preparation.
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17. MuxaitnoB M, [amesa /. TpyaHocTH npu KOHTPOJIA HA HATOBAPBAHETO B CHOPTHOTO
katepene. [IyomukyBano B: Cropt oOmiectBo oOpazoBanme, ToM 8. Codwus: Tumronmpec;
2002: 253-258.

Ta3u 0630pHa cTaTus mocoyBa (PakTH OT HAYYHHUTE M3CICABAHUS B 00JIACTTa HA CKATHOTO
U CHOPTHO KaTepeHe, OT KOWTO CTaBa SICHO, Y€ HE € BH3MOXHO HHTEH3UBHOCTTAa Ha
HATOBApBAaHETO 10 BPEME Ha KaTepeHE Jla c€ KOHTPOJUpa 10 0OEKTUBEH HauMH. 3a7aBaHETO
Ha MHTEH3MBHOCTTA B MPOIIEHTH OT MaKCUMajHaTa Cuja He € OChUIECTBHUMO, Thil KaTo HE €
BB3MOXHO U3MEPBAHETO HA MAKCUMAJIHATA CUJIa BbPXY BCUYKU XBAaTKHU 10 MApIIPyTa, KOUTO
ca pa3nuuHu. Kareropusira Ha TpyAHOCT ChILIO HE MOXKeE /1a IOCITYXHU 32 1enta. Ts ce onpenens
OT MHOro (axkTopHu, Karo (U3UYECKOTO HATOBAPBAHE W TEXHUYECKUTE TPYIHOCTH.
Pa3ouapoBaii 3a karepauute U TpeHbOPUTE € HAKTHT, Y€ (PU3NUECKOTO HATOBAPBAHE HE MOXKE
Jla ce KOHTPOJIMpa upe3 cbpeuHaTa yectora. Cpes; OCHOBHUTE IPUYMHM 32 TOBA Ca: FOJIEMUSAT
MPOLIEHT CTaTUYHM YCUIUS 1O BpEeMe Ha KaTepeHe, CHUPAHETO Ha [UIIAHETO W
JUCHPONOPIMOHATHOTO IIOKAaYBaHE Ha ChpJAeYHATa 4YecToTa CIPSAMO KHCIOpOJHATa
koHcyManua. OCBeH TOBa € Bb3MOXHO CTOMHOCTUTE Ha ChpJeYHATa 4eCTOTa, KUCIOPOaHATA
KOHCYMallis ¥ KPbBHHUS JIAKTAT J1a ca pa3judHU JIOpU KOraTo ce U3KayBaT MapLIpyTH C €AHA
U chIlla TpyAHOCT. [Ipu KOHTPONBT HA HATOBAPBAHETO B KATEPEHETO HE TPsIOBa aBTOMATHYHO
Jla ce Ipujarat NpUHLIUIUTE, BaJUJAHU HalpuMep B jekaTa arieruka. Karo unaukaropu Ha
WHTEH3WBHOCTTA B KaTepEeHETO OMxa MOTIH J1a MOCIYKaT KPbBHUAT JIAKTaT U CYOEKTUBHUTE
CKaJIM 3a OLIEHKA Ha HaIPEKEHUETO.

Michailov M, Dasheva D. Difficulties in controlling the load during sport climbing.
Published in: Sport society education, volume 8. Sofia: Tiptoppress; 2002: 253-258.

This review outlines scientific evidence from the field of rock and sport climbing showing that
it is not possible to control the intensity of the load in an objective manner during climbing.
Assigning intensity as a percentage of maximum force is not feasible because it is not possible
to measure maximum force on all handholds along the route. Moreover, the handholds are not
identical. The grade of the route difficulty also cannot serve to this end. The grades are
determined by many factors such as physical exertion and technical difficulties. The fact that
the load cannot be controlled through heart rate monitoring is disappointing for the climbers
and their coaches. Some of the main reasons for this are: the high percentage of static efforts
during climbing, the cessation of breathing and the disproportionate increase in heart rate
compared to oxygen consumption. Furthermore, heart rate, oxygen consumption and blood
lactate values may be different even when climbing equally graded routes. The principles for
controlling intensity in athletics for example should not be valid for example in athletics should
not be automatically applied in climbing. Blood lactate and subjective exertion scales may
serve as climbing intensity indicators.
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