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Abstract

Purpose: determination of the main components of power capabilities that ensure the success of the competitive
exercise of armwrestlers weighing 80-100 kg.

Material and Methods. The study involved 4 best armwrestlers in the world weighing from 80 to 100 kg (m = 87.50
+ 2.47 kg) in 2017-2020: athlete 1 is a multiple world champion weighing 90 kg (Ukraine), athlete 2 is a multiple
champion world champion weighing 82 kg (Ukraine), athlete 3 - multiple world champion weighing 93 kg (Ukraine),
athlete 4 - multiple winner of international competitions weighing 85 kg (USA). During the study, strength indicators
were determined in 4 competitive exercises. Strength indices in all test exercises were measured in a static mode by
an FB5k series electrical tenzodynamometer (Poland) with an accuracy class of up to 100 g, which was mounted on
a special armwrestling table using a specially made block device. The created design was called the “ARM1 Device”
(patent 43082). During the statistical analysis, the following parameters were calculated: maximum and relative
strength, total strength index in four strength exercises (F), time to reach maximum strength (t), speed-strength
index (F/t), average strength index of four exercises (F/4), gradient of the total strength of four exercises (to,sr),
strength index in the first 100 ms and 500 ms, speed-strength index in the first 500 ms (Fsoo/ts00), hour of reaching a
force of 1 kg (to,s¢/(0,5%F); Pearson correlation analysis.

Results. As a result of the study, the main data on the speed-strength indicators of armwrestlers were obtained and
analyzed. In the process of testing, according to the indicators of time periods and given efforts of dynamic strength,
the features of the manifestation of the explosive, fast and slow strength of arm wrestlers 80-100 kg were
established.

Conclusions. The study made it possible to establish indicators of the speed-strength index, strength gradient, the
ability to manifest dynamic strength in the first 500 ms, clearly characterizing the speed-strength capabilities of
armwrestlers and allowing to determine the features and nature of the manifestation of their dynamic strength. This
makes it possible to determine the natural ability to manifest dynamic strength, as well as to select and predict the
performance of promising athletes, to specify the direction and content of the training process, and to clarify the
program of participation in competitions.
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Omutpo BeskoposaitHuii, Oner Kamaes, Makcum MiwumH, CtraHichas Bnacko, JleoHia MnaotHuubKuii, Cepriii Fnags,
AHApin Kntoka. Ocob6amnBocTi nposBy cunoBux 34i6HocTeit NpoBiaHMX apmpecTaepis cBiTy Baroto 80-100 Kr
MerTa: BU3Ha4YeHHA OCHOBHMX CKNaJ0BUX CUIOBUX MOXKIUBOCTEN, WO 3abe3neyytoTb YCMilLHICTb 3MarasbHiii BNpasi
apmpectaepis saroto 80-100 Kr.

Marepian i metogu. Y aocnigxeHHi B3aam ydacTb 4 Kpalumx apMmpectaiepa ceiTy Baroto Big 80 ao 100 kr (m = 87,50
+ 2,47 kr) y 2017-2020 pokax: cnopTcMeH 1 — 6araTopa3oBuii YemnioH cBiTy Baroto 90 Kr (YKpaiHa), cnopTcmeH 2 —
baraTopasoBuii YyemnioH cBiTy Baroto 82 Kr (YKpaiHa), cnopTcmeH 3 — 6aratopasoBuii YeMMioH CBiTy Barow 93 Kr
(YkpaiHa), cnopTcmeH 4 — 6araTopa3osuit NpuUsep MiKHapoAHUX 3maraHb Baroto 85 kr (CLUA). BusHaueHo YoTupm
cunoBi TectoBi Bnpasu, WO 3abe3neuyyoTb BMKOHAHHA 3MarasbHOi Aii B apMPeCTAiHry: 3rMHAHHA NanbLiB,
PO3rMHAHHA MOJIOTKOM, FaK i 3rMHaHHA KUCTi. Li BnpaBun BUKOHYBanMCA NiBOIO i NpaBoto pykamu. CnioBi NOKa3HMKK
Y BCiX TECTOBMX BMNpaBax BUMiplOBanu eNeKkTpoTeH3oanHaMmomMeTpom cepii FB5k (Mosbua) 3 knacom ToyHocTi 4o 100
I, 3aKpinJeHum Ha cneujanizaoBaHOMy CTONi ANA APMPECTAiHTY 3a A0MNOMOrOK CheliabHO BUIOTOBJ/IEHOTO
6nokoBoro npunagy — «Mpunag ARM1» (nateHT Ne43082). Y xogi CTaTUCTUYHOrO aHanisy 6ynm pospaxoBaHi
HaCTyMHi NapamMeTpu: MakcMMasibHa Ta BiflHOCHa CMNa, CYMapHWUM iIHAEKC CUAKN B HOTUPbOX CMI0BUX BnpaBax (F), yac
OOCATHEHHA MaKCMMasbHOT cuau (t), WwemakicHo-cunosuin iHaekc (F/t), cepeaHa cuna. iHAeKC YoTMpbox Bripas (F/4),
rpagieHT 3aranbHoi CUIM YOTUPLOX BNpaB (tosr), iHAEKC cunun B nepwi 100 mc i 500 mc, WBMAKICHO-CUIOBUIA IHAEKC B
nepuwi 500 mc (Fsoo / tsoo), 4ac gocarHeHHsa cunm 1 Kr (tosr / (0,5%F)); KopenauinHuii aHanis NipcoHa.

Pe3synbTatn. 3a pesyabTaTamu AOCAIAMKEHHA OTPMMAHO Ta MPOAHa/i30BaHO OCHOBHI AaHi LWBWAKICHO-CUMAOBUX
NOKa3HUKIB apmpecTaepis. B npoueci TecTyBaHHA 33 NOKa3HUKaMM YaCOBMX BiAPI3KiB i AAHMMMK 3yCUAb UHAMIYHOI
CMAU BCTAaHOBNEHO 0COBANBOCTI NPOSBY BUBYXOBOI, WBMAKOT i NOBiNbHOI cuan apmpectaepis Baroto 80-100 Kr.
BucHoBKM. [poBeaeHe fOCNIAXKEHHA AaN0 3MOry BCTAHOBUTW MOKA3HUKM LIBUAKICHO-CUN0BOrO iHAEKCY, rPaZieHTy
cuMnK, 34i6HICTb NposBY AMHaMiYHOT cuam 3a nepwi 500 McC, AKM YiTKO XapaKTepusyrTb LWBMAKICHO-CUMNOBI
MOK/IMBOCTi apMpeCT/iepiB i A03BO/IAIOTb BUSHAUYUTM OCOBAMBOCTI Ta XapaKTep NPosABY iXHbOI gMHAMIYHOI cuaun. Lie
[A€ 3MOTy BU3HAYUTM MPUPOAHY 3A4IOHICTb MPoABY AMHAMIYHOI CUK, @ TaKOXK 3p0buTK BiAbip i NPOrHo3yBaHHA
pe3ynbTaTUBHOCTI HAaMNEePCNEKTUBHINX CMOPTCMEHIB, KOHKPETU3yBaTU CMPAMOBAHICTb i 3MIiCT TpeHyBa/ibHOro
npouecy M yTOYHUTU NPOrpamy y4acTi y 3maraHHaXx.

KnouyoBi cnoBa: apmcnopT, apMpecTAiHT, apMpecTiepu, AMHAMIYHA CMAa, CUAO0BI MOKA3HUKMK

AHHOTALIUA

Omutpuin beckoposaiiHblii, Oner Kamaes, Makcum MuwuH, CtaHucnae Bnacko, /leoHua NnotHUuKuii, Ceprei
Tnapa, AHgpeit Knioka. Oco6eHHOCTU NpoABAEHUA CUNOBbIX CNOCOBHOCTE ! BeAyLLMX apMpecT/iepoB MUpa BECOM
80-100 Kr.

Lenb: onpeaeneHve OCHOBHbIX COCTaBAALWMX CUAOBbIX BO3MOMXKHOCTEN, ObEcneymBatoWmMx YCNewHoCTb
COpEeBHOBATENbLHOrO ynpaxHeHna apmpectiepos Becom 80-100 Kr.

Martepuan u metoabl. B uccnefoBaHnmn NpUHAAM yyacTne 4 nydwmx apmpectaepa mmpa secom ot 80 go 100 Kr (m
= 87,50 * 2,47 kr) B 2017-2020 rogax: cnopTcMeH 1 — MHOTOKpaTHbIA YeMnuoH mupa Becom 90 Kr (YKpauHa),
CNOPTCMEH 2 — MHOTOKPATHbIN YeMNMOH MMpa BeCOM 82 Kr (YKpauHa), cnopTCMeH 3 — MHOTOKPaTHbIM YeMMUOH
Mupa Becom 93 Kr (YKpaunHa), cnopTcMeH 4 — MHOFOKPaTHbI NpuU3ep MeXAyHapoaHbIX COpeBHOBaHUIA Becom 85 Kr
(CLLA). OnpeaeneHbl YeTblpe CUNOBbIX TECTOBBIX YNPaKHEeH s, 06ecneynBatoLmX BbiNOJHEHUE COPEBHOBATENbHOMO
OeNcTBMA B apMpecTaunHre: crmbaHme nanbles, pasrmbaHne MOSIOTKOM, KPHOK U crnbaHue KUCTWU. ITU yrparKHeHuA
BbINO/IHAZINCL IEBOW WM NpaBoi pykamu. CUNOBble MOKa3aTeNu BO BCEX TECTOBbIX YMNpPaxKHEHUAX WU3MEpPAIUCH
3NeKTpoTeH30gMHaMomeTpom cepun FBSk (Monbwa) ¢ Knaccom TodHocTM Ao 100 r, 3aKpensieHHbIM Ha
CneLmanmM3nMpoBaHHOM CTOIE A/1A APMPECT/IMHIA C MOMOLLBIO CreLnansbHO 3roToBAEHHOro 6J104HOrO yCTpoWcTBa —
«Mpubop ARM1» (nateHT Ne43082). B xoae CTaTUCTUUYECKOro aHaiM3a 6biAM paccymMTaHbl cieaytolmMe napameTpbl:
MaKCMMaNbHaA U OTHOCUTENbHAA CMAA, CYMMApPHbIA MHAEKC CUAbl B YeTblpex CUAOBbIX ynpaxkHeHuax (F), spemsa
OOCTUXKEHUA MaKCMManbHOW cunbl (t), cKopocTHO-cuaoBol uHAeKc (F/t), cpeaHsAa cuna. MHAOEKC 4eTblpex
ynpaxHeHuii (F/4), rpagueHT obLeli cubl YeTbipex ynpaskHeHul (tose), MHAEKC cunbl B nepBble 100 mc 1 500 mc,
CKOPOCTHO-CMNOBOM MHAEKe B nepsBble 500 mc (Fsoo/tsoo), Bpems poctuskenua cunbl 1 Kr (tose/ (0,5%F));
KOppPeNAUNOHHbIA aHanu3 MupcoHa

Pe3ynbTtatbl. [0 pesynbTatam MCCNef0BaAHUA MOJyYeHbl M MPOAHANM3UPOBAHbI OCHOBHblE AaHHbIE CKOPOCTHO-
CMNOBbIX NOKa3aTenen apMmpectaepos. B npouecce TecTMpoBaHMA NO NOKa3aTeNsAM BPEMEHHbIX OTPE3KOB U AaHHbIM
YCUAUAM AMHAMUYECKOW CUAbl YCTAaHOB/IEHbI OCOBEHHOCTM NPOABAEHUA B3PbIBHOM, BbICTPON U MeAsIeHHOWN CubI
apmpectnepos 80-100 Kr.

BbiBoabl. [poBeaeHHOe uccAefOBaHWE MO3BOAMAO YCTAaHOBUTb MOKa3aTeNM CKOPOCTHO-CUMI0BOTO WHAEKCA,
rpagueHTa Cuibl, CNOCOHBHOCTb NPOABAEHUA AUHAMMUYECKOM cunbl 3a nepsble 500 MC, YeTKO XapakTepusylolme
CKOPOCTHO-CU/I0BblE  BO3MOXHOCTM apMpecT/NiepoB M MO3BONAKOWME ONpenenntb 0COBEHHOCTM U XapakTep
NPOABNEHUA WX AMHAMMYECKOM CWbl. 3TO NO3BOAAET OMNPefennTb ecTECTBEHHYK CnocobHOCTb NpoABAeHMA
OVMHAMMYECKOW CWAbl, a TaKXKe caenatb oTtbop M MPOrHo3MpoBaHME pPe3y/bTAaTUBHOCTU MNEPCeKTUBHbBIX



CMOPTCMEHOB, KOHKPETU3MPOBaTb HaMpaBAEHHOCTb W COAepXaHMe TPEeHWPOBOYHOro npouecca M YTOYHUTb
NPOrpammy y4actTma B COPEBHOBAHMAX.
Kntouesble cnosa: apMcropT, apMPECT/IMHT, apMPeCT/iep, AMHaMUYECKas Cua, CUI0Bble NoKasaTenn

Introduction

According to the results of a number of studies, armwrestlers weighing from 80 to 100 kg differ
from athletes in other weight categories, including armwrestlers weighing more than 100 kg, by higher
strength indicators. According to a study by Mazurenko [1], armwrestlers weighing from 80 to 100 kg in
average absolute strength indicators in four test exercises (flexion of fingers, stretch with a hammer, hook
and bending the hand) with their left and right arms are stronger than heavyweights (over 100 kg) by 28 %.
And according to certain model indicators of the absolute strength of the hands of highly skilled
armwrestlers, the indicated difference is 9.27 % (n = 8). In this connection, it is very important to determine
the features of the manifestation of the degree of effort in various competitive movements and conditions
for performing exercises close to competitive by the indicated athletes.

Under the conditions of competitive wrestling, armwrestling athletes show different types of
efforts, including dynamic and static, as well as strength endurance. The magnitude and duration of the
manifestation of the listed types of power capabilities depends on the nature of the efforts in overcoming
the opponent's resistance [2, 3, 4].

It is known that efforts in speed-strength sports are different: explosive, fast and slow. The
explosive nature of efforts or explosive force is manifested when overcoming resistances that do not reach
the limit values, but with maximum acceleration [5, 6].

The fast nature of efforts or fast force is manifested when overcoming resistances that do not reach
the boundary values, it is performed with an acceleration below the maximum.

The slow nature of the efforts or slow force is manifested when overcoming the limiting load
resistances at a constant speed.

It is important to note that explosive strength is manifested only during the overcoming nature of
muscle work; fast strength - both during overcoming and during yielding movements, as well as during
their combination; slow strength - during the overcoming or yielding nature of the work of the muscles.
With the manifestation of a slow force, the duration of the boundary stresses is longer than with the
manifestation of an explosive force. There are also differences in the number of repetitions when
performing exercises in one approach. So, for explosive and slow strength, single efforts without repetitions
are characteristic, and for fast strength, on the contrary, multi-repetition ones. Moreover, the smaller the
value of overcoming resistance and acceleration (relative to the maximum value), the more repetitions can
be performed [7, 8, 9, 10].

Since armwrestling refers to sports of a speed-strength nature, determining the features of the
manifestation of the above types of strength in strength exercises, which are close to competitive exercises
in terms of the nature of efforts and stress, is of particular relevance [11, 12, 13].

Purpose: determination of the main components of power capabilities that ensure the success of
the competitive exercise of armwrestlers weighing 80-100 kg.

Materials and methods
Study participants

The study involved of some of the best armwrestling athletes in the world weighing from 80 to 100
kg (m = 87.50 = 2.47 kg) in 2017-2020: athlete 1 is a multiple world champion weighing 90 kg (Ukraine),
athlete 2 is multiple world champion weighing 82 kg (Ukraine), athlete 3 — multiple world champion
weighing 93 kg (Ukraine), athlete 4 — multiple winner of international competitions weighing 85 kg (USA).

Procedure

The power capabilities of armwrestlers were determined by the results of four test exercises
covering the main muscle groups that ensure the performance of competitive movements, namely: flexion
of fingers, stretch with a hammer, hook and bending the hand. All exercises were performed with both left
and right hands [14, 15].



Strength indices in all test exercises were measured with an FB5k series electrical
tenzodynamometer (Poland) with an accuracy class of up to 100 g, which was fixed on a specialized
armwrestling table using a specially made block device. The created design was called the “ARM1 Device”
(patent #43082).

During the measurement of the strength of the muscles of the hands, the subject became facing the
table, grabbed the device holder with his hand and squeezed them with maximum force, without tearing the
elbow of the working arm from the table. The distance between the holders of the device easily changed
and was selected individually for each subject.

The special computer program AXIS FM made it possible to process the measurement data in real
time (on-line) and the previously collected data from the memory of the electrical tenzodynamometer (of-
line). AXIS FM is compatible with the operating systems Windows XP, Vista, Windows 7.

Statistical analysis

Statistical analysis of the obtained data was carried out using the licensed program STATISTICA
10. Statistical analysis calculated the following parameters: maximum and relative strength, total strength
index in four strength exercises (F), time to reach maximum strength (t), speed-strength index (F / t),
average strength index of four exercises (F / 4), gradient of the total strength of four exercises (to,s¢), strength
index in the first 100 ms and 500 ms, speed-strength index in the first 500 ms (Fsoo/tsoo), hour of reaching a
force of 1 kg (tose / (0,5xF); Pearson correlation analysis.

Results

The analysis of the results of the assessment of the maximum strength indicators indicates that
highly qualified armwrestlers in these exercises demonstrate their own characteristics of the manifestation

of strength capabilities (Table 1).
Table 1

The results of measurements of the strength indicators of arm wrestlers weighing 80-100 kg.

Athlete and his weight (kg)

/ 1, UA, 90 2, UA, 82 3, UA, 93 4, USA, 85
i right right right right
left arm & left arm & left arm g left arm &
arm arm arm arm
Flexion of fingers (kg) 42,6 45,4 41,4 38,2 40,2 43,8 36,4 43,2
stretch W'(tkhg;" haT e 57,6 oh 101,2 | 47,0 61,5 67,4 56,6 51,2
Hook (kg) 72,2 80,1 1064 | 46,1 81,8 91,3 57,7 67,0
Bending the hand (kg) 61,4 72,7 77,5 42,0 52,6 51,6 39,6 40,8
- 58,45+ | 6512+ | 81,63+ | 4333+ | 59,03+ | 63,53+ | 47,58+ | 50,55 +
+ 12,24 | 1504 | 2962 | 4,05 17,52 | 2096 | 11,14 | 11,83
, t=337; t=2,98; t=2,05; t=0,91;
Student's t-test P<0,05 P>0,05 P>0,05 P>0,05
Total strength of the 2338 | 2605 | 3265 | 1733 | 2361 | 251,4 | 1900 | 2022
hands (kg)
X +tm left arm 246,60 £ 57,33 right arm 221,85 + 41,27
Student's t-test t=0,70; P>0,05

The total indicator of the maximum strength of the left hand ranges from 190 kg to 326.5 kg, the
difference is 71.84 %. The difference in power capabilities of the right hand was 50.32 % (173.3 kg versus
260.5 kg). The difference between the absolute values of the left and right hands was not significant,
Student's t-test ranged from 0.33 to 2.98 (P > 0.05), and total indicators (t = 0.70; P > 0.05). Only athlete 1
showed a significant difference between flexion of fingers and stretch with a hammer (t = 3.37; P < 0.05).

A particularly large difference between each athlete is observed in exercises close in biomechanical
characteristics to competitive exercises, namely: in stretch with a hammer and a hook, where the difference
ranges from 78.81 % to 98.05 %. In the bending the hand exercise, there are also high differences — from
78.20 % to 95.70 %, and in the finger flexion exercise, this indicator ranges from 17.00 % to 18.85 %.



A particularly high indicator of strength was manifested in athlete 2 the left hand — 326.5 kg, and
the right hand — the lowest result of 173.3 kg. He had the highest achievements in the exercises stretch with
a hammer and hook, respectively 101.2 kg and 106.4 kg. Moreover, the difference between the indicators
of the strength of the left and right hands reaches 88.4 %, which allows him to achieve a winning result
with his left hand. In other athletes, the difference between the left and right hands was: 1 — 11.42 %, 3 -
7.62 %, 4 — 6.4 % (Table 1).

A comparative analysis of the time to reach the maximum strength of athletes (Xt) made it possible
to establish that a higher indicator of strength in all four athletes is achieved over a longer time. Determining
the reliability of the difference in time indicators between the left and right hands indicates an unreliable
difference in this indicator (left hand - 5.56 + 0.67 s; right hand — 6.45 = 0.98 s; t = 0.70; P > 0, 05) (Table
2).

The determination of the speed-strength index (F/t) of armwrestlers weighing 80-100 kg indicates
that this indicator in most cases coincides with the time to reach maximum strength — the shorter the time,
the higher the speed-strength index, however, in addition to the data of an athlete 2. He has a low result of
the speed-strength index of the right hand (F/t = 35.41 kg/s) despite one of the best indicators of the time
to reach maximum strength (t = 4.9 s), which is associated with low level of maximum strength (F = 173.5
kg) (Table 2).

Table 2
Estimated hand strength indicators for armwrestling athletes weighing 80-100 kg

Athlete Arm | F, kg | F/4,kg | t,s kFg/;; kFg//nI:,g to,sF, MS FIS(O;’ FSO?(;ZOO’ ((;c?;;l{),
ms/kg
1,UA,90 | left | 233.8 | 5845 |53 [ 4411 | 259 910 | 195.9 97.95 7.73
kg right | 260.5 | 65.12 | 6.5 | 40.08 | 2.89 1410 | 204.9 102.45 10.82
2,UA,82 | left | 3265 | 81.62 | 6.6 | 49.47 | 3.98 | 2046 | 202.8 101.40 12.53
kg right | 173.5 | 43.87 |4.9| 3541 | 2.12 1935 | 106.7 53.35 22.31
3,UA, 93 | left | 2361 | 59.02 |4.8| 3472 | 254 | 1500 | 93.0 46.50 12.71
kg right | 254.1 | 63.52 | 9.3 | 27.62 | 2.73 2750 | 93.8 46.90 21.64
4,USA, 85 | left | 190.0 | 47.80 |3.9 | 48.72 | 2.24 670 | 156.0 78.00 7.05
kg right | 202.2 | 50.55 |5.2 | 38.88 | 2.38 905 156.0 78.00 7.96

In the case of Athlete 4, who has relatively weak maximal strength indices (190.0 kg and 202.2 kg),
the high result of the speed-strength index (48.72 kg/s and 38.88 kg/s) clearly coincides with the low indices
the time to reach the greatest force (3.9 s and 5.2 s). In connection with such data, his speed-strength
capabilities, compared with the average results of other athletes, are better by 13.97 % with his left hand,
and by 11.69 % with his right hand.

Thus, the ability to achieve maximum strength is the key to a high result in the speed-strength index
of armwrestlers in this weight category. But at the same time, the difference in the speed-strength index
between the left (44.25 + 3.39 kg/s) and right (35.50 + 2.82 kg/s) hands is unreliable (t = 1.98; P > 0.05).

The relative strength index (F / m) of armwrestlers weighing 80-100 kg mainly ranges from 2.12
kg/kg to 2.88 kg/kg, in percentage terms this fluctuation reaches an average of 29.02 %. Only athlete 2
reaches 3.98 kg/kg, which is the result of the high maximum strength (326.5 kg) of his left arm. The
indicators of relative strength between the left (2.84 + 0.23 kg/kg) and right (2.53 £ 0.17 kg/kg) hands do
not differ in reliability (t = 1.98; P > 0.05).

Analysis of the results of determining the force gradient (the time to reach half of the maximum
force (tosr) allows us to state that this indicator fully depends on the value of the time to reach the maximum
force, and also quite clearly characterizes the differences in the power capabilities of the left and right
hands. Athlete 1 this figure is 54.94 % (910 ms versus 1410 ms), in athlete 2 it is only 5.71 % (2046 ms
versus 1935 ms), in athlete 3 it reaches 83.3 % (1500 ms versus 2750 ms), in athlete 4 — 20.15 % (670 ms
versus 805 ms). Statistical comparison of this indicator between the left (1281.50 + 308.78 ms) and right
(1725.00 + 412.38 ms) hands also indicates the unreliability of the difference (t = 0.86; P > 0.05).



An analysis of the achievement of arm strength in the first 500 ms showed that this indicator has a
special manifestation in the process of many years of training. So, athlete 1, who successfully competed
with both hands, has a high indicator of the strength of both hands: the left — 195.9 kg, the right — 204.9 kg,
while the difference between them is 4.59 %. Athlete 2 had high achievements during the competition with
his left hand, and the right hand was weaker than the left by 90.06 % (202.8 kg versus 106.7 kg). Athlete 3
competed quite successfully with both hands; on testing he showed almost the same results with both left
and right hands: 93.0 kg versus 93.8 kg. Athlete 4 also had the same results of both left and right hands,
equal to 56.0 kg (Table 2).

A comparative analysis of the listed strength indicators with the achieved maximum results gives
a clear idea of the speed-strength capabilities of each athlete. At the same time, two athletes demonstrated
sufficiently high results of power characteristics for 500 ms. Athlete 1 reproduced with his left hand 84.95
%, with his right hand — 78.66 % of the maximum indicator, respectively, 195.9 kg versus 233.8 kg and
204.9 kg versus 260.5 kg. Athlete 4 reached 82.11 % (156.0 kg vs. 190.0 kg) with his left hand in 500 ms,
and 77.15 % (156.0 kg vs. 202.2 kg) with his left hand.

The rest of the athletes reproduced weaker results. Thus, in 500 ms, athlete 2 reached 62.11 % of
the maximum strength with the left hand, which amounted to 202.8 kg against 326.5 kg, and with the right
hand — 61.49 %, respectively, 106.7 kg against 173.5 kg. An even lower result was obtained from athlete
3: with the left hand 39.4 % (93.0 kg vs. 236.1 kg), with the right hand — 36.91 % (93.8 kg vs. 254.1 kg)
Fig. 1.

With such a large difference between the strength indicators for 500 ms of the left and right hands,
it is natural that this difference is not significant (t = 0.6; P > 0.05): left hand — 161.90 + 25.35 kg; right —
140.35 +25.35 kg.
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Fig. 1. The ratio of the maximum strength of the arms of armwrestlers and the strength of the
hands in 500 ms

The level of the speed-strength index of armwrestlers for 500 ms fully depends on the result
achieved during this time and is equal to half of it. This is due to the fact that the time for determining this
indicator is limited to two seconds (4 exercises of 0.5 s). In this regard, the dynamics of changes in the force
index for 500 ms completely coincides with the results of the manifestation of force for these 0.5 s, which
is described above in Table 2.

The determination of the speed-strength index during the manifestation of maximum strength and
the strength index for 500 ms made it possible to establish the level of this index at the end of the strength
exercises. A comparative analysis of the features of the manifestation of these three characteristics of
strength training in the testing process made it possible to determine the strongest and preferred sides of the
natural abilities and orientation of the strength training of each armwrestler.



So, in an athlete 1 speed-strength index of the left hand for 500 ms is more than the same indicator
when determining the maximum strength by 133.6 % (97.95 kg/s versus 41.93 kg/s), and the right hand —
by 155.6 % (102.45 kg/s versus 40.08 kg/s). At the same time, this athlete’s left hand index at the end of
the exercise is 9.88 times less than the data for 500 ms (97.95 kg/s versus 9.91 kg/s), and the right hand is
8.29 times lower (102.45 kg/s versus 12.36 kg/s) Fig. 2.
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Fig. 2. Dynamics of changes in the speed-strength index in the process of testing armwrestlers

In athlete 4, the trend of changes in the studied indicator is similar. The speed-strength index of the
left hand for 500 ms is higher than the data when testing the maximum force by 60.1 % (78.00 kg/s versus
48.72 kg/s), and the right hand — by 100.62 % (78.00 kg/s versus 38.88 kg/s). At the end of the exercise
testing, his difference was: the left hand was 4.36 times less (17.89 kg/s vs. 78.00 kg/s), the right hand was
5.40 times less (14.44 kg/s vs. 78.00 kg/s).

In athlete 3, these indicators are less pronounced and have a different focus. His speed-strength
index of the left hand for 500 ms is better than the index when determining the maximum force by 104.97
% (101.40 kg/s versus 49.47 kg/s), and the right hand is also higher by 50.66 % (53, 35 kg/s versus 35.46
kg/s). The index, determined at the end of testing, is much higher compared to the two previous athletes.
So, for athlete 1 and 4, the index ranged from 10.81 kg/s to 17.89 kg/s, and for athlete 2, respectively, it
was 26.89 kg/s with the left hand, and 23.03 kg/s with the right, but these results are lower than the indices
reached by the athlete 2 for 500 ms, with the left hand by 207.1 % (101.40 kg/s versus 26.89 kg/s), and with
the right hand by 131.6 % (53.35 kg/s). s versus 23.03 kg/s).

The same dynamics of changes in the speed-strength index was observed in athlete 3, in whom, for
500 ms with the left hand, the index is higher than when determining the maximum effort by 33.39 % (46.50
kg / s versus 34.72 kg / s), and the right one — by 69.80 % (46.90 kg/s versus 22.26 kg/s). This athlete's
speed-strength index at the end of the test also remains quite high: 29.81 kg/s for the left hand, 22.26 kg/s
for the right hand. The difference between these indicators was: with the left hand 55.98 %, with the right
hand — 110.69 %. But, at the same time, the difference between these indicators is not significant (t = 1.98;
P > 0.05). Data of the left hand — 44.25 + 3.39 kg/s; right — 35.50 & 2.82 kg/s.

Thus, athletes 1 and 4 showed low speed-strength index at the end of the test exercises, and athletes
2 and 3 showed a relatively increased speed-strength index.

The calculation of the time required for an athlete to achieve a strength of 1 kg (tosr / (0,5%F) clearly
emphasizes the individual speed-strength abilities of each armwrestler. Especially high results of this
indicator are observed in two armwrestling athletes. Athlete 1 with his left hand demonstrated 7.33 ms/kg,



and the right one - 10.82 ms/kg, athlete 4, respectively — 7.05 ms/kg and 7.96 ms/kg. left hands are on
average weaker by 70.77 %, and right — by 134.02 %, the available digital data are as follows: athlete 2 —
left hand 12.53 ms/kg, right — 22.31 ms/kg, athlete 2 respectively 12.71 ms/kg and 21.64 ms/kg.

A control check of the reliability between the listed indicators of the left and right hand according
to the Wilcoxon rank test for unrelated samples showed that this difference in all data is unreliable t-
calculated more than t-tabular, namely t-calculated from 13 to 21 against 11 t-tabular.

The correlation analysis of the results of the study made it possible to establish the degree of
correlation between nine different characteristics of the power capabilities of the world's leading
armwrestlers. Thus, it was confirmed that out of 36 modules of the correlation coefficient 63.89 % (23
modules) indicate a high level of correlation between the digital values of the manifestation of the strength
capabilities of athletes. A weak level of correlation is observed between 33.33 % (12 cases) of correlation
coefficients (Table 3).

Table 3
The results of the correlation analysis between the strength and time indicators of the efforts of
armwrestlers

Indicator F, kg F/4, kg t,s kFg/;; kFg//nI:,g to,sr,, ms | Fsoo, kg FSOE;;SO’ ((:?;;g),
ms/kg

F, kg 1.000 0.968 0.714 -0.238 0.968 0.714 0.251 0.351 0.443
F/4, kg 0.968 1.000 0.714 -0.238 0.968 0.714 0.718 0.351 0.714
t,s 0.714 0.714 1.000 -0.833 0.714 0.828 0.718 0.451 0.818

F/t, kg/s -0.238 -0.238 -0.833 1.000 -0.238 -0.714 0.828 0.586 0.802
F/m, kg/kg 0.968 0.968 0.714 -0.238 1.000 0.714 0.238 0.351 0.238
to,5r,, Ms 0.714 0.714 0.828 -0.714 0.714 1.000 -0.731 -0.443 0.766
Fsoo, kg 0.251 0.718 0.718 0.828 0.238 -0.731 1.000 0.758 0.714
Fsoo/ 500, kg/s 0.351 0.351 0.451 0.586 0.351 -0.443 0.758 1.000 0.802
tO'SFn{]i?I;SgXF)' 0.443 0.714 0.818 0.802 0.238 0.766 0.714 0.802 1.000

The highest correlation level (r > 0.9) was established in three cases: between the maximum
strength indicators (F) and the average test strength characteristic (F/4). The same level of correlation was
found between relative strength and average test strength.

The largest number (7 cases) of a strong correlation (r > 0.7-0.9) was established by the indicator
of the time to reach the maximum force (t) and the force gradient (tosr). So, the time to reach maximum
strength is closely related to maximum strength (F), with the average test indicator (F / 4), speed-strength
index (F / t), relative strength (F / m), force gradient (tose) , with 500 ms force (Fsoo) and 1 kg force
attainment time (tose / (0,5F)) The force gradient has a strong correlation (r = 0.714-0.857) with maximum
force, average test force, with the time to achieve maximum strength, speed-strength index, relative
strength, strength index for 500 ms and with the time to achieve a force of 1 kg (Table 3).

The strength index for 500 ms has a close relationship (r = 0.714-0.825) with six strength
characteristics, namely: with the average test strength index, the time to reach maximum strength, the speed-
strength index, the force gradient, the 500 ms speed-strength index, and time to reach a force of 1 kg. In
turn, the time to achieve a force of 1 kg also has 6 connections of a strong level (r = 0.714-0.818): with the
average test strength indicator, the time to reach maximum strength, the force gradient, the strength
indicator for 500 ms and the speed-strength index of 500 ms. In addition, 4 strong connection coefficients
each have a speed-strength index and an average test strength indicator. Other registered correlations are at
weak (r = 0.3-0.49) and very weak (r < 0.29) levels.

Thus, the most influential on the strength and speed-strength characteristics of armwrestlers
weighing 80-100 kg are the time to reach maximum strength, the strength index for 500 ms, the force
gradient and the time to reach a force of 1 kg.

Additionally, the analysis of the factorial structure of the speed-strength indicators of the strongest
armwrestlers weighing from 80 to 100 kg was carried out, which showed that the indicators of the temporal



characteristics of the manifestation of strength showed the greatest severity of the factors, namely: the time
to reach maximum strength — 0.976; force gradient — 0.874; speed-strength index — 0.837; these figures
generally accounted for the majority of the total sample variance of 52.2%. The second group in terms of
the factor load was strength indicators of strength for 500 ms — 0.886; relative strength — 0.807; the
maximum strength was 0.729, and their contribution to the total sample variance was 44.5%.

Discussion

Considering that the strength capabilities in most cases are higher for athletes weighing more than
100 kg than for armwrestlers weighing 80-100 kg, athletes weighing up to 100 kg often became winners in
competitions to determine the absolute champion without taking into account the weight of the athlete [16,
17,18, 19]. In this regard, it is especially important to determine what characteristics of strength training is
the basis for high sports achievements of armwrestlers weighing 80-100 kg. Hypothetically, it was assumed
that this is a large force, explosive or fast, or possibly slow, which ensures success in armwrestlers'
competitive exercises.

There is very little research in this direction in speed-strength sports, as well as in other sports. In
general, these problems are not sufficiently covered in open sources, so the search for a solution to these
issues is very important both for the theory and for the practice of sports [19, 20, 21].

In view of the fact that explosive, fast and slow efforts are distinguished in speed-strength sports,
it is important to pay special attention to these characteristics of the strength capabilities of athletes when
conducting a study. Data from open sources indicate that the explosive force manifests itself for 200-300
ms of effort and is characterized by two components: starting and accelerating forces [22, 23, 24].

According to the results of our study, the starting force manifests itself within 100-200 ms, since
zero data were observed in 100 ms in almost all test exercises. Athlete 4 showed especially increased
starting strength, so, in bending his fingers, his effort reached 27.2 kg, pulling with a hammer — 51.6 kg,
hook — 38.4 kg, bending the hand — 27.4 kg. In athlete 1, these figures are much lower and, respectively,
amounted to 7.7 kg, 5.2 kg, 6.5 kg, 33.2 kg. The other two athletes recorded only zero scores.

At 200 ms, the starting force increased significantly in athletes 1 and 4, the starting force compared
to the maximum force, respectively, was 53.64 % (125.4 kg) and 62.95 % (119.6 kg) with the left hands,
right — 45.95 % (119.7 kg) and 68.00 % (137.5 kg). For the other two athletes 2 and 3, these results were
respectively 33.60 % (109.7 kg) and 31.58 % (54.8 kg) the left hands, 21.90 % (51.7 kg) and 19.05 % (48.4
kg) the right hands.

At 300 ms, when the effort takes on an accelerating character, the explosive strength increased
significantly compared to the maximum strength of athlete 1 and amounted to 70.66 % (165.2 kg) with the
left hand, 66.91 % (174.3 kg) with the right hand. Other athletes showed the following indicators,
respectively: athlete 2 — 47.04 % (153.6 kg) and 46.08 % (81.2 kg); athlete 3 —33.33 % (78.7 kg) and 26.58
% (67.8 kg); athlete 4 — 73.42 % (139.5 kg) and 74.88 % (151.4 kg).

Thus, athletes 1 and 4 showed rather high explosive strength compared to athletes 2 and 3.

With further development of the force, for 400-500 ms, the force takes on the character of a fast
force, when resistance is overcome, which does not reach the boundary values, and the acceleration
becomes lower than the maximum. Rapid strength was reflected in the 500 ms strength indicators, as noted
above, that this indicator, compared with the data of maximum strength, correlation analysis and practical
achievements, is especially important in the performance of a competitive exercise. The 500 ms force data
from the study are consistent with those from Diffrient DS [15], Matyushenko et al. [16, 17], Nikulin et al.
[18].

The growth rate of the fast force within 300-500 ms has its own characteristics. In athletes 2 and 3
it is much higher. So, in athlete 2, the indicator of the left hand increased by 33.03 % (202.8 kg vs. 153.6
kg), the right hand — by 31.40 % (106.7 kg vs. 81.2 kg); in athlete 3, respectively, by 18.70 % (93.0 kg
versus 78.7 kg) and 38.35 % (93.8 kg versus 67.8 kg). In two other armwrestlers, these changes were
respectively: athlete 1 — 18.55 % (195.9 kg versus 165.2 kg) and 17.56 % (204.9 kg versus 174.3 kg); athlete
4—11.82 % (156.0 kg versus 139.5 kg) and 3.04 % (156.0 kg versus 151.4 kg). For these two armwrestlers,
the growth rate has significantly decreased, but in general, their strength indicators for 500 ms, as noted
earlier, are significantly closer to the maximum strength data. In this regard, it can be argued that the rate
of explosive strength build-up is of the highest importance for competitive activity. At the same time, it
should be mentioned that athletes 2 and 3 have increased strength endurance compared to athletes 1 and 4.



According to the results of the data obtained, it can be argued that in order to achieve victories in
arm wrestling, it is important to have high explosive strength, force gradient, force achieved in 500 ms,
optimal maximum strength, time to reach maximum strength , and time to reach 1 kg of force.

Conclusions

1. The study made it possible to establish indicators of the speed-strength index, strength gradient, the
ability to manifest dynamic strength in the first 500 ms, clearly characterizing the speed-strength
capabilities of armwrestlers and allowing to determine the features and nature of the manifestation of
their dynamic strength.

2. The obtained data on the speed-strength indicators of armwrestlers weighing 80-100 kg allow:

— clarify the theoretical data on the dynamics of the development of explosive, fast and slow strength in
speed-strength sports;

— determine the genetically inherited strength abilities of athletes;

— conduct an effective selection of promising athletes at different stages of a long-term training process;

— predict the expected sports result;

— individualize the direction, content, means and methods of the athlete's training process;

— determine the tactics of competitive activity for each athlete;

— to complete the optimal sports team for participation in responsible competitions.
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