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Abstract

Keywords:

Purpose: approbation of a complex of speed-strength characteristics for monitoring the dynamics of strength exercises of the world’s
leading armwrestlers weighing over 100 kg.

Material and Methods. The study involved the 3 best arm wrestlers in the world weighing over 100 kg (116.00 + 18.03 kg) in 2017—
2020. Four power test exercises have been identified that ensure the performance of a competitive action in arm wrestling: flexion of
the fingers, stretch with a hammer, hook and bending the hand. These exercises were performed with the left and right hands. Strength
indicators in all test exercises were measured with an FL1K 0.5N, 1000N electric strain gauge dynamometer, Kern & Sohn GmbH
(China) with an accuracy class of up to 50 g, fixed on a specialized armwrestling table using a specially made an author’s block device.
In the course of statistical analysis, the following parameters were determined and calculated: maximum (F) and relative (F, = ZF /
m) strength, kg; total strength index in four strength exercises (XF = F1 + F2 + F3 + F4), kg; time to reach maximum strength (3t = t1
+ 12 + 13 + t4), s; speed-strength index (J = ZF / Zt), kg/ms; average strength, index of four exercises (FF = XF / 4), kg; total strength
gradient of four exercises (Zt, ), ms; speed-strength index in the first 500 ms (J,, = ZF, / Zt kg/ms; time to reach 1 kg force (t,

= 2t, ./ (0.5xF)), ms/kg; Pearson’s correlation analysis; Factor analysis.

500 500)’

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 these efforts of dynamic strength, the features of the manifestation
of explosive, fast and slow strength of arm wrestlers weighing over 100 kg were established. Determining the relationship between
strength and speed-strength indicators using factor analysis made it possible to establish two factors that determine the overall vari-
ance of the sample. The first factor with a contribution of 70.9 % to the total sample formed the temporal characteristics of effort in
test exercises, such as the time to reach maximum effort (r = 0.979), speed-strength index (r = 0.986), force gradient. (r = 0.986) and
the time to reach a force of 1 kg (r = 0.979). The second factor with a factor loading of 29.1 % was the maximum force (r = 0.960),
the average test strength (r = 0.961) and the achieved force in 500 ms (r = 0.716). Thus, the results of the correlation and factorial
analyzes of the strength and speed-strength indicators of armwrestlers weighing more than 100 kg indicate the priority of the temporal
characteristics of efforts over strength in a competitive exercise.

Conclusions. The study made it possible to test a complex of speed-strength indicators for monitoring the functional state of the
world’s leading armwrestlers weighing over 100 kg, an approved system of criteria for time and power characteristics of efforts in com-
petitive exercises allows you to monitor the state of athletes to monitor and predict success in armwrestling. The author’s device used
in the study made it possible to automate the process of measurements with high mobility, as well as immediately create a database
on the power and speed-strength capabilities of armwrestlers with high accuracy.

armsport, armwrestling, armwrestlers, explosive strength, strength indicators

AHoTauin

AHani3 1 y3aranbHeHHsl NPOsIBY Pi3HMX BUAIB CUNU y 3mMararibHUX BnpaBax MpoBiAHMX apMpecTrnepiB CBiTYy Baror noHag
100 Kr.

Omutpo BeskopoBanHuit, Oner Kamaes, Opin Tponin, CtanicnaB Bnacko, JleoHia MnotHuubkuin, €BreH Kpasuyk, Ipuna Ca-
noBcbka, leHuc Kynakos.

MeTa pocnipxeHHs: anpobaLis KOMMMIEKCy LWBUAKICHO-CUIIOBKX MOKA3HWKIB 3a4M5 MOHITOPUHTY AMHAMIKM CMMOBUX BMpaB MPOBIAHUX
apmpecTnepis cBiTy Baroto noHag 100 kr.

Martepian i meToaun. Y focnigxeHHi B3sanu yyacTb 3 Kpalumx apmpectnepa caity Baroto noHag 100 kr (116,00 + 18,03 kr) y 2017-2020
pokax. BusHayeHo 4oTMpK cnnoBi TECTOBI BNpaBu, Lo 3abe3neyvyoTe BUKOHAHHS 3MaranbHOI il B apMPECTIiHTY: 3rMHaHHSA narnbLiB,
PO3rMHaHHA MOMOTOM, raK i 3rMHaHHs k1cTi. Lli BnpaBu BUKOHYBanucst NniBoto i npaBoto pykamu. CUMoBi NOKa3HWKM y BCIX TECTOBMX
BNpasax BuMiptoBanu enektpoteHsoanHamomeTpom cepii FL 1K 0,5N, 1000N, Kern & Sohn GmbH (Kutawn) 3 knacom To4HOCTi A0
50 r, 3akpinneHnm Ha cneujanizoBaHOMy CTOri ANt apMPECTAiHIY 3a A0ONOMOrOH0 CreLianbHO BUrOTOBIIEHOTO aBTOPCLKOro GI0KOBOTO
npunagy. Y xodi CTaTUCTUYHOrO aHanidy Oynu BU3Ha4eHi Ta po3paxoBaHi HAaCTyMHi napameTpu: MakcumanbHa (F) Ta BigHocHa cuna
(F, = ZF / m), Kr; cymMapHuWi iHOEKC CUIN B YOTMPLOX CUoBux Bnpasax (ZF = F1 + F2 + F3 + F4), kr; yac AOCATHEHHA MaKCUMaribHoT
cumm (2t = t1 + 12 + t3 + t4), ¢; wenakicHo-cunosun iHaekc (J = XF / Xt), kr/c; cepenHs cuna, iHaekc Yotupbox Bnpae (FF = XF / 4), kr;
rpapieHT 3arasibHoi CUM YOTUPBLOX BNpaB (Zt, ), MC; WBWAKICHO-CMNOBWI iHAeKC B nepLwi 500 mc (J = ZF,  / Zt, ), 4ac AOCATHEHHS

curm 1 kr (t, = Xt ./ (0,5%F)), mc/kr; npoBeaeHo KopenauinHui aHania MNipcoHa; akTopHui aHarnis.

Pesynbratu. 3a pesynbratamy OOCHIAKEHHS OTPMMAaHO Ta MpoaHani3aoBaHO OCHOBHI [aHi LUBWMAKICHO-CUITOBUX MOKa3HUKIB ap-
MpecTnepiB. B npoueci TecTyBaHHsi 32 NoKasHMKaM1 YacoBUX BigpiskiB i AaHUMU 3ycurnb AVHAMIYHOT CUIM BCTAaHOBMEHO OCOBNMBOCTI
nposiBy BUOYXOBOI, LUBUAKOI i NOBINbHOI cunv apmpectrepis Baroto noHas 100 kr. Bu3HayeHHs B3aeMO3B’A3KIB CUMOBUX i LLUBMAKIC-
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HO-CUIOBMX MOKAa3HWKIB i3 BUKOPUCTaHHAM (DAKTOPHOrO aHanisy A03BOMMIIO BCTAHOBUTW ABa (hakTopa, WO BU3HAYaloThb 3aranbHy
avcnepcito Bubipku. Mepumin caktop i3 BHeckom 70,9 % [0 3aranbHoi BUBIpku copMOBaHO YaCoBUMYM XapakTepuUcTUKkamMm 3ycusb y
TECTOBUX BrpaBax, TakMMU SK Yac AOCATHEHHS MakcumanbHux 3ycunb (r = 0,979), wenakicHo-cunosui inaekc (r = 0,986), rpagieHT
cunm (r = 0,986) i Yac gocarHeHHst cunm B 1 kr (r = 0,979). pyrvin cakTop i3 hakTopHUM HaBaHTaxeHHAM 29,1 % cknanu noKasHWKK
mMakcumanbeHoi cunm (r = 0,960), cepeaHbo TecToBU nokasHuk cunm (r = 0,961) i cuna, wo gocdarHyta 3a 500 mc (r = 0,716). Takum
YMHOM, pe3yrnbTaTy KopensauiiHoro Ta hakTOPHOro aHarnisiB CUIoOBMX i LUBUOKICHO-CUMOBKX MOKa3HWKIB apMpecTiiepiB Baro noHaz
100 «kr cBig4aTh, LLIO YaCOBi XapaKTEPUCTUKN 3YyCUMMSA Y 3MararnbHiii Bpasi MaloTb MPIOPUTETHE 3HAYEHHS.

BucHoBku. JocnigpkeHHs fano 3amory npoBecTu anpoballito KoMNeKkcy LWBMAKICHO-CUMOBUX NOKA3HWUKIB 324151 MOHITOPUHIY (PyHKLiO-
HanbHOro cTaHy NpoBiAHUX apMpecTnepiB cBiTy Baroto noHas 100 kr, anpo6oBaHa cucTeMa KpUTepiiB YaCoBUX | CUMOBUX XapaKkTepuc-
TUK 3yCcurb Y 3MaranbHUX BrpaBax apMpecTriepiB A03BOMNSAE CTEXUTU 3a CTAHOM apMpecCTIepiB AN MOHITOPUHIY Ta NPOrHO3yBaHHSA
YCRiLLUHOCTI B apMpecThiHry. ABTOPCbKUIA Npunag, Lo BUKOPUCTOBYBAaBCS B AOCHIAXEHHI, HA4aB 3Mory aBToMaTtusyBaTtu npouec Bu-
MipiB 3 BUCOKOIO MOBIMBLHICTIO, @ TaKOX ogpa3sy CTBOpioBaTH H6a3y AaHUX NPO CUMOBI Ta LWBUAKICHO-CUITOBI MOXITMBOCTI apMpecTrepis

i3 BUCOKOH TOYHICTHO.

Knro4yoBi cnoBa: apmMcrnopT, apMpeCTHiHT, apMpecTrepu, BubyxoBa cuna, CUrnoBi NoKasHUKU.

Introduction

The training of highly qualified athletes is the main ob-
ject of research in modern science and sports, in which the
task of developing the foundations for the rational organization
of the training process is solved. The most important element
of such an organization can be a system of complex control of
the levels of preparedness of athletes, taking into account all
the forming factors. In this regard, there is a need to accurately
determine the indicators of the level of sportsmanship of an
armwrestler, especially at the stage of preparation for the main
start, that is, at the stage of pre-competitive specialized train-
ing. Since the technical and tactical training of highly qualified
athletes is at approximately the same level, special attention
must be paid to control over power and speed-strength indica-
tors.

Studying the experience of preparing and participating
in competitions of world armwrestling leaders provides unique
information, which concentrates the positive experience of an
athlete. However, until now, the methodological aspects of
building individual training processes of the world’s leading
armwrestlers have not yet become the object of close attention
of researchers. Such works are rare [1, 2, 3], although their
significance from both theoretical and practical points of view
is beyond doubt.

Armwrestlers weighing over 100 kg is a category of ath-
letes that differs from other weight categories not only in their
large weight, but above all in a wide variety of anthropomet-
ric indicators, namely: greater or lesser height, large amount
of muscle mass, as well as a different ratio of the length and
coverage of the hand arms, forearm, upper arm, legs. In this
regard, this category of athletes has a greater manifestation of
various technical methods of conducting a duel [1].

In most cases, armwrestlers weighing more than 100
kg take part in competitions for absolute superiority at national
championships, as well as European and world champion-
ships, and international competitions. Therefore, it is this weight
category that is given special attention. Taking into account the
peculiarities of the external characteristics of the physique of
such athletes, their technique and tactics of conducting a duel,
it is especially important to determine the most effective and
influential characteristics of the manifestation of strength, which
ensure the success of the duel in armwrestling [2, 3, 4].

According to the available information from scientific
and methodological sources, at present, various types of mani-
festation of power and time characteristics of efforts during the
performance of special and competitive exercises in speed-
strength sports are not sufficiently covered.

In connection with the above, it is especially important to

determine the dynamics of the growth of the efforts of armwres-
tlers for 100, 200, 300, 500 ms. According to researchers [5, 6],
in these time intervals (200—300 ms) in speed-strength sports,
explosive force is manifested, which is characterized by two
components: starting and accelerating forces [7, 8, 9].

Starting strength is a characteristic of the ability of mus-
cles to rapidly develop working effort at the initial moment of
their tension. The accelerating force is the ability of the muscles
to increase the working force in the conditions of their contrac-
tion [10, 11, 12]. In connection with the indicated requests of the
theory and practice of speed-strength sports, the determination
of the features of the manifestation of various types of power
and time characteristics of competitive efforts in the process of
performing competitive exercises of arm wrestlers is of particu-
lar relevance.

Success in arm wrestling is determined not only by
strength indicators, but also by the speed of movement. The
first group is sufficiently represented in the literature, as the
strength of individual muscle groups, indices of physical de-
velopment and correlations between them were studied [2, 3,
4]. At the same time, there are virtually no studies of the speed
properties of armwrestlers. This is due to the complexity of
methodological support and the lack of special equipment.

The peculiarities of this sport necessitate the develop-
ment and testing of indicators that can be used in monitoring
the condition of athletes.

In connection with the above, the purpose of this study
was to test a complex of speed-strength indicators for monitor-
ing the dynamics of strength exercises of the world’s leading
armwrestlers weighing over 100 kg.

Materials and Methods

Participants

The study involved 3 leading arm wrestlers in the world
weighing over 100 kg (average weight 116.00 £+ 18.03 kg).
Athlete 1 (age 32) — multiple world champion weighing 136 kg
(Ukraine), athlete 2 (age 28) — multiple world champion weigh-
ing 101 kg (Poland), athlete 3 (age 31) — multiple world cham-
pion weighing 111 kg (USA).

All participants gave informed consent to participate in
the research.

Procedure

Strength and speed capabilities in test exercises were
determined by an electrical tenzodynamometer of the FL1K
0.5N, 1000N series, Kern & Sohn GmbH (China) with an accu-
racy class of up to 50 g, fixed on a specialized table for armwres-
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tling using an author’s specially made block device — “ARM2
device”. The strength and speed capabilities of armwrestlers
were determined based on the results of four test exercises
covering the main muscle groups that ensure the performance
of a competitive action, namely: flexion of fingers, stretch with
a hammer, hook and bending the hand [13]. All exercises were
performed with both left and right hands.

Measurements of strength and speed-strength indica-
tors of each of the athletes were carried out three times within
three years, after the end of the main competition of the year
(armwrestling championship or world cup). They made three
attempts in each movement on the left and right hands, after
measurements the best results were selected.

When measuring the strength of the muscles of the
hands and speed-strength indicators, the subject stood fac-
ing the table, grabbed the special handles of the device with a
brush and squeezed them with maximum force, trying to show
maximum force as soon as possible. Flexion of fingers was
performed with a special eccentric 3D handle, which the ath-
lete grabbed and pressed with his fingers into the platform, the
pressure vector was directed to the chest. Stretch with a ham-
mer was performed with a fabric loop, the pressing vector was
directed to the forehead. The hook was performed with a rotat-
ing handle with a diameter of 30 mm, which the athlete grabbed
and tried to pull up to the chest, simulating a hook fight. The
block was located on the left or right sides of the table, respec-
tively. Bending the hand was performed with a rotating handle
with a diameter of 45 mm, which the athlete grabbed and tried
to bend the hand towards the chest. The distance and angle
between the handles of the device was easily changed and se-
lected for each exercise.

The special computer program AFH-FASTFD made it
possible to process the measurement data in real time (on-line)
and the previously collected data from the memory of the elec-
trical tenzodynamometer (of-line). AFH-FASTFD 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. The following pa-
rameters were determined and calculated: maximum (F) and
relative (F, = ZF / m) strength, kg; total strength index in four
strength exercises (XF = F1 + F2 + F3 + F4), kg; time to reach
maximum strength (£t = t1 + {2 + t3 + t4), s; speed-strength
index (J = XF / 2t), kg/ms; average strength, index of four exer-
cises (FF = ZF / 4), kg; total strength gradient of four exercises
(Zt, 5¢), ms; speed-strength index in the first 500 ms (J,, = ZF,
! Zt.,,), kg/ms; time to reach 1 kg force (t, = 2t ../ (0.5%F)), ms/
kg; Wilcoxon-White test; Pearson correlation analysis; Factor
analysis.

Results

An analysis of the results of evaluating the indicators of
maximum strength indicates that highly qualified armwrestlers

Vollum 27 No. 3, 2023

in test exercises demonstrate the features of the manifestation
of power capabilities (Table 1).

An analysis of the maximum strength indicators of
heavyweight armwrestlers in four test exercises shows that
these athletes have relatively high strength indicators in all ex-
ercises, due to which the overall results of both the left and
right hands are high. They showed especially high results in
the hook exercise. So, in athlete 1, the strength indicator of this
exercise of both the left and right hands, compared with the
average data in other exercises, is better by 19.57 % and 19.43
%, respectively. In athlete 2, the difference between similar in-
dicators was 51.37 % and 37.90 %, and in athlete 3, the hook
strength indicator is higher than other results by an average
of 54.80 % and 56.00 % (Table 1). These differences between
hook strength and other exercises explain the effectiveness of
this exercise, which is what most heavyweight athletes do.

Comparison of the average test strength indicators (F,)
of the left and right hands proves that the differences between
them are fully preserved both in terms of general strength indi-
cators and in terms of the results of the strength of the left and
right hands (Table 2). Accordingly, according to the results of
statistical analysis, this indicator also had an unreliable differ-
ence between the indicators of the strength of the left and right
hands (62.47 + 0.80 kg; 62.47 + 2.45kg; t_ 11>t 7 withV,
=224 %&V,=6.86 %).

A comparative analysis of the weight data and strength
indicators of each armwrestler showed that the strength indica-
tors of the hands, despite the large difference in weight, do not
differ so significantly. Thus, the difference in the power data of
the left hand between athletes 1 and 2 was 1.09 %, and the
weight data differed by 36 %. Between athletes 2 and 3, hand
strengths differed by 4.4 %, and weights by 11 %. A similar dif-
ference between the indicators of athletes 1 and 3, respectively,
is 3.27 % and 22.52 %.

The difference between the strength indicators and the
weight data of the right hands decreased somewhat, but not
significantly. So the difference between athletes 1 and 2 in
weight was 36 %, and in strength — 13.31 %, between athletes
2 and 3-11% and 7.46 %, between athletes 1 and 3 —22.52 %
and 5.82 % according. Thus, in arm wrestler 1, despite the high
weight, the maximum strength indicators are better, but not so
distinctly, than the weight (Table 1).

Moreover, for athlete 1, the total time to achieve the to-
tal maximum strength (Xt) is significantly lower compared to
the time capabilities of the other two athletes. So, in compari-
son with the data of athlete 2, the time to reach the maximum
strength of the left hand is 2.47 times better (4.9 s versus 12.1
s), and the right one is 2.37 times better (5.1 s versus 12.1 s).
In athlete 3, the time indicator is better than the result of ath-
lete 2 by 51.25 % (8.0 s versus 12.1 s) of the left hand, and by
22.07 % (9.6 s versus 12.1 s) of the right indicators compared
to athlete 1 are worse by 23.62 % (8.0 s versus 4.9 s) and 88.24
% (9.6 s versus 5.1 s), respectively. Thus, in terms of time to
maximum strength, athlete 1, despite the higher weight, shows

fact table

Table 1. Results of measurements of strength indicators of arm wrestlers weighing over 100

Athlete and his weight (kg)
Indicator 1, UA, 136 2, POL, 101 3, USA, 111
left arm right arm left arm right arm left arm right arm

Flexion of fingers (kg) 54,1 59,8 42,5 38,5 43,8 50,8
Stretch with a hammer (kg) 57,9 55,8 63,8 61,2 64,8 57,6
Hook (kg) 70,7 75,6 82,3 73,5 87,2 85,8
Bending the hand (kg) 65,4 74,2 56,8 60,2 60,4 56,6
Total strength of the hands (kg) 2481 265,4 2454 233,4 256,2 250,8

137




SLOBOZHANSKYI HERALD OF SCIENCE AND SPORT

Vollum 27 No. 3, 2023

Table 2. Estimated hand strength indicators for armwrestling athletes weighing over 100 kg

— F., kg/ 2t J.., kg/
Athlete Arm IF, kg FF, kg It s J, kg/s 1kgg o ZF, 0 kg Soronsg t, msikg

left 2481 62,02 4,9 50,63 1,82 1175 217,5 108,75 9,47
1, UA, 136 kg

right 265,4 66,35 51 52,04 1,95 1130 210,2 105,1 8,52

left 2454 61,35 121 20,28 2,45 3245 118,4 59,2 26,44
2, POL, 101 kg

right 233,4 58,35 12,1 19,29 2,33 3190 69,0 34,5 27,33

left 256,2 64,05 8,0 32,03 2,31 1840 120,8 60,4 14,36
3, USA, 111 kg

right 250,8 62,70 9,6 26,13 2,26 2225 96,8 48,4 17,74

a significantly faster time to reach maximum strength.

At the same time, the average statistical indicators of
the time to reach the maximum strength of the left and right
hands, respectively, are 8.33 £ 2.09 s and 8.93 + 2.03 s, which
does not differ in the reliability of differences (., 9,5 >t .. 7).
Due to the large difference in this indicator between each ath-
lete, the coefficient of variation is noticeably high, so the vari-
ability of the totality of the left hand is 43.3 %, and that of the
right hand is 38.7 %.

The calculation of the speed-strength index (J) clearly
confirmed the results of the temporary opportunities for achiev-
ing maximum strength. The results of the speed-strength index
of athlete 1 according to the indications of the left hand are 2.5
times higher than the results of athlete 2 (50.63 kg/s versus
20.28 kg/s), and compared with the results of athlete 3 by 58.07
%. (50.63 kg/s versus 32.03 kg/s); the speed-strength index of
the right hand of athlete 1 is 2.7 times higher than that of athlete
2 (52.04 kg/s versus 19.29 kg/s), and compared to athlete 3 it
is 99.16 % higher (52.04 kg/s versus 26.13 kg/s). The achieve-
ment of athlete 3 is better than 2, respectively, of the left hand
by 62.87 % (32.03 kg/s versus 20.28 kg/s), and the right one —
by 35.46 % (26.13 kg/s versus 19, 25 kg/s) (Table 2).

Taking into account such dynamics of changes in the
speed-strength index of armwrestlers, it can be seen that the
result of this indicator almost directly depends on the time to
reach maximum strength in test exercises.

In this regard, the statistical analysis carried out con-
firmed these data. The indicators of the speed-strength index of
athletes of the left and right hands did not differ in reliability of
differences, namely — 34,31 + 8,03 kg/s and 34,49 + 9,93 kg/s
respectively (t, 11>t 7 with V, =40,05 % & V, = 50,02 %).

An analysis of the characteristics of relative strength in-
dicates that this indicator inversely depends on the weight of
the athlete. So, heavyweight athlete 1 has both the left and right
hands the lowest result, respectively 1.82 kg/kg and 1.95 kg/
kg. Athlete 2 with the lowest weight showed the highest results:
the left one — 2.45 kg/kg, the right one — 2.33 kg/kg. Athlete 3,
respectively, the relative strength was: the left one — 2.31 kg/
kg, right — 2.26 kg/kg.

The strength gradient indicator convincingly character-
izes the speed-strength capabilities of armwrestlers. This is
confirmed by the fact that the heaviest athlete 1 showed the
shortest time to reach half the maximum force, equal to 1175
ms with the left hand and 1130 ms with the right. Athlete 2 spent
3245 ms in this exercise with his left hand, which is 2.76 times
of athlete 1, and 3190 ms with his right hand, which exceeds
the result of the first by 2.82 times. The difference between the

results of athletes 1 and 3 reached 56.6 % (1175 ms versus
1840 ms) and 96.9 % (1130 ms versus 2225 ms), respectively.
The results of athlete 2 are worse than the data of the third left
hand by 76.60 % (3245 ms versus 2225 ms), the right one — by
43.37 % (3190 ms versus 2225 ms).

Thus, the indicators of the strength gradient of armwres-
tlers have a very large difference between themselves, this is
especially noticeable in the data of the left hand. In this regard,
the coefficient of variation of the left hand is 54.00%, and that
of the right hand is 25.00%. Such data prove that there can be
no significant difference between the achievements of the left
(2047 + 641 ms) and right hands (2223 + 559 ms) (t__ 10>t _
7).

Analyzing the power capabilities of arm wrestlers for
500 ms (2F, ), it was found that athlete 1 achieved the highest
results during this time. In the process of testing with his left
hand, he demonstrated 217.5 kg, which amounted to 87.67% of
the maximum strength, and with his right hand — 79.21 % of the
maximum indicator, which corresponds to 210.2 kg. Athlete 2 in
this test showed a significantly lower result, so that his speed-
strength capabilities allowed him to show 118.4 kg with his left
hand, and only 69.0 kg with his right hand, which, respectively,
amounted to 48.25 % and 29.57 % of his maximum . Athlete
3 in this test reached 47.15 % and 38.60 % of his maximum,
respectively, which corresponded to 120.8 kg and 98.8 kg.

Comparison of the results of the left and right hands of
armwrestlers in this test indicates that the speed-strength capa-
bilities of the right hand differ in large differences, as evidenced
by a large coefficient of variation equal to 59 %. The indicator
of the left hand is much lower and amounts to 37 %. With such
indicators of variation in the results the average results cannot
differ significantly, therefore t__ 8 > t_ 7, with the data of the
left hand 152.2 + 32.6 kg, the right hand — 125.3 + 43.2 kg.

The dynamics of the digital values of the speed-strength
index for the first 500 ms completely coincides with the results
of the efforts achieved during this time. But this indicator clearly
gives a temporal characteristic of the manifestation of the ath-
lete’s strength. According to this indicator, athlete 1 practically
shows results that are several times higher than the same re-
sults of the other two athletes. So, his left hand, he showed
a 1.84 times better result than athlete 2 (108.75 kg/s versus
59.20 kg/s) and 1.8 times higher than athlete 3 (108.75 kg/s
versus 60.40 kg/s). And the achievements of his right hand are
3.05 times higher than the results of athlete 2 and 2.17 times
better than those of athlete 3 (Table 2; Fig. 1).

The indicators of the speed-strength index of the left and
right hands for the first 500 ms completely coincide with the re-
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Figure 1. Dynamics of changes in the speed-power index of armwrestlers

sults of power capabilities for 500 ms, which is associated with
the time criterion for the manifestation of efforts. In this regard,
this indicator also has a large coefficient of variation and large
values of errors in the representativeness of the mean sample.
Such data prove that the difference in the indices of the speed-
strength hand index will not be significant. Therefore, the re-
sults of the left hand were 76.12 £ 16.33 kg/s, and those of the
right hand were 62.66 + 21.62 kg/s (.., 8 >t,,. 7, V,=37,10 %
&V, =159,70 %).

The determination of the speed-strength index during
the manifestation of maximum effort and the strength index for
500 ms allowed us to establish the level of this index in the last
seconds of performing strength exercises. Comparative analy-
sis of the features of the manifestation of these three character-
istics of strength training in the process of testing made it possi-
ble to determine the strongest and most advantageous aspects
of the genetically determined abilities of each armwrestler and
the direction of his strength training. Thus, an athlete has 1
speed-strength index of the left hand for 500 ms more than this
indicator when determining the maximum strength by 115.19 %
(108.75 kg/s versus 50.63 kg/s), and the right — by 101.96 %
(105.10 kg/s versus 52.04 kg/s). At the same time, this athlete
has an index of the left hand at the end of the exercise less than
the data for 500 ms by 10.31 times (10.55 kg/s versus 108.75
kg/s), the right hand — by 5.91 times ( 17.81 kg/s versus 105.10
kg/s) (Fig. 1).

For the other two athletes, these indicators differ sig-
nificantly from the results of the heaviest athlete 1. The speed-
strength index of the left hand in athlete 2 for 500 ms is 2.92
times higher than the data during the maximum strength test
(59.20 kg/s versus 20.28 kg/s), while the right hand is 1.79
times better (34.50 kg/s versus 19.29 kg/s). At the end of the
exercise, the difference was: the left hand — 4.71 times less
than the data for 500 ms (12.57 kg/s versus 59.20 kg/s), the
right hand — 2.12 times worse (34.50 kg/s versus 16.27 kg/s).

fact

Athlete 3 in the test for 500 ms increased the speed-strength
index of left hand by 1.89 times (60.40 kg/s versus 32.04 kg/s),
the right one — 1.85 times higher (48.40 kg/s versus 26.13
kg/s). At the end of the exercise, this athlete showed the best
result in relation to the first two athletes. So, his left hand index
was 22.57 kg/s, which is 2.68 times lower than the data for 500
ms (60.40 kg/s), and 20.26 kg/s for the right hand, which is also
worse than the result for 500 ms (48.40 kg/s) by 2.37 times
(Fig. 1).

Analyzing and comparing the indicators of the speed-
strength index when determining the maximum strength, power
capabilities for 500 ms and at the end of testing, it can be stat-
ed with great confidence that the armwrestler has high speed-
strength abilities and his training methodology is successfully
aimed at maintaining and developing this characteristic of pow-
er capabilities.

At the same time, according to the speed-strength in-
dex, at the end of testing, it should be noted that arm wrestler
1 had a low level of strength endurance, especially of the left
hand (Fig. 1). The remaining two athletes, unlike the first one,
have low speed-strength abilities, but they have higher strength
endurance. Obviously, such power capabilities allow them to
successfully compete in national and international competi-
tions. As for armwrestler 1, it should be emphasized that he is a
world-class leader in his weight category.

The calculation of the time to achieve a force of 1 kg (t,)
quite convincingly emphasizes the individual speed-strength
abilities that are inherent in each of the studied armwrestlers.
The highest results of this indicator are observed in athlete 1.
With his left hand he showed 9.47 ms, and with his right hand —
8.52 ms, the achievements of athlete 2 are much worse, name-
ly: with the left - 2.79 times (26.44 ms against 9 .49 ms), with
his right — by 3.21 times (27.33 ms versus 8.52 ms). In athlete
3, this indicator is somewhat better, but worse than in athlete
1. With his left hand, he showed 14.36 ms, which is worse by
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34.05% the results of the first one, and with his right hand, by
51.97% lower (17.74 ms versus 8, 52 ms) (Table 2).

Analysis of the results shows that according to this in-
dicator, there are also large differences between the speed-
strength capabilities of athletes. In this regard, a comparison
of the average statistical data of the time to achieve a force of
1 kg proves that there will be no significant difference between
the results of the left and right hands, this is confirmed by their
results: data of the left hand — 16.44 + 5.28 ms; right — 18.18 +
516ms (t_ 9>t . 7, V,=5500%&V,=49,00 %).

Thus, the results of the study of the features of the
manifestation of power and speed-strength capabilities of the
leading armwrestlers weighing over 100 kg fully characterize
their genetically determined abilities and their level of physical
fitness for competitive activity. The data obtained allow us to
explain the predominant speed or power capabilities of each
armwrestler in general, supported by their sporting achieve-
ments. So, athlete 1 is a multiple world champion (Ukraine),
athlete 2 is a world champion (Poland), athlete 3 is a multiple
world champion (USA).

The conducted correlation analysis between the studied
strength and speed-strength indicators of armwrestlers made
it possible to establish the degree of interdependence of the
strength and temporal characteristics of the features of the
manifestation of efforts in test exercises, which are elements of
competitive movements. Thus, the indicator of time to achieve
strength of 1 kg has a very strong relationship with the speed-
strength index (r = 0.986), and with the other eight indicators it
has a stronger and very strong relationship with the modulus of
the correlation coefficient from 0.828 to 0.943. The same level
of connection is observed in the speed-strength index. The
strength gradient indicator showed a very high level of correla-
tion with the speed-strength index (r = 0.943), with the time to
reach a force of 1 kg (r = 0.943) and the time to reach maximum
strength (r = 0.928), and with the other five indicators - a strong
level equal to r = 0.771-0.886. Other types of strength char-
acteristics (maximum strength, average test strength, time to
reach maximum strength, relative strength and strength in 500
ms) have medium (r = 0.5-0.7) and strong (r = 0.7-0.9 ) correla-
tion coefficient with all indicators (Table 3).

Thus, the results of the correlation analysis indicate that
the temporal characteristics of the manifestation of efforts (time
to achieve a force of 1 kg, maximum strength, speed-strength
index) demonstrate high levels of connection with the strength

characteristics of the manifestation of efforts in test exercises.

Determining the relationship between strength and
speed-strength indicators using factor analysis made it possible
to establish two factors that determine the overall variance of
the sample. The first factor with a contribution of 70.9 % to the
total sample was formed by temporal characteristics of efforts
in test exercises, such as the time to achieve maximum effort
(r=0.979), speed-strength index (r = 0.986), force gradient (r =
0.986) and time achieving a force of 1 kg (r=0.979). The second
factor with a factor loading of 29.1 % was maximal strength (r =
0.960), average test strength (r = 0.961), and achieved strength
in 500 ms (r = 0.716).

Thus, the results of the correlation and factorial analyzes
of the strength and speed-strength indicators of armwrestlers
weighing more than 100 kg indicate the priority importance of
the temporal characteristics of effort in a competitive exercise.
It is the power properties of the effort that determine the sec-
ondary importance of the action in the process of performing
competitive exercises.

In connection with the above, it is especially important to
determine the dynamics of the growth of the efforts of armwres-
tlers for 100, 200, 300 ms. According to researchers [10], dur-
ing these time intervals (200—300 ms) in speed-strength sports,
explosive power is manifested, which is characterized by two
components: starting and accelerating forces [8].

According to the results of this study, the starting force
appears in the first 200 ms. It fully manifests itself at 200 ms,
therefore, for 100 ms, the studied athletes have many zero in-
dicators, however, except for athlete 1, his left hand in this time
period in the flexion of fingers exercise reached 35.2 kg of ef-
fort, and the right — 1.5 kg. In other exercises, both the left and
right hands showed efforts ranging from 0.4 kg to 2.7 kg, and as
a result, the left — 36.1 kg, the right — 5.9 kg (Table 4).

In athlete 2, the left hand did not react for 100 ms, only
zero values were registered. The right hand reacted only in the
flexion of the fingers and showed 10.7 kg.

Athlete 3 with his left hand in all exercises for 100 ms
showed strength from 2.2 to 6.8 kg, and the total strength in-
dicator was 14.4 kg. The right hand registered zero reaction.

For 200 ms, all three athletes significantly increased
their strength indicators, but athlete 1 demonstrated a 2-fold
better result in almost all test exercises compared to two ath-
letes. So his strength indicators with his left hand range from
33.2 kg to 50.5 kg, and the final result was 166.8 kg. The power

Table 3. The results of the correlation analysis between the strength and time indicators of the efforts of armwres-

tlers
Indicator >F, kg EE, kg 2t s J, kgls F,, kg/kg Zto,SF’ ms 2F,» kg JSO%:Q/ t,, ms/kg
2F, kg 1,000 0,968 -0,717 0,828 0,828 -0,757 0,627 0,627 -0,793
EE, kg 0,968 1,000 -0,717 0,828 0,828 -0,757 0,627 0,627 -0,793
It s -0,717 -0,717 1,000 0,980 0,914 0,991 -0,903 -0,903 0,985
J, kg/s 0,828 0,828 0,980 1,000 -0,942 -0,949 0,955 0,995 -0,939
F,, ka/kg 0,414 0,434 0,914 -0,942 1,000 0,875 0,886 -0,886 0,847
2t 5 Ms -0,757 -0,757 0,991 -0,949 0,875 1,000 -0,847 -0,847 0,998
ZF, . kg 0,627 0,627 -0,903 0,955 0,886 -0,847 1,000 1,000 -0,842
Jooor KQ/ms 0,627 0,627 -0,903 0,995 -0,886 -0,847 1,000 1,000 -0,842
t,, ms/kg -0,793 -0,793 0,985 -0,939 0,847 0,998 -0,842 -0,842 1,000
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Table 4. Dynamics of changes in the explosive force of arm wrestlers in 300 ms (kg)

Flexion of fingers Strr?;?%v‘latr a Hook Bending the hand Total indicator
t, ms Athlete - - - - -
left arm right left arm right left arm right left arm right left arm right
arm arm arm arm arm
1 35,2 1,5 0 0 0,4 1,7 0,5 2,7 36,1 5,9
100 2 0 10,7 0 0 0 0 0 0 0 10,7
3 3,6 0 5,4 0 6,8 0 2,2 0 14,4 0
1 38,4 40,7 33,2 45,7 50,5 36,2 447 37,5 166,8 160,1
200 2 19,8 11,9 26,8 12,6 23,9 20,9 17,3 9,6 87,8 55,0
3 21,3 10,8 18,7 10,3 29,8 26,1 18,7 19,5 88,5 66,7
1 45,9 47,8 45,7 49,5 54,8 48,7 50,4 42,3 195,8 188,3
300 2 24,1 13,3 30,4 14,3 31,7 23,8 20,7 10,4 106,9 61,8
3 25,6 12,4 23,3 13,8 36,5 33,6 21,6 243 107,0 84,1
Table 5. Dynamics of strength and speed-strength index of arm wrestlers over time
t ms Indicator Athlete 1 Athlete 2 Athlete 3
' left arm right arm left arm right arm left arm right arm
100 ZF 0 kg 36,1 5,9 0 10,7 14,1 0
J,op Kg/ms 0,361 0,059 0 0,107 0,141 0
200 F,., kg 166,8 160,1 87,8 55,0 88,5 66,7
J,o Kg/ms 0,834 0,800 0,730 0,275 0,442 0,333
300 3F..., kg 195,8 188,3 106,9 61,8 107,0 84,1
Joo Kg/ms 0,653 0,628 0,356 0,206 0,357 0,280
500 3F. . kg 217,5 210,2 118,4 69,0 120,8 96,8
Jooe Kg/ms 0,435 0,420 0,237 0,138 0,242 0,194
>F, kg 248,1 265,1 2454 233,4 256,2 250,8
>t, ms 4900 5100 12100 12100 8000 9600
J, kg/ms 0,051 0,052 0,021 0,019 0,031 0,026

indicators of the right hand reached from 36.2 kg to 45.7 kg,
and the final ones — 160.1 kg. During this time, athlete 2 dem-
onstrated the final result of 87.8 kg with his left hand, and 55.0
kg with his right hand; athlete 3: left hand - 88.5 kg, right — 66.7
kg. Thus, there is a very large difference in starting strength be-
tween athlete 1 and the other two athletes, which ranges from
1.9 to 2.91 times.

The dynamics of the increase in force between 200 ms
and 300 ms, which corresponds to the time of formation of the
accelerating force, was also noticeably different for each arm-
wrestler. So, in athlete 1, the strength indicator of the left hand
increased by 29 kg, the right hand — by 28.2 kg; in athlete 2, the
increase was 19.1 kg and 6.8 kg, respectively, and in athlete 3,
by 18.5 kg and 17.4 kg, respectively. In general, in 300 ms, the
explosive strength of athlete 1 reached 195.8 kg of left hand,
188.3 kg of right arm, athlete 2: 106.9 kg and 61.8 kg, respec-
tively, athlete 3: 107.0 kg and 84 ,1 kg. Such data indicate that
the magnitude of the explosive force is determined mainly by
the starting force. So, for all three athletes, the starting strength
in percentage terms is from 75 % to 92 % of the explosive
strength and, accordingly, the accelerating strength adds 18 %
and 25 % to the final explosive strength.

The process of formation of explosive force is accompa-
nied by the corresponding indicators of the speed-strength in-
dex. So, for 20 ms during the development of starting strength,
each arm wrestler under study showed the highest result of the
speed-strength index. In athlete 1, this indicator, as well as the
strength characteristic, is almost twice as high as in the other
two athletes, namely, 0.834 kg/ms of the right hand and 0.800
kg/ms of the left hand against respectively athlete 2 — 0.430 kg/
ms and 0.270 kg/ms; athlete 3 — 0.42 kg/ms and 0.333 kg/ms.
During the manifestation of the accelerating force between 200
and 300 ms, the speed-force index decreases from 15.23 % to

23.70 % and ranges from 0.653 kg/ms to 0.206 kg/ms (Table 5)

Such a decrease in this indicator is obviously due to the
beginning of a gradual decrease in the acceleration of the ef-
forts of athletes.

In the time intervals between 300 ms and 500 ms, the
force indicator takes on the character of a fast force, since over-
coming the resistance with effort does not yet reach the limit
values, and the acceleration of the force is already significantly
lower than the maximum, as evidenced by the decrease in the
speed-force index ranging from 30.71 % to 33.41 %, and the
strength indicator for the same time increases by 10.76-15.10
%.

In the future, the force continues to gradually increase
until reaching the boundary value. The effort of athletes in the
process of overcoming resistance increases significantly and
the strength at this time takes on the character of a slow force.
The strength indicator reaches its maximum value, the accel-
eration continues to decrease, which is associated with a de-
crease in the speed-strength potential. The time to reach the
limit indicator, as well as the magnitude of the maximum ef-
fort for each arm wrestler, are purely individual, as described
above.

The process of growth of strength to the greatest abili-
ties of armwrestlers is accompanied by a significant decrease
in the value of the speed-strength index. So, during testing, the
indicator of this index of the left hand of athlete 1 decreases
from 0.834 kg/ms to 0.051 kg/ms, for athlete 2 — from 0.442 kg/
ms to 0.032 kg/ms, and for athlete 3 from 0.430 kg/ms to 0.020
kg/ms.

Thus, the analysis of the temporal and power charac-
teristics of the manifestation of force in the process of reaching
the boundary resistance (maximum force) allows us to clearly
establish the genetically determined speed and power abili-
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ties for the manifestation of explosive, fast and slow power of
heavyweight armwrestlers.

Discussion

Most armwrestlers weighing over 100 kg take part in
competitions for absolute superiority at national champion-
ships, as well as European and world championships, interna-
tional competitions, which attracts special attention of specta-
tors, fans, athletes, coaches and, of course, researchers [12,
14]. All of the listed persons show a special interest in determin-
ing the strongest athlete of the tournament, country, continent
and even the world. It should also be noted that there is no
permanent absolute leader of the competition, and every year
a new absolute winner is determined. Therefore, it is this weight
category that is given special attention, and it was she who
became the object of our study. Taking into account the pecu-
liarities of the external characteristics of the physique of such
athletes, their technique and tactics of conducting a duel, it is
especially important to determine the most effective and influ-
ential characteristics of the manifestation of strength, ensuring
the success of a duel in armwrestling.

The study was conducted for three years, and since
there was no permanent leader in the absolute weight cate-
gory, the best indicators of both strength and speed-strength
capabilities were selected from the three studied athletes, after
confirming the performance in competitions. After testing, the
best indicators were selected.

For the study, an author’s device was used to measure
both power and time indicators of the development of dynamic
strength. This device differed from others [16, 17] used in re-
search by its great mobility, ease of transportation and assem-
bly, as well as the accuracy of measuring force up to 50 g and
time up to 100-110 ms. Other researchers determined absolute
strength indicators, as well as indicators of static endurance,
which were measured using conventional dynamometers and
stopwatches. The author’s device allowed you to automate
measurements, as well as create a database of power and
speed-strength capabilities of armwrestlers.

A feature of the competitive activity of arm wrestlers
weighing over 100 kg is that athletes in this weight category, ac-
cording to the rules of the competition, are not limited by weight
as in other weight categories, where the difference in weight
between rivals is only a few kilograms [14, 15, 16]. Athletes
participating in competitions in the absolute weight category
can differ from each other by a large difference in weight, rang-
ing from a few to 100 or more kilograms. In this connection,
there are large differences in anthropomorphological indicators
- height, body and muscle mass, arm length, shoulder, forearm,
hand size and other indicators.

Considering that the listed factors have a direct impact
on the result of competitive activity, it is of particular importance
to determine the degree of their influence on the strength abili-
ties of athletes and the characteristics of muscle efforts that
most affect the sporting achievements of heavy weight arm-
wrestlers.

Hypothetically, it was assumed that this could be a large
indicator of the maximum strength inherent in athletes of this
weight group, or other strength capabilities, such as explosive
strength, strength endurance, in addition, it was important to
establish the degree of influence of large weight on the ability
to display great fast strength and strength endurance. [17, 18].

There is very little research in this direction in speed-
strength sports. In addition, the listed problems are not suffi-

ciently covered in the available sources of information, there-
fore, the search for an answer to determining the features of the
manifestation of various characteristics of the manifestation of
the dynamic efforts of armwrestlers is of particular importance
both for the theory and for the practice of sports.

It was also assumed that the absolute indicators of the
strength of armwrestlers are not decisive in the effectiveness of
a competitive duel. Thus, in the works of Mazurenko [1] it was
noted that athletes with weaker strength indicators emerged
as winners in competitions. Therefore, our study was aimed
at studying both strength and speed-strength indicators, that
is, the phased development of different types of strength over
time. The hypothesis turned out to be correct, which was con-
firmed by the results of factor analysis, which established two
factors that determine the total sample variance. The first factor
with a contribution of 70.9 % to the total sample was formed by
temporal characteristics of effort in test exercises, such as the
time to reach maximum effort (r = 0.979), speed-strength index
(r=0.986), force gradient (r = 0.986) and time achieving a force
of 1 kg (r=0.979). The second factor with a factor load of 29.1
% was maximal strength (r = 0.960), average test strength (r =
0.961), and achieved strength in 500 ms (r = 0.716). That is, the
temporal characteristics of effort in a competitive exercise have
priority over power ones.

According to publications and the results of our re-
search, dynamic force in the process of overcoming resistance
manifests itself in the form of explosive, fast and slow forces
[19, 20]. It has also been found that the explosive force is char-
acterized by two components: starting and accelerating forces
[21, 22]. The starting force manifests itself from 100 to 200 ms
and ensures the speed of development of the working force at
the initial moment of muscle tension. The accelerating force al-
lows you to quickly increase the working force in the conditions
of the onset of muscle contraction.

The process of formation of starting strength is accom-
panied by a rapid increase in the speed-strength index, but each
athlete has an individual rate of increase and a maximum level,
with which the power capabilities of armwrestlers are clearly
connected. So, in athlete 1, the speed-strength index of the left
hand for 200 ms reached 0.834 kg/ms, and the right hand —
0.800 kg/ms. During the same time, the starting strength of his
left hand reached 166.8 kg, and the right hand — 160.1 kg. In
other athletes 2 and 3, the speed-strength index reached 0.442
kg/ms and 0.333 kg/ms, respectively; 0.430 kg/ms and 0.270
kg/ms. The starting strength of athlete 2 reached the level of
88.5 kg with the left hand and 66.7 kg with the right, athlete 3,
these figures were 87.8 kg and 55.0 kg, respectively.

The 500 ms force data obtained from the study are con-
sistent with those of Coletta et al. (2022) [22].

Based on the results obtained, it can be argued that in
order to achieve convincing victories in arm wrestling, it is im-
portant to have high starting strength, which manifests itself in
200 ms of wrestling, a strength gradient, a speed-strength in-
dex, which manifests itself after 500 ms, and the time to reach
maximum strength.

Conclusions

1. The study made it possible to test a complex of speed-
strength indicators for monitoring the functional state of the
world’s leading armwrestlers weighing over 100 kg, to establish
indicators of the speed-strength index, strength gradient, the
ability to manifest dynamic strength, which clearly characterize
the speed-strength features and the nature of the manifestation
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of dynamic the strength of the athletes.

2. It has been proven that the approved system of crite-
ria for time and power characteristics of efforts in competitive
exercises can be used when monitoring the state of armwres-
tlers to monitor and predict success in armwrestling.

3. The author’s device used in the study made it possible
to automate the process of measurements with high mobility, as
well as to immediately create a database on the power and
speed-strength capabilities of armwrestlers with high accuracy.
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