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Abstract

Purpose. To determine the features of the manifestation of strength and speed-strength indicators in the components of
the competitive exercise of leading armwrestlers of different weight categories.

Material and Methods. The study involved 3 of the best armwrestlers in the world in different weight categories: athlete 1
(weight 62 kg; age 39 years) - multiple world champion (Ukraine), athlete 2 (weight 90 kg, age 36 years) - multiple world champion
(Ukraine) , athlete 3 (weight 136 kg, age 34 years) — multiple world champion (Ukraine). The strength characteristics of athletes
were determined in four test exercises that ensure the performance of a competitive action in armwrestling: flexion of the fingers,
stretch with a hammer, hook and bending the hand. These exercises were performed with the left and right hands. Strength in-
dicators 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, = XF / m) strength, kg; total strength index in four strength exercises (ZF = F1 + F2 + F3 + F4), kg; time to reach maximum
strength (Xt = t1 + {2 + t3 + t4), s; speed-strength index (J = ZF / Zt), kg*ms™; average strength, index of four exercises ( = ZF / 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, = Zt ../ (0.5%F)), ms*kg™.

Results. Athlete 1, weighing 62 kg, reached the maximum value of the strength of the left arm, equal to 181.8 kg, in 4.8 s,
and in the right — after 4.4 s and reached 170.0 kg. The speed-force index when reaching maximum strength was, respectively,
0.038 kg*ms™ and 0.039 kg*ms™'. For athlete 2, weighing 90 kg, the maximum strength values were determined after 5.3 s with the
left hand and after 5.5 s with the right hand and, respectively, amounted to 233.8 kg and 260.5 kg. At the same time, the speed-
strength index reached 0.044 kg*ms-' with the left hand, and 0.047 kg*ms™' with the right hand. The achievements of the maximum
strength value of the heaviest athlete 3, weighing 136 kg, of both left and right arms were significantly better and reached 248.1 kg
and 275.4 kg, respectively. At the same time, the time characteristics for reaching the limiting force values are relatively low and
amounted to 4.9 s and 5.1 s. In this regard, noticeably high speed-strength index values are observed: left arm — 0.051 kg*ms™;
right — 0.054 kg*ms™.

Conclusions. The study made it possible to establish that the heaviest athlete 3 has the highest overall maximum strength,
but in the test exercises, which are elements of performing competitive hook and hammer pull movements, the lighter athlete 2
demonstrated a higher result. The lightest athlete 1, whose weight is 62 kg, has a high result in the relative strength indicator. The
heaviest athlete 3 has significantly higher levels of explosive, fast, slow and maximum strength and, as a result, a higher speed-
strength index, due to which he wins quick victories in competitions. Athletes 1 and 2, who have lower body weight, according to
such time characteristics as force gradient, time to reach 1 kg of force, speed-strength indicator at the last second, have respec-
tively better results. This indicates that athletes 1 and 2 achieve their victories in competitions due to these very characteristics.

Key words: armwrestling, armwrestlers, explosive power, strength indicators, timing characteristics, weight category.
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Oner Kamaeg, Biktop xum, AHapin 3abopa, Mapuna Ixum, lrogmuna KaHyHoBa, OnekcaHap lMiBeHb.

Oco6nuBoOCTi NPOsIBY CUMM Ta LWBUAKICHO-CUITOBUX 34i0HOCTEN eNiTHUX apMpecTriepiB Pi3HUX BaroBUX KaTeropin.

MeTa gocnigKeHHSA: BU3Ha4YMTU 0COONMBOCTI NPOSIBY CUMKW Ta LUBUAKICHO-CUINOBUX MOKA3HWKIB y CKNaZoBMX 3MararnbHol
BMpaBun NPOBIOHUX apMpPECTNEPIB Pi3HMX BaroBUX KaTeropiun.

Marepian i meToau. B gocnigxeHHi B3sinu y4acTb 3 KpalLMx apMpeCTIepu CBITY B Pi3HMX BaroBux KaTeropisix: CopTCMeH
1 (Bara 62 kr; Bik 39 pokiB) — 6araTopa3oBui YeMnioH CBiTy (YkpaiHa), cnoptcmeH 2 (Bara 90 Kr, Bik 36 pokiB) — Garatopa3oBuii Yem-
nioH cBiTy (YkpaiHa), cnoptcmeH 3 (Bara 136 kr, Bik 34 poku) — 6aratopasoBuin 4emnioH cBiTy (YkpaiHa). CnnoBi xapakTepucTuku
aTneTiB BU3HA4Yanucs B YOTUMPbLOX TECTOBMX BrpaBax, Lo 3abe3nevyroTb BUKOHAHHS 3MaranbHOi Aii B apMpecTniHry: 3rMHaHHs
nanbLiB, PO3rMHaHHS MOJIOTKOM, rak i 3rMHaHHsA KucTi. Lli BnpaBu BMKOHyBanucs nieoto i npaBot pykamu. CUMoBi NOKA3HUKK Y
BCiX TECTOBMX BrpaBax BuUMiptoBanu enektpoteHsogmnHamomeTpom cepii FL 1K 0,5N, 1000N, Kern & Sohn GmbH (Kutawn) 3
knacom To4HocTi fo 50 r, 3aKkpinneHMM Ha crieuianisaoBaHoOMy CTOSi A4S apMPECTIIiHrY 3a A0MNOMOrOH cnewjianbHO BUTOTOBIIEHOMO
6nokoBoro npunagy. Y xodi CTaTUCTUYHOrO aHanidy Oynm BM3Ha4yeHi Ta po3paxoBaHi HACTyMHi napameTpu: MakcumarnbHa (F) Ta
BiAHOCHa cuna (F, = ZF / m) , Kr; cymapHuUii iHAEKC CUiin B YOTUPbLOX cunosux Bnpasax (EF = F1 + F2 + F3 + F4), kr; yac nocarHex-
Hsi MakcumanbHoi cunn (Xt = t1 + t2 + t3 + t4), ¢; wewnakicHo-cunosui iHaekc (J = XZF / Zt), kr*c'; cepegHs cuna, iHOEKC YOTMPBLOX
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BrpaB ( = ZF / 4), kr; rpagieHT 3aranbHOT CUny YoTUpbLOX Brnpas (Xt 500

1 Ztyy,), Hac pocardenHs cunn B 1 kr (t, = 2t ../ (0,5%F)), mc*kr.

Pe3ynbTaTtu. CnoptcmeH 1, Baroto 62 Kr, MakCymMarnbHOro 3Ha4eHHs1 CUMnu NiBoi pyku, Lo AopiHioBana 181,8 kr, cArHys
yepes 4,8 ¢, a npaBoi —yepe3 4,4 ci cardys 170,0 kr. LLB1AakicHO-cMNoBWI iHOEKC Mif Yac AOCArHEeHHS MakCUManbHOT CUi CKknas,
BignosiaHo, 0,038 kr*mc™ i 0,039 kr*mc™. Y cnoptcMeHa 2, Baroto 90 Kr, MEXXOBI 3HAYEHHSI CUIN BM3HaYununcst Yyepes 5,3 ¢ nisoto
pykoto Ta yepes 5,5 ¢ — npaBoto i, BignosigHo, cknanu 233,8 kr i 260,5 Kr. [Mpun LbOMy LLUBUAKICHO-CUNOBUI iIHAEKC CATHYB MiBOIO py-
koto 0,044 kr*mc', npasoto — 0,047 kr*mc'. [JocsirHeHHs1 MakCMMaribHOro 3HAYEHHS! CUMW HaMBak4oro crnoptcMeHa 3, Baroto 136 kr,
SIK NMiBOT, Tak i NpaBoi pyk Oynu 3Ha4YHO KpaLLMMK Ta CArHynu, BianosigHo, 248,1 kr i 275,4 kr. MNpu uboMy, YacoBi XxapakTepUCTUKN
OOCSAHEeHHS1 MEXOBUX 3HAYeHb CUIKM NOPIBHAHO HU3bKI Ta cknanu 4,9 ¢ i 5,1 ¢. Y 3B’a3Ky 3 LM, CrocTepiratoTbCa NOMITHO BUCOKi
MoKa3HWKW LUBUOKICHO-CUMOBOTO iHAEKCY: niBoi pykn — 0,051 kr*mc'; npasoi — 0,054 kr*mc™.

BucHoBku. [JocnigXeHHs gano 3mMory BCTaHOBWUTW, IO HanWBaX4ui CNOPTCMEH 3 Mae HamBULLMIA 3aranbHUA MOKa3HUK
MaKcUMarbHOi CUInu, ane y TECTOBUX BrnpaBax, Lo € 3aCO00M BMKOHAHHS 3MararbHMX BrpaB rak i HaTskKka MOJIOTKOM, Neriummn
CMOPTCMEH 2 NPOAEMOHCTPYBAB BULLMI pe3ynbTaT. HaiBuwmm pedynbtaT NnokasHyka BigHOCHOI CUINN MaE Hanmnerwmnn cnopTcMeH
1, Bara sikoro 62 kr. HanBaxunii atnet 3 Mae 3Ha4HO Kpalli NoKa3HWKM BUOYXOBOIT, LLIBWUAKOI, MOBINIbHOI Ta MakcUMarbHOi cunu Ta,
SIK HacNigoK, BULLMIA NMOKa3HWK LUBUAKICHO-CUIOBOTO iHAEKCY, 32 paxyHOK Yoro 3000yBae LuBUAKI nepemoru y amaraHHsx. Atnetu 1
i 2 3 Nerwoo Barow 3a TakMMu YacoBMMUM XapakTEPUCTMKAMU, SK rpafdieHT CUMn, Yac AOCSATHEHHS CUv B 1 Kr, LUBMAKICHO-CUIOBUM
iHOEKCOM Ha OCTaHHiIl CeKyHzi, MaloTb BiAMOBIAHO Kpalli pe3ynbraTi, a Lie BoYeBUOb YKasye Ha Te, Lo 33 paxyHOK came LuxX xa-

, MC; LUBUAKICHO-CMOBUIA iHAeKc B nepiui 500 mc (J

O,SF) 500 =

PaKTEPUCTMK BOHW 3000yBa0Th CBOI MEPEMOr y 3MaraHHsx.

KnioyoBi cnoBa: apmpecTniHr, apmpectnepu, BnbyxoBa cuna, CUMOBI MOKa3HUKM, YACOBi XapaKTepuCTUKM, Barosa

Kareropis.

Introduction

The preparation of highly qualified athletes is the main
object of research of modern science in sports, during which
the problem of developing the foundations for the rational orga-
nization of the training process is solved. The most important
element of such an organization is a system of comprehensive
monitoring of athletes’ preparedness levels, taking into account
all formative 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-competition 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 strength and speed-strength indi-
cators [1].

Studying the experience of preparing and perform-
ing in competitions of world armwrestling leaders provides
unique information that concentrates the positive experience
of the athlete. However, to date, the methodological aspects
of constructing individual training processes for elite armwres-
tlers in the world have not yet received sufficient attention from
researchers. Such works are rare [2, 3, 4, 5], although their
significance from both theoretical and practical points of view
is beyond doubt.

Each elite armwrestler who has achieved high sports re-
sults has purely individual (“crown”) techniques of wrestling [6].
This is based on unique strength, speed-strength and function-
al abilities, which significantly distinguish him from the average
athlete, who, according to the indicated indicators, can even
correspond to the model characteristics of a qualified athlete.
In this regard, in the process of preparing armwrestlers, timely
identification of such unique capabilities of each athlete and
their successful development and improvement in the future is
of particular importance.

In sports associated with weight categories, each weight
category has its own characteristic features of wrestling, techni-
cal and tactical actions, strength and speed-strength readiness,
manifestation of explosive, fast, slow strength or strength en-
durance. All these characteristic features of each weight cat-
egory need to be taken into account when preparing an athlete
[8].

According to our preliminary research [3], it has been es-

tablished that a change in an armwrestler’s own weight causes
significant changes in his strength and speed-strength capabili-
ties. Thus, an increase in the athlete’s weight by 8.8 % (from
125 kg to 136 kg) led to an increase in strength indicators in
various test exercises from 8.12 to 22.04 %. At the same time,
the speed-force index increased by 36.76 %, the force gradient
(time to reach half of the maximum effort) improved by 41.02 %.

The results of studies of leading arm wrestlers in the
weight category from 80 kg to 100 kg indicate that their perfor-
mance in test exercises that make up competitive exercises is
often better than the achievements of athletes weighing more
than 100 kg, for example, during the achievement of maximum
strength, relative strength, force gradient [1] .

In connection with the above, the determination and
comparison of the strength and speed-strength abilities of elite
arm wrestlers of different weight categories acquires both theo-
retical and practical importance.

The purpose of the study is to determine the charac-
teristics of the manifestation of strength and speed-strength
characteristics of efforts in compound competitive exercises of
leading arm wrestlers of different weight categories.

Material and Methods

Participants

The study involved 3 leading arm wrestlers in the world
of different weight categories: athlete 1 (age 39) — multiple
world champion weighing 62 kg (Ukraine), athlete 2 (age 36)
— multiple world champion weighing 90 kg (Ukraine), athlete 3
(age 34) — multiple world champion weighing 136 kg (Ukraine).

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 ac-
curacy class of up to 50 g, fixed on a specialized table for arm-
wrestling using an author’s specially made block device. The
strength and speed capabilities of armwrestlers were deter-
mined based on the results of four test exercises covering the
main muscle groups that ensure the performance of a competi-
tive action, namely: flexion of fingers, stretch with a hammer,
hook and bending the hand. [9, 10]. All exercises were per-
formed with both left and right hands.

Measurements of strength and speed-strength indica-
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tors of each of the athletes were carried out one month be-
fore the start of the main competition of the year (arm wrestling
championship or world cup). Three attempts were made in each
movement on the left and right hands, and 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.

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, = XF / m) strength, kg; total strength index in four
strength exercises (XF = F1 + F2 + F3 + F4), kg; time to reach
maximum strength (Xt = t1 + 12 + t3 + t4), s; speed-strength
index (J = ZF / Xt), kg*ms™; average strength, index of four ex-
ercises ( = £F / 4), kg; total strength gradient of four exercises
(Zt, ), ms; speed-strength index in the first 500 ms (J,,, = ZF
/ 2t ), kg*ms™; time to reach 1 kg force (t, = Xt ../ (0.5xF)),
ms*kg"; speed-strength index at the end of test exercises (J,),
kg*s.

Results

A comparison of the difference in the weight of armwres-
tlers shows that the differences between the closest weight cat-
egories were 31.11 % (between 62 kg and 90 kg) and 33.82 %
(between 90 and 136 kg), and between the lightest and heavi-
est — 54.41 % (62 kg — 136 kg). At the same time, the differ-
ences in the difference in effort in the manifestation of maxi-
mum force are noticeably lower. Thus, the difference between
athletes 2 and 3 in terms of strength of the left hand was 5.27

% (233.8 kg versus 248.1 kg), the right — 4.17 % (263.9 kg
versus 275.4 kg). Between athletes 1 and 2, this difference was
respectively 22.24 % (181.8 kg versus 233.8 kg) and 35.58 %
(170.0 kg versus 263.9 kg) (Table 1).

The differences between the performance of athletes
1 and 3 (62 kg and 136 kg) in all test exercises range from
20.64% (in bending the hand — 51.9 kg versus 65.4 kg) to 43.98
% (in flexion of fingers — 33.5 kg versus 59.8 kg). Between ath-
letes 1 and 2, the difference in maximum strength in test ex-
ercises ranged from 15.47 % (in bending the hand — 51.9 kg
versus 61.4 kg) to 43.91 % (in hook — 46.8 kg versus 83.5 kg)
(Table 1).

The strength indicators of athlete 2 (weighing 90 kg)
turned out to be better in a number of test exercises than the
achievements of athlete 3 (weighing 136 kg). Such results were
obtained in exercises that are means of performing a com-
petitive exercise. Thus, in stretch with a hammer with the right
hand, athlete 2 demonstrated 62.3 kg versus 55.8 kg for athlete
3 (the difference was 11.61 %). In the left-hand hook exercise,
the difference was 2.12 % (72.2 kg versus 70.7 kg). In the same
exercise, the data of the right hand of athlete 2 was better by
10.45 % (83.5 kg versus 75. kg) compared to the achievements
of athlete 3. In other exercises, athlete 3 showed better results.
The difference in strength capabilities ranged from 0.35 % in
stretch with a hammer exercise with the left hand (57.9 kg ver-
sus 57.7 kg) to 24.08 % in flexion of fingers with the left hand
(59.8 kg versus 45.4 kg).

The average test strength of armwrestlers from one to
the next weight category gradually increases in full accordance
with the indicators of maximum strength.

An analysis of the indicators of the relative strength
of armwrestlers shows that this indicator mostly depends on
the athlete’s own weight. Thus, the data of the left hand of the
lightest athlete 1 is 13.13 % higher than the result of athlete 2,
respectively 2.93 kg versus 2.59 kg. And the data of the right
hand of athlete 2 are better by 5.47 % (2.89 kg versus 2.74 kg)
compared to athlete 2 (Table 2).

A comparison of the relative strength of athlete 1 with
the results of athlete 3 indicates that his achievements of both
the left and right hands are significantly high and, accordingly,
were: the left hand was higher by 60.99 % (2.93 kg versus 1.82
kg), and the right — by 35.64 % (2.74 kg versus 2.02 kg).

At the same time, the relative strength of both hands of
athlete 2 is also better than that of athlete 3, namely, respec-
tively, the left hand by 42.31 % (2.59 kg versus 1.82 kg), the
right — by 43.07 % (2.89 kg versus 2.02 kg) (Table 2).

Analyzing the results of the manifestation of maximum
strength by highly qualified armwrestlers of different weights, it
should be noted that high body weight, even of elite athletes,
is not always accompanied by high indicators of maximum
strength compared to athletes weighing up to 100 kg [4].

Table 1. Maximum strength indicators of elite armwrestlers of different weight categories

) Athlete 1 Athlete 2 Athlete 3
Indicator - - .
left arm right arm left arm right arm left arm right arm

Flexion of fingers (kg) 36,0 33,5 42,6 454 54,1 59,8
Stretch with a hammer (kg) 445 41,9 57,6 62,3 57,9 55,8
Hook (kg) 49,4 46,8 72,2 83,5 70,7 75,6
Bending the hand (kg) 51,9 47,8 61,4 72,7 65,4 84,2
Total strength of the hands (kg) 181,8 170,0 23,8 263,9 2481 275,4
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Table 2. Strength and speed-strength characteristics of armwrestlers of different weight categories

Thﬁiztw:itgh?nd Am | ZF kg | Fokg | Tts | kg':f('g-1 Zrtﬁ'gp Ziéoo’ ngs*9g-1 mct*3|’<g-1 kéjfé-1
2k left | 181,8 | 4545 | 48 | 37,87 | 2,93 | 1105 | 1438 | 69,35 | 26,40 | 1539
right | 1700 | 42,50 | 44 | 3863 | 2,74 | 995 | 1406 | 68,90 | 2588 | 12,58

» 90kg left | 2338 | 5845 | 53 | 4411 | 259 | 910 | 1959 | 97,95 | 22,67 | 10,82
right | 263,9 | 6597 | 55 | 47,98 | 2,89 | 1410 | 204,9 | 102,45 | 20,84 | 12,36

3 136 kg left | 2481 | 62,02 | 49 | 57.63 | 1,82 | 1057 | 217,5 | 108,75 | 19,75 | 10,55
right | 2754 | 6885 | 51 | 5400 | 2,02 | 1256 | 210,2 | 105,10 | 18,52 | 17,81

Determination of the force gradient (time to reach half of
the maximum force) made it possible to establish high speed-
strength capabilities of athletes. In this connection, for all three
athletes this indicator is noticeably better on the hand, which
differs from the other in terms of the time characteristics of
strength, than the result of the strength characteristics of the
manifestation of efforts. So, for athlete 1, the result of the left
hand is 10.56 % better than the result of the right (995 ms ver-
sus 1105 ms), for athlete 2, the right hand is 54.94 % better
than the left (910 ms versus 1410 ms), and for athlete 3, the
right the hand is also better than the left by 18.83 % (1057 ms
versus 1256 ms). Thus, the force gradient of the left hand of
athlete 2 is the best and amounts to 910 ms (Table 2).

The dynamics of the strength indicator over 500 ms
allows us to clearly state that this indicator in highly qualified
armwrestlers depends on the weight of the athlete. In this case,
heavy athlete 3 demonstrated a better result with his left hand
compared to athlete 2 by 11.01 % (217.50 kg versus 195.92
kg), and compared to athlete 1 by 51.25 % (217.50 kg versus
204, 90 kg). The achievements of his right hand were higher by
2.59 % (210.20 kg versus 204.90 kg) and 49.50 % (210.20 kg
versus 140.62 kg), respectively.

The indicators of the speed-strength index for 500 ms
almost completely coincide with the dynamics of strength char-
acteristics for the specified period of time.

In connection with such temporal characteristics of the
efforts of arm wrestlers, all athletes demonstrated an increased
result of the speed-strength index corresponding to their own
weight (Table 2; Fig. 1). Thus, for athlete 1, this indicator for
both the left and right hands turned out to be the lowest: 37.87

120

108,75
100 97,95
80 6935
:in
= 60
= 37,87
40
20 | 1539 o2
0
1 2 3

Athletes

A

B -Ts0 -7

kg*s™ for the left, which is 16.51 % lower than for the second
athlete (44.11 kg*s™') and 52.23 % lower than that of the third
athlete (57.63 kg*s™); 38.63 kg*s™ — right, and this is 24.24 %
worse than the second (47.98 kg*s™) and 38.91 % worse than
the third (54.00 kg*s™). The strongest indicator was demon-
strated by athlete 3, and the difference between athletes 2 and
3 was: 30.70 % with the left hand (57.63 kg*s™ versus 44.11
kg*s™), 12.52 % with the right hand (54.00 kg*s™ versus 47.98
kg*s™).

Analysis of the time it takes athletes to achieve a force
of 1 kg during the testing process indicates that armwrestlers
with a large body weight achieve noticeably better time charac-
teristics of the force. Thus, heavy athlete 3 demonstrated 19.75
ms/kg with his left hand, athlete 2 spent 22.67 ms*kg' on this,
which is 14.78 % worse, and athlete 1 generally spends 26.40
ms*kg™ (by 33.67 % worse). The right hand performance in
this test between athletes 2 and 3 differed by 12.53 % (18.52
ms*kg”' versus 20.84 ms*kg'), and between athletes 3 and
1 the difference was 39.74 % (18.52 ms*kg™" versus 25.88
ms*kg™). Between athletes 2 and 1, this difference was respec-
tively 16.45 % (22.67 ms*kg™ versus 26.40 ms*kg™') and 24.18
% (20.84 ms*kg™' versus 25.88 ms*kg') (Table .2).

Determining the speed-strength index in the last second
of the test made it possible to establish that this indicator for
each arm wrestler depends on his maximum strength indicator.
Moreover, each athlete has purely individual achievements that
do not depend on their own weight. It should also be noted that
this indicator allows us to determine the degree of success of
arm wrestlers’ performances at high-level competitions. So, the
lightest athlete 1 was particularly effective in the speed-strength

105.1

102,45

1 2 3
Athletes

B
-1

Figure 1. Dynamics of changes in the speed-strength index during testing of armwrestlers: A — left hand, B - right

hand
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index in the last second of his left hand with a result of 15.39
kg*s™, which ensured his high performance with his left hand.
Athlete 3, with a result of this indicator of 17.81 kg*s™" with his
right hand, also won most of his victories with his right hand.
Athlete 2, with indicators in this test with the left hand of 10.82
kg*s™, and with the right hand — 12.36 kg*s™', the number of vic-
tories between the left and right hands did not differ significantly
(Table 2; Fig. 1).

Thus, based on the analysis of the power and time char-

acteristics of the competitive efforts of elite arm wrestlers of
various weights, it was established:

— indicators of maximum strength, speed-strength index
during testing, strength achievements in 500 ms depend on the
armwrestler’s own weight;

—indicators of relative strength and time to achieve
strength of 1 kg are inversely proportional to the athletes’ own
weight;

—indicators of the force gradient and speed-strength in-

Table 3. Dynamics of strength and speed-strength index of armwrestlers of different weights over time

i Athlete 1 Athlete 2 Athlete 3
t, ms Indicator . 5 -
left arm right arm left arm right arm left arm right arm
100 2F, 00 kg 21,5 39,3 53,7 36,0 36,1 59
J.00r Kg*ms™ 0,215 0,393 0,537 0,360 0,361 0,059
200 ZF 00 kg 58,3 76,4 125,4 119,7 174,8 168,1
Joor Kg"ms™ 0,291 0,382 0,627 0,598 0,874 0,840
300 2F., kg 94,4 83,1 161,9 174,3 199,8 189,3
Jooor Kg"ms™! 0,321 0,277 0,540 0,581 0,666 0,631
500 2F, 0 kg 143,8 140,6 195,9 204,9 217,5 210,2
Jyor Kg*ms™! 0,288 0,281 0,392 0,409 0,435 0,420
>F, kg 181,8 170,0 233,8 260,5 2481 275,4
2t >t, ms 4800 4400 5300 5500 4900 5100
J, kg*ms 0,038 0,039 0,044 0,047 0,051 0,054
Power dynamics
300 2451 300 2754
250 250
200 200
f‘f 150 - 150
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100 +—537 7 » 93 n
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Figure 2. Dynamics of changes in effort and speed-strength index of armwrestlers of different weights over time:

A - left hand; B — right hand
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dex at the last second do not depend on the armwrestlers’ own
weight.

Analysis of power and time characteristics during testing
of leading armwrestlers with different body weights made it pos-
sible to establish that explosive force, determined by the start-
ing and accelerating forces, is formed differently in each ath-
lete. Thus, for athlete 1, the starting force at 100 ms was 21.5
kg with the left hand with a corresponding speed-strength index
of 0.215 kg*ms™', and the right hand during this time reached
39.3 kg with a speed-strength index of 0.393 kg*ms™'. Over the
next 100 ms, i.e. at 200 ms, the accelerating force increased
and formed an explosive force, which on the left hand with a
speed-strength indicator of 0.291 kg*ms™' reached 58.3 kg, and
on the right hand — 76.4 kg with a speed-strength indicator of
0.382 kg*ms™" ( Table 3; Fig. 2).

In athlete 2, the starting force of the left hand in 100
ms reached 53.7 kg with a corresponding speed-strength index
of 0.537 kg*ms™', and his right hand demonstrated a starting
force of 36.0 kg with a speed-strength index of 0.360 kg*ms-'.
The accelerating force, manifested in the next 100 ms, brought
the explosive force of the left hand to 125.4 kg with a speed-
strength index of 0.627 kg*ms™, and of the right hand to 119.7
kg*ms™ with a speed-strength index of 0.598 kg*ms™' (Table 3,
Fig.2).

The heaviest athlete 3, in 100 ms, showed a starting
force of 36.1 kg with his left hand, and only 5.9 kg with his
right hand, with corresponding speed-strength indices of 0.361
kg*ms and 0.059 kg*ms™'. But his accelerating force in the next
100 ms made it possible to sharply increase the level of explo-
sive force of the left hand to 174.8 kg with a speed-strength
index of 0.874 kg*ms™', and of the right hand to 168.1 kg with a
speed-strength index of 0.840 kg*ms™ (Table 3, Fig. 2).

In the time interval from 200 to 300 ms, athlete 1's
speed-strength index of the left hand, against the background
of an increase in the strength indicator, reaches 0.321 kg*ms™',
which is obviously associated with the continued formation of
the explosive force of the left hand (Fig. 2). The speed-strength
index of the right hand of both athlete 1 and the other two ath-
letes over this period of time has a clear tendency to gradually
decrease.

This dynamics of changes in the speed-strength index
is accompanied by a gradual increase in the strength index.
The rate of increase in the strength indicator after an intensive
increase in 200 ms for all athletes slows down over the next
100 ms (by 300 ms), but still grows noticeably and takes on the
character of fast strength when the resistance does not reach
the limit value, and acceleration (speed-strength index) below
the maximum values (Fig. 2).

Subsequently, the strength index for all athletes contin-
ues to gradually increase until maximum values are reached,
and the speed-strength index decreases at a constant rate,
which is typical for the manifestation of slow strength.

Athlete 1 reached the maximum value of the left arm
strength equal to 181.8 kg in 4.8 s, and the right arm reached
170.0 kg in 4.4 s. The speed-force index when reaching maxi-
mum strength was 0.038 kg*ms™ and 0.039 kg*ms™, respec-
tively.

For athlete 2, the maximum force values were deter-
mined after 5.3 s with the left hand and after 5.5 s with the
right hand and, accordingly, amounted to 233.8 kg and 260.5
kg. At the same time, the speed-strength index decreased and
reached 0.044 kg*ms™ with the left hand, and 0.047 kg*ms™
with the right hand.

The achievements of the maximum strength value of the

heaviest athlete 3 of both left and right arms were significantly
better and reached 248.1 kg and 275.4 kg, respectively. At the
same time, the time characteristics for achieving maximum
force values are relatively low and amounted to 4.9 s and 5.1
s. In this regard, noticeably high speed-strength index values
are observed.

Discussion

High achievements in modern armwrestling mostly de-
pend on the quality of strength and speed-strength prepared-
ness of athletes, since the technical and tactical training of
highly qualified armwrestlers is at the highest level in all weight
categories [10, 11].

It should also be noted that in armwrestling there are
many examples when light weight armwrestlers take part in
competitions with a weight category 10 kg higher and even for
absolute championship at national and international champi-
onships. Athletes with less body weight often defeated heavy-
weights weighing 20-50 kg more. Such high performance of
lightweights attracts special attention from spectators, fans,
athletes, coaches and, of course, researchers [12, 13, 14]. All
this causes great interest in determining the strongest athlete
of the tournament, country, continent and even the world, not
only in weight categories, but also in the absolute champion-
ship. Taking into account the peculiarities of the external char-
acteristics of the physique of such athletes, their techniques
and tactics of conducting a fight, it is especially important to
determine the most effective and significant characteristics of
the manifestation of strength that ensure the success of a fight
in armwrestling, and also to find out due to strength or speed-
strength indicators lighter athletes win.

The study was carried out over three years, as stated
above, the athletes took part in international competitions and
received prizes, and from the three athletes studied, their best
indicators of both strength and speed-strength capabilities were
selected, which was also confirmed by their results of participa-
tion in competitions.

However, despite the higher qualifications of the ath-
letes who participated in the study, it must be recognized that
the number of armwrestlers who won world-class competitions
is limited by the small size of the specialized sample. To date,
studies have been conducted on winners of world and Euro-
pean competitions weighing 60-80 kg [2, 4, 7], 80-100 kg [4,
10] and athletes weighing more than 100 kg [1, 3, 7]. It should
also be noted that the small sample is due to the small number
of highly qualified athletes of this level of preparedness who
agreed to conduct research with them.

But, in our opinion, the value of the results obtained lies
in the fact that they coincide with the data obtained in the study
of highly qualified athletes in the weight categories of 60-80 kg,
80-100 kg and more than 100 kg [3, 4, 10].

According to our preliminary studies [1, 2, 3, 6], it was
found that armwrestlers, according to their genetic predisposi-
tion, can be divided into those who have a tendency to quickly
perform competitive exercises, and those who have the ability
for strength endurance. Based on this, both strength and speed-
strength abilities were determined in the studied athletes.

Considering that the listed factors have a direct impact
on the result of competitive activity, it was important to deter-
mine the degree of their influence on the strength abilities of
athletes and the characteristics of muscle efforts that most in-
fluence the sporting achievements of armwrestlers of various
weights [15, 16, 17].

Hypothetically, it was assumed that this might not be
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the highest indicator of maximum strength, but other strength
and speed-strength capabilities, such as explosive strength,
strength endurance; in addition, it was important to establish
the degree of influence of these qualities on the ability to dis-
play great quick strength and strength endurance [18, 19].

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, so the
search for an answer regarding the determination of the char-
acteristics of the manifestation of various characteristics of the
manifestation of dynamic efforts of armwrestlers is of particular
importance for both of the theory and practice of sports.

It was also assumed that the absolute strength indica-
tors of armwrestlers are not decisive in the effectiveness of a
competitive match. Thus, in the works of Mazurenko [4], it was
noted that athletes with weaker strength indicators emerged
victorious in competitions. Therefore, our study was aimed at
studying both strength and speed-strength indicators, that is,
the gradual development of different types of strength over
time.

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 force
[20, 21, 22]. It has also been established that explosive force
is characterized by two components: starting and accelerating
force [20, 22, 23]. The starting force manifests itself from 100
ms to 200 ms and provides the speed of development of the
working force at the initial moment of muscle tension [24, 25,
26], confirming our data. Thus, in all the athletes we studied,
the speed-strength index appears at 200 ms of effort, regard-
less of the level of genetically determined abilities.

A comparison of the strength and time characteristics
of the efforts of elite armwrestlers with different body weights
showed that an athlete with a large body weight at all time inter-
vals of testing has significantly higher indicators of maximum,
explosive, fast strength, as well as speed-strength indicators.
According to other indicators, namely relative strength, time to
reach 1 kg of strength and speed-strength index at the last sec-
ond, lighter athletes has slightly better achievements.

Armwrestlers with predominant indicators of strength
endurance are characterized by a higher indicator of maxi-
mum and relative strength and a correspondingly longer time
to achieve maximum strength, as well as significantly higher
strength indicators and speed-strength index in the last second
of effort.

Separately, it can be noted that athlete 2 with high
speed-strength characteristics of effort is more titled and has
more harmonious results with both left and right hands.
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