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BIOMEXAHIYHE MOJEJIIOBAHHSA SAK METO/J BUBYEHHSA
PYXOBUX J1 CHOPTCMEHA
BIOMECHANICAL MODELLING AS A METHOD OF STUDYING
ATHLETE’S MOTOR ACTIONS

Ilia Vako
g Bako

Blak Sea National University named after Petro Mohyla, Nikolaev, Ukraine
YopHOMOpChKHiA HallioHANIbHUH yHiBepcuTeT iMmeHi [letpa Morunu, M. Mukosais

Anorauia. lnns Bako. biomexaniune MojeqBaHHA SIK MeTOJd BHBYEHHS
PYXOBHX il cmoprcMeHna. YopHomMopcbKkuil HanioHaAbLHUM yHiBepcuteT iMeHi Ilerpa
Moruau, M. MuxoJaiB.

AKTyalibHicTh. OJHUM 3 TONIIMPEHUX METOJIB Mi3HAHHSA OI0NOTriYHUX OO'€KTIB €
MojemoBanHs. Lleit MeTox 103BoJIsiE, BUKOPUCTOBYIOUM OCHOBHI 3aKOHH (hi3WKH, MEXaHIKH,
MaTeMaTHKH, Oioyorii, ¢izionorii Ta IHIIKUX HAyK, MOSICHUTH (YHKI[IOHATBHY CTPYKTYpY
JOCTIDKYBAaHOTO TPOIIECY, BHUSBUTH MOTO CYTTEBI 3B'I3KM 3 30BHINIHIMH 00'€KTamH,
BHYTPIILIHIO OpraHi3ailiio, OIIHUTH KUIbKICHI XapakTepuCTUKH. [lig MoIemnto po3ymieThes
TaKa IMOAYMKH MPEACTABIICHA 9u MaTepialbHO pealli3oBaHa CHCTEMa, SKa, BioOpakaoun
a00 BIATBOPIOIOYM O0'€KT JOCITIIKEHHS, 3/1aTHA 3aMiIllaTH HOT0 Tak, IO il BUBUYCHHS Ja€ HaM
HOBY iH(opMarito mpo mei o6'ekt. [lomyk aHamora OpWriHAIy MOXKJIWUBUN Ha OCHOBI
HACTYIIHUX THUIIIB MOJEJEH: IeTepMiHOBaHI MOJENl - Mojeni, MmoOyaoBaHI Ha cHCTEMax
anreOpaiyHuX, perpeciiHux i nudepeHIiabHuX PiBHSIHb, PIBHSHb B MPHUBATHUX MOXIJTHUX;
CTaTUCTUYHI MOJIEN, [0 IPOPOKYIOTh IMOBIPHICTh PI3HUX MOAIN. 3aBAAHHS JOCTiTKEHHS —
MIPOBECTH TOPIBHSIBLHUI OlOMEXaHIYHHI aHAII3 TEXHIKA BUKOHAHHS OOKOBOTO yJapy PyKOIO
Ha OnwkHIM JUCTaHIII CHOPTCMEHIB pi3HOI KBamidikamii, SKi CHEIiami3yloThCsl B
pykomanrtHoMy OO0 1 Ha I[if OCHOBI BHM3HAUYUTHU MOJENbHI XapaKTEPUCTUKH CHOPTHUBHOL
TexHikd. MeToau aocaifKeHHs. /711 BUKOHAHHS ITOCTABJICHUX 3aBJaHb BUKOPUCTAHO TaKi
METOJIM JAOCHIKEHHS, SIK aHalli3 HAayKOBO-METOAMYHOI JTepaTypu U JAOKyMEHTAIbHUX
MaTtepialliB, METOJIM peeCTpallii Ta aHaji3y pPyXiB CHOpPTCMEHa (CHCTeMa BiJleopeecTparii Ta
aHanizy pyxiB crnoptcMeHa 3D peectpauii pyxiB monunu «Qualisys Motion Capturey).
PesynbraTn, oTprMaHi B mpoueci TociiKeHHs, 0ylio0 00po0IeHO 3 BUKOPHCTAHHIM METOIB
MaTeMaTH4Hoi cratucTuku. PesyabraTm nociaigxenns. HeoOXxigHO Big3HAYUTH, L0 Yy
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00CTE)KEHUX HaMU KBali(hikOBaHUX CHOPTCMEHIB, SIKi CHEIiaNi3yIOThCsl B PyKOMAIIHOMY 000
BIICYTHS MiAroroB4a (aza po3roHy, sk Iie OyJI0 3a3HAYEHO y BUCOKOKBaJTi(hiKOBaHHX
crnoptcMmeHiB. Ilicias mo4aTkoBOro MmojoXeHHs, KBali(ikoBaHI COPTCMEHH BUKOHYIOTH PyX
BIIEpE]] 10 XOAYy MallOyTHBOTO yaapy. Y BHCOKOKBaTiI(PIKOBAHUX CIIOPTCMEHIB BiJI3HAYAETHCS
3YCTpIUYHUHN PyX — CHOYaTKy Haszaj (110 301IbIIye MIISX 1 CTBOPIOE MEPEAYMOBH Ji OLIBII
YJITKUMU CKPYIYBaHHSI), a Yepe3 KiJIbka MOMEHTIB Yacy pyX BIIEpPE] 3 aKTUBHUM MPOCYBAHHIM
Tazy 1 0OroHOM BicClO Ta3a Bich Ijieueld. BucHOBKHM. Y cropTcMeHiB BUCOKOi KBasiikarlii
BiJI3HAYAETHCS JIOCHUTh BHUCOKA Y3TO/DKEHICTh BKIIFOUCHHS OKPEMHX OIlOJIAHIIOTIB TIPH
BUKOHAaHHI OOKOBOrO yAapy pYKOIO Ha ONWxHIM aucraHmii. ¥ TOH e 4Yac HE3HAuHE
BUIICPE/DKEHHSI MAaKCHMyMY IIBHIAKOCTI JIKTHOBOTO CYTJIo0a MOMEHTY yIapy, CBIAYUTH PO
HEOOX1AHICTh MOAANBIIOI POOOTH HaJ TEXHIKOIO MAWCTPIB CHOPTY. 3HAYHI pe3epBU B LIbOMY
BIJTHOIICHHI € y KBali(hikOBaHMX CHOPTCMEHIB, a came: BIJICYTHS, SIK TMPABUIIO, MOTIEPETHS
¢a3a, NOB's3aHa 3 pyXOM Ta3y i IUIEYOBOTO Cyriioda CTOPOHH CIIOPTCMEHA 1o 0'€ Ha3al Mmicst
MIPUIHSTTS MOYaTKOBO MOJIOKEHHS (1aHy a3y NPUIHATO HA3UBATH B YJAPHHX JisX 3aMaXOM);
BiJI3HAYAETHCS HEMOCIIIOBHE BKJIIOYEHHS OKpeMHUX O0i0JaHOK B poOOTY, MPO IMIO CBIIYUTH
JMHAMIKa 3MiHU pe3yJIbTYI0UY0i NIBHIKOCTI OKPEMHUX O10JaHOK.

KarouoBi cioBa: BijeopeecTpaiisi TEXHIKM PYXOBHX i, OiomMexaHiuHE
MO/ICJIFOBAHHS, CIOPTCMEHHU.

Abstract. Ilia Vako. Biomechanical modelling as a method of studying
athlete’s motor actions. Blak Sea National University named after Petro Mohyla,
Nikolaev, Ukraine.

Topicality. One of the common methods of biological objects study is modelling.
Using basic laws of physics, mechanics, mathematics, biology, physiology and other
sciences, this method allows explaining the functional structure of the studied process,
identifying its significant connection with external objects, internal organization, and
evaluating quantitative characteristics. The model is referred as to such a mentally
represented or materially realized system, which, reflecting or reproducing the object of
study, is able to replace it so that its study gives new information about this object. The
search for an analogue for the original is possible on the basis of the following types of
models as deterministic models, i.e. models based on systems of algebraic, regression
and differential equations, equations in partial derivatives; statistical models that predict
the probability of various events. The task of the research is to conduct a comparative
biomechanical analysis of a side kick performing technique at close reach by athletes of
different qualification who specialize in hand-to-hand combat and on this basis to
determine the model characteristics of sport technique. Research methods. To achieve
the set tasks, we have applied such research methods as analysis of scientific and
methodological literature as well as documentary materials, methods of registration and
analysis of athlete's movements (system of video recording and analysis of athlete's
movements, 3D recording of human movements "Qualisys Motion Capture"). The results
obtained during the study have been processed with the help of mathematical statistics
methods. Results of the research. It should be noted that the surveyed skilled athletes
who specialize in hand-to-hand combat do not apply a preparatory phase of acceleration,
as it is characteristic for highly skilled athletes. After the initial position, qualified
athletes perform a forward movement in the course of a future blow. For highly skilled
athletes a counter-movement is typical — first backwards (that increases the path and
creates the conditions for clearer twisting), afterwards there are a few moments of
movement forward with active pelvis movement thus overtaking the shoulder axis by
the pelvic axis. Conclusions. Highly skilled athletes have a fairly high consistency of
the inclusion of individual bio-links when performing a side hook with the help of the
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hand at close reach. At the same time, a slight advance of the elbow joint maximum
speed at the time of strike indicates the need for further work on the technique of
masters of sports. Significant reserves in this regard are available to qualified athletes,
namely there is usually no preliminary phase associated with the pelvis and shoulder
joint movements of the athlete who beats back after taking the initial position (in strike
actions this phase is called swing or propulsion); there is an inconsistent inclusion of
individual bio-links in the work, as evidenced by the dynamics of changes in the
resulting rate of individual bio-links.

Key words: video recording of motor action technique, biomechanical modelling,
athletes.

IMocTanoBKka HaykoBoi mpodiaemu. CTpyKTypa NIpolecy HiATOTOBKH CIIOPTCMEHIB
0a3zyeTbcs Ha OO'€KTHMBHO ICHYIOUHMX 3aKOHOMIPHOCTI CTAHOBJIEHHS CHOPTHUBHOI
MalCTEpHOCTI, M0 MaloTh cnenudidyHe ocoOIMBOCTI B KOHKpETHUX BHIax crmopty. Lli
3aKOHOMIPHOCTI  OOyMOBIIOIOTHCS ~YMHHUKAMH, 10 BHU3HAYalOTh €(QEKTUBHICTh
3MarajbHOi JiSJIBHOCTI Ta ONTUMAJIbHY CTPYKTYpPY MiATOTOBJIEHOCTI, OCOOJIMBOCTSIMH
ajanTaimii A0 XapakTepHHX AJg JaHOTO BHUJY CIOPTY 3aco0iB Ta METOMAIB BILIUBY,
IHIUBIIyaTlbHUMH OCOOJIMBOCTSIMH CIIOPTCMEHIB, TE€pMiHaMH OCHOBHHMX 3Maraub i IX
BIIMIOBIAHICTIO ONTHUMAJIbHOMY Il JIOCATHEHHS HAWBUIIUX PE3YyNbTaTiB  BIKY
CIIOPTCMEHA, €TaroM 0araTopiyHOro CIIOPTHBHOIO BIOCKOHaNeHHs [5, 7, 18, 20].

3rigHo 3 JiTepaTypHUMHU naHumu [5, 6, 20, 21] cnopTUBHE BAOCKOHAICHHS MOXHA
BU3HAYUTU K O0araTOpiuHy CIOPTUBHY [isUIBHICTH, HAIlIJIEeHy Ha BHCOKI CIIOPTHBHI
JOCSITHEHHSI 1 MOB'Si3aHY 3 MOCTIMHUM CaMOBJIOCKOHAJICHHSIM JIIOAUHHU B OZHOMY abo
JIEKUIBKOX BHJAX CHOPTY, MmO Mae crneuudiyauil 3mict i ¢opmy opranizamii, 3qaTHI
MepEeTBOPIOBATH 1i B CKJaJHE CHCTEMHE BIUIMB Ha OCOOHUCTICTh, (i3WMYHMH cTaH 1
3I0pOB'SE CIIOPTCMEHA, CIPSIMOBAaHE HAa HOro BceOIYHE BUXOBAaHHS, B TOMY YHCII Ha
npua0aHHS I[IMPOKOTO KoOja CHeliaJibHUX 3HaHb, HABUYOK 1 YMiHb, OBOJOIIHHS
TEXHIKOIO CIIOPTHUBHUX BIIPaB, MiJBHUIIEHHS (i3UYHOI Mpare3naTHocTi opranizmy [5, 18,
20].

[cTopuyHO TEpMiH «TE€XHiIKa» TMOXOIWUTH BiJl TPEHBKOTO cioBa «techne», mio
MepeKIagaeTbCs SK «MHUCTEHTBO» abo0 «MaWCTEpHICTB» 1 Wi SKHUM PO3YMI€ThCS
CYKyIHICTh MNPUHOMIB, 3aCTOCOBYBAaHUX Yy Oyab-sikiii (opmi AiSABHOCTI, a TaKOX
BOJIOJIIHHS IMMHU Tipuiiomamu [1, 2, 3, 8].

OpHi€0 3 TEHACHIIH CydyaCHOTO CIIOPTY € CTPIMKE 3POCTAaHHS CKJIAJHOCTI OKPEMHX
€JIEMEHTIB TeXHIKM BUKOHAHHS 3MarajibHHUX MMPOrpaM y BUAAX 31 CKIAIHOI KOOPAMHALIHHOIO
CTPYKTYpOIO PYyXiB, IO MPU3BOUTH 0 BUHUKHEHHS HOBUX MPOOJIEM 1 HEBHPIIICHUX IMHTAHb
TexHIYHOT miarotoBku [13-17].

MeTta pgocigKeHHsI — TPOBECTH NOPIBHUIBHUI OlOMEXaHIYHMN aHai3 TEeXHIKU
BUKOHAHHsI OOKOBOTO yJaapy pyKoro Ha OJF>KHINM AMCTaHINT CIOPTCMEHIB pi3HOI KBamidikarii,
AKl CIEeMiaNi3ylOThCS B PYKOINAIIHOMY OO0 1 Ha Iii OCHOBI BHM3HAYUTH MOJIENbHI
XapaKTePUCTHKHU CIIOPTHUBHOI TEXHIKH.

Metoan nociaigskennsi. i1 BUKOHAHHS IIOCTABJICHHMX 3aBAaHb BHUKOPHCTAaHO TaKi
METOJM JAOCHTIKEHHS, SIK aHalli3 HAayKOBO-METOAMYHOI JTepaTypu U JAOKyMEHTAIbHUX
MaTepiaiB, METOAM peecTpallii Ta aHali3y pyXiB CIIOpTCMEHa (CUCTeMa BijeopeecTpalii Ta
aHamizy pyxiB crnoprcmena 3D peectpanii pyxiB mroguman «Qualisys Motion Capture») [12,
22]. PesynbpTaTH, OTpUMaHi B MPOIECI TOCIIKEHHS, 0yi10 00poOJIeHO 3 BUKOPUCTAHHAM
METO/IiB MATEMaTHYHO! CTATUCTHKH.

Bukijiax 0CHOBHOro marepiajy Aoc/igxeHHs. B 0CHOBI KOXXHOT TEXHIYHO CKIIQIHOU
CTIIOPTHUBHOI BIPABH JIEKaTh NIEBHI MEXaHI3MH, 3 BIZICYTHOCTI SIKUX IIF0 BIPABY 1 MOB'SI3aHOI 3
HUM DPYXOBHM 3aBJIaHHSIM MNPUHIMUINOBO He3nikicHeHHi [4, 8]. Ilepm 3a Bce, ne ¢izuuni

129



MEXaHI3MH, SKi TOBHHHI TIpM TIEBHUX YyMOBax CIpalbOBYBAaTH, Jal0Ud KOHKPETHUI
MeXaHIYHUHA eQeKT y BHIVIAAI NPOCTOPOBOTO pyXy, CHIJIOBOI B3aemopii, crabimizarmii
CcTaHoBUIIA 1 T. M. [4]. Pi3UYHI MeXaHI3MH MOXXYTh OyTH peali3oBaHi TIIbKUA MPHU HASBHOCTI
CYyMH TI€BHUX (DaKTOpiB, TOJIOBHHUHN 3 SIKUX — aKTUBHI Jii, 371iICHIOBaHI CAMUM CIIOPTCMEHOM.
Li xii, B KiHIIEBOMY MiJICyMKY, TaKOX 3BOJSTHCS /10 MEXaHIYHHMX €(EeKTiB M'S30BOI TSrH, i
SBIISIIOTH CO0OI0 (pizionoriunmii MexaHi3M gaHoi pyxoBoi mii. OOuaBa MeXaHi3MH [IIOTh B
HEPO3PUBHOMY 3B'SI3KYy OJIMH 3 OJHHM 1 OOYMOBJIIOIOTH IMPUHIIMIIOBY MOXJIMBICTH 1 TEXHIKY
BUKOHAHHS JAaHOI BIIPaBH, fKa, MO CYTi, 1 € TOJOBHUM MpPEIMETOM pOOOTH NpH HAaBYaHHI
BIIPaBi: BUKOHAHHS I[IJTICHOTO BIPaBU MPHHIMIIOBO MOYJIMBO TUIBKH B TOMY BHIIJIKy, KOJH 1
SIKIIIO BIPHO CIIPAIbOBYE 1IeH CyKYyITHUI OioMEeXaHIYHUI MeXaHi3M BIipaBH [4].

OnHUM 3 TOIMPEHUX METOJIB IMi3HAHHS O010JIOTTYHUX 00'€KTIB € MojaemtoBaHHs. Llei
METO]T TO3BOJISIE, BUKOPUCTOBYIOUH OCHOBHI 3aKOHH ()i3MKH, MEXaHIKH, MaTEeMaTHUKH, O10JI0Ti,
¢i3iosorii Ta iHIIMX HAYK, MOACHUTH (YHKIIOHAIBHY CTPYKTYPY IOCIHIIKYBAaHOTO IMPOLECY,
BUSIBUTH HOTO CyTTEBI 3B'SI3KM 3 30BHIIIHIMH 00'€KTaMH, BHYTPIIIHIO OpPraHi3amilo, OIiHUTH
KUIBKICHI XapakTepucTukd. Hailbinpln MoBHO BifoOpa)xkae THOCEOJIOTIUHY CYTh MOJENI
Bu3HaueHHs1 B.A. Illtoda [19]: "Ilix Momemmo po3yMieTbes Taka MOJYMKH IPEICTaBICHA

Yy MaTepiaJbHO pealli3oBaHa CHUCTEMa, sKa, BiJoOpakaroum ab0 BIATBOPIOIOYU 00'€KT
JOCIIJKCHHS, 3[JaTHA 3aMill[aTh WOTO TaK, IO il BUBYCHHS J]a€ HaM HOBY iH(opMarito mpo
neit 00'ext". Ilomyk aHanora opuriHajqy MOXIIMBUH Ha OCHOBI HACTYITHUX THIIIB MOJICICH:
Odemepminoeani moodeni — Mojelni, moOyaoBaHI Ha CHCTEMax airedpaiuHuX, perpeciiHux i
mudepeHIiaTbHUX PiBHSIHb, PIBHSHb B NPUBATHUX MOXIAHUX, CMAMUCMUYHI MOOei, MO0
MPOPOKYIOTH IMOBIPHICTH pi3HUX mofiii [3, 9-11].

VY mpoBeneHOMY MEAaroriyHOMy €KCIIEpUMEHTI MU BUBYAIIM OCOOIMBOCTI TEXHIKU MPH
BUKOHAaHHI OOKOBOTO yAapy PyKOIO Ha ONWKHIM AMCTaHI CIOPTCMEHIB pi3HOI KBawidikaii,
SKl CIEeLiali3yloThCs B PYKOMANIHOMY OO0 1 Ha I[ili OCHOBI pPO3pOOISIIM MOJENbHI
XapaKTePUCTHKHU CIIOPTHBHOI TEXHIKH.

HeoOxigHo Big3HA4YMTH, IO Y OOCTEKEHUX HaMHU KBai()iKOBaHHUX CIIOPTCMEHIB, SKi
CTIeLiaNi3yloThCsl B pyKOIMAIIHOMY OO0 BiACYyTHS miaroroda Qasza po3roHy, sK Ie Oyio
3a3HAQUYE€HO Yy BHCOKOKBali(iKOBaHUX cHopTcMeHiB. Ilicmsi MOYaTKOBOTO IMOJOMXKEHHS,
KBaJTi(hiKOBaHI CHOPTCMEHH BHUKOHYIOTh PyX BIEpeA N0 XOoay MailyTHeoro ymapy. Y
BHCOKOKBaJi(hiKOBaHUX CHOPTCMEHIB BiJ3HAYA€ThCA 3yCTPIYHHUM pyX — CHOYATKy Hazaj (1o
30UTBIIYE MUISAX 1 CTBOPIOE TEPEeIyMOBH Ui OLIBII YITKMMH CKPY4YYBaHHs), a 4epe3 KiJIbKa
MOMEHTIB 4Yacy pyX BIEpel 3 aKTHUBHMM IPOCYBaHHSM Ta3y i OOTOHOM BICCIO Ta3a BiCh
IIJICYEH.

s kBamiiKOBaHMX CIIOPTCMEHIB XapaKTepHO oOOepTambHUMl pyxu Tyinyba 3
OJTHOYACHUM PO3TMHAHHSM B IPABOMY KOJIIHOM 1 TOMUJIKOBOCTOITHOMY cyrio0ax. Takuit pyx
3a0e3rneuye TPOCYBaHHs IUICYOBOTO CYyriioda pyku, 1o O'e Brepen, MO B CBOK 4epry
J03BOJISIE  KUTbKa BUINEPEAWTH NPAaBUH Ta30CTETHOBHMA cCyrinob. Y  KBamidikoBaHHX
CHOPTCMEHIB MOMEHTH MaKCHMAaJbHOI HIBHUAKOCTI IUIEYOBOIO 1 JIKTHOBOTO CYTIOOiB, SIK
MPaBUJIO, HACTYNAIOTh paHillle MOMEHTY ynapy. I[Ipy 1mboMmy BiJ3Ha4arOThCS 3HAYHI BTPATH
HIBUAKOCTI JIKTHOBOTO cyryioda (puc. 1). ¥ okpeMHux CHOPTCMEHIB Ii BTpaTH CTaHOBWIH IO
1,5-2 mc.
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Puc. 1. CnimorpamMmmu AOCHIDKYBaHMX TOYOK Tijla MPU BUKOHAHHI OOKOBOTO ynapy
pykoo Ha OmmbKHIA aAucraHulii: A) - BHCOKOKBali(ikoBaHMM cropTcMeHoMm [-kx; B)

kBautipikoBanuM JI-10 (po3apyKiBKa 3 €KpaHy MOHITOPA)

BucHoBku. Y crnopTcMeHIB BHCOKOT KBamiikaiii BiJ3HAYA€THCS JOCHTH BHCOKA
Y3rOJKEHICTh BKIIFOUEHHSI OKpEeMUX O10JIaHIIOTIB MPU BUKOHAHHI OOKOBOTO yIapy pyKOIO Ha
OmWKHIA 1MucTaHmii. Y TOH e dYac He3HayHEe BHIIEPE/DKEHHS MaKCHUMyMYy IIBHAKOCTI
JTIKTHOBOTO CYIJI00a MOMEHTY YAapy, CBIAYUTH MPO HEOOXITHICTh MOJANBIIOI pOOOTH HaA
TEXHIKOI0 MaiCTpiB cnopTy. 3HauHi pe3epBH B LbOMY BiJHOIICHHI € Yy KBaJli(hiKOBaHUX
CIIOPTCMEHIB, a caMe: BIJICYTHs, SIK MpaBWIO, momepenHs ¢asa, MOB's3aHa 3 PyXoM Tasy i
IJICYOBOTO Cyrio0a CTOPOHW CIOpTCMEHA MmO O'€ Haszax MiclHs NPUUHATTSA TOYaTKOBO
MOJIOKEHHA (naHy (a3y NpUHHATO HAa3UBaTH B YAApHUX MiX 3aMaxoM); BiJ3HAYa€TbCA
HETIOCIIIIOBHE BKJIFOUEHHSI OKpEeMHX 010JaHOK B poOOTY, PO IIO CBIAYUTH JWHAMIKA 3MiHU
PE3yIBTYI0YOi MIBUAKOCTI OKPEMHX O10JaHOK.

Pazom 3 THM, HEOOXiZHO TaKOX BiJA3HAYMTH, MO Yy ¢iHANBHIA dYacTHHI (as3u
MIPOHECEHHSI CTOpOHU Oio3BeHa mio0 0'e, 3a Kilbka TUMYAacOBUX MOMEHTIB IO yaapy, Y
KBaTi(piKOBAaHMX CIIOPTCMEHIB BiJ3HAYAETHCS PyX Tasza Ha3aJ, MPOTU XOIy pyxy. BHacmimok
40ro, 30UIBIIYEThCS HAXWII TyJy0a BiJIHOCHO BEPTUKAII, 110 TAKOX MPU3BOAMTH JI0 3THHAHHS
B paBoOMy Ta30CTETHOBOMY cyrio0a.
PIMOBipHO, MOPYIIEHHS LITICHOCTI Ta MKOPCTKOCTI 010MEXaHIYHOI CUCTEMU BiOYBa€ThCS IIIE
0 MOMEHTY yJapy, MPU3BOJUTH 1O TOrO, IO IIBUAKICTH 0'€ JaHKU KBaTiikoBaHUX
CIOPTCMEHIB, SIKi CHEI1alli3yI0ThCs B PYKOIAITHOMY 0010 3HaYHO BTpAayae IIBUJIKICTb.

IlepcneKkTHBHM MOAAJBIINX JOCTIIKeHb OyIyTh IMOB’S3aHI 3 PO3POOKOIO KOHIICIIIIi
(dbopMyBaHHS 6a30BOi TEXHIKH PYKOIALTHOTO OO0 Y IOHUX CIIOPTCMEHIB.
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