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e Human movements are based on the
gravitational interaction between him
and the Earth.

e J1BMXKEHMA YenoBeKa CTPOATCHA, UCXoaA
M3 rPaBUTALMOHHOIO B3aUMOAENCTBUA
MeXAY HUM 1 3eMNEN.




* The result of the gravitational
interaction is the force of gravity of the

body.

e Pe3ynbTaTOM rpaBMTaLMOHHOTO
B3aMMOAENCTBUA ABNAETCA CUNA TAKECTU
Tena.




 The gravity of a body located near the
surface of the Earth can be determined by
the mass of the body m and the
acceleration of gravity g:
F=mg
e Cuna TAXKecTu Tena, Haxoasauwerocs B6am3u

NMOBEPXHOCTU 3EMJIN, MOKET ObITb
onpeaeneHa maccom Tesia m 1 YCKOpeEHNEM
cBoboaHOro nageHma g:



e Gravity is an external force relative to
the body of an athlete.

e Cuna TAXKECTU ABNAETCA NO OTHOLLEHUIO K
Te/qly CNOPTCMeEHa BHELIHEN CUNOMN.




 The force of gravity acting on the
physical body from the side of the Earth
is always directed vertically downwards
and is applied in the common center of
gravity of the body.

e Cuna TAXKecTn, AeNCTBYIOLLLAA HA
dU3nYecKoe Tes10 CO CTOPOHbI 3emnu,
BCeraa Hanpas/aeHa BEPTUKA/IbHO BHU3 U
NPUAOXKEHa B 0OLLLEM LEeHTpe TAXKECTH
Tena.







The mass of the Earth is almost constant,
and the force of gravity will depend on the
mass of the body and on the distance
between the body and the center of the
Earth.

Macca 3emnun - Be/iIMYnHaA NOYTH
NOCTOAHHAA, U CUNA TAXKECTM byaeT
3aBMCeTb OT MAcCCbl TeJsla U OT PACCTOAHMUA
MeXKay Te/IOM U LEeHTPOM 3eMn




 The acceleration of free fall is not the
same at different points on the surface
of the Earth, since its shape is an
ellipsoid.

* YcKopeHue cBoH60aAHOro naaeHus
HEeO4AMHAKOBO B Pa3/IMYHbIX TOYKaX Ha
NOBEPXHOCTU 3eMNUn, TaK KaK eé popma -
31nMncona.



e Mass of the body is the force with which
the body, due to attraction to the Earth,
acts on a support or suspension.

e [Mlaccoun Tena Ha3bIBAOT CUNY, C KOTOPOWU
TeN0 BCAeACTBUE NPUTAKEHUA K 3emne
NencTByeT Ha onopy Uan noasec.



 Therefore, the mass is applied not to the
body, but to the support or suspension.

e CnepoBaTenbHO, Macca NPUNOMKEHA He K
Teny, a K onope uam nogsecy.



e When the support and the body are
fixed, the mass of the body is exactly
equal to the gravity of this body.

e Korga onopa v Te/10 HeNnoABUMKHbI, TO
Macca Tena B TOYHOCTM paBHa cune
TAXECTU 3TOro Tena.



e When the body and the support move

with some acceleration, depending on

its direction, the body can feel either
weightlessness or overload.

e Korga Teno n onopa ABUMKYTCA C
HEKOTOPbIM YCKOPEHUEM, TO B
3aBMCMMOCTU OT €ro Harnpas/eHUs TeENO
MOMKET OLyLlaTb U1K HEBECOMOCTb, NN

neperpysKy.



e When the acceleration coincides in
direction and is equal to the
acceleration of gravity, the mass of the
body is zero: this state is called
weightlessness.

e Koraa yckopeHue coBnagaeT no
HanpPaBAEHUIO U PAaBHO YCKOPEHUIO
cBoboAHOro nageHms, macca Teaa paBHa
HY/110: 3TO COCTOsIHME Ha3blBaeTCA
HEeBECOMOCTbIO.




 Weightlessness is not only a cosmic
phenomenon. When running in the flight
phase, the runner is in a state of
weightlessness (the athlete does not act on
the support, because it is absent).

e HeBecomoCTb - 3TO HE TOJIbKO KOCMUYECKOE
aBneHue. Mpun 6ere B nonétHomn dase beryH
HaXoAMUTCA B COCTOSSHUN HEBECOMOCTU
(cnopTcMmeH He aencTByeT Ha onopy, MOTOMY
4YTO OHA OTCYTCTBYET).



Athletes in a state of weightlessness




When the acceleration of the movement of
the support is opposite to the acceleration of
free fall, the person experiences an overload.
This can be felt in a high-speed elevator that

goes up.

Koraa yckopeHune ABUXeHUA onopbl
NPOTMBOMNONOXHO YCKOPEHUIO CBOHOAHOTO
nageHunsa, Ye/I0BEK UCMNbITbIBAET NeEPErpysKy.
3TO MOXHO NOYYBCTBOBATb B CKOPOCTHOM
nnoTe, KOTOPbIN NOAHMMAETCA BBEPX.
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 The force of the support reaction acts on
the physical body from the side of the
support surface and can be decomposed
into two components - vertical and
horizontal.

 Cuna peakumm onopbl AEUCTBYET Ha
dUn3n4YecKoe Teno Co CTOPOHbI
NMOBEPXHOCTU OMNOPbI U MOXKET ObITb
PA3/10XKeHa Ha ABe cocTaBaAolWwme —
BEPTUKANbHYIO U TOPU3OHTA/IbHYIO.




Ffnl

Fa
F res. .

I Frichon
"WEH; it

Air Rasistance

4
I 4
‘ Force applied
Friction l
‘-—
T Body Weight

Ground Reaction Force



I Normal force




FREE BODY DIAGRAM

'

Normal force

Applied force 1 Applied force 2
4 & b

< >

Friction 1 | Friction 2

Gravitational force



e Horizontal in most cases is a friction
force, the patterns of which will be
discussed below.

* [OopM3oHTa/bHAA B BONbLLUMHCTBE CNYYaAEB
npeacTtasaseTr cobom cmny TpeHums,
3aKOHOMEPHOCTMN KOTOpou byayT
PACCMOTPEHDbI HUXKE.



 The vertical component of the support
reaction force is numerically determined
by the following formula :

R=ma+ mg,

where a is the acceleration of the center
of mass of the body in contact with the
support.



e BepTMKanbHaa cocTaBAAOLLAA CUbI
peaKkLuun onopbl YNCAEHHO
onpeaenaeTca cneayowmum
COOTHOLUEHUNEM:

R=ma+ mg

roe a — YCKOpeHue LeHTpa Mmacc Tena,
Haxo4ALEeroca B KOHTaAKTe C OMNOPOMN.



Elastic force. During deformation of a solid
body under the action of applied forces,
elastic forces arise.

Cunbl ynpyroctu. lNpu aepopmaumnm
TBEPAOro Tena noa AeUcTBnem
NPUNOXKEHHbIX CUJ1 BOSHMKAOT CUJIbI
VYMPYrocTu.



 The interaction of bodies will be elastic

only in the case when, after removing

the load, the body regains its shape at
the expense of elastic forces.

 B3anmopencrtsume ten byaet ynpyrmm
TO/IbKO B TOM C/ly4ae, Koraa nocne

CHATMA HArpy3KM Teao BOCCTaHaBANBAET
CBOIO GOPMY 33 CHET CU YNPYTroCTw.



* During sports exercises, elastic
interactions arise with such sports
equipment as a springboard, crossbar,
parallel bars, athletics track, etc.

* [pn CNOPTUBHDIX YNPa*KHEHUAX
BO3HUKAIOT yrpyrue B3auMoaencTBmsa C
TaKUMM CNOPTUBHbIMM CHAPAAAMMN KaK

TPaMNJIMH, NepeknagmnHa, bpycoa,

NIErKOATNEeTUYECKAA AOPOXKKa U T.4,



 The athlete deforms the object of the

external environment. It interacts with it

due to its mass and developed muscular
efforts.

e CnopTcmeH aedopMmuUpyeT 0ObeKT
BHewHen cpeabl. OH B3aMMOAENCTBYET C
HUM 32 CYET CBOEWU MACCbI U
PA3BMBAEMbIX MbILLUEYHbIX YCUIUMN.



 The object will be deformed until the
force of the deformation becomes equal
to the maximum force with which the
athlete acts on him.

e ObbeKT byaet aedopmMmnpPoOBaATLCA A0 TEX
nop, NoKa cuna gedopmaumm He CTaHeT
PAaBHOW MaKCUMaNbHOU cCUie, C KOTOPOU

CMNOPTCMEH AEUNCTBYET Ha Hero.



e When the action of the deforming force
ceases, the potential energy of elastic
deformation passes into the kinetic,
transmitted to the body of the athlete.

e Koroa aencresme oedopmmpyroLen cunbl
npeKkpallaeTca, NoTeHUMANbHAA SHEPIrmA
ynpyron aedpopmauuu nepexoauT B
KWHETUYECKYLo, nepeaaBaemyto Teny
CNOPTCMEHaA.




The force of elasticity depends on the
properties of a deformable body, expressed
by the coefficient of elasticity K, and of the

change in its shape I:

F = - KAl

Cunna ynpyroctn 3aBUCUT OT CBOUCTB
nedpopmunupyemoro Tena, Bblparkaemblx
KoadodunumeHTom ynpyroctu K, u BennymHbl
nameHeHuma ero popmol Al:

Funo, = — KA



* The force of friction may manifest in two
ways. This may be the force of friction
that occurs when walking and running,

as the horizontal reaction of the
support.

 Cuna TpeHna MoXeT NPoABaATb cebs
NBOAKO. ITO MOKET bbITb CMNa TPEHUA,
BO3HMKatoLWaa npu xoabbe n bere, Kak
rOpuU30OHTaIbHAA PeaKumna onopbi.



 The body link interacting with the
support does not move relative to the
latter, and the friction force is called the
“friction-rest force”.

e 3BEeHO Tesa, B3auMOAEeNCTBYOLLEe C
ONOpOU, He nNepemelLlaeTcs
OTHOCUTE/IbHO NOCAeAHEN, U CUNA
TPEHMNA HAa3bIBAETCA "CUNOUN TPEHUSA-



* |n other cases, there is a relative
movement of the interacting links, and
the resulting force is a friction-slip force.

e B Apyrux ciyyanax UMeeT MecTo
OTHOCUTE/IbHOE NnepemeLleHne
B3aUMOAENCTBYIOLWMNX 3BEHLEB, U
BO3HMKalOLLLAA cMNa NpeacTaBaseT coboi
CUNY TPEHUA-CKOJIbXKEHMUA.



 The magnitude of the friction-rest is equal
to the magnitude of the applied force
tending to move the body. This situation is
most typical for bobsledding. If the
projectile being moved is at rest, then a
certain force must be applied to begin its
movement.

 BennymHa TPEeHUA-NOKOA PaBHA BeINYUNHE
npuaaraemoun Cuabl, CTPEMALLENCA CABUHYTb
Teno. Takasa cntyauma Hambonee xapaKkTepHa
ana 6obcnesn. Ecnmn nepemeltaembiv CHapAaa,
Haxo4ATCA B NOKOe, TO ANA HAaYyana ero
nepemeLleHma Heobxoa4nmo NPUIOHKNUTb

|, ! onpeaeneHHyrw cuny.

- " e ™ -




 When the shear force exceeds the limit
value, the body begins to move, slide. Here
the friction-sliding force becomes somewhat
less than the friction-rest limit value at which
the movement begins.

e [lpn npeBbILLEHUU CABUTALOLLLEN CUNOU
npeaenbHOro 3Ha4eHus, Teno Ha4ynHaer
nepemew,atbCcs, CKONb3UTb. 34eCb CUNA

TPEHMA-CKONbKEHMNA CTAHOBUTCA HECKO/IbKO

: MEeHbLLEe NpeaenbHOro 3Ha4YeHUs TPEHUA-

™Y nokos, Npy KOTOPOM HauyMHaeTCA ABUNKEHME.

- . |




 For most sports movements, it can be
considered approximately constant,
defined by the following formula:

F=kR
 where k is the coefficient of friction, and
R is the normal (perpendicular to the

surface) component of the support
reaction.




e 1na 60NbLWIMHCTBA CMNOPTUBHbIX ABUKEHUNN
MOXHO CYMUTATb ee NpUbAN3NUTENBHO
NOCTOAHHOW, oNpeaensaemMoun cneayowmnm
COOTHOLIEHUNEM:

F =kR

 roe k — KoapPpuumeHT TpeHuna, a R —
HOpMa/ibHasa (mepneHaAnKynApHasa K
NOBEPXHOCTU) COCTAaBNAOLLLAA peaKLUUn
onopbl.



 The forces of friction in sports movements,
as a rule, play a positive and negative role.
On the one hand, without frictional force,
it is impossible to ensure horizontal
movement of the athlete’s body.

e CuAnbl TPEHNA B CNOPTUBHbBIX ABUKEHUAX
BbINMO/HAIOT, KaK NpPaBu/Io, U
NOJIOXKUTENbHYIO M OTPULLATENbHYIO PO/ib. C
OHOW CTOPOHbI, 6e3 cnabl TpeHnA
HEBO3MOKHO 0becneymnTb ropnu3oHTaIbHOE
nepemelleHme Teaa CnopTCMeHa.




e For example, in all disciplines related to
running, jJumping, in sports and martial
arts, they seek to increase the coefficient
of friction between sports shoes and the
surface of the support.

e Hanpumep, BO BCEX ANCLUUNINHAX,
CBA3aHHbIX C 6erom, NpbiXKKamu, B
CMOPTUBHbIX UTPaxX U eaAnHOBOPCTBAX
CTPEMATCA YBE/IMYNTb KOSIPPULUMEHT TPEHUA
MeXay CNopTUBHOM 0OYBbIO U
NOBEPXHOCTbIO OMOPbI.







 On the other hand, during the competition
in skiing, ski jumping, luge, bobsled,
downhill, the first task that provides high
sports results is to reduce friction.

e C Apyron CTOPOHbI, BO Bpems
COpPEBHOBAHWUW NO NbIXXHOMY CNOPTY,
NPbIXKKaM C TPaMMJIMHA Ha NbIXKaXx, Mo

CaHHOMY cnopTy, bobcneto, CKOPOCTHOMY
CNYCKY NepBeunLlen 3a4a4yen,
obecneymBatoLlEen BbICOKMMN CNOPTUBHbIN
pe3ynbraT, ABAAETCA YMEHbLUEHUE
BE/IMYMUHbI TPEHMUA.




* The force of friction is the basis for
creating a whole class of training
devices, for developing the specific
qualities of an athlete, such as strength
and endurance.

e Cuna TpeHua ABNAETCca OCHOBOMW ANA
CO34aHNA Lenoro Kaacca TpeHa*KepHbIX
YCTPOUCTB, ANA Pa3BUTUA
cneumnPuyYeckmnx KayectB CMOPTCMEH],
TaKUX, KaK CU1a U BbIHOCIUBOCTbD.




* Forces of environmental resistance.

When performing sports exercises, the

human body is always experiencing the
effect of the environment.

 CnNbl CONPOTUBNEHUA OKPYKAtOLLLEN
cpeabl. [1pn BbINONHEHUWN CMOPTUBHDIX

VNpaXXHeHNN TeNo YenoBeKa Bceraa

MCMNbITbIBAaeT AENCTBMNE OKPYKAtOLLEN

cpeapbl.



 The force acting on the part of a flow
incident on a moving body can be
represented of two components.

e Cuna, nencTByoLLAA CO CTOPOHDI

Ha/NeTaloLWero Ha ABUKyLleecs Teno

NOTOKa, MOKeT bbITb NpeacTaBieHa
NBYMA CaraembiMMm.



 These are the drag force directed in the
direction opposite to the body movement
and the lifting force acting perpendicular to
the direction of movement.

e 3TO — cma Nob6oBOro CONPOTUBNEHMUS,
HanpaB/AeHHas B CTOPOHY,
NPOTMBOMONOKHYIO ABUKEHUIO TENA, U
nogbemHaa cuna, AeUCTBYOLLaA
nepneHamnKyaAapHO HanpaBaeHUo
NBUMKEHUA.



e When performing sports movements,
the resistance forces depend on the
density of the medium p, the velocity of
the body V relative to the medium, the
area of the body S, perpendicular to the
incident flow of the medium and the
coefficient C depending on the shape of
the body:

* F_., = CSpV?

conp
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e [Tpu BbINOAHEHUU CNOPTUBHDbIX
NBUXEHWUWN CUIbl CONPOTUBNEHNA 3aBUCAT
OT NJIOTHOCTK cpeabl P, CKOPOCTM Tena V
OTHOCUTENbHO cpeabl, naowaamn tena S,
nepneHanKynIpHON HaneTatoLemy
NOTOKY cpeabl n KosappuumeHta C,
3aBUcALLEro ot opmbl Tena:

* Feonn = CSPV?

conp



Support force
due to the road

Traction due to
the road

Resistance force due

to air and the roa

Gravity/Weight
due to the Earth
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