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Abstract

Background. The kinetic chain of the serve stroke is a coordinated activation of body segments (legs, torso,
shoulders, arms, and hands) that begins with the ground reaction force against the legs on the ground and ends with
racket acceleration through the ball. The objective of this study is to place the end segment, hand, and racket in an
optimal position at an optimal speed to "make the ball travel" as best as possible. The efficient use of the kinetic chain
segment creates a much greater racket velocity than its parts. On the contrary, a broken kinetic chain makes the ball
speed less optimal and can even lead to injury. However, the reality is that the kinetic chain movement and ball speed
rate cannot be seen simply using the observation method. Thus, a specific technology is needed to diagnose it.
Objectives. This study aimed to develop a digitalized system of software to help measure the ball speed rate based on
the kinetic chain of the serve stroke.

Materials and methods. The research method employed in this study was research and development (R&D). The
data were collected by recording videos of 10 professional athletes’ serve strokes. These videos were then analyzed
using software to check their movement angles.

Results. The findings showed that the average angles were as follows: elbow = 120.490, shoulder = 166.010,

hip = 165.330, knee = 165.880, ankle = 173.790, and ball speed = 24.33 m/s.

Conclusions. Some conclusions were drawn from this study. First, the more significant portion of the kinetic energy
of force produced in a serve was developed on the legs and body torso. Every segment generated force and acted as a
stabilizer structure for the next segment’s activity. Fifty-one percent of kinetic energy and 54 up to 60 percent of the
total force were produced this way. Second, the kinetic chain was oriented towards changing the linear or straight-
line momentum into an angular or rotational momentum around the stable pillar leg. Third, each segment had tilting
or stabilization and acceleration phases. Fourth, a big and fast movement was needed in the joints, especially the
shoulders. Finally, the broken segment or kinetic chain reduced the ultimate force or energy available to travel the
ball and put enormous pressure on the surrounding segments. A decrease in kinetic energy by 10 percent from the
hip or body to the shoulder while doing the serve required an increase in the shoulder’s rotation by 14 percent or an
increase in the shoulder’s mass by 22 percent to create the same kinetic energy on the hands and racket. There were
some reasons for the broken kinetic chain, but the most general ones included muscle weakness, inflexibility, joint
injury, and poor stroke mechanics.

Keywords: kinetic chain, technology, serve, tennis.

Introduction rotation and placement (Martin, 2018). The serve speed is
one of a determining factor of tennis performance (Colomar
et al., 2022; Fett et al,, 2020). An athlete’s ability to get the
first serve ball speed is an important element of a successful
game (Maquirriain et al., 2016) and a major advantage for
a player (Martinez-Gallego et al., 2020). A good first serve

In tennis, every game begins with a serve (Fett et al,,
2020). An effective, hard and accurate serve is what all ath-
letes dream of. The main keys to a successful serve are speed,
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Wahyudi, A., & Adi S., 2025. makes the opponent feel pressured and less optimal to return

it, allowing a server to have greater chance for points than
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! LLCOVS

601



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 3

rally points in a short time with a percentage of points won
by 72-81% (Hizan et al., 2011). In addition, a successful first
serve has developed into a powerful tool for gaining imme-
diate points or taking instant initiative in a rally (Keller et al.,
2021). Based on the research data in the field, male tennis
players have 65% (Australia Open and France Open) and
70% (Wimbledon) change of winning if the first serve can be
maintained during the match (Meffert et al., 2018).

A kinetic chain begins from the legs, develops to the hip,
body torso, upper arms, lower arms, and eventually to the hands
and the racket (Fu et al., 2018; Terré et al., 2024). The right
kinetic chain (movement execution, technical skills, kinetic
chain coordination) is needed by professional players (Fett et
al,, 2021). In a kinetic chain, the hip is the connector between
the legs and the body, and abdominis is the connector between
pelvic girdle and shoulder girdle. The pelvis and body torso are
a vital connector in a set of actions while doing the serve.

Interestingly, from the biomechanic perspective, a serve
is characterized by a bottle-opening movement, after the ball
is thrown, the serving arm moves behind the body and the
vertebral column is laterally bent and hyperextended with
the lower body fully loaded. The racket and arm acceleration
when serving before the impact point is accompanied by
counter-rotational acceleration of the lumbar spine, from
hyperextension to flexion from right rotation to left rotation
(Kovacs & Ellenbecker, 2011). When starting the service, the
front foot is placed to the right net post and the back foot is
parallel to the baseline. The front heel and the back toes are
aligned to create stability (Fett et al., 2021).

Considering the problems above, it is important to
conduct research analyzing the kinetic chain (Liang et al.,
2023) in producing a serve stroke that has high speed and
accuracy. Nevertheless,aserviceisthemostdifficulttechnique
to master compared to other techniques as it needs a complex
combination and coordination of joints and leg movements
required to transfer force from the bottom to the racket head
known as the kinetic chain (Kovacs & Ellenbecker, 2011).
Hence, a precise and in-depth investigation on kinetic chain
is needed to generate an optimal stroke. It will surely be not
an easy task if a coach analyzes this kinetic chain and predict
the resulting ball speed when they only rely on observation
without involving any science and technology in it.

Most studies on kinetic chain start from the lower limbs
up and the body torso joint movements (Wagner et al.,
2014), racket and ball kinematics (Whiteside et al., 2013),
gender, age, performance, and injury-related kinematics
(Campbell, 2013), the effects of flat or slice serves (Carboch
et al., 2018), and body and ball kinematics in deuce and
Ad situations (Fett et al., 2021). However, to the best of
researchers’ knowledge, no studies have been conducted
on the predicted correlation between the kinetic chain of
service stroke and the produced ball speed rate. The analysis
was done through the kinetic chain at the time of ball impact
(Eaton et al.,, 2013). In each phase (Wang et al.,, 2021), the
kinetic chain angle of the athlete’s biomechanical movements
during service will be read, including: elbow, shoulder, hip,
knee and ankle (Fleisig et al., 2003; Parunchaya et al., 2025).
The analysis was carried out using a readily accessible and
operatable Android-based application to make it easier for
coaches to analyze the athletes’ movement problems. This
application system works by reading one athlete’s movement
into several detailed series of movements taken from live

video recordings or replays, then connected to an Android
mobile phone or computer that has the application installed.
The application was also designed to automatically read the
ball speed as the athlete did the serve (Zhao et al.,, 2019).

Materials and Methods

Participants of Study

Research and Development (R&D) was used for
the current research with quantitative data. The research
population consisted of 5 male 12th-grade student national
athletes of Central Java and 5 male athletes from Tennis
Club at UNNES. As every individual in the population
participated in the research, the sample reached saturation,
with the only criterion being male athletes, resulting in a
total of 10 athletes as the sample.

Organization of Study

For this research with experimental design, the data
were collected by distributing questionnaire to experts
to allow them to determine whether the instrument was
valid or not. The test was done in three repetitions. A ball
launcher and a camcorder were used in the test. In addition,
the camcorder was integrated to an Android mobile phone
to record the video. The product developed in this research
was SBM-03 application. Its design allowed the researcher to
predict the speed of forehand stroke as shown by the angle
of biomechanic movement when the ball impact occurred.

This product observed the biomechanic movement of
some body parts involved in the movement such as hips,
ankles, shoulders, knees, and elbows at the moment of ball
contact. Additionally, the system was capable of automati-
cally computing the angle. Furthermore, it collected data
from pictures of tennis players employing an image acquisi-
tion circuit of Modbus IoT (Internet of Things) sensor. The
product utilized the principle known as human pose detec-
tion to measure the player’s movement angle, using 32 points
on the body, while tracking the speed of the ball. Once the
numbers regarding angles of movement and ball speed were
obtained, they were then saved in Excel as the deliverables.

The procedures for developing the research involved:
1) analyzing the product, 2) developing the software and

Table 1. Main Components of Software

Icon Function

Python 3 Essential Training

>

Visual Studio

[

Software Name

Python 3

A programming language
used as communication
to make it possible to
track objects. In this case
the objects were human
beings and a tennis ball.

VS Code To edit the programming

language.

To link the webcam to
the computer via a Wi-Fi
connection.

Trun
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Table 2. Main Components of Hardware

Hardware Name Figure Function
Webcam Used to record videos real-
time at the predetermined
corner of the court.
|
Tripod Tripod For Mobile & Camera Serving to support the

webcam in recording the
video.

Surveyor’s tape To determine the angle
from which the video was
taken and the dimensions

of the court.

Detect
the ball

Detect
humans

Human Pose Detection
(looking for a corner)

Speed Detection
(Detect Ball Speed)

I

The data is
saved in exel

Realtime/recorder
video centure

product prototypes, 3) having the product assessed by
experts, 4) testing the product, and 5) revising the product.

The research started with an analysis of the components
to be used. The product’s output would be data on ball speed
and poses of the players while the game was ongoing. The
data needed were spatial ones in RGB format the frame of
which contained the players and the ball. Below is the list of
main components used.

The movement angle of players was detected based on
the so-called human pose detection principle, that had 32
points on the body and the speed of the ball was also tracked.
The deliverables of this athlete movement and ball speed
detection were saved in Excel. The flowchart of how this
system worked is as follows:

Statistical Analysis

Since descriptive, inferential analysis with Two-Way
ANOVA classification was employed in this study, the
following formula was used.

Angel pose
detected

Ball speed
detected

Pose angel detection Data stored in exel
and ball speed form

22.724948171967251)
161.6427304124193
160.1081947671825
159.20120584562066

Results of angle and velocity
measurement (up to date) ::>

143.02392309881526
91.30m/s

Fig. 1. Workflow of System

Table 3. Average ball impact of athletes’ first serve

No Player’s EIbows Shoulders Hips Knees Ankle Ball Speed, m/s
1 A 108.53 163.83 172.07 179.98 169.32 26.8
2 B 33.85 151.38 161.34 176.89 166.19 24.8
3 C 95.19 157.27 165.08 175.69 174.48 24.67
4 D 155.08 170.1 165.64 179.64 178.56 24.54
5 E 176.29 174.09 162.73 162.6 174.3 24.22
6 F 159.55 164.71 162.48 174.7 177.8 24
7 G 152.58 168.01 166.09 168.42 164.75 23.75
8 H 62.84 178.84 177.6 168.8 168.85 23.54
9 I 111.16 173.82 164.93 176.64 169.3 23.52
10 ] 149.84 158.08 160.81 174.61 173.78 23.47
Avarage 120.491 166.013 165.877 173.797 171.733 24.331
SD 44.076269 8.193724489 4.950935366 5.237692335 4.486457511 0.946503566
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F= % > Fk—1; n—k or Sig. (P_value)

Where:
JKa =nS X? -

JKd = JKsmk

JKT = Jka + JKd

df JKa = k-1

df JKd = N-k

To make sure that the results were accurate, this research
used SPSS version 25. Figure 1 shows the sample tested in
the trial. Furthermore, it presents how the system product
functions.

rx?
k

Results

This study on serve stroke was conducted at tennis
courts of GOR Jati Diri, Semarang Municipality, on 16
October 2024. In the first serve stroke trial with 10 athletes
in 10 repetitions respectively, and after being calculated on
average, the following results were obtained:

Table 3 shows that when the ball made contact, the
angles, on average, were 171.730 for ankles, 173.790 for
knees, 165.880 for hips, 166.010 for shoulders, and 120.490
for elbows with the ball speed being 24.33 m/s at 0.95 ball
speed standard deviation. From these findings, it could be
said that the software could measure the angles of kinetic
chain and the speed of the ball in an accurate manner. Upon
analyzing as many as 206 frames, every stroke was computed
by the system. All that the researchers needed to do was
deciding on the point to make the ball impact optimal and
analyzing every movement as per the movement mechanics.

The body parts acted as a system of chain links where
energy (or force) was produced by one of the chain links (or
body parts), transferred in sequence to the next chain link.
Its application in the serve was as follows:

Discussion

This research aimed at analyzing the kinetic chain of
serve stroke using a digitalization technology. The main
problem was how to measure the angle of joint kinetic
chain and racket speed to produce an optimal ball speed.
In general, the angles of joint kinetic chain and racket speed
could be measured well by the product.

167,63

165,88

166,01
20,49

mElbows mShoulders m Hips

In a serve, there were a number of similarities that were
prerequisites for the stroke to be executed most efficiently
and effectively. The first one was stable foundation. The legs
should be parallel, open, and positioned sideways to allow
the knees to do some flexion and develop the lower and
upper body rotational momentum. Greater knee flexion
during preparation contributes to racquet speed (Hornestam
et al., 2021).The second one was simultaneous movement of
both arms. The throwing arm followed the line of rotation
of the body when the hitting arm was in the cocked position
(racket face closed). This closed racket position was best
achieved with a proper (continental) serve grip. As both of
their arms working together in such a way, the player would
be better able to achieve the desired trunk and shoulder
rotation. The third one was the hitting phase. This phase
began when the hitting hips, body and shoulder rotated. This
was followed by the deceleration of the right hip (blocker),
which allowed the transfer of energy to the shoulder and
arm. The shoulder internal rotation (front elbow) affected the
racket’s fall continuity and the elbow’s forward acceleration.
The fourth one was extension movement. The racket started
to rise quickly on the edge. This allowed for optimal shoulder
internal rotation and forearm pronation. The fifth one was
contact. At this point, the full extension of the hitting side
was shown. The forearm pronation and the wrist outward
rotation continued until impact. When contact occurred,
the vertical racket speed was positively related to the hip
rotation (Vacek et al., 2023). The ball speed was also affected
by whether the head angle was opened or closed (Vaverka et
al.,, 2018). To optimize the high racket head speed, flexibility
of hands and upper arms as well as trunk and shoulder
internal rotations were needed (Delgado-Garcia et al., 2019).
Some studies reported that when the contact occurred,
the elbow was not fully extended (Fett et al., 2021) since
it would reduce the pathological risk such as loose body
formation. Just like the elbow, when the serve contacted,
the configuration of the shoulder joint could cause pain
and pathology (Gillet et al., 2017). The sixth similarity was
deceleration. After a powerful ball-hitting motion and a long
follow-through, the player regained their balance.

To produce kinetic chain force efficiently for a serve,
four common points in the kinetic chain sequence were
needed. First, the leg/hip segment needed some degree of
knee flexion when cocking. Knee extension from flexion
then provided upward linear momentum, transferring the

173,79

Knees m Ankles

m Ball Speed

Fig. 2. Mean Kinetic Chain of First Serve Impact
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Table 4. Working System of Serve Kinetic Chain

Body Part Description
Leg drive Increases velocity of hip
Trunk and shoulders Increases shoulders velocity
rotation
Upper arm Increases elbow velocity
Elevation Aligns the racket for impact and Increases wrist velocity

Forearm extension and
pronation

Hand flexion

Hip rotation

Trunk rotation

Rotation of the arm about
the shoulder (power loop)

Elbow Extention — Forearm
pronation

Wrist flexion

Follow through and landing
foot

Increases racket speed

The second part of the link in the chain is the use of the hips.

The Advanced player will transfer the power generated by the knees to the trunk through the hips.

Hip rotation occurs after the knees bend, and then straighten. Such an action upwards drivers the
shoulder up and out which forces the racket further down the back of the server. This phenomenon is
called displacement and requires excellent co-ordination.

Once the force has been transferred from the ground, through the legs to the hips, and the hips achieve
maximum rotation speed, then trunk is rotated. Most good servers have considerable trunk rotation.
Note that as the trunk rotates the left arm is tucked in front of and across the body. This arm action acts to
decelerate the trunk rotation thus allowing the arm to accelerate out towards the target.

Following the trunk rotation, the next link in the system is the rotation of the arm about the shoulders.
When the arm is at the bottom of the backswing behind the back, it is externally rotated at the shoulder.
On the upward or forward swing, the upper arm internally rotates at a very high speed.

The next part of the link involves the elbow in two ways:

The elbow extends from position when the racket is behind the back (in the power loop), and
Pronation (turning outward) of the forearm and hand around the elbow occurs

The speed of these two actions is very high and care should be taken to avoid injury.

In the backswing (behind the back) and early forward swing the wrist is hyperextended (the hand bends
back at the wrist). As the racket head accelerates towards the impact points, the hand flexes at the wrist
until, at impact, it is relatively straight compared to the forearm, and then racket head continues at high
speed so that the wrist flexes.

The wrist action from a hyperextended positition, through to a straight (at impact) and then flexed
position (after impact), is the final stage in the chain of links which produces a powerful serve.

The completion of the weight transfer forward moves the body into the court. The face of the racket does
an outward rotation that reduces the strain of the shoulder joint.
The racket moves across the body and decelerates. The body starts to recover its balance for the next shot.

ground reaction forces to the body (Fett et al., 2021). The
leg in the back provided most of the upward and forward
thrust, while the front leg provided a stable pole to allow
for rotational momentum. This created a “pushing” motion
from the ground to the racket. Second, the body and scapula
had to rotate and retract, to allow for a shoulder/arm
position when cocking. This served to store a full tank of
energy. A stable body position allowed a quick acceleration
to the ball. Third, the shoulder needed to rotate externally
and abducted horizontally to reach the cock, and rotated
internally while accelerating. The shoulder internal rotation
from the cocked position to acceleration was the single most
important biomechanical variable in the kinetic chain of a
serve, had the highest speed, occurred the closest to the ball
impact, and allowed maximum acceleration through the ball
(Moreno-Pérez et al., 2019).

The flexibility and internal rotation of the upper shoulder
during the rotation phase played an important role in racket
(Antrenmanlarin, 2020; Martin et al., 2014; Sogiit, 2017).
The acceleration phase began with maximum lateral rotation

of the shoulder at the end of the cocking phase (Zappala
et al., 2017). Finally, the forearm pronated to accelerate
the racket through the hitting zone. This movement was
combined with internal rotation of the shoulder (Whiteside
etal., 2013).

The capacity to increase the absolute ball speed started
with lower body mechanics and followed by that of the upper
body (Butler et al., 2020; Gallo-Salazar et al., 2017). It is
importantforangleand shouldertobetiltedandaccompanied
by knee flexion (Anttnez et al., 2012). The knee extension
during trunk/scapular rotation acceleration reached the
“full tank of energy” while tilting external shoulder rotation
(backward) and internal rotation (forward). (Zhang & Chen,
2024)suggested that internal rotation of the humerus and
pronation of the forearm contributed to the effectiveness of
tennis strokes. The same applied to the forearm pronation
(outward rotation of the wrist) (Palmer et al., 2018).

The advantages of this research product included its ease
and practicality for use as well as its effectiveness to measure
the kinetic chain and the resulting ball speed. Nevertheless,
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this product still had its limitations, such the different
correlation between measurement angle of kinetic chain and
the resulting ball speed among players. It was possible that
this was a result of some factors, including heights, weights,
arm length and angel position when the video was taken.

The previous studies showed that arm length and height
affected the serve speed (Ma et al., 2024). The correlation
of first serve between anthropometry and speed: height,
upper arm length, arm circumference and Body Mass Index
BMI (Moreno-Pérez et al., 2019). A significant correlation
occurred between serve speed and BMI, and this was
associated with the potential increased muscle mass on
power (Vaverka and Cernosek, 2013).

The challenge to deal with was to find a way to increase
the accuracy degree of ball speed and the joint kinetic chain
angle despite the athletes’ different anatomical structure.
Regardless of this challenge, this research had its own added
value thanks to the ease of collecting its data, where only
smartphone or Android mobile phone was sufficient to
collect the data and analyze the kinetic chain and ball speed
while performing the serve stroke.

Conclusions

The serve stroke technique could be assessed and
measured using this tool. It is suggested for coaches and
athletes to use this tool to consider the effectiveness of kinetic
chain of serve stroke technique to generate an optimal ball
speed. When differences in movement are spotted, this
software would be able to identify what goes wrong in the
movement, enabling coaches to apply a corrective strategy in
the following practice session. It is recommended for future
research to consider other variables such as height, weight,
arm length and to use camera from multiple angles to make
the product analysis more precise and accurate.
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BiomexaHiYHNN aHaNi3 KIHETUYHOrO NlaHLora pyxy
nopavi Woa0 NPorHo3yBaHHA WBUAKOCTI NONbOTY
M’AYa WwnAaxom po3pobneHHa gopaTtky SBM-03

Piko IpaBan'AB°PE, Bam6awur Ipiitono'4P, CoemxaTmiko'?P,
Imam Yintaninr Baxsro Canroco'*®P, Aryur Baxbioni'“F, Agi C'ABCP

'CeMapaHICbKUII Iep>KaBHMI YHiBepCcUTET
ABTOpPCHKMIT BKTAJ: A — Am3aits gocnipkenHs; B — 36ip ganux; C — crarananis; D — migroroska pykormucy; E — 36ip komtis

Pedepar. Crarts: 8 c., 4 Tabn., 2 puc., 39 mxepern.

IcTopisa nurannsa. KineTHyHMit MTaHIIOT yAapy Iijl Yac BUKOHAHHSA HOJlavi NpeficTaBIsie co6010 CKOOPJVHOBAHY aKTUBAIil0
CerMeHTIB Tija (Hir, Tymy6a, miedeit, pyK i KMCTel), siKa TOYMHAETHCS 3 MOMEHTY CU/IU Peakllii Omopu, 110 BUHUKAE Y BiAIOBIAb Ha
THCK HOTOIO Ha OIIOPY i 3aBepIIYEThCS IPUCKOPEHHSM YAAPY PAKeTKOI0 O Ms19y. MeTa 1IbOro ZOC/Ii/PKeHHS IO/IATAE B TTO3MLII0-
HYBaHHI KiHLIEBOTO CETMEHTA, KICTi PYKI Ta PAKETKM B ONTUMA/JbHOMY ITOJIOXKEHHI 3 ONTMMAa/IbHOK IIBUAKICTIO 3311 AKOMOTa
eeKTUBHIIIOrO «3abe3IedeH s TOIBOTY M s14a». EQeKTHBHEe BUKOPUCTAHH CETMeHTa KiHeTYHOTO IAHIII0Ta CTBOPIOE Habarato
Oi/IblITy IBMUAKICTD PaKeTKH, HDK J1oro ckraosux. HatoMicTb posipBaHmil KiHeTHYHNUIT JIAHIOT CIIPUYMHSAE MEHII ONTUMAJIbHY
MIBUJIKICTD MOBOTY M A4 i HABITH MOXKe IIPU3BECTH [0 TpaBMyBaHHA. OHAK HACHpaB/i pyX KiHETMYHOTO JTAHIIIOra i MOKa3HMK
HIBUIKOCTi TIONMBOTY M’9a HEMOYK/IMBO IIOMITUTH JIAILE 34 SOIIOMOTO o6cepBauiI71Horo MeTopy. ToMy fyi [iarHOCTUKM 1IbOTO
Ipolecy HeoOXifjHe BIIPOBaJPKEHHS CIIellia/IbHOI TeXHOJIOT.

Mera po6orn. MeTo 1bOro JOCTImKEeHHsI 6710 po3pobuT 1ydpoBy CUCTEMY IIPOTPAMHOrO 3a0e3NevYeHHs IS BUMIpIo-
BaHHA IIOKa3HMKIB MIBUAKOCTI IIOJIbOTY M ’S149a Ha OCHOBI KiHETUYHOTO JIAHIIIOTA YAApPY IIifi YaC BUKOHAHHA MOfadi.

Marepianu Ta MeTogu. Y ImpencTaB/eHill HayKOBill Ipalli 3aCTOCOBAaHO METOAMKY HayKOBO-JOCTITHMUX Ta JOCIiIHO-KOH-
CTPYKTOPCHKMX pobiT. 36ip AaHuX 3pilicHIOBaBCA HUIAXoM ¢ikcanii Bifjeosanucis ygapis mip 9ac mopagi 10 cmoprcMeHiB-mpo-
¢ecionanis. 3rofom oTpuMaHi Bifeosarmucu 6y IpoaHaIi3oBaHi 3a JOIOMOTOK IIPOrPaMHOroO 3a0esIedeHHs /IS [epeBipKu
KYTiB IXHbOI'O PYXYy.

PesynbraTtn. Pesynbraty mokasamm, 1o cepefHi KyT Malay HaCTYIHi MapameTpu: TikoTh = 120.490, nneye = 166.010, cTer-
HO = 165.330, xostiHo = 165.880, HaAIT ATKOBO-TOMINKOBMII CYI7I00 = 173.790, a IBMUAKICTb MONMBbOTY M stua = 24.33 M/c.

BucHoBkn. Ha 0CHOBI IIpoBefieHOr0 BOCIiKeHHst 3p06/IeHO Ki/lbKa BUCHOBKIB. [10-1epiue, 3HayHiIIa YacTIHA KiHETUYHOI
eHeprii Cu/I, 110 CTBOPIOETHCA MiJl YaC BUKOHAHH II0fadl, PO3BUBAETbCA y HOTax i Tyny6i. KojkeH cerMeHT reHepyBaB CIILY i 1isiB
K CTPYKTypa-cTabiizaTop 3a//Isi aKTMBHOCTI HACTYIIHOTO CETMeHTA. Y TaKMil Croci6 BUPOO/IIOCS I ATAECAT OFUH BifICOTOK
KiHeTH4YHOI eHepril i Bix 54 mo 60 BigcoTkiB 3aranbHOI cyn. [To-apyre, KiHeTHIHMII TaHIIOT OYB OPIEHTOBAHMIT HA 3MIiHY JIiHITHO-
ro 260 MPAMOIHITHOTO IMITY/IbCY y KyTOBUIT 260 06epTaIbHUII MOMEHT HaBKOJIO CTiiiKoi omopu. ITo-TpeTe, KOXKeH CerMEeHT MaB
(asu Haxwty abo crabinisanii Ta npuckoperss. Ilo-derBepre, HOTPIOHO 30UIBIINTY fialla30H Ta WBNUAKICTH PYXiB B Cyrmobax,
30KpeMa B IIIedax. 3PelITol0, PO3ipBaHNiT CErMEHT ab0 KiHeTMYHMII JTaHIIIOT 3MEHIIYBaB KiHI[eBy cuTy a0 eHepriio, HeoOXigHy
IJIS pyXy M f4a, CTBOPIOIOYY BENMMYE3HNMIT TUCK Ha HAaBKOJIMIIHI CeTMeHTN. JHVDKEeHHA KiHeT4HOI eHeprii Ha 10% Bix cTerna abo
Tynyba Ho IUleya IIifj Yac BUKOHAHHA IOJayi BUMaraso 30i1blueHHs obepTaHHA IIeda Ha 14% a6o 36i/1bllIeHHA Macy Ileya Ha
22%, 11106 CTBOPUTI aHAJIOTIYHY KiHETUYHY eHeprilo sl KMCTeil pyk i pakerku. Cepef IpMYMH PO3PUBY KiHETUYHOTO JIAHI[IOra
MO>KHA BUJI/INTY Ki/IbKa OCHOBHUX: M sI30Ba C/TA0KICTD, BiICy THICTh THYYKOCTI, TpaBMM CYI/I06IB Ta IOraHa MeXaHiKa y#apy.

KnrouoBi cmoBa: KiHeTMYHNII JIAHIIIOT, TEXHOJIOTIs, ITOfaYa, TeHIC.
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