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Physics of Rowing
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http://eodg.atm.ox.ac.uk/user/dudhia/rowing/physics/

This site contains a series of pages covering the basic Physics of Rowing and, below, some frequently asked
guestions related together with links to where answers can be found.

Contents
*Basic Physics of Rowing [FAQ]
*Physics of Weight & Rowing [FAQ]

*Physics of Stream/Depth & Rowing [FAQ]

*Physics of Ergometers [FAQ]
*Bibliography & References
Credits

Basic Physics of Rowing
(Part of Physics of Rowing)

Contents
1.Propulsion
2.Resistance
3.Kinetic Energy
4.Centre of Mass
5.Speed Variation

6.Balance
7.Levers
8.Gearing
9.Appendix: Newton's Laws of Motion
2. ReSIStanCe P: power’
(2.2) P=ays3 V: verocity,
a . constant

5. Speed Variation

If a crew rows 1 minute at 4 m/s, and then 1 minute at 6 m/s, the total distance they cover is
60x4+60x6=600m. (5.1) W=60x43+60x 6%=16800 Joules
The average power over the two minutes (= work / time) is 140 Watts.
Suppose the same crew just rows 2 minutes at a constant 5 m/s. They will cover the same distance
as before, but this time the total energy required is different.
(5.2) W =60 x 5% + 60 x 5% = 15000 Joules
so the average power is also reduced, = 125 Watts.
This means it is more energy-efficient to keep the same pace throughout a race (or

on an erg) rather than, for example, start fast and slow down, or start slow and speed up.
) Speed Variation ~ Power Yoriation
B [ 250: Average Power=140 W

8r Average Speed V=5 m/s 2nar L

T of T 1sof
E 61 5150_:______________ ]
- r_____________________ — A I N R " D
Ly ') L
o 4f z 100f T
73] i o X

2f 500

i r av,® = 125 W

0_ 1 1 1 1 G- 1 1 1 1

o el 4 ] a 0 ] 4 & a

Time [5] Time [s]
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{Kin. ;173 (Resistance , Drag)

Physics of Rowing  http://eodg. atm. ox. ac. uk/user/dudhia/rowing/physics/ {};/
AN

2. Resistance (K1)

RIC I3ER~ RIEREDIRIA DD B,
-Skin Drag, due to friction between the hull entraining water along with the hull; (EE#E (¥41%) #&iv)

*Form Drag, due to turbulence created by the passage of the hull; (F2IRIKT)
‘Wave Drag, due to energy lost in creating waves. (&)

Skin Drag (EE{E (%51%) #&in) HZECHYT. 80%

ZRIETIFIARE<SZEILT S Drag : i3

(2.1) R=a -v? EEERIEEED 2 EICLHITS
R: Skin Drag (EBE#R (#&1%) #Eb1) , V: velocity (BHE) , a : constant (EZED)

(2.2) P=a-v?3 @FEE—EICEDICIE. BED I FICHHILE/ST—HURE

BhEZ—E(CFRDICIE, MATZAEERHBHVESIHENRH D, (INEEDZALIZEL)
The average power P required (=force x velocity) isa-vixv=a-v3
P: power (/NT—), Vi velocity (HBE&E) , a : constant (EZ)
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NIFE—YHER? FEEZLEHDBVIESHEF

Physics of Rowing nttp://eodg.atm.ox.ac.uk/user/dudhia/rowing/physics/

(2.2) P=a-v3 P:power (/J8J—) , V:velocity (&%) , a: constant (EE)

tof Speed Nariaton 5. Speed Variation (fBHEDZEAL)
3 : 1 4 m/s, 1938 6 m/ :
ar Average Speed Vo5 m/s If a crew rows 1 minute at 4 m/s?%%ﬂd tﬁ%r? 1 n%rr'l]ﬂutergtSG m/s, the total distance
g T f l they cover is 60 x 4 + 60 x 6 = 600 m.
= A}
| 3 | (5.1) W =60 x 43+ 60 x 63 = 16800 Joules  EEZ{tdH Y
M &1 ) 19Eams, 19/ 6 mis The average power over the two minutes (= work / time) is 140 Watts.
P( 2:_ (5.2) 243f8 5m/s ZﬁFEﬂ 5m/s
o EE5% 249 7T600m, F1g 5m/s Suppose the same crew just rows 2 minutes at a constant 5 m/s. They will cover
0 2 + o 5 ” the same distance as before, but this time the total energy required is different.
Time [s

ower variaton  (5.1) (5.2) W =60 x 53 + 60 x 53 = 15000 Joules EEZ(LR U
259 Average Power=140 W so the average power is also reduced, = 125 Watts.
- m;‘ This means it is more energy-efficient to keep the same pace

| i) SR S (N N I 20 throughout a race (or on an erg) rather than, for example, start fast
E s.oF | | TF and slow down, or start slow and speed up.
~ & :

o ey FHIEEARURS, EEOZEIENANTVESHBEETS

b IRIVF—DD RS TED,

SRR D%, AUA—RE#IELEIFS DI RIVE—RNE,
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E’ L'\ Physics of Rowing http://eodg.atm.ox.ac.uk/user/dudhia/rowing/physics/basics.html

Center of Mass (Eil»)

A rowing boat is not a solid body - it contains three separate components: ((h— K IE3 DD/IN—YN5KD)
1. Crew, representing 70-80% of the total mass: (D IV—. EEIE2F0D70-80%)

2. Hull (and cox), representing 20-30% of the total mass; (#afA&EI WO R, . £D20-30%)

3. Oars, representing less than 5%, which will be ignored. (F—JU, 5% RO TEIRTETD)

fackst Sl If the crew are 80% of the total mass (i.e. m. is 4/5 of m. + m,),
HERsteRs j ﬁ i then m, =4 m, so v, = 4 v,.. If the crew move sternwards at v.=0.2
m/s, the boat will move bowwards at an extra 0.8 m/s. In 1 second it

looks to the crew that they've moved 1 m towards the stern of the
boat, but to an outsider it looks like 80 cm of that movement was

Crew Ch: +—> W, +4- N _

Boat Ch: TR S t\/ —I—Q\f the boat moving towards the crew.

Total Ch: +—> Yy +—} Vt This is why the bows of a boat appear to surge after the finish of a
If a crew, mass m,, is sitting still at backstops stroke: although the blades have been extracted and are no longer
in a boat, mass m, moving at velocity v,, accelerating the CM of the whole system, the crew's movement off
the total momentum of the system is m v, + m,v, backstops accelerates the hull forwards by an equal and opposite

If the crew then start to move sternwards at -v, relative reaction.

to v;, the boat must move towards at a different relative & AR AEI(C0.2m/isTEIK & Th— R EIT 5120.8m/s/\™I A A
velocity v, to conserve momentum: ICE1< ., IL—P1MREICImEEICED > TEILTE, Ah 51
(4.1) m, v, +mpv, = m(v-vy) + my (Vi+v,) 80cmMDEETICUNR AR,
Thisgives (4.2) M. V. = m, v TL— ROKRD SR, 2UOBOAMHEL TOVRVICERINS
¢cfcm b b 9. II—DINY IRV THSDBENSHZTMAICIHES B D,
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RowingDHIBEZHIARBNIHERNICRKIBINTULET, —SRBESECLWeESFE U
BT DERAE HY 9N, BEOHSENEN >LLHEIELE U,

hhEE—EICRDOFEDERN], BT ESRADEARIIETEERGRZ RS (BEDIA) RZERBVET,
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The new 2nd edition of Biomechanics of Rowing

CONTENTS

Preface to the Second Edition Dr. Valery Kleshnev
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BIOMECHANICS

Dr Valery Kleshnev spent ten years as a member of the USSR National Rowing team,
where he won a gold medal at the junior World Championships in 1975, a silver Olympic
medal in 1980 and a bronze at the World Championships in 1982. After graduating in

physical education in 1984, Valery was awarded a PhD in rowing biomechanics from the
Saint-Petersberg Sport Institute, Russia, in 1991. In 1998 he was employed by the
Australian Institute of Sport and moved to Canberra, where he worked with the world's best
rowing coaches and crews. In 2005 Valery took a position of National Biomechanics Lead
at the English Institute of Sport and moved to Britain, and helped the British rowing team to
win two gold and four other medals at the 2008 Olympic Games in Beijing.

: pp—— TN o NAE . @ATE [~ , N Second edition 2020
ngéﬂggiﬂ%%?ggﬁm sTAlLTET —5 DT - BERICEI I S1FRNiERE © Dr Valery Kleshnev 2016 and 2020

DR, VALERY LLEShNEY
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Kleshnev, Valery. Biomechanics of Rowing
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Kol .
National level crew
1. ‘Zero before catch’ 5. ‘Drive hump’
2. ‘Negative peak’ 6. ‘Second peak’
3. ‘Zero after catch’ 7. ‘Finish hump’
4. ‘First peak’

Fig. 2.22 A typical pattern of boat acceleration
during the stroke cycle (a), comparison of boat

acceleration with crews of different standards (b).

Kleshney, Valery. Biomechanics of Rowing
(p.34).

1. ‘Zero before catch’

At this moment, the crew changes the force application to the stretcher from pulling to pushing,
which coincides with the peak seat velocity during the recovery and is followed by the seat
deceleration towards the catch. At higher stroke rates and in better crews, this moment occurs
later and closer to the catch.

2. ‘Negative peak’

caused by shortening the leverage of the stretcher force relative to the hips at the placement of
the heels onto the footplate. The best crews manage to maintain the value of the drive hump
just above zero.

3. ‘Zero after catch’

occurs, when the boat acceleration becomes positive due to the gate/handle forces increasing
faster than the stretcher force. This moment happens earlier in better crews.

4. ‘First peak’

caused by the fast increasing of the gate/handle forces (‘front-loaded’ drive) and defines ‘the
initial boat acceleration’ sub-phase and ‘the trampoline effect’.

5. ‘Drive hump’

explained by an increase of force on the stretcher during ‘the main rower’s acceleration’ sub-
phase, which is caused by shortening the leverage of the stretcher force relative to the hips at
the placement of the heels onto the footplate.

6. ‘Second peak’

occurs when leg velocity and stretcher forces start decreasing, while relatively higher
handle/gate forces are maintained by fast movements of the trunk and arms. This causes the
deceleration of the rower’s CM and the transfer of his kinetic energy to the boat mass.

7. ‘Finish hump’

related to the transition phase from the drive to recovery and blade removal from the water.
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Fig. 3.17 The ‘trampoline effect’ in rowing.

Kleshnev, Valery. Biomechanics of Rowing
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Propulsive =i Boat
Efficiency Efficiency

Fig. 3.1 Schematics of energy transformation in rowing (a) and en-

ergy losses (b).

Valery. Biomechanics of Rowing (p.64).
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Kleshnev, Valery. Biomechanics of Rowing

Blade 5.9% Boat 1.3%

Energy
losses (%)

b

Fig. 3.1 Schematics of energy transformation in energy losses (b).

Kleshnev, Valery. Biomechanics of Rowing (p.64).
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In rowing, three main efficiency components can be identified, which are linked by a chain of
energy transfer (Fig. 3.1). The rower transforms a metabolic energy into mechanical power and
transfers it to the blade propulsion; the blade transfers propulsive power into kinetic energy of the
rower-boat system; the kinetic energy is spent on overcoming drag resistance, where some extra

losses occur as well due to variation of the boat velocity.
Therefore, the three components could be called 1) rower’
2) blade efficiency Ebl and 3) boat efficiency Eboat.

s efficiency Erow,
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Kleshnev, Valery. Biomechanics of Rowinq

Rower’s Efficiency

To produce maximal power, a muscle must contract at
an optimal velocity, because movements with very slow
or fast speed are less efficient. Fig. 3.5 illustrates a Hill
principle of muscle mechanics, discovered in the 1920s by
the famous physiologist Archibald Vivian Hill.

The hyperbolic relationship between velocity and force
was obtained from a study of frog muscle tissue, but a
number of recent researches confirmed that it can be valid
for complex multi-joint movements, which can be measured
as velocities of body segments.

According to the Hill principle, the maximal power can
be achieved in a movement at about 30 per cent of
both the maximal static force and near 30 per cent of
the maximal unloaded velocity of a muscle contraction.

Static (isometric) muscle contraction does not
produce any mechanical work and power, because its
velocity is zero, and power is a product of force and
velocity.

Force (%) - Power (%) r 100%

L 75%
- 50%

| 25%
F=b,/(by+ V)

| 0%

-40% -20% o 20% 40% 60% 80% 100%
Lengtheningk->Shortening Velocity(%) .

Fig. 3.5 Relationships between velocity, force and power of a muscle contrac-

tion (Hill principle).
Kleshnev, Valery. Biomechanics of Rowing (p.70).

RSBV REE CRA/NT—ZFHET D,
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Kleshnev, Valery. Biomechanics of Rowinq
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30% 40% 50% 60% 70%

Fig. 3.10 Dependence of inertial efficiency on the stroke rate, amplitude of

CM movement and rhythm.
Kleshnev, Valery. Biomechanics of Rowing (p.74).
Absolute inertial losses Pin significantly increase at

higher stroke rates and longer travel of the rower’ s CM.

However, the rower’ s power production Prow also
grows, so inertial efficiency Ein (= Prow / (Prow + Pin))
does not decrease dramatically. Fig. 3.10 shows Ein at
various combinations of R, L and Rh (Mrow = 90kg and
Merg = 18kg).

The inertial losses can be decreased by means of
quick acceleration between the rower’ s CM and
ergo / boat at the beginning of the drive and
recovery and maintaining a constant velocity
between these masses as long as possible.

R4 TDPMHE) AN —=ICEWTEFOELE
M—cDELDBEZHRE< U, BRI L THEE
HMIFTBDET, REORIFERT D EMNTED,
L — R H320str/minH 5 40str/min DS Cldk. RERO
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ISCKELRSB, 42-44str/minA EfREBhns,
BLBEIDOXR(E0.5mH S5 1.0mDE T3.3% Th Y,
ENSBSWVITTBINIEELUWLD, I\ RIVIEENEEEE
DHFEDEEERBFBELSN TS,
BOBEEDGL, I\ RISEIEHREZR<S T
ENERULD, BEDFHRKIYZ<DANZRIET S
e EADEADMEWICS KRB T8, £EDIN
'7—&7]%73\\?73\\50

Rhythm : JERFfELL. L JEFOEOBENEER. R: L—b
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Fig. 3.3 Movement of the blade through the water (a), definition of forces and

velocities used in calculations of the blade propulsive efficiency (b).

Valery. Biomechanics of Rowing (p.66).
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The blade efficiency is higher,
when the blade force decreases,
but blade velocity increases (ratio
Fbl / Vbl becomes lower). This
usually happens at the end of the
drive, which explains the rise of
the efficiency curve. The
efficiency is 100 per cent, when
blade force is zero, that is, the
rower does not pull at all, but the
blade still moves in the water.

JL—RDHFE. &REICIK, 3=
EIITIIRL EE (HE) DR
REBADWENDDEWND L
N7

The scalar product of the force and velocity is waste power P, which is spent on moving the water at the blade:

P, = Fu* Vg cOs®

where ¢ is the angle between the force, F,,, and velocity, V,, vectors. The waste power, P, is subtracted from the total power

Ptot produced by a rower.

The remaining part is propulsive power Pprop, which moves the rower-boat system forward. The definition of the propulsive
efficiency is the ratio of the propulsive power to the total power, so the blade efficiency Ebl can be defined as:

Ebl = Pprop / Ptot = (Ptot — Pw) / Ptot
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Kleshnev, Valery. Biomechanics of Rowing

Finish Factor (FF)

Force & e
Velocity / 1 e,
Sculler 1 '

\

Arms Handle

Fig. 4.23 Three types of Finish Factor.

Kleshnev, Valery. Biomechanics of Rowing (p.113).

The Finish Factor (FF) was defined as delta time between moments of
changing direction at the trunk t;; and the handle t,, (FF = t-, — t).
This could be graphically represented by a distance on the X-time axis
between points where curves of the trunk and handle velocities cross
the axis in the positive-to-negative direction (Fig. 4.23). Negative FF
means trunk changes direction earlier than the handle (which is
correct technique), and positive FF means it changes later (the
incorrect technique).

In sweep categories, the average FF was positive at low rates
(which is quite a common mistake), but at high rates it became
more negative than in scullers. At racing rates (36-40 str/m), FF
was quite similar at about - 50 to — 60ms in all categories except
open male rowers, where it was more negative at — 80ms. Athletes
of the open category had a more negative average FF than lightweights
because they need more time to change the direction of heavier
trunk mass.

On average, the World best rowers always had a consistently

negative Finish Factor, which is an important part of their efficient

technique.

BNDIT1=wva1TI79%9— (Negative FF) : N\ RILDBI=HENDY LY. HEDEZTDARZIEH .,
24 —TL—bhMELEPositive FFERD Z EMNH DN, B LFEDAEERRIC ZRENAHI D D IZ6).

Negative FFHOMELILRET,
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Rowing Styles
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Trunk Emphasis
[

Rosenberg style
Consequent Timing

DDR style
Simultaneous Timing

‘Soviet’ style

Adam style

Y

Legs Emphasis

Kleshnev, Valery. Biomechanics of Rowing (p.105).

Historically, the rowing style had no strict scientific definition;
its evolution can be found in a comprehensive book by Peter
Mallory.

A popular classification of rowing styles was introduced by
Peter Klavora in 1977, who defined three rowing styles:

B Adam style — Comparatively long leg drive and limited
amplitude of the trunk. Simultaneous activity of legs and
trunk during the stroke;

M DDR style — Large, forward declination of the trunk,
which begins the drive, followed by simultaneous activity of
the legs;

M Rosenberg style — Large, forward declination of the
trunk at the beginning of the stroke, then strong leg
extension without significant trunk activation. At the end of
the cycle the trunk stops in the deep backward position.

row2k Features : Rowing Styles, Analysis and Optimisation, by Dr. Valery Kleshnev March 24, 2021
https://www.row2k.com/features/5531/Rowing-Styles--Analysis-and-Optimisation--by-Dr--Valery-Kleshnev/

All three body segments contribute nearly equally to the stroke
length, about one third each: legs 33%, trunk 31% and arms 36%.
However, the most of legs and trunk movements occur during the
first two thirds of the drive, when forces are high, but arms work
mainly at the finish, at low forces. Therefore, the average shares of

= total power production were higher for legs (43%) and trunk (33%),
. but lower for arms (24%).

trunk share and less arms: legs 43%, trunk 36%, arms 21%.

Velocity (m/s)

——Legs

——— Trunk
Arms

— Handle

Oar
Angle (deg)

Transition
point

In 2015 | developed Rowing Style Factor (RSF), which was
defined as the ratio of the seat travel to the handle travel during
the first 20% of the drive length: from catch till the transition
point. The optimal RSF value was defined at 90-95%, which
means only 5-10% of the handle movement could be contributed
by upper body, and the main part should be provided by legs.

25 World best rowers in small boats, we have analyzed
the trunk angles relative to the vertical axis.

It was found that the average trunk angle at the catch

al was 22.50 and a2 at finish was 250, so the total
angular displacement of the trunk was on average 47.50.
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*DDRRF 1)V :
BHRAYICHET D, Rowingkfite U TIRIFREEINEZED, BI{EDEZE
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EA—=INSVTUTHIBT D, S RIVTIFHAEEGHZEOE. JREMNIFIX
FE, BOBEE LB TTESRREITELEIL,
TEMEEE 5 /2020 P.204 VIII-53 JEEMDZREE (2019-12-T4ERL)

i EHEE

. JRE I HTIEMRTS. 3

FREEX. BRADKBZZERL. 75 LEEDRRE

UL CTHREING, HRKRKFHRELEHealth&Sport Science,
Tsukuba Univ. 2 :69-75. 1979

BLEZEDEE

BERAEENS A T AN, #l4 2 Lo iliho
WHEBE (A5 151 v 7 o— &4 LT/) JL— 3 L
v FETEBICBEET A) 10 2 AR DO R E)
T D, HLODREBEIZTE S 2 5k, 2870 »

TORBRNCEL LT, (AFOR R B < F AT (-
A T AR N, Fig:. 1) EF okl vwe 2 Fiods
Distance of grid mation

E—

cr h

Distance of head motion

-

i E é Distance of bedy motion %

Fig. 1 A suggestive scheme of moving crew’ s weight.
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PR RFRBHE Health &Sport Science, Tsukuba Univ. 2 : 69-75. 1979
“TSUKUBA ROWING STYLE”ICR89 D82 (I)
I35 JFE Bk [E— $5K 1ERK

FREEICET 2EZGAFARY Ch Y. SRFOERFEND L TEERRTZH.
TSRS B TWZ/ESFE U

O—41 VJI3O/IFY (1egdriye) , @L&EHEY (body swing) , HIUEO'E (arm pull) , D3ID
DEFEIC L D TIHERIND, EZE (rowing style) DEFEICL DT, TNSD3IDDFEFZED KD ITERE L

CTIAO—7ZZR/EEINDELD,

HHROERAICIFEEL2DDKRIRNDH D,
TD1D(E, EE3DDFEZD-Q—-QDIEIC, LEERIDBEUVRNSHEAILTEIRY VT —RREECTHY,
fED1DlE, DT@—-CND LD ICEEHHY EHITY = (XIFREREFICFEIS B SAdamBEETH S,

RAY 0T = REEIBFROCTP XN NG EDBRA CLFRAINTSY, AdamiEEIFEIRY 1 1) X TR
AIN TS, EFOHFERFAICERL TLSRIREL, AdamBAICILEIULZVWHDDS “DDREE" Z&

L TL\ D,
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“TSUKUBA ROWING STYLE”(ZBEd %% (I)
PR KFARBHE Health&Sport Science, Tsukuba Univ. 2 : 69-75. 1979
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—7. FEEXINTNIQERITLTED, @+D-Q0ND& S ICEMFERAITTN D, FREETIE,
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ZOR, NIXTIIAE BEIRHAESZI B (RABFHREINDR) £5ICL. RT1—T—7,

BRDIAIE LY EHICRL—XIZ, T7AFTIVTLEFDEWVWSIRRE, COUBEBFERL—XICITO2IDE
BEEEREUTLWDDTIERWANEBREULEXT,
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Kleshnev, Valery. Biomechanics of Rowing

Finish Factor (FF)

Force & e
Velocity / 1 e,
Sculler 1 '

\

Arms Handle

Fig. 4.23 Three types of Finish Factor.

Kleshnev, Valery. Biomechanics of Rowing (p.113).

The Finish Factor (FF) was defined as delta time between moments of
changing direction at the trunk t;; and the handle t,, (FF = t-, — t).
This could be graphically represented by a distance on the X-time axis
between points where curves of the trunk and handle velocities cross
the axis in the positive-to-negative direction (Fig. 4.23). Negative FF
means trunk changes direction earlier than the handle (which is
correct technique), and positive FF means it changes later (the
incorrect technique).

In sweep categories, the average FF was positive at low rates
(which is quite a common mistake), but at high rates it became
more negative than in scullers. At racing rates (36-40 str/m), FF
was quite similar at about - 50 to — 60ms in all categories except
open male rowers, where it was more negative at — 80ms. Athletes
of the open category had a more negative average FF than lightweights
because they need more time to change the direction of heavier
trunk mass.

On average, the World best rowers always had a consistently

negative Finish Factor, which is an important part of their efficient

technique.

BNDIT1=wva1TI79%9— (Negative FF) : N\ RILDBI=HENDY LY. HEDEZTDARZIEH .,
24 —TL—bhMELEPositive FFERD Z EMNH DN, B LFEDAEERRIC ZRENAHI D D IZ6).

Negative FFHOMELILRET,
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[CKG-501 FEFEZL- PENTADEZZRIF TS

J Y 'r j_)l/_c“-u:gié é: Ij: ? EﬁgﬂgIE (Negative Finish FactorMERBAZE=(1T7T)

[IPLFIVTLEES] O T (EDRET) LED] OEBICELZEBVETH, \YRILELEOES
N5TBE, \YRILDBIFEDY &Y HEBEIDAEERDANEICT ZUEND S LD TT,
[O2EPR<TD] EVSBEST [FEREIRTS] EWSRBERZNECEEZS> TRVAVELS T
M, T4ZvIINBT+T—RODBRIETHE, HEERS] WS LY, [EREEEDANESICT
3 (RIBEE5SHOFENDFINEPRLSTS) | ELWSREDANRH>TVB LD TT,

AIDEAT, MIZTES>E. ARO—ITHRVWERE (RA) ICRIERZDF5, IBZEHR>DVESSICIE
ETOEBNRMNE, BEOSNIDRSTAO0—RI)b—, |

_NIEEEDTZFRIAT, &E55Mh&ELVD &,

[FoN<K R bO—Y THLEEE (IXA) BDIC. T7AFTIVTAAICELZDLWTEEZEAEDRL (FH

MeLINDBTNTIE) LI5S VANU—ICABHRBERL=XICED] BB DOTLBDHEULNEE A,

(Fz. RZEELS OFRDFHRZDVR<T D)

XK. TEYIOTL—RIZKEDODAPT, LREWEL, CDH. PRADBFPI, R LZESIRLfE
ZIEFBREHESVI<AE Dz, | D IRV FZEIIRLFBAFHREHRS VIS Oz, | DRRKRIE.

IRV R ZESELEZR BEZEFAVICS KGOz (ROGFHEHRDZILWHIDERLEDE) o 1| DAIGE
e UNEE Ao

NAEEW, EYVYOTLU—FRTlIE. D42V a1FTTooarynmmmyegd L\,
(T4 ZwaTOYISENTDEY. EENREASICHESRBRLWCEISEAULEIFOHAERL, |
EWVWDZETULE DN, DB DUIA EZHERIC DWW TOERNICIEENDSRNWEZZ T,
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