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Q}O=kt Q}eDt h}OQ

40 w 30 '20 �cm� x}q Ct=N[ 1
97 w 92 '87 ��� x}q sm =QD 2
20 w 15 '10 �kg� |Q=PoQ=@ xvRw 3
10 w 7 '4 ��� C@ w]Q 4

[18]"Dynatest pOt LWD x=oDUO C=YNWt "5 pwOH
22 �kg� x=oDUO |rm uRw

1�2�3 =yuwiw�S O=OaD
0 1�0 15�0 2�0 3 �m� |Q=PoQ=@ xLiY Q]k

10�15�20 �kg� =yxvRw
15 xv}W}@ �KN� |Q=PoQ=@ xOwOLt
85 xv}W}@ �cm� \wkU `=iDQ=

"xOW xO=t; |xvwtv |wQ Q@ x=oDUO Q=QkDU= "2 pmW

|=yQoTL\UwD xm|r=ta= Q=@ u=R}t u} QDW}@ "OQm|UQQ@ |Q=PoQ=@ u=R}t |xv}W}@
xDW=O hqDN= OYQO 3 R= V}@ Qo}Om} =@ O}=@v 'OwW|t xOW C@F Q=@ |Q}oxR=Ov=
'|]wkU `=iDQ= pQDvm 'OW=@ R=Ht xR=@ u}= R= V}@ hqDN= u=R}t Qo = [20]"OvW=@
"CU= |QwQ[ x=oDUO |=yQ}ox@ Q[ w =y|Ov@ Qvi 'Q=Ri=CNU uOw@ R}tD R= u=v}t]=
=D OvwW Z} waD =} Q}taD O}=@ |HvU=w s=Hv= R= p@k 'OvQ=Ov ?U=vt |}=Q=m xm |}=RH=
xDi=} p}rkD Q=Okt u} QDsm x@ |WQ@ w |ki= |=ywQ}v u=R}t xm OwW pY=L u=v}t]=

6



4/
2|

xQ=t
W'

36
�2

|xQ
wO'

�13
99

u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt G}=Dv u}vJsy "OQ=O Q}F-=D |L]U pwOt |x@U=Lt QO xOW OQ=w Q=@ xm O=O C@Uv

|@Uv CQwYx@ Kr=Yt sm =QD V}=Ri= =@ x}rw= |L]U pwOt Q=Okt OyO|t u=Wv
sm =QD V}=Ri= Qo}O CQ=@a x@ "CU= xDi=} Vy=m |RmQt uwiw�S R}NwCi= w V}=Ri=
QO xH}Dv u}= xm CU= xOW V}=Ri= ?Hwt xm OwW|t |@v=H VvD V}=Ri= Ea=@
OyO|t u=Wv VN@ u}= G}=Dv |UQQ@ |iQ] R= "CU= |r@k C=ar=]t =@ pt=m j@=]D
|x}rw= R}NwCi= w xDi=} V}=Ri= x}rw= |L]U pwOt |x}q Ct=N[ V}=Ri= =@ xm

"CU= xDi=} Vy=m |RmQt uwiw�S
R}NwCi= ?}DQD x@ sQowr}m 20 x@ 15 R= w 15 x@ 10 R= xvRw sQH V}=Ri= =@
R= x}q Ct=N[ V}=Ri= =@ "CU= xDi=} V}=Ri= �36 w �32 x}rw= |RmQt uwiw�S
�20 x}rw= |RmQt uwiw�S R}NwCi= ?}DQD x@ QDt|Dv=U 40 x@ 30 R= w 30 x@ 20
x@ OYQO 97 x@ 92 R= w 92 x@ 87 R= sm =QD V}=Ri= =@ "CU= xDi=} Vy=m �19 w
C@ w]Q V}=Ri= "CU= xDi=} Vy=m �10 w �3 x}rw= |RmQt uwiw�S R}NwCi= ?}DQD

"CU= xDW=O x}rw= |RmQt uwiw�S R}NwCi= ?}DQD x@ Q@ |mOv= Q=}U@ Q}F-=D
x}q Ct=N[ w sm =QD xm OwW|t XNWt CtUk u}= |=yQ=Owtv |UQQ@ =@
92 x@ 87 R= sm =QD V}=Ri= =@ "CU= xDW=O x}rw= |L]U pwOt |wQ Q@ |QDW}@ Q}F-=D
"CU= xDi=} V}=Ri= �13 w �3 x}rw= |L]U pwOt ?}DQD x@ OYQO 97 x@ 92 R= w
pwOt ?}DQD x@ QDt|Dv=U 40 x@ 30 R= w 30 x@ 20 R= x}q Ct=N[ V}=Ri= =@
sQH w C@ w]Q Qo}O QDt=Q=B wO Q}F-=D "CU= xDi=} V}=Ri= �23 w �18 x}rw= |L]U

"CU= xOw@ sm Q=}U@ xvRw
|@ wJ |x@aH uwQO w |y=oW}=tR; \}=QW QO LWD uwtR; xm u}= x@ xHwD =@
x@aH VRQr R= |W=v R}NwCi= V}=Ri= uwJsy |}=y=]N Q=JO 'CU= xOW s=Hv=
|=y=]N hPL Qw_vt x@ "Ow@ Oy=wN |v=O}t \}=QW =@ G}=Dv uOw@ u=Um} sOa w
|QDt|Dv=U 90 w 80 '70 pY=wi QO |i=[= |=yuwiw�S uO=O Q=Qk =@ '|y=oW}=tR;
|xU=m |vLvt u=wD|t 's=OmQy =@ Q_=vDt |=yR}NwCi= C�=Qk w |Q=PoQ=@ RmQt R=

"OQm s}UQD |Q=PoQ=@ Cr=L Qy |=Q@ =Q 10R}NwCi= |=vLv=
Q}F-=D R}NwCi= |wQ Q@ xvRw sQH w x}q Ct=N[ Q}eDt xm u}= x@ xHwD =@
OL C@=F Q}O=kt w QDt=Q=B wO u}= |=Q@ Q}eDt Q}O=kt uDiQo Q_vQO =@ 'OvQ=O |}=RU@
Cr=L 9 QO '�7 pO=at C@ w]Q w �92 pO=at sm =QD |=Q@ =yV}=tR; QO \Uw
RmQt R= |QDt|Dv=U 90 w 80 '70 '40 '30 '20 '|RmQt |=yuwiw�S R}NwCi=
\=kv VR=Q@ u=wvax@ 11O}�wto}U `@=D "CU= xOW xO=O u=Wv 7 pwOH QO |Q=PoQ=@
|=yQ=Owtv xm OW ?=NDv= hrDNt Cr=L 9 QO R}NwCi= |=vLv= |xU=m |vLvt
|rm Qw]x@ `@=D u}= |[=} Q pmW "CU= xOW xO=O u=Wv 12 =D 4 p=mW= QO u;
|=vLv= |xU=m R= =Q ?} QkD u} QDy@ w CU= R}NwCi= |=vLv= |xU=m Q@ j@]vt
uwiw�S R}NwCi= |xOvyOu=Wv Q} R G}=Dv "CW=O Oy=wN |RmQt uwiw�S R}NwCi=
"CU= LWD V}=tR; QO xvRw sQH w C@ w]Q 'sm =QD 'x}q Ct=N[ T=U=Q@ |RmQt
\}=QW C=QF= hPL Qw_vt x@ Oa@ |xrLQt QO 12|LqY= ?} Q[ p=ta= p}rO x@
jq]= x}rw= OvwUB |L]U pwOt w |RmQt uwiw�S R}NwCi= G}=Dv x@ '|y=oW}=tR;

"CU= xOW
xOy=Wt 'q=@ |=ypmW QO R}NwCi= |=vLv= |xU=m |=yQ=Owtv x@ xHwD =@
R}v |Q=PoQ=@ RmQt R= QDt|Dv=U 90 R= QDW}@ |xrY=i QO R}NwCi= Q=Okt xm OwW|t
|x} Q_v =@ xr�Ut u}= "O@=}|t xt=O= QiY x@ xOvvmp}t?}W =@ wCU= xO}UQv QiY x@
,=D}=yv R}NwCi= `k=w QO w OQ=O CQ}=et |}x@ Q[ Q=@ CLD R}NwCi= |=vLv= |xU=m
QDnQR@ |OOa x@ q=@ |=yQ=Owtv QO R}NwCi= xm |DQwY QO 'Ovm p}t QiY x@ O}=@
R}NwCi= w xvwtv \}=QW x@ u=wD|t =Q xr�Ut u}= p}rO "CU= xOQm p}t QiY R=
|xvwtv w x@aH sDU}U x@ x@ Q[ p=ta= p}rO x@ =Q} R 'O=O C@Uv xvwtv |x@aH OwN

QO "CU= R}N w Q=@ |xv}W}@ Zwa QO Q=@ w R}N |v=tR |xJN} Q=D R= xO=iDU= 'pwOt
x@ xHwD =@ =Q |DNU pwOt '|Q=PoQ=@ u}at |v=tR |xQwO l} QO u=wD|t =DU=Q u}=
R}N T=U= Q@ [16]"OQm |UQQ@ w x@U=Lt hrDNt |=yu=tR QO u; Q_=vDt R}N w Q=@
%OQm x@U=Lt �2� |x]@=Q j@=]t =Q pwOt u=wD|t R}v |Q=vm |=yuwiw�S R= l} Qy

Ei = (1� v2)P
�:ri:Di

(2)

C@Uv |i=[= uwiw�S |a=aW |xrY=i ri w |i=[= uwiw�S R}N |xv}W}@ Di xm
[22]"CU= xLiY RmQt x@

=yV}=tR; G}=Dv "4
|tQowr}m 10 |xvRw =@ =OD@= j}kLD QO Q_v OQwt VvD K]U xU O=H}= Qw_vtx@
|=vLv= |xU=m x@ \w@ Qt |=yQDt=Q=B uOQm =O}B |=DU=Q QO "OW ẁQW V}=tR;
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