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uOQm xrwtQi Qw_vtx@ I}B w w}y C=mQL =@ Cy=@W u}= "CU= x = 0 QO |OQwNQ@
Q=Qk xO=iDU= OQwt 'xOvv=OQoQ@ u=tt w wQ}v ?}=Q[ R= xO=iDU= =@ |OQwNQ@ Gwt |wQ}v

%xm ?}DQD u}O@ "OQ}o|t

C33�3 + C35�5 = F3 (7)

C53�3 + C55�5 = F5 (8)

%OwW|t x@U=Lt u}vJ hwr} Qm � OwQi I}B u=tt w |Owta |wQ}v ,=DH}Dv
FFK3 = C33�a sin!et+ C35k�a cos!et (9)

FFK5 = C53�a sin!et+ C55k�a cos!et (10)

�2008� w�=m "OQ=O OwHw |y=oW}=tR; G}=Dv w xOt; CUO x@ |=y?=wH u}@ |@ wN
'OwHw u}= =@ [28]"OvOQm |v}@V}B =Q |R=wQB Qw=vW l} Ctw=kt �2009� nv=w w
xO=iDU= =@ =Q Qw=vW |x}rw= \}=QW '?U=vt |OOa |R=Ux}@W |=Q@ CU}=@|t =yv;
=@ R}v �2012� u=Q=mty w wW "OvOwRi=|t pOt x@ 'OwHwt |y=oW}=tR; G}=Dv R=
|=ywQ}v '|D=@U=Lt Cq=}U l}t=v}O |=v@t Q@ 'O}OH |D=@U=Lt VwQ l} |x�=Q=
Q@ |vD@t =yv; VwQ [29]"OvOQm x@U=Lt =Q |R=wQB |=yQw=vW Q@ OQ=w |m}t=v}OwQO}y
sHL VwQ R= w Ow@ RANS =} ROrwv} Q xOW |Q}ou=}t TmwDU= � Q} w=v CqO=at
sUH CmQL CqO=at 'u}vJty "OvOQm xO=iDU= p=}U sHL |R=Ux}@W |=Q@ p=}U

"CU= xOW xDiQo Q_v QO |O=R; xHQO VW QO ?rY

CmQL CqO=at "2
Q=Qk |UQQ@ OQwt `HQt C=YDNt x=oDUO 'Qw=vW CmQL CqO=at |x�=Q= R= p@k
QO xOW xO=O V}=tv (x; y; z) |DQ=mO C=YDNt x=oDUO R= Qw_vtu}O@ "OQ}o|t
CmQL� I}B w �z QwLt |=DU=Q QO |r=kDv= CmQL� pwQ CmQL u=}@ |=Q@ 1 pmW
Cr=L QO Qw=vW pkF RmQt QO x=oDUO u}= "OwW|t xO=iDU= �y QwLt pwL |v=QwO
w Ovm|t u=Uwv x=oDUO x@ C@Uv xv=O=R; Qw=vW xm |}xvwox@ 'OwW|t x}@aD Q=O}=B
xDU@=w C=mQL '=Hv}= QO "CU= CmQL p=L QO Qw=vW |wQW}B CaQU =@ =yvD x=oDUO
CmQL |xOv}=tv �3 &OwW|t xO=O V}=tv �k =@ x=oDUO u}= QO Qw=vW u=tR x@
|rw] VDre |m}t=v}O CmQL |xOv}=tv �5 w Qw=vW pkF RmQt |Owta |m}t=v}O
R= Qw=vW |xv}U 'C@Ft I}B w (�) s} QD |=}=wR QO "CU= �u=}O=Q ?ULQ@� Qw=vW
CU= CQ=@a Qw=vW |=Q@ I}B w w}y C=mQL |]N pB wm |xrO=at "OwW|t =OH ?;

%R=

(M +A33)
d2�3
dt2 +B33

d�3
dt

+ C33�3 +A35
d2�5
dt2 +B35

d�5
dt

+ C35�5 = F3 (1)

A53
d2�3
dt2 +B53

d�3
dt

+ C53�3 + (I55 +A55)
d2�5
dt2 +B55

d�5
dt

+ C55�5 = F5 (2)

u}vJty "CU= y QwLt pwL Qw=vW |UQv}= u=tt I55 w Qw=vW sQH M 'u; QO xm
w '4xOvv=OQoQ@ ?} Q[ Cjk '3nv}BtO ?} Q[ Bjk '2xOwRi= sQH ?} Q[ Ajk

"CU= Qw=vW CmQL |xrO=at 5l} QLD |wQ}v Fj

"Qw=vW C=mQL Qou=}@ C=YDNt sDU}U "1 pmW
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R=wQB

u=Q=
t=D=m

Qw=vW
|rw

]C
=mQL

|R=
Ux}

@W"pOt Qw=vW C=YNWt "1 pwOH
Q=Okt C}tm
QDt 3 pw]

QDt 0 604 ZQa
QDt0 11 QwN@;
xHQO 4 77 (�) Qw=vW s} QD
QDt 0 598 xvW=B R= Qw=vW pkF RmQt xrY=i
QDt 0 16 Qw=vW pkF RmQt `=iDQ=
sQowr}m 76 Qw=vW sQH

"1 xQ=tW Gwt C=YNWt "2 pwOH
Q=Okt C}tm

QDt 0 04 (A) Gwt |xvt=O
x}v=F Q@ u=}O=Q 1 5 (!0) Gwt Ow} QB

QDt 27 4 (�) Gwt pw]
x}v=F Q@ QDt 7 5 Qw=vW CaQU

"1 xQ=tW s_vt Gwt l} QLD CLD MU=B |v=tR |xJN} Q=D "2 pmW

s_vt G=wt= QO Qw=vW |xar=]t "1"4
|=yl} QLD CLD =yQw=vW |U=vWQ=DiQ |xar=]t |=Q@ ?U=vt |Q=R@= 's_vt G=wt=
C=YNWt =@ s_vt Gwt wO QO pOt Qw=vW Q=DiQ 'CUNv s=o QO "OvDUy l}Ow} QB
xO=iDU= =@ Qw=vW l} QLD |wQ}v '=Hv}= QO "OW Oy=wN |UQQ@ '2 pwOH QO xOW x�=Q=
20 |x]@=Q R= xO=iDU= =@ =} QO K]U p}iwQB "OwW|t x@U=Lt 12 w 11 \@=wQ R=

%OwW|t x@U=Lt
� = A sin(!0t+ �) (20)

x@U=Lt |iO=YD CQwYx@ xm CU= Gwt R=i hqDN= � w Gwt |xvt=O A u; QO xm
OQ=Po|t Q}F-=D sDU}U |=QPo MU=B QO =yvD R=i hqDN= 's_vt G=wt= QO xD@r= "OwW|t

"CiQo Q_v QO QiY =Q u; u=wD|t w
xO=O V}=tv 1 xQ=tW Gwt l} QLD CLD Qw=vW I}B w w}y MU=B 2 pmW QO
%CtUk wO x@ u=wD|t =Q MU=B |xJN} Q=D 'nv}BtO QDt=Q=B Qw[L p}rOx@ "OwW|t

|OQwNQ@ G=wt= ?=DW w CaQU Q}F-=D hwr} Qm � OwQi |wQ}v x@ \w@ Qt C=@U=Lt QO
QO "OwW|t xDiQo Q_v QO |oOvm =QB |wQ}v C=@U=Lt QO Q}F-=D u}= "CU= xOWv ^=Lr

%OwW|t xYqN I}B w w}y |O=R; C=HQO QO Qw=vW Q@ OQ=w Gwt |wQ}v 'C}=yv
F3 = F3s�a sin!et+ F3c�a cos!et (11)

F5 = F5s�a sin!et+ F5c�a cos!et (12)

xOvv=OQoQ@ w nv}BtO 'xi=[= sQH ?}=Q[ R= |a@=D CQwYx@ Fjc w Fjs u; QO xm
%OwW|t u=}@ Q} R sQi x@

F3s = C33 �A33!0!e +BD35!0k (13)

F3c = C35k �A35!0!ek +BD33!0 (14)

F5s = C53 �A53!0!e �BD55!0k (15)

F5c = C55k �A55!0!ek +BD53!0 (16)

BD35 = B35 + UA33

BD55 = B35 + UA55 (17)

CmQL CqO=at pL "3
OwHwt =yv; |=Q@ |r}rLD pL 'Qw=vW CmQL CqO=at uOw@ |]NQ}e x@ xHwD =@
"OQm x@U=Lt =Q Qw=vW MU=B '|v=tR |=ys=o QO |OOa pL ltm x@ O}=@ w CU}v
"CU= xOW xO=iDU= CmQL CqO=at pL |=Q@ Q=QmD |=yVwQ R= '=DU=Q u}ty QO
uOW GwORt w ?}=Q[ |=yT} QD=t uOw@v |Q]k p}rOx@ 'I}B w w}y CqO=at pL

%OwW pL u=tRty CQwYx@ O}=@ 'CqO=at"
M +A33 A35
A53 A55 + I55

#"
��3
��5

#
+

"
B33 B35
B53 B55

#"
_�3
_�5

#
+

"
C33 C35
C53 C55

#"
�3
�5

#
=

"
F3
F5

#
(18)

\}=QW x@ xHwD =@ |v=tR s=o Qy QO ?}=Q[ |=yT} QD=t GwORt CqO=at pL QO
|=yT} QD=t |x@U=Lt R= TB wQ}v Q=OQ@ u}vJty "OwW|t x@U=Lt Qw=vW |v=tR
|U} wvR=@ 19 |x]@=Q pmW x@ 18 |x]@=Q CqO=at pL |=Q@ "OwW|t u}}aD?}=Q[

%OQ}PB|t CQwY C=@U=Lt ode45 VwQ R= xO=iDU= =@ w OwW|t

f��g = M�1 (fFg �B f _�g �C f�g) (19)

|OQwt |xar=]t "4
C=YNWt w|@ QHD uwtR; G}=Dv xm u=Q=t=D=m Qw=vW pOt|rw] C=mQL 'xar=]t u}= QO
"CU= xOW |R=Ux}@W 'xOW x�=Q= 1 pwOHQO R}v w [32]u}W}B C=ar=]t QO u; pt=m
pOt |=Q@ CmQL CqO=at CtUk u}= QO w CU= OwHwt Qw=vW |@ QHD uwtR; G}=Dv
TBU w '|UQQ@ s_vt G=wt= QO Qw=vW CmQL =OD@= QO "OwW|t x@U=Lt xOW QmP

"OQ}o|t Q=Qk |UQQ@ OQwt s_vt=v G=wt= QO Qw=vW C=mQL 'G=wt= ?}mQD =@
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!ei = !0i + kiU (24)

|=yTv=mQi QO ?}=Q[ uOw@ C@=F w G=wt= uOw@ |]N ZQi =@ =yvD 'jwi \@=wQ
x@ xHwD =@ |v=tR s=o Qy |=Q@ u=wD|t 'u}=Q@=v@ "CU= jO=Y Qw=vW CmQL hrDNt
CmQL |xrO=at MU=B '=ywQ}v `tH =@ w 'u}}aD =Q Gwt Qy CmQ=Wt 'G=wt= R=i hqDN=
=} QO s_vt=v G=wt= QO |R=Ux}@W d=QU x@ p=L "OQm XNWt p@k CQwYx@ =Q Qw=vW

"s} wQ|t

=} QO s_vt=v G=wt= "3"4
G=wt= ?}mQD R= xO=iDU= =@ =Q =} QO K]U u=wD|t '=} QO G=wt= uOw@ |]N ZQi =@
"OQm |R=UpOt '|}=} QO \}=QW w xk]vt x@ xDU@=w X=N |} wor= CLD s_vt
|r=oJ |=yh}] "OQm G=QNDU= =} QO G=wt= |SQv= h}] R= u=wD|t =Q wor= u}=
|=y?; QO xm CU= hrDNt |=yTv=mQi QO G=wt= |SQv= Q=Okt Qou=}@ 7|SQv=
"OvwW|t O=yvW}B OQ=Ov=DU= \@=wQ CQwYx@ xDi=} wtv ,qt=m Gwt Cr=L |=Q@ j}ta
xOW x�=Q= hrDNt |}=}i=QeH \}=QW |=Q@ |OOaDt OQ=Ov=DU= \@=wQ =DU=Q u}= QO
|Q}oxR=Ov= |=yxO=O =@ ?U=vDt |xO=U \@=wQ ,=@r=e OQ=Ov=DU= |=ypOt "CU=
|O=}v@ |=yxDUv=O R= xO=iDU= =@ \@=wQ u}= "Ov=X=N |D=ar=]t u=O}t QO xOW
h}] u=}@ |=Q@ xm OQ=Ov=DU= |=ypOt u}= ?r=e "OwW|t x�=Q= s_vt=v G=wt=
25 |x]@=Q j@=]t 'OvQ=O OQ@ Q=m �Gwt |=DU=Q x@ xHwD uwO@� x]kv l} QO G=wt=

%OvDUy
S (f) = A

f 5 exp
�
�B
f 4

�
(25)

hrDNt |=ypOt QO =yC@=F u}= "OvDUy =yC@=F B w A w Tv=mQi f u; QO xm
Qo}O =} 'u}ov=}t ?w=vD |xQwO '8|O=mJ ?w=vD |xQwO 'Gwt `=iDQ= Ovv=wD|t
xar=]t OQwt |xk]vt C=}YwYN x@ 'OQ=Ov=DU= h}] pOt ?=NDv= "OvW=@ =yQDt=Q=B
G=wt= xm '�9OwOLt |=yx=oHwt� pL=U x@ OwOLt j]=vt |=Q@ "CU= xDU@=w
O=yvW}B A=wUv=H Gwt h}] pOt '�|rLt G=wt=� OwW|t O}rwD O=@ \UwD =yv;
xOW O}rwD xk]vt u=ty QO w O=@ \UwD =yvD G=wt= xOwOLt u}= QO "CU= xOW
xOy=Wt xOwOLt u}= QO �10;QwO G=wt=� CUOQwO |=yx=oHwt G=wt= w CU=
OwOLt w TQ=i G}rN |=} QO |}=}i=QeH C}akwt x@ xHwD =@ u}=Q@=v@ "OwW|tv
xO=iDU= G=wt= |=Q@ A=wUv=H Gwt h}] R= u=wD|t 'h=Q]= pL=wU x@ u; uOw@

"OQm
|=} QO QO xDiQo CQwY |=y|Q}oxR=Ov= w C=ar=]t T=U=Q@ A=wUv=H h}]
h}] |[=} Q |x]@=Q "CU= xOW x�=Q= �1973� u=Q=mty w 11utrU=y \UwD p=tW

%R= CU= CQ=@a QwmPt
SJ (!) = 5

16A
H
2
S!

4
P!
�5

� exp

 
�5

4
�
!
!P

��4!



exp
�
� 5

�!�!P
�:!P

��4�
(26)

h} QaD j@] xm CU= �swUl} Gwt `=iDQ=� 12xYNWt Gwt `=iDQ= Hs u;QO xm
"CU= XNWt |v=tR xR=@ QO G=wt= u} QD`iDQt swUl} |=y`=iDQ= u}ov=}t =@ Q@=Q@
l}B Tv=mQi x@ C@Uv Tv=mQi C}akwt x@ xHwD =@ xm CU= h}] ZQa QDt=Q=B �

%OwW|t u=}@ u}vJ
� = 0 07 for ! � !P
� = 0 09 for ! > !P (27)

"1 xQ=tW s_vt Gwt l} QLD CLD MU=B |x} Qwi h}] "3 pmW
l} QLD R= QF-=Dt xm =v=t MU=B "2 'OwW|t =Q}t |y=Dwm COt QO xm =QPo MU=B "1
'x}rw= \}=QW "CU= x}rw= \}=QW R= QF=Dt Q=}U@ xr�Ut |=QPo MU=B "OQm s}UkD 'CU=

"CU= xOW xDiQo Q_v QO s=Q; ?; QO CmQL p=L QO Qw=vW Q=O}=B Cr=L
CkO "CU= xOW xO=O u=Wv Qw=vW MU=B w l} QLD x} Qwi Q=Owtv 3 pmW QO
'OwW|t xOy=Wt xm u=vJ "CU= xOW ?=NDv= |v=tR |=ys=o x@ xDU@=w |Q}ox} Qwi
R= |W=v Ov=wD|t u}= xm CU= OwHwt l}B Tv=mQi OvJ Qw=vW I}B w w}y MU=B QO

"OW=@ Qw=vW CmQL |xrO=at uOw@ |]NQ}e
w w}y CmQL |v=}t Q=Owtv '?; K]U AJ CtU Q=Owtv 3 pmW |=yQ=Owtv QO
Tv=mQi ?; K]U Q=Owtv QO "OyO|t u=Wv =Q Qw=vW I}B CmQL CU=Q CtU Q=Owtv
3 2 =@ Q@=Q@ xvt=O u} QDW}@ Tv=mQi C=mQL QO w CU= x}v=F Q@ u=}O=Q 1 5 Q@=Q@ xrk

"CU= Qw=vW x@ G=wt= OQwNQ@ Tv=mQi =@ Q@=Q@ xm CU= x}v=F Q@ u=}O=Q

G=wt= ?}mQD "2"4
u}= =@ "Ov=xDiQo Q=Qk xO=iDU= OQwt 6|]N |x} Q_v ZQi =@ G=wt= 'jwi \@=wQ QO
XNWt R=i w xvt=O =@ s_vt G=wt= ?}mQD pY=L s_vt=v G=wt= Cio u=wD|t 'ZQi
G=wt= |=Q@ Q=F; `tH pY= R= xm CW=O s}y=wN xR=H= 'h} QaD u}= =@ "Ov=|]N
CU= |]NQ}e Qw=vW CmQL CqO=at u=vJty xm CU= |r=L QO u}= "s}vm xO=iDU=
OOaDt s_vt |=yl} QLD CLD Qw=vW |=yMU=B |=Q@ Q=F; `tH pY= R= u=wD|tv w
hrDNt |=yTv=mQi |=Q@ CmQL |xrO=at ?}=Q[ uOw@ C@=F ZQi =@ "OQm xO=iDU=

%OQm u=}@ s_vt Gwt n |=Q@ =Q CmQL |xrO=at CU=Q CtU u=wD|t 'l} QLD

F3 =
nX
i=1

F3si�ai sin(!eit+ �i) + F3ci�ai cos(!eit+ �i) (21)

F5 =
nX
i=1

F5si�ai sin(!eit+ �i) + F5ci�ai cos(!eit+ �i) (22)

%u; QO xm
F3si = C33 �A33!0i!ei +BD35!0iki (23)

F3ci = C35ki �A35!0i!eiki +BD33!0i

F5si = C53 �A53!0i!ei �BD55!0iki

F5ci = C55ki �A55!0i!eiki +BD53!0i
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|xYNWt `=iDQ= =yQ=Owtv u}= QO "CU= xOW xO=O u=Wv 9 w 8 |=ypmW QO
"CU= xOW sUQ Qw=vW pw] x@ Gwt pw] C@Uv ?ULQ@ Qw=vW I}B w w}y C=mQL
pw] QO xm CU= u; Qou=}@ xrY=L G}=Dv "CU= xOW u=}@ 3 pwOH QO uwtR; \}=QW
V}=Ri= =@ w CU}v ?U=vt =y?=wH CkO Qw=vW pw] x@ C@Uv lJwm |=yGwt
|]N ZQi QO u=wD|t =Q Qt= u}= p}rO &CU= QD?U=vt =y?=wH CkO 'G=wt= pw]
|QDW}@ Owtv |]N Gwt |x} Q_v 'Gwt pw] V}=Ri= =@ =Q} R OQm wHwCUH Gwt uOw@
pw] x@ C@Uv G=wt= |xvt=O xm CU= u}= Q@ ZQi |]N G=wt= |x} Q_v QO "O@=}|t

"OwW|t jkLt Qt= u}= C@=F |xvt=O QO Gwt pw] V}=Ri= =@ &OW=@ |mOv= Q=Okt
C=mQL R= ?U=vt |OQw;Q@ x@ u=wD|t VwQ u}= =@ OwW|t xOy=Wt xm u=vJ

"QDt}Dv=U 4 xYNWt Gwt `=iDQ= =@ Gwt |SQv= |r=oJ h}] "4 pmW

h}] |xv}W}@ C}akwt Qov=Wv xm CU= h}] l}B |}x} w=R Tv=mQi Qou=}@ !p
"CU= |ki= QwLt |wQ

!P = 2�
TP

(28)

Gwt `=iDQ= =@ TQ=i G}rN |}=} QO \}=QW |=Q@ A=wUv=H h}] 'jwi \@=wQ R=
CU= xOW xDiQo Q_v QO x}v=F 2 h}] l}B Ow} QB w QDt|Dv=U 4 |xYNWt
T=}kt =@ Qw=vW pOt O=a@= xm CU= u; Q}O=kt u}= ?=NDv= p}rO "�4 pmW�
�� CU= TQ=i G}rN QO u; |Q@ Q=m |xOwOLt xm �� |rY= Qw=vW R= syOl}
C@Uv x@ G=wt= `=iDQ= =yv; |R=UpOt w G=wt= x@=WD u}v=wk R= "CU= xOW ?=NDv=
xm u}= x@ xHwD =@ "OwW|t |R=UpOt T=}kt QPH C@Uv =@ Ow} QB w s}kDUt
3 3 u}@ l}B Ow} QB w QDt 0 5 =D 0 1 u}@ xYNWt `=iDQ= TQ=i G}rN QO
5 =D 1 u}@ xYNWt `=iDQ= |R=UpOt w x@=WD =@ u}=Q@=v@ 'CU= x}v=F 12 8 =D
xOwOLt u}= QO |@=NDv= O=Oa= 'pOt |=Q@ x}v=F 4 =D 1 u}@ l}B Ow} QB w QDt|Dv=U

"CU=
R= xO=iDU= =@ =Q G=wt= `=iDQ= u=wD|t 'G=wt= |SQv= |r=oJ h} QaD x@ xHwD =@

%OQm G=QNDU= 29 |x]@=Q

�ai =
p2S (!i) �! (29)

O=OaD x@ xHwD =@ xm CU= |r=wDt Tv=mQi wO u=}t C@=F hqDN= �! u; QO xm
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u}}aD =Q |m}t=v}OwQO}y ?}=Q[ |wLvx@ O}=@ p=-wU u}= x@ uO=O MU=B |=Q@ #CU=

"OQm

|m}t=v}OwQO}y ?}=Q[ u}}aD "6
|vQwH "CU= xOW xO=iDU= |vQwH VwQ R= |m}t=v}OwQO}y ?}=Q[ u}}aD |=Q@

%CiQo Q_v QO u}vJ =Q Qw=vW I}B w w}y C=mQL pB wm CqO=at
(�r+ a33) �Z + b33 _Z + c33Z + a35 �� + b35 _� + c53� = Xw3 (30)

(Iyy + a55)�� + b55 _� + c55� + a53 �Z + b53 _Z + c53Z = Xw5 (31)

?} Q[ bij 'xOwRi= sQH ?}=Q[ aij 'I}B CmQL � 'w}y CmQL Z '=yv; QO xm
CmQL CqO=at QO I}B u=ttXw5 'w}y |wQ}vXw3 '|DNU ?}=Q[ cij 'nv}BtO
�xOwRi= sQH |m}t=v}OwQO}y ?} Q[� a |m}t=v}OwQO}y ?}=Q[ u}}aD |=Q@ "CU=
C=v=Uwv CLD Qw=vW O=O O=yvW}B |vQwH �nv}BtO |m}t=v}OwQO}y ?} Q[� b w
QO |Q=@H= I}B w w}y CqO=at |Q=Po}=H =@ TBU w OQ}o Q=Qk I}B w w}y |Q=@H=

"OwW G=QNDU= |m}t=v}OwQO}y ?}=Q[ jwi CqO=at

Qw=vW l}vwtQ=y |Q=@H= w}y CmQL "1"6
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%R= Ow@ Oy=wN
Z = Za cos(!t) (32)

(M33 + a33) �Z + b33 _Z + c55Z = X03a cos(!t+ "X03z ) (33)

a53 �Z + b53 _Z + c53Z = X05a cos(!t+ "X05z ) (34)

Za "CU= xOW xO=O u=Wv |Q=@H= w}y CmQL s=Hv= CLD Qw=vW l} 10 pmW QO
"CU= u; Tv=mQi ! w CmQL |xvt=O

[32]"TmDUw@ \UwD u=Q=t=D=m Qw=vW uwtR; R= |}=tv "7 pmW

"TmDUw@ |@ QHD G}=Dv =@ |R=Ux}@W w}y CmQL G}=Dv xU}=kt "8 pmW

"TmDUw@ |@ QHD G}=Dv =@ |R=Ux}@W I}B CmQL G}=Dv xU}=kt "9 pmW
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|rw

]C
=mQL

|R=
Ux}
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"xDW=O=w I}B CmQL s=Hv= CLD Qw=vW l} "11 pmW

%R= Ow@ Oy=wN CQ=@a |Q=@H= I}B CmQL uwtR; R= xO=iDU= =@

a55 = �X05a: cos ("X05z )
�a:!2 + c55

!2 �M55 (46)

b55 = +
X05a sin ("X05z )

�a:!
(47)

a35 = �X03a: cos ("X03z )
�a:!2 + c35

!2 (48)

b35 = +
X03a sin ("X03z )

�a:!
(49)

c55 = +2�g Ls
0
yw:xb:xb:dxb (50)

c35 = �2�g Ls
0
yw:xb:dxb (51)

|wQ}v |xvt=O X03a %R= OvDQ=@a jwi |=ypwtQi QO xDiQ Q=mx@ |=yQ}eDt w =yQDt=Q=B
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u=tt u}@ R=i hqDN= "X05z &w}y CmQL w Qw=vW Q@ OQ=w |wQ}v u}@ R=i hqDN=

"w}y CmQL w Qw=vW Q@ OQ=w
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ltmx@ s=Q; ?; QO xvO@lD Qw=vW l} l}vwtQ=y C=mQL |R=UpOt VN@ u}= QO
CU= |Qw=vW QwmPt Qw=vW "OwW|t |UQQ@ RANS CqO=at |x}=B Q@ |OOa VwQ
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Q=m VwQD |@ QHD G}=Dv R= xO=iDU= =@ u=wD@ xm xOW ?=NDv= CyH u; R= w 'u}}aD
u}vJty w |oDiW; pOt 'pL |xvt=O w OQm |HvUCLY =Q xOW s=Hv= |OOa
G=QNDU= w s=tD= R= TB C}=yv QO "OQm u}}aD =Q ?U=vt |x}rw= w |RQt \}=QW
�1992�VwQD C=W}=tR;G}=Dvltmx@ |R=Ux}@Wu}=G}=Dv '|m}t=v}OwQO}y?}=Q[
|=ypOt w pL |xvt=O x@ |@=}CUO VN@ u}= R= hOy "OW Oy=wN |HvUQ=@Da=
"CU= wQOvD u=Q=t=D=m Qw=vW |m}t=v}OwQO}y ?}=Q[ G=QNDU= |=Q@ |oDiW; ?U=vt

"xDW=O=w w}y CmQL s=Hv= CLD Qw=vW l} "10 pmW

w w}y CmQL |xvt=O xm CU= Qw=vW |Q=@H= w}y CmQL Qou=}@ 32 |xrO=at
x@U=Lt 32 |xrO=at R= =Q Z '?}=Q[ uOt; CUO x@ |=Q@ "CU= swrat u; Tv=mQi
34 w 333 CqO=at CU=Q CtU CtU R}v w 'xO=O Q=Qk 34 w 33 CqO=at QO w

%OwW|t xO=O \U@

(M33 + a33):Za!2cos (!t) + b33:! sin (!t) + c33:cos (!t)

= �X03a:cos (!t) cos ("X03z ) + sin (!t) sin("X03z ) (35)

(a53) :Za!2cos(!t) + b53:! sin(!t) + c53:cos(!t)

= �X05a:cos (!t) cos ("X05z ) + sin (!t) sin("X05z ) (36)

?}=Q[ xrO=at wO u}iQ] QO sin (!t) w cos (!t) ?}=Q[ uO=O Q=Qk Q@=Q@ =@
%Ot; Ovy=wN CUO x@ |m}t=v}OwQO}y

a33 = �X03a: cos ("X03z )
Za:!2 + C33

!2 �M33 (37)

b33 = +
X03a sin ("X03z )

Za:!
(38)

a53 = �X05a: cos ("X05z )
Za:!2 + C53

!2 (39)

b53 = +
X05a sin ("X05z )

Za:!
(40)

c33 = +2�g Ls
0
yw:dxb (41)

c53 = �2�g Ls
0
yw:xb:dxb (42)

Qw=vW l}vwtQ=y |Q=@H= I}B CmQL "2"6
CmQL CqO=at 'OQ}o|t Q=Qk l}vwtQ=y |Q=@H= I}B CmQL CLD Qw=vW xm |v=tR

%R= Ow@ Oy=wN CQ=@a
� = �a:cos (!t) (43)

(M55 + a55) :�� + b55: _� + c55:� = X05a: cos (!t+ "X05� ) (44)

a53:�� + b53: _� + c53:� = X03a: cos (!t+ "X03� ) (45)

|xvt=O �a "CU= xOW xO=O u=Wv |Q=@H= I}B CmQL CLD Qw=vW l} 11 pmW QO
"CU= u; Tv=mQi ! w CmQL

w 44 CqO=at QO 43 |xrO=at R= � uO=O Q=Qk =@ l}vwtQ=y w}y CmQL Ovv=t
|m}t=v}OwQO}y ?}=Q[ sin (!t) w cos (!t) ?}=Q[ uO=OQ=Qk Q@=Q@ TBU w 45
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\UwD xOW G=QNDU= CqO=at R= Qw=vW |m}t=v}OwQO}y ?}=Q[ |x@U=Lt |=Q@
=@ 'OW u=}@ QDW}B xm u=vJ "OwW|t xO=iDU= OW u=}@ p@k VN@ QO xm |vQwH
VwQD "OwW|t |HvUCLY xrY=L G}=Dv '�1992� VwQD uwtR; G}=Dv R= xO=iDU=
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1. strip theory
2. added mass coe�cient
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5. excitation force
6. airy
7. power spectral density
8. peak Period
9. limited fetch
10. swell
11. Hasselemann
12. signi�cant wave height
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