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x}rw= |xR=U Q=DiQ =Q} R 'CU}v =QH= p@=k xW}ty QwmPt VwQ 'u}= OwHw =@ "OvDUy OwHwt

u}= x@ xOW |iQat ,=Q}N= xm 'lHwt R}r=v; VwQ "OvDU}v TQDUO QO Cq=L QDW}@ QO
|=ypmW R= VwQ u}= "OQ=Ov R=}v sr=U |xR=U R= |D=aq]= x@ =Q} R &CU= xOQm x@re pmWt

l} =@ TBU "Ovm|t xO=iDU= 'Ov};|t CUOx@ V}=B |=ysDU}U R= xm '|@ QHD |Owt
w xDUHQ@ 'OvDUy R}J=v Q=}U@ ,qwtat xm '|Owt |=ypmW |=y|oDUw}B=v '|[=} Q p}O@D

xR=U ẁv xU |=Q@ VwQ u}= OQ@ Q=m u=mt= 'xar=]t u}= QO "OvwW|t |}=U=vW |DL=Qx@
u=Wv G}=Dv "CU= xOW |UQQ@ jrat |r@=m pB l} w ?=k l} 'xO=U Q}D l} %pt=W

"OQ=O ?}U; pLt X}NWD QO |}q=@ Q=}U@ |}=v=wD VwQ u}= xm OvyO|t
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|xR=U |xOWC@F Q=DiQ =@ u; Q=DiQ |xU}=kt CU= umtt 'OW=@ TQDUO QO sr=U
QF= 'p}mWD |x}rw= pL=Qt QO =y|@=QN =Q} R &OR=Uv Q=mW; =Q |tyt Cw=iD OwHwt
u=QoWywSB 'Q}N= |xyO wO QO "OvQw;|tv OwHwx@ xR=U Q=DiQ QO =Q |}x_Lqt p@=k
u}= QO xm 'Ov=xDN=OQB =yxR=U QO ?}U; hWm |=Q@ |}=yVwQ |UQQ@ x@ |Q=}U@
w |OOa C=Oy=Wt j} Q] R= pw@k p@=k |WwQ |xrRvtx@ lHwt R}r=v; VwQ 'u=}t
xO}O?}U; |xR=U MU=B |wQ Q@ R}r=v; u}= "CU= xDiQo Q=Qk O}}-=D OQwt |y=oW}=tR;
'OvDUy C@F w |Q}oxR=Ov= p@=k xR=U |wQ Q@ xOW?Yv |=yQoTL R= xO=iDU= =@ xm
u}}aD w hWm |=Q@ xR=U hrDNt |=yMU=B R= |Q=}U@ u=QoWywSB "OwW|t s=Hv=
|vt}= Q=}at '1998 p=U QO |v=QoWywSB 'p=Ft |=Q@ "Ov=xOQm xO=iDU= ?}U; pLt
xO=iDU= ?w}at |xR=U p=vo}U |}=U=vW |=Q@ xm Ov=xOQm |@=} RQ= =Q ?}U; pLt
"OvO=O xaUwD ?}U; |xv=oOvJ |=ypLt |}=U=vW CyH =Q u; ,=Oa@ w CU= xOW|t
xO=iDU= =yxR=U QO?}U;hWm |=Q@lHwt R}r=v; R= R}v 2000 p=U QO|}xar=]t QO
|=Q@ |}xrLQt OvJ VwQ l} '�2002� Qo}O |WywSB QO u}vJty [3]"CU= xOW
[4]"CU= xOW xO=iDU= |r@=m pB l} |wQ Q@ xvwtv u=wvax@ w |iQat ?}U; |@=}OQ
QO ?}U; |}=U=vW |=Q@ =Q lHwt p}rLD VwQ '2004 p=U QO sy |v=QoWywSB
R= 'p=U u=ty QO |Qo}O |xar=]t QO R}v w [5]"Ov=xDiQo Q=m x@ |}xR=U |=y?=k
[6]"CU= xOW xO=iDU= |UOvyt |=yxR=U Q}=U |U=vW?}U; |=Q@ |y@=Wt VwQ
QO ?}U; hWm |=Q@ |}xDU@ lHwt p}rLD R= sy 2005 p=U QO |WywSB QO
QO xv=oOvJ |=y?}U; hWm |=Q@ 'p=U u}ty QO R}v w [7]"CU= xOW xO=iDU= =yQ}D
'2006 p=U QO |D=ar=]t QO u}vJty [8]"CU= xOW xO=iDU=lHwt p}rLD '=yxR=U

'|v=Qta |}=v@ Q} R syt |=yxR=U R= CUQO |Q=Oyov |=Q@ =yR=}v u} QDsyt R= |m}
u; OWQ |x}rw= pL=Qt w ?}U; p}mWD |=OD@= QO =yxR=U u; QO ?}U; hWm
u}= xm 'OQm |iQat sDU}U QO ?wr]t=v C=Q}}eD u=wD|t =Q =yxR=U QO ?}U; "CU=
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Cq=YD= pLt QO |@=QN O=H}= %Ovv=t 'OyO|t MQ R}v |RQt \}=QW |=Q@ |@=QN "OQm
=Q xR=U |m}t=v}O Q=DiQ Ov=wD|t xR=U QO ?}U; xvwo Qy [1]"=yQ}D |=Q@ uwDU x@ Q}D
x@ ,qwtat =yxR=U QO ?}U; |}=U=vW |=Q@ pw=ODt ?QNtQ}e |=yVwQ "OyO Q}}eD
=Q |Dw=iD xJv=vJ w OvR=OQB|t OwHwt |xR=U =@ x}rw= sr=U |xR=U Q=DiQ |xU}=kt
|=yVwQ =Pr "OvR=U|t Q=mW; xR=U u; QO =Q |@=QN 'OvyO X}NWD wO u}= u}@
OwHwx@ xO}O?}U; |xR=U p=Owt |=yQDt=Q=B QO xm |D=Q}}eD p}rOx@ ?}U; hWm
QO xQ=wty C=aq]= u}= xm 'OvQ=O R=}v R}v sr=U |xR=U R= |rt=m C=aq]= x@ 'O};|t
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[16w2]%�4 |x]@=Q� OW=@ OwOLt O}=@ u; |SQv= "2
+1Z
�1
j (t)j2 dt <1 (4)

[17w16'2]%Ovm jOY 5 |x]@=Q QO O}=@ "3
+1Z
�1

j	(!)j2
!

dt <1 (5)

O=yvW}B 3 |x]@=Q "CU= Ot=U@ Qou=}@ ! w  x} Qwi p}O@D 	 '=yu; QO xm
u}O@ 4 |x]@=Q "OQ=O |Hwt pmW l} =} CU= |v=Uwv CQwYx@ `@=D xm Ovm|t
OwOLt=v x=Dwm |xR=@ l} |=Q@ lHwt `@=D QO |SQv= u} QDW}@ xm CU= |vat
|xNUv =@ xOW?Q[ p=vo}U |v=tR |xR=@ pm ẁtHt CWT [16]"OwW|tv
Cq=kDv= w =yT=}kt 'DWT QO "CU= lHwt |xDi=}p=kDv= w xOWT=}kt
p}rO 'OQwt u}= xm OvwW|t ?=NDv= 2 R= |}x}=B T=U=Q@ w xDUUo CQwYx@
p}O@D l} 'SWT [16]"CU= xDUUo lHwt p}O@D x@ p}O@D u}= |Q=Pos=v
p}O@D u}= "Ovm|t Q@=Q@ 2 =Q Q=QmD Qy QO |OwQw |=yxvwtv O=OaD xm CU= |Q=QmD
w OR=U QU}t |QDW}@ CkO =@ =Q =y|oDUmW w =yh=QLv= |@=} RQ= Ov=wD|t
|oDN}Uo =} R} wv X}NWD |=Q@ xS} wx@ =Q p=vo}U l} |=y|oDUw}B=v |}=U=vW
xDUUo w (SWT) =DU}= lHwt p}O@D R= 'xar=]t u}= QO [2]"Ovm u=U; p=vo}U

"CU= xOW xO=iDU= ?}U; hWm |=Q@ (DWT)

=yv; |xrtH R= xm OQ=O OwHw |irDNt QO=t lHwt `@=wD '?}U; hWm |=Q@
%OQm xQ=W= `@=wD u}= x@ u=wD|t

xrB `@=D x@=Wt u; pmW w CU= lHwt u} QDxO=U w u}rw= %1Q=y lHwt �hr=
%OwW|t h} QaD 6 |x]@=Q CQwYx@ Q=y lHwt `@=D [18]"�1 pmW� CU=

	(x) =

8>>>><>>>>:
1) 0 � x � 0 5
�1) 0 5 � x � 0 1
0) otherwise

(6)

[18]%OwW|t h} QaD 7 |x]@=Q CQwYx@ %2CrQwt lHwt `@=D �?

	(x) = exp(iw0x) exp
��x2

2�2

�
(7)

"Q=y lHwt "1 pmW

|Q}PBl}miD |xHQO =@ p}rLD� VwQ R= pmW|Q}D |=yxR=U |U=vW?}U; |=Q@
?}U; hWm |=Q@ q=@ ?D=Qt |W=aDQ= |=yOwt R= '2011 p=U QO R}v w [9]'�xv=oOvJ
xrUrU QO 1390 w 1389 |=yp=U QO u}vJty [10]"CU= xOW xO=iDU= =yQ}D QO
|=yxR=U |Ot=U@ R}r=v; R= pY=L C=aq]= |wQ Q@ lHwt p}O@D p=ta= =@ |Dq=kt
hWm x@ u=wD|t xvwtv |=Q@ xm 'CU= xOW xDN=OQB =yv; QO ?}U; p}rLD x@ hrDNt
hWm |=Q@ lHwt R}r=v; |xw}W R= [13�11]"OQm xQ=W= |Uwk wO |vD@ OU QO ?}U;
u=QoWywSB [14]"CU= xOW xO=iDU= 2012 p=U QO |WywSB QO R}v =ypB QO ?}U;
l} x@ xOWOQ=w ?}U; 'lHwt p}O@D R= xO=iDU= =@ 2013 p=U QO sy |Qo}O
w OvOQm |}=U=vW 'Ow@ xOW p=ta= u; QO |DNU Vy=m CQwYx@ xm =Q |WQ@ Q=w}O
xO}O?}U; |xk@] 4 |Oqwi |xR=U l} '|y=oW}=tR; C=aq]= ltm x@ u}vJty
hWm 'C=aq]= u; x@ lHwt p}O@D p=ta= =@ TBU w pOt =}@trm x=oWv=O QO =Q

[15]"OvOQm ?}U;
?=k l} 'xO=U QU wO Q}D l} p=Owt R}r=v; R= pY=L |=yMU=B 'Q=DWwv u}= QO
u; ltm =@ w |UQQ@ lHwt R}r=v; \UwD jrat |r@=m pB l} w xk@] l} |Oa)@ wO
x@ xm '|avYD |@=QN OvJ =} l} |}=U=vW QO VwQ u}= |}=v=wD xm CU= xOW |aU

"OQ}o Q=Qk |@=} RQ= OQwt 'Ov=xOt; OwHwx@ =yxR=U u}= hrDNt \=kv QO Ota

lHwt p}O@D s}y=it h} QaD "2
pFt |y=wNrO p=vo}U =} `@=D Q@ xJv=vJ xm CU= |[=} Q p}O@D l} lHwt p}O@D
=}� `@=D u; |v=yo =v |=y?}W Q}}eD pLt =} w |oDUUo \=kv 'Ovm pta f(t)

C} wkD |Q}osWJ w RQ=@ wLv x@ 'OvW=@ OwyWt=v wlJwm xm sy QOkJ Qy '=Q �p=vo}U
|}=U=vW wXNWt =y|oDUw}B=v u}= pLt 'xO=U|UQ=wl} =@ xm|DQwYx@ &Ovm|t
p}O@D x@ u=wD|t =yv; |xrtH R= xm OQ=O |irDNt `=wv= lHwt p}O@D "OvwW|t
=DU}= lHwt p}O@D w(DWT) xDUUo lHwt p}O@D '(CWT) xDUw}B lHwt
CQwYx@ f(t) x=wNrO p=vo}U l} |xDUw}B lHwt p}O@D "OQm xQ=W= (SWT)

[17w16'2]%OwW|t h} QaD 1 |x]@=Q

W (a; b) =
Z
f(t):  �

�
t� b
a

�
dt (1)

`@=D \rDNt GwORt  � "OvDUy p=kDv= w T=}kt |=yQDt=Q=B ?}DQDx@ b w a 'u; QO xm
w T=}kt QDt=Q=B wO =@ lHwt R}r=v; QO ( ) QO=t lHwt `@=D "CU=  QO=t lHwt
|=yp=vo}U |xv=oOvJ p}rLD |x�=Q= x@ QHvt |oS} w u}= "CU= xOW h} QaD p=kDv=
?}DQDx@ nQR@ w lJwm |=yT=}kt ?=NDv= =@ xm CQwY u}O@ 'OwW|t C@=FQ}e
lHwt R}r=v; s=Hv= |=Q@ lHwt p}O@D \UwD p=vo}U |wQ |oQR@ w lJwm |=yxR=@

[17w16'2]%OwW|t h} QaD 2 |x]@=Q =@ QO=t lHwt `@=D "OwW|t ?=NDv=

 a;b(t) = 1p
a
 
�
t� b
a

�
(2)

%Ovm <=[Q= =Q \QW 3 u}= O}=@ lHwt `@=D
[16w2]%�3 |x]@=Q� OW=@ QiY O}=@ lHwt `@=D p=QoDv= "1

+1Z
�1

 (t)dt = 0 (3)
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"CrQwt lHwt "2 pmW

VQDUo Q=}at � w 	(0) = 1 'u}=Q@=v@ 'CU= xOW p=tQv `@=D |xvt=O 'u; QO xm
[18]%CU= 2 pmW CQwYx@ CrQwt `@=D pmW "CU= u=tR

V}=tv x@ =Q |]N CtUk |oS} w '=ylHwt R= xO=wv=N u}= %3p=vwowDQ= |=@ �A
'Q} w=YD VR=OQB QO ,qFt lHwt p}O@D |=yOQ@ Q=m Q}=U QO ,qwtat xm 'OvQ=Po|t
l} |wQ p=vwowDQ= |=@ |=ylHwt "CU= R=}vOQwt Q} wYD w p=vo}U |R=UR=@ |=Q@
x} RHD |=Q@lHwtl} xm CQwY u}O@ 'OvwW|t p=ta=|}=DwO CQwYx@ p=vo}U
[18]"�3 pmW� OwQ|t Q=mx@ \w@ Qt p=vo}U |R=UR=@ Qw_vt x@ Qo}O lHwt w
QO hwQat u=QoWywSB R= |m} 'T}J@ w=O O} Qov}= %4T}J@w=O lHwt `@=D �C
xO}t=v Ot=aDt |=ylHwt CU= xOQm `=QDN= xm xJv; Qy "CU= lHwt |=}vO
'OwW|t xDWwv dbN CQwYx@T}J@ w=O |xO=wv=N |=ylHwt |=ys=v "Ov=xOW

[18]"�4 pmW� CU= u; u=wva =} ?kr db w x@DQt 'N u; QO xm

"p=vwowDQ= |=@ lHwt "3 pmW

"T}J@ w=O lHwt "4 pmW
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p=Owt R}r=v; "5
|R=Uxv}y@ w Ow@y@ 'u}}aD hOy =@ Q}o =Qi |Wv=O x@ p=Owt R}r=v; 'xDWPo |xyO wO QO
u}}aD Ov};Qi 'p=Owt R}r=v; "CU= xOW p}O@D |UOvyt |=yxR=U |m}t=v}O C=YNWt
w |}=Q}t ?}=Q[ '|a}@] |=yOt=U@ ?r=k QO sDU}U l} |m}t=v}O |D=P X=wN
sDU}U |m}t=v}O Q=DiQ R= |[=} Q |rOt O=H}= Qw_vt x@ =yv; |Q}oQ=mx@ w =yOwt pmW
'u; C=YNWt x@ \w@ Qt C=aq]= w sDU}U p=Owt pOt '|[=} Q pOt u}= "CU=
wO x@ xR=U l} |=Q@ p=Owt R}r=v; s=Hv= 'pta QO "OwW|t xO}t=v p=Owt |=yxO=O
=@ 'OQ=O |Qw�D w |Q_v |x@vH QDW}@ xm VwQ u}= QO "1 %CU= umtt |rm CQwY
Kr=Yt |m} R}i C=}YwYN u}}aD w Q_vOQwt |xR=U |UOvy O=a@= uOQmXNWt
OwW|t s=Hv= p=Owt R}r=v; '=yxR=U |m}t=v}O p}rLD QO swUQt |=yQ=Ri=sQv\UwD 'u;
|=yOQ@ Q=m|NQ@ |=Q@ "2 "Ov};|tCUOx@ xR=U|m}t=v}O|D=P X=wN u; T=U=Q@ w
s=Hv= =y|Q}oxR=Ov= R= pY=L |m}t=v}O |=yxO=O T=U=Q@ p=Owt R}r=v; '|UOvyt
?Yv =@ 'OvwW|t xO}t=v |@ QHD p=Owt R}r=v; xm =yVwQ xDUO u}= QO "OwW|t
|=ypmWQ}}eD ,qFt 'xR=U hrDNt |=yQ=DiQ Q_vOQwt |xR=U |wQ Q@ |}=yQoTL
"OvwW|t \@[ w C@F u}at |v=tR |xQwO l} QO 'hrDNt |=y|Q=PoQ=@ CLD u;
"OvwW|t G=QNDU= xR=U |m}t=v}O X=wN 'xOWCW=OQ@ |=yxO=O T=U=Q@ TBU
|@ QHD p=Owt R}r=v; R= pY=L |=yxO=O x@ 'lHwt p}O@D R= |rta |xO=iDU= |=Q@
R= xO=iDU= =@ "O=O s=Hv= |y=oW}=tR; p=Owt R}r=v; O}=@ Q=m u}= s=Hv= |=Q@ "CU= R=}v
R}r=v; |=yOQ@ Q=m xrtH R= "OQw; CUOx@ =Q xR=U |Ot=U@ MU=B `@=D u=wD|t R}r=v; u}=
'C}U=UL p}rLD 'xR=U QO p=mW= `iQ '|Q=@H= MU=B |v}@V}B x@ u=wD|t p=Owt

[19]"OQm xQ=W= MU=B |v}@V}B w 'wQ}v u}}aD
|Q_v p=Owt |=yR}r=v; R= '|Oa@ |xOWx�=Q= |=yp=Ft QO xm CU= sRq QmPD u}=
|=yxR=U R= l} Qy QO =OD@= 'Qw_vt u}= x@ "CU= xOW xO=iDU= =y|UQQ@ s=Hv= |=Q@
|Q_v CQwYx@ xR=U |m}t=v}O Q=DiQ '|avYD |@=QN OvJ =} l} O=H}= =@ Q_vOQwt
R}r=v; R= pY=L |=yxO=O |=Hx@ =yxO=O u}= "Ov=xOW G=QNDU= p=Owt R}r=v; \UwD
CLD 'xR=U |=Q@ xOt;CUOx@ |m}t=v}O Q=DiQ TBU w xOW xO=iDU= p=Owt |@ QHD
CkO =@ Ov=wD@ lHwt p}O@D xm OwQ|t Q=_Dv= "CU= xDiQo Q=Qk lHwt p}O@D
CkO u=R}t |Oa@ |=yp=Ft "Ovm |}=U=vWR=@ =Q xOWO=H}= |=y|@=QN pLt ?U=vt

"OvyO|t u=Wv =Q xOt;CUOx@

xO=UQU wO Q}D QO ?}U; hWm "1 p=Ft "1"5
u=Qta |UOvyt |=yxR=U QO u; R= xO=iDU= w lHwt R}r=v; |iQat 'Q=DWwv u}= hOy
'|y=oW}=tR; w |@ QHD C=ar=]t R= pY=L G}=Dv x@ |UQDUO sOa Cra x@ "CU=
|=yp=Ft T=U=Q@ \ki 'Q=DWwv u}= |O=yvW}B VwQ OQ@ Q=m |HvUu=mt= w |UQQ@
s=Hv= 'Ov=xOw@ |y=oW}=tR; |=yQ=m =@ x@=Wt 'Kr=Yt w xUOvy ^=Lr R= xm '|Q_v

"CU= xOW
|}xvwtv xm 'CU= xOW |UQQ@ xO=U QUwO Q}D l} QO ?}U; hWm 'pw= p=Ft QO
|H}O=} w= w nv=R w �2008� uQ} w w u}H \UwD |y=oW}=tR; CQwYx@ Q=m u}= R=
|xO=iDU= OQwt |@ QHD |=ypOt 9 w 8 |=ypmW QO xm 'CU= xOW s=Hv= �2010�

[20w2]"CU= xOW xO=O u=Wv =yv;
'|DNU |�RH Vy=m =@ 250 u=tr= w s}UkD u=tr= 1000 x@ Q_vOQwt Q}D
CQwY u}O@ Q}D C=YNWt "CU= xOW |iQat xO}O?}U; u=tr= u=wvax@
cm Q}D jta &B = 50 cm Q}D ZQa &L = 200 cm Q}D pw] %CU=

"Crt}U lHwt "5 pmW

"=ylHwt T=}kt QO Q}}eD "6 pmW

xm OvDUy |vQ=kDt ,=@} QkD |=ylHwt '=ylHwt u}= %5Crt}U lHwt `@=D �E
C=YNWt "CU= xOQm x�=Q= db |xO=wv=N |=Q@ |D=LqY= |xrRvtx@ T}J@ w=O

[18]"�5 pmW� CU= sy x@ x@=Wt lHwt |xO=wv=N wO u}=

T=}kt "3
O=tv w OwW|t xDio u; uOQWi =} w uO}Wm x@ lHwt l} T=}kt 'xO=U u=}@ x@
QDR=@ lHwt pmW 'OwW ?=NDv= QDnQR@ T=}kt Q=Okt xJ Qy "CU= a hQL u;
=Q =ylHwt |wQ T=}kt ?=NDv= Q=F; "CU= jO=Y R}v x}[k u}= Tma &OwW|t

[18]"OQm xOy=Wt 6 pmW QO u=wD|t

p=kDv= "4
Q_v R= "�7 pmW� CU= p=vo}U ẁQW QO Q}N-=D 'xO=U |v=}@ x@ lHwt l} p=kDv=

[18]%OwW|t u=}@ 8 |x]@=Q CQwYx@ k |xR=Ov= x@  (t) `@=D Q}N-=D |[=} Q
 (t� k) (8)

"=ylHwt �C}akwt QO Q}}eD� p=kDv= "7 pmW
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QO "CU}v |vFDUt xOa=k u}= R= R}v bior lHwt 'OQm |UQQ@ hrDNt |=yT=}kt
|=ylHwt CLD 'p@k p=Ft |xO}O?}U; |xO=UQU wO Q}D QO ?}U; hWm 'xt=O=
'?}U;hWm |=Q@ T=}kt ?=NDv= "CU= xOW|UQQ@ Cw=iDt |=yT=}kt =@hrDNt
QO w xOQWi CQwYx@ 'u}}=B |=yT=}kt QO =ylHwt pmW "OQ=O |O=} R C}ty=
|]=kv QO xm CU= u}= lHwt p}O@D ?}=at R= |m} "CU= QDR=@ q=@ |=yT=}kt

"xO}O?}U; Q}D pw= |Owt pmW "11 pmW

"xO}O?}U; Q}D swO |Owt pmW "12 pmW

"xO}O?}U; Q}D swU |Owt pmW "13 pmW

[2]"�2008� uQ} w w u}H |y=oW}=tR; Q}D pOt "8 pmW

[20]"�2010� |H}O=}w= w nv=R |y=oW}=tR; Q}D pOt "9 pmW

"xO=UQU wO Q}D |UOvy O=a@= "10 pmW

KN/m3 |v=UWm pwOt &� = 23 563 LN/m3 XwYNt uRw &h = 60
=@ Q@=Q@ Q}D pw] xmv}= x@ xHwD =@ "� = 0 2 uwU=wB C@Uv &E = 24855578
2 u=tr= Qy pw] u}=Q@=v@ 'CU= OOa 1000 Q@=Q@ u; |=yu=tr= w QDt|r}t 2000
AJ CtU x=ox}mD R= |QDt 0 5 |xrY=i QO Q}D |xO}O?}U; u=tr= "CU= QDt|r}t

"�10 pmW� OQ=O Q=Qk
|Owt |=ypmW x@ xHwD =@ xm 'CU= xDiQo Q=Qk p=Owt R}r=v; CLD xO}O?}U; Q}D
sr=U Q}D Cr=L =@ ,=Qy=_ =yQ=Owtv u}= xm OwW|t x_Lqt '�14 =D 11 |=ypmW� u;
=yQ=Owtv u}= ltm x@ ,=Qy=_ �250 u=tr=� ?}U; pLt u}}aD =Pr w OvQ=Ov |Dw=iD

"CU}v umtt
'OvQ}o Q=Qk lHwt R}r=v; CLD =ypmWQ}}eD u}= R= pY=L C=aq]= Qo = p=L
"OwW|t XNWt Kw[wx@ Cw=iDt |xvt=O =@ V=WDe= l} CQwYx@ ?}U; pLt
xt=O= QO u=wD|t =Q u; G}=Dv '�SWT� =DU}= ẁv R= lHwt p}O@D p=ta= R= TB

"�18 =D 15 |=ypmW� OQm xOy=Wt
'p}O@D u}= xm OW x_Lqt lHwt p}O@D R= xOt;CUOx@ G}=Dv x@ xHwD =@
xOw@ bior lHwt 'xO=iDU= OQwt lHwt "OQ=O =Q |�RH |=y?}U; hWm |}=v=wD
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"bior 3 5 lHwt =@ Q}D swU Owt lHwt p}O@D "17 pmW

"bior 2 2 lHwt =@ Q}D sQ=yJ Owt lHwt p}O@D "18 pmW

'CU= xDiQo Q=Qk |UQQ@ OQwt u}}=B w q=@ |=yT=}kt CLD p@k p=Ft lHwt p}O@D
250 u=tr= '?}U; pLt "�24 =D 19 |=ypmW� OwW QDuWwQ T=}kt C=QF= =D

"CU=
"OvQ=O sy =@ |}=yCw=iD u}}=B w q=@ |=yT=}kt 'OwW|t xOy=Wt xmQw]u=ty
OwHwx@ lHwt Q=Owtv |=yDv= wO QO p=vo}U `]k C=QF= 'q=@ |=yT=}kt ?=NDv= =@
|=Q@ 'CU= =yDv= wO QO |WQB CQwYx@ xm �24 w 22 '20 |=ypmW� O};|t
x=Q "�23 w 21 '19 |=ypmW� O=O Q}}eD =Q T=}kt u=wD|t pmWt u}= `iQ
p=vo}U xm CU= u}= 'OQ=O OwHw =yDv= wO VQB pmWt `iQ |=Q@ xm |Qo}O
xm CiQo xH}Dv u=wD|t T=}kt C=QF= x@ xHwD =@ "s}yO \U@ =yDv= wO QO =Q
w CU= xOQWi u}}=B |=yT=}kt QO lHwt ?}=Q[ Q=Owtv QO ?}U; Q}F-=D
T=}kt V}=Ri= xm |r=L QO "OyO|t u=Wv |QDq=@ Kw[w =@ =Q V=WDe= pLt
|=y?}U; |}=U=vW |=Q@ q=@ |=yT=}kt u}=Q@=v@ "OwW|t QDtm Kw[w Ea=@
x}YwD x=ox}mD l}ORv |=y?}U; X}NWD |=Q@ u}}=B |=yT=}kt w lJwm

"OwW|t

|Oa)@wO ?=k QO ?}U; hWm "2 p=Ft "2"5
|@v=H CQwYx@ xm OQ=O Q=Qk |}xOQDUo Q=@ ZQat QO xk@] l} ?=k p=Ft u}= QO
pw] %CU= CQwY u}O@ ?=k |UOvy C=YNWt "�25 pmW� OwW|t OQ=w u; x@
KN/m3 XwYNt uRw 'h = 300 cm uwDU `=iDQ= 'L = 600 cm Q}D

"xO}O?}U; Q}D sQ=yJ |Owt pmW "14 pmW

"bior 3 7 lHwt =@ Q}D pw= Owt lHwt p}O@D "15 pmW

"bior 6 8 lHwt =@ Q}D swO Owt lHwt p}O@D "16 pmW

CQwYx@ |OQ=wt QO \=kv u}= '=yx=ox}mD pLt Ovv=t 'OwW|t `]k p=vo}U xm
xOWQmP \=kv lHwt ?}=Q[ Q=Owtv QO w OwW|t |}=U=vW xDUw}B=v |=ypLt
|=ypLt R= xm|r}rLD u=ty 'lHwt p}O@D 'Qo}O|DQ=@ax@ "Ow@ Ovy=wN Q=OV=WDe=
"OQ=O =Q Q=DiQ u=ty sy p=vo}U `]k \=kv x@ C@Uv 'OQ=O xO}O?}U; =} |oDUw}B=v
"O}; OwHwx@ x=ox}mD l}ORv |}=y?}U; xm OW Oy=wN QD|OH |t=ovy pmWt u}=
'T=}kt QF= |UQQ@ |=Q@ "OQm x@re OQwt u}= Q@ u=wD|t 'T=}kt CUQO ?=NDv= =@
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"sym 8 lHwt =@ Q}D pw= Owt lHwt p}O@D "22 pmW

"bior 1 1 lHwt =@ Q}D pw= Owt lHwt p}O@D "23 pmW

"bior 6 8 lHwt =@ Q}D pw= Owt lHwt p}O@D "24 pmW

xDUUo w =DU}= lHwt p}O@D xm CiQo xH}Dv u=wD|t =yu; |UQQ@ x@ xHwD =@ xm
|NQ@ QO |}=yDv= w =OD@= |v=yo =v C=Q}}eD "OvDUy ?}U; uO=Ou=Wv x@ QO=k |@ wNx@
x_Lqt xmQw]u=ty "CU= |L=wv u; QO p=vo}U |v=yo =v `]k p}rOx@ =ypmW R=
u}= "OvyO|t u=Wv |QDq=@ C}U=UL =@ =Q ?}U; pLt =ylHwt R= |NQ@ OwW|t
u}ty x@ 'OW=@ Q_vOQwt p=vo}U =@ lHwt u; pmW Cy=@W p}rOx@ Ov=wD|t ẁ[wt
w T=}kt =@ lHwt p}O@D ẁv xU Qy hrDNt |=yp=vo}U |=Q@ CU= QDy@ p}rO

"OvwW |UQQ@ Cw=iDt |=ylHwt

"db 2 lHwt =@ Q}D pw= Owt lHwt p}O@D "19 pmW

"db 9 lHwt =@ Q}D pw= Owt lHwt p}O@D "20 pmW

"sym 2 lHwt =@ Q}D pw= Owt lHwt p}O@D "21 pmW

uwU=wB C@Uv 'E = 24855578 KN/m3 |v=UWm pwOt '� = 23 563
p}rLD l} pY=L R}v p=Ft u}= p=Owt R}r=v; G}=Dv 'p@k p=Ft Ovv=ty "� = 0 2
=@ 300 u=tr= TBU w s}UkD u=tr= 1000 x@ ?=k Q}D CtUk "CU= |[=} Q
CtUk Q}D MU=B "CU= xOW |iQat xO}O?}U; pLt u=wvax@CL=Ut |�RHVy=m
CU= xDiQo Q=Qk lHwt p}O@D CLD 'p=Owt R}r=v; R= TB Q_vOQwt ?=k |ki=

"�29 |r= 26 |=ypmW�
'CU= xOW xO=iDU= xDUUo w =DU}= lHwt p}O@D ẁv wO Qy R= p=Ft u}= QO
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"db 1 lHwt =@ =DU}= lHwt p}O@D "28 pmW

"sym 2 lHwt =@ =DU}= lHwt p}O@D "29 pmW

|yDvt |=ypB |wQ Q@ OwHwt u}ovU l}i=QD R= 'u; R= |Q=OQ@xQy@ =@ xm CU= u=Q}=
"OwW|t xDU=m QyW RmQt x@

QO xm 'CU= QDt 416 u; |vD@ VN@ w QDt 641 pB u}= |Rri VN@ pw]
wO w wQxQ=wU QDt 13 =@ QDt 20 60 R}v u; ZQa w OQ=O pw] QDt 1057 ẁtHt
|=yxrwm w QDt 212 =@ pB u}= |rY= |xv=yO "CU= QDt 7 ,=awtHt ZQa x@ wQxO=}B
"OQ=O uwDU OOa 22 w x}=B OOa 11 w CU= xDU@ |vD@ Q=w}O ẁv R= R}v pB u}=
uD@ "CU= QDt 81 10 `=iDQ= x@ |rY= uwr}=B OOa wO |=Q=O xOWO=} pB u}vJty
sQowr}m 450 Q=}a |xv}tm =@ 400 |xOQ R= '26 =D 1 p@=m R= xWQa QO |iQYt
550 Q=}a =@ 500 |xOQ R= xv=yO \Uw =D 26 p@=m R= w uD@ ?amtQDt QO u=t}U
|=yCtUk |x}rm QO |iQYt uD@ u}vJty "CU= uD@ ?amtQDt QO u=t}U sQowr}m
"CU= uD@ ?amtQDt QO u=t}U sQowr}m 450 Q=}a |xv}tm =@ 400 |xOQ R= '=yuwr}=B
=@ QDt|r}t 15 75 Q]k x@ |t}U 7 |xDi=@ |xDWQ ẁv R= =yp@=m x@ \w@ Qt Kr=Yt
pB "CU= uDw}vwr}m 279 |oDN}Uo Ctw=kt w `@ QtQDt|r}t 150 Q@=Q@ `]kt K]U
"�30 pmW� CU= xOW pOt Sap 2000 Q=Ri=sQv QO u; |=yxWkv =@ j@=]t '|r@=m
CU= sRq QmPD u}= "CU= p=Owt R}r=v; R= pY=L |=ypmWQ}}eD 'R}v xR=U MU=B
"s}=xOW xH=wt p=Owt R}r=v; R= |Q=}U@ |=yxO=O =@ 'pB pw] uOw@nQR@ p}rOx@ xm
G}=Dv \ki 'Q=m |DL=Q |=Q@ 'xR=U pm |wQ p=Owt R}r=v; s=Hv= R= Oa@ Qw_vt u}O@
xOW xO=O u=Wv xOwOLt u}= |wQ lHwt R}r=v; G}=Dv w =OH pB |xWQa R= |DtUk

"�31 pmW� CU=
p=Owt R}r=v; R= pY=L G}=Dv 'OwW|t |iQat lHwt p}O@D x@ xm xR=U MU=B

"|Oa)@wO ?=k |xUOvy "25 pmW

"bior 3 5 lHwt =@ xDUUo lHwt p}O@D "26 pmW

"sym 4 lHwt =@ xDUUo lHwt p}O@D "27 pmW

|r@=m pB QO ?}U; hWm "3 p=Ft "3"5
Q}D QO ?}U; hWm C}r@=k 'lHwt p}O@D xm CU= xOW xOy=Wt p@k p=Ft wO QO
w =ypB Ovv=t |oQR@ |=yxR=U QO "OQ=O |}q=@ CkO =@ =Q lJwm |=yxR=U =} ?=k w
u}= QO xO=iDU= OQwt |xvwtv pB "CU= C}ty= R�=L Q=}U@ ?}U; hWm R}v =yOU
Qw_vtx@ xm pB u}= "CU= xOW =QH= |r@=m CQwYx@ xm 'CU= R=wy= sDWy pB 'Q=DWwv
|r@=m pB u} QDnQR@ 'CU= xOW |L=Q] uwQ=m xv=NOwQ |wQ Q@ |m}i=QD Q=@ Vy=m
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"haar 1 lHwt =@ =DU}= lHwt p}O@D "34 pmW

"db 2 lHwt =@ =DU}= lHwt p}O@D "35 pmW

"bior 2 2 lHwt =@ =DU}= lHwt p}O@D "36 pmW

"db 6 lHwt =@ xDUUo lHwt p}O@D "37 pmW

"|r@=m pB "30 pmW

"?}U; hWm |=Q@ |@=NDv= |xOwOLt "31 pmW

"xO}O?}U; u=tr= R= |}xvwtv "32 pmW

"xO}O?}U; pB |xWQa |Owt pmW "33 pmW

w ?=NDv= u=tr= wO xOWQmP |xOwOLt QO '?}U; uOQmOQ=w |=Q@ "CU= pB |wQ
"�32 pmW� CU= xOW xO=O Vy=m =yv; |DNU

xOW G=QNDU= Q_vOQwt |xOwOLt QO u=tr= 130 |=Q@ G}=Dv 'R}r=v; s=Hv= R= TB
"OvDUy 110 w 45 |=yu=tr= xO}O?}U; u=tr= "�33 pmW� CU=

Qou=}@ w OQ=Ov |Dw=iD u; sr=U Cr=L =@ pmW u}= ,=Qy=_ 'QwmPt pmW j@=]t
|=yVwQ ltm x@ =yv; V}=O}B |x}rw= pL=Qt QO ?}U; |}=U=vW xm CU= xDmv u}=
G}=Dv 'xt=O= QO =t= "CU}v umtt xR=U |Owt |=ypmW R= xO=iDU= =@ w pwtat
=Q VwQ u}= |Ovtv=wD xm xO}O?}U; pB |Owt pmW |=Q@ lHwt p}O@D R= pY=L

"�38 |r= 34 |=ypmW� CU= xOy=Wt p@=k 'OyO|t u=Wv
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x_Lqt xmQw]u=ty "CU= |}xR=U Qy QO lJwm Q=}U@ |=y?}U; hWm QO =Q=m
"OQ=O |rw@k p@=k ?} QkD =@ =Q xv=oOvJ |=y?}U; hWm |}=v=wD R}r=v; u}= 'OwW|t
QO =t= 'Ov=xOQm pta jiwt ?}U; hWm QO =DU}= w xDUUo lHwt p}O@D wO Qy
xU Qy xm CU= QDy@ w CU}v u}vJ ?w}at |=yp=vo}U `=wv= |=Q@ w OQ=wt |t=tD
u=}t R= "OvwW |UQQ@ hrDNt |=yT=}kt w =ylHwt CLD 'lHwt p}O@D ẁv
'Qo}O |=ylHwt x@ C@Uv bior lHwt xm OUQ|t Q_v x@ QO=t |=ylHwt
w =yp@=m 'pB |xWQa Q@ xwqa "OR=U|t Q=mW; |QDq=@ C}i}m =@ =Q ?}U; pLt
p}O@D VwQ R= xO=iDU= =@ u=wD|t xm 'Ov=xDiQo Q=Qk ?}U; ZQat QO R}v pB |=yuwr}=B
|wQ xm |@ QHD p=Owt |=yV}=tR; R= pY=L C=aq]= ltm x@ |DL w lHwt
=yv; QO ?}U; hWm x@ R}v '�40 w 39 |=ypmW� OQ}o|t CQwY nQR@ |=yxR=U

"CN=OQB

|Q}oxH}Dv "6
|Q}PB=vu=Q@H|=yCQ=UN w xR=U|oDN}Uo x@ QHvt Ov=wD|t =yxR=U QO?}U; OwHw
OWQ w |Q}opmW |x}rw= pL=Qt QO =y?}U; xm CU= QDy@ Qw_vt u}=x@ "OwW
VwQ u=}t u}= QO "O}; pta x@ |Q}owrH =yu; |wQV}B x@ C@Uv =D OvwW hWm
Ov=wD|t '=y|oDUw}B=v pLt x@ uOw@T=UL w q=@ |}=v=wD p}rOx@ lHwt R}r=v;
QO ?}U; hWm Qo}O |=yVwQ xm |r=L QO 'Ovm hWm =Q lJwm |=y?}U;
R}r=v; |}=v=wD 'xar=]t u}= QO "OvDUy u=wD=v '|�RH |=y?}U; u=ty uOQm =O}B
|}=U=vW xm 'CU= xOW xO=O u=Wv |}=yp=Ft QmP =@ ?}U; hWm QO lHwt
?wULt VwQ u}= |=}=Rt R= lJwm Q=}U@ |=y?}U; j}kO pLt hWm w
C}ty= u; T=}kt w QO=t lHwt ?=NDv= '?}U; l} hWm |=Q@ "OwW|t
ẁ[wt u}= "CW=O xHwD OQwt u}= x@ O}=@ ?}U; hWm QO xm 'OQ=O |Q=}U@
u}= "OwW|t QDsyt lJwm |=y?}U; =} =yx=ox}mD l}ORv |=y?}U; hWm QO
|}=U=vW QO C}r@=k u}= "OQ=O xR=U MU=B p=vo}U p}rLD QO |}q=@ C}r@=k R}r=v;
R= w CU= u=}=tv |DNU |v=yo =v Vy=m Ovv=t |ovy=ty=v =} |oDUw}B=v `=wv=
|=Q=O sy x@ l}ORv |x]kv OvJ =} l} CQwYx@ lHwt ?}=Q[ 'Q=Owtv |wQ
VwQ 'T=U= u}= Q@ "CU= X}NWD p@=k Qo}O \=kv =@ nvy=ty=v Q}O=kt =} V=WDe=
Q=tWx@ ?}U; hWm |xv}tR QO =Q=m Q=}U@ |=yVwQ R= u=wD|t =Q lHwt R}r=v;

"OQw;

"bior 3 5 lHwt =@ xDUUo lHwt p}O@D "38 pmW

"OU |@ QHD p=Owt V}=tR; "39 pmW

"|r@=m pB |@ QHD p=Owt V}=tR; "40 pmW

=yCWwv=B
1. Haar
2. Morlet
3. Biorthogonal
4. Daubechies
5. Symlet
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