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ẁkw p=tDL= u}}aD |=Q@ |R} Qxt=vQ@ '|@Ya |=yxm@W R= xO=iDU= u} QDG}=Q

|Q}oO=} |U=U= |oS} w wO |=Q=O |@Ya |=yxm@W xmv}= x@ xHwD =@ [16]"CU=
w �|Q}PBs}taD |}=v=wD w CQOk� |@ QHD |=yxO=O |x�=Q= T=U=Q@ |Q}PBCW=ov =}
|v}@V}B ltm x@ u=wD@ xm |r�=Ut |=Q@ =yxm@W u}= 'OvDUy |R=wt |Q}PB Q=DN=U
QU}t =} =ysDU}U u}= |R=UpOt xm xO}J}B |=ysDU}U xS} w x@ 'OQm |Ov@C} wrw=
|=yOQ@ Q=m u} QDsyt "OvDUy ?U=vt Q=}U@ 'OwW|t s=Hv= |DNU x@ =} w CU}v

[17]%OQm u=}@ xDUO 9 QO u=wD|t =Q |@Ya |=yxm@W
&wor= X}NWD w |}=U=vW '|Ov@xk@] "1

&p=vo}U VR=OQB "2
&|v=tR |=y|QU |v}@V}B "3

&pQDvm w |R=UpOt "4
&|R=Uxv}y@ "5

&|R=i w xQ@N |=ysDU}U "6
&xOvvmsQoQU p}=Uw w TQw@ Q=R=@ '|D}vt= 'xt}@ '|r=t p�=Ut "7

&|mWRB w |DavY p}=Uw CN=U "8
"|rkv w ptL |=ypOt QO Q=DiQ X}NWD "9

Q=WDv= |=yxm@W x@ u=wD|t |v}@V}B CyH xO=iDU= p@=k |=yxm@W `=wv= R=
Q=DiQ |R=UpOt CyH x@ 'xt=O= QO xm OQm xQ=W= """w =DrO 'Q=WDv= TB '|DWoQ@
xOW xDN=OQB u; K} QWD x@ 9|DWoQ@ Q=WDv= TB |xm@W R= xO=iDU= =@ =yl =N

"CU=
=ypOt u} QDu=U; w u} QDQF-wt 'u} QDhwQat R= |m} xm |DWoQ@ Q=WDv= |=yxm@W
u=}t QO """w hOy u}OvJ |@=}OQ w |} woV}B w |v}@V}B 'uDt uOv=wN |=Q@
'xm@W u}= "OW QWDvt 1970 |xyO p}=w= QO 'OvDUy x}q OvJ w xO}J}B |=yxm@W
|=yOQ@ Q=m =@ |@Ya |=yxm@W hrDNt `=wv= u=}t QO =Q xO=iDU= u=R}t u} QDW}@
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QO ,=twta xm 'CU= uwQwv |HwQN `@=D ẁv ?=NDv= '|R=Ux}@W QO |Oa@ sOk
w xO=U |Q}ojDWt p}rO x@ �1 |x]@=Q� O}�wto}U `@=D '|DWoQ@ Q=WDv= |=yxm@W

%OwW|t xO=iDU= `@=D OwN =@ `@=D jDWt s}kDUt \=@DQ=

f(x) = 1
1 + e�x (1)

'pw= Q}Ut %CU= OwHwt |D=@U=Lt Q}Ut wO |DWoQ@ Q=WDv= |=yxm@W sD} Qwor= QO
"OwW|t xO}t=v CWoQ@ =} QwNTB 'swO Q}Ut w CiQ =} QwNV}B

KQW x@ \ki xt=O= QO 'Q=DWwv u}= QO QwNV}B =} CiQ Q}Ut R= xO=iDU= Cra x@
[17]%OwW|t u=}@ 4 |r= 2 CqO=at =@ Q}Ut u}= "CU= xOW xDN=OQB u;

a = p(k) (2)

aL+1 = FL+1[WL+1(k)aL + bL+1(k)] (3)

a(k) = aL(k) (4)

Q=OQ@ |xOvyOu=Wv p '(0; 1; :::; L�1) =@ CU= Q@=Q@ w =yx}q O=OaD L '=yu; QO xm
"CU= k |v=tR |x_Lr QO =yuwQwv uRw T} QD=t W w |HwQN Q=OQ@ a '|OwQw

|=QH= s=ovy QO xm@W |=yQDt=Q=B 'OwW|t xOy=Wt xm xvwou=ty Q}Ut u}= QO
Ovvm|t pta =yuwQwv lD lD |wQ 'lQLDt `@=wD w Ovvm|tv Q}}eD CiQ C=@U=Lt

%�5 |x]@=Q�

FL+1(n(k)) = [fL+1(nL(k):::fL+1(nSL+1(k))]T (5)

s}_vD 7 w 6 \@=wQ =@ x}q OvJ |xm@W T=}=@ |=yQ=OQ@ w uRw |=yT} QD=t ,=D}=yv
%OvwW|t

WL(k + 1) = WL(k)� a�L(k)[aL�1(k)]T (6)

bL(k + 1) = bL(k)� a�L(k) (7)

"CU= L = 1; 2; :::; L '=yv; QO xm
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�xHQO� �p=mU=Bwr}m � �xHQO� (�) �OYQO� �OYQO�
38 9 21 7 35 7 4 12 7 10 55 1
40 2 30 4 35 7 4 12 7 30 55 2
37 3 18 2 34 4 4 12 7 60 55 3
40 8 30 7 36 4 4 12 7 30 75 4
40 3 22 37 2 4 12 7 20 75 5
42 41 2 36 1 4 12 7 38 3 55 6

37 1 7 36 1 4 12 7 5 55 7

"|oDU@ty ?} Q[ T=U=Q@ xv}y@ |xm@W uOQm =O}B w uwQwv C=Q}}eD "2 pmW
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Qw_vt u}= |=Q@ "CU= xO}O VRwt; Kq]Y= x@ w xO}UQ |Q=O}=B C}a[w x@ xm@W
OQmrta `@=D |=]N u=R}t w xDiQo Q=Qk VRwt; CLD w pOt 4-12-2 V}=Q; =@ xm@W
3 w 2 |=ypmW w 2 pwOH QO xDiQ}PBs=Hv= |R=UpOt G}=Dv "CU= xOW C@F R}v

"Ov=xOy=Wt p@=k

xv}y@ |xm@W |iQat "1"4
?} QkD |=Q=O Q=Owtv 'OwW|t xOy=Wt 2 pwOH w 3 w 2 |=ypmW QO xm Qw]u=ty

=} l} '|OwQw |x}q l} |=Q=O '=yxm@W u}= &OW u=}@ R}v QDW}B xm Qw]u=ty
Qou=}@ 'xm@W |=y|OwQw O=OaD xm OvDUy |HwQN |x}q l} w u=yvB |x}q OvJ
s=Om Qy u=yvB |=yx}q =} x}q "CU= xm@W |OwQw VN@ QO OwHwt |=yQDt=Q=B O=OaD
QO xDiQ Q=mx@ |Q=DiQ `@=wD ẁv w =yuwQwv u}= O=OaD xm OvDUy uwQwv |O=OaD |=Q=O
'|@Ya |xm@W l} |HwQN |x}q "OQ=O Q}F-=D Q_vOQwt |xm@W Q=DiQ QO x}q Qy
CU= |DqwyHt O=OaD Qov=}@ =yuwQwv u}= O=OaD xm CU= uwQwv OvJ =} l} |=Q=O R}v
|=yxO=O G}=Dv R= Q=DWwv u}= QO "OyO x�=Q= =yv; |=Q@ |rw@k p@=k MU=B O}=@ xm@W xm
l}DUq xOQN =@ \wrNt |}xU=t |=yl =N |wQ Q@ |QwLt xU uwtR; |y=oW}=tR;
[3]"CU= xOW xO=iDU= 'CU= xOW s=Hv= �2004� u=Q=mty w nQ@vQwR \UwD xm
VvQm w x@v=Hxty Q=Wi '|@Uv sm =QD '\qDN= C@Uv |=yQ}eDt |R=UpOt u}= QO
pt=W R}v =y|HwQN w CU= |OwQw |=yQ}eDt u=wvax@ xm@W O=H}= |=Q@ |QwLt
O=OaD |=Q@ |YNWt |xOa=k |rm Cr=L QO "OvDUy |tHL VvQm w |i=QLv= VvD
QO 'Q=DWwv u}= QO u}= OwHw =@ "OQ=Ov OwHw =yv; |=yuwQwv O=OaD w u=yvB |=yx}q
'CU= xOW xDiQo Q_v QO 1 =OD@= QO u=yvB |=yx}q O=OaD 'xm@W |R=UpOt OvwQ
2 x@ O=OaD u}= 'pw@k p@=k |=]N u=R}t |xv}tm =@ |} woNU=B sOa CQwY QO xm

"Ci=} Oy=wN V}=Ri=
x}q Qy QO xDiQ Q=mx@ p=kDv= `@=wD ẁv O}=@ 'u=yvB |=yx}q O=OaD ?=NDv= R= TB
R= u=wD|t �|]NQ}e uw}UQoQ� ?U=vt `@=D ?} QkD l} u}tND |=Q@ "OwW u}}aD
w xO=U |]N ẁv R= |HwQN |x}q QO u; p=kDv= `@=D xm |DWoQ@ Q=WDv=TB |xm@W
|@Ya |xm@W TB "OQm xO=iDU= 'CU= O}�wto}U Cv=Sv=D ẁv R= u=yvB |=yx}q QO
|=Q=O xm@W u}= xm |vat u}O@ "CU= 4 - n - 2 |x}rw= V}=Q; |=Q=O xOW?=NDv=

"CU= |HwQN 2 w u=yvB |x}q QO uwQwv n '|OwQw 4
|xrLQt QOpw@kp@=k|=]N|xv}tm x@ xHwD =@O}=@ u=yvB|=yx}q|=yuwQwv O=OaD
'|awvYt |@Ya |=yxm@W |R=UpOt CyH "OwW XNWt V}=tR; w VRwt;
"""w Nnet Sheet 'Neural Solution 'Matlab uwJty |OOaDt |=yQ=Ri=sQv
R= 'u; uOw@TQDUO QO w q=@ CQOk 'u=U; |Q@ Q=m \}Lt p}rOx@ xm CU= OwHwt
[20]"CU= xOW xO=iDU= xv}y@ |xm@W uDi=} w |R=UpOt CyH Matlab Q=Ri=sQv
'=yu; =@ Q_=vDt |=y|HwQN w |=y|OwQw R= xO=iDU= =@ VRwt; |xrLQt QO
OQmrta `@=D |xR=Ov= xm OwW|t |R=UpOt |Qw] XNWt Q=DN=U l} =@ xm@W
u}ov=}t `@=D ,qwtat |DWoQ@ Q=WDv= |=yxm@W QO `@=D u}= xm 'OwW xv}tm u; QO =]N
|}xm@W 'xm@W u} QDy@ C}=yvQO "CU=]N C=a@ Qt QwPHt `@=D =} w =]N C=a@ Qt
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"CU= xOW xO=O V}=tv u; |=]N u=R}t w xm@W

=@ |R=Ux}@W QO xv}y@ |xm@W ?=NDv= QO p}NO w syt pt=wa R= |m}
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"OQm u}}aD =Q Q_vOQwt
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=yCWwv=B
1. tire shredder
2. strength parameters
3. triaxial test
4. tangential modulus
5. secant modulus
6. Zornberg
7. arti�cial neural network (ANN)
8. neurons
9. feed forward back propagation
10. minimum
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