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S j  nce ,  i  n  p rac t ' i ce  ,  severa l  k i  nds  o f  t ra ' ins  use  the  same
thq l ì f t ing  o f  the  ra i l  wh ich  is  adequade fo r  one k ind  may no t  be  fo r
and there fore ,  wear ing-down o f  the  ra i l  i s  no t  avo ided.  

-

Ra i ìway 's  ìay -ou ts .a re ,_ in  genera ì ,  fo rmed by  s t ra ' i gh t  l i nes ,
matched  by  c i r cu la r  cu rves ,  and  t rans i t i on  segments  cons is t ing  o f "va r i y ing '
curva ture  curves .  The goaì  o f  these t rans i t ion  segments  - i s  to  avo id  bumps-
tha t ,  o therw ise ,  wouìd  occur  be tween the  wee l ' s  b i im and the  inner  face  o f  the
ra i l ' s  head as  t ra ins  pass  f rom the  s t ra igh t  to  the  c i rcu la r  par t .

l ^Jhen a  body  moves a ìong a  curved pa th ,  i t  i s  sub jec ted  to  a
cent r i fuga l  acce le ra t ion ,  wh ich  depends on  the  body is  ve loc . i t y l  Th ìs
acce le ra t ion  can  be  coun te rba lanced  by  a ' l a te ra l  s ian t  o f  the  pa th  wh . i ch ,  i n
ra i ' lways ,  j s  ob ta ined by  r i s ' ing  the  ou ter  ra i  I  .

ra i  ì  way,
o thers ,

The purpose o f  th is  paper  i s  to  show tha t  wear -down o f  the  ou ter
ra i l  o f  curves  w i th  s t ra ìgh t  ramps can be  min imized us ing  òp . ru i ioÃ R; ; ;u ; ;À-
techn iqúes .  The wear -down prob ' lem is  equated  f rom phys icã ì  iu* r ,  and the
wear -down is  mjn imized us ' ing  F ibonacc i  ts  method,  p rogrammed fo r  a  mic rocomputer .
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1 .  INTRODUCTION

Rai ìway 's ' lay -ou ts  a re  fo rmed by  s t ra igh t  ì ' i nes  matched by  curved

arcs .  Due  to ' i t s  s impì i c i t y ,  c ' i r cu la r  cu rves  a re  be ing  used  to  des ìgn  th ' i s

match jng  a rcs  s ince  ìong  ago .  F ig .  1  shows two  s t ra igh t  ì i nes  AB and  CD w i th

in te rsec t ' ion  a t  P ,  matched by  a  c i rcu la r  curve  o f  rad jus  R.  In  the  techn ica l

ìanguage  o f  road  eng ineer ing ,  the  l i nes  AB and  CD are  ca l led  tangen ts .

F ' ig .  1

Match ing  by  c i rcu la r  curves  presents  two d ' i sadvantages :  the

d i f i cu l t y " in  d is t r ibu t ing  smooth ly  the  r i se  o f  the  ou te r  ra i ì ,  and  the  bump

between the  whee ls '  b r ims and the  inner  face  o f  the  ra j l ' s  head,  wh ' i ch  takes

p lace  a t  the  en t rance and ex i t  o f  curves ,  and due to  the  fac t  tha t  the  change

f rom the  s t ra igh t ' l i ne  to  the  c i r cu la r  cu rve  i s  so  sudden  tha t  i t  does  no t

g ive  t ìme to  the  bogey to  reàch i t s  r igh t  pos i t ion .  I t  i s  then necessary  to

inc lude  in  the  ìay -ou t  a  t rans i t i on  s t re tch  wh ich  makes . the  match ' ing  smooth .

Th is  i s  done in t roduc ing  a  vary ing  curve  be tween the  s t ra igh t  and c i rcu la r

par ts  o f  the  ra i ìway .  Two typ ica ' l  t rans i t ion  curves  are  cornu 's  sp i ra ì  and the

cub ic  paraboìa .  Braz i l ìan  federa l  laws fo r  ra i ìways  do  no t  make the  use  o f

e i the r  one  mandato ry ,  however ,  accord ing  to  Pacheco  de  Carva lho  [1 ] ,  i t ' i s  used

the  sp i ra ì  ra ther  than the  paraboìa  in  the  few ra ' i lways  w i th  t rans i t jon  in  the

count ry .

Go ing  th rough a  curve ,  the  wagon is  sub iec ted  to  g rav i ty  and the

cen t r i fuga ì  acce le ra t ion  (wh ich ,  i t  i s  we l l  known,  depends  on  the  t ra in ' s

ve loc i t y  and  curve 's  cu rva tu re ) .  The  component  o f  the  sum o f  bo th ,  ìn  the

d i rec t ion  o f  the  s leepers ,  can  be  anh i Ìa ted  by  the  ìeaníng  o f  the  wagon due to

)



r i se  o f  the  ou ter  ra i ì  w i th  respec t  to  the  inner  one.  Such a  d i f fe rence in  the

leve ls ,  ca ì1ed  supere leva t ion ,  mus t  obey  cer ta in  l im i t s ,  f i xed  accord ' ing  w i th

the speeds of  the t ra ins that  t ravel  on the ra ' i lway.

In  the  c ì rcu la r  par t  o f  the  ra i ìway ,  the  norm o f  the  acce le ra t ìon

js  cons tan t  (cons ider ing  the  t ra in ' s  speed  cons tan t ) ,  the re fo re ,  the

supere ìeva t íon  must  a lso  be  cons tan t  and obv ious ìy  pos ' i t i ve .  S ' ince  in  the

s t ra igh t  par t  o f  the  ra i lway  the  supere leva t ion  is  zero ,  the  t rans i t ion  curve

is  used to  vary  the  supere leva t ion  f rom zero  a t  the  meet ing  po in t  o f  the

t rans i t ion  w1th  the  tangent ,  to  the  va lue  cor respond ing  to  the  c i rcu la r  sec t ' ion

a t  the  o ther  end.

The s t re tch  wh ich  var ies  f rom zero  to  the  va lue  cor respond ing  to

the  c i rcu la r  par t ' i s  ca l led  the  ramp.  When the  curve  i s  used  fo r  t ra ins  tha t

can t rave l  a l l  w i th  the  same speed,  the  supere ' leva t ion 's  va lue  can be

determined ( in  the  c j rcu la r  par t )  as  the  one wh ich  e l im ina tes  the  e f fec ts  o f

the  t ransverse  acce le ra t ion  ( in  the  s ìeeper ' s  d i rec t ion ) .  Th ìs  supere leva t ' i on

is  ca l led  theore t ica ' l  supere leva t ion ,  and can no t  be  used i f  the  ra i lway  is

u t i l i zed  fo r  t ra ins  w i th  d i f fe ren t  speeds.  I f ,  fo r  example ,  the  theore t ica l

supere leva t ion  is  de termined us ' ing  the  fas tes t  t ra in ,  then,  the  s lower  t ra ins

su f fe r 'an  acce le ra t ion  ' to 'ward  the  in te r io r  o f  the  curve ,  over -wear ing  the

inner  ra i l .  Accord ing  to  Coe lho  [2 ] ,  the  cu rve 's  wear -down i s  the  ma in  reason

for  subs t i tu t ion  o f  ra i l s  in  a l l  wor r ld 's  ra i lways .  Th is  paper 's  goaì  i s  to  show

a method wf r iàh  permi ts  to  de term' ine  the  supere leva t ion  wh ich  g ìves  a  min imum

wear -down in  the  whee ls  and ra i l s  in  the  who le  curve  ( ramps and c i rcu la r

sec t i  ons  )  .

2 .  CORNU'S SPIRAL PROPTRTIES

Let  us  cons ider  the  par t i cu la r  case in  wh ich  the  hor izon ta l

p ro jec t ion  o f  the  ramp is  the  t rans i t ion  curve .  I f  th is  i s  a  cornu 's  sp ' i ra ì

and a t  each po in t  the  s ' lope  is  p ropor t jona l  to  th 'e  d ' i s tance f rom the  ramp 's

or ig in  up  to  the  po in t ,  then the  ramp can be  mathemat jca l ' l y  descr ibed in  the

parametr ic form by

x ( t )  =  (x ( t )  ,  y ( t )  ,  z ( t )  )

wi  th

(1 )
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x( t )

Substi  tutì  ng

(z ' ) "  =

from

(2)_a
lT

t

I
OJ

cos ï dt

iT
,  v( t ;

t
(

_ a I  sìnt  og.
lT oJ /-

z (s ( t )  )  =  m.s ( t )

where a and m are adequated constants

ìength's di f ferent ia l  is  g iven bY

ds  =  ( (x ' ) ,  *  ( y '  )2  +  (z '1 "1 ' / ' ,

and therefore,  using (2),

(+ +(z '1 '11/z dt .
2t

and s  i s  the  cu rve 's  a rc -1eng th .

(3 )

The arc-

dt o '  = dldt ,

'=ol (4 )

wh ich  i t

s  in  (3 )  by

m2az

2(1 -m 'z ) t

foì  I  ows that

(4 )  and d i f fe ren t ia t ing  w i th respect to t ,  we have

us ing  (5 )

z( t )  = lT ma G-
v - - L .

,rre

and

s( t )  =  /T .a  lT
,rre

(5 )

Ì,Je can express ( 1 ) as a func t ion  o f  the  arc  length  s ,

resu l ts  in



t (s  ) 1t(s )

ÈJ,x(s)=(  u
lT

ços  t  d ï ,{a
s in  t
í t

,  ms)  =

= (/T cos (ct)t dT., ,tT s in (c [ )2  d f ,  ms) (6 )

where

When the train 's speed is constant alon' .  the ramp, the vector

6zy/dsz is in the p ' lane perpendicular to the curve's tangent vector.  I t  fo l lows

from (6) that  such vector is hor izontal  because

d 'X  =  Z {T  ac rs ( -s in (cs ) ' ,  cos (cs ) " ,  0 ) .
dsz

converse ly ,  i f  x (s )  i s  a  c l i f fe ren t iab le  curve  in  R3,  s  i s

arc-ìength and dzz/dsz = 0,  then there exist  constants m and b such that

Z=f ls+b. Since s is the arc length,  we have that

r = {$})' * (l{r'* ,Ëí,' = t*ïl' * (${)' * *'

Ax/ds ,  dy lds  sa t is fy  the  c i rcun ference 's  equat ionthen,  Imlst

,  dx' ,  t
\ãE/ 'r-

A . ,  2
( -9+)-  = l -mz = 12.'os  '

t lJe can then conclude that there exists a funct ion Ó(s) such that

ac Í : acl:

lT-Tã
c  = -_

Ea

' i ts

and



dx
al=r cos ô(s)

s in  ô(s)Í{r"

and therefore

x(s)  =

y(s)  =

i s  what  we

í '
r  |  .o t  ó (s )  dg

Jo

f
r  I  s in  ó(õ)  ds

io

Compar ing  (6 )  w i th  (7 )

cou ld  ca l l  a  genera l i zed

we can see that

cornu 's  sp i ra ì .

(7)

the  p ro jec t ion  (x (s ) , y (s )  )

3. TRANSVERST ACCELERATION

Accelerat ions act ing on a wagon at  a point  of  the curve are

represented  in  F ig .2  (assuming the  speed cons tan t  and equa l  to  v ) .

0

h

b

ang le  due to  the  supere leva t ion

superelevat ion (mm)

gauge

F ig .2



p=rad i .uso fcurv .a tu rea t thes tud iedpo in t (m)

F = ôccêlerat ion (m/sa)

g = gravi t !

Y. = trai.nrs sPeed (km/h)

y = transverse acceleration (m/s2 )

y=FT-gT=Fcos cr  -  g  s in  o = (F-g tan c l )  coS a

Since c r  i s  smal l ,  we can approx imate  cos  a  by  1 '  thus

!
b

vz -  9 .81
(8 )

l =F -g tana=
13p

4.

a )

b)

CURVATURE AT EACH POINT OF THE CURVE

Aìong the  c i rcu la r  sec t ' ion  o f  rad ius  R,  i t  i s  obv ious  tha t  the  curva ture  r

is constant and equal  to 1/R'

l , Ie  shaì l  ana l i se  on ly  s t ra igh t  ramps in  th is  work ,  tha t  i s '  those

sat is fy ' ing  cond i t ion  (3 )  w i th  m =  h . / [ . ;  where  hc  =  supere leva t ion  o f  the

circular se-ct ion and .Lc = length of  the ramp from the point  of  tangence

wi th  the  s t ra igh t  ra i l " to  the  meet ing  po in t  w i th  the  c i rcu la r  sec t ion '  we

sha i ì  f i r s t  de termine ,  fo r  th is  k ind  o f  ramps,  the  equat ' ion  x ( t )= (x ( t ) ,y ( t )

z ( t ) ) .o f  the  curve  de termined by  the  ou ter  ra i l  o f  the  ramp '  l / \ le  saw ' in  the

previous sect ion that the project ion of  thÍs part  of  the ra ' i l  is  a cornu's

sp i ra l .  Le t  then  X( t )  =  (x ( t ) ,  y ( t ) ,  z ( t )  be  thenamp 'sequa t ìon ,  w i th

x( t ) ,  y ( t )  g iven  by  the  (2 ) .  ü le  then have tha t  the  ar .c - ìength  s ( t )  i s '  fo r

each  va lue  o f  t ,  g ' i ven  by  (5 ) '  Thus ,  us ing  (6 )  we  ob ta in '

butn f rom (5) we have that

t (s)  = çS- l t '=u" ' -h" '  s2 '
\az 9,2 

,



B

t / ,

( t " ^  -  h ^ \
L  r - \

I

t"c

t / ,

X"(s)  =

,ç(s) = lx"(s)l  =

' " ( lc )  =

s ( -s in  t (s ) ,  cos t (s) ,  o) .

th i s  va lue ,  we  f ína l ï y  ob ta in

s in  t ( s ) ,
h
-9  ) ,
t
c

sec t ion  we must have

(u",  ' h ' .  )
X' (s)  =  (

therefore

cos t (s ) ,
oc

( [ t c  - h"  r )
a a  L 3c

the curvature k(s)  at  each point  of  the ramp is

( 1 2 .  -  h 2 . )

Thus,

from where

az  u" ,

s. (B )
a 2  o 3* o c

At  the  meet ing  pont  o f  th js  curve  w i th  the  c i rcu la r

(  n ,a.  -  ha,  ) 1
= -  t

R

R( s"c h"  r )
a 2 = (e)

(10)

Substi  tut i  ng

k(s)  =

U" ,

a2  i n  (B )  by

1s

u.R

5. I^IEAR-DOWN OF THE RAILS AND I^IHEELS

According to Novaes

wear-down of  the wheeìs '  br ims and
[3 ] ,  p rac t ica l  exper ience

ra j ì s  a long  curves  i s  a

shows that the

func t ion  o f :



I  -  t ransv.erse accelerat ion at  the curve'

I I  -  average gross-we i .gh t  (by  ax is ) ,

I I I  -  number of  t ra in passages by uni t  t ime'

Using the formuìa for  the wear-down of  the c i rcular sect ' ion

given in Novaes [3] ,  and the term corresponding to the ramp, we have that the

wear-down function for the whole curve is

D(h . )  =  2 r-,ï, M
t , tT i .NTi l r i (s) las + * , . ,1,  wr,-NTi lv l I  =

h|Ti .NTi lv i (s) [ds + r WTi nr., lvi I=2
M

LI
. i=1

M
KI

i = l
[* '
Jo

where:

wri = i - type  t ra in 's '  g ross-we ' igh t .

NTi = total number of

r r (s )  =  i - tYPe t ra in 's

the arc length

i - t ype  t ra ins  us ing  the  g iven t racks  Ín  a  year '

t ransverse accelerat ion, on the ramp, at the point where

rs  s .

y  =  i - t ype  t ra in 's .  t ransverse  acce le ra t ion  a t  the  c i rcu la r  sec t ion-

K =  propor t jona l i tY  cons tan t .

L  =  length  o f  the  c i rcu la r  sec t ion .

M = number of  t ra ins being considered.

S' ince the

the  c i rcu la r  sec t ion  i t

;
ì,
T .

/ \ 1y* (s )  =  '  r< (s )
'  13

superelevat ion of  the ramP ìs

is  h .  we ob ta in  f rom (8)

hs
- 9.81 -"ç"-  = (  

ut  
-  9.81

oc"  13 .naR

h =  z (s )  =  h .s / . t .  and  in

h
C r_TEl 5
c
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Y i=

Hence ,

v i  
-  9 .B l

t3R

hc

b

M
D(h^)  =  2K I

i=1
t^tri . NTi I

2
V.

, l

]T[T-c
-  9 .81

M
KLI

i =1

h .r,c lc
s5- I  - ; -  +
cz

2

r^rr..Nr. l  lL -
I  l ' 1 3 R

-  g,gr K( sc+t )
nt 

i=
b

M
L

i  = l

V.
wrrNTr l  t  -9 .81

13R

h' l
b

(11)

( tz1

According to Schramm

obeyed for dinamical  stabi l i ty  and
[4 ] ,  the  fo l low ing  res t r i c t ions  must
confor t  cond i t ions :

be

-0 .98  (m/s ' )  .  t i ( s ) ,  y i

A lso  accord ing  to

speed and of  the superelevat ion.

is  a  func t ion  o f  the  t ra ' in 's

o f  t ra in ,  we have

0 .65  (m/s ,  ) .

Schramm [4] ,  sc

For each kind

o -b c -
fo.or

P" = {' i  
lo.o n

Vi h.  i f  Vi>40 km/h

c 
i f  Vis40 km/h

Since we must  use  on ly  one va lue  o f  l .  fo r  a l ì
i n  Equa t ion  (11) ,  we  sha ì l  choose  fo r .eaòh  g iven

ou' iu. t  g i  ven by (  12 )  .

cons i dered

among the M

k ind  o f  t ra ins

h_ the larqest . ! .c -c

6 .  CONCLUSIONS

Cons ider ing  the  wear -down fo rmula  (11) ,  we ob ta in  the  op t ima l
va lue  fo r  the  supere ' leva t ion ,  wh ich ' i s  de f ined  as  the  one  va lue  wh ich  m in jm izes
D(hc) ,  obeyed the  a fo rement joned res t r i c t ions  on  y i (s )  and r .1 .

The examples  in  Sec t ion  8  show : ' ' how. : i  . . ,  such  va lues  can be
determined using the encÌosed computer code.
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Lt can be observed that

conclusions about the interdependence

other railway parameters.

7. FINAL REÌ'IARI(S

| -  I f  instead of  consider ing the cornu's sp' i ra l  as

(g iven by  Equat ion  (2 ) ) ,  we take  a  gener ic  curve

corresponding straight ramp, the formula for  the

ana log  to  (9 ) ,  i s

the method we used permits to obtain

between the superelevat ion and the

2 -  Taking ' into considerat ion the deveìopment

that imptementat ion of  computer programs'

paper,  as tooìs for  f ie ld work can be of

the  t rans i t ion  curve
(x ( t ) ,  y ( t ) )  and  the

t ransverse  acce le ra t ion ,

of  microcomputers we bel ieve

Ì ike  the  one enc ' losed in  th is

grea t  he lp  to  eng ineers .

y(s) = + " I o,(s)l - s,arh

b

and i t  i s  then poss ib le  to  ex tend the  resu l ts  o f  the  present  paper .

3  -  FormuÌa  (11)  i s  s im i la r  to  the  one de termined by  Novaes [3 ]  fo r  the  case

of  the  c i rcu la r  sec t ion  ( t .=0  m (11) ) ,  however ,  in  the  present  a r t i c le '

.1, .  depends on h.  in a non- l inear fashion.
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t@
?4,
30
4tb
50
LA
7q
8q
9q
íoq
LLq
L'è.q
L3q
74q
LAq
LT,Q
t7q
íBq
J.9 f4

?ç1q,
? to
2?A
?3q
?4(ò
:l3q
- r . t \

?74
?aa
294
SQtQ
3 L q
3?4,
3 3 0
'J4@

3 5 0
' 3 & q
'â'/q

3[f o
3ii(,t
40e
410
4eo
43ô
444
45r.3

.  1&q
47q
446
4?q
aôa
510
3?6
536
340
554
560

REM . re rsao  f  i  na l  roda .nc lo  en t  ?A /AA/B( t
D I i ' í  tÀ tT . (30 ) ,NT (3q>  ,V ( . 3Q) ,VV(30 ) ,1 ì  ( 5 ( }>  , zs ( . 3q> ,Lc (3q !  ,  L . o l ' { (  í . 4 )
REH sos r tb  |OOAO
IÌEAD TLTÍ,
READ 6âM41 ,  GAÌ {AE,  SHí IX ,  13  ,  NR
INPUT ALFA
FÜE T=L  TO NR
READ R( I }
LD t { (  I  )=2  !  { ' 3 .  1 .416x .R  (  I  ) . xA l -FA  /? ,64  |

NEXT I
I?EAD N
IF  N(=9  T I IEN 444
FOR I=1  T0  N
f ìEAD t l T (  I  ) ,  l ' { T (  Ï  ) ,  t '  ( I ) , z r ' (T }
I.{EXT I
l ; íJR [{=1 T0 hlR
P.l? =tì ( l( )
l .- l- .=l-ON ( l t  )
GDSUI ]  A iq
X.=-11
GOSUB 644
XDUÌ {  =  Q)
FOR I=1  TÜ  N
IF XDUI{  )=VV(I )  T[ {EN 'ë l58 '

x.t luH=tJv ( Ï  )
NEXT Ï
LPT{ ÏNT  TLT$  :  LPRINT :  LFE T I . IT
LPRINT ' sab re levacao  pa . t ' ? .  n t i n  i n t o  dezga .s te '  : LP l? ÏNT : l -P l - ì ÏNT

l -PR INT  
' r a i o  da  r : r t r va .  ' ;RR ; '  a -ng r r l õ  

' ;ALFA

l -P f? INT ' con lp r i n ten to  do  t r e rho  ç i r cu1a . r  
' ; LL ; '  

n t -
LF I ì ïNT  

' sob re levacao  recDn ìÊndada '  ;  H ;  
' n t n t '

LPE INT  -  ' r on ìP r  i  n te r r t  o  r Ja  ra .n tF ra  
-  

;  MAX;  
'  

n ì '
LpR ïNT  

. ve loc  i c t ac l e  n ra r : i n ra  .  ;XDUH; ' k rn . / h '  : LpR ïNT :LpR INT
AS=  

-

F IJR  I=1  TO N
LPRINT  

' t r en r  t  i po  ' .  ' 7$ i ( I ) : LPRINT :LPRINT

l_[ rR ïN ' f  r1 Í , . ;  
' r l ! . i ; ì t i ' t  i  d : i tJe '  

;  i . {T(  I  }
1-.6ipi l . Í ' ,1' Í  AS; 

'FcËo lrrr.r i :  t  '  
'  

i  r : lT { i .  l
l - l ) l ; ! l ' Ì 1 r ' [  i , Í ;  

' ' . r r . . l  
1 ,  m tx ín r ' , : r .  de  p ro j e to  ' ;V ( I )

l - f ' f i ï i ' ' l ' f  í +$ ; ' ve l  .  n ra l l  i t t t *  Í i ã .  c t l pv : r  
'  

i t " " J  í  Ï  )  :  l - .P111 ï ' {T :  LPRINT
NEXT I
NEXT I(
GO ' [O  110
END.
S1=6  !
S2=51'1AX
F= .ó18
FOR I= í  TD  7q
X1=(  I  !  -F  ) * -  (Sã -S1  y+S i

X?=Fx . (  S? -S l  )  +S Í
X=X i
EOSUB ,549
OBJl=DESG
X=X2
riosuE &49
trBJ2=DESG



570
=tBO

t ?q
,5(oq
6L t
6?O
634
f.4A
654
,b60
670
6EA
690
7{00
7Lq
7?q
734
74q
7t1Q
7&6
77*
7 &çs
794
aaq
Eíq
E?Q
B3q
E4@
'd5q

8&A
874

-  E*A
E9q
946
9to
9e-q
934
940  .
950
9ó6
970
980
9?A
íQAO
lqLQ
LOTA
LOSQ
LA40
LOSq
106A
ta7@
Tqgq
ía9a
LLAQ
1 . í íA
tt?.q

.  t . L?A

rF oBJl )oBJz ìr-reru 6qq
52=X2
GDTO 6Lq
S1=X1
NEX.T '.
H=  (  S1+S? ,  / " 1
REïURN
DESG=4!
FúR L=l TO l'J
GA l , tA= (V(L '  ̂? /  (  13  !  *RR )  ) -9  .B t r |Y , /B
IF ËÉrl'iA .<.=EAIíA? ÏFIEN 7A0
GAHA=GAl'(A?
GÚTO 7?0:
IF  GA} íA )=GAHAI  T } {EN 72q
ËAÍÍA=Íií-rl'iiâ 1
GêrHA=AB5(GAl ' t f r )
DE5Ë-DESG4.!^iT ( L ) *N'i- ( l-  ) ' [GAÍ'ÍA
t-r.ExT L
GD5UI3 7&O
IIESG= D E gG.x' ( l-.L+t'!'-ìX )
I lETUI lN
r1âX=O t
F0l? J'=1 

'ï'0 
i'l

GA=  (V  (  * l )  ̂ 2 /  ( 13  !  *RR  )  ) - 9 ,A t xX lB
IF GA 1.=ÊÃï4A? TltËt'{ 64qr
GA=GAMA?'cú'ro aâq
IF GA )=GfrÌ '141 Tl- lEÌ '{ e{rÒ
GA=GÊt l ' Í41
vv (  J )=SQR (  (GA+9  -B t xX /B ) f . Í 3  I  r (RR  )
1F VU (  J ' )  (=+Q !  T l - lEÌ ' {  946
LR( - l ) = .O1 í .VV(J ) xX
É ' tTo  ?Lq
LR(J )= .4nX
IF  LR(J ) (=MfeX  T l lE l ' l  930
t4Al{=LR (-J )
N E X T  J
f t€TURN
D A T A  

' n t  
i n r i ; a c a o  p o r  b r t s ' c a  d

D A T A  - - ç 8 ,  . 6 1 5 , 1 8 O . ,  i â Q @ . , 4
DATA &íba -
D A T A  8 O O .
D A T A  I A q q .

D A T A  I T T A
D A T A  T A
D A T A  L ? . A q q .  , 4 Í : ' ,  4 5 .  ,  

' n t  
i  n e r  i  c l

I I A T A  ã S e t 0 . ,  4 5 ,  & Q . , ' n i  i  t r e r  i  r :
D A T A  & q @ O . , 1 3 0 , 6 O . ,  

' c a r 9 a  
d

D A T A  3 A @ A .  , 1 4 Q  , 7 q  -  , ' c a . r s a  d
D A T A  L A Q A .  , ç O ,  ! t q ,  ,  

' P a Ë s ã g e

DATA L?6A -  ,9@,  t tâ .  ,  
' p ; ;151 i r -o -gs

D Í â T A  5 O O  .  ,  6 q  ,  L 4 Q .  , ' p a . Ë s ã g  .
D A T A  6 A q .  ,  & Q  ,  t 4 Q .  ,  

' t t a g s a g  
-

i  r e t  a  n r e t  o d o  d e  f  i  b o n a c c  i  
'

( c a r r e g a r j o ) '
( v a i i a ) '

v e r 9 a
r /e rËa
r o
r o

r a . p  i d o '
r a . p  i  d o '

D A T A  A Q A O  .  ,  t t q  , 6 Q .  , ' c a r v a o  (  c a r r e q a d o )  
'

D A T A  L ' 7 O A ,  L í A , 7 q . , ' c a r v a . o  ( v a = i o ) '

rJÉìTA _ 1
REÏ 'URN
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