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RESUMEN 

En este trabajo consideramos el problema de va
riación de la producción de "" cierto objeto como una 
función de tiempo, cuando para Pérdidas conoCidas 
debidas a la depreciación, la cantidad total del producto 
consert'a 1m tlalor constante. La ecuación integral 
asociada con el prohlema es re uelta utilizando cocien
tes de c01It1oluc;ón.La junción de producción restllta ser 
una expresión que contiene polinomios generalizados 
de La!(uerre. La !mu-ió71 de Pbdida y la junción de 
producción fueron tahflladas para dijerentes valores de 
[os parámetros uSando un computador IBM - 3701145. 

1.- INTRODUCTION 

Here \Ve consider the problem that how must the 
production of cerrajn item vary as a function of time, jf 
for known losses due ro depreciation the total amount 
oí the product is to have a constant value. Let initially 
(t = O) the total amount of the unused product be M; 
(he production is to be arranged so (hat this amount is 
maíntained. Let the los s {unction be denoted by t(t); it i 
uefined for t~O and ha the foHowing property: M f(t) 
denote the amount lo t uue to depreciation, jf no 
producrion takes place for (>0. 

Over a long time all the arnount is used up, thar is 

fU) dt= M (1)~ :M 

\~ f(t)dt=1 (2) 

-

SUMMARY 

We consider the problem that how must the produc
lion 01 cerla;n ítem vary as a funct;01l of time, ;jlor 
knoum losses due to depreciation lbe total amount 01 
lbe product is to have a constant value. Tbe integral 
equation associated with the problem is so/ved by an 
appeal to tbe convolut'01J quotietlts. The prodllCti01J 
/unct;on come out to be an e:xpression containing lbe 
generalized Laguerre polynomials. The loss junction 
atld lhe production junction are tabtllated for dijlerent 
t·alues oj lbe parameter by tlsitlg an IBM 3701145 com
putero 

The production function g(t) denotes the pcoduction 
per unit time at the time t . Thus the production in the 
time interval (x, x +ó x) equals g (x)ll.x. Hence at a later 
instant t the 10ss is g (x) f(r - x)Óx. Hence 

~ ~f(t - K) o(K) dK ( 3) 

is the loss which is to be produced until the instant t . 
Thu' the difference of production and 10ss 

) : o(X) dx - ~:f(t -X )O(X)dX (4 ) 

mus t be equaJ to the loss M f(t). Hence, 

~ ~ 9(K)dX- ~~f(t-X) O(x)dx=Mf(t) (5) 
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1'11· 01 ri n uf Lhe problemn is obtaincd by an ap
-al In he likusin ki's operators (convolution quo

tI nt ) ~, '7 ]. In a typkaJ c. ample rhe prodlJ tioo funr
me ut to be an expression containing gene
I . 'u rr' polynomial. The loss function and tbe 
1 n fUflClion are tabulated for different values 
rarncter by usm an IBM 370/145 computer, 

( I '01 UTIO. Q O'llE rs 

Her we gh a brief introdllction 10 the tbeory of 
i n \le to l\liku inski [7J.let lIS con-

i 1 11 'iI1legrabl functions [2J, The 
'n ralu.ed .un 

ddition nd rom'oJution prodllcr for any 
f,(I eel nrt!defincda.~: 

v)(t)=tCt) v(.) (6) 

(1) 

It I lO rify that aH elemcnts of (he et e be-
m' I [h~ (¡cid F. however, theTe are elements in F 

wlll h ma not b long to C. For example, the element 
S (t) E F !oatisfies 

t(t)· S (t) = f(t) (8 ) 

In fa l the property (8) corresponds to the Oirac' s
hlfl(lion ~], Thi.s6(I) i.s the convolutioo quotient f/i for 

er ftC . 

A dCfinilioo, h(l) 1S tbe Heaviside's unit function, 

h(t)=1, t~o 

2h ( f ) = h ( t ). h (t) ; t 

and by induction, we have 

(9) 


Thus h n be considercd 8 an perntor oí int 
gration hn COff ponds 10 n tim rep ated integr _ 
tion. 

Sinrc f r vcry f € e, f / f: •we ha re 

-1
h/h=6orh.h =6 (10) 

\\hith ue<om 

-_h-lh• I = 6 I (11) 

1 he relation (11) is tak 11 as (he definition of a n \ 

(lp rntor. From hcre ir n h -inferred 1h 1 lorr p n 
d'i to th nperator oC differ • Iti tion. JI r any c!ement f 
E c,1t ving a localJ iutcgr d ri ti e f or!er n[2,7J, 

wh r f (n) ar 'ordww dl ri 'llli e '} 1I h 
extended d lve f rd n of th clero t j 

W ro uti n 111 ltl ti (distribution r 
geocmlized fun mus) h el ni m f the fi id I lo 
mis íi Id Je 

f· ~ ': 9 (t. g e) (13) 

are solvable aod th uniquc olution is :repres nted y
mbolically by 

~ ; O /f ( 14 ) 

3.- THESOLUTION OF THE PROBLEM 


The equation (5) can b 'rinen 


q-h-fltg=M' 


M f 6 

g=--= M'·- h-f h-f 

• 
 (J S) 


= MfJ¡ 6 -sf 


= M s f· -L

• - tf 
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o • F( ti + wh is the resolvent 
n lofl[1] 

( + F ) 

~ F
1
(t) +FZ(tl (16 ) 

F ( ) _ F F = F f r - 2,3, (17 )
1 

(le) 

re 

h ondition (21. 
rerm o the operal( r s 

(19 ) 
(1) 

aod therefore 

')cx A 
F(t)~ ( O)

($ +a:)~ 

lts r-tb iterared kernel is 

Ir ocr~ clr~rl 
t r -, -1 -el t L' '-S'at)

~ e r
(S+ Cl )r~ r(r'~) 

(21) 

fbus 
al r -r 1~ r \ r: r~-r-i -ext f , g(t):M.2 f e Lr (

r : 1 r (r}) 
(22) 

Where LO (,,)are [he generalized Laguerre poi omials 
[6J r 

4.. COMPUTATION 

In rhe followiog rabies we hay ralmlatetl t f(t d 
the production function g (t) for different valu ol 

0:(0.01 (O O. 20, ~(X".OJ) al dillerenl iot n-als DI tim t 

(from 1 to 60,llt. 1). 1 he valuec; of r amJ ar t n ~ 

lO and 2 re pectívely. In (he Dum rka! I ul Ii os e 
llave consideretl so many lerm s to i u ce: rT 

figures up to eight decimal p01nlS. Using rh 'rorr n 
IV-H extended. the calndations vIere effecleU 111 1 r
minal statioo COPE 1200 uf me mM 3 01145 1111

puter. 
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