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In  t h e  P o l i s h  economy we have  an e x c e s s  of  s e v e r a l  p r oduc t i on 
f a c t o r s ,  t h e i r  i n p u t s  a r e  n o t  i n  e q u i l i b r i u m .  On t h e  o t h e r  hand ,  
i n  t he  p r o d u c t i o n  f u n c t i o n  i t  i s  assumed a p r o d u c t i o n  f a c t o r s  
e q u i l i b r i u m  which i s  r e l a t e d  t o  s u b s t i t u t i o n  p r o c e s s e s .  Ihe 
o u t p u t  g e n e r a t e d  from a p r o d u c t i o n  f u n c t i o n  i s  j u s t  an i n t e r a c ­
t i o n  of  a n a l y z e d  p r o d u c t i o n  f a c t o r s .

1.  No S u b s t i t u t i o n  App r o a c h

Wo would l i k e  t o  p r o p o s e  a n o t h e r  a p p r o a c h .  The o u t p u t  would 
be r e l a t e d  t o  i n p u t  of  on l y  t h i s  p r o d u c t i o n  f a c t o r  which was a 
b o t t l e n e c k  i n  a g i v e n  y e a r .  A b o t t l e n e c k  i s  f l e x i b l e  i n  a y e a r  
a s  we l l  a s  i n  an a g g r e g a t e  of  t h e  p r o d u c t i o n  f a c t o r .  These a r e  
p r e c i s i o n  c o n s t r a i n t s  of  ou r  a n a l y s i s .

F i r s t  s t e p  - b o t t l e n e c k  s e a r c h .  We look f o r  t h e  b o t t l e n e c k  
p r o d u c t i o n  f a c t o r  f o r  e ach  y e a r .  To do i t  we us e  one f a c t o r  p r o ­
d u c t i o n  f u n c t i o n s

X = f (Y1 ) ( 1 )

where :  X - p r o d u c t i o n  o u t p u t ,  Y* -  " I "  p r o d u c t i o n  f a c t o r  input.

D r . ,  U n i v e r s i t y  of  Łó dź ,  P o l a n d .
The e x t e n d e d  v e r s i o n  of  t h e  p a p e r  p r e s e n t e d  a t  t h e  I n t e r ­

n a t i o n a l  C o n f e r e n c e  on t h e  Ec o n o me t r i c  Mo d e l l i n g  of  t h e  S o c i a ­
l i s t  Economi es ,  Lódź 1983.  I would l i k e  t o  e x p r e s s  my t h a n k s  t o  
W. Wel f e ,  E. Er shov  and I .  Sadyhov f o r  comments on t h i s  model .



The r e g r e s s i o n  c u r v e  d i v i d e s  p o i n t s  -  o b s e r v a t i o n s  i n t o  two 

g r oupe  ( F i g u r e  1) .

F i g .  1

The p o i n t s - o b s e r v a t i o n s  below t h e  r e g r e s s i o n  c u r v e  r epr esen t  years 
when t h e  p r o d u c t i o n  f a c t o r  was i n  a r e l a t i v e  e x c e s s .  A r e l a t i v e  
one be c a u s e  we b a s e  on a r b i t r a r i l y  chos en  a n a l y t i c a l  form of t he  
f u n c t i o n .  We can a l s o  meet  a c a s e  when t h e  p r o d u c t i o n  f a c t o r  i s  
a b o t t l e n e c k  i n  t h e  whole  s ampl e  p e r i o d .  But  i n  t h i s  c a s e  we can 
e x p e c t  h i g h  goodness  of  f i t .

One by one we drop  o b s e r v a t i o n s  wi t h  t h e  b i g g e s t  r e s i d u a l s  
( be l ow t he  c u r v e )  be c a u s e  t he  q u a n t i t y  of  t he  f a c t o r  i n  e x c e s s  
i s  n o t  r e l a t e d  t o  t h e  p r o d u c t i o n  o u t p u t .  Then a n o t h e r  p r o d u c t i o n  
f a c t o r  was a b o t t l e n e c k  and t h a t  one d e t e r m i n e d  o u t p u t .  I t  i s  
no t  c l e a r  when t o  s t o p  t h i s  i t e r a t i o n  p r o c e d u r e  (one  of  t he  p r o ­
p o s a l s  i s  R2 s t a b i l i z a t i o n ) . As a r e s u l t  we g e t  a s e t  o f  one 
f a c t o r  p r o d u c t i o n  f u n c t i o n s  e s t i m a t e d  on s u b s a mp l e s .  Each one of  
them i s  ba s e d  on l y  on t h e  y e a r s  when t he  p r o d u c t i o n  f a c t o r  was 
a b o t t l e n e c k .

O b s e r v a t i o n s ,  when t h e  p r o d u c t i o n  f a c t o r  was i n  e x c e s s ,  no-t 
o n l y  l ower  t h e  r e g r e s s i o n  c u r v e ,  b u t  a l s o  o i t e n  s h i f t  i t .  As a 
c o n s e q u e n c e  t h e  p r o d u c t i o n  f u n c t i o n  and c a p a c i t y  o u t p u t  curve are 
s h i f t e d .

I f  i n  an i t e r a t i o n  p r o c e d u r e  we dr op  one of  t h e  y e a r s  for  a l l



p r o d u c t i o n  f a c t o r s ,  i t  w i l l  mean t h a t  o t h e r  f a c t o r  was a b o t t l e ­

neck i n  t h a t  y e a r .
Any b e t t e r  me t hod ,  i n s t e a d  of  one f a c t o r  p r o d u c t i o n  funct ion

can  be used  t o  s e a r c h  b o t t l e n e c k s  i n  t h e  f i r s t  s t e p .
Second s t e p  -  t h e  l i n k  of  b o t t l e n e c k s  ( I t  i s  n o t  n e c e s s a r i l y  

r e l a t e d  t o  t h e  method used  i n  t h e  f i r s t  s t e p ) .  Because  we a r e  
s h o r t  of  o b s e r v a t i o n s  we l i n k  b o t t l e n e c k s  i n t o  one model :

Thi s  f u n c t i o n  i s  s i m i l a r  t o  Cobb-Dougl as  p r o d u c t i o n  funct ion,  
so i n  t h e  f i r s t  s t e p  we have  us ed  one f a c t o r  Cobb- Dougl as  p r o ­

d u c t i o n  f u n c t i o n .
Bo t t l e n e c k s  i n  t h e  P o l i s h  i n d u s t r y . We c o n s i d e r  t h e  P o l i s h  

i n d u s t r y  i n  t he  p e r i o d  1961- 1981.  B o t t l e n e c k s  a f t e r  4-6 i t e r a t i ons  

a r e  g i v e n  i n  t h e  Tab l e  1.
The b o t t l e n e c k  d i s t r i b u t i o n  p o i n t s  t h a t  i n  some one f a c t o r  

f u n c t i o n  a u t o c o r r e l a t i o n  а р р е а г з  which can  be e l i m i n a t e d  by a 
more convex a n a l y t i c a l  form.  But  we can l o o s e  t h e  model  s s i m ­
p l i c i t y  as  we l l  as  t h e  c o n n e c t i o n  be t ween  t h e  f i r s t  and s e ­

cond s t e p .
Nex t ,  we w i l l  c o n c e n t r a t e  on f i x e d  a s s e t s ,  employment  and 

i m p o r t s .  We s h a l l  c o n s i d e r  t h e s e  p r o d u c t i o n  f a c t o r s  i n  1964.  The 
b o t t l e n e c k s  were t h e n  f i x e d  a s s e t s ,  employment  and i m p o r t s  f rom 
s o c i a l i s t  c o u n t r i e s .  Thus ,  t h e r e  a r e  3 o b s e r v a t i o n s  f o r  t h a t  
y e a r .  I n  t h e  f i r s t  one an an n u a l  p e r c e n t a g e  p r o d u c t i o n  i n c r e a s e  
depends  on an a n n u a l  p e r c e n t a g e  i n c r e a s e  o f  f i x e d  a s s e t s  ( o t h e r  
v a r i a b l e s  a r e  e q u a l  t o  z e r o ) .  In t h e  s econd  o b s e r v a t i o n  f o r  1964 
an a v e r a g e  2 - y e a r  p e r c e n t a g e  i n c r e a s e  of  p r o d u c t i o n  d e pe nds  on

= a  * к + <* о t ( 2)

where :

y |  -  " i "  b o t t l e n e c k  f a c t o r  in p e r i o d  t ,  

t  _ ц - p r e v i o u s  p e r i o d  when Y1 was a b o t t l e n e c k ,

-  p r o d u c t i o n  e l a s t i c i t y  w i t h  r e g a r d  t o  f a c t o r  Y1 ,

о
-  t e c h n o l o g i c a l  p r o g r e s s  p a r a m e t e r ,

- d i s t u r b a n c e  t erm.



t á b  1 e 1

The P o l i s h  I n d u s t r y  In t h e  p e r i o d  1961-1981

Years К N MN MS RC RE МЛ1
MOP

1961 X x X x

1962 X X x x

1963 X x
1964 X X x x
1965 X X x x
1966 X x x
196 7 x
1968 X X x x
1969 X X x
1970 X x
1971 X x x

1972 X X x x

1973 X x
1974 X x x x

1975 X x x x x

1976 x x x x

1977 X X x x x

1970 X x x x
1979 X x

1980 x

1981 x

N o t a t i o n :  X -  P o l i s h  i n d u s t r y  p r o ­
d u c t i o n ,  s o c i a l i z e d  s e c t o r ,  c o n s t a n t  p r i c e s ,  J a ­
nuary  1,  1977;  К -  f i x e d  a s s e t s  i n  s o c i a l i z e d  
i n d u s t r y ,  c o n s t a n t  p r i c e s  J a n u a r y  1,  1977,  one 
yea r  l a g ;  N - employment  i n  s o c i a l i z e d  i n d u s t r y ,  
one yea r  l a g ;  MM - i mp o r t s  f rom n o n - s o c i a l i s t  
c o u n t r i e s ,  c o n s t a n t  1977 p r i c e s ;  MS - imports from 
s o c i a l i s t  c o u n t r i e s ,  c o n s t a n t  1977 p r i c e s ;  RC - 
coa l  f o r  non - ma r ke t  u s e ,  m i l l i o n  t o n s ;  RE - i n ­
d u s t r y  e l e c t r i c  e n e r gy  u t i l i z a t i o n ,  m i l l i o n  kW; 
MOI - c r u d e  o i l  i m p o r t s ,  m i l l i o n  t o n s ;  MOP -  o i l  
p r o d u c t  i m p o r t s ,  m i l l i o n  t o n s .



at) a v e r a g e  7 - y e a r  p e r c e n t a g e  i n c r e a s e  of  employment  ( o t h e r  v a ­
r i a b l e s  a r e  e q u a l  t o  z e r o ) .  In t he  t h i r d  o b s e r v a t i o n  an a v e r a g e  
p e r c e n t a g e  i n c r e a s e  of  p r o d u c t i o n  f o r  t h e  y e a r s  1962,  1963,  1964 
depends  on an a v e r a g e  3 - y e a r  p e r c e n t a g e  i n c r e a s e  of  i m p o r t s  
f rom s o c i a l i s t  c o u n t r i e s  ( o t h e r  v a r i a b l e s  a r e  e q u a l  t o  z e r o ) .

The f o l l o w i n g  e s t i m a t i o n  r e s u l t s  f o r  t he  above  me n t i o n e d  
f u n c t i o n  - a t i n e  s e r i e s - c r o s s  s e c t i o n  s ampl e  of  30 o b s e r v a t i o n s

- were o b t a i n e d :

X '  X-k  . 0 .  ,  e N - N-k
X , = 1 . 9  ♦ 2 . 5  ^ 6 o b s e r v a t i o n s

- k 2 . 3  4 . 3  ~k

X - X . K * K-k
——— = 1. 9  ♦ 0 . 91  — s------- -10 o b s e r v a t i o n s

* к -kk 6 . 4

X - X MS-MS .
* 1 . 9  ♦ 0 . 6 2 — „č-----  6 o b s e r v a t i o n sX . ‘ ’ u MS

' k 4 . 7  K

v - X MN-MN_k
------- i— - 1 . 9  ♦ 0 . 4 5  MN k И o b s e r v a t i o n s

- k 8 . 4

ft2 * 0 . 8 3

Al l  t h e  e s t i m a t e d  p a r a m e t e r s  a r e  s i g n i f i c a n t .  We g e t  a r e ­
l a t i v e l y  h i g h  goo d n e s s  of  f i t  i n  a f u n c t i o n  e s t i m a t e d  on i n c r e ­
me n t s .  We can  o b s e r v e  e x p l i c i t  p r o d u c t i o n  e l a s t i c i t y  d i f f e r e n c e s  
f rom 0 . 4 5  w i t h  r e s p e c t  t o  n o n - s o c i a l i s t  i m p o r t s  t o  2 . 5  w i t h  r e s ­
p e c t  t o  employment .  Of c o u r s e ,  wa d i d  n o t  e x p e c t  t h a t  t h e  sum 
o f  e l a s t i c i t i e s  would be e q u a l  t o  one b u t  t h a t  e a c h  e l a s t i c i t y  
s e p a r a t e l y  would t a k e  t h e  v a l u e  c l o s e  t o  o ne .  As we can c o n c l u d e  
f rom t h e  e s t i m a t e d  p a r a m e t e r s ,  on l y  *. ixed a s s e t s  i n c r e a s e d  in the 
g r owt h  r a t e  c l o s e  t o  t h e  p r o d u c t i o n  g r owt h  r a t e .  I m p o r t s ,  p a r t i ­
c u l a r l y  t h o s e  f rom n o n - s o c i a l i s t  c o u n t r i e s ,  i n c r e a s e d  much f as t e r  
t h a n  p r o d u c t i o n .  The e s t i m a t o r  v a l u e  of  i m p o r t s  p a r a m e t e r  expres­
s e s  an i n c r e a s i n g  r o l e  of  i m p o r t s  i n  t he  p r o d u c t i o n  p r o c e s s .  This



has  been иле of t he  r e a s o n s  why p r o d u c t i o n  grew f a s t e r  t han  
e mpl oymen t .

We may a l s o  p o i n t  ou t  t h a t  p r o d u c t i o n ,  f i x e d  a s s e t s  and im­
p o r t s  a r e  measur ed  q u a l i t a t i v e l y  in c o n s t a n t  p r i c e s  e x c e p t  
employment .  C a t e g o r i e s  e x p r e s s e d  i n  c o n s t a n t  p r i c e s  a r e  no t  
c l e a n  c o mp l e t e l y  from p r i c e  growth and f o r  t h a t  r e a s o n  t h e y  a r e  
o v e r e s t i m a t e d .  I f  o v e r e s t i m a t i o n  of  i m p o r t s ,  f i x e d  a s s e t s  and 
p r o d u c t i o n  i s  in the same гапфе then t he  e s t i m a t o r s  w i l l  n o t  be 
b i a s e d  in o n e - f a c t o r  p r o d u c t i o n  f u n c t i o n s  We s h a l l  e x p e c t  o v e r ­
e s t i m a t e d  of  t h e  employment  p a r a m e t e r .

Di s a d v a n t a g e s  o f t he  b o t t l e n e c k  p r o d u c t i on m o d e l . D e t e c t i o n  
ot  t he  b o t t l e n e c k s  i s  r e l a t e d  t o  t he  a n a l y t i c a l  form of  the func­
t i o n .  Because  o f  t h i s  we a r e  go i ng  t o  r e s i g n  from t h e  second step 
i n  which we l i n k  b o t t l e n e c k s  i n  the f u n c t i o n  p r e s en t ed  on paty; 265.

Thus,  we have t o  e s t i m a t e  two p a r a m e t e r s  f o r  each  p r o d u c t i d n  
f a c t o r  bu t  as sumi ng  s e v e r a l ,  s i mp l e  a n a l y t i c a l  f orms .  The c h o i c e  
of  one of  t h e  a n a l y t i c a l  f arms s h o u l d  be done on subsamples c o n ­
s t r u c t e d  from b o t t l e n e c k s .

The n e x t  d i s a d v a n t a g e  i s  t h a t  i t  i s  no t  c l e a r  when t o  s t o p  
t h e  e l i m i n a t i o n  p r o c e d u r e .  Anot he r  p r o c e d u r e  c o n s i d e r i n g  y e a r  by 
y e a r  may be more u s e f u l .  Let  us  a n a l y z e  t h r e e  c a s e s  ( F i g u r e  2 ) .A ,

1. The e s t i m a t e d  X s a r e  above t he  a c t u a l  X - a l l  produc t i on 
f a c t o r s  were i n  e x c e s s ,  a n o t h e r  p r o d u c t i o n  f a c t o r  was a b o t t l e ­
neck .

A #

2.  The e s t i m a t e d  X s a r e  below t h e  a c t u a l  X - a l l  p r o d u c t i o n  
f a c t o r s  were a b o t t l e n e c k .

3.  The e s t i m a t e d  X s  a r e  c o n s i d e r a b l y  above or  below the  
a c t u a l  X -  we can d i s t i n g u i s h  p r o d u c t i o n  f a c t o r s  i n  e x c e s s  f rom 
t he  b o t t l e n e c k  p r o d u c t i o n  f a c t o r s .

I t  i s  p a s s i b l e  t o  use  t h i s  model  i n  a f o r e c a s t .  In our  exam­
p l e  we s h a l l  g e t  f o u r  f o r e c a s t s .  Th e i r  minimum va l ue  w i l l  p o i n t  
o u t  t he  b o t t l e n e c k  p r o d u c t i o n  f a c t o r .

The b o t t l e n e c k  p r o d u c t i o n  model s  seem t o  be a new appr oa c h  
be t ween t he  c l a s s i c a l  p r o d u c t i o n  f u n c t i o n  and t he  i n p u t - o u t p u t  
model .  From t he  c l a s s i c a l  p r o d u c t i o n  f u n c t i o n  we t a k e  a v a r i e t y  
of  a n a l y t i c a l  forms and h i g h  a g g r e g a t i o n  l e v e l .  From t he  i n p u t -  
- o u t p u t  model  we t a k e  t h e  a s s u mp t i o n  t h a t  t h e r e  i s  no s u b s t i t u ­
t i o n  be tween p r o d u c t i o n  f a c t o r s .
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F i g .  2 F i g .  3

2 . Approach wi tli 5ub s t i t u t i on

Let  us e s t i m a t e  t h e  p r o d u c t i o n  f u n c t i o n  w i t h  s u b s t i t u t i o n :

X = f (K,  L , £ )  ( 3 )

Le t  us  assume t h a t  f o r  a g i v e n  p r o d u c t i o n  l e v e l  X̂  we have  two 
o b s e r v a t i o n s  A and В ( F i g u r e  3 ) .

The p o i n t  A i s  t h e  o b s e r v a t i o n  wi t h  r e l a t i v e l y  l a r g e  i n p u t s  
of  b o t h  p r o d u c t i o n  f a c t o r s .  The p o i n t  В r e p r e s e n t s  y e a r  w i t h  r e ­
l a t i v e l y  s ma l l  f a c t o r  i n p u t s .  I t  means t h a t  now we a r e  g o i n g  t o  
drop  t he  p o i n t s  above s u b s t i t u t i o n  c u r v e .

As i n  no s u b s t i t u t i o n  ap p r o a c h  we w i l l  l ook  f o r  o b s e r v a t i o n s  
wi t h  t h e  l a r g e s t  r e s i d u a l s  and dr op  them.  I f  we d r op  t h e  o b s e r ­
v a t i o n  A i t  w i l l  mean t h a t  n e i t h e r  c a p i t a l  no r  l a b o u r  were  a bot ­
t l e n e c k .  Anot he r  p r o d u c t i o n  f a c t o r  have  t o  be a b o t t l e n e c k  i n  
t h i s  p e r i o d .



We can c o n s i d e r  a c a s e  of  orte p r o d u c t i o n  f a c t o r  e x c e s s  ( f o r  
«xample c a p i t a l  K; s e e  F i g u r e  4 ) .

F i g .  4.

In such a c a s e  we p o s t u l a t e  a model  r e d u c t i o n  of  f a c t o r  i n p u t  
f rom Kt  t o  i

Thi s  app r oa c h  can be f o r m a l i z e  by r e f o r m u l a t i o n  of  t h e  e s t i ­
mated e q u a t i o n  ( 3 )

К = f K(X,  L) 

С = f L(X, K)

к A
e t  - Kt  -  Kt

e t  ‘ Lt  -  Lt

( 4 )  

( 4 a )

( 5 )

Le t  us assume t h a t  on t h e  b a s i s  o f  r e s i d u a l s  ( 5 )  we f i n d  
t h a t  i n  t h e  f i r s t  p e r i o d  c a p i t a l  was i n  e x c e s s ,  w h i l e  i n  t h e  
s e c ond  p e r i o d  l a b o u r  was i n  e x c e s s  and i n  t h e  t h i r d  one br.th pro­
d u c t i o n  f a c t o r s  were i n  e x c e s s .

In such  a c a s e  we have t o  r e e s t i m a t e  e q u a t i o n  ( J )  w i t h  f o l ­
l owi ng  c o r r e c t i o n s  of  t h e  sampl e :



x u > • f [ K(1) , L( l ) . E( 1 ) ]

X1
A

K1 4

X2 K2 4

. E( ° ]*4 - fC K4 9 l 4

XT KT LT ( 6 )

Usi ng ( 4 )  and ( 5 )  we can  f i n d  new r e s i d u a l s  and cont i nue  such 
i t e r a t i v e  p r o c e d u r e .

The s i m i l a r  a p p r o a c h  w i l l  be f o l l o w i n g :  

f rom ( 3 )  and (4)

XL a f (K,  l ,  Í)

and f rom ( 3 )  and ( 4 a )

XK * f  (K,  Í ,  t )

Now we can use  one f a c t o r  a p p r o a c h .  In b o t h  a p p r o a c h e s  one s i d e d  
p r o c e d u r e s  f o r  d e t e c t i n g  o u t l y i n g  o b s e r v a t i o n s  may be us e d .

We pr esume t he  b o t t l e n e c k  p r o d u c t i o n  model  t o  be u s e f u l  i n  
m o d e l l i n g  d i s e q u i l i b r i u m ,  f o r e c a s t i n g  and d e t e c t i n g  p l a n  i n c o n ­

s i s t e n c e .

Ja c e k  J .  S z t a u d y n g e r

MOOEL WĄSKICH GARDEŁ PRODUKCJI 
Z SUBSTYTUCJĄ I BEZ SUBSTYTUCJI

W a r t y k u l e  o p i s a n o  t r z y  s posoby model owani a  wąs k i ch  g a r d e ł  
p r o c e s u  p r o d u k c j i .  W p i e r wszym,  n a j p r o s t s z y m  z a ł o ż o n o ,  że n i e  
w y s t ę p u j e  s u b s t y t u c j a  czynników p r o d u k c j i .  Oszacowano j e d n o c z y n -  
nikowe f u n k c j e  p r o d u k c j i  na p o d p r ó b k a c h ,  w s k ł a d  k t ó r y c h  wchodzą 
t e  o b s e r w a c j e ,  w k t ó r y c h  c z y n n i k  p r o d u k c j i  n i e  by ł  w n a d mi a r z e .  
Związek przyczynowy pomi ędzy nakł adem a wyniki em w y s t ę p u j e  t y l k o  
wt edy ,  k i e dy  n a k ł a d  t e n  s t a n o wi  wą s k i e  g a r d ł o .  Wąskogardłowe pod



próby ag budowane w p r o c e s i e  k o l e j n e j  e l i m i n a c j i  punktów p o n i ­
ż e j  l i n i i  r e g r e s j i  z na j wi ęks zymi  r e s z t a m i .

W drugim p o d e j ś c i u  z a s t o s owa no  f u n k c j e  p r o d u k c j i  z dwoma lub 
w i ę c e j  c z ynn i ka mi .  Nie r o z p a t r y wa n o  typowych r e s z t  względem zmien­
n e j  e n d o g e n i c z n e j , a l e  r e s z t y  względem kaZdego c z y n n i k a  p r o d u k ­
c j i  o d d z i e l n i e .  Dla dużych r e s z t  n a k ł a d  c z y n n i k a  p r o d u k c j i  j e s t  
z as t ępowany p r z e z  w a r t o ś c i  generowane  p r z e z  model .

W t r z e c i m  p o d e j ś c i u  p o t e n c j a l n ą  p r o d u k c j ą  j e s t  t o  minimum z 
t r z e c h  f u n k c j i  p r o d u k c j i :

Y = min K,L,  F2 K.Mj , . . . ,  Mm F j Mj , . . .  M(j) 

g d z i e :

Y - g r a n i c e  moż l i woś c i  p r o d u k c y j n y c h ,
К - ś r o d k i  t r w a ł e ,
L - z a t r u d n i e n i e ,
NT - na k ł a d y  i - t e g o  m a t e r i a ł u ,
F j -  f u n k c j a  s k a l a r n a .
F2 , Fj  -  f u n k c j e  wektorowe.

N a s t ę p n i e  p r z y j ę t o ,  że f u n k c j e  t e  są  a g r e ga t e m procesów t e c h n o ­
l o g i c z n y c h  r e a l i z o w a n y c h  bez s u b s t y t u c j i  nakładów o r a z  procesów 
z s u b s t y t u c j ą  typu CES.

P i e r ws z e  p o d e j ś c i e  z a s t o s owa no  d l a  p o l s k i e g o  p r z e my s ł u ,  t r ze ­
c i e  d l a  p r z e mys ł u  ZSRR.


