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1 .  I n t r o d u c t i o n  and Backaround 

Hea l t h  c a r e  i n  modern s o c i e t y  i s  a  complex p u b l i c  func-  
t i o n a l  sys tem,  c l o s e l y  i n t e r r e l a t e d  w i t h  a l l  s p h e r e s  of s o c i a l  
l i f e .  The g e n e r a l  g o a l s  of h e a l t h  c a r e  a r e  fo rmula ted  i n  t h e  
f i f t h  long-range WHO program, which s t a t e s :  

P u b l i c  h e a l t h  s e r v i c e s  f a c e  t h r e e  major  problems:  
c a r r y i n g  on medica l  r e s e a r c h  and accumulat ing  med- 
i c a l  and b i o l o g i c a l  knowledge a s  t h e  o n l y  f e a s i b l e  
b a s i s  f o r  a l l  complex measures aimed a t  p r o t e c t i o n  
and improvement o f  man's h e a l t h ;  t a k i n g  comprehen- 
s i v e  i n d i v i d u a l  and p u b l i c  measures on d i s e a s e s ,  
p r e v e n t i o n  and environment no rma l i za t i on ;  p r o v i d i n g  
a l l  popu l a t i on  w i t h  t h e  o p p o r t u n i t i e s  o f  modern 
d i a g n o s t i c s  i n  c a s e  of  t h e  emergence o f  d i s e a s e s ,  
a p p r o p r i a t e  t r e a t m e n t  of t h e s e  d i s e a s e s  and r e s t o r -  
a t i o n  of  p e o p l e ' s  working a b i l i t i e s  [ 15 I . 
The above fo rmu la t i on  of  h e a l t h  c a r e  g e n e r a l  o b j e c t i v e s  

i s  a  s t a r t i n g  p o i n t  f o r  t h e  p r e s e n t  pape r .  To c a r r y  o u t  t h e s e  
o b j e c t i v e s ,  it is n o t  y e t  p o s s i b l e  t o  move on t o  t h e  fo rma l i za -  
t i o n  of  p r o c e s s e s  and s t a t e s  w i t h i n  a  s p e c i f i c  complex dynamic 
h e a l t h  care sys tem and i t s  s e p a r a t e  subsystems.  W e  w ish  t o  
f o rmu la t e  a  sys tems approach,  and t h e r e f o r e  s o l u t i o n s  t o  h e a l t h  
c a r e  problems r e q u i r e  t h e  e l a b o r a t i o n  of an  o v e r a l l  s t r a t e g y  one 
cou ld  f o l l o w  when fo rm a l ly  d e s c r i b i n g  and i n v e s t i g a t i n g  a  
s p e c i f i c  h e a l t h  c a r e  system. Without  a n  o v e r a l l  s t r a t e g y ,  such  
t h i n g s  a s  compara t ive  s t u d i e s  of d i f f e r e n t  h e a l t h  c a r e  sys tems 
a r e  i m p r a c t i c a l .  

I n  t h i s  paper  t h e  s t r a t e g y  o f  a  systems approach t o  h e a l t h  
c a r e  h a s  been c o n s t r u c t e d  w h i l e  keeping t h e  f o l l o w i n g  i n  mind: 

1 )  I n  modern s c i e n c e  t h e  most promis ing methodolog ica l  
d i r e c t i o n  i n  t h e  s t u d y  of  l a r g e ,  complex deve lop ing  o b j e c t s  
(dynamic sys tems)  i s  t h e  sys tems  approach.  

2 )  Systems a n a l y s i s  of  a  complex deve lop ing  o b j e c t  can  
be  c a r r i e d  o u t  i n  one o f  two ways. The a n a l y s i s  i s  e i t h e r  a  
d e c l a r a t i v e  s t a t e m e n t  on t h e  sy s t emic  n a t u r e  of t h e  o b j e c t ,  o r  
it i s  a  t r u e  sys tems approach.  The t r u e  systems approach aims 
b o t h  a t  s t udy ing  t h e  o b j e c t  under i n v e s t i g a t i o n  a s  a  whole,  



w i t h  t h e  environment ,  and a t  i n v e s t i g a t i n g  t h e  o b j e c t ' s  s t r u c -  
t u r e  w i t h  t h e  v a r i e t y  of  i n t e r a c t i o n s  and i n t e r d e p e n d e n c i e s  of  
i t s  components. 

Systems a n a l y s i s  o f  a  complex dynamic o b j e c t  i s  incon- 
c e i v a b l e  w i t h o u t  a p p l i c a t i o n  of  mathemat ica l  methods and a  l a r g e  
computer.  

3 )  The u s e  o f  a  h e a l t h  c a r e  dynamic model i m p l i e s  e l a -  
b o r a t i o n  o f  a  man-machine d i a l o g u e  p rocedure .  T h i s  means t h a t  
d e c i s i o n  making a t  t h e  h i g h e s t  l e v e l  o f  h e a l t h  c a r e  management 
w i l l  n o t  be based on pr imary i n fo rma t ion  from t h e  s e t  of sys tem 
pa rame te r s  b u t  based  on t h e  f e a s i b i l i t i e s  o f  t h e  a l t e r n a t i v e  
p r o j e c t e d  d e c i s i o n s .  

4 )  With r e s p e c t  t o  methodology, sys tems a n a l y s i s  of  a  
complex deve lop ing  o b j e c t  i m p l i e s ,  a s  a  b a s i c  s t e p ,  b u i l d i n g  a  
dynamic model o f  a  r e a l  system. T h i s  model, t o  an  approximate  
e x t e n t ,  r ep roduces  t h e  r e a l  sys tem behav io r  i n  r e sponse  t o  a  
number of  e x t e r n a l  and i n t e r n a l  impac t s  w i t h  r e g a r d  t o  t h e  g iven  
system. 

5)  T h i s  r e p r e s e n t a t i o n a l  p r o p e r t y  of  dynamic models pe r -  
m i t s  u s :  

a )  t o  a n t i c i p a t e  t h e  development of  bo th  t h e  r e a l  
sys tem a s  a  whole and each  o f  i t s  subsys tems,  
p rov ided  t h a t  t h e  i n t e r n a l  and e x t e r n a l  impac t s  
a r e  i n v a r i a b l e ;  and 

b)  t o  env i s age  t h e  r e a c t i o n s  o f  t h e  sys tem and each  
of t h e  subsys tems t o  new impac t s  on e i t h e r  t h e  
whole sys tem o r  on some of i t s  subsys tems,  i n -  
c l u d i n g  t h e  r e a c t i o n  t o  a l t e r a t i o n  o f  t h e  sys tem 
s t r u c t u r e .  

L a t e l y ,  some a r t i c l e s  i n  popu l a r  s c i e n t i f i c  l i t e r a t u r e  
compare dynamic models t o  a  " t ime  machine." D e s p i t e  t h e  
t enuousness  o f  such  compar isons ,  t h e r e  i s  a  r a t i o n a l  k e r n e l  i n  
them. i n  managing l a r g e  sys tems ,  one q u i t e  o f t e n  r u n s  i n t o  
s i t u a t i o n s  i n  which t o p  managers have  t o  make d e c i s i o n s ,  t h e  
r e s u l t s  o f  which w i l l  be s een  c l e a r l y  o n l y  much l a t e r .  Dynamic 
models a l l o w  u s  t o  " f o r e s e e "  major  consequences  b e f o r e  t h e  de- 
c i s i o n s  have been made. Moreover, dynamic models c an  show t h e  
r e a c t i o n  t o  i n t e r f e r e n c e ,  t o  manager ia l  i n f l u e n c e  n o t  o n l y  i n  
t h e  p a r t i c u l a r  a r e a  t h e y  a r e  meant f o r ,  b u t  a l s o  i n  t h e  r e l e v a n t  
a d j o i n i n g  a r e a s ,  p a r t s  and u n i t s  of  a  l a r g e  sys tem ( i n  t h e  
n a t u r e  o f  an  e c h o ) .  

P roceed ing  from t h e s e  g e n e r a l  p r e r e q u i s i t e s ,  t h e  main 
p r i n c i p l e s ,  approaches  and phase s  o f  b u i l d i n g  t h e  dynamic model 
"Popu l a t i on  H e a l t h  P r o t e c t i o n ' '  were fo rmula ted .  The mode l ' s  
c e n t r a l  p a r t  i s  a  number o f  subsys tems agg rega t ed  under  t h e  name 
o f  "Hea l t h  Care  System." 



The development of economic-mathematical modelling 
techniques within the past decade first required the classifi- 
cation of research phases. In cases where one investigates a 
large object which is intricately organized and interacts with 
the environment in a complicated way (social or biological 
organisms, a large community of machine systems, national econ- 
omic branches and, in our case, health care systems) dynamic 
macromodels are used. The modelling process consists of two 
stages: research and application, between which a great deal 
of work in data processing is required to make traditional data 
available to the model. 

The major problems of the research stage are: 

a) identifying the structure of the object to be 
modelled; 

b) studying functional interrelations among the object's 
components; 

c) identifying and formalizing causal-consequential 
relationships both inside the object and with the 
"environment" in the form of mathematical ratios; 

d) identifying indices quantitatively characterizing 
these relationships; 

e) creating a principal block diagram of a dynamic 
macromodel of a real system. 

The major objective of the macromodelling research phase 
is identifying internal mechanisms of the modelled system pro- 
cesses to determine methods for their most efficient control. 
Therefore, at the research stage, the model can be fleshed out 
with relative numerical information which crudely reflects re- 
ality. 

The results of the research phase must be: 

1 )  increase in the volume and depth of our knowledge 
of the real object; 

2) identification of controlled and uncontrolled 
variables; 

3) identification of variables which are controlled 
but change little under the influence of external 
and internal factors; 

4) identification of variables which are sensitive to 
impacts ; 

5) identification of information "delays" which 



influence managerial decision making and the state 
of the whole system; 

6) identification of "decisive rules" in the management 
unit. 

The dynamic macromodel, derived as a result of such work, is 
a starting point for an applied phase--the solution of concrete 
problems posed by the scientific management of a large system. 
Furthermore the work required to reach the applied model stage 
gives an instrument which can be used for solving other applied 
problems of decision making. 

It should now be emphasized that between the creation of 
an abstract or very crude dynamic model such as that for 
"Protection of Population Health," that is between research and 
its application to the solution of concrete problems, great 
work is required. As mentioned above, this work consists in 
transforming traditional statistic data which the health care 
system possesses at present to a form in which it is available 
for the model's use. 

For our particular case the dynamic model "Protection of 
Population Health" is the highest stage in the complicated 
hierarchical system of processing and transforming the data 
circulating now in health care. This data processing consists 
of a number of successive phases: 

a) Traditional statistical annual reports give numerical 
representation of mortality and sickness levels for 
different diseases, the degree service provision with 
personnel and material technical resources and other 
most important data. They are all included in the 
model as components. 

b) The analysis of dynamic rows, that is annual report 
data for ten to twenty years, allows the modelling of 
trends and tendencies. Simple mathematical models such 
as the exponential and logistic are also necessary 
components of a dynamic macromodel. 

c) Statistical analysis permits the verification of 
hypotheses pertaining-to the revealed causal-con- 
sequential relationships. 

dl A few studied causal-consequential dependencies give 
the opportunity to create statistical submodels. 

e) Bringing together all the above mentioned data permits 
the design of an information basis of a dynamic model 
or, as we shall call it later, to fill in, to 
"saturate" a dynamic model with real data. Upon 
saturation with real data, the model will begin to 
solve a wider range of applied problems. 



The second s t a g e  o f  t h e  model l ing  p r o c e s s  i s  t h e  a p p l i c a -  
t i o n  of a  model t o  t h e  s o l u t i o n  of c o n c r e t e  problems.  Now, 
it i s  n e x t  t o  i m p o s s i b l e  t o  make a  f u l l  l i s t  of t h e  problems 
(and maybe it i s  n o t  even s e n s i b l e  a t  t h e  present !  

which can  be  s o l v e d  u s i n g  t h e  dynamic macromodel P r o t e c t i o n  o f  
P o p u l a t i o n  Hea l th . ' '  However, u s i n g  t h e  e x p e r i e n c e s  of  t h o s e  
b u i l d i n g  s i m i l a r  models i n  economics, one  can  enumerate major  
problem s e t s  which can  be s o l v e d  by means of  a  dynamic model: 

1 )  a  p r e c i s e  and m o t i v a t e d  f o u n d a t i o n  o f  r e s o u r c e  needs  
f o r  a  h e a l t h  c a r e  sys tem;  

2 )  t h e  o p t i m a l  a l l o c a t i o n  o f  funds  a s s i g n e d  t o  a  h e a l t h  
c a r e  system; 

3 )  an a n a l y s i s  of  t h e  c u r r e n t  sys tem s t a t e  w i t h  a n  
e v a l u a t i o n  o f  i t s  r e s o u r c e s  and p o t e n t i a l i t i e s  f o r  a  
l a r g e  a r e a  and i t s  s u b r e g i o n s ;  

4 )  t h e  p o s s i b i l i t y  of o b t a i n i n g  p r e d i c t i o n s  on sys tem 
development and p r e d i c t i n g  t h e  consequences  o f  d e c i -  
s i o n s ;  and 

5)  d e m o n s t r a t i n g  t h e  advan tages  o f  t h i s  or t h a t  h e a l t h  
c a r e  sys tem.  

But now r e t u r n i n g  t o  a  c o n s i d e r a t i o n  of  t h e  r e s e a r c h  phase  
of  t h e  model,  it, i n  o u r  o p i n i o n ,  i s  o n l y  t h e  f i r s t  s t e p  of 
a  l o n g  t a s k .  I t  i s  i m p o s s i b l e  t o  s e e  t h e  end o f  t h e  t a s k  i n  
t h e  v i s i b l e  f u t u r e  because  t h e  e s t a b l i s h e d  scheme of  t h e  model 
e n v i s a g e s  unbounded p o s s i b i l i t i e s  o f  g r e a t e r  and g r e a t e r  de- 
t a i l i n g  o f  t h e  whole model and each  o f  i t s  subsys tems and t h e  
p o s s i b i l i t y  of i n t r o d u c i n g  newer subsys tems i n t o  t h e  model. The 
model can  have a feedback sys tem b u i l t  i n .  The o n l y  o b s t a c l e  i n  
t h e  way w i l l  be  t h e  l a c k  o r  i n s u f f i c i e n c y  of q u a n t i t a t i v e  d a t a  
t o  " f i l l  i n "  t h e  dynamic model. 

O b t a i n i n g  n e c e s s a r y  i n f o r m a t i o n ,  f i l l i n g  and d e v e l o p i n g  
t h e  model w i l l  r e q u i r e  n o t  s o  much t h e  e f f o r t s  o f  s e p a r a t e  
h e a l t h  c a r e  r e s e a r c h e r s  a s  t h e  e f f o r t s  of  r e l e v a n t  m e d i c a l  i n -  
s t i t u t i o n s  and sys tems a n a l y s i s  s p e c i a l i s t s .  Thus, t h e  dynamic 
model " P r o t e c t i o n  o f  P o p u l a t i o n  Hea l th"  i n  t h e  c o u r s e  o f  i t s  
development  can  and must a c q u i r e  one more most i m p o r t a n t  pro-  
p e r t y :  I t  must b e g i n  t o  perform t h e  f u n c t i o n s  o f  a  c o o r d i n a t i n g  
mechanism i n  t h e  s c i e n t i f i c  p r o c e s s  o f  s t u d y i n g  h e a l t h  c a r e  
o r g a n i z a t i o n  and a c t i v i t y .  The model w i l l  p r a c t i c a l l y  b e g i n  
t o  " d i c t a t e "  t h e  demand f o r  c r e a t i n g  p a r t i c u l a r  ma themat ica l  
models,  f o r  i d e n t i f y i n g  t h e  r e l a t i o n s  among d i f f e r e n t ,  v a r i a b l e  
pa ramete r s .  I t  w i l l  r e v e a l  t h e  need f o r  u n a v a i l a b l e  o r  i n s u f -  
f i c i e n t  d a t a .  

I n  o t h e r  words,  e l a b o r a t i o n  of  t h e  dynamic model "Pro- 
t e c t i o n  o f  P o p u l a t i o n  Hea l th"  w i l l  e v e n t u a l l y  have a  s n o w b a l l i n g  



e f f e c t ,  and t h e  a c t i v i t y  of a  few e n t h u s i a s t s  w i l l  become t h e  
cause  which w i l l  i nvo lve  t h e  e f f o r t s  of a l l  t y p e s  of  s p e c i a l -  
i s t s  i n  h e a l t h  c a r e  o r g a n i z a t i o n .  Now t h a t  we have d e s c r i b e d  
t h e  model l ing p roces s ,  l e t  us  t u r n  t o  t h e  a c t u a l  model under 
development. 

The h e a l t h  of a  popu la t i on  i s  determined by l i v i n g  f a c t o r s  
such a s  social-economic and n a t u r a l  c o n d i t i o n s ,  and by t h e  
a c t i v i t y  of  a  h e a l t h  c a r e  system. The h e a l t h  c a r e  system, i n  
i t s  t u r n ,  is i n f l u e n c e d  by changing c o n d i t i o n s  i n  t h e  "environ-  
ment,"  i n c l u d i n g  s o c i a l  and economic changes i n  t h e  s o c i e t y .  
The scheme d e s c r i b i n g  major f a c t o r  i n t e r a c t i o n  i n  t h e  h e a l t h  
c a r e  sys tem i s  g iven  i n  F igu re  1 ,  and i t  c o n t a i n s  t h e  main u n i t  
"Hea l th  of t h e  Popula t ion"  and t h r e e  i n f l u e n c i n g  u n i t s .  

Most thoroughly  r e p r e s e n t e d  i n  t h e  s t r u c t u r a l  scheme i s  t h e  
u n i t  d e s c r i b i n g  t h e  h e a l t h  c a r e  system i t s e l f .  I n  t h e  f u n c t i o n a l  
s ense ,  t h i s  u n i t  is  r e p r e s e n t e d  by t h e  s u b u n i t s  "management" ( I ) ,  
" s c i e n c e "  ( 2 )  , "p reven t ion"  ( 3 )  and " t r e a t m e n t "  ( 4 )  . 

Each of t h e  s u b u n i t s  ( 1 ) - ( 4 )  i s  d e s c r i b e d  by t h e  se t  of  
performed f u n c t i o n s .  The f u n c t i o n s  a r e  a l s o  indexed,  e . g .  
t h e  f u n c t i o n s  of s u b u n i t  ( 1)  a r e  marked by i n d i c e s  1  . I ,  1  .2 ,  
e t c .  

The h e a l t h  c a r e  system a c t i v i t y  i s  main ta ined  w i t h  t h e  u se  
of pe r sonne l  and m a t e r i a l  and t e c h n i c a l  r e s o u r c e s .  Funds, 
a s s igned  t o  h e a l t h  c a r e  development a r e  a l l o c a t e d  by t h e  manag- 
ing  u n i t  t o  m e e t  t h e  requ i rements  of s c i e n c e ,  p r even t ion  and 
t r e a t m e n t .  I n  a d d i t i o n ,  t h e  managing u n i t  ( I ) ,  i n f l u e n c e s  t h e  
c u r r e n t  a c t i v i t y  p roces se s  of  t h e  u n i t s  " s c i ence"  (21,  "pre-  
ven t i on"  ( 3 )  , and " t r e a t m e n t "  ( 4 )  . Through t h e  managing u n i t  
t h e  r e s u l t s  of  s c i e n t i f i c  i n v e s t i g a t i o n  a r e  p u t  i n t o  p r a c t i c e .  
"Other f u n c t i o n s "  a r e  grouped i n  s u b u n i t  ( 5 ) .  

The o t h e r  two i n t e r r e l a t e d  u n i t s  "socia l -economic condi-  
t i o n s "  ( 6 )  and " n a t u r a l  c o n d i t i o n s "  ( 7 )  a r e  d e t a i l e d  t o  a  l e s s e r  
degree .  These u n i t s  a r e  d e s c r i b e d  by some c h a r a c t e r i s t i c  sets,  
t h e  c h o i c e  and o r d e r  o f  which can be  cons ide red  t e n t a t i v e  i n  
t h e  p r e s e n t  scheme. For example, t o  d e s c r i b e  socia l -economic 
f a c t o r s  ( 6 )  such i n d i c e s  a r e  chosen a s  p o p u l a t i o n  ( 6 . 1 ) ,  t h e  
c o u n t r y ' s  development (6.2-6.5) and i n d i c e s  de te rmin ing  n a t i o n a l  
income ( 6 . 6 ) .  

I n d i c e s  o f  l i v i n g  c o n d i t i o n s  depending on t h e  n a t i o n a l  
development l e v e l  and n a t i o n a l  income a r e  a l s o  t aken  i n t o  ac- 
coun t  (6 .6-6 .11) .  The h e a l t h  o f  t h e  p o p u l a t i o n  i s  determined by 
f o u r  index  groups  (demographic c h a r a c t e r i s t i c s ,  m o r t a l i t y  and 
p reva l ence  of  d i s e a s e s ,  d i s a b i l i t y  and p h y s i c a l  development 
of  t h e  p o p u l a t i o n ) .  





There  a r e  ove r  f o r t y  e lementary  u n i t s  i n  t h e  scheme. The 
system of t h e i r  mutual  i n f l u e n c e s  i s  i l l u s t r a t e d  by a  4 3  x 4 3  
m a t r i x  which i s  g iven  i n  F igu re  2. Each l i n e  of t h i s  m a t r i x  
c h a r a c t e r i z e s  t h e  i n f l u e n c e  of an e lement  upon e lements  of cor-  
responding  numbers i n  t h e  rest of  t h e  scheme--that is  t h e  i n -  
f l u e n c e  of t h e s e  o r  t h o s e  q u a n t i t a t i v e  i n d i c e s ,  which c h a r a c t e r -  
i z e  t h e  e lement  under c o n s i d e r a t i o n ,  on q u a n t i t a t i v e  v a r i a b l e s  
c h a r a c t e r i z i n g  t h e  rest  of t h e  e lements .  

The degree  of  i n f l u e n c e  ob t a ined  by t h e  use  o f  e x p e r t  
e s t i m a t e s  i s  f i x e d  i n  t h e  cor responding  m a t r i x  c e l l  i n  t h e  
fo l l owing  way: 

- t h e r e  i s  c o n s i d e r a b l e  i n f l uence :  symbol 2 ;  

- t h e r e  i s  marked i n f l uence :  symbol 1;  

- i n f l u e n c e  a v a i l a b i l i t y  i s  doub t fu l :  symbol - ; 

- t h e r e  i s  no i n f l u e n c e  o r  it is  t o o  smal l :  no symbol 
a t  a l l .  

3 .  Heal th  and Hea l th  Care  I n d i c e s  a s  Q u a n t i t a t i v e  

C h a r a c t e r i s t i c s  o f  t h e  Major Uni t  A c t i v i t y  

A group of e x p e r t s  i n  t h e  U S S R  ha s  p a i d  a  good d e a l  of  
a t t e n t i o n  t o  t h e  problem of  q u a n t i t a t i v e  d e s c r i p t i o n  o f  t h e  major 
u n i t  a c t i v i t y  i n  t h e  scheme of popu la t i on  h e a l t h  p r o t e c t i o n .  
The t ypes  and f r e q u e n c i e s  of i n d i c a t o r s  a r e  a s  fo l lows :  

a )  h e a l t h  of  p o p u l a t i o n  1 9  

h e a l t h  c a r e  r e s o u r c e s  16 

h e a l t h  c a r e  management 2  1 

t e r r i t o r i a l  management 
a c t i v i t y  15 

s c i e n c e  2 4  

p r even t ion  4 0  

t r e a t m e n t  1 9  

o t h e r  f u n c t i o n s  8  

h e a l t h  i n s t i t u t i o n  a c t i v i t y  2 4  

h e a l t h  of  p o p u l a t i o n  and 
h e a l t h  c a r e  ( t o t a l )  186 





b)  social-economic c o n d i t i o n s  ( t o t a l )  - 1 2 0  

c )  n a t u r a l  c o n d i t i o n s  - t h e  i n d i c a t o r s  a r e  n o t  i nc luded .  

4 .  On Some Approaches t o  Hea l th  Care Modell ing on a  

Na t iona l  S c a l e  

Hea l th  c a r e  system managers i n  c o u n t r i e s  w i th  d i f f e r e n t  
economic sys tems base  t h e i r  d e c i s i o n s  r ega rd ing  system develop- 
ment on d i f f e r e n t  s t r a t e g i e s .  The s i m p l e s t  s t r a t e g y  i s  based 
on i n t u i t i v e  knowledge o f  t h e  system p r o c e s s  development and 
consequences of  t h e  d e c i s i o n s  made. 

But an  i n t u i t i v e  model, be ing  non-r igorous  and s u b j e c t i v e ,  
does n o t  pe rmi t  c o n s i d e r a t i o n  of  d i f f e r e n t  p r o j e c t  v a r i a n t s  o f  
s t r a t e g i c  d e c i s i o n s .  Because of  t h i s  i n a b i l i t y ,  t h e  need f o r  
s t udy ing  d i f f e r e n t  s t r a t e g i c  v a r i a n t s  of h e a l t h  c a r e  system 
development w i th  r ega rd  t o  t h e  sy s t em ' s  i n t e r a c t i o n  w i t h  o t h e r  
social-economic and n a t u r a l  subsystems has  become ve ry  p r e s s i n g .  
Th i s  need accoun t s  f o r  t h e  c u r r e n t  he igh tened  i n t e r e s t  of h e a l t h  
c a r e  managers i n  t h e  sys tems approach t o  s t udy ing  r e l e v a n t  pro- 
c e s s e s .  

For our  purposes ,  t h e  most impor tan t  a s p e c t  of a  sys tems 
approach i s  t h e  model l ing of p r o c e s s  dynamics i n  t h e  h e a l t h  c a r e  
system (HCS). Now l e t  u s  review some n a t i o n a l  h e a l t h  c a r e  
model l ing approaches  a t t empted  by o t h e r s .  I n  h i s  paper  on t h e  
A u s t r i a n  h e a l t h  c a r e  sys tem,  P. F l e i s s n e r  [8,9] h a s  s t u d i e d  a  
model t h a t  pe rmi t s  us:  

- t o  p r e d i c t  t h e  m o r t a l i t y  l e v e l  i n  t h e  coun t ry  f o r  a  
p e r i o d  of  up t o  twenty . yea r s ;  

- t o  base  neces sa ry  e x p e n d i t u r e s  on index  dynamics, 
t h e  s t r a t e g i e s  of  HCS development be ing  d i f f e r e n t ;  and 

- t o  s tudy  t h e  i n f l u e n c e  of demographic s t r u c t u r e  on 
index dynamics i n  HCS. 

The model c o n s i s t s  of  t h e  fo l l owing  subsystems:  

a )  economic subsystem; 

b)  demographic subsystem; 

c) h e a l t h  c a r e  sys tem p rope r ;  and 

d )  management subsystem. 

The model i s  run  under t h e  c o n d i t i o n s  of  d i f f e r e n t  g i v e n  s t r a t -  
e g i e s  o f  branch development,  and t h e  s t r a t e g i e s  a r e  cons ide rab ly  
cond i t i oned  by t h e  s o c i a l - p o l i t i c a l  system. 



I n  t h e  f i r s t  r un ,  t h e  " r e f o r m i s t , "  HCS i s  supposed t o  be  
f i nanced  by t h e  s t a t e ;  t h e r e  is an  i n c l i n a t i o n  toward preven- 
t i v e  medic ine .  I n  t h e  second,  t h e  " c o n s e r v a t i v e "  system, HCS 
f i n a n c i n g  i s  p r i v a t e ,  and p r e v e n t i v e  medicine i s  deemphasized. 
I n  t h e  t h i r d ,  " r e v o l u t i o n a r y "  sys tem,  p roduc t i on  and medica l  
s e r v i c e s  d i s t r i b u t i o n  come from t h e  needs  of  s o c i e t y ;  HCS is  
f i nanced  by t h e  s t a t e .  I n  t h e  f o u r t h ,  " r e a c t i o n a r y "  v a r i a n t ,  
HCS management i s  d e c e n t r a l i z e d ,  and c o n t a i n s  no p r e v e n t i o n  
component. Q u a l i f i e d  medica l  a i d  does  n o t  encompass t h e  e n t i r e  
popu l a t i on .  I n  t h e  f i f t h ,  " s t anda rd"  v a r i a n t ,  it i s  presumed 
t h a t  branch p o l i c y  is  n o t  q u i t e  c e r t a i n .  The t e n d e n c i e s  of t h e  
branch development a r e  c o n s e r v a t i v e .  The s t a t e  of each  of t h e  
above subsystems i s  c h a r a c t e r i z e d  by a  c e r t a i n  se t  of  i n d i c e s .  

The i n t e r r e l a t i o n  of  d i f f e r e n t  subsystem i n d i c e s  i s  iden-  
t i f i e d  i n  t h e  s t r u c t u r a l  scheme and is  r e p r e s e n t e d  by a  sys tem 
o f  e q u a t i o n s  whose t o t a l  number i n  F l e i s s n e r  [ 8 , 9 ]  is  ove r  one 
hundred. 

Fol lowing a r e  some o f  t h e  major  i n d i c e s  which d e s c r i b e  t h e  
HCS behav ior .  The demographical  u n i t  of  t h e  sys tem c o n t a i n s  
t h e  b i r t h r a t e s  and m o r t a l i t i e s  i n  d i f f e r e n t  s e x  and age  groups .  
The economic u n i t  i s  d e s c r i b e d  by t h e  l e v e l  of i n d i v i d u a l  and 
p u b l i c  consumption, t h e  p r i c e  l e v e l ,  income p e r  c a p i t a ,  e tc .  
The h e a l t h  c a r e  u n i t  c o n t a i n s  i n d i c e s  which c h a r a c t e r i z e  t h e  
number o f  h o s p i t a l  beds ,  medical  pe r sonne l ,  t h e  r e g i s t e r e d  
m o r t a l i t y  f o r  d i f f e r e n t  d i s e a s e s ,  etc.  The n a t u r e  of t h e  index  
i n t e r r e l a t i o n s  i s  p o s t u l a t e d  by t h e  a u t h o r .  The i n t e r r e l a t i o n  
pa ramete r s  a r e  u s u a l l y  de te rmined  by means of  s t a t i s t i c a l  ana ly -  
s is  of  t h e  cor responding  i n i t i a l  d a t a .  The r e s e a r c h  c a r r i e d  
o u t  w i t h  t h e  u s e  of t h i s  model a l l o w s  t h e  a u t h o r  t o  s t u d y  t h e  
e f f e c t  of  d i f f e r e n t  HCS development p o l i c i e s  on t h e  i n d i c e s  o f  
m o r t a l i t y ,  p h y s i c i a n s  employment, r e s o u r c e s ,  demands, e tc .  

A t  p r e s e n t ,  a  few peop le  (G.J. Deboeck [ 3 , 4 ] ,  M. P i o t  and 
T.A. Sundersan [ 7 ] ,  Sundersan [13,14] a r e  c a r r y i n g  on r e s e a r c h  
on n a t i o n a l  h e a l t h  c a r e  mode l l ing  under t h e  a e g i s  o f  WHO. 
T h e i r  approach t o  model l ing  i s  a l s o  based on s t u d y i n g  i n t e r r e -  
l a t i o n s  i n  HCS and t h e  r e l a t e d  social-economic subsys tems.  

T h e i r  main d i f f e r e n c e  from F l e i s s n e r  c o n s i s t s  i n  t h e  f a c t  
t h a t  t hey  u s e  o t h e r  model v a r i a b l e s ,  and t a k e  i n t o  c o n s i d e r a t i o n  
and p o s t u l a t e  d i f f e r e n t  t y p e s  o f  i n t e r r e l a t i o n s h i p s .  

Other  r e s e a r c h e r s  have i n t r o d u c e d  s t i l l  d i f f e r e n t  approaches  
For  example, Abernaty e t  a 1  111 p r e s e n t  a c a l c u l a t i o n  pro-  
cedure  f o r  medical  i n s t i t u t i o n s  a l l o c a t i o n  i n  a  g i v e n  r e g i o n .  
The p rocedure  a l l o w s  one t o  g i v e  recommendations on op t ima l  a l -  
l o c a t i o n  f o r  t h e s e  i n s t i t u t u i o n s  from t h e  p o i n t s  of view of  d i f -  
f e r e n t  c r i t e r i a .  A -  Letourmy [ I21  i n v e s t i g a t e d  t h e  impac t s  of  
medical  s e r v i c e  volume and t h e  environment on t h e  p o p u l a t i o n  
m o r t a l i t y  i n  t h e  f i x e d  r e g i o n .  The t y p e  of v a r i a b l e  i n t e r r e l a -  
t i o n s  is  g iven  i n  t h e  form of t h e  Cobb-Douglas f u n c t i o n .  Un- 
known c o e f f i c i e n t s  a r e  e s t i m a t e d .  



From t h e  methodological  p o i n t  of  view, one can see c e r t a i n  
l i k e n e s s e s  among d i f f e r e n t  approaches t o  HCS mode l l ing .  The 
l i k e n e s s e s  a r e  i n  t h e  f a c t  t h a t  t h e  a u t h o r s  do n o t  c o n s i d e r  HCS 
i n  i s o l a t i o n ;  b u t ,  i n  i n t e r r e l a t i o n  wi th  o t h e r  socia l -economic 
subsystems,  t hey  d e s c r i b e  a  model f u n c t i o n i n g  by means of  s i m i -  
l a r  v a r i a b l e  sets c h a r a c t e r i z i n g  t h e  HCS s t a t e  ( i n d i c e s ) .  

5. Dynamic Model of  a  Hea l th  Care System 

The proposed dynamic model of  a  h e a l t h  c a r e  sys tem (HCS) 
i s  meant f o r  making p r e d i c t i o n s  on t h e  sys tem development, 
e l a b o r a t i n g  p o l i c y  v a r i a n t s  i n  h e a l t h  c a r e  and s e r v i n g  a s  a  
s u b s i d i a r y  i n s t rumen t  f o r  making d e c i s i o n s  which w i l l  en su re  
admissable  a c t i v i t y  f o r  t h i s  system. The i n i t i a l  m a t e r i a l  needed 
i s  s t a t i s t i c a l  p o p u l a t i o n  h e a l t h  d a t a  and i n d i c e s  of t h e  s t a t e  
and dynamics o f  t h e  social-economic subsystem and n a t u r a l  en- 
vironment subsystems.  I t  a l s o  i n c l u d e s  e x p e r t s '  e v a l u a t i o n s  o f  
t hose  c h a r a c t e r i s t i c s  which a r e  d i f f i c u l t  t o  q u a n t i t a t e  a t  
p r e s e n t .  

The model, i n  accordance wi th  t h e  i n d i c a t o r s  g i v e n  i n  Sec- 
t i o n  3 ,  c o n s i s t s  o f  t h e  fo l l owing  major u n i t s :  demographic ( o r  
popu la t i on  u n i t ) ,  h e a l t h  c a r e  u n i t ,  u n i t  of s c i e n c e  and two u n i t s  
model l ing t h e  environment,  t h e  social-economic c o n d i t i o n s  u n i t  
and n a t u r a l  c o n d i t i o n s  u n i t .  

The p o p u l a t i o n  u n i t  i n  t h e  proposed model i s  d e s c r i b e d  by 
t h e  set of  i n t e r r e l a t e d  i n d i c e s  c h a r a c t e r i z i n g  t h e  s t a t e  and 
dynamics of  h e a l t h  and t h e  popu la t i on  demographical  s t r u c t u r e .  
The p o p u l a t i o n  i s  r e p r e s e n t e d  by f o u r  c a t e g o r i e s  of  peop le .  They 
a r e  c o n v e n t i o n a l l y  d i v i d e d  i n t o  p r a c t i c a l l y  h e a l t h y  peop le ,  un- 
r e g i s t e r e d  p a t i e n t s ,  r e g i s t e r e d  o u t - p a t i e n t s  and r e g i s t e r e d  i n -  
p a t i e n t s .  There  i s  an  exchanging p roces s  among d i f f e r e n t  c a t e -  
g o r i e s  t h e  i n t e n s i t y  of  which depends on t h e  i n d i c e s  of develop- 
ment and p o l i c y  bo th  i n  HCS and i n  e x t e r n a l  subsystems.  A l l  
t h e  c a t e g o r i e s  a r e  c h a r a c t e r i z e d  by a  demographical  s t r u c t u r e  
and p a t i e n t - c a t e g o r i e s  a r e  c h a r a c t e r i z e d  by a  d i s e a s e  p r o f i l e .  

I n c r e a s e  and d e c r e a s e  of popu la t i on  a r e  r e p r e s e n t e d  by t h e  
s u b u n i t  of new-born c h i l d r e n  which i s  c h a r a c t e r i z e d  by a  c e r t a i n  
r a t e  of p o p u l a t i o n  i n c r e a s e  and d e c r e a s e  from t h e  above f o u r  
c a t e g o r i e s  and t h e  new-born s u b u n i t .  I n c r e a s e  and d e c r e a s e  r a t e s  
depend on t h e  development i n d i c e s  of  HCS and e x t e r n a l  subsystems.  
The t ype  of  t h e s e  dependencies  i s  i d e n t i f i e d  on t h e  b a s i s  of 
e x p e r t s '  procedure  d a t a .  

The h e a l t h  c a r e  u n i t  i s  a  s e t  of i n t e r r e l a t e d  i n d i c e s  which 
d e s c r i b e  t h e  HCS s t a t e  and development. The u n i t  c o n s i s t s  of  
o u t - p a t i e n t  and i n - p a t i e n t  s e r v i c e s  c h a r a c t e r i z e d  by s e r v i c e  
c a p a c i t i e s .  The sy s t em ' s  c a p a c i t i e s  depend on t h e  number of 
phys i c i ans  and medical  pe r sonne l ,  t e c h n i c a l  equipment,  medical  
s e r v i c e  a v a i l a b i l i t y .  Changes of  t h e  cor responding  l e v e l s  a r e  
provided by s e t t i n g  t h e s e  change r a t e s  o r  by t h e  r a t e  of r a t e  



changes depending on the HCS development policy and available 
resources. The rates of level change (speeds), or the rates 
of rate change (speeding-up) are inputs of the model. Giving 
these inputs, one can study different variants of the HCS de- 
velopmen t . 

Medical service availability depends on its allocation, 
transport and roads network development and also (essential for 
capitalist countries) on the populations's income and the cost 
of medical services. 

The HCS capacity determines the intensity of the transition 
of the unregistered patients into the registered patients cate- 
gory. The quality of treatment, determined by the state of 
medical science, regulates the intensity of registered patients 
transition into the healthy category. 

The medical science unit represents a set of interrelated 
indices characterizing the development of prevention and treat- 
ment means. It also contains indices which describe the de- 
velopment of management organization forms. The science unit 
indices determine both the HCS capacity and quality of treatment. 
The type of these dependencies is identified by experts. The 
unit of social-economic conditions is a set of interrelated 
indices of the state and development of the social-economic sub- 
system which influence the state of population health and the 
state of HCS. The natural conditions unit represents the state 
and dynamics of indices which characterize natural environment 
and influence the above mentioned subsystems. 

The described model is represented by the block diagram 
(see Figure 3 )  in which rectangles are levels, that is values 
of the corresponding indices, and circles are rates of changes 
of these indices. Functional interrelations are marked by 
arrows. If two circles are connected by arrows such interrelation 
means that there is a positive rate of the rate of change of 
the corresponding index. It is anticipated that the personnel 
exercising the model can set the rates by running various situ- 
ations on the model. 
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