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Abstract 

The article is dealing with the basics of complex 
ecological estimation of man-caused pollution state of 
population aggregate territory of ecological 
monitoring for solving of ecological problems at macro 
and micro levels The appropriate algorithms of the 
assessment of the health risk and of the ecological 
standardization problems were developed on basis of 
analysis of existent approaches of determination of 
system status and appropriateness of introduction of 
the risk-analysis for problem solving of stale 
identification 

Key words complex ecological estimation, 
ecological monitoring, information, entropy function, 
the risk-analysis. 

1. Topicality of the work and its linkage 
with theoretical and practical tasks 

T h e E co log i c a l e s t ima t i on ( E E ) a i m is to p r o v i d e 
t a k i n g i n to account e n v i r o n m e n t state and ecosys tem 
d u r a b i l i t y in the d e v e l o p m e n t and a p p r o v a l processes 
o f p ro j e c t s , p lans l o r d e v e l o p m e n t , p r o g r a m s , and 
po l i c i e s . The EE i t s e l f is the p l a n n i n g process . I t to use 
p rognos i s ana lys is and in te rp re ta t i on o f s i g n i f i c a n t 
a f fec ts u p o n e n v i r o n m e n t , w h i c h w i l l be caused by 
p l anned a c t i v i t y , and p r o v i d i n g i n f o r m a t i o n , w h i c h is 
needed d u r i n g d e c i s i o n - m a k i n g managemen t . 

T h e E E is used t o preven t and m i n i m i z e 
u n f a v o u r a b l e a f fec t . It also s i m u l t a n e o u s l y est imates 
real resource po ten t i a l and m a x i m i z e s advantages in 
o r d e r t o : 

- c h a n g e and i m p r o v e p l anned a c t i v i t y p ro j e c t ; 
- e n s u r e e f f ec t i ve resource usage; 
- i m p r o v e socia l aspects o f p l a n n e d a c t i v i t y ; 
- d e t e r m i n e w a y s o f m o n i t o r i n g and m a n a g e m e n t ; 
-ass i s t w e l l - g r o u n d e d d e c i s i o n - m a k i n g 

Sys tem o f eco log i ca l m o n i t o r i n g s tudy the static 
methods , w h i c h do not take t i m e i n t o accoun t as a 
var iab le . T h e y i nc lude s i m p l e and m u l t i p l e l inear and 
non l inea r co r r e l a t i on and reg ress ion , d i spers i ve , 
d i s c r im ina t e and fac tor analyses , pa ramete r assessment 
m e t h o d . These v e r y m e t h o d s have been used for 
analys is o f f u n c t i o n i n g o f t he loca l s y s tem eco log i ca l 
ob jec t , whe re the so i l is the m a i n ob j e c t o f research. 
D y n a m i c a l me thods take i n to accoun t t i m e as a 
var iab le and use Fou r i e r ana lys i s , spectra l and 
cor re l a t i on ana lys i s , w e i g h t and t r ans fe r f u n c t i o n s for 
mode l d e v e l o p m e n t . I n gene r a l , such m o d e l s arc 
regress ion and o ther quan t i t a t i v e dependenc ies , w h i c h 
do not d isc lose the process m e c h a n i s m . 

I d e n t i f i c a t i o n o f s igna l s t ruc tu re at the input and 
ou tpu t o f a sys t em, s ys tem response o n special 
c o n d i t i o n s , and in terna l s t ruc ture o f a s y s t em arc very 
i m p o r t a n t f o r m o d e l f o r m a t i o n . Such approach a l l ows 
des c r i b i ng cause-effect re l a t ions i n e c o l o g i c a l o r any 
other s ys tem bas i ng o n d i f f e r e n t i a l equa t ions o w i n g to 
generated m o d e l c o n c e p t i o n and equa t ions f o r m e d , 
w h i c h s h o w the sys tem behav i ou r . A c c o r d i n g to 
R. Shennon ( 1 9 7 8 ) , any m a t e r i a l s y s tem is an 
assemblage o f ob jec t s , conso l i da t ed by the f o r m 
( s t ruc tu re ) o f r egu l a to r y i n t e r a c t i on o r in terdependence 
for i ts f u n c t i o n i n g . 

T h e r e is e n o u g h theore t i ca l ma te r i a l i n sc ient i f i c 
l i t e ra ture , w h i c h refers t o the p r o b l e m o f c rea t ing 
c o m p l e x systems f o r manage r i a l de c i s i on m a k i n g lo r 
the purpose o f h a r m o n i z a t i o n o f in te rac t i on i n the 
" n a t u r e - s o c i e t y " s y s t em. I t was suggested t o represent 
the w h o i e w o r l d ' s m u l t i p l i c i t y as three hierarchic-,: 
na tura l o r b i o p h y s i c a l , soc i a l and techn i ca l . 
C o m b i n a t i o n o f subsys tems o f d i f f e r e n t h ierarch ies 
causes to f o r m m i x e d class sys tems : eco log i ca l-
an th ropogen i c o r e co l og i c a l - e conomi c . 

A s i t is k n o w n the h a r m f u l f ac tor an e f fec t is 
d e t e r m i n e d by the b i o l o g i c a l response s p e c t r u m o f the 
o r g a n i s m to any h a r m f u l f a c to r a f f ec t . D e a t h , disease, 
p h y s i o l o g i c a l disease s y m p t o m s , f u n c t i o n a l changes o f 
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i n d i s t i n c t b i o l o g i c a l i m p o r t a n c e , po l l u t an t s or the i r 
m e t a b o l i c p roduc t s a c c u m u l a t i o n i n organs and tissues 
are poss ib le responses. Th ree zones are d i s t i n g u i s h e d 
d u r i n g harmless p o l l u t i o n levels d e t e r m i n a t i o n . T h e 
f i r s t zone (absence of fac tor a f f ec t ) is n a m e d sub 
t h r e s h o l d l e ve l . T h e t h i r d zone ( t o x i c i n f l u e n c e ) is 
charac te r i zed by p a t h o l o g i c a l o r g a n i s m changes caused 
by the p o l l u t a n t (disease 01 i ts s ings ) . T h e second zone 
l ies be tween t h e m . I t is the zone of o r g a n i s m changes 
w h i c h are o f unc lear b i o l o g i c a l va lue . P robab l y such 
change is connec ted w i t h p ro t e c t i v e ad jus tmen ts . It 
ind icates the e n v i r o n m e n t d e v i a t i o n f r o m the b i o l o g i c a l 
o p t i m u m . 

T h e best sys tem of e co log i c a l m a n a g e m e n t is such 
a s y s t em, w h i c h g i v e s pre ference to the proper t i es o f 
se l f-maintenance of na tura i qua l i t i e s (the p r i n c i p l e o f 
care fu l i n te r f e rence ) [ 1-3 ] . Such approach takes i n to 
cons ide ra t i on h a r m o n i z a t i o n of e co l og i c a l sys tems and 
the i r in te rna l processes. 

It shou ld be m e n t i o n e d that f u n c t i o n i n g of b o t h 
e co log i c a l and e c o n o m i c sys tem w o u l d be to a 
cons ide rab le deeree i n f l uenced by the soc ia l s y s t em, 
whe re the s t a t e V the h u m a n b o t h as a m e m b e r of 
soc iety and b i o l o g i c a l o r g a n i s m is i m p o r t a n t . 

I t is necessary to w o r k o u t a un i ve r sa l approach to 
so lve p r o b l e m s caused by e c o n o m i c a c t i v i t y i n f l uence 
upon e n v i r o n m e n t , bv natura l and soc ia l e n v i r o n m e n t 
i n f l uence u p o n l i v i n g o rgan i sms and h u m a n hea l th . 

2 . Aims and tasks of the study 

T h e a i m of the i n ves t i ga t i on as to h a r m o n i s a t i o n of 
e c o l o g i c a l , soc i a l , and e c o n o m i c systems d e v e l o p m e n t 
is i n t r o d u c t i o n of the concep t of the m e t h o d o l o g y o f 
c o m p l e x e co l og i c a l e s t i m a t i o n sys tem ( C E S ) [ 4 , 5 ] and 
i ts usage fo r d e t e r m i n a t i o n of e co log i ca l state of the 
t c r r i t o r v on the basis of e co log i c a l m o n i t o r i n g and 
i m p l e m e n t a t i o n of t h e r m o d y n a m i c p r i n c i p l e s w h e n 
ana l y s i ng i n p u t data. 

T o ach ieve th i s a i m the f o l l o w i n g tasks t ouched 
u p o n in the present w o r k : 

1) to d e t e rm ine m a i n approaches to genera l s ys tem 
state e s t i m a t i o n in the i r present c o n d i t i o n t h e i r 
d e v e l o p m e n t and ex te rna l i n f l u e n c e ; 

2 ) to f o r m m e t h o d i c a l approaches to q u a l i t a t i v e 
and quan t i t a t i v e hea l th r i s k e s i i m a t i o n in the sphere of 
n o r m a l i z a t i o n and d e c i s i o n - m a k i n g c o n c e r n i n g secure 
i n f l uence u p o n h u m a n beings. 

3. Research materials and scientific results 

For e c o l o g y , p r i o r to t he s y s t em ana lys i s , it is usual 
to e x a m i n e at f i rs t the e lementary s t ruc tura l u n i t , w h i c h 
is the sub jec t of s tudy . T h e necessary c o n d i t i o n of a 

s t ruc tura l u n i t cons t ruc t i on is that i t s h o u l d m a i n t a i n a l l 
proper t i es o f the sys tem. I n case o f na tura l ecosys tems, 
b iogeoccnos i s is such a u n i t . The basis o f " soc i e t y-
nature'* i n t e rac t i on is soc ia l p r o d u c t i o n , whose a l l 
abstract issues are i n c l u d e d i n noob iogeocenos i s . T h e 
m a i n process , w h i c h de f ines f u n c t i o n i n g o f 
noob iogeocenos i s as the e l emen ta r y c o m p o n e n t o f the 
" s o c i e t y - n a t u r e " s ys tem is the process o f w o r k . 

Sys tem eco l og i c a l ob j ec t a l l o w s to abstract away 
f r o m the fine s t ruc ture o f the sys tem and to cons ider 
anv i r r egu l a r i t i e s i n any c o m p o n e n t as the abe r ra t i on , 
w h i c h is d e f i n e d and taken in to account in eco log i ca l 
state ana lys is t h r o u g h t h e r m o d y n a m i c parameters . 
Such approach a l l o w s s o l v i n g the p r o b l e m s o f 
eco log i c a l o r i en t a t i on at g loba l m a c r o l e v c l , as w e l l as 
at the m i c r o l e v e l f o r s o l v i n g loca l p r o b l e m s ( F i g . 1). 

Complex ecological 
estimation system 

Figure 1. Structure of corporative ecological 
system 

Genera l C E S state r ea l i za t i on is charac ter ized by 
the v a l ue : 

S(0= } s i P
v

c s ) ( s , ( t ) L X 2 ( l | . . x n ( i ) ) d V . ( I , 

w h S ( t ) = f s ' p , e ' s ^ x , ( t ) , x 2 ( r ) l . . x n ( t ) ) d V . 
ccc v 

E n t r o p y change is de t e rm ined as A S d V t <> and 
cor responds to e n t r o p y in tens i t y p r o d u c t i o n i n ob jec t . 
T h i s takes p lace i n the case o f i r r eve rs ib l e processes i n 
the sys tem c o m p o n e n t s w h i c h arc phys i c a l chem i ca l 
sys tems : 

( I ) 

o ( t ) = dS,. > 0 i f t - > 0 ( 2 ) 
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T h i s va lue is connec t ed w i t h new sys tem state 

P ( l ) = " ^ = j a ( x , ( t ) , x 2 ( i ) . . x n ( 0 > l V . ( 3 ) 

P ( t ) ^ = f a ( x , ( « ) , x : W . A n C . ^ V . ( 3 , 

l»(t) -> m m is a c o n d i t i o n to be me t fo r the sys tem 
lo s tay w i t h i n s t a t i ona ry ' p rocess l i m i t s and manager i a l 
i n f l uence not t o cause e n t r o p y p r o d u c t i o n . 

It is p roposed t o charac ter ize i n f r i n g e m e n t r i sk 
e s t i m a t i o n i n the m a c r o s y s t e m b y in tegra ted index in 
case o f s y s t em ob j ec t . In tegra ted index takes i n to 
account changes ins ide each subsys tem and eco log i ca l 
r isk va lue f o r each subsys tem - eco log i ca l ( na tu ra l ) , 
soc ia l and e c o n o m i c ones ( F i g . 2-3 ) . 

1'he present approach does not take i n to account 
re la ted systems state ( e c o n o m i c and na tura l sys tems) 
and d o e s n ' t let to es t imate r i sk leve l in these sys tems 
and i t s i n f l uence u p o n p o p u l a t i o n hea l th r i s k l eve l . 

T h e a i m o f approaches m a i n t o cons ide r t o 
eco log i c a l r i sk e s t i m a t i o n f o r m a t i o n fo r t e r r i to r i es and 
the p o p u l a t i o n hea l th the research is state. C o r p o r a t i v e 
concept advantages w e r e de t e rm ined r ega rd ing 
c o r p o r a t i v e e c o l o g i c a l s y s t em and pos i t i ve r i sk 
e s t i m a t i o n . 

A n a l y z e d i nd i c a to r g roups arc d i s t r i bu t ed a m o n g 
three fac tor b l o c k s a c c o r d i n g to the Cl-S concept o f 
c o r p o r a t i v e app roach . P o p u l a t i o n hea l th be longs t o the 
I м b l o c k ; the w a y o f l i f e , soc ia l e c o n o m i c e n v i r o n m e n t 
b e l o n g ю the 2ni b l o c k ; b i o l o g i c a l , c h e m i c a l , phys i c a l 
and soc ia l e n v i r o n m e n t factors be long to the 3'* b l o c k 
(Fig- 2 ) . 

nconomicaJ system 
progress level (maximal 

productivity, minimal 
influence upon 

environment) is block 2 

Social environment 
I— "•(prosper i ty , wars, 

bui ld ing) is block 3 

Influence - risk, violation 

Ecologies' environment 
dcstabil i/ation is block I 

П Human environment 

Population health risk 

Figure 2 Block schema of population health 
assessment 

CBS rmimlonng. input data 
I л; о logical system (ES) - £(х,,х 2, ., x n ) ̂  
Social economical system - n(yi.y 2. .y„ ) 

CFS srate informativcness 
Pi, 

CES subsystems state 

Managenal 
decision taking 

CES changes analysis 

- I 1 v ' V 
I If 

0. II"X| - x. w x] 

SFS V influence upon PS 
fj changes 

Figure 3. CES state scheme in the form 
entropy and comparator K* 

•- f, is probabilistic observation (x, ,x 2 , .x„) with probability 
(Pi P;. Рп) 4 « probabilistic observation (>,.,-,. . , „ ) with 
probability (q,,q 2. .q„, ) . p, is probability of interaction of 
operation i " X , : n = y, . S is entropy of systems state, uis 
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ecological changes lo man-made v argument (in accordance with 

Radona-Nicodima) < S,v* - w(t • т), Г is unconfigured slate, 

equilibrium position,'is determination S proviJedlhal Г-О 

It is CS Jw = w ( t i j ) : ..I.".) p r o b l e m s appear to an 
eco log i ca l and e c o n o m i c sense w i t h i n the f r a m e w o r k 
o f c o m p l e x app roach . T h e y conce rn p o p u l a t i o n hea l th 
e s t ima t i on . 

1. Research ob j e c t state, v i o l a t i o n p r o b a b i l i t v , 
d e s t a b i l i z i n g process r i s k d e t e r m i n a t i o n that can be 
c o n f i r m e d by e n t r o p y v a l ue . 

2. f o r m i n g o f s tandard as es t ima ted va lues o n the 
in f luence m i n i m i z a t i o n basis and a c c o r d i n g to 
d e s t a b i l i z i n g factors e f f ec t u p o n l i v i n g o r g a n i s m 
( F i g . 4 ) . 

Rcseaich 
object 
influence 
factors 

loimjiion 
Statistical 

monitoring 
treatment, 

violation п -k 
determination 
or comparator 
identification 

h\ stale 
entropy 

Living organism 
or other external 
object influence 

possibtlii\ 

Ihermod} no 
mic output 

/low 
/or rntuion 

Normalized object stale-
calculation 

* -

Kacceptablcviolation t 
acceptable health risk 

\1inimum 
acceptable 

'min ima! influence 

"violation i 
health risk 

Influence object state, destabilizing effects, statistical 
determination of connection between object sia'e anj 

external thermodynamic flow effective factors effective 
factors 

Figure 4 . Risk analysis problems with CES 
realization: d i r e c t i o n a n d s e q u e n c e o f t h e 1 " ' 
problem solving; *> ranking problem decision 

concerning influence object 
T h i s c o m p l e x approach rea l i za t i on was cons idered 

w h e n s o l v i n g the p r o b l e m o f eco log i ca l secur i ty 
v i o l a t i o n de tec t i on d u r i n g D e r g a c h i v s k y refuse d u m p 
and w a t e r ob j ec t s m o n i t o r i n g a c c o r d i n g t o the 
f o l l o w i n g scheme ( 4 ] . 

I n f l u ence r i sk as i n f o r m a t i o n a l and i n f l uence 
e n t r o p y , i f P I d o e s n ' t exceeds x 2 - l : 

R i sk - S; S ( l ) = - P ( X , x , , x , )• l n [ p ( X , x , . x 2 ) ] . 

whe re P (X . ч , . \ , \ PP (X . x , , x , ) are stale, i n f l uence 

p o s s i b i l i t y : 

! I (x,-min(X))-' 
X = x,/GDC o ( x ) = l | — ^ j - v  

| lcngth(x)-l 
Г 

I F(X,i) = 4 - (\, -min(X)) 2 

Ц Х у . ч ; ) -

V2na(x) \2(а(х)У 

2 12 c<X) 

1 Г i , - l - x , + m i r | X ) ) ' +-er« - v 2 — — T - r - — 
2 1 2 c<\) 5ЛМ 

ИХх,,х 2)= 

2 \2 c(X) ] 2 

I ( 4 ) 

v M X l 

4. Theoretical and Practical Value of Work 

T h e idea o f a p p l y i n g o f basics o f t h e r m o d y n a m i c s 
to the area o f o p t i m i z a t i o n o f manager i a l dec i s ion in 
the e c o l o g i c a l m o n i t o r i n g sys tem is o b j e c t i v e l y 
c o n d i t i o n e d by the course o f i n ves t i ga t i on -
i n t r o d u c t i o n o f C E S as: 

1) essent ia l m o d e l o f rea l i sa t ion o f i n t e rac t i on 
be tween c o m p l i c a t e d d y n a m i c a l sys tems : na tu r a l , 
e c o l o g i c a l , soc ia l and e c o n o m i c ; 

2 ) o p t i m i s a t i o n o f manage r i a l de c i s i on c o n c e r n i n g 
CF.S w i t h the a i m оГ h a r m o n i s a t i o n o f natura l and 
soc i a l -economic sys tems r e l a t i ons and the i r stable 
ba lanced d e v e l o p m e n t ; 

3 ) as the basis o f i d e n t i f i c a t i o n and e s t ima t i on o f 
n o r m a l i z e d ba lanced d e v e l o p m e n t o f system-system 
t e r r i t o r i a l o b j e c t n o f c o m p l e x approach Tor s o l u t i o n o f 
m i c r o l eve l e co l og i c a l p r o b l e m s . 

S ince C E S is d i r e c t l y connec ted w i t h the sys tem 
ana lys is , s o l u t i o n o f the tasks ass igned is connec ted 
w i t h m a t h e m a t i c a l f o r m u l a t i o n o f c o m p o u n d ob jec ts . 

5. Summary 

T h e resul ts o f ana l v t i c a i research and wate r state-
r isk ana lys i s c a l cu l a t i on a p p l i c a t i o n arc as f o l l o w s : 

I . C E S s iate d e t e r m i n a t i o n a l g o r i t h m ( f i g . 3 ) has 
been dev i sed a c c o r d i n g t o the t e r r i t o r i a l ob jec t and 
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the ir c o m p o n e n t s t h e r m o d y n a m i c ( cn t rop i c 
p r o b a b i l i s t i c ) nature ( e q . l - 3 ) . E co log i c a l h yg i en i c 
heal th r i sk scheme and c h e m i c a l f ac tor pe rm i ss ib l e 
level have p r o v i d e d a c c o r d i n g to CES rea l i z a t i on and 
m i n i m a l hea l th r i sk e s t i m a t i o n c o n d i t i o n s ( f i g . 4). 

2. C o m p l e x p r o b a b i l i t y t h e r m o d y n a m i c sys tem for 
source and i n f l uence ob jec t e co l og i c a l state e s t ima t i on 
has been d e t e r m i n e d . 

Suggested in tegra ted approach rea l i za t ion 
appropr ia teness was s h o w n o n the basis o f examp l e o f 
e c o l o g i c a l l y dangerous t e r r i t o r y state ana lys is . T h e 
ana lys is a i m is t o d e t e r m i n e e co log i c a l danger po in t s 
and t o w o r k ou t the mos t cons t ru c t i v e manager i a l 
d e c i s i o n . I he mos t p robab l e i n f l uence factors and 
t h e r m o d y n a m i c a l l y c o n d i t i o n e d negat i ve i n f l uence 
processes (cq . 4 , fig. 4) d e t e r m i n a t i o n is the analys is 
p o s s i b i l i t y c o n d i t i o n . 
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