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 direct and indirect mechanism by oxidizing 
Fe2+ to Fe3+
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Direct Bio Leaching:

 Enzymes, used for oxidation

 Electrons, transported through cell membrane

Indirect Bio Leaching:

 Energy generated by Bacteria



The most important mineral-decomposing 
microorganisms:
 – Fe- and S- oxidizing chemolithotrophs:
 Obtain energy from inorganic chemicals , use CO2 

as carbon source
 H-, S-, Fe- reducing Bacteria and Archaea

The most important mineral-leaching 
microorganisms:
 Use Fe- and S- compounds as electron donors and 

fix CO2
 Produce sulfuric acid (acidophiles)

Biomining /bioleaching
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 After biooxidation 95% of the gold (and other 
metals, copper etc.) can be recovered - in opposite 
to traditionally 30-50%

 Relatevely little of the ore needs to be decomposed 
to allow gold recovery

 Advantage of natural weakness in structure

 Costs in 2-3 times less

 More economical and environmental friendly









Scheme for determining monitoring points on the Peano curve

The scheme of a contour of pollution on a Koch curve
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IF ([МСТАБ] AND [SIGN∆STi±jEQ]), ТHEN [СПТ]



r – development, K – conservation, ω – crisis, α – reorganization, 
s – restructuring



IF ([RI > 0] AND [CI > 0]), ТHEN (D);
IF ([RI ~ 0] AND [CI > 0]), ТHEN (CS);
IF ([RI < 0] АND [CI < 0]), ТHEN (CR);
IF ([RI > 0] АND [CI < 0]), ТHEN (R);
IF ([RI < 0] АND [CI ~ 0]), ТHEN (А);

IF ([RI < 0] АND [CI > 0] АND [PRT ≤ PRTac]), THEN (LAC). 

NM - new model; 
D - development; TNM - transition to a new model; 
R - reorganization;
CR - crisis; 
A - adaptation; 
RI - resource increment; 
CI - connectivity increasing, 
CS - conservation of the system; 
LAC - local artificial crisis (reorganization of the local subsystem in order to adapt it to new 

conditions or requirements), 
PRT - price of risk in the transition to LAC,
PRTac - the most acceptable PRT under some conditions.



r – development, K – conservation, ω – crisis, α – reorganization, s – restructuring 



Society

Environment Economics

Tolerable Fair

Viable

Stable

SD



SD = min {Env,  Soc,  Eco}

Env is determined by available resources AR, including
- alternatives,
- the presence of periodic cycles of changing conditions YC,
- environmental capacity (the ability to accumulate undesirable

components for the environment without negative
consequences for it) AC,

- migration capabilities (the ability of undesirable components to
migrate outside the system) MG,

- the ability to metabolize environmentally harmful components
into more acceptable forms MT,

- the status of a special area (e.g., reserve) ST,
- population density PD,
- building density BD,
- the presence of natural sources of environmental pollution SE.



The sustainable development of geological ecosystems  depends on 
optimal ratio of society, economy and environment.  
Environmental component is determined by available recourses, 
including  alternatives, environmental capacity , migration 
capabilities ,  population and building density, the presence of 
natural sources of environmental pollution  etc.

Functioning of the complex system of geoecosystem can be presented 
as the model of “eight”,  moreover its sustainable development 
depends on resources and connectivity.

All subsystems of geoecosystem are interconnected and require the 
adjustment of resources and connections,  forming hierarchical set 
of "eights“ with micro- and macro- levels.


