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ƂŶƏŶƌƎťƗƖƐųſƂƐſƖŦƋƖŽŻƗŻƋűƚťƗ ǌŢƔƐźƚƖűƌżŦƳƋŵƗƐŶƊťƗƖŦūƗƖƐźƚƖƙźƓƙŢťƗƖ 

 

ŢƌſƗ źƌšŻƗŦťƗƦ ƂƋŽƌƎƀƋƐƀƋšƗŦƗ źƌŹźƑƕƐţƀƋǜƛťƗƕ żūƗżƛūƗűūƗűƔƕſūƗƕ ŽŻƗŻƋƦ ŶƏƂŻƗűƌƎ ƂżťƗƕŦƍŦƋƦ 
ŷƌŽƌŶƌƎťƗǜƌƎťƗťƔ źƛűťƗƙŶſūƗƧ 

ƂŻƗųƍűƋźƛűƗŢƘšƗ- ƄŦƋƐŦƋťƗſūƗ ŢƌſƗ źƌšŻƗŦťƗƦ ƂƋŽƌƎƀƋƐƀƋšƗŦƗ źƌŹźƑƕƐţƀƋǜƛťƗƕ żūƗżƛūƗűūƗűƔƕ 
ſūƗƕ ŽŻƗŻƋƦ ŶƏƂŻƗűƌƎ ŷżťƗƕŦƍŦƋƦ ŶŽƜźƗƦ ŷƌŽƌŶƌƎťƗǜƌƎťƗťƔ źƛǢƐżƖſƋƖſūƗƕ ŽŻƗŻƋƐƙźźƘƋƖűƚťƗ űƌżŦƳƋŵƗƂ 
ŦƋźƘƋƖšƌƎ ŷŵƗűƍƖƙŢťƗƖƂƐǋšƋťƗƖǜƛťƗƕŶűƗſšƗſūƗƕŦƋŦƅƗźƘƋƖƫ ŶƅƲźǢƐƙźƋšƗƙŷŦƗƩǢƐŵƋšƗŧƎƔƖƂŶƌƎťƗƖƙŷŦƗſūƗ 
%ƐšƋťƗƖŶƊǌŶƍ- ŦűƎűǀƐŧƋťƗƖŶƊƖűƚťƗŽūƗƖŲƌƎſƌƎǠƐƙŶƋŢƑƕŶƊſūƗJ) Ƨ ŢƌſƗ ſūƗ ŶƏƂŻƗűƌƎ ŷżťƗƕŦƍŦƋƦ ŷƌŽƌŶƌƎťƗǜƌƎťƗťƔ 
űƚťƗżƛƌǢƐſƋƂƋŽƌƎƀƋƐƀƋšƗŦƗźƌŹźƑƕƐţƀƋűƚťƗ  żūƗżƛūƗűūƗűƔƕƐſƋŽŻƗŻƋŦƌƎšƗŶƘƌƒƖƐżƖšƌƎ ƝơǜƛŦƗŢŵƗǠ šƘťƗƕ 
ſƎƔƖŢƑƕſƏƙŷŦƗſūƗƦ ſƏſūƗ ŲƎƌƐŵżƋűƚťƗ ƂƀƋżƙŶūƗƕƜſūƗƕƂżƋźƘƋƖƦ ŽŻƗŻƋ-źƛżżƛƌŢƑƕſūƗƕƂŦƋźƘƋƖšƌƎ źƌŹźƑƕǢ
ƐţƀƋǜƛťƗƕƐųſżƛƌ ƜŻƗŻƏſƏźƘƋƖƂűƚšƗŶƊŲƎűƗŽƎŶƗſūƗƧ ƂƍƖŦƍƂƌŶƗŢƘƗƂƌƎ ƂƋżƛƜŵƗŲźƗƖźƘƋƖſūƗ ŢƌſƗǜƛťƗƕſƏƫ 
źƌſƋƖŦƎűƌƎǠƐŵŲƌƎťƗżƋ ƂƋŽƌƎƀƋǢƐƀƋšƗŦƗſƌƎǠ ƂƐǋšƋťƗƖƂźƘƌƒƖźƘƌƒƖƐǋšƋťƗƕƂŽūƗƐżƋšƗżƛƌŢƑƕżƋƦ ƂƍƖŦƍƂƌŶƗŢƘƗƂƌƎ 
ƂƋżƛ ŷƌŽƌŶƌƎťƗ ǜƌƎťƗťƔźƛŶƏƖűƚƑƐŧƋťƗżƚšƗſūƗƕŶŲźŧƎƔƖƐŧƚƖƐǜƚƖŶƚƑǜƛŦƗŢƎƙŷŦƗſūƗƕ żūƗżƛūƗűūƗűƔƕſūƗƕ ƂŦƋƐżŦƋ 
ŲƎűƗŽƎŶƗźǕ ƂŽƎŶƗżƎƔƐŧƚƖƐǜƚƖŶƚƑźƘƋƖƂƐűƋƂűƚťƗƖƂŶƊƂƜťƗƐżƋšƗżƛƌŢƑƕſūƗƧǢƐƂƂŵƗ #ƞƜ ťƊƖźƘƋƖƫ ƂŦƋƦǢ
ƐƂƂƑŵƗ #ƞơ ƜšƗŲƍƖźƘƋƖƫƂŦƋ ǜƛťƗƕǢƐƂƂƑŵƗ #ƞƤ ƅŦƋƖƦ ƂſƋƖŦƋƖƂűƚšƗƐźƚƖƙźƓſūƗƕ ǋššƗƦ ŹƑźƘƋƖƂŦƋǜƛťƗƕǢ
ƐƂƂƑŵƗ #ƟƝ ŦƋƖƙźƔƒ ǠƙŶŵƗſűƾƜƊźƘƋƖƫƂŦƋűƌƎǠŶƊƜťƗſūƗƧ ƄƐŧƋťƗƖŶƊƖźƘƋƖſūƗ ŦƌƎšƗŶƘƌƒƖƐźƚƖƙźƓƐżƖźƛżżƛƌſūƗƕ 
ƂżƋźƘƋƖšƌƎƂſƎƔƖƙŶƒƙŢťƗƖƙŷťƗƕǢƙŶťƗŶźƛ(ƂźƘƋƖƂƋƖƙŷťƗƕǢƐŦƘƖǍšƍƖſūƗ)űƌżŦƳƋŵƗƂŦƋźƘƋƖšƌƎƂƋƖŲƋƖżſūƗƕƂƐƙŢ 
ƂƐŵźƛƐŽƘƋƕƐŦƙŢťƗƖƗšƎƌƐŷƬƙŶŲƋƖŶƊſūƗƧ ŲƌƎǠƐǋšƋťƗƕżūƗżƛūƗűūƗűƔƕƙŢťƗƖǜƛťƗƕ ƂšƘƌƒƖƂƙźűƗšƌƎűƌƎƖŶƚƋƖǢƐŦſūƗ]Ƨ  
 
ŵƌųƊŵƗƖ 
 
ſťƗƫżūƗżƛūƗűūƗűƔƕſūƗƕ ŽŻƗŻƋ ſƌƎǠźƀƎűƗ ƅŻƘƋƅƗšƌƎ ǌŶƍƖƙŶūƗƕŦƎƔƐƂƋťƗƙŶƒŽƎŶƗżŵƗƂűƚšƗ ƂƐšƋťƗƖŧƎƔƖ 
ŽƎŶƗǜƌƎťƗſūƗƕƂżƋűŦƗŢƎźƛƋ ƪšƌƎ ƂƐſƖŦƋƖǌŢƔƐźƚƖűƌżŦƳƋŵƗƐźƚƖƙźƓƐżƖŻƏŵŦƗǜƛťƗƕūƍźƛƘŦƚƋŽƎŶƗƐŧƋťƗƙŢťƗƖƙŷŦƗſūƗƧ 
ǌŢƔƐźƚƖűƌżŦƳƋŵƗƐźƚƖƙźƓƐżƖƐŶƊťƗƖŦūƗƖƐŧƋťƗżƚšƗźǕſūƗ ƂƐƙŢŢƔšƘŶƊſūƗ - # ƝƜ šǊƚŵƗŶƗƫŦƋƂƎŶƗ ƂŶƏŶƌƎťƗƖƐųſ 
űƚťƗżūƗżƛūƗűūƗűƔƕſūƗƕ ŦƌƎšƗŶƘƌƒƖƐżƖ (ƂƍƖŦƍƂƌŶƗŢƘƗƂƌƎǜƛťƗƕŧšƗŦŶƗǋšūƗƕżǕŶƊ)Ƨ ſťƗſūƗƂƍƖŦƍƂƌŶƗŢƘƗƂƌƎƂƋżƛźƛűƗ 



űźƗƖźƘƋƖšƌƎŷűƗŶƊš ſťƗƕƂƐŵƙŷťƗƕŽŻƗŻƋŦƌƎšƗŶƘƌƒƖƙŢťƗƖſƌƎǠźƀƎűƗ ƅŻƘƋƅƗŦƌƎšƗŶƘƌƒƖƙŢťƗƖűƚťƗ ŶƊƜťƗŶűƗſšƗſūƗƕ 
ƂŢƊ ƂŢƚťƗƕƂŽźƗƖƐšƋťƗƖŶƊſūƗƧ ǌŢƔƐźƚƖűƌżŦƳƋŵƗƐźƚƖƙźƓƐżƖſūƗ šƎŵƗšƘŦżƌűƗſšƗſƋƩ ƂżūƗƂƐſƚƖżƛƌ 
ſūƗƕƐƙźǋſŨƋšƌƎŲƎűƗźūƗƧ ŦƋƖżŵƗƂŦƋ ſƌƎǠźƀƎűƗ ƂƜűƗƂŦƋƖƂűƚšƗŶŦƲūƗƖŽūƗƖŲƎűƗƐŶƖǜƌƎťƗſūƗƧ ſƌŶǅƔ 
ŶūƋżƛťƗźƘƋƖſūƗ żƌƎƖżƋƂŦƅƗƂŽƋƂż ǌŢƔƐźƚƖűƌżŦƳƋŵƗǢƐźƚƖƙźƓƐżƖƐŶƊťƗƖŦūƗƖƐŧƋťƗżƚšƗźǕŦŵŦƗźƘƋƖƫƂšƘƌƒƖż 
ŽųƗšƌƎ ŶƎƔűƏšƏƖżŵƗšƘƌƒƖŦƋƖǋšƐſƋƗŽūƗƖ ŦƌƎšƗšƚťƗƖźƘƋƖűƚťƗ żŽųƗŶźƋŰšƌƎƙŶżŵƗƂŦƅƗƂƙźƑŽƚŻƗšƏſūƗźƀƎűƗ 
ŶƊƧ 
 
ŶƏƂŻƗűƌƎ ŷżťƗƕŦƍŦƋƦ ŶŽƜźƗƦ ŷƌŽƌŶƌƎťƗǜƌƎťƗťƔűƚťƗżƛƌƐſƋ ƂƋŽƌƎƀƋ ŽŻƗŻƋűƚťƗ šǊƚŵƗŶƗűƌƎǠſūƗ ƜšƗŲƍƖűŦƗǢ
ƐšƋťƗŽƛƘťƗ$ ƟƜ-ƠƜ ŻƏƂšƗŦƗƐųƬŽƋ ƂſƋƖűťƗƂƙźűƗżſūƗƀƎűƚšƗŢƘšƗŶƊſūƗƧ ƝƞźƛƝơ ŻƏŵŦƗżƌűƗſƌźƗƖ 
ŨŻƋƖƂż ƟŽűǍšƌźƗűƚťƗ $ ƞƜƜ-ƟƜƜ ŻƏƂšƗŦƗƐųƬŽƋżǜƌƎťƗƐſƋƂŽƋƖƂŽƋżƛƌſūƗƧ ŲƌƎǠƙŶťƗ šǊƚŵƗŶƗűƌƎǠſūƗ 
ƞƜ ŽƍűƋŽšƗŧƚƑŶƎƔƖƙŷťƗƕ ƜšƗŲƍƖźƘƋƖźƛƐƙźǋſŨƋ(ƜšƗƐŢƘƖ) ŶźƋŰšƌƎűƌƎťƗƖżŵƗŦűťƗŢƑƕǌŶƍƙŷŦƗżƋ ƜšƗŲƍƖ ƝƞźƛƝơǢ
ƐšƋťƗűŦƗſƎűƗſūƗ ƜšƗƐŢƘƖƐƙźǋſŨƋ ƞơ m3/šƚƋűƋ ŲšƗźšŲƎűƗŽƎŶƗſūƗƧǢƐƙźǋſŨƋſūƗ ƝƜ m3/šƚƋ 
űƋ ƂŲƌƐƂƋšƗſƌƎǠƐŧƚƖƐƙźǠſƚƋƖſūƗƦ ƪſūƗǢƐƙŶƋťƗƖŢƘƌƒűŦƗƀšƗűƋ ƂűƚšƗŽƎƔƐŽƋšƗſūƗƕǢƐƙźǋſ ŨƋǢ
ƙŷŦƗſūƗ ð $ ƟƜƜ ŻƏƂšƗŦƗƐųƬŽƋ ƂšƘƌƒƖƂƙźűƗƜťƗƐťƚżżƛƌſūƗƧ 
 
ŲƌƎǠƙŶťƗǢƐƙŶƋťƗƖźƛżżƛƌſūƗƕǢƐšƋšƗŶƑſƍƖǜƛƔ ƂšǊƚťƗƖƂšƘŵƗźƘƋƖšƌƎŹƌƎťƗƂƌƎŢƘƋƂƙŷŦƗſƌƎǠƙŶƒŽƎŶƗǜƌƎťƗſūƗƧŧƌűƗƂŦƋƦ 
ſƌƎǠźƀƎűƗǢƐƙźƐŧƚƖŽūƗŶűƗżŵƗƂűƚšƗ ƪšƌƎƜšƗƐŢƘƖƙŷťƗƕƐżƋƩƐŧƚƖƐƙźǠƐŦǜƌƎťƗſūƗƧ šǊƚŵƗŶƗűƌƎǠſūƗ ƂƙŢƋƖ 
ŽŻƗſźƋƖźƘƋƖŲšƗŶƌƎƩƙŢƋƖŵƋƖźǕżƛƌſūƗ ſƌƎǠƐſƋƗ ƄƅŶźƋſūƗǢƐšƋšƗŶƑſƍƖǜƛƔ -  ǌŢƔƐźƚƖűƌżŦƳƋŵƗƐźƚƖƙźƓƐżƖǢ
ƐŶƊťƗƖŦūƗƖŽƎŶƗƐŧƋťƗƙŢťƗƖŶƎƔŦƔǜƛťƗƕŧšƗǜƚŻƗƐŵƐſƋƂšƘƌƒƖżŽųƗźƘƋƖšƌƎ ŦűťƗƐűƚǠƙźťƗŽƋźūƗƀƎƐźƛƘƋƗŽťƗƕŶƊſūƗƧ 
ſťƗƕ ŽŻƗŻƋƐƙźűƚťƗżƛƌƐſƋűƌżŦƳƋŵƗźƘƋƖſūƗ ſťƗƫŽŻƗűƚťƗƐƙźǋſŨƋűƌƎƖűšƗǋšƚŻƗƜƐŦżŵƗƂűƚšƗƂŽƋƖ 
ƂŽƋźƘƋƖŦƚƋżƛƌƩ ſťƗſūƗƂƙŢƋƖƐſƋƐŦƘƖǍšƍƖſūƗƕŲūƗƕƜťƗŶŦƲūƗƖźƘƋƖšƌƎźŽƌƎƂŶƗƐűƋƕŶƊ(ŶƎƔ Ɲ)Ƨ 

 
 
ŲƔƎƖűźƗƖŦƅƗŽƋƂżǢƐŶƊťƗƖŦūƗƖŽƎŶƗƐŧƋťƗſūƗƕŦŵŦƗźƘƋƖ 
 
ƂŦƋƐżŦƋǜƛťƗƕƐƙźǋſŨƋŵūƗƖŶūƋŦťƗűƋǢ%Ɲƥƥƥ&ǢƂżñŽŻƗſźƋƖźƘƋƖſūƗǢƙŢƔƐźƚƖűƌżŦƳƋŵƗźƘƋƖǜƛťƗƕǢƐšƋšƗŶƑſƍƖǢ
ǜƛƔƐŶƊťƗƖŦūƗƖŲƎűƗŽƎŶƗźǕšƌƎǢſƌŶǅƔŶūƋżƛťƗƂźƘƋƖŦƎŲšƗŶƌƎƩ ŽƎŶƗƐŧƋťƗǜƌƎťƗſūƗòǢƄŽšƗżƛƌŲťƗżƛƋƖżƛƌƐŵſūƗƕŦŵŦƗǢ

ŶƎƔ ƝƧ ŷƌŽŦƗŶƌƎťƗǜƌƎťƗťƔűƚťƗ ƂƎŵƗƖŶťƗ 
ŦƌƎšƗŶƘƌƒƖſūƗƕšƘŻƗƙŶŵƗǠǠƐſƋƐŵ 
żƋűƚťƗƐƙŢƋšƗƐſƚǠųƊŰƗŢƔǜƌƎťƗ 
ſūƗƕŹƌƎŸƌƎťƗƖ űŦƗƐšƋťƗ ƀƏźƍųƍ 
šƌƎŽƋǢƙźšƗ( ŹżƋŢƘƌƂƋ żƌŻƋ 
ƀƏźƍųƍšƌƎŽƋ)šƌƎŦƋƖƐŵſūƗƧ 
ƄŵūƗƖƙŷťƗƕǜƚƋƖźƘƋƖšƌƎƐŶƊťƗƖŦūƗƖǢ
ƙŢťƗƖſūƗƙźšƗƙŷűƗżſūƗƕ Ƃ 
ŽƎŶƗǜƛťƗƕƂƙŢƋƖƐſƋſƋźŵƗšƎŵƗ 
šƘŦżƌűƗźƘƋƖšƌƎſšƗſƋƐŦ 
ſūƗƧ 
 



źƘƋƖźƛƐſƋƗƪǢſƏűƌƎǠŦźƗƖſŶƗŢƑƕſūƗƕǜƛŦƗźƘƋƖǜƛťƗƕźƛƋƖŻƚťƗƖźǕźƘƋƖźƛǢźƘƋƖŦƚƋſťƗŻƏǜƌƎťƗſūƗ%FFTCǢƝƥƥƥ&ƧǢŧƋţƘƌŦƑǢźƛǢǢǢñǢ
żƌƎƖżƋƂŦƅƗƂŽƋŦŵŦƗźƘƋƖſūƗǢ ƙŢƔƐźƚƖűƌżŦƳƋŵƗźƘƌƒƖŦƌűƗźƘƋƖǜƛťƗƕƐšƋšƗŶƑſƍƖǜƛƔźƘƋƖűƌƎǠšƌƎǢ ƂƐżƋƂƐǜƛƋƂźƘƌƒƖźƘƌƒƖƙŷťƗƕǢ
ƐŶƊťƗƖŦŶƗŢƑƕǌŶƍƖƙŷŦƗſūƗƧ ŦƌŵƗƐŢƬźǕźƛƋ żƌƎƖżƋƂŦƅƗƂŽƋŦŵŦƗźƘƋƖƫŲƎűƗŽƎŶƗźǕšƌƎűƌƎƖŶƚƋƖƐƂƋťƗŽƎŶƗżŵƗƙŷŦƗſūƗƧ ŲƌƎ 
ƂŢƊ ſƏűƌƎǠſūƗ ŶƌƎƩƙźťƗƕźƋƖ(ƂƐżƂűƚšƗƂƋƖƙŷťƗƕ&ǢƐſƋ ƂſƎƔƖƙŶƒǜƌƎťƗſūƗƕ ŹƌƎťƗƂƌƎźűƗŦƗźƘƋƖšƌƎ ŲƎűƗŽƎŶƗŵƌƎťƗǢ
ƐšƋťƗƖŲƎűƗŽƎŶƗǜƌƎťƗźūƗƧ űŶƊűūƗƖűƚťƗ ŦƌƎšƗŶƘƌƒƖƐżƖŦŵŦƗźƛ źƛƍŢƌƎƐŵżƐſƋ ſŹƋƜżťƗƖƙźŦƗźƘƋƖšƌƎŽūƗƖ ŲƌŵƗƖ 
ſƌźƗƖǜƌƎťƗźūƗƙŷŦƗſūƗƧ ƂƙŶūƗƙŶūƗŧƌƎťƗżƋ ŧŵƗŦŶƊƖſƎƐűſŵ űšƭſƌƎŽƗ(ƂƌƎťƗƂƋżƗƂƋżƗ)ƫƂŧƌƎƂż ƂƋżƛ 
šƑƕſƌƎǠƐſƋŵŻƗŶŻƗƐųſűƚťƗǢƐšƋšƗŶƑſƍƖǜƛƔ - ǌŢƔƐźƚƖűƌżŦƳƋŵƗ ƂƐżƋƂƐǜƛƋŦŵŦƗźƘƋƖſūƗ ƂŦƋƖƂŦƋŷƏŽƎƔźǕ 
űƌƎƖűšƗƐŦżŵƗǜƛťƗƕ ŧťƗƖżƑǜƚźƗƖŶƊƖźǕšƌƎƐŽƘƋƕŢƘżŵƗƂšƏƂūƍƙŷŦƗƐŦźūƗƕ ŲƎűƗƗŽƎŶƗźǕűƌƎƖűšƗƐŦżŵƗƂűƚšƗƂƐƙŢ 
ŢƔƂƎűƗƙźŦƗƂƙŷŦƗ ŻƏŧǜƌƎťƗſūƗƀƎŧƌƎſūƗ (ŦƚŵƗŹƍŽƋ ǜƛťƗƕ ƀƋųƍ ƞƜƜơ)Ƨ  

ŶƑżŦƗ (Ɲƥƥƞ) ſūƗ ŷƌŽƌŶƌƎťƗǜƌƎťƗťƔǜƛťƗƕƂƙŢƋƖƐſƋƂƋżƛǜƌƎťƗťƔźƘƋƖűƚťƗſƎƐűſŵƙŶƒŽƎŶƗſūƗƕ ŦŶƊƖ-ƂƐƙŢƙŶƒƐšƋšƗŶƑ 
ſƍƖǜƛƔ- ǌŢƔƐźƚƖűƌżŦƳƋŵƗ ŽŻƗŻƋŽƎŶƗťŵƗƖŦŵŦƗźƘƋƖƦǢƐšƋšƗŶƑſƍƖǜƛƔ-űƌżŦƳƋŵƗƂƙŶŵƗƂŽƛŵƗŧšƗſƚŻƗźǕűƌƎǠ ƫƂšƘƌƒƖż 
ŽųƗźƘƋƖšƌƎ ƂšƘƅƗƖŢƘƒŶƗŢƑƕſūƗ - 

ƝƧ űƌżŦƳƋŵƗƂťƗƂƋƖšƌƎƂſƎƔƖƙŶƒƩƐšƋšƗŶƑſƍƖǜƛƔŲƎűƗŽƎŶƗƙŢťƗƖƦ ŧšƗſƚŻƗƐżƖǜƛťƗƕŦŵŦƗűšƘŲƎűƗŽƎŶƗƐŧƋťƗ 
żƚšƗƙŢťƗűƌƎǠűƚťƗƦ ǜƛťƗƕ ǌŢƔƐźƚƖűƌżŦƳƋŵƗ ǜƛťƗƕ ƅ/ƂſƋƖŦƋƖƐźƚƖƙźƓƐżƖǋššƗƦ ŹƑźƘƋƖƂűƚšƗǢƐšƋšƗŶƑſƍƖǜƛƔűƌƎǠźƛǢ
ƐŹƖŲƚšƗ-ŶŦƲūƗƖǢ%ƐšƋšƗżƌƎƖƦ ŷƚƑǜƎǜƛťƗƕƂšǊƚťƗƖƂšƘŵƗźƘƋƖ)šƌƎƂſƎƔƖƙŶƒƙŢťƗƖƙŷťƗƕšƎŵƗšƘŦżƌűƗſšƗſƋſūƗƧ 

ƞƧ ŽŻƗƐƙźűƌƎƖűšƗźǕƂűƚšƗ űƌżŦƳƋŵƗ%ƐŢƘƖ&ƐƙźǋſŨƋźƘƋƖšƌƎƂſƎƔƖƙŶƒƩ ŲūƗƕƜťƗżźūƗƕŦżƌűƗšƌƎſšƗſƋƐŦ 
ſūƗƧ 

ƟƧǢ ƐšƋšƗŶƑſƍƖǜƛƔǜƛťƗƕ ǌŢƔƐźƚƖűƌżŦƳƋŵƗŽƎŶƗťŵƗƖšƌƎƐŶƊťƗƖŦūƗƖƙŢťƗƖƂƋƖƙŷťƗƕ ŲƎűƗŽƎŶƗźǕƂűƚšƗŦƚŵƗǠŦƋƖżƙŢťƗƖšƌƎǢ
ƐŽƘƋƕŵūƗƖƐŦſūƗƧ 

ƠƧ ƂƐſƖŦƋƖ-ŽŻƗŻƋźƌſƋƖŦƎűƌƎǠſūƗ ǜƌƎǠƦ ƂſƋƖǜƛťƗƕƅźƘƋƖšƌƎŦƋƖǋšſūƗƧ ŲƌƎǠƐǋšƋťƗƕ żūƗżƛūƗűūƗűƔƕſūƗƕ 
ŽƏſƋƖűƌƎǠƫƂƀƋżǜƛťƗƕ šƘŵƗƖźƋƐżƖšƌƎűƌƎƖűšƗƐŦſūƗƧ 

ơƧ ǌŢƔƐźƚƖűƌżŦƳƋŵƗǜƛťƗƕ ƅ/ƂſƋƖŦƋƖƐźƚƖƙźƓƐżƖǋššƗƦ ŹƑźƘƋƖǜƛťƗƕ ƪűƌƎǠźƛżſūƗƕŲƎűƗšƎŵƗźƘƋƖƐżƋťƗƖŢƘźǕ űƌƎƖűšƗ 
ŽƋƩǢƐťƚſƋƖǜƛťƗƕƜŻƗżźūƗƕŲūƗƕƜťƗŶŦƲūƗƖźƘƋƖšƌƎƜŻƗżŵƗűūƗǌťƌźƗƐſƋŽŻƗŻƋƜťƗƐťƚżżƛƌźūƗƦ ƅŶźƋ*ƐšƘƋťƗƖ 
ŽŢƦ ŽƏźǕƐżƖƜűƾżƋƖšƎŵƗšƘźǕźƘƋƖǜƛťƗƕšƘŵƗƖźƋƐżƖšƎŵƗšƘŦżƌűƗƧ 

ſƌƎǠƐſƋƗǢƐšƋšƗŶƑſƍƖǜƛƔ-űƌżŦƳƋŵƗƂƙŶŵƗƂŽƛŵƗűƎƔǠƙŶŵƗźǕűƚťƗ ƪűƌƎǠźƛżżƛƌŢƑƕſūƗƕƂšƘƌƒƖƂƙźűƗźƘƋƖšƌƎűƌƎťƗƖűƋżŵƗ 
ŵūƗƖŽźƗƖźƘƋƖŵūƗƖŶƊƖſƚƋƖƙŢťƗƖƙŷŦƗſūƗƧ 
 
 
ƐšƋšƗŶƑſƍƖǜƛƔ-ǌŢƔƐźƚƖűƌżŦƳƋŵƗƐŶƊťƗƖŦūƗƖƙŢťƗƖƐżƚƖŢƘŻƗźǕƙŷťƗƕ ŲƌƎƖŲƚťƗƖűƍƗŲƚťƗźǕšƌƎżŻƏƙŢťƗƖ 
 
ƂŶƏŶƌƎťƗƖŽŻƗſźƋƖźƘƋƖƂűƚšƗ ŦŵŦƗűšƘŦƍźƔŢŵƗǠŢƚƑſūƗƕ ǌŢƔƐźƚƖűƌżŦƳƋŵƗźƘƋƖſūƗ ƀťƗƖſƍƖƀťƗƖżƚšƗźƘƋƖǜƛťƗƕ ƂǜƛƔǢ
ƐŦƕƂźƘƋƖŦƎűƌƎǠŲšƗ ƂšƘƌƒƖƂƙźűƗźƘƋƖŶƌƎƩżżƛƌƐŦſūƗƧ ŦƌƎšƗŶƘƌƒƖƐżƖŧƌƎťƗżƋ żūƗżƛūƗűūƗűǠƔſūƗƕƐţƀŦŵŦƗűƚťƗ 
šǊƚŵƗŶƗűƌƎǠ ƄſƌƎǠŧƌƎŶƊſūƗ ñ ŢƚƑƙŢƋƖźūƗƕƂŦƋƖǢƐŶƊťƗƖŦūƗƖƐŧƋťƗżƚšƗŶƊ!ò ƅŶźƋűŦƗŢƎźƛƋ ŽŻƗſźƋƖźƘƋƖſūƗźƌźƌ 



 

űƌƎǠƫ ŽǗűƗƩƐšƘƋťƗƖƐſƋűƌżŦƳƋŵƗźƘƋƖšƌƎ żƋſƍƂŽƌƎšƗŦƌƎšƗŶƘƌƒƖƐſƋƐšƋšƗŶƑſƍƖǜƛƔŶƎƔŦƔ ƂűƚťƗƖſƌƎǠŶƏƐŶƊťƗƖǢ
ƐŧƋťƗżƚšƗƙŢťƗƖŵūƗƖŽźƗƖƙŷŦƗſūƗƧ ƂŲšƗŶƌƎťƗƖżƛƌŽŻƗƐƙźŦŵŦƗźƘƋƖƫżƌƎƖżƋƂŦƅƗƂŽƋźƘƋƖűƚťƗ šǊƚƑǜƚƋƖǜƛťƗƕŧƌűƗ 
źƘƋƖšƌƎǢƐűƋŲƑűƚťƗŽǗűƗƩƂŦƋŦƋƖƐŦſūƗ ſƌƎǠźƀƎűƗǢƐšƋšƗŶƑſƍƖǜƛƔŦƌƎšƗŶƘƌƒƖƐżƖżƋſƍƂƐűƋƂűƚťƗƖ ŶƌƎƩƙźťƗƕ 
ſūƗƕšƎŵƗƖƙźťƗƕſƌƎǠŻƏƐŧƋťƗſƚƋƖǋšſūƗƧ żƌűƗſƌźƗƖŢƘƌŵƗǌŶƍƖſƚƋƖſūƗƕƂŢƊǢƐšƘƖżƚƋſƌƎǠƙŶŵƗŽūƗƐŢƬƐŧƋťƗŽƋƩ  
ŶƏƙŶťƗƖƐƙŢƋšƗƐſƚǠƐſƋ żƋſƍźƘƋƖƂƐűƋƂűƚťƗƖǢźŲƚŵƗŻšƗſūƗƕǢƐšƋšƗŶƑſƍƖǜƛƔŦƌƎšƗƐƙźźƘƋƖűƚťƗ ŦƋƖƐŦſūƗǢ
%ƂšƗ%ŷ&ƂšƗ%ŷ&ǢűƍűƍǢƝƥƥƥ&ƧǢƂƋŽƌƎƀƋƐƀƋšƗŦƗŽŻƗŻƋűƚťƗšǊƚŵƗŶƗűƌƎǠſūƗŧƌűƗźƘƋƖƦ ǋššƗźƘƋƖƦ ŹƑźƘƋƖƦ 
šǊƚƑǜƚƋƖǜƛťƗƕƜšƗŲƍƖźƘƋƖšƌƎƐŶƊťƗƖŦūƗƖƐźƚƖƙźƓǋšſūƗ (ŶƎƔ ƞ)Ƨ ƅŶźƋ- šǊƚŵƗŶƗűƌƎǠƫŧƌűƗźƘƋƖſūƗŶƑƐűƋťƗƕżƛūƗżƌƎƖƙŶűƗ 
źƘƋƖűƚťƗŦƋƖšƘšƗƂƙŷŦƗƐſƋƗƪ ƂŦƋƂƙŷŦƗƐſƋƗƪŽǗűƗŲƋƖſūƗƦǢƐšƋšƗŶƑſƍƖǜƛƔƂšǊƚťƗƖƂšƘŵƗƂŢƘƌƒǠšƌƎŽƑ 
ŧƌűƗźƘƋƖƂƋƖƐšǊƚƖſūƗƧ ŶƏƖƐŶƊťƗƖſūƗƕŦŵŦƗƙŷťƗƂŦƋƂűƚšƗšƎŵƗšƘŦżƌűƗźƘƋƖŦƚƋƐŽƘƋƕŢƘǜƌƎťƗƩ  (šǊƚŵƗŶƗűƌƎǠŦƎŦūƗƖ 
ſūƗƕǢƐƙźǋſŨƋƙŷťƗƕ)ǢƐƙźǋſŨƋƂűƚšƗšƎŵƗšƘŦżƌűƗšƌƎŽūƗƖƐŽƘƋƕŢƘǜƌƎťƗſūƗ (ŶƎƔ Ɵ)Ƨ ƂŦƋƂŦƌƎźƘƋƖšƌƎƙŷűƗƩ 
ŧƌűƗźƘƋƖƦ ǋššƗ źƘƋƖƦ ŹƑźƘƋƖƦ šǊƚƑǜƚƋƖǜƛťƗƕ ƜšƗŲƍƖźƘƋƖƂűƚšƗſŻƗƐŧƋťƗŽƋſūƗ-ŽƎŶƗƂƋƖŽƌƎƂŶƗŶƊſūƗ 
ſƌƎǠƐſƋƗ ŲūƗƕƜťƗżźūƗƕƂżƋźƘƋƖšƌƎƐŽƘƋƕŢƘǜƌƎťƗſūƗƧ 
 
ŶƎƔ ƞƧ ŧƌűƗźƘƋƖƦ ǜƚƋźƘƋƖǜƛťƗƕ ƜšƗŲƍƖźƘƋƖƂűƚšƗŽƎƔƐŽƋšƗſūƗƕ  
żƌűƗƙŷűƗƩſŻƗƐŧƋťƗŽƋſūƗƕŶƑŶťƗźƘƋƖšƌƎǢƐŵǠűƌƎťƗƖżƌűƗſƌźƗƖƙŢťƗƖſūƗ  
ƂŦƋšƎŵƗšƘŦżƌűƗšƌƎƐŽƘƋƕŵūƗƖƐŦźūƗƧ 

 

 
 
ƂƋŽƌƎƀƋƐƀƋšƗŦƗŽŻƗŻƋűƚťƗ šǊƚŵƗŶƗűƌƎǠƂƐŵƙŷťƗƕ űƌżŦƳƋŵƗźƘƋƖšƌƎǢƐŵżƋżƛƌŶƊš ŽǗűƗƩƂŦƋŦƋƖżŵƗƂǍšƔƙŶƒŶƊ 
ſūƗƧ ſƌƎǠƐſƋƗ ƂƐſƖŦƋƖŶƌƎťƗŧƌƎťƗſƏźƘƋƖ ſƌƎǠźƀƎűƗ ǌźƌƒ ǠƙŶŶűƗƜŵƗƖšƘťƗűƚťƗƐŵƐſƋſƏźƘƋƖƂűƚšƗƂǌźƑűƐŦźǢ
ƙŷŦƗǜƌƎťƗŶƊƧ ŽǗűƗƩƂŦƋŦƋƖżŵƗźŽƎŶƗǜƌƎťƗƐſƋƐŵżƋźƘƋƖűƚťƗ ƂƐŦƕƂźƘƌƒƖźƘƌƒƖšƌƎ ƂŦƋƂŦƋƖŲƌƎƖƂƙŷŦƗƂſƎƔƖƙŶƒǜƌƎťƗ 
ſūƗƧ ƂƐŦƕźƘƋƖšƌƎƂšƘƌƒƖƙŶƒźƌƎšƗŢżƎŹƗźƘƋƖǜƛťƗƕƂŢƘƅƗƐŷƊšƗƩ ƂŦƋšƌƎűƌƎƖűšƗƐƙŶƋťƗƖŽƑƐŦżŵƗŦƅƗƖŦƋƖŶƊƦ ƂŢƘƅƗǢ
ƐŷƊšƗŲƋƖƐſƋƂƐŦƕźƘƋƖſūƗŽūƗƖ ƂŦƋƐǋšƐŦƐſƋƂżƋƂƙŷŦƗŦƚźƗƖƐŧƋťƗǜƌƎťƗƩǢƐŧƖƜƊƖŽƌƎƂŶƗźǕšƌƎƐŽƘƋƕ 
ŵūƗƖƐŦſūƗƧ  
 
ƂŦƋźƘƌƒƖŦƎƔŦƋƖſūƗƕ ƜšƗŲƍƖźƘƋƖƦ ǋššƗźƘƋƖǜƛťƗƕ ŹƑźƘƋƖűƌƎǠſūƗŽūƗƖǢƐŧƋťƗƖűƚťƗƖŦƋƖżŵƗƂƐƙŢƋšƗźŽƛźƗƖŹƑ 
ſƌƎƐŽƛƋťƗŲƋƖſūƗƕƙźšƗźƘƋƖƙŷťƗƕƐšƋťƗƖŦƚƋżƛťƗſŵƗǜƌƎťƗſūƗ (šǊƚŵƗŶƗűƌƎǠſūƗ ŲƌƐżƋšƗźǕżƛƌſūƗƕ ƂŰƎŨƍƜżƎŶƗ 
(źƌƎšƗŢżƌƎƐƂƋƗţƑŵŦƗŦťƗ(ƂƍƖƂźƗ) (Effective Microorganisms (EM) źƘƋƖšƌƎƂŦƋƂŢƘƅƗŦƩƐŷƊšƗżŵƗƂſƎƔƖƙŶƒ 

ŶƎƔ ƟƧ ŧƌűƗźƘƋƖš₩₫₭⁫₨⁄₴₳űƚťƗ ţŽƍżƌŦƍųƍŻƋ ǜƛťƗƕŽƍŻƏšƋƂƌŵƋƖǢ
ƐšǊƚƖƐŵŶƎƔƧ 



ſūƗ)Ƨ ƂƍƖƂźƗ ƂűƚťƗƖżƛƌſšƗżƛƌƂŰƎŨƍƜżƎŶƗſūƗ ſŹƋƜŸƍűƋźťƗšƌƎŷŵƗűƍƖƩ ǌŢƔƐźƚƖűƌżŦƳƋŵƗźƘƋƖƂƋƖšƋ 
šƚŻƗƐŶƖſūƗƕƂŶƌƎťƗƖźƘƋƖƫšƘŵƗƖźƋƖƐżƖšƌƎƐšƋťƗƖźƚŵƗƐŦſūƗƧ 
  
šǊƚǜƎƗŶƗűƌƎǠſūƗǢƐźƚƖƙźƓƐżƖǌŢƔǜƛťƗƕǢƐšƋšƗŶƑſƍƖǜƛƔſƌƎƐŽƛƋťƗżƎƔ/ŦŶƊƖšƘƍźƘƋƖƂŵƔǠƂſšƗǜƛťƗƕŻťƗƐšƋťƗźƘƋƖƐŽƘƋƕŵūƗƖǢ
ƐŦżŵƗƂűƚšƗ ƂƍƖƂźƗ(ƂŰƎŨƍƜżƎŶƗ &ƙŷťƗƕűŦƗŶűƗŽƛƘťƗűŦƗǍšƌźƗŶšƗŷƘŵƗƖſūƗƧ ƂšƘƌƒƖƙŶƒŹšƗűƍƖżƍƖŻƋƖźƘƋƖſūƗ 
ŶšƗſƌƎţťƗźƘƋƖ šƌƎǌŶƌƒťƗŧƌƎťƗźǕźƛűŧťƗƕŦűťƗŷŻƗŲƎűƗſūƗƧ ƀƍţƊ ǜƛťƗƕ ŶƊƖ(ƝƥƥƠ) űƗƌƌƎǠƫƂŧƌƎƂż ƂƍƖƂźƗ -Ɲ ſūƗ 
źƌƎšƗŢżƌƎƐƂƋƗţƑ ŵŦƗŦťƗƂźƘƌƒƖƂŦƋƖſƎƔƖźƘƌƒƖŶƊƜťƗƐżƋŦŶƗŲƋƖƩƐŦƘƖšƚšƗűƚťƗżǜƌƎťƗſūƗƀƎŧƌƎſūƗ -  
 
ƝƧ ŽšƗűŦƗ ƂšƗŦŦƗ ŹšƗűƍƖżƍƖŻƋƖ - ƄŹšƗűƍƖżƍƖŻƋƖƂƎŶƗŦƎſūƗ ųƌŵƗŢƘƅƗǜƛťƗƕųƌŵƗŢƑƙŶƒŽƎŶƗżƋ űƚťƗŽūƗƖ 
ƂſƎƔƖƙŶƒſūƗƧ ŹšƗűƍƖżƍƖŻƋƖſūƗſǋšƋƖźƘƋƖšƌƎŽšƗűŦƗ ƂšƗŦŦƗƂƙŷŦƗſƌƎǠƐƙŶƋťƗƖŽƑǢƐŦſūƗƧǢƙŷŦƗŦƅƗűǢ
ƐŽƘƋšƗ ſƏűƌƎǠſūƗ pH šƌƎŵƌźƗƕƐŦſūƗƧ ŶšƗſƌƎţƑŵŦƗ źƌƎšƗŢżƎŹƗźƘƋƖƫǍšƍƖ ŲƚƋƖźǕ šƌƎƀŵƗǠűƋƖƩ źƍſƌźƗƖ-
ŲƎűƗŽƎŶƗſūƗƕźƌƎšƗŢżƌƎƐƂƋƗţƑŵŦƗŦťƗźƘƋƖƂſšƗżƛťƗſŵƗǜƌƎťƗżŵƗƂ űƚšƗƙŶƒŽƎŶƗƐŶƖſūƗƧ 
 
ƞƧ űƐŧƖźƘƋƖ - ƄƂżƋźƘƋƖſūƗ ŦƑŽƗ-űŢƎ ſƋżƛƌƐſƋźǕƌƙŷŦƗƩǢƐŶƊťƗźƎŵƗǠǜƛťƗƕ ƂżšƗƙŶƒŽƎŶƗżƋ űƚťƗƂſƎƔƖƙŶƒ 
ſūƗƕƂżƋźƘƋƖšƑƕſƌƎǠƙŷŦƗſūƗƧ ƂŢƘūƗƐŷƊšƗſūƗƕƙŷŦƗŦƅƗšƌƎǢƙźŵƗŧŵƗƐŦſūƗƧ 
 
ƟƧ ŷƌƎűƌƎŦťƗſšƗű ŦƗ ŹšƗűƍƖżƍƖŻƋƖǢ%ƐŵƐżƋťƗšƌƎƂſƎƔƖƙŶƒƩ šƋŹƚŵƗųƌƎťƗƐƂƋšƗŧƌƎšƗǜƛťƗƕƐżźƛ ƂƀƋżšƌƎǢ
ƙŷŦƗƐŶƬƐŦƐſƋ ŹšƗűƍƖżƍƖŻƋƖ) - ƄŹšƗűƍƖżƍƖŻƋƖźƘƋƖſūƗ ƂƙŢƋƖƐſƋźƌƎšƗŢżƎŹƗ  ƂƐżƋƂƐǜƛƋźƘƋƖšƌƎ 
ƂűƏűšƚŻƛƅƗűƚƑƐŵǜƌƎťƗżŵƗƂŢƚťƗƕƂŽźƗƖƐŶƖſūƗƧ ſƏűƌƎǠſūƗǢƐƂƋƗţƑŵŦƗǜƛťƗƕǢƐƂƋƗţƑŵŦƗźƀƎűƗſūƗƕ ƂżƋ 
ƜűƾƒźƘƋƖŨƍƜƂűƚťƗƖƙŷŦƗŦƅƗƂűƚšƗ ŷƌƎűƚŵƗšƌƎƂſƎƔƖƙŶƒſūƗƧǢƐųƊšƗűƋ ƀƌţƊ ǜƛťƗƕǢƐųƊšƗűƋ ŶƊƖ (ƝƥƥƠ) űƌƎǠƫ 
ƂŧƌƎƂż ŷƌƎűƌƎŦťƗſŦŦƗŹšƗűƍƖżƍƖŻƋƖſūƗñƙŶūƗƕŦƎƔźǕźżƛƌ ſūƗƕ ŷƌƎűƌƎŦťƗſŦŦƗǢƐƂƋšƗŧƍţƘťƗšťƗƖźƑƕſūƗƕƐŵżƋ 
űƚťƗ ƂŽƎŶƗŽƎŶƗſūƗò(ƅŶźƋ*ǢƐƂƋšƗŧƍţƘťƗ źżƛƌſūƗƕƂŢƊ) ƀƎŧƌƎſūƗƧ ŷƌƎűƌƎŦťƗſŦŦƗƙŷŦƗŦƅƗſūƗƐƂƋšƗŧƍ 
ţƘťƗšƌƎƐŹƖŲƚšƗŶŦƲūƗƖƂƐŵƙŷťƗƕ ŲƚšƗƐŦƐſƋƐǋšƋťƗƕ ƄŹšƗűƍƖżƍƖŻƋƖźƘƋƖſūƗ ƂŶťƗƫƂƙźŦƗźƘƋƖſƌƎǠǢ
ƐƂƋšƗŧƍţƘťƗƐŶƖżŵƗƂšƏ ƂūƍƐŶƖſūƗƧ ŷƌƎűƌƎŦťƗſšƗűŦƗ ŹšƗűƍƖżƍƖŻƋƖźƘƋƖſūƗǢƐƙźŧƍźƘƋƖźƛƂŧƌŶƗšƌƎ 
ŲƎűƗǜƌƎťƗſūƗƕƂ żūƗƂƐſƚƖƐǋšƋťƗƕŽūƗƖƂšƘƌƒƖƙŷŦƗƐŦſūƗƦ ƅŶźƋ - ƀƌƎšƗǌųƌƒţƘťƗŧƋŽŷƌƎšƗ šƌƎƂſƎƔƖƜťƗ 
ſūƗƕ šƚŵƗƐŶƊťƗƖ źƘƋƖƂƙŷŦƗſƌƎǠƐƙŶƋťƗƖŽƑƐŶƖƙŢťƗƖ ǜƛťƗƕ ǜƌƎšƗǍűƌƒţƘťƗšƌƎǢƙŶƒƙŶťƗƐŶƖǜƌƎťƗſūƗƕƂżūƗƂŢƘťƗƖ űƌƎǠƙŷŦƗ 
ſūƗƧ 

 
šǊƚŵƗŶƗűƌƎǠƫűƌżŦƳƋŵƗƂŦƋƐšǊƚƖŦŵŦƗƂƙŶťƗ šǊƚŵƗŶƗűƌƎǠſūƗƐŵǠŦƅƗƙŷűƗżƌűƗƩ ſŻƗŻƏŽƋŶƊſūƗƧ šǊƚŵƗŶƗűƌƎǠſūƗ 
ŧƌűƗźƘƋƖšƌƎ ŦƋƖšƘšƗźƘƋƖƐƙŢƋšƗſƚƋƖſūƗƕƂŲƌſƏűƌƎǠƫǌŢƔŲƑűƚťƗǢƐšǊƚƖŶƊſūƗƧ ƄſƌƎǠƙŶƒŽƎŶƗƙŢťƗƖƙŷťƗƕ ſƏűƌƎǠ ƂƋƖ 
ŦƋƖšƘšƗźƘƋƖűƚťƗŶƌƎƩŽƎƔǌŢƒƔƐŦſūƗƧ šǊƚŵƗŶƗűƌƎǠƫƐųſűƚťƗ ŧƌűƗźƘƋƖſūƗ ŦƌƎƐſƋƙźšƗŶťƗźƘƋƖšƌƎŦƋƖſūƗƕ ƂŢƊ 
šŶƗŶƊƖƐšƋťƗźƘƋƖźƛǢƐżƋţƊŶƌƎƖƜťƗƐŦſūƗƧ šǊƚŵƗŶƗűƌƎǠſūƗ ſźťƗŷƌƎźƘƋƖƦ ŧƌűƗšƐŽƖźƘƋƖǜƛťƗƕ ſźťƗźƦ ŻƎŵƗź źƘƋƖšƌƎ 
šǊƚŵƗŶƗűƌƎǠűūƗƐŧƋšƗŲƋƖſūƗƕűťƗƖšƎŶƗ źƘƋƖűƚťƗŦƎƐŧƋťƗƖſūƗƕƂŦƋǜƛťƗƕ ƂƐżƋťƗƂƜƊŶƚťƗƕſūƗƕ ſƎƔƖŶƚťƗƕ ŶŵƗƖŶƚťƗƕ 
ſūƗƕŶƑƐűƋťƗƕżƛūƗŶťƗźƘƌƒƖ (ųšƗŦƗźƌƎųƍŻźƗ żťƗŧƌƎŵƍƖ)Ʀ źƋŽƋ ŹƋŽƋűƚŵƗ(ŷźťƗţƍƂƋ šƚŵƗţšƗŦƗűƋ)Ʀ (ƂťƗųƍ ţƌƎŷƍżƋ)Ʀ 
ŢƊŢƊƜƊűƑ ſƌƎǠźƀƎűƗ źƋųżƋ ųƍ šƋšƋƂƌƎ (ţŽƍŦƍųƍŻƋ ŦƍŶƍ ŻƚŵƗ)Ʀ ƂŻƗŶƍŽƗ ƂŻƗŶƍŽƗ (ŽƍŻƏšƋƂƍŵƋ ŽƍŻƏšƌƎ 
ŦƍŷƊŽƋ) ǜƛťƗƕ ƂƋšƋŦƍŻƋ (źŵƗţǊƚŵƗ ƂƋšƋŦƍŻƋ)źƘƋƖǜƛťƗƕŽƎŶƗŲƋƖſūƗƕǢƙŢƒƔƔŦūƗƖżƌƎƖűŵƗƖźƘƋƖűƚťƗŽūƗƖǢƐšǊƚƖŶƊ 



ſūƗƧ (ŦƋƖǌźƒƔǠƙŶŵƗűƌ żŦƳƋŵƗźƘƋƖ ƂƍƖŦƍƂƌŶƗŢƘƗƂƌƎ źƛűƗűźƗƖ ŽťƗƕŢƗ)Ƨ űŦƗŢƊ űŦƗżƔšǊƚŵƗŶƗűƌƎǠƫŧƌűƗźƘƋƖſūƗ ƂƐŢƊšƗ 
źƘƋƖšƌƎŶťƗŦƋƖǋšſūƗƧ 
  
ŧƌűƗƂƎŶƗŦƎťŻƗűŦƗŦƎſūƗ ƂŦƋŦƋƖŦƅƗ ųƎűƗƐŢƘƋťƗƖťŻƗźƘƋƖǜƛťƗƕƂšƌƎťƗƖƂŢšƗźƘƋƖŦƚƋűƌƎǠšƌƎŲƋƖŢƑƕǜƌƎťƗƩ ƪűƌƎǠšƌƎ 
ƂƐƙŢƋšƗŽƛŵƗƖƩ ŢƘšƗƙŶƒűƗżŵƗƐŽƋťƗŦƋƂƙŷŦƗƂſƎƔƖƙŶƒǜƌƎťƗſūƗƧǢƙŷűƗżƌűƗƩſŻƗƐŧƋťƗƐſƋƂƐŽƕƂŲſūƗ 
ŧƌűƗźƘƋƖƂűƚšƗƂŦƋŦƎƐŧƋťƗƖżŵƗǜƛťƗƕǢ ƐŽƋťƗŦƋƂűƚšƗƐŵǠŦƅƗŽƎŶƗżſūƗƕƂƌźƗźǕšŦƲšƌƎƐŶƊťƗƖŦŶƗƙŢťƗƖƙŷŦƗſūƗƧ 
ƪſūƗ ŽŻƗŻƋźƘƋƖűƚťƗ ǌŢƔƐźƚƖűƌżŦƳƋŵƗźƘƋƖšƌƎƐŶƊťƗƖŦŶƗƐźƚƖƙźƓƙŢťƗƖƫƂšƘƌƒƖƐšƘƖŨƏƖšƌƎƐŷƬƙŶſūƗƕƂƙŢƋƖƐſƋ 
ſƋŴšűŦƗŢƎƙŷŦƗſūƗƧ ƂŦƋǜƛťƗƕƐŽƋťƗŦƋűƌƎǠƫŦƍƖŶƚƋƖƐżƖƂżƂšƘƌƒƖƂƙźűƗšƌƎƐŷƬƙŶżŵƗŢšƗŢƑǜƌƎťƗƐſƋƗŽūƗƖ 
ŲƌƎſƌƎǠ żūƗżƚŻƗŽƎŶƗƐŧƋťƗƙŢťƗƖƙŷťƗƕſťƗƫƂŢƘƌŵƗǜƛťƗƕŽƎŶƗƂƋƖšƌƎƐŽƘƋƕŵūƗƖƐŦſūƗšƌƎƐűƚǠżźūƗƧ 
 
ŽŻƗŻƋźƘƋƖűƚťƗǢŹƌƎťƗƂƌƎźűƗŦƗƐƙźƐŧƚƖšƌƎŦŵŦƗűšƘƙŶƒŽƎŶƗƙŢťƗƖƙŷťƗƕǢšǊƚŵƗŶƗűƌƎǠſūƗǢšǊƚŵƗŶƗűƌƎǠƫŲƎűƗšƎŵƗźƘƋƖƙŷŦƗǢ
ſūƗƕǢƂǜƛƔźƘƋƖƦǢƀťƗƖſƍƖƀťƗƖżƚšƗźƘƋƖǜƛťƗƕǢƐŧƖŹšƗƜťƗƂŶťƗźƘƋƖšƌƎűƌƎƖƐŦƩǢƐƙźǋſŨƋƂűƚšƗšƎŵƗšƘŦżƌűƗſšƗǢ
ſƋǌŶƍƖǢƂŲƚšƗűƌƎƖƐŦſūƗƧǢŷƌŽŦƗŶƌƎťƗǜƌƎťƗťƔűƚťƗǢƄƂżƋſūƗšǊƚŵƗŶƗűƌƎǠƫŦŵŦƗƂűƚťƗƖǢƂŴƌšƂšƘƌƒƖżŽųƗǢƙŷŦƗ 
ſūƗƧǢƂƙŢƋƖƐſƋżŽųƗźƘƋƖǜƛťƗƕƂűƏǢŦƚŵƗǠŶŦƗŶŦƲūƗƖźƘƋƖźƛǢŹƌƎťƗƂƌƎźűƗŦƗƙŶƒŽƎŶƗżŵƗšƌƎŽƑƐŷƬŲƎűƗŶƊźūƗƧ 
 
ƐżſűƾƜƊźƘƋƖǜƛťƗƕƂŶťƗźƘƋƖšƌƎǢƐŶƊťƗƖŦūƗƖƙŢťƗƖ 
 
šǊƚŵƗŶƗűƌƎǠƫŶƌƎƩšƘŻƗŻƗƐſƋ ǌŢƔƐźƚƖűƌżŦƳƋŵƗźƘƋƖƂűƚšƗƙŷűƗżƌűƗ-Ʃ-ſŻƗŻƏƐſƋŦŵŦƗźƘƋƖƂƙŶťƗ šǊƚŵƗŶƗűƌƎǠ ſūƗǢ
ƐżſűƾƜƊƐźƚƖƙźƓƐżƖƂűƚšƗƙŶťƗŧťƗƂſƎƔƖƙŶƒżŵƗ űƍŽƋƖŶƍƖŻƋƖźƘƋƖƐźƚƖƙźƓſūƗƕƐŵżƋűƚťƗ źƌűƗŽƌƎšƗŹšƗ űŦƗǢ
ƐšƋťƗűūƗƖŲƋƖſūƗƕťƊƖƐźƚƖƙźƓƐżƖŦŵŦƗšƌƎƂſƎƔƖƙŶƒƐſƋƂƐűƚǠƂǍšƔƒźƘƋƖŦƚƋżƛƌŢƑƕŶƊſūƗƧǢƐżŶƌƎšƗƙŷťƗƕŧšƗ ſƚŻƗ 
ŲƋƖƩǢƐżšƌƎŽūƗŶűƗƐŦſūƗƕ ſƍƖƙŢƋƖšŵƗźƘƋƖűƚťƗŹƑźƘƋƖſūƗŽūƗƖǢƐżƐŵ,ƐżǢƐŶƘƋƗſűƾƜƊƐźƚƖƙźƓƐżƖ ŦŵŦƗƂ 
űƚťƗƖǢƐżšƏƖƙŢťƗƖƦ ƂŦƋżƛƋƙŢťƗƖǜƛťƗƕǢƐżŢƘƌƒƖƙŢťƗƖźƘƋƖšƌƎƙŶƒŽƎŶƗǋšſūƗƧ ťƊƖƐšǊƚƖƐſƋƂŶťƗźƘƋƖźŶƊŶƊƧ ƀťƗƖ ſƍƖƀťƗƖ 
żƚšƗŲƎűƗŽƎŶƗźǕƂűƚšƗǢƐżŧƌƎƖƐżūŦƗźƘƋƖšƌƎűŢƘƌŵƗűūƗƖűƚťƗƂſƎƔƖƙŶƒſūƗ (ŶƎƔ Ơ)Ƨ ƂƍƖŦƍƂƌŶƗŢƘƗƂƌƎ ƂƋżƛ źƛűƗűźƗƖ 
ƞƜ ǜƛťƗƕŧšƗǜƚŻƗŶƊƧ ŽŻƗſźƋƖźƘƋƖƂƋƖŽƎƔƖƄŵūƗƖƙŷťƗƕźƐƂƋťƗƙźťƗŶƊƦ ŲƌƎǠƐǋšƋťƗƕſťƗſūƗŦźƗƖſŶƗźǕ šƌƎƙŶƒŽƎŶƗŶƊ 
š ſűƌǍšƍƖŦƚƋŲƋƖƩ ƂŵūƗƖťŻƗźƛƘſƋŽƎŶƗŶƊƧ ƅŶźƋ ŽŦƗűŻƗŽƗ ǜƛťƗƕ ƂšƗųƜšƗ(Ŧ) (ƞƜƜƟ) űƌƎǠźƛǢƐżƐŵſűƾ 
ƜƊźƘƋƖƙŷťƗƕƐŶƊťƗƖŦŶƗƐźƚƖƙźƓſūƗƕǢ ƐŢűƗſŦƗƐŽƘƋƕŢƘƐſƋƐźƚƖƙźƓƐſƋŦŵŦƗźƘƋƖšƘżǕƔƖƙŢťƗƖǜƛťƗƕŶűƗſšƗƩ 
ſűƌƐŶƖŲƋƖ ŶƊſūƗƧ ñƂšŵƗǠƂſűƗƙŷťƗƕƐźƚƖƙźƓƙŢťƗƖƦ źƌűƗŹšƗűƐšƋťƗűūƗƖ-ťƊƖƐźƚƖƙźƓƐšǊƚƖƐźƚƖƐſƋƐŵżƋ 
źƘƋƖſūƗ ƂƐƙŢ ŦƌƎšƗƩ ſƎƐűǓŵ-ŦƍźƔŢŵƗǠŢƚƑſūƗƕƐŵżƋƦ ŽŻƗŻƋźƘƋƖűƚťƗŦźƗƖſŶƗſūƗƕƐŵżƋźƘƋƖűƚťƗ ŵūƗƖŶ 
ūƋƂŧƌƎƂżƙŷŦƗ ǜƌƎťƗƐƙŢżƛƌſūƗƀƎŧƌƎſūƗƧ ſƌƎǠƐſƋƗ ƄŦŵŦƗƂźƘƌƒƖƂŦƋƖźƘƋƖšƌƎŽŻƗſźƋƖźƘƋƖźƛƂſƎƔƖƙŶƒ ſūƗƕ 
ƂŢƊűƚťƗ żūƗżƛūƗ űūƗƙźƑƙŢťƗƖźżƛƌŶƊò(ŽŦƗűŻƗŽƗ ǜƛťƗƕ ƂšƗųƜšƗ(Ŧ) ƞƜƜƟ)Ƨ ſťƗſūƗ źūƗƕſūƗƕƂżƚŻƗƙŷŦƗƐŦ 
šŵƗǠſűƗŲƋƖǜƌƎťƗ Ʃ ñƂšŵƗǠƙŷťƗƕƐšǊƚƖſūƗƕƐŵżƋò ƂƙŷŦƗƂŦƋźƘƋƖšƌƎŽƚűƗŽŶƗŦƚƋƜŻƗǜƌƎťƗſūƗƕźūƗſūƗƕǌŢƔǢƐźƚƖƙźƓǢ
ƐżƖŦŵŦƗšƌƎźŧƌƎ ŦƅƗƖŦƋƖǋšūƗƕǜƌƎťƗŶƊſūƗƧ ŦƍƖŶƚƋƖƐżƖƂűƌƎťƗƂűƋźƘƋƖſūƗ ƂƐſƖŦƋƖŽūƗŶűƗźǕźƘƋƖšƌƎ űūƗ 
ǌťƌźƗźǕźżƛƌƐƂƋťƗƙŶƒ ŽƎŶƗſūƗ ƂŹŻƗƐǋšƋťƗƕŧƌƎƐſƋƗ ƂƙźűƗƂŦƚŵƗƖŵūƗƖƩ ƜŻƗŻƏżƐſƋŦżƌűƗźƘƋƖƐǋšƋťƗƕƙŷŦƗ 
ſūƗƧ 
 



 
 
 
ƐƂƋƗţƑŵŦƗŦƚŵƗǠŶŦƗŶŦƲūƗƖźƘƋƖšƌƎ űƍƐšƋťƗźƘƋƖƂƋƖƂſƎƔƖƙŶƒƩǢƐƙźǋſŨƋƙŶƒŽƎŶƗƙŢťƗƖ 
šǊƚŵƗŶƗűƌƎǠƫűƌżŦƳƋŵƗźƘƋƖźƛżżƛƌƐſƋƐƙźǋſŨƋźƘƋƖšƌƎƂſƎƔƖƙŶƒƩǢ ƐƂƋƗţƑŵŦƗŦƚŵƗǠŶŦƗŶŦƲūƗƖźƘƋƖƂƋƖ űƍƐšƋťƗźƘƋƖšƌƎ 
ƂſƎƔƖƙŶƒšƋǢƐƙźǋſŨƋ(ǜƚƋƖƐŢƘƖ&Ǣ ƙŶƒŽƎŶƗƙŢťƗƖŦŵŦƗƂƋƖ šǊƚŵƗŶƗűƌƎǠƫŦƌƎšƗŶƘƌƒƖƐżƖŦŵŦƗǜƛťƗƕƐŶƊťƗƖŦŶƗŢƑƕſūƗ (ŶƎƔ ơ)Ƨ 
šǊƚŵƗŶƗűƌƎǠƫűƍƐšƋťƗźƘƋƖſūƗ šǊƚƑǜƚƋƖƦ ŧƌűƗźƘƋƖǜƛťƗƕƜšƗŲƍƖźƘƋƖźƛżżƛƌſūƗƕǢƐƙźǋſŨƋſƍƖſŵƗǠšƌƎſƋƐšǊƚƖſūƗƧ 
żżƛƌƐſƋƐƙźǋſŨƋ%ǜƚƋƖƐŢƘƖ&źƘƋƖšƌƎǢƂƌƎƖźƘƋƖŲƑűƚťƗƐżƋƐǜƛƋƐſƋƐƙźŧƍƂƙŷŦƗƙŶƒŽƎŶƗƩǢŶƘƌƒƖŢťƗƖ%šǊƚŵƗŶƗűƌƎǠƫǢƂƌƎƖƐƙź 
ǋſŨƋźƘƋƖűƚťƗǢ ƐƂƋƗţƑŵŦƗŦƚŵƗǠŶŦƗŶŦƲūƗƖźƘƋƖƂƋƖ űƍƐšƋťƗźƘƋƖšƌƎ ƂſƎƔƖƙŶƒƩǢƎƙŶƒŽƎŶƗƐſƋƐƙźǋſŨƋſƍƖſŵƗǠ ƞƜ-
ƞơ%ŶƊƜťƗſūƗ) źƘƋƖűƚťƗ ƂſƎƔƖƙŶƒſūƗƧ šǊƚŵƗŶƗűƌƎǠſūƗ ƂƋŷżƌš ūűƚƋƖſƚƋƖſūƗƕ űƍƐšƋťƗźƘƌƒƖ(African night 
crawler worms) űƚťƗƂſƎƔƖƙŶƒƙŢťƗƖƙŷťƗƕ űŦƗźƍűƋŶűƗŽūƗŽƛƘƛťƗ Ƣ-ƝƜ ŽƍűƋżżƛƌſūƗ (źƌŢŻƗŽƗŦťƗ ƞƜƝơ)Ƨ 
ƂŶƏŶƌƎťƗƖƐųſűƐŽƛƘƋšƗ ƂƙŢƋƖƐſƋŦƍźƔšƌŵƗƖźƘƋƖűƚťƗŽūƗƖ ƄűƍƐšƋťƗźƘƋƖƂƋƖƂſƎƔƖƙŶƒƩǢƙŶƒŽƎŶƗǢƐſƋǢ*Ǣ
ƐƙźǋſŨƋŢƘƅƗƖšŶƗŵūƗƖšƌƎƐŶƊťƗƖŦūƗƖƐŧƋťƗżƚšƗŽƘšƗżƛƌżƋ ŷƌŽŦƗŶƌƎťƗǜƌƎťƗťƔżƛƌ źťƗųƊŵƋƂƌƎ ǜƛŦƗƙŢťƗƖǢƐšƘƖŽšƗ 
ƂſšƗűƋŦťƗűƋſūƗŽūƗƖƂŶƊƂƜťƗƙŷŦƗſūƗ (űƋŦƍƂƌƎ ƞƜƝƠƦ šƋŶƏǜƌƎ ƞƜƝƜ)Ƨ  
 

 

ŶƎƔ ƠƧ ƄƐżſűƾƜƊǢƐźƚƖƙźƓǢ
ƐżƖŦŵŦƗűƚťƗ ťƊƖǜƛťƗƕƂŶťƗ 
źƘƋƖſūƗ ſƍƖƙŢƋƖƐźƚƖƙźƓǋš 
ſūƗ ſƌƎǠƐſƋƗ ŶƌűƗŲƋƖ 
ſūƗƕƐżŶűƗŽźƗƖƐǋšƋťƗƖ 
ŦŵŦƗǜƛťƗƕŢƘƌűƗŧšƗŲƋƖſ
ūƗƧ ƂšƘƌƒƖƙŶƒ źƌƎšƗŢżƌƎƐƂƋƗ 
ţƑ ŵŦƗŦťƗźƘƋƖ ƫƂšƏƂ 
ūƍǜƛťƗƕ ſťƗƕƐŽƘƋƗźǕżƛƌ ſūƗƕųƍ 
ŨƌƎťƗƖǢƙŷťƗƕ ťƊƖźƘƋƖſūƗƂ 
ŶťƗźƘƋƖšƌƎƐƙźǋſŨƋƐŶƖƩ 
ƂŶťƗźƘƋƖſūƗťƊƖźƘƋƖƂ 
űƚšƗǢƐżŦŦƗƐŶƖſūƗƧ 
 

ŶƎƔ ơƧ űƍƐšƋťƗźƘƋƖƙŷťƗƕǢƐƂƋƗţƑ 
ŵŦƗŶŦƲūƗƖƂźƘƋƖŧƎƔƖ ŲƎűƗŽƎŶƗƙŢťƗƖǢ
*ǢƐŧƚƖƐƙźƕſƚƋƖſūƗƕƐƙźǋſŨƋźƘƋƖ 
ǒƖƞǢ ƐƙŢƋšƗſƚƋƖŶƊšǢ ƂŶűƗǢ ŦƅƗǢ
ſƌźƗƖŻƏƙŢťƗƖſūƗǢ ƂƐšƋťƗƖǢ ŧƎƔƖǢ
ƙŷŦƗſūƗƧǢŲƌƎǠƐŵƋšƗǢǜƛŦƗ*ŶűƗǢŲƋƖǢ
ſūƗƕƂƍƖƂźƗǢ ƐƙźƐŧƚƖźƘƋƖšƌƎǢűƍǢ
ƐšƋťƗźƘƋƖƙŷťƗƕƐƂƋƗţƑŵŦƗŶŦƲūƗƖ 
źƘƋƖǢƙŶƒŽƎŶƗŲƋƖſūƗƕƂŢťƗƖ űƚťƗǢ
ƐŶƊťƗƖŲūƗƕſūƗƧ 
 



 
ƂƀƋżŽūƗŶűƗźǕźƘƋƖšƌƎ ŦƍźƔŢŵƗǠŢƚƑƙŢťƗƖ 
 
ŽŻƗſźƋƖźƘƋƖſūƗǢǌŢƔƐźƚƖűƌżŦƳƋŵƗƐźƚƖƙźƓƐżƖǜƛťƗƕǢƐšƋšƗŶƑſƍƖǜƛƔŲƎűƗŽƎŶƗƙŢťƗƖšƌƎŦűťƗƐŶƊťƗƖŦūƗƖſūƗƕƂŢƊűƚťƗǢ
űƌżŦƳƋŵƗƫƂƐŽƂŽƚťƗƕźƘƋƖſūƗƂŲƚšƗƂźƘƋƖŧƎƔƖűƌƎƖƐŦƐſƋƂŢƘƌŵƗƙŷŦƗſūƗƧǢ šǊƚŵƗŶƗűƌƎǠƫŦŵŦƗűƚťƗƐƙźƐŧƚƖƙŶƒ 
ŽƎŶƗżŵƗƂűƚšƗǢűťƗƖšƎŶƗźƘƋƖƂűƚťƗƖżƛƌƐſƋƂżƋǜƛťƗƕǢūƂŢƘƌŵƗƐŽƛƋťƗŲƋƖƐſƋƂŢƘƌŵƗźƛżƐſƋƂżƋšƌƎſƋŦƎŦūƗƖ 
ƩǢƂƙŢƋƖƐſƋŶŦƲūƗƖźƘƋƖƙŷťƗƕƐżƋƐǜƛƋſūƗƧ ŢƘƒŶƗŲƋƖſūƗƕűƌżŦƳƋŵƗźƛƐƙźǋſŨƋ%ƐŵƋšƗƐŢƘƖ&ǢšƌƎŦƎƐŧƋťƗƖżŵƗŽƚŻƗǢ
šƏſūƗƧǢŽǗűƗƩƐǋšƋťƗƖſūƗƕǢǌŢƔƐźƚƖűƌżŦƳƋŵƗźƘƋƖƂƐŵƙŷťƗƕǢšǊƚŵƗŶƗűƌƎǠƫƂŽƛūƗƕšƘŽǗűƗƩƐǋšƋťƗƖſūƗƕŦŵŦƗűƚťƗǢ
ŦƋƖšƘšƗźƘƋƖƂűƚšƗǢƐƙźǋſŨƋƂƙŷŦƗŲƋƖƩǢ ƐţƀŦŵŦƗűūƗǌťƌźƗƐŦżŵƗƂűƚšƗƂšƘƌƒƖƙŶƒſūƗƧǢ ƐŵƋšƗƐŢƘƖƐƙź 
ǋſŨƋźƘƋƖűƚťƗǢźƌƎšƗŢżƌƎƐƂƋƗţƑŵƌŦťƗƦǢŶƌƎƖƐűƋťƗźƋźƘƋƖƦǢűƍƐšƋťƗźƘƋƖſūƗǢŽƏűƌƎǠƫŶƊƜťƗźǕźżƛƌŹƑǢŶƏƖƐŶƊťƗƖſƚƋƖźūƗƧǢ
šǊƚŵƗŶƗűƌƎǠƫ űťƗƖšƎŶƗźƘƋƖűƚťƗƐƙźǋſŨƋƂƐƙźƋšƗƂźƘƋƖżżƛƌǜƌƎťƗƩǢŽŻƗšƚťƗƖźƘƋƖŲƑźƛƐšƋšƗŻƏżŵƗǢƂŢƘƌŵƗǜƛťƗƕƂƋƖ 
ŦƌƎšƗŲƎűƗźǕźŽƌƎŶƊƧǢ ſťƗſūƗǢ ƂŦƙŶƒżƎƔǢ źƛƘſƋżƛƌƐŵƐſƖƩƐƙźƐŧƚƖƙŶƒŽƎŶƗżŵƗƐŵƋšƗƐƙŢƖ%ƐƙźǋſŨƋ)ŽƌƎƂŶƗŶƊšǢ
ſťƗżǜƌƎťƗſźƛƘšƌƎŦƎŻƏżŵƗŧƎƔƖƙŷűƗǢǜƌƎťƗſūƗƧ 
 
ſťƗſūƗǢǌŢƔƐźƚƖűƌżŦƳƋŵƗŶƎƔŦƔźƛŶƌƎƩűūƗűƔƕźǢūƗƕŦƍƖŶƚƋƖƐżƖƂſƚťƗſƌƎǠŽƛźƗƖŽƌƎƩǢǢŽŻƗŻƋżƛƌżťƗƖƙźŦƗźƘƋƖšƌƎŶƌƎƩƂſƎƔƖǢ
ƙŶƒŽƌƎſūƗƕƂŢƊǢſťƗſūƗƂƐŽƂŽƚťƗƕźƘƋƖšƌƎ ƂſƎƔƖƙŶƒżŵƗŵūƗƖŽźƗƖźƘƋƖƂƋƖżƛƋƐŷƚżŵƗŽƌƎƂŶƗźūƗǢ%ŶƎƔƢ&ƧǢƐƂƋšƗ 
űƚťƗƐŷƬƙŶŲƋƖſūƗƕƂżƋźƘƋƖźƛƋǢ ŦŵŦƗŶƎƔŦƔƐƙźƋšƗźƘƋƖŦƚƋűƌƎǠƂűƚšƗǢ ƐƙźƐŧƚƖŲƎűƗŽƎŶƗźǕ ŢŵƗǠźƛŵƗƖƐƙŢƙŷŦƗſūƗƧ 
ŲƌƎťƗƖǜƌƎťƗťƔǢƐƀƖŷƋűƚťƗǢŦŵŦƗűšƘǢųƍŨƌƎťƗƖƙŶƒŽƎŶƗŲƋƖſūƗƕǢŹƌƎťƗƂƌƎţšƗŦƗŻƏŵŦƗżƛƌƩǢƂŶƏƐŶƖżŵƗ,ŢƘšƗƙŶƒűƗżŵƗǢƂűƚšƗǢ
ƐƙźƐŧƚƖƂżūƗźƛźƍſƌźƗƖŴƊűƗƐťƚǠšƌƎǢ ŲƎűƗǜƌƎťƗſūƗǢ %źƍŻƋǢ ƞƜƝƞƦǢ ŶƎƔǢ ƣ&ƧǢ ƂƍƖŦƍƂƌŶƗŢƘƗƂƌƎǢ űƚťƗŹƌƎťƗƂƌƎţšƗŦƗǢ
ƐƙŢŷƘšƗżŵƗƂƙŢƋƖƐſƋƐżƚƖŢƘŻƗŦżƋŵūƗƖŽźƗƖżƛƌſūƗƦǢwww.echocommunity.org. űƚťƗżǜƌƎťƗŶƊſūƗƧǢ ƅŶźƋƦǢ
ƜƌŽƗŢƍǢ %ƞƜƝƢ&ƫűťƗƙŶƐŧƚƖƐǜƚƖźǕǢ ǜƛťƗƕǢ ƂƙŢƋƖǢ ƐſƋżťƗƖƙźŦƗźƘƋƖšƌƎǢ Ǣhttps://www.echocommunity.org/en/ 
search?q=biodigestersǢǢűƚťƗǋšūƗƕŶƊƧ 
 
ŨŻƋƖǢƝƧǢſƋźŵƗǌŢƔƐźƚƖűƌżŦƳƋŵƗƐƙźƐŧƚƖżťƗƖƙźŦƗźƘƋƖǜƛťƗƕǢŢŵƗǠźƛŵƗƗƖƂƀƋżŴƊűƗǢ%ƂƑŵƗƂƋżƗŦƍƂšƗŦƗǢƝƥƥơ& 
 
 
ǌŢƔƐźƚƖűƌżŦƳƋŵƗƂźƘƌƒƖƂŦƋƖ ƐƙźǋſŨƋŦƎŦƎƐŶƊťƗƖ ǜƌƎšƗǍűƌƒţƘťƗ ƐŷƊƕŦŶżŶƗŦƗ 
      éééƐŶƊťƗ,żšƗ,ƝƜƜƜ*ƐŶƊťƗǢ űƌżŦƳƋŵƗŻƏ ŵŦƗéé  
ƂźƑſƋƖƝ ơƥ+Ɲ Ɯ+ƟƝ Ɯ+ƝƝ 
ǜƌƎǠŲƚšƗŶŦƲūƗƖƞ ƤƜ+Ɯ Ɯ+Ơơ Ɯ+Ɯƣ 
ƜšƗŲƍƖǜƛťƗƕƜšƗźƘƋƖƟ ƢƟ+Ɲ Ɯ+Ơƞ Ɯ+ƝƢ 
ǋššƗźƘƋƖ%ƂŲŶƗźƘƋƖ& ƢƜ+ơ Ɯ+ƤƟ Ɯ+ƟƝ 
ǋššƗźƘƋƖ%ƂƐŵƐűƋƗ 
ǋššƗ,šťƗƐſƋƂżƚŻƗ& 

ƤƜ+Ɯ Ɲ+ƝƜ Ɯ+ƟƠ 

ǋššƗŧťƗźƘƋƖ ƠƟ+Ƣ Ɯ+ƣƠ Ɯ+ƞƤ 
ƝǢƙźťƗƕƐſƋƂŦƋŶƎƔźƛŵƗƐǋšƚƖƦǢƞǢǜƌƎƖŦƋƖǜƚƋƖ ƟǢǜƌƎǠƙŷűƗŦźƛƐżƋťƗƖ,ƐźƚƖƙźƓſūƗƕƂżƚŻƗ 
żťƗƖƙźŦƗǢ- USDA Natural Resources Conservation Service. Agricultural Waste Management Handbook (1992). 
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ŶƎƔ ƢƧ ŷƌŽŦƗŶƌƎťƗǜƌƎťƗťƔ 
ƂƋŽƌƎƀƋƐƀƋšƗŦƗżƛƌ Ƅƀƍ 
ŷƋ ŲƌƎťƗƖǜƌƎťƗťƔ ŹƌƎťƗƂƌƎţšƗŦƗ 
ŻƏŵŦƗſūƗƐŶƊƐŽƋƐŶƬ 
ŦūƗƙŷŦƗſūƗƧ 

ŶƎƔ ƣƧ ŲƌƎťƗƖǜƌƎťƗťƔűƚťƗ ǜƌƎǠŦƋƖǜƚƋǢƖƐźƚƖǢ
ƙźƓƐżƖſźƜƊŻźƂŷƚƑǠƜťƗźƘƋƖ 
ſūƗ ƂżťƗƖƂƙźŦƗźƘƋƖšƌƎ źƛƘƐƜ 
ǋšƩ ŵƋŶƍŻƋƙźšƗ ǜƛťƗƕ ŶƑƐűƋťƗƕ 
żƛūƗźƘƋƖšƌƎŦƌƎšƗŶƘƌƒƖǋšſūƗƧǢ
ƐŧƋťƗƖŦƋƂƙŷŦƗſƌƎǢƐŽƛƋťƗŲƋƖ 
ſūƗƕƙźšƗšƌƎŽūƗƖ ƂŢƘťƗƖŢƘťƗƖǢ
ƐżƋťƗƖǋšſūƗƧǜƚƋƖƐŢƘƖšƌƎǢƐƙź 
ǋſŨƋƂƙŷŦƗƂſƎƔƖǢƙŶƒſūƗƧ 
 



šǊƚŵƗŶƗűƌƎǠƫŽŻƗŻƋűƚťƗǢ ƐƂƋšƗŧƍţƘťƗšťƗƖŦƚƋƙŷťƗƕƐƙźƐŧƚƖźƘƋƖšƌƎƐŧƚƖƐƂƋťƗƂƙźƑƙŶƒŽƎŶƗŶƊſūƗƦǢ ŲƌƎſƌƎǠƙŶƒŽƎŶƗǢ
ƙŢťƗƖźƛƋƂŶƏŽūƗŶűƗżŵƗǜƛťƗƕǢ ŶšƗſƌƎţťƗǜƛťƗƕǢ ƐżƋţƊŶƌƎƖźƘƋƖƐſƐŦżŵƗƙŷŦƗſūƗƧǢƐƂƋšƗŧƍţƘťƗźƑƕƐƙźƐŧƚƖƙŶƒŽƎŶƗƙŢťƗƖǢ
ſƌƎǠźƀƎűƗǢñƂŶƏƐƙźƐŧƚƖƙŶƒŽƎŶƗƙŢťƗƖò űƚťƗǢ ƂŽƚŵƗƙźťƗƕƐſƋƂŶƏŢƘƌŵƗƨǢſšƗżƛťƗƐſƋźƌƎšƗŢżƌƎƐƂƋƗţƑŵŦƗŦťƗźƘƋƖźƛǢ
ƐƂƋƗţƑŵŦƗƂƐŽƂŽǗťƗƕźƘƋƖƂƋƖǢ ƂſƎƔƖƜťƗƩűūƗǌťƌźƗƐſƋƐƙźƐŧƚƖƂƙŷŦƗƐƙŶƋťƗƖŽƑƐŦſūƗƧǢ ſťƗƫƐƙźƐŧƚƖƂǢ
ŶƎƔƂűƚťƗƖżƛƌƂŶƏŢƘƌŵƗƗǢƢƜ º@ſūƗǢƐŶƊťƗƖŶťƗƐŦƕźƘƋƖǜƛťƗƕŶšƗſƌƎţťƗźƘƋƖšƌƎƐſƐŦźūƗǢ%żŦƗŢƘšƗǢƝƥƥƞ&ƧǢſťƗƂŶƏŢƘƌŵƗšƌƎ 
ŢƔŦƋƖżſūƗƂŲƌǢƐŵǠŦƅƗƐŦƋťƗƕǋšūƗƕŶƊƧǢƐűƋŢƎűƗŴƊƖǢſƌƎǠźƀƎűƗǢſűƾƒƐŢƘƋťƗƖ%ŶƎƔ*ǢƐŵƋšƗŧšƗűƚƑǢŶƎƔǢƂźƗ&ǢšƌƎǢƐƙźǢ
ƐŧƚƖƂŶƎƔƫƂŽŻƗűūƗƕűūƗƕſƌƎǠŲūƗƕƩǢ ƝƜźƌŵŦƗŢŵƗǠŲƋƖŶƊƧǢ ƙŶŵƗƩŲƎűƗǌŶƍƖſūƗƕƂŢƊǢſűƾƒƫƂŶƏŢƘƌŵƗšƌƎŷűƗżŵƗǢ
ƐżƋťƗŢƘƍſƋƐźƋƗźƍűƋšƌƎƂſƎƔƖƙŶƒŶƊǢ %ſťƗƫŽšƗźƘƋƖšƌƎƂſƎƔƖƙŶƒŶƊšǢ ŲƌƐűƚǠżŵƗƂŧťƗƐƙŶźūƗźƀƎűƗŶƊ&Ǣ %ŶƎƔƤ&ƧǢ
šǊƚŵƗŶƗűƌƎǠƫƐƙźƐŧƚƖƂŶƎƔšƌƎűŦƗŶűƗűŦƗŢƊǢ ſƎƔƖŶűƗŧšƗűƌƎšƗŽƛŵƗƐŶƖſūƗƧǢ ƐƙźƐŧƚƖƂƐǋšƋťƗƖšƌƎšǊƚŵƗŶƗƫ 
ŦƋƂƎŶƗƦǢǢƂŢŵƗƖ ƠǢƂƐƙŢŢƔšƘƐſƋƂŶƌƎťƗƖǢ*ǢƐƙźƐŧƚƖƙŶƒŽƎŶƗƙŢťƗƖűƚťƗŲŶƗźƔŷűƗżǕǜƌƎťƗŶƊſūƗ %ƂƍƖŦƍƂƌŶƗŢƘƗƂƌƎ šƚŵƗƙźƓ 
ŵűƍǜƛťƗƕǢŽťƗŢƗƕŽƎŶƗŶƊ&Ƨ 
 
ŶƎƔ ƤƧ ƂŶƏŶƌƎťƗƖƐųſǜƚƋƖƐƙŢƖƐƙźǋſŨƋƦǢƐšƋšƗŶƑſƍƖǜƛƔƂšǊƚťƗƖƂšƘŵƗźƘƋƖ ǜƛťƗƕƐŶƊťƗƖŶťƗźƘƋƖšƌƎ ƂŶƏƐŶƖƩƐŧƚƖƐƙź ǠǢ
ƐƂƋťƗƙŶƒŽƎŶƗſūƗƕƂŢƊ ƂŶƏŢƘƌŵƗźƘƋƖſūƗǢƐŧƚƖƐƙź ǠƐŦſūƗƕŽūƗŶűƗźǕƂŦŶƌƎťƗƖűƚťƗ ƞơ-ƟƜ º CǢźƛǢ>ƢƥǢº CǢżƛƌżǢ
źūƗƦǢſƌƎǠźƛſƋǢŶšƗſƌƎţťƗƖźƘƋƖǜƛťƗƕƐżƋţƊźƘƋƖšƌƎŽƎƔǌŢƒƔŦƚƋǜƛƌźƗŵťƗƖƕǜƌƎťƗźūƗƧ 

 

ƂŶƏŸƀƌƎ 

ƐűƋŢƎűƗųƊƖ 
 

ƂźƘƋƖŧƎƔƖ ƞźƍűƋ 
ƂŵƑŧƎƔƖ ƝźƍűƋ 

 

ƂźƘƋƖŧƎƔƖ ƞźƍűƋ 
ƂŵƑŧƎƔƖ ƝźƍűƋ 

 

ƂŦƌƎŴƊűƗŲƚšƗ 
ſƚƋƖſūƗƧ 

 

ŶƎƔſƚťƗƖŲƋƖſūƗƕ  
ǜƛŦƗŵƋƖūƍ 

 



 
 
ŹƌƎťƗƂƌƎŢƘƋŲƎűƗŽƎŶƗźǕűƚťƗ ŲŶƗƐŶƊťƗƖŲƋƖſūƗƕƂŢƘšƗźƘƋƖ 
 
ſťƗƫƐƙźŧƍŦƍźƔŢŵƗǠŢƚƑźǕšƌƎƐŵƋšƗűŧťƗƕſƌƎǠŧšƗŽšƗŽƎŶƗƐŧƋťƗżŵƗƂűƚšƗ ŹƌƎťƗƂƌƎŢƘƋŲƎűƗŽƎŶƗżƋűƚťƗ ſŦƗǜƛťƗƕǢ
ƙŶƒŽƎŶƗŲƋƖſūƗƕŶŦƲūƗƖƂƐŽƂŽƚťƗƕǜƛťƗƕ ŦŶƊƖŢƚƔšƑƕſƌƎǠƐſƋƂŢƚƔźƘƋƖšƌƎƂſƎƔƖƙŶƒżŵƗŦƅƗƖŦƋƖŶƊƧ ŶƌƎťƗżƌƎŽƌƎťƗƐŦƖżƛťƗƖƀƎǢ
ƐŢƬſūƗƕŲƌŵƗƖŢƘƒŶƗſūƗƕƙŷŦƗŦƅƗ (ţżƌŹƋſƋŦšƋƖźƛŽƋƩ ƂŴƌŶǅƊŻƗźƛƋ źƍƖšƌƎŢƚƑŲƎűƗƙŢťƗƖ) źƛűŧťƗƕ ſŦƗſƋƖŧƌƎťƗżƋ 
šƋŹƚŵƗŶŦƲūƗƖ(ŽŦƗţƗŵťƗ) źƘƋƖšƌƎƂŽƚŵƗƙźťƗƕſūƗƕ ŦƎűƗŻƏŦƌźƗƕƜťƗǜƌƎťƗſūƗƕƂżƋƦǢƐƙźǋſŨƋ-ŲƌŵƗƖſūƗƕƂżƋƦ ŨƍƜ 
ŧƌƎťƗżƋ ŶƊƜƊƐŽƛƋťƗſūƗƕƐŵżƋǜƛťƗƕǢƐƙźŧƍŶƌƎƩƐšƋťƗƖƐŦƐſƋƂżƋƂƙŷŦƗſƌƎǠƐƙŶƋťƗƖŽƑǜƌƎťƗſūƗƧ šǊƚŵƗŶƗűƌƎǠſūƗǢ
ƙŷűƗżƌűƗƩſŻƗƐŧƋťƗŽƋſūƗƕ ŧƌűƗŦƋźƛűƎűƗƐŢƘƋťƗƖźƘƋƖǜƛťƗƕƂšƌƎťƗƖƂŢšƗƂƐŽƂŽƚťƗƕźƘƋƖšƌƎ ƂƐƙŢƋšƗŢƔƩ 
űƏƖŲƋƖſūƗƕűƚťƗƖƂƜƌƎťƗƖŶűƗŶűƗŽūƗűƚťƗŶƎƔŲƋƖſūƗ (ŶƎƔ ƥ)Ƨ ƂšƌƎťƗƖƂŢšƗźƘƋƖſūƗƕƐżƐťƚǠźżƛƌŹƑǢƐƙŢƋšƗƐſƚǠ 
ŽƋŶƊš ŲƌƎƂŶƎƔšƌƎźƍƖżǕƌǠſūƗƧ ſťƗƫƐŽƋťƗŦƋǜƛťƗƕ ŦšƭƓƐƙŢƋšƗ ſƌƎǠźƀƎűƗǢƙźšƗƐƙŢƋšƗšƌƎ ŲƌƎƂŶƎƔƐŶƬ űƚťƗűťƗƩ 
ƂƐŶƬźƛźƍƖūƛƌŶƊƧǢ ƐŽŦƍƖƐǋšƋťƗƖšƌƎƂŶƎƔƐƂƋšƗźƛƐŵƩŧƚƑŻƏƩ źƍƖƐŽƋťƗƐŵŦƅƗźƍƖšƘƍŢƑźƘƋƖźƛűŧťƗƕƂƐŶƬŽźƗƖ 
űƐŽƛƘƋšƗǍšƌƒűťƗƂŶƏƐŶƖźūƗƧ űƎűƗƐŢƘƋťƗƖźƘƋƖšƌƎŷƌŲƋƖŶƊš űƚťƗƖſūƗǢƐƂƋšƗŹšƗźƛƐŽŦƍƖŧťƗƖƙŢťƗƖšƌƎ 
űƋƖƙźŦƗƩǢƐƂƋšƗźƛƐŽźƘƋƖšƌƎŶƌűƗŲƋƖ źūƗƙŷŦƗſūƗƧ šǊƚŵƗŶƗűƌƎǠſūƗ ŲƌŶƗŶƌƎťƗƖšƌƎƐŽƋťƗǜƌƎťƗżŵƗ šƚŵƗţƌƎ ƂťƗŶƊżƌ 
šƋǢƙźšƗƂźƘƌƒƖƂŦƋƖƂƋƖ źƍƖƂżƛƌŵƗƙźťƗƕżŵƗƂſƎƔƖƙŶƒſūƗƧ ŲƌƎǠƐǋšƋťƗƕ űƍƂŻƗŽƗŻƏųƍ ŹƌƎťƗƂƌƎŢƘƋŦŵŦƗšƌƎűƏƖŲƋƖ 
ſūƗƕ űƚťƗƖƂűƚťƗƖƨƙŷŦƗƐŶƬƐŦſūƗƧ űƍƂŻƗŽƗŻƏųƍƙŷŦƗŦƅƗſūƗǢƐŽƋťƗƐŦſūƗƕŧƍźƘƋƖǜƛťƗƕ ŴƊűƗƐťƚǠźƘƋƖšƌƎƐŽƋťƗ   
šǊƚźƗƖſūƗƦǢƐŽƋťƗšǊƚźƗƖƐŵŦƅƗ źƍƖŢƌƎƖƐŽƘƋƕŵūƗƖƐŦƩ ſŵƗǠżƛťƗƖſūƗƕƐŽƋťƗšǊƚźƗƖźǕšƌƎƙŷŦƗƐŦſūƗƧ ŦƍƖŧťƗƖǜƌƎťƗſūƗƕ 
ŶƌƎťƗżƌƎŽƌƎťƗűŦƗſūƗ ƂŶƎƔƐƂƋšƗűŦƗƐŽƛƘƋšƗŽƎƔƐŽƋšƗŦƚƋƂŽƎŶƗŽƎŶƗǜƌƎťƗƩǢƐżƙŷťƗƕƐŽƋťƗƖƩźƍƖǌťƌźƗƖŶƊšƙŶƋźƙŷŦƗźƍ 
ŢƘƋ ƂƙŷŦƗżŻƏǜƌƎťƗſūƗ (ŶƎƔ ƝƜ)ƧǢƐŽƋťƗšǊƚźƗƖźǕšƌƎźūƗſūƗƕƂŢƘƌŵƗűƚťƗżŶƗŵƋƖżźūƗšƌƎſƌǜƌƎťƗżŵƗŶŰƋźŦźƗƖſŶƗźǕ 
ǜƛťƗƕƕ ƂźƛƋƖźƘƋƖƙŶťƗŧťƗźǕźƘƋƖšƌƎŽƎŶƗżŶƊźūƗ ð ſťƗſūƗŲťƗƖƂƋƖŽƎƔƖƙŶƋƂƙŷŦƗſƌƎǠźƐƙŶƋťƗƖŽƑźƍƂŢƘƌŵƗűƚťƗżŶƗűŵƗǠż 
źūƗƧ šǊƚŵƗŶƗűƌƎǠűƚťƗ űƚťƗƖšƌƎƂƙźƑźƙŶűƗŲƋƖƩǢƐƙŢƋšƗƐſƚǠſūƗƕ ƂƐŵƂŲƋƖźűƏƐſƋűƎűƗǢƐŢƘƋťƗƖ ƂŶƎƔƂźƘƌƒƖźƘƌƒƖ 
źƘƋƖŽūƗƖżƛƌſūƗ (ŧƌűƗŦƋƂűƚšƗƙŷűƗżƌűƗƩſŻƗŽƋſūƗƕƂšǊƚťƗƖƂšƘŵƗźƘƋƖ-ŶƎƔ ƝƝ)Ƨ Ƅ  ſƌƎǠƙŶƒŽƎŶƗƙŢťƗƖƙŷťƗƕ 
šǊƚŵƗŶƗűƌƎǠűƚťƗǢƐŷƊťƗƖŶƚƦ ſƔƐŢƘƖűšƗſūƗƕſűƾƒ ſƌƎǠźƀƎűƗ ŦšƗźƘƋƖźŽƌƎƂŶƗſūƗ šƌƎƐűƚǠ żſūƗƧ 
 
ŹƌƎťƗƂƌƎŢƘƋšƌƎ ƂƙŢƋƖƐſƋűƌżŦƳƋŵƗƂŦƋƂǋšƚťƗƖƂšƘŵƗźƛŽƑƙŶƒŽƎŶƗǜƌƎťƗſūƗƦǢƐƙŶƋťƗƖƂżƚšƗǜƛťƗƕƂżƌƎƖ ſƌƎǠźƀƎűƗ 
ŵƋŶƍŻƋƙźšƗ (ŶťƗŵƍŦƍűźƗ ŶƊŶƊżƍŻƚŵƗ)Ʀ ſƌƎǠƐſƋƗǢƐŽƛƋťƗƂƌźƗźƙŶƒŽƎŶƗŹƑŧťƗƕŦƍŲƋƖżŵƗŢšƗŢƑſūƗƧ šǊƚŵƗŶƗűƌƎǠ ſūƗ 
ŻšƗŲƋƖſūƗƕŦűƍƖšƌƎ ƂƜƌƎťƗƖŶƎƔƙŶƒŽƎŶƗƩ űƍƂŻƗŽƗŻƏųƍ ƂŶƏŢƚƑƂƌźƗƙŶƒŽƎŶƗſūƗƧ šǊƚŵƗŶƗűƌƎǠſūƗ ƂƎŵƗƖſƍƖ ŢƚƔźƘƋƖ 
šƌƎŽūƗƖƙźťƗƕƐſƋƂŶƏŢƘƌŵƗƙŷťƗƕ ŹƌƎťƗƂƌƎŢƘƋšƌƎƙŶƒŽƎŶƗſūƗƧ ƪšƌƎƐŧƖŷšƗƜťƗƂŶťƗźƘƋƖǜƛťƗƕ ƀťƗƖſƍƖƀťƗƖ żƚšƗŶťƗ 
źƘƋƖ ƂűƚšƗ ƂŢťƗƖźƘƋƖƂƐŵƙŷťƗƕƐšƋťƗƖŦƚƋƂſƎƔƖƙŶƒǜƌƎťƗſūƗƧ 



 

 

ŶƎƔ ƥƧ 
ƙŷűƗżƌűƗƩſŻƗŻƏŽƋƐſƋűƎűƗ
ƐŢƘƋťƗƖźƘƋƖǜƛťƗƕƂšƌƎťƗƖƂŢšƗźƘƋƖ
šƌƎ ŧƌűƗźƘƋƖƂżƚšƗźƘƋƖƂƋƖ ŦƋƖ 
ǌŶƍƖſūƗƕƐŵƋšƗűƚťƗƂƐƙŢƋšƗ 
ŽƛŵƗƖſūƗƧǢƐƙŢƋšƗƐſƚǠ ſūƗǜƛťƗƕ 
űǌŶƌƒťƗŵšƗ ƪűƌƎǠƕƕǠšƌƎ šǊƚźƗƖšƘťƗ 
ŦƚƋŹƌƎťƗƂƌƎŢƘƋƂƙŷŦƗſƌƎǠƂŶƎƔƫ 
ŲƌŶƗŶƌƎťƗƖšƌƎźƍƖūƛƌƙŢťƗƖƂƋƖƙŷťƗƕƙŶƒ 
ŽƎŶƗſūƗƧ 
 

ŶƎƔƝƜƧ ŶƏƐſƋżƋſƍűƚťƗǢ
ƐżǢƙŶƒŵƗƖűƍƖźǕƐŽƘƋƕŵūƗƖǢ
ƐŦżŵƗǢƐżƐŽƋťƗƖżŵƗǜƛťƗƕǢ
Ɛƙź űƚťƗƖƂƐŶƬűƚťƗżƛƌ 
ſūƗƕ ƂŶƏŢƚƑƂƌźƗƂƋƖǢ
ƙŶťƗƖźƍƖŷƌƎƎƂƋƖ ñƙŶŵƗŽūƗ 
żƛťƗſŵƗƐŦżŵƗòƐżƂ 
ŧťƗſťƗƕżƛƌǢƐŵŶƊ ſūƗƧ  
 


