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ǳȀȔȓțȓȆȓȀ ǳȋǽȋȀȓȎȑ 

ǜȃȐȔȒȆ ȓȎȔ ǳȋǽȋȀȓȎȑ 
ǳȎ ǳȋǽȋȀ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ ȈȃȐȜȇȆȉȄ ȋȄ ȓȎȌ ǭțȋȎ 4610/2019 (ǵǥǪ 70/ǡ/07.05.2019) ȉȀȈ 

ȀȌǽȉȄȈ ȒȓȆȌ ǰȎȊȔȓȄȖȌȈȉǽ ǲȖȎȊǽ ȓȎȔ ǰȀȌȄȏȈȒȓȆȋǾȎȔ ǤȔȓȈȉǽȑ ǬȀȉȄȃȎȌǾȀȑ ȋȄ ǼȃȐȀ ȓȆȌ ǪȎȅǻȌȆ. ǥǾȌȀȈ 

ȓȎ ȋȎȌȀȃȈȉț ǳȋǽȋȀ ȒȓȆ ǢțȐȄȈȀ ǥȊȊǻȃȀ ȉȀȈ ǼȌȀ Ȁȏț ȓȀ ȓȐǾȀ ǳȋǽȋȀȓȀ ȒȄ ȎȊțȉȊȆȐȆ ȓȆ ȖȝȐȀ ȏȎȔ ǼȖȄȈ 

Șȑ ȀȌȓȈȉȄǾȋȄȌȎ ȓȆȌ ȋȆȖȀȌȈȉǽ ȎȐȔȉȓȝȌ ȏțȐȘȌ, ȃȆȊȀȃǽ ȓȆ ȋȄȓȀȊȊȄȔȓȈȉǽ ȋȆȖȀȌȈȉǽ (ȄȉȋȄȓǻȊȊȄȔȒȆ 

ȋȄȓȀȊȊȄȔȋǻȓȘȌ, ȁȈȎȋȆȖȀȌȈȉȝȌ ȎȐȔȉȓȝȌ, ȂȀȈȀȌȇȐǻȉȘȌ, ȋȀȐȋǻȐȘȌ ȉȀȈ ȀȃȐȀȌȝȌ ȔȊȈȉȝȌ) ȉȀȈ ȓȆȌ 

ȋȆȖȀȌȈȉǽ ȎȐȔȉȓȝȌ ȄȌȄȐȂȄȈȀȉȝȌ ȏțȐȘȌ (ȏȄȓȐǼȊȀȈȎ, ȕȔȒȈȉț ȀǼȐȈȎ, ȉȀȈ ȂȄȘȇȄȐȋǾȀ).  

 

ǲȓțȖȎȈ ȓȎȔ ǳȋǽȋȀȓȎȑ 
ǢȀȒȈȉțȑ ȒȓțȖȎȑ ȓȎȔ ǳȋǽȋȀȓȎȑ ȄǾȌȀȈ Ȇ ȏȀȐȎȖǽ ȏȐȎȏȓȔȖȈȀȉȝȌ ȉȀȈ ȋȄȓȀȏȓȔȖȈȀȉȝȌ ȒȏȎȔȃȝȌ 

ȀȌȝȓȀȓȆȑ ȄȉȏȀǾȃȄȔȒȆȑ ȔȗȆȊȎȜ ȄȏȈȏǼȃȎȔ ȋǼȒȘ ȓȆȑ ȋȄȓǻȃȎȒȆȑ ȇȄȘȐȆȓȈȉȝȌ ȉȀȈ ȓȄȖȌȈȉȝȌ ȂȌȝȒȄȘȌ 

ȉȀȈ ȃȄȍȈȎȓǽȓȘȌ ǻȋȄȒȀ ȒȔȌȃȄȋǼȌȘȌ ȋȄ ȓȆ ȁȈȎȋȆȖȀȌȈȉǽ ȃȐȀȒȓȆȐȈțȓȆȓȀ ȓȆȑ ǥȊȊǻȃȀȑ ȒȓȎȌ ȓȎȋǼȀ ȓȘȌ 

ȎȐȔȉȓȝȌ ȏțȐȘȌ. ǲȓțȖȎȈ ȓȎȔ ǳȋǽȋȀȓȎȑ ȀȏȎȓȄȊȎȜȌ, ȄȏǾȒȆȑ, Ȇ ǼȐȄȔȌȀ ȉȀȈ Ȇ ȉȀȈȌȎȓȎȋǾȀ ȒȄ ȉȊǻȃȎȔȑ 

ȓȆȑ ǬȆȖȀȌȈȉǽȑ ǯȐȔȉȓȝȌ ǰțȐȘȌ ȉȀȈ Ȇ ȏȀȐȀȂȘȂǽ ȄȏȈȒȓȆȋȎȌȈȉȎȜ ǼȐȂȎȔ. ǳȎ ǼȋȏȄȈȐȎ ȉȀȈ ȔȗȆȊȎȜ 

ȄȏȈȏǼȃȎȔ ȃȈȃȀȉȓȈȉț ȉȀȈ ȄȐȂȀȒȓȆȐȈȀȉț ȏȐȎȒȘȏȈȉț, ȓȀ ȏȊǽȐȘȑ ȄȍȎȏȊȈȒȋǼȌȀ ȄȐȄȔȌȆȓȈȉǻ ȄȐȂȀȒȓǽȐȈȀ 

ȉȀȈ ȓȎ ȃȈȎȈȉȆȓȈȉț ȏȐȎȒȘȏȈȉț ȓȎȔ ǳȋǽȋȀȓȎȑ ȄȍȀȒȕȀȊǾȅȎȔȌ ȓȆȌ ȏȐȀȂȋȀȓȎȏȎǾȆȒȆ ȓȘȌ ȃȈȃȀȉȓȈȉȝȌ ȉȀȈ 

ȄȐȄȔȌȆȓȈȉȝȌ ȓȎȔ ȒȓțȖȘȌ. 

ǯȈ ȕȎȈȓȆȓǼȑ ȋȀȑ, ȋȄ ȓȆ ȒȔȋȁȎȊǽ ȓȘȌ ȃȈȃȀȒȉțȌȓȘȌ ȓȎȔȑ, ȋȀȇȀǾȌȎȔȌ țȓȈ ȎȈ ȎȐȔȉȓǼȑ ȏȐȝȓȄȑ 

ȜȊȄȑ (ȋȄȓȀȊȊȄȜȋȀȓȀ, ȁȈȎȋȆȖȀȌȈȉǻ ȎȐȔȉȓǻ, ȏȄȓȐǼȊȀȈȎ, ȂȀȈǻȌȇȐȀȉȄȑ, ȕȔȒȈȉț ȀǼȐȈȎ, ȉȀȇȝȑ ȉȀȈ ȏȆȂǼȑ 

ȂȄȘȇȄȐȋȈȉǽȑ ȄȌǼȐȂȄȈȀȑ), ȀȏȎȓȄȊȎȜȌ ȓȆȌ ȔȊȈȉǽ ȔȏȎȃȎȋǽ ȓȎȔ ȒȜȂȖȐȎȌȎȔ ȏȎȊȈȓȈȒȋȎȜ ȉȀȈ ÕǾȀ Ȁȏț ȓȈȑ 

ȉȜȐȈȄȑ ȏȆȂǼȑ ȓȆȑ ȎȈȉȎȌȎȋȈȉǽȑ ȀȌǻȏȓȔȍȆȑ. ǬȀȇȀǾȌȎȔȌ ȄȏǾȒȆȑ ȂȈȀ ȓȆȌ ȀȍȈȎȏȎǾȆȒȆ ȓȘȌ ȎȐȔȉȓȝȌ 

ȏȐȝȓȘȌ ȔȊȝȌ ȉȀȈ ȓȆȌ ȈȃȈȀǾȓȄȐȆ ȒȆȋȀȒǾȀ ȂȈȀ ȓȆȌ ǥȊȊǻȃȀ, ȉȀȇȝȑ ȖȐȆȒȈȋȎȏȎȈȄǾ ȄȂȖȝȐȈȎȔȑ ȏțȐȎȔȑ 

ȉȀȈ ȓȀȔȓțȖȐȎȌȀ ȏȀȐȎȔȒȈǻȅȄȈ ǼȌȓȎȌȆ ȄȍȘȒȓȐǼȕȄȈȀ. ǥȏȈȏȊǼȎȌ, Ȇ ȄȍțȐȔȍȆ ȏȀȐǼȖȄȈ ȓȈȑ ȎȐȔȉȓǼȑ ȏȐȝȓȄȑ 

ȜȊȄȑ ȏȎȔ ȃȈȄȔȉȎȊȜȌȎȔȌ ȓȆȌ ȀȌǻȏȓȔȍȆ ǻȊȊȘȌ ȒȆȋȀȌȓȈȉȝȌ ȏȀȐȀȂȘȂȈȉȝȌ ȃȐȀȒȓȆȐȈȎȓǽȓȘȌ ȒȓȆ 

ȖȝȐȀ, țȏȘȑ Ȇ ȆȊȄȉȓȐȎȏȀȐȀȂȘȂǽ, Ȇ ȁȀȒȈȉǽ ȋȄȓȀȊȊȎȔȐȂǾȀ, Ȇ ȏȀȐȀȂȘȂǽ ȓȒȈȋǼȌȓȎȔ ȉȀȈ ȎȈ 

ȉȀȓȀȒȉȄȔǼȑ, ȒȔȋȁǻȊȊȎȌȓȀȑ ȉȀȈ ȋȄ ȀȔȓț ȓȎȌ ȓȐțȏȎ ȒȓȆȌ ȄȌȃȔȌǻȋȘȒȆ ȓȆȑ ȄȊȊȆȌȈȉǽȑ ȎȈȉȎȌȎȋǾȀȑ. 

ǧ ȒȔȋȁȎȊǽ ȓȆȑ ȀȍȈȎȏȎǾȆȒȆȑ ȓȘȌ ȎȐȔȉȓȝȌ ȏȐȝȓȘȌ ȔȊȝȌ ȒȓȆȌ ȎȈȉȎȌȎȋǾȀ ȂȄȌȈȉǻ ȔȏȄȐȁȀǾȌȄȈ 

ȓȎȌ ȒȓȄȌț ȎȐȈȒȋț ȓȆȑ ȄȍțȐȔȍȆȑ ȉȀȈ ȀȏȎȓȔȏȝȌȄȓȀȈ ȋȄ ȋȄȂȀȊȜȓȄȐȆ ȄȔȉȐǾȌȄȈȀ ȒȄ ȄȏǾȏȄȃȎ ȄȍȎȐȔȉȓȈȉǽȑ 

ȁȈȎȋȆȖȀȌǾȀȑ, ȒȓȎ ȎȏȎǾȎ ȊȀȋȁǻȌȄȓȀȈ ȔȏțȗȆ Ȇ ȉȀȇȄȓȎȏȎǾȆȒȆ ȓȘȌ ȃȐȀȒȓȆȐȈȎȓǽȓȘȌ ȄȍțȐȔȍȆȑ ȉȀȈ 

ȋȄȓȀȏȎǾȆȒȆȑ. ǧ ȄȂȖȝȐȈȀ ȄȍȎȐȔȉȓȈȉǽ ȁȈȎȋȆȖȀȌǾȀ ȓȆȑ ȖȝȐȀȑ ȋȀȑ ȏȀȐȎȔȒȈǻȅȄȈ ǼȌȓȎȌȆ ȄȍȘȒȓȐǼȕȄȈȀ, 

Ȇ ȎȏȎǾȀ ȃȄȌ ȏȄȐȈȎȐǾȅȄȓȀȈ ȒȓȎ ȔȗȆȊț ȏȎȒȎȒȓț ȓȆȑ ȏȀȐȀȂȘȂǽȑ ȋȄ ȏȐȎȎȐȈȒȋț ȓȈȑ ȃȈȄȇȌȄǾȑ ȀȂȎȐǼȑ. 

ǧ ȃȈȄȇȌȎȏȎǾȆȒȆ ȓȎȔ ȉȊǻȃȎȔ ȓȆȑ ȄȍȎȐȔȉȓȈȉǽȑ ȁȈȎȋȆȖȀȌǾȀȑ ȀȌȀȃȄȈȉȌȜȄȓȀȈ ȉȀȈ ȋǼȒȘ ȓȆȑ ǼȌȓȀȍȆȑ 

ȄȂȖȝȐȈȘȌ ȄȏȈȖȄȈȐǽȒȄȘȌ ȒȄ ȏȎȊȔȄȇȌȈȉȎȜȑ ȎȋǾȊȎȔȑ, ȀȊȊǻ ȉȀȈ ȋȄ ȓȆ ȃȆȋȈȎȔȐȂǾȀ ȉȎȈȌȝȌ ȄȏȈȖȄȈȐǽȒȄȘȌ 

(joint ventures), ȋȄ ȏȎȊȊǻ ȒȆȋȄǾȀ ȄȍțȐȔȍȆȑ ȒȓȎ ȄȍȘȓȄȐȈȉț ȉȀȈ ȋȄ ȃǾȉȓȔȀ ȄȍȀȂȘȂȝȌ ȒȄ ȏȎȊȊȎȜȑ 

ȏȐȎȎȐȈȒȋȎȜȑ. ǧ ȄȍȘȒȓȐǼȕȄȈȀ ȄǾȌȀȈ ȈȃȈȀǾȓȄȐȀ ȀȔȍȆȋǼȌȆ ȒȄ ȏȐȎșțȌȓȀ țȏȘȑ ȓȀ ȋǻȐȋȀȐȀ, ȓȀ 

ȁȈȎȋȆȖȀȌȈȉǻ ȎȐȔȉȓǻ ȉȀȈ ȓȀ ȋǼȓȀȊȊȀ, țȏȎȔ Ȇ ȀȍǾȀ ȓȘȌ ȄȍȀȂȘȂȝȌ ȍȄȏȄȐȌǻ ȃȈȀȖȐȎȌȈȉǻ ȓȎ 70% ȓȆȑ 

ȀȍǾȀȑ ȓȘȌ ȏȘȊǽȒȄȘȌ. 

ǳǼȊȎȑ, ȊȀȋȁǻȌȎȌȓȀȑ ȔȏțȗȆ ȓȈȑ ȄȔȐȘȏȀșȉǼȑ ȉȀȈ ȄȇȌȈȉǼȑ ȏȎȊȈȓȈȉǼȑ ȂȈȀ ȓȈȑ ȎȐȔȉȓǼȑ ȏȐȝȓȄȑ 

ȜȊȄȑ, Ȇ ȀȌǻȂȉȆ ȂȈȀ ȀȏȐțȒȉȎȏȓȆ ȏȐțȒȁȀȒȆ ȒȄ ȏȐȝȓȄȑ ȜȊȄȑ ȏȐȎȚȏȎȇǼȓȄȈ ȓȆȌ ȜȏȀȐȍȆ ȉȀȈ ȓȆȌ 

ȄȕȀȐȋȎȂǽ ȋȈȀȑ ȄȌȈȀǾȀȑ, ȎȊȎȉȊȆȐȘȋǼȌȆȑ ȄȔȐȘȏȀșȉǽȑ ȏȎȊȈȓȈȉǽȑ. ǲȄ ȀȔȓț ȓȎ ȏȊȀǾȒȈȎ, ȎȈ ȇȄȒȋȎǾ ȓȆȑ 

ǥǥ ǼȖȎȔȌ ȇȄȒȏǾȒȄȈ ȄȏȈȋǼȐȎȔȑ ȒȓȐȀȓȆȂȈȉǼȑ ȏȎȔ ȒȓȎȖȄȜȎȔȌ ȒȓȆȌ ȀȏȐțȒȉȎȏȓȆ ȏȐțȒȁȀȒȆ ȒȄ ȏȐȝȓȄȑ 

ȜȊȄȑ ȃȈȄȇȌȝȑ, ȒȓȆȌ ȀȏȎȃȎȓȈȉțȓȄȐȆ ȃȈȀȖȄǾȐȈȒȆ ȓȘȌ ȔȕȈȒȓǻȋȄȌȘȌ ȉȎȈȓȀȒȋǻȓȘȌ, ȒȓȎȌ ȏȄȐȈȎȐȈȒȋț 

ȓȎȔ ȏȄȐȈȁȀȊȊȎȌȓȈȉȎȜ ȀȏȎȓȔȏȝȋȀȓȎȑ ȓȆȑ ȁȈȎȋȆȖȀȌǾȀȑ, ȉȀȇȝȑ ȉȀȈ ȒȓȆȌ ȉȀȊȊȈǼȐȂȄȈȀ ȓȆȑ 

ȄȋȏȈȒȓȎȒȜȌȆȑ ȋȄȓȀȍȜ ȓȘȌ ȉȎȈȌȘȌȈȉȝȌ ȄȓȀǾȐȘȌ. 
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ǰȐȎȒȘȏȈȉț 

ǤȈȃȀȉȓȈȉț ð ǥȐȄȔȌȆȓȈȉț ǰȐȎȒȘȏȈȉț 

ǳȎ ǤȈȃȀȉȓȈȉț ȉȀȈ ǥȐȄȔȌȆȓȈȉț ǰȐȎȒȘȏȈȉț (Ǥǥǰ) ȓȎȔ ǳȋǽȋȀȓȎȑ ȏȀȐȎȔȒȈǻȅȄȈ ȏȊȎȜȒȈȎ ȄȐȄȔȌȆȓȈȉț ȉȀȈ 

ȃȈȃȀȉȓȈȉț ǼȐȂȎ, ȋȄ ȏȐȎȚȏȆȐȄȒǾȀ ȒȄ ǰȀȌȄȏȈȒȓǽȋȈȀ ȉȀȈ ǩȌȒȓȈȓȎȜȓȀ ȓȎȔ ȄȍȘȓȄȐȈȉȎȜ (ǧǰǡ ȉȀȈ ǥȔȐȝȏȆ) 

ȉȀȈ ȏȐȎȒȕǼȐȄȈ ȒȓȎȔȑ ȕȎȈȓȆȓǼȑ ȓȎȔ ǳȋǽȋȀȓțȑ ȋȀȑ ȄȉȏȀǾȃȄȔȒȆ ȔȗȆȊȎȜ ȄȏȈȏǼȃȎȔ. ǧ ȄȐȄȔȌȆȓȈȉǽ 

ȃȐȀȒȓȆȐȈțȓȆȓȀ ȏȎȔ ȒȔȌȓȄȊȄǾȓȀȈ ȒȓȎ ǳȋǽȋȀ ȄǾȌȀȈ ȉȀȈȌȎȓțȋȎȔ ȉȀȈ ȔȗȆȊȎȜ ȄȏȈȏǼȃȎȔ ȒȄ ȇǼȋȀȓȀ 

ȒȖȄȓȈȉǻ ȋȄ ȓȈȑ ǯȐȔȉȓǼȑ ǰȐȝȓȄȑ ǞȊȄȑ (ǯǰǴ) ȄȌȄȐȂȄȈȀȉǼȑ ȉȀȈ ȋȆ ȄȌȄȐȂȄȈȀȉǼȑ, ȓȆȌ ǼȐȄȔȌȀ, ȓȎȌ 

ȄȌȓȎȏȈȒȋț ȉȀȈ ȓȆȌ ȄȉȋȄȓǻȊȊȄȔȒȆ, ȉȀȈ ȒȔȌȎȊȈȉǻ ȒȓȀ ȂȌȘȒȓȈȉǻ ȀȌȓȈȉȄǾȋȄȌȀ ȓȆȑ ȋȄȓȀȊȊȄȔȓȈȉǽȑ, 

ȂȄȘȓȄȖȌȈȉǽȑ ȉȀȈ ȏȄȐȈȁȀȊȊȎȌȓȈȉǽȑ ȋȆȖȀȌȈȉǽȑ. ǲȓȆ ȒȔȌǼȖȄȈȀ ȃǾȌȎȌȓȀȈ ȒȜȌȓȎȋȀ ȁȈȎȂȐȀȕȈȉǻ ȓȘȌ ȋȄȊȝȌ 

Ǥǥǰ ȓȎȔ ǳȋǽȋȀȓȎȑ. 

 

ǪȀȇȆȂȆȓǼȑ 

1. ǤȐ. ǩȎȐȃȀȌǾȃȆȑ ǡȌȃȐǼȀȑ 

ǯ ǤȐ. ǩȎȐȃȀȌǾȃȆȑ ǡȌȃȐǼȀȑ ǼȖȄȈ ȏȓȔȖǾȎ ǣȄȘȊȎȂǾȀȑ (1993) ȉȀȇȝȑ ȉȀȈ ȃȈȄȓǼȑ ȋȄȓȀȏȓȔȖȈȀȉț ȃǾȏȊȘȋȀ 

ȄȈȃǾȉȄȔȒȆȑ (ǬǤǥ) ȋȄ ȓǾȓȊȎ çǯȐȔȉȓȎǾ ǰțȐȎȈ ȉȀȈ ǰȄȐȈȁǻȊȊȎȌè (1998), Ȁȏț ȓȎ ǳȋǽȋȀ ǣȄȘȊȎȂǾȀȑ ǡ.ǰ.Ǩ. 

ǳȎ 2002 ȎȊȎȉȊǽȐȘȒȄ ȓȎ ȃȈȃȀȉȓȎȐȈȉț ȓȎȔ ȒȓȎ ǳȋǽȋȀ ǣȄȘȊȎȂǾȀȑ ǡ.ǰ.Ǩ. ǧ ȃȈȃȀȉȓȎȐȈȉǽ ȓȎȔ ȃȈȀȓȐȈȁǽ 

ȄǾȖȄ ȓǾȓȊȎ çǯȐȂȀȌȈȉǽ ǣȄȘȖȆȋȄǾȀ ȉȀȈ ǰȄȓȐȎȊȎȂǾȀ ȓȎȔ ȊȈȂȌȈȓȈȉȎȜ ȉȎȈȓǻȒȋȀȓȎȑ ǡȋȔȌȓȀǾȎȔè. 

ǳȀ ȄȐȄȔȌȆȓȈȉǻ ȄȌȃȈȀȕǼȐȎȌȓȀ ȓȎȔ ǤȐ. ǩȎȐȃȀȌǾȃȆ ȏȄȐȈȊȀȋȁǻȌȎȔȌ: 

¶ ǯȐȂȀȌȈȉǽ ǣȄȘȖȆȋȄǾȀ ȉȀȈ ǰȄȓȐȎȊȎȂǾȀ ȂȀȈȀȌȇȐǻȉȘȌ ȋȄ ǼȋȕȀȒȆ ȒȓȎȔȑ ȊȈȂȌǾȓȄȑ, ȋȄ ȄȋȏȄȈȐǾȀ 

ȒȓȈȑ Ȅȍǽȑ ȓȄȖȌȈȉǼȑ: ȋǼȓȐȆȒȆ ȓȆȑ ȀȌȀȉȊȀȒȓȈȉțȓȆȓȀȑ ȓȎȔ ȖȎȔȋȈȌǾȓȆ, ȀȌǻȊȔȒȆ ȓȘȌ macerals, 

ȄȉȖȜȊȈȒȆ, ȏȔȐțȊȔȒȆ, ȀǼȐȈȀ ȖȐȘȋȀȓȎȂȐȀȕǾȀ (GC), ȒȔȅȄȔȂȋǼȌȆ ȓȄȖȌȈȉǽ ȀǼȐȈȀȑ 

ȖȐȘȋȀȓȎȂȐȀȕǾȀȑ-ȕȀȒȋȀȓȎȒȉȎȏǾȀȑ ȋȀȅȝȌ (GC-MS), ȕȀȒȋȀȓȎȒȉȎȏǾȀ ȔȏǼȐȔȇȐȎȔ (FTIR), 

ȏȔȐȆȌȈȉȎȜ ȋȀȂȌȆȓȈȉȎȜ ȒȔȌȓȎȌȈȒȋȎȜ (NMR) ȉȀȈ ȆȊȄȉȓȐȎȌȈȉȎȜ ȏȀȐȀȋȀȂȌȆȓȈȉȎȜ 

ȒȔȌȓȎȌȈȒȋȎȜ (EPR). 

¶ ǡȌțȐȂȀȌȆ ǣȄȘȖȆȋȄǾȀ ȊȈȂȌȈȓȝȌ, ȈȅȆȋȀȓȎȂȄȌȝȌ ȏȄȓȐȘȋǻȓȘȌ ȉȀȈ ȄȃȀȕȝȌ ȉȀȈ ȋȄȊǼȓȆ ȉȜȐȈȘȌ 

ȒȓȎȈȖȄǾȘȌ ȉȀȈ ȈȖȌȎȒȓȎȈȖȄǾȘȌ, ȋȄ ȄȋȏȄȈȐǾȀ ȒȓȈȑ Ȅȍǽȑ ȓȄȖȌȈȉǼȑ: ȏȐȎȒȄȂȂȈȒȓȈȉǽ ȉȀȈ ȒȓȎȈȖȄȈȀȉǽ 

ȀȌǻȊȔȒȆ, ȋǼȓȐȆȒȆ ȇȄȐȋȎȂțȌȎȔ ȃȜȌȀȋȆȑ, ȕȀȒȋȀȓȎȋȄȓȐǾȀ ȕȇȎȐȈȒȋȎȜ ȀȉȓǾȌȘȌ Ƕ (XRF) ȉȀȈ 

ȀȓȎȋȈȉǽȑ ȄȉȏȎȋȏǽȑ ȄȏȀȂȘȂȈȉȎȜ ȅȄȜȂȎȔȑ ȏȊǻȒȋȀȓȎȑ (ICP-AES). 

¶ ǲȔȌ-ȉȀȜȒȆ ȊȈȂȌǾȓȆ-ȒȓȄȐȄȝȌ ȀȏȎȁȊǽȓȘȌ ȉȀȈ ȁȈȎȋǻȅȀȑ 

¶ ǬȄȊǼȓȆ ȓȆȑ ȓȎȍȈȉțȓȆȓȀȑ ȓȘȌ ȈȖȌȎȒȓȎȈȖȄǾȘȌ ȏȎȔ ȏȄȐȈǼȖȎȌȓȀȈ ȒȄ ȊȈȂȌǾȓȄȑ, ȄȃǻȕȆ ȉȀȈ ȜȃȀȓȀ. 

¶ ǨȄȐȋȈȉǽ ȀȌǻȊȔȒȆ ȊȈȂȌȈȓȝȌ, ȋȄ ȄȋȏȄȈȐǾȀ ȒȓȈȑ Ȅȍǽȑ ȓȄȖȌȈȉǼȑ: ȃȈȀȕȎȐȈȉǽ ȇȄȐȋȈȉǽ ȀȌǻȊȔȒȆ (DTA) 

ȉȀȈ ȇȄȐȋȎȒȓȀȇȋȈȉǽ ȀȌǻȊȔȒȆ (TG). 

¶ ǯȐȔȉȓȎȊȎȂǾȀ ȊȈȂȌȈȓȝȌ ȉȀȈ ȈȅȆȋȀȓȎȂȄȌȝȌ ȏȄȓȐȘȋǻȓȘȌ, ȋȄ ȄȋȏȄȈȐǾȀ ȒȓȆȌ ȏȄȐȈȇȊȀȒȈȋȄȓȐǾȀ 

ȀȉȓǾȌȘȌ Ƕ (XRD). 

¶ ǬȄȊǼȓȆ ȓȘȌ ȏȀȐȀȏȐȎșțȌȓȘȌ ȉȀȜȒȆȑ ȓȘȌ ȂȀȈȀȌȇȐǻȉȘȌ (ȈȏȓǻȋȄȌȆ ȓǼȕȐȀ ȉȊȏ.), ȄȏȈȏȓȝȒȄȈȑ 

ȒȓȎ ȏȄȐȈȁǻȊȊȎȌ ȉȀȈ ȓȆȌ ȔȂȄǾȀ, ȀȌȀȉȜȉȊȘȒȆ ȓȘȌ ȔȊȈȉȝȌ ȉȀȈ ȌǼȄȑ ȖȐǽȒȄȈȑ (ȓȒȈȋǼȌȓȎ, 

ȕȐǻȂȋȀȓȀ, ȀȃȐȀȌǽ ȉȊȏ.). 

¶ ǰȄȐȈȁȀȊȊȎȌȓȈȉǽ ǳȄȖȌȎȊȎȂǾȀ ȉȀȈ ȊȈȂȌǾȓȄȑ (ȏȐȎȒȐțȕȆȒȆ ȎȐȂȀȌȈȉȝȌ ȐȔȏȀȌȓȝȌ Ȁȏț ȊȈȂȌǾȓȄȑ 

ȉȀȈ ȏȀȐȀȏȐȎșțȌȓȀ ȀȔȓȝȌ). 

¶ ǡȐȖȀȈȎȋȄȓȐǾȀ-ǣȄȘȀȐȖȀȈȎȊȎȂǾȀ (ȉȄȐȀȋȈȉǻ, ȉȎȌȈǻȋȀȓȀ, ȋǻȐȋȀȐȀ, ȒȉȘȐǾȄȑ, ȎȐȂȀȌȈȉǻ 

ȔȏȎȊȄǾȋȋȀȓȀ, ǢȔȅȀȌȓȈȌǼȑ ȓȎȈȖȎȂȐȀȕǾȄȑ, ȖȐȘȒȓȈȉǼȑ) 

¶ ǩȀȓȐȈȉǽ ǣȄȘȊȎȂǾȀ 

ǤȈȃǻȒȉȄȈ ȓȀ ȏȀȐȀȉǻȓȘ ȋȀȇǽȋȀȓȀ ȒȓȎ ȏȐȎȏȓȔȖȈȀȉț ȏȐțȂȐȀȋȋȀ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ: 

¶ Ǭǯǰ605 ǥȌȄȐȂȄȈȀȉǼȑ ǰȐȝȓȄȑ ǞȊȄȑ 

¶ Ǭǯǰ834 ǰȄȐȈȁȀȊȊȎȌȓȈȉǽ ǣȄȘȖȆȋȄǾȀ 

¶ Ǭǯǰ924 ǡȌȀȌȄȝȒȈȋȄȑ ǰȆȂǼȑ ǥȌǼȐȂȄȈȀȑ 



ǯȃȆȂțȑ ǲȏȎȔȃȝȌ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ 

ǳȋǽȋȀ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ ð ǰȎȊȔȓȄȖȌȈȉǽ ǲȖȎȊǽ ð ǰȀȌȄȏȈȒȓǽȋȈȎ ǤȔȓȈȉǽȑ ǬȀȉȄȃȎȌǾȀȑ 
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¶ Ǭǯǰ994 ǥȌțȐȂȀȌȄȑ ǬǼȇȎȃȎȈ ǯȐȔȉȓȎȊȎȂȈȉǽȑ ǡȌǻȊȔȒȆȑ 

 

2. ǤȐ. ǪȔȐȀȓȅǽȑ ǭȈȉțȊȀȎȑ 

ǯ ǤȐ. ǪȔȐȀȓȅǽȑ ǭȈȉțȊȀȎȑ ȀȏǼȉȓȆȒȄ ǤǾȏȊȘȋȀ ǶȆȋȈȉȎȜ ǬȆȖȀȌȈȉȎȜ ȓȎȌ ǩȎȜȊȈȎ ȓȎȔ 1984 Ȁȏț ȓȆȌ 

ǰȎȊȔȓȄȖȌȈȉǽ ǲȖȎȊǽ ȓȎȔ ǰȀȌȄȏȈȒȓȆȋǾȎȔ ǰȀȓȐȝȌ. ǳȎ 1987 ȀȏǼȉȓȆȒȄ ȋȄȓȀȏȓȔȖȈȀȉț ȓǾȓȊȎ ȄȈȃǾȉȄȔȒȆȑ 

MSc in Chemical  Engineering  ȉȀȈ ȓȎ 1991 ȃȈȃȀȉȓȎȐȈȉț ȓǾȓȊȎ PhD in Chemical  Engineering  Ȁȏț ȓȎ 

Tufts University, Medford , MA , USA.  

ǳȀ ȄȐȄȔȌȆȓȈȉǻ ȄȌȃȈȀȕǼȐȎȌȓȀ ȓȎȔ ǤȐ. ǪȔȐȀȓȅǽ ȏȄȐȈȊȀȋȁǻȌȎȔȌ: 

¶ ǪȔȗǼȊȄȑ ǪȀȔȒǾȋȎȔ ǲȓȄȐȄȎȜ ǧȊȄȉȓȐȎȊȜȓȆ (SOFCs) 

¶ ǡȌȎȃȈȉǻ ǧȊȄȉȓȐțȃȈȀ ȂȈȀ SOFCs 

¶ ǧȊȄȉȓȐȎȉȀȓȀȊȔȓȈȉǼȑ ǤȈȄȐȂȀȒǾȄȑ ȒȄ SOFCs 

¶ ǬǼȇȎȃȎȈ ǰȀȐȀȒȉȄȔǽȑ ǪȄȐȀȋȈȉȝȌ ǴȊȈȉȝȌ ȉȀȈ ǴȋȄȌǾȘȌ ȉȀȈ ǶȀȐȀȉȓȆȐȈȒȋțȑ 

¶ ǱȄȎȊȎȂǾȀ ǪȄȐȀȋȈȉȝȌ ǡȈȘȐȆȋǻȓȘȌ 

¶ ǧȊȄȉȓȐȎȊȔȓȈȉǼȑ ǤȈȄȐȂȀȒǾȄȑ ȒȄ SOFCs 

¶ ǡȌǻȊȔȒȆ ǤȈȀȇǼȒȈȋȆȑ ǥȌǼȐȂȄȈȀȑ ǤȈȄȐȂȀȒȈȝȌ 

¶ ǬȎȌȓȄȊȎȏȎǾȆȒȆ ǰȎȊȊȀȏȊǽȑ ǪȊǾȋȀȉȀȑ ǤȈȄȐȂȀȒȈȝȌ 

¶ ǬȎȌȓȄȊȎȏȎǾȆȒȆ ǪȔȗȄȊȝȌ ǲȓȄȐȄȎȜ ǯȍȄȈȃǾȎȔ 

ǤȈȃǻȒȉȄȈ ȓȀ ȏȀȐȀȉǻȓȘ ȋȀȇǽȋȀȓȀ ȒȓȎ ȏȐȎȏȓȔȖȈȀȉț ȏȐțȂȐȀȋȋȀ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ: 

¶ Ǭǯǰ203 ǢȀȒȈȉǼȑ ǡȐȖǼȑ ǶȆȋȄǾȀȑ 

¶ Ǭǯǰ303 ǨȄȐȋȎȃȔȌȀȋȈȉǽ 

¶ Ǭǯǰ405 ǵȀȈȌțȋȄȌȀ ǬȄȓȀȕȎȐǻȑ 

¶ Ǭǯǰ707 ǥȏȈȒȓǽȋȆ ȓȘȌ ǴȊȈȉȝȌ 

¶ Ǭǯǰ892 ǯȐȔȉȓȎǾ ǰțȐȎȈ ȉȀȈ ǪȄȐȀȋȈȉǼȑ ǪȔȗǼȊȄȑ ǪȀȔȒǾȋȎȔ 

¶ Ǭǯǰ925 ǧȊȄȉȓȐȎȖȆȋȈȉǽ ǬȆȖȀȌȈȉǽ 

 

3. ǤȐ. ǲȀȁȁǾȃȆȑ ǲȄȐȀȕȄǾȋ 

ǯ ǤȐ. ǲȀȁȁǾȃȆȑ ǲȄȐȀȕȄǾȋ ȀȏǼȉȓȆȒȄ ȏȓȔȖǾȎ ǯȐȔȉȓȎȊȎȂǾȀȑ Ȁȏț ȓȎ Rheinisch ð Westfallische 

Technische Hochschule Aachen  ȒȓȆ ǣȄȐÕȀȌǾȀ ȓȎ 1984. ǳȎ 1996 ȀȏǼȉȓȆȒȄ ȃȈȃȀȉȓȎȐȈȉț ȓǾȓȊȎ Ȁȏț ȓȎ 

Comenius University Pressburg  ȓȆȑ ǲȊȎȁȀȉǾȀȑ ȋȄ ȇǼȋȀ çǡȏȎȓȄȊǼȒÕȀȓȀ ȂȄȘȖȆÕȈȉȝȌ, ȎȐȔȉȓȎȊȎȂȈȉȝȌ 

ȉȀȈ ȏȄȓȐȎȊȎȂȈȉȝȌ ȄȐȄȔȌȝȌ ȒȓȎ ȎȕȈȎȊȈȇȈȉț ȒȜÕȏȊȄȂÕȀ ȓȎȔ ǢȎȜȐȈȌȎȔè. ǳȎ 1999 ȀȏǼȉȓȆȒȄ 

ȋȄȓȀȏȓȔȖȈȀȉț ȓǾȓȊȎ ȄȈȃǾȉȄȔȒȆȑ ȉȀȈ ȓȎ 2004 ȃȄȜȓȄȐȎ ȃȈȃȀȉȓȎȐȈȉț ȓǾȓȊȎ Ȁȏț ȓȎ University of  Mining  and  

Geology  òSt Ivan  Rilskiè, Sofia ȓȆȑ ǢȎȔȊȂȀȐǾȀȑ ȋȄ ȇǼȋȀ çǚȐȄȔȌȄȑ ȒȓȆȌ ȄȏȈȕȀȌȄȈȀȉǽ ȀȊȊȆȊȄȏǾȃȐȀȒȆ 

ÕȄȓȀȍȜ ȒȔȊȊȄȉȓȈȉȝȌ ȉȀȈ ȀȕȐȈȒȓȈȉȝȌ ȀȌȓȈȃȐȀȒȓȆȐǾȘȌ ȒȓȆȌ ȄȉȊȄȉȓȈȉǽ ȄȏǾȏȊȄȔȒȆ ÕȄȓȀȊȊȄȜÕȀȓȎȑ 

ȉȀȒȒȈȓȄȐǾȓȆ (SnO2)è.  

ǤȈȃǻȒȉȄȈ ȓȀ ȏȀȐȀȉǻȓȘ ȋȀȇǽȋȀȓȀ ȒȓȎ ȏȐȎȏȓȔȖȈȀȉț ȏȐțȂȐȀȋȋȀ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ: 

¶ Ǭǯǰ103 ǣȄȘȊȎȂǾȀ 

¶ Ǭǯǰ106 ǣȄȌȈȉǽ ǯȐȔȉȓȎȊȎȂǾȀ 

¶ Ǭǯǰ206 ǲȔȒȓȆȋȀȓȈȉǽ ǯȐȔȉȓȎȊȎȂǾȀ 

¶ Ǭǯǰ833 ǤȈȀȖȄǾȐȈȒȆ ǲȓȄȐȄȝȌ ǡȏȎȁȊǽȓȘȌ - ǡȌȀȉȜȉȊȘȒȆ ǴȊȈȉȝȌ 

 

4. ǤȐ. ǲȀȖȏǻȅȆȑ ǪȘȌȒȓȀȌȓǾȌȎȑ 

ǯ ǤȐ ǪȝȒȓȀȑ ǲȀȖȏǻȅȆȑ ȄǾȌȀȈ ȋǼȊȎȑ ȓȎȔ çInstitution of Civil Engineersè (ICE), ǫȎȌȃǾȌȎ. ǚȖȄȈ 

ȀȏȎȉȓǽȒȄȈ ȓȀ ȀȉțȊȎȔȇȀ ǤȈȏȊȝȋȀȓȀ ȉȀȈ ǡȉȀȃȆȋȀșȉȎȜȑ ǳǾȓȊȎȔȑ: 

¶ ǤȈȏȊȘȋȀȓȎȜȖȎȑ ǰȎȊȈȓȈȉțȑ ǬȆȖȀȌȈȉțȑ B.Eng (First Class Honours with First Distinction & Cash 

Prize/Award) ȓȎȔ ȓȋǽȋȀȓȎȑ ǰȎȊȈȓȈȉȝȌ ǬȆȖȀȌȈȉȝȌ ȓȎȔ ǰȀȌȄȏ/ȋǾȎȔ Portsmouth, ǡȂȂȊǾȀ, ȓȎ 
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2013. (ǪȀȓǻȓȀȍȆ: ǤȈǻȉȐȈȒȆ ȏȐȝȓȎȔ ȕȎȈȓȆȓǽ ȄȏȄȈȃǽ ȄȏǼȓȔȖȄ ȓȆȌ ȔȗȆȊțȓȄȐȆ ȁȀȇȋȎȊȎȂǾȀ ȒȓȎ 

ȓȋǽȋȀ 120 ȀȓțȋȘȌ). 

¶ ǤȈȏȊȘȋȀȓȎȜȖȎȑ ǣȄȘȊțȂȎȑ ȓȎȔ ǡ.ǰ.Ǩ., ȓȎ 1980. 

¶ ǰȀȐȀȉȎȊȎȜȇȆȒȆ ȓȎȔ ȓȄȊȄȔȓȀǾȎȔ ǼȓȎȔȑ ȓȎȔ B.Sc. Eng. ȓȎȔ ȓȋǽȋȀȓȎȑ ǰȎȊȈȓȈȉȝȌ ǬȆȖȀȌȈȉȝȌ 

ȓȎȔ ǰȀȌȄȏ/ȋǾȎȔ Newcastle Upon Tyne, ǡȂȂȊǾȀ, ȓȎ 1982. 

¶ ǤȈȏȊȘȋȀȓȎȜȖȎȑ Master (M.Sc. Eng.) ȓȎȔ ǰȀȌȄȏ/ȋǾȎȔ Newcastle Upon Tyne, ǡȂȂȊǾȀ, ȒȓȎȌ 

ȓȎȋǼȀ ǣȄȘȓȄȖȌȈȉǽȑ ǬȆȖȀȌȈȉǽȑ ȓȎȔ ȓȋǽȋȀȓȎȑ ǰȎȊȈȓȈȉȝȌ ǬȆȖȀȌȈȉȝȌ, ȓȎ 1983. ǥȍȄȈȃǾȉȄȔȒȆ: 

ǬȆȖȀȌȈȉǽ ȇȄȋȄȊȈȝȒȄȘȌ, ǥȃȀȕȎȋȆȖȀȌȈȉǽ, ǢȐȀȖȎȋȆȖȀȌȈȉǽ, ǬȆȖȀȌȈȉǽ ǣȄȘȊȎȂǾȀ, 

ǴȃȐȎȂȄȘȊȎȂǾȀ, ǥȐȂȀȒȓȆȐȈȀȉǼȑ ȃȎȉȈȋǼȑ-ǼȐȄȔȌȄȑ ȄȃȀȕȝȌ ȉȀȈ ȏȄȓȐȘȋǻȓȘȌ. 

¶ ǤȈȃǻȉȓȘȐ ȓȎȔ ǥȇȌȈȉȎȜ ǬȄȓȒțȁȈȎȔ ǰȎȊȔȓȄȖȌȄǾȎȔ (Ph.D. ǥ.Ǭ.ǰ.), ȒȓȆȌ ǣȄȘȓȄȖȌȈȉǽ ǬȆȖȀȌȈȉǽ ȓȎ 

1988, ȋȄ ȁȀȇȋț: ǯȋțȕȘȌȀ ǘȐȈȒȓȀ. 

¶ ǬȄȓȀȃȈȃȀȉȓȎȐȈȉțȑ ȄȐȄȔȌȆȓǽȑ ȒȄ ȇǼȋȀ Carbon Critical Geotechnics ȒȓȎ ǰȀȌȄȏȈȒȓǽȋȈȎ 

Newcastle, ǡȂȂȊǾȀ, 2012. (ǰȀȐȎȔȒǾȀȒȆ ǥȉȏȀȈȃȄȔȓȈȉǽȑ ǬȄȓȀȃȈȃȀȉȓȎȐȈȉǽȑ ǚȐȄȔȌȀȑ). 

ǤȈȃǻȒȉȄȈ ȓȀ ȏȀȐȀȉǻȓȘ ȋȀȇǽȋȀȓȀ ȒȓȎ ȏȐȎȏȓȔȖȈȀȉț ȏȐțȂȐȀȋȋȀ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ: 

¶ Ǭǯǰ302 ǳȄȖȌȈȉǽ ǬȆȖȀȌȈȉǽ-ǡȌȓȎȖǽ ǴȊȈȉȝȌ 

¶ Ǭǯǰ401 ǣȄȘȓȄȖȌȈȉǽ ǬȆȖȀȌȈȉǽ ð ǥȃȀȕȎȋȆȖȀȌȈȉǽ 

¶ Ǭǯǰ701 ǬȆȖȀȌȈȉǽ ǰȄȓȐȘȋǻȓȘȌ - ǳȄȖȌȈȉǽ ǣȄȘȊȎȂǾȀ 

¶ Ǭǯǰ811 ǡȌȓȈȒȓǽȐȈȍȆ & ǴȏȎȒȓǽȐȈȍȆ ǥȏȈȕȀȌȄȈȀȉȝȌ & ǴȏțȂȄȈȘȌ ǚȐȂȘȌ 

¶ Ǭǯǰ911 ǰȐȎȖȘȐȆȋǼȌȆ ǣȄȘȋȆȖȀȌȈȉǽ & ǲǽȐȀȂȂȄȑ 

¶ Ǭǯǰ913 ǵȐǻȂȋȀȓȀ ǳȀȋȈȄȔȓǽȐȘȌ & ǡȏȎȁȊǽȓȘȌ ǥȋȏȊȎȔȓȈȒȋȎȜ 

 

5. ǤȐ. ǳȐȈȀȌȓȀȕȜȊȊȎȔ ǡȇȀȌǻȒȈȎȑ 

ǯ ǤȐ. ǳȐȈȀȌȓȀȕȜȊȊȎȔ ǡȇȀȌǻȒȈȎȑ ȀȏǼȉȓȆȒȄ ȏȓȔȖǾȎ ȓȎȔ ǵȔȒȈȉȎȜ ǳȋǽȋȀȓȎȑ, ȓȆȑ 

ǵȔȒȈȉȎȋȀȇȆȋȀȓȈȉǽȑ ǲȖȎȊǽȑ, ȓȎȔ ǡǰǨ ȓȎ 1976. ǲȓȆ ȒȔȌǼȖȄȈȀ, ȓȎ 1977 ȀȏǼȉȓȆȒȄ ȏȓȔȖǾȎ ǲȖȎȊǽȑ 

ǰȐȎȒȘȏȈȉȎȜ ǯǳǥ ǡ.ǥ. ǳȎ 1980 ȀȏǼȉȓȆȒȄ ȋȄȓȀȏȓȔȖȈȀȉț ȃǾȏȊȘȋȀ ǧȊȄȉȓȐȎȌȈȉȝȌ ǲȏȎȔȃȝȌ 

(ǱȀȃȈȎȆȊȄȉȓȐȎȊȎȂǾȀȑ), ȓȆȑ ǵȔȒȈȉȎȋȀȇȆȋȀȓȈȉǽȑ ǲȖȎȊǽȑ, ȓȎȔ ǡǰǨ. ǳȎ 1994 ȀȏǼȉȓȆȒȄ ǤȈȃȀȉȓȎȐȈȉț 

ǤǾȏȊȘȋȀ Ȁȏț ȓȎ ǳȋǽȋȀ ǵȔȒȈȉǽȑ ȒȓȎ ǥȇȌȈȉț ȉȀȈ ǪȀȏȎȃȈȒȓȐȈȀȉț ǰȀȌȄȏȈȒȓǽȋȈȎ ǡȇȆȌȝȌ. ǳȎ 2015 

ȏȀȐȀȉȎȊȎȜȇȆȒȄ ȒȓȀ ȏȊȀǾȒȈȀ ȄȉȏȀȈȃȄȔȓȈȉǽȑ ǻȃȄȈȀȑ, ȓȎ ȏȐțȂȐȀȋȋȀ Exposure, Epidemiology & Risk 

Program, Environmental Chemis try Laboratory at Harvard School of Public Health, Boston USA.  

ǳȀ ȄȐȄȔȌȆȓȈȉǻ ȄȌȃȈȀȕǼȐȎȌȓȀ ȓȎȔ ǤȐ. ǳȐȈȀȌȓȀȕȜȊȊȎȔ ǡȇȀȌǻȒȈȎȔ ȏȄȐȈȊȀȋȁǻȌȎȔȌ: 

¶ ǡȓȋȎȒȕȀȈȐȈȉț ȎȐȈȀȉț ȒȓȐȝȋȀ 

¶ ǡȓȋȎȒȕȀȈȐȈȉǽ ȃȈȀȒȏȎȐǻ 

¶ ǬȄȓȐǽȒȄȈȑ ȏȎȈțȓȆȓȀȑ ȀǼȐȀ 

¶ ǪȀȓȀȋȄȐȈȒȋțȑ ȏȆȂȝȌ, ȏȆȂǼȑ ȃȈȀȕȄȜȂȎȔȒȀȑ ȒȉțȌȆȑ 

¶ ǲȔȒȓǽȋȀȓȀ ȔȏȎȒȓǽȐȈȍȆȑ ȀȏȎȕǻȒȄȘȌ ȂȈȀ ȓȆ ǤȈȀȖȄǾȐȈȒȆ ȓȆȑ ǰȎȈțȓȆȓȀȑ ȓȎȔ ǡǼȐȀ 

ǤȈȃǻȒȉȄȈ ȓȀ ȏȀȐȀȉǻȓȘ ȋȀȇǽȋȀȓȀ ȒȓȎ ȏȐȎȏȓȔȖȈȀȉț ȏȐțȂȐȀȋȋȀ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ: 

¶ Ǭǯǰ 104: ǵȔȒȈȉǽ ǩ 

¶ Ǭǯǰ 202: ǵȔȒȈȉȆ ǩǩ 

¶ Ǭǯǰ 604: ǡȓȋȎȒȕȀȈȐȈȉǽ ǱȜȏȀȌȒȆ ð ǪȊȈȋȀȓȈȉǼȑ ǬȄȓȀȁȎȊǼȑ 

¶ Ǭǯǰ 932: ǳȄȖȌȎȊȎȂǾȄȑ ǤȈȀȖȄǾȐȈȒȆȑ ǡǼȐȈȘȌ ǡȏȎȁȊǽȓȘȌ ð ǬȎȌȓǼȊȀ ǤȈȀȒȏȎȐǻȑ 

 

ǡȌȀȏȊȆȐȘȓǼȑ ǪȀȇȆȂȆȓǼȑ 

6. ǤȐ. ǡȒȁȄȒȓǻ ǡȐȂȔȐȝ 

ǧ ǤȐ. ǡȒȁȄȒȓǻ ǡȐȂȔȐȝ ȀȏǼȉȓȆȒȄ ȓȎ 1986 ȏȓȔȖǾȎ ȉȀȈ ȓȎ 1992 ȃȈȃȀȉȓȎȐȈȉț ȃǾȏȊȘȋȀ (ǳȎȋǼȀȑ 

ǯȐȔȉȓȎȊȎȂǾȀȑ ð ǰȄȓȐȎȊȎȂǾȀȑ ð ǪȎȈȓȀȒȋȀȓȎȊȎȂǾȀȑ) Ȁȏț ȓȎ ǳȋǽȋȀ ǣȄȘȊȎȂǾȀȑ, ȓȆȑ 

ǵȔȒȈȉȎȋȀȇȆȋȀȓȈȉǽȑ ǲȖȎȊǽȑ, ȓȎȔ ǡǰǨ.  



ǯȃȆȂțȑ ǲȏȎȔȃȝȌ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ 

ǳȋǽȋȀ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ ð ǰȎȊȔȓȄȖȌȈȉǽ ǲȖȎȊǽ ð ǰȀȌȄȏȈȒȓǽȋȈȎ ǤȔȓȈȉǽȑ ǬȀȉȄȃȎȌǾȀȑ 
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ǳȀ ȄȐȄȔȌȆȓȈȉǻ ȄȌȃȈȀȕǼȐȎȌȓȀ ȓȆȑ ǤȐ. ǡȒȁȄȒȓǻ ȏȄȐȈȊȀȋȁǻȌȎȔȌ: 

¶ ǰȄȓȐȎȊȎȂǾȀ ð ǯȐȔȉȓȎȊȎȂǾȀ ð ǣȄȘȖȆȋȄǾȀ ð ǪȎȈȓȀȒȋȀȓȎȊȎȂǾȀ 

¶ ǣȄȘȊȎȂȈȉǽ ǶȀȐȓȎȂȐǻȕȆȒȆ ð ǥȌȓȎȏȈȒȋțȑ ȉȎȈȓȀȒȋǻȓȘȌ 

¶ ǰȀȊȀȈȎȏȄȐȈȁǻȊȊȎȌȓȀ ð ǰȄȓȐȎȂǼȌȄȒȆ 

¶ ǯȐȔȉȓȎȊȎȂǾȀ ȉȀȈ ȂȄȘȖȆȋȄǾȀ ȈȏȓǻȋȄȌȆȑ ȓǼȕȐȀȑ 

ǤȈȃǻȒȉȄȈ ȓȀ ȏȀȐȀȉǻȓȘ ȋȀȇǽȋȀȓȀ ȒȓȎ ȏȐȎȏȓȔȖȈȀȉț ȏȐțȂȐȀȋȋȀ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ: 

¶ Ǭǯǰ 305: ǰȄȓȐȎȊȎȂǾȀ 

¶ Ǭǯǰ 402: ǪȎȈȓȀȒȋȀȓȎȊȎȂǾȀ (ȄȐȂȀȒȓǽȐȈȎ) 

¶ Ǭǯǰ 403: ǥȐȋȆȌȄǾȀ ȉȀȈ ǡȌǻȊȔȒȆ ǣȄȘȊȎȂȈȉȝȌ ǶȀȐȓȝȌ 

¶ Ǭǯǰ 506: ǥȕȀȐȋȎȒȋǼȌȆ ǣȄȘȕȔȒȈȉǽ 

¶ Ǭǯǰ 824: ǲȄȈȒȋȈȉǼȑ ǬǼȇȎȃȎȈ ǥȌȓȎȏȈȒȋȎȜ ǴȃȐȎȂȎȌȀȌȇȐǻȉȘȌ 

 

7. ǤȐ. ǢȀȓǻȊȆȑ ǪȘȌȒȓȀȌȓǾȌȎȑ 

ǯ ǤȐ. ǢȀȓǻȊȆȑ ǪȘȌȒȓȀȌȓǾȌȎȑ ȀȏǼȉȓȆȒȄ ȏȓȔȖǾȎ ȓȎ 1987 Ȁȏț ȓȎ ǳȋǽȋȀ ǣȄȘȊȎȂǾȀȑ ȓȎȔ Universita 

degli studi di Palermo Italia.  ǳȎ 2004 ȀȏǼȉȓȆȒȄ ȃȈȃȀȉȓȎȐȈȉț ȃǾȏȊȘȋȀ Ȁȏț ȓȆ ǲȖȎȊǽ  ǬȆȖȀȌȈȉȝȌ 

ǬȄȓȀȊȊȄǾȘȌ ð ǬȄȓȀȊȊȎȔȐȂȝȌ ȓȎȔ ǥȇȌȈȉȎȜ ǬȄȓȒțȁȈȎȔ ǰȎȊȔȓȄȖȌȄǾȎȔ. 

ǳȀ ȄȐȄȔȌȆȓȈȉǻ ȄȌȃȈȀȕǼȐȎȌȓȀ ȓȎȔ ǤȐ. ǢȀȓǻȊȆ ȏȄȐȈȊȀȋȁǻȌȎȔȌ: 

¶ ǬȄȓȀȊȊȄȔȓȈȉǽ ȓȎȔ ȏȄȐȈȁǻȊȊȎȌȓȎȑ ȉȀȈ ȓȘȌ ȎȐȔȉȓȝȌ ȏțȐȘȌ 

¶ ǯȈȉȎȌȎȋǾȀ ȖȀȋȆȊȎȜ ǻȌȇȐȀȉȀ 

¶ ǡȒȕǻȊȄȈȀ ȉȀȈ ȔȂȄǾȀ ȋȄȓȀȊȊȄȔȓȈȉȝȌ ǼȐȂȘȌ 

¶ ǥȉȓǾȋȆȒȆ ȏȄȐȈȁȀȊȊȎȌȓȈȉȝȌ ȄȏȈȏȓȝȒȄȘȌ ǼȐȂȘȌ ȉȀȈ ȃȄǾȉȓȄȑ 

ǤȈȃǻȒȉȄȈ ȓȀ ȏȀȐȀȉǻȓȘ ȋȀȇǽȋȀȓȀ ȒȓȎ ȏȐȎȏȓȔȖȈȀȉț ȏȐțȂȐȀȋȋȀ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ: 

¶ Ǭǯǰ602 ǡȒȕǻȊȄȈȀ, ǴȂȄǾȀ ȉȀȈ ǤǾȉȀȈȎ ȒȓȀ ǬȄȓȀȊȊȄȔȓȈȉǻ ǚȐȂȀ 

¶ Ǭǯǰ603 ǪȀȈȌȎȓȎȋǾȀ ð ǥȏȈȖȄȈȐȆȋȀȓȈȉțȓȆȓȀ 

¶ Ǭǯǰ703 ǰȄȐȈȁȀȊȊȎȌȓȈȉǽ ǬȄȓȀȊȊȄȔȓȈȉǽ 

¶ Ǭǯǰ704 ǢȈȎȋȆȖȀȌȈȉǻ ǯȐȔȉȓǻ ȉȀȈ ǰȄȓȐȝȋȀȓȀ 

¶ Ǭǯǰ831ǡȏȎȉȀȓǻȒȓȀȒȆ ǰȄȐȈȁǻȊȊȎȌȓȎȑ ȒȓȈȑ ǥȉȋȄȓȀȊȊȄȜȒȄȈȑ ǯȐȔȉȓȝȌ ǰțȐȘȌ 

¶ Ǭǯǰ931 ǬȄȊǼȓȄȑ ǰȄȐȈȁȀȊȊȎȌȓȈȉȝȌ ǥȏȈȏȓȝȒȄȘȌ ȒȓȀ ǬȄȓȀȊȊȄȔȓȈȉǻ ȉȀȈ ǣȄȘȓȄȖȌȈȉǻ ǚȐȂȀ 

 

8. ǤȐ. ǪȀȏȀȂȄȐǾȃȆȑ ǩȘǻȌȌȆȑ 

ǯ ǤȐ. ǩȘǻȌȌȆȑ ǪȀȏȀȂȄȐǾȃȆȑ ȄǾȌȀȈ ǡȌȀȏȊȆȐȘȓǽȑ ǪȀȇȆȂȆȓǽȑ MȄȓȀȊȊȄȔȓȈȉǽȑ ǰȊȆȐȎȕȎȐȈȉǽȑ. ǚȊȀȁȄ 

ȓȎ ȏȓȔȖǾȎ ȓȎȔ ǬȆȖȀȌȈȉȎȜ ǯȐȔȖȄǾȘȌ Ȁȏț ȓȎ ǳȋǽȋȀ ǯȐȔȖȄǾȘȌ ȓȎȔ ǳǥǩ ǪȎȅǻȌȆȑ ȓȎ 1995. ǡȏǼȉȓȆȒȄ 

ȋȄȓȀȏȓȔȖȈȀȉț ȃǾȏȊȘȋȀ ȄȈȃǾȉȄȔȒȆȑ Master of Science in Mineral Resources Engi neering and 

Management (MSc) ȓȎ 1996, ȉȀȈ ȃȈȃȀȉȓȎȐȈȉț ȃǾȏȊȘȋȀ Doctor of Philosophy in Mineral Resources 

Engineering (PhD) ȓȎ 1999 Ȁȏț ȓȎ ȓțȓȄ Department of Mineral Resources Engineering ȉȀȈ ȒȓȆ 

ȒȔȌǼȖȄȈȀ School of  Chemical, Environmental and Mining Engineer ing ȓȎȔ University of Nottingham 

ȒȓȎ ǧȌȘȋǼȌȎ ǢȀȒǾȊȄȈȎ. ǧ ȃȈȃȀȉȓȎȐȈȉǽ ȓȎȔ ȃȈȀȓȐȈȁǽ ȄǾȖȄ ȀȌȓȈȉȄǾȋȄȌȎ ȓȆȌ ȄȕȀȐȋȎȂǽ ȓȄȖȌȆȓȝȌ 

ȌȄȔȐȘȌȈȉȝȌ ȃȈȉȓȜȘȌ ȒȓȆȌ ȄȉȓǾȋȆȒȆ ȏȄȐȈȄȉȓȈȉțȓȆȓȀȑ ȉȎȈȓȀȒȋǻȓȘȌ Ȁȏț ȄȐȄȔȌȆȓȈȉǻ ȃȄȃȎȋǼȌȀ. ǳȎ 

2003 ȎȊȎȉȊǽȐȘȒȄ ȏȐțȂȐȀȋȋȀ ȋȄȓȀȃȈȃȀȉȓȎȐȈȉǽȑ ǼȐȄȔȌȀȑ ȒȓȎȌ ȓȎȋǼȀ ȓȆȑ ǯȈȉȎȌȎȋȈȉǽȑ ǣȄȘȊȎȂǾȀȑ 

ȋȄ ȔȏȎȓȐȎȕǾȀ Ȁȏț ȓȎ ǩǪǴ ȉȀȈ ȀȌȓȈȉȄǾȋȄȌȎ ȓȆ ȃȈȄȐȄȜȌȆȒȆ ȄȏȈȏȓȝȒȄȘȌ ȃȈȀȒȓȀȓȈȉțȓȆȓȀȑ ȒȓȆȌ 

ȀȏțȃȎȒȆ ȓȄȖȌȆȓȝȌ ȌȄȔȐȘȌȈȉȝȌ ȃȈȉȓȜȘȌ ȉȀȓǻ ȓȆȌ ȄȉȓǾȋȆȒȆ ȏȄȐȈȄȉȓȈȉțȓȆȓȀȑ Ȁȏț ȄȐȄȔȌȆȓȈȉǻ 

ȃȄȃȎȋǼȌȀ. 

ǳȀ ȄȐȄȔȌȆȓȈȉǻ ȀȌȓȈȉȄǾȋȄȌȀ ȓȎȔ ǤȐ. ǪȀȏȀȂȄȐǾȃȆ ȄǾȌȀȈ ȓȀ Ȅȍǽȑ: 

¶ ǥȕȀȐȋȎȂǼȑ ȓȄȖȌȆȓȝȌ ȌȄȔȐȘȌȈȉȝȌ ȃȈȉȓȜȘȌ ȒȄ ȋȄȓȀȊȊȄȔȓȈȉǻ ȉȀȈ ȏȄȐȈȁȀȊȊȎȌȓȈȉǻ ȏȐȎȁȊǽȋȀȓȀ 

¶ ǥȕȀȐȋȎȂǼȑ ȒȔȒȓȆȋǻȓȘȌ ȏȐȀȉȓțȐȘȌ ȒȄ ȏȐȎȁȊǽȋȀȓȀ ȋȄȓȀȊȊȄȔȓȈȉȎȜ ȏȐȎȂȐȀȋȋȀȓȈȒȋȎȜ 

¶ ǥȕȀȐȋȎȂǽ ȋȄȇțȃȘȌ ȄȏȈȖȄȈȐȆȒȈȀȉǽȑ ǼȐȄȔȌȀȑ ȉȀȈ ȂȄȌȄȓȈȉȝȌ ȀȊȂȎȐǾȇȋȘȌ ȒȓȆ ȁȄȊȓȈȒȓȎȏȎǾȆȒȆ 

ȏȐȎȂȐȀȋȋǻȓȘȌ ȄȉȋȄȓǻȊȊȄȔȒȆȑ 
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¶ ǡȊȂțȐȈȇȋȎȈ ȁȄȊȓȈȒȓȎȏȎǾȆȒȆȑ ȂȄȘȋȄȓȐǾȀȑ ȄȉȋȄȓǻȊȊȄȔȒȆȑ 

ǤȈȃǻȒȉȄȈ ȓȀ ȏȀȐȀȉǻȓȘ ȋȀȇǽȋȀȓȀ ȒȓȎ ȏȐȎȏȓȔȖȈȀȉț ȏȐțȂȐȀȋȋȀ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ: 

¶ Ǭǯǰ102 ǥȈȒȀȂȘȂǽ ȒȓȎȌ ǰȐȎȂȐȀȋȋȀȓȈȒȋț 

¶ Ǭǯǰ205 ǥȏȈȒȓȆȋȎȌȈȉțȑ ǰȐȎȂȐȀȋȋȀȓȈȒȋțȑ 

¶ Ǭǯǰ507 ǥȕȀȐȋȎȒȋǼȌȆ ǣȄȘȒȓȀȓȈȒȓȈȉǽ 

¶ Ǭǯǰ705 ǳȆȊȄȏȈȒȉțȏȆȒȆ ð ǣȄȘȂȐȀȕȈȉǻ ǲȔȒȓǽȋȀȓȀ ǰȊȆȐȎȕȎȐȈȝȌ 

¶ Ǭǯǰ815 ǬȄȓȀȊȊȄȔȓȈȉțȑ ǲȖȄȃȈȀȒȋțȑ 

¶ Ǭǯǰ991 ǰȊȆȐȎȕȎȐȈȀȉǻ ǲȔȒȓǽȋȀȓȀ ǤȈȀȖȄǾȐȈȒȆȑ ǬȄȓȀȊȊȄȔȓȈȉȝȌ ǚȐȂȘȌ 

 

ǫǼȉȓȎȐȄȑ 

 

9. ǣȉȎȜȌȓȀȑ ǩȘǻȌȌȆȑ 

ǯ ȉ. ǣȉȎȜȌȓȀȑ ǩȘǻȌȌȆȑ ȄǾȌȀȈ ȃȈȏȊȘÕȀȓȎȜȖȎȑ ȓȎȔ ȓÕǽÕȀȓȎȑ ǰȎȊȈȓȈȉȝȌ ǬȆȖȀȌȈȉȝȌ ȓȆȑ ǰȎȊȔȓȄȖȌȈȉǽȑ 

ǲȖȎȊǽȑ ȓȎȔ ǡȐȈȒȓȎȓȄȊȄǾȎȔ ǰȀȌȄȏȈȒȓȆÕǾȎȔ ǨȄȒȒȀȊȎȌǾȉȆȑ (1993). ǡȏǼȉȓȆȒȄ ȓȎ 1996 ȋȄȓȀȏȓȔȖȈȀȉț 

ȓǾȓȊȎ ȒȏȎȔȃȝȌ Master of Philosophy (M.Phil.) ȒȓȎ ǰȀȌȄȏȈȒȓǽȋȈȎ ȓȎȔ Newcastle ȓȆȑ ǬȄȂǻȊȆȑ 

ǢȐȄȓȀȌǾȀȑ (University of Newcastle upon Tyne, Department of Civil Engineering).  ǚȖȄȈ ȏȎȊȔȄȓǽ 

ȄȋȏȄȈȐǾȀ ȒȄ ǼȐȂȀ ȉȀȈ ȋȄȊǼȓȄȑ ȎȃȎȏȎȈǾȀȑ. 

ǤȈȃǻȒȉȄȈ ȓȀ ȏȀȐȀȉǻȓȘ ȋȀȇǽȋȀȓȀ ȒȓȎ ȏȐȎȏȓȔȖȈȀȉț ȏȐțȂȐȀȋȋȀ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ: 

¶ Ǭǯǰ105 ǳȄȖȌȈȉț ǲȖǼȃȈȎ 

¶ Ǭǯǰ204 ǳȄȖȌȈȉǽ ǬȆȖȀȌȈȉǽ-ǲȓȀȓȈȉǽ 

¶ Ǭǯǰ404 ǣȄȘȃȀȈȒǾȀ 

¶ Ǭǯǰ406 ǥȕȀȐȋȎȒȋǼȌȆ ǴȃȐȀȔȊȈȉǽ 

¶ Ǭǯǰ894 ǯȃȎȏȎȈǾȀ 

¶ Ǭǯǰ934 ǪȀȓȀȒȓȐȎȕȈȉǻ ǵȀȈȌțȋȄȌȀ 

¶ Ǭǯǰ992 ǲȉȔȐțȃȄȋȀ ð ǤȎȋȈȉǼȑ ǪȀȓȀȒȉȄȔǼȑ 

 

ǥȈȃȈȉț ǤȈȃȀȉȓȈȉț, ǳȄȖȌȈȉț ȉȀȈ ǥȐȂȀȒȓȆȐȈȀȉț ǰȐȎȒȘȏȈȉț 

ǳȎ ǳȋǽȋȀ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ ȃȈȀȇǼȓȄȈ ǼȌȀ ȋǼȊȎȑ ǥȈȃȈȉȎȜ ǤȈȃȀȉȓȈȉȎȜ ǰȐȎȒȘȏȈȉȎȜ (ǥǤǩǰ) 

ȉȀȈ ȃȜȎ ȋǼȊȆ ǥȈȃȈȉȎȜ ǳȄȖȌȈȉȎȜ ȉȀȈ ǥȐȂȀȒȓȆȐȈȀȉȎȜ ǰȐȎȒȘȏȈȉȎȜ (ǥǳǥǰ) ȓȀ ȎȏȎǾȀ 

ȃȐȀȒȓȆȐȈȎȏȎȈȎȜȌȓȀȈ ȉȀȈ ȔȏȎȒȓȆȐǾȅȎȔȌ ȓȀ ȄȐȂȀȒȓǽȐȈȀ ȓȎȔ ȓȋǽȋȀȓȎȑ, ȒȔȋȋȄȓǼȖȎȔȌ ȒȓȆ ȃȈȃȀȒȉȀȊǾȀ 

ȓȎȔ ȄȐȂȀȒȓȆȐȈȀȉȎȜ ȒȉǼȊȎȔȑ ȓȘȌ ȋȀȇȆȋǻȓȘȌ ȉȀȈ ȒȔȋȋȄȓǼȖȎȔȌ ȄȌȄȐȂǻ ȒȓȈȑ ȄȐȄȔȌȆȓȈȉǼȑ 

ȃȐȀȒȓȆȐȈțȓȆȓȄȑ. ǳȎ ǥȈȃȈȉț ǳȄȖȌȈȉț ȉȀȈ ǥȐȂȀȒȓȆȐȈȀȉț ǰȐȎȒȘȏȈȉț ȓȎȔ ǳȋǽȋȀȓȎȑ ȀȏȎȓȄȊȄǾȓȀȈ Ȁȏț 

ȓȎȔȑ: 

ǥǤǩǰ 

1. ǤȈȀȋȀȌȓțȏȎȔȊȎȑ ǶȐǽȒȓȎȑ 

ǯ ȉ. ǤȈȀȋȀȌȓțȏȎȔȊȎȑ ǶȐǽȒȓȎȑ ȀȏǼȉȓȆȒȄ ȏȓȔȖǾȎ ǬȆȖȀȌȈȉȎȜ ǯȐȔȖȄǾȘȌ Ȁȏț ȓȆ ǲȖȎȊǽ ǳȄȖȌȎȊȎȂȈȉȝȌ 

ǥȕȀȐȋȎȂȝȌ ȓȎȔ ǳǥǩ ǪȎȅǻȌȆȑ ȓȎ 1998. ǳȎ 2002 ȀȏǼȉȓȆȒȄ ȉȀȈ ȓȎȌ ȓǾȓȊȎ ȓȎȔ ǬȆȖȀȌȈȉȎȜ 

ǣȄȘȓȄȖȌȎȊȎȂǾȀȑ ȉȀȈ ǰȄȐȈȁǻȊȊȎȌȓȎȑ Ȁȏț ȓȎ ǳǥǩ ǤȔȓȈȉǽȑ ǬȀȉȄȃȎȌǾȀȑ. ǲȓȆ ȒȔȌǼȖȄȈȀ ȀȏǼȉȓȆȒȄ 

ȋȄȓȀȏȓȔȖȈȀȉț ȓǾȓȊȎ ȒȏȎȔȃȝȌ ȒȓȈȑ ǭǼȄȑ ǳȄȖȌȎȊȎȂǾȄȑ ǰȄȐȈȁǻȊȊȎȌȓȎȑ Ȁȏț ȓȎ ǰȀȌȄȏȈȒȓǽȋȈȎ 

ǩȘȀȌȌǾȌȘȌ. ǴȏȎȒȓȆȐǾȅȄȈ ȉȀȈ ȒȔȋȋȄȓǼȖȄȈ ȒȓȈȑ ȄȐȄȔȌȆȓȈȉǼȑ ȃȐȀȒȓȆȐȈțȓȆȓȄȑ ȓȘȌ ǥȐȂȀȒȓȆȐǾȘȌ 

ǡȓȋȎȒȕȀȈȐȈȉǽȑ ǱȜȏȀȌȒȆȑ ȉȀȈ ǰȄȐȈȁȀȊȊȎȌȓȈȉǽ ǵȔȒȈȉǽȑ,  ȉȀȈ ǰȐȎȆȂȋǼȌȘȌ ǴȊȈȉȝȌ & ǧȊȄȉȓȐȎȖȆȋȈȉǽȑ 

ǳȄȖȌȎȊȎȂǾȀȑ. 



ǯȃȆȂțȑ ǲȏȎȔȃȝȌ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ 

ǳȋǽȋȀ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ ð ǰȎȊȔȓȄȖȌȈȉǽ ǲȖȎȊǽ ð ǰȀȌȄȏȈȒȓǽȋȈȎ ǤȔȓȈȉǽȑ ǬȀȉȄȃȎȌǾȀȑ 
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ǥǳǥǰ 

2. ǪțȈȎȑ ǪȜȐȎȑ 

ǯ ȉ. ǪțȈȎȑ ǪȜȐȎȑ ȀȏǼȉȓȆȒȄ ȏȓȔȖǾȎ ǬȆȖȀȌȈȉȎȜ ǯȐȔȖȄǾȘȌ Ȁȏț ȓȆ ǲȖȎȊǽ ǳȄȖȌȎȊȎȂȈȉȝȌ ǥȕȀȐȋȎȂȝȌ 

ȓȎȔ ǳǥǩ ǪȎȅǻȌȆȑ ȓȎ 1993. ǡȏǼȉȓȆȒȄ ȏȓȔȖǾȎ ǰȀȈȃȀȂȘȂȈȉǽȑ ǪȀȓǻȐȓȈȒȆȑ Ȁȏț ȓȆȌ ǡȌȝȓȀȓȆ ǲȖȎȊǽ 

ǰȀȈȃȀȂȘȂȈȉǽȑ ȉȀȈ ǳȄȖȌȎȊȎȂȈȉǽȑ ǥȉȏȀǾȃȄȔȒȆȑ (ǡǲǰǡǩǳǥ) ȓȎ 2018. ǴȏȎȒȓȆȐǾȅȄȈ ȉȀȈ ȒȔȋȋȄȓǼȖȄȈ ȒȓȈȑ 

ȄȐȄȔȌȆȓȈȉǼȑ ȃȐȀȒȓȆȐȈțȓȆȓȄȑ ȓȘȌ ǥȐȂȀȒȓȆȐǾȘȌ ǬȄȓȀȊȊȄȔȓȈȉǽȑ ǰȊȆȐȎȕȎȐȈȉǽȑ ȉȀȈ ǥȕȀȐȋȎȂȝȌ 

ǣȄȘȂȐȀȕȈȉȝȌ ǲȔȒȓȆȋǻȓȘȌ ǰȊȆȐȎȕȎȐȈȝȌ ȉȀȇȝȑ, ǡȌȀȊȔȓȈȉǽȑ ǣȄȘȖȆȋȄǾȀȑ, ǥȕȀȐȋȎȒȋǼȌȆȑ 

ǣȄȘȕȔȒȈȉǽȑ ȉȀȈ ǬȈȉȐȎȒȉȎȏǾȀȑ ǯȐȔȉȓȝȌ ȉȀȈ ǰȄȓȐȘȋǻȓȘȌ. 

 

3. ǳǾȂȂȎȑ ǡȌȓȝȌȈȎȑ 

ǯ ȉ. ǳǾȂȂȎȑ ǡȌȓȝȌȈȎȑ ȀȏǼȉȓȆȒȄ ȏȓȔȖǾȎ ǬȆȖȀȌȎȊȎȂǾȀȑ Ȁȏț ȓȆ ǲȖȎȊǽ ǳȄȖȌȎȊȎȂȈȉȝȌ ǥȕȀȐȋȎȂȝȌ ȓȎȔ 

ǳǥǩ ǪȀȁǻȊȀȑ ȓȎ 1990. ǴȏȎȒȓȆȐǾȅȄȈ ȉȀȈ ȒȔȋȋȄȓǼȖȄȈ ȒȓȈȑ ȄȐȄȔȌȆȓȈȉǼȑ ȃȐȀȒȓȆȐȈțȓȆȓȄȑ ȓȘȌ ǥȐȂȀȒȓȆȐǾȘȌ 

ǣȄȘȋȆȖȀȌȈȉǽȑ & ǣȄȘȒȓȀȓȈȉǽȑ ǬȆȖȀȌȈȉǽȑ, ȉȀȈ ǰȄȐȈȁȀȊȊȎȌȓȈȉǽȑ ǬȄȓȀȊȊȄȔȓȈȉǽȑ ȉȀȈ ǡȏȎȉȀȓǻȒȓȀȒȆȑ 

ǤȈȀȓȀȐȀȂȋǼȌȘȌ ǥȃȀȕȝȌ. 

 

ǤȈȎȈȉȆȓȈȉț ǰȐȎȒȘȏȈȉț ð ǣȐȀȋȋȀȓȄǾȀ 

ǧ ȂȐȀȋȋȀȓȄǾȀ ȓȎȔ ǳȋǽȋȀȓȎȑ ȃȈȀȇǼȓȄȈ ǼȋȏȄȈȐȎ ȏȐȎȒȘȏȈȉț ȓȎ ȎȏȎǾȎ ȔȏȎȒȓȆȐǾȅȄȈ ȓȆ ȊȄȈȓȎȔȐȂǾȀ ȓȎȔ 

ȉȀȈ ȏȀȐǼȖȄȈ ȓȈȑ ȏȐȎȁȊȄȏțȋȄȌȄȑ ȔȏȆȐȄȒǾȄȑ ȒȓȎ ȃȈȃȀȉȓȈȉț ȉȀȈ ȄȐȂȀȒȓȆȐȈȀȉț ȏȐȎȒȘȏȈȉț ȉȀȈ ȓȎȔȑ 

ȒȏȎȔȃȀȒȓǼȑ. ǧ ȂȐȀȋȋȀȓȄǾȀ ȀȏȎȓȄȊȄǾȓȀȈ Ȁȏț ȓȆȌ ȉȀ. ǳȄȐȊǼȉȆ ǨȄȎȃȝȐȀ (ȏȐȎșȒȓȀȋǼȌȆ) ȉȀȈ ȓȆȌ ȉȀ. 

ǬȏȈȒȎȜȉȆ ǢȀȒȈȊȈȉǽ. 
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ǴȏȎȃȎȋǼȑ 

ǡǾȇȎȔȒȄȑ ǤȈȃȀȒȉȀȊǾȀȑ 

ǧ ȃȈȃȀȒȉȀȊǾȀ ȓȎȔ ȇȄȘȐȆȓȈȉȎȜ ȋǼȐȎȔȑ ȓȘȌ ȋȀȇȆȋǻȓȘȌ ȓȎȔ ȏȐȎȂȐǻȋȋȀȓȎȑ ȒȏȎȔȃȝȌ ȂǾȌȄȓȀȈ ȒȄ 

ȓǼȒȒȄȐȈȑ ȒȜȂȖȐȎȌȄȑ, ȏȊǽȐȘȑ ȄȍȎȏȊȈȒȋǼȌȄȑ ȋȄ ȎȏȓȈȉȎȀȉȎȔȒȓȈȉǻ ȋǼȒȀ ȀǾȇȎȔȒȄȑ ȒȓȎ ȒȔȂȉȐțȓȆȋȀ 

ȓȎȔ ǰȀȌȄȏȈȒȓȆȋǾȎȔ ǤȔȓȈȉǽȑ ǬȀȉȄȃȎȌǾȀȑ ȒȓȀ ǪȎǾȊȀ ǪȎȅǻȌȆȑ. ǧ ȃȈȃȀȒȉȀȊǾȀ ȓȎȔ ȄȐȂȀȒȓȆȐȈȀȉȎȜ 

ȋǼȐȎȔȑ ȓȘȌ ȋȀȇȆȋǻȓȘȌ ȂǾȌȄȓȀȈ ȒȄ ȄȈȃȈȉǻ ȃȈȀȋȎȐȕȘȋǼȌȄȑ ȉȀȈ ȄȍȎȏȊȈȒȋǼȌȄȑ ȄȐȂȀȒȓȆȐȈȀȉǼȑ 

ȀǾȇȎȔȒȄȑ ȉȀȈ ȖȝȐȎȔȑ, țȏȎȔ ȏȐȀȂȋȀȓȎȏȎȈȄǾȓȀȈ ȉȀȈ ȄȐȄȔȌȆȓȈȉț ǼȐȂȎ ȒȓȀ ȏȊȀǾȒȈȀ ȓȘȌ ȂȌȘȒȓȈȉȝȌ 

ȀȌȓȈȉȄȈȋǼȌȘȌ ȓȎȔ ǳȋǽȋȀȓȎȑ. 

 

 

 

ǥȐȂȀȒȓǽȐȈȀ 

ǲȓȀ ȏȊȀǾȒȈȀ ȓȘȌ ȃȈȃȀȉȓȈȉȝȌ ȉȀȈ ȄȐȄȔȌȆȓȈȉȝȌ ȃȐȀȒȓȆȐȈȎȓǽȓȘȌ ȉȀȈ ȀȌȀȂȉȝȌ ȓȎȔ ǳȋǽȋȀȓȎȑ, 

ȊȄȈȓȎȔȐȂȎȜȌ ȓȀ ȏȀȐȀȉǻȓȘ ȄȐȂȀȒȓǽȐȈȀ ȋȄ ȏȊȎȜȒȈȎ ȄȍȎȏȊȈȒȋț ȉȀȈ ȒȆȋȀȌȓȈȉț ȄȐȄȔȌȆȓȈȉț ǼȐȂȎ: 

¶ ǡȌȀȊȔȓȈȉǽȑ ǣȄȘȖȆȋȄǾȀȑ 

¶ ǡȓȋȎȒȕȀȈȐȈȉǽȑ ǱȜȏȀȌȒȆȑ ȉȀȈ ǰȄȐȈȁȀȊȊȎȌȓȈȉǽȑ ǵȔȒȈȉǽȑ 

¶ ǣȄȘȋȆȖȀȌȈȉǽȑ ȉȀȈ ǣȄȘȒȓȀȓȈȉǽȑ ǬȆȖȀȌȈȉǽȑ 

¶ ǥȕȀȐȋȎȒȋǼȌȆȑ ǣȄȘȕȔȒȈȉǽȑ 

¶ ǬȄȓȀȊȊȄȔȓȈȉǽȑ ǰȊȆȐȎȕȎȐȈȉǽȑ ȉȀȈ ǥȕȀȐȋȎȂȝȌ ǣȄȘȂȐȀȕȈȉȝȌ ǲȔȒȓȆȋǻȓȘȌ ǰȊȆȐȎȕȎȐȈȝȌ 

¶ ǬȈȉȐȎȒȉȎȏǾȀȑ ǯȐȔȉȓȝȌ ȉȀȈ ǰȄȓȐȘȋǻȓȘȌ 

¶ ǰȄȐȈȁȀȊȊȎȌȓȈȉǽȑ ǬȄȓȀȊȊȄȔȓȈȉǽȑ ȉȀȈ ǡȏȎȉȀȓǻȒȓȀȒȆȑ ǤȈȀȓȀȐȀȂȋǼȌȘȌ ǥȃȀȕȝȌ 

¶ ǰȐȎȆȂȋǼȌȘȌ ǴȊȈȉȝȌ ȉȀȈ ǧȊȄȉȓȐȎȖȆȋȈȉǽȑ ǳȄȖȌȎȊȎȂǾȀȑ 

 



ǯȃȆȂțȑ ǲȏȎȔȃȝȌ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ 

ǳȋǽȋȀ ǬȆȖȀȌȈȉȝȌ ǯȐȔȉȓȝȌ ǰțȐȘȌ ð ǰȎȊȔȓȄȖȌȈȉǽ ǲȖȎȊǽ ð ǰȀȌȄȏȈȒȓǽȋȈȎ ǤȔȓȈȉǽȑ ǬȀȉȄȃȎȌǾȀȑ 
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ǥȌȃȄȈȉȓȈȉǽ ǡǾȇȎȔȒȀ ǤȈȃȀȒȉȀȊǾȀȑ (4405) 

 

 

ǡǾȇȎȔȒȀ ǳȄȖȌȈȉȎȜ ǲȖȄȃǾȎȔ 
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ǥȐȂȀȒȓǽȐȈȎ ǡȌȀȊȔȓȈȉǽȑ ǣȄȘȖȆȋȄǾȀȑ 

ǴȏȄȜȇȔȌȎȑ ǪȀȇȆȂȆȓǽȑ: ǤȐ. ǶȀȐȀȊȀȋȏǾȃȆȑ ǣȄȝȐȂȈȎȑ ȉȀȈ ǤȐ. ǩȎȐȃȀȌǾȃȆȑ ǡȌȃȐǼȀȑ 

ǳȎ ȄȐȂȀȒȓǽȐȈȎ ǡȌȀȊȔȓȈȉǽȑ ǣȄȘȖȆȋȄǾȀȑ ȔȏȎȒȓȆȐǾȅȄȈ ȓȈȑ ȄȉȏȀȈȃȄȔȓȈȉǼȑ ȉȀȈ ȄȐȄȔȌȆȓȈȉǼȑ 

ȃȐȀȒȓȆȐȈțȓȆȓȄȑ ȓȎȔ ǳȋǽȋȀȓȎȑ ȒȓȈȑ ȇȄȋȀȓȈȉǼȑ ȏȄȐȈȎȖǼȑ ȓȆȑ ǥȕȀȐȋȎȒȋǼȌȆȑ ȉȀȈ ǰȄȐȈȁȀȊȊȎȌȓȈȉǽȑ 

ǣȄȘȖȆȋȄǾȀȑ, ǥȕȀȐȋȎȒȋǼȌȆȑ ǯȐȔȉȓȎȊȎȂǾȀȑ ȉȀȈ ǥȏȈȒȓǽȋȆȑ ǴȊȈȉȝȌ. ǯ ȄȍȎȏȊȈȒȋțȑ ȓȎȔ ǥȐȂȀȒȓȆȐǾȎȔ 

ȏȄȐȈȊȀȋȁǻȌȄȈ: 

¶ ǲȔȒȉȄȔǽ ȇȄȐȋȎȒȓȀȇȋȈȉǽȑ ȀȌǻȊȔȒȆȑ LECO TGA-701 ȂȈȀ ȏȐȀȂȋȀȓȎȏȎǾȆȒȆ 

ȇȄȐȋȎȒȓȀȇȋȈȉȝȌ ȀȌȀȊȜȒȄȘȌ (TGA/DTG) ȉȀȈ ȏȐȎȒȄȂȂȈȒȓȈȉǽ ȀȌǻȊȔȒȆ ȊȈȂȌȈȓȈȉȝȌ ȃȄȈȂȋǻȓȘȌ 

(ȔȂȐȀȒǾȀ, ȓǼȕȐȀ, ȏȓȆȓȈȉǻ, ȋțȌȈȋȎȑ ǻȌȇȐȀȉȀȑ), ȀȏȝȊȄȈȀȑ ȏȜȐȘȒȆȑ (Loss on Ignition) ȉȊȏ. 

¶ ǨȄȐȋȈȃțȋȄȓȐȎ LECO AC-500 ȂȈȀ ȔȏȎȊȎȂȈȒȋț ȇȄȐȋȎȂțȌȎȔ ȃȜȌȀȋȆȑ ȒȓȄȐȄȝȌ ȉȀȔȒǾȋȘȌ 

¶ ǵȎȜȐȌȎȑ ȔȗȆȊȝȌ ȇȄȐȋȎȉȐȀȒȈȝȌ (1100 ȎC) 

¶ ǲȔȒȉȄȔǽ ȏȄȐȈȇȊȀȒȈȋȄȓȐǾȀȑ ȀȉȓǾȌȘȌ Ƕ (X-Ray Diffraction, XRD) Seifert 3003 ȂȈȀ ȏȎȈȎȓȈȉǽ ȉȀȈ 

ȏȎȒȎȓȈȉǽ ȎȐȔȉȓȎȊȎȂȈȉǽ ȀȌǻȊȔȒȆ ȏȄȓȐȘȋǻȓȘȌ ǽ ȀȌǻȊȔȒȆ ȉȐȔȒȓȀȊȊȈȉȝȌ ȒȘȋǻȓȘȌ 

(ȉȐȀȋǻȓȘȌ, ȕȈȊȋ ȉȊȏ.) 

¶ ǲȔȒȉȄȔǼȑ ȉȎȏǽȑ ȏȄȓȐȘȋǻȓȘȌ ȉȀȈ ȏȀȐȀȒȉȄȔǽȑ ȊȄȏȓȝȌ ȉȀȈ ȒȓȈȊȏȌȝȌ ȓȎȋȝȌ ȂȈȀ 

ȏȀȐȀȓǽȐȆȒȆ ȒȄ ȎȏȓȈȉǻ ȏȎȊȘȓȈȉǻ ȋȈȉȐȎȒȉțȏȈȀ 

¶ ǲȓȄȐȄȎȒȉțȏȈȎ ȂȈȀ ȏȀȐȀȓǽȐȆȒȆ ȊȄȏȓȎȋȄȐȝȌ ȒȘȋȀȓȈȃǾȘȌ ȋȄ ȒȜȌȃȄȒȆ ȒȄ ǧ/Ǵ ȂȈȀ ȗȆȕȈȀȉǽ 

ȊǽȗȆ ȄȈȉțȌȘȌ 

¶ ǲȔȒȉȄȔǽ ȋȀȂȌȆȓȈȉȎȜ ȃȈȀȖȘȐȈȒȋȎȜ ȋȄȓȀȊȊȄȔȋǻȓȘȌ 

¶ ǡȌȀȊȔȓȈȉțȑ ȅȔȂțȑ ȋȄ ȀȉȐǾȁȄȈȀ ȓȄȒȒǻȐȘȌ ȃȄȉȀȃȈȉȝȌ ȗȆȕǾȘȌ  

¶ ǲȔȒȉȄȔǽ ȉȎȉȉȎȋȄȓȐȈȉȎȜ ȃȈȀȖȘȐȈȒȋȎȜ ȋȄ ȉțȒȉȈȌȀ  

¶ ǬȆȖǻȌȆȋȀ ȇȐȀȜȒȆȑ ȉȀȈ ȉȎȌȈȎȐȓȎȏȎǾȆȒȆȑ ȏȄȓȐȘȋǻȓȘȌ ǽ ǻȊȊȘȌ ȒȉȊȆȐȝȌ ȔȊȈȉȝȌ 

¶ ǬȆȖȀȌȈȉț ȂȎȔȃǾ ȂȈȀ ȓȆȌ ȉȎȌȈȎȏȎǾȆȒȆ ȔȊȈȉȝȌ  

¶ ǡȖǻȓȈȌȎ ȖȄȈȐȎȉǾȌȆȓȎ ȂȎȔȃǾ ȂȈȀ ȓȆȌ ȉȎȌȈȎȏȎǾȆȒȆ ȋȈȉȐȝȌ ȏȎȒȎȓǽȓȘȌ ȔȊȈȉȎȜ  

 

 

 

  








































































































































