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ɸʥʥʦʪʘʮʠʷ. ʋʤʝʥʴʰʝʥʠʝ ʟʘʧʘʩʦʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʩʪʠʤʫʣʠʨʫʝʪ ʧʦʚʩʝʤʝʩʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʨʝʩʘ ʢ ʧʦʣʫʯʝʥʠʶ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʣʠ ʤʘʣʦʮʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʤʝʪʘʥʦʣʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʥʘʨʷʜʫ ʩ ʧʨʦʮʝʩʩʦʤ ʌʠʰʝʨʘïʊʨʦʧʰʘ, ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʦʛʦ ʧʫʪʠ ʧʦʣʫʯʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʘʟʳʚʘʝʪ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ. ʊʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʮʝʦʣʠʪʳ ʠ 

ʮʝʦʪʠʧʳ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʙʦʣʴʰʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʥʘʢʦʧʣʝʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʧʝʨʠʦʜʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʟʤʝʥʝʥʠʷ 

ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʣʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʠʩʪʝʤ. ʎʝʣʴʶ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʞʝʣʝʟʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʮʝʦʣʠʪʦʚ ʪʠʧʘ H-ZSM-5 ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʮʝʦʣʠʪʘ 

ʞʝʣʝʟʦʤ, ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʩʫʱʝʩʪʚʣʝʥ ʩʢʨʠʥʠʥʛ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʄʦʜʠʬʠʢʘʮʠʷ ʮʝʦʣʠʪʦʚ 

ʞʝʣʝʟʦʤ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʦʙʨʘʟʮʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ ʦʪ 0,004 ʤʘʩ.% ʜʦ 0,240 ʤʘʩ.%. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʦʩʴ 

ʫʤʝʥʴʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʢʨʦʧʦʨ ʩ 280 ʤ2/ʛ ʜʦ 190 ʤ2/ʛ ʠ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ʩ 1,08 ʤʤʦʣʴ/ʛ ʜʦ 0,72 ʤʤʦʣʴ/ʛ. ʄʦʜʠʬʠʢʘʮʠʷ ʮʝʦʣʠʪʘ ʞʝʣʝʟʦʤ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 0,008 ʤʘʩ.% ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʩ 0,04 ʜʦ 0,06 ʢʛ (ɼʄʕ)/(ʢʛ(ʂʘʪ)ʯ) ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʫʤʝʥʴʰʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʜʦ 0,03 ʢʛ (ɼʄʕ)/(ʢʛ(ʂʘʪ)ʯ) ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʢ ʞʠʜʢʠʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ ʩ 30 ʜʦ 54%. ʄʦʜʠʬʠʢʘʮʠʷ ʮʝʦʣʠʪʘ ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ 
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ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʩ 0,004 ʤʘʩ.% ʜʦ 0,240 ʤʘʩ.% ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʦʧʘʥʘ, ʙʫʪʘʥʘ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʯʠʩʣʦʤ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʰʝʩʪʴ ʠ ʙʦʣʝʝ, 

ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

 

Abstract. Decrease of traditional hydrocarbon feed stock stimulates a widespread interest in 

the development hydrocarbons synthesis from renewable or low-value sources. The catalytic 

transformation of methanol into hydrocarbons, along with the FischerïTropsch process, can be 

considered as a possible way to obtain synthetic hydrocarbons. At the same time, the activity and 

stability of the catalysts have a decisive influence on the efficiency of the whole process. Zeolites 

and zeotypes of various structures traditionally used as catalysts are characterized by low rates of 

hydrocarbon accumulation and a short period of functioning, which requires a change in their 

structural characteristics or the synthesis of new systems. The aim of this work is to obtain iron-

modified H-ZSM-5 type zeolites in order to increase the rate of liquid hydrocarbons accumulation 

and increase the lifetime of the catalyst. To achieve this goal zeolite was modified with iron, 

the main physicochemical characteristics of the obtained catalysts were determined and the catalytic 

properties were screened. Modification of zeolites by iron was carried out by the ion exchange 

method, as a result samples with an iron content of 0.004 wt.% to 0.240 wt.% were synthesized. In 

this case the decrease in the micropores surface from 280 m2/g to 190 m2/g and decrease in 

the number of acid sites from 1.08 mmol/g to 0.72 mmol/g was noticed. Modification of zeolite 

with iron of concentration up to 0.008 wt. % contributed to an increase in transformation rate of 

dimethyl ether from 0.04 to 0.06 kg (DME)/(kg (Cat)h) and decreace to 0.03 kg (DME)/(kg (Cat) h) 

during further increasing of iron content, however process selectivity to liquid hydrocarbons 

increase from 30% to 54%. Modification of zeolite with iron contributes to a significant change in 

hydrocarbon composition. With an increase in the iron concentration from 0.004 wt.% to 0.017 

wt.%, the increase in the concentration of propane, butane and aliphatic hydrocarbons with the 

number of carbon atoms of six or more was noticed along with a decrease in the concentration of 

aromatic compounds. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʤʝʪʠʣʦʚʳʡ ʵʬʠʨ, ʫʛʣʝʚʦʜʦʨʦʜʳ, ʮʝʦʣʠʪʳ, H-ZSM-5. 

 

Keywords: dimethyl ether, hydrocarbons, zeolites, H-ZSM-5. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʩʪʝʧʝʥʥʦʝ ʠʩʪʦʱʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʝʬʪʴ ʠ 

ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʪʨʝʙʫʝʪ ʧʦʠʩʢʘ ʠ ʘʧʨʦʙʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʠ ʤʘʣʦʮʝʥʥʦʛʦ ʩʳʨʴʷ [1]. ʉʨʝʜʠ ʰʠʨʦʢʦʜʦʩʪʫʧʥʳʭ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʫʪʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ 

ʤʝʪʦʜʳ ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚʢʣʶʯʘʷ: ʧʠʨʦʣʠʟ, ʛʘʟʠʬʠʢʘʮʠʶ ʠ ʣʠʢʚʠʬʠʢʘʮʠʶ ʩʳʨʴʷ 

[1], ʦʜʥʘʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ ʩʧʦʩʦʙʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʙʨʘʟʫʝʪʩʷ h ʠʨʦʢʠʡ ʧʝʨʝʯʝʥʴ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʢʨʦʤʝ ʵʪʦʛʦ ʚʳʭʦʜ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝ ʚʝʣʠʢ ʠ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 10ï50% 

ʦʪ ʤʘʩʩʳ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ. ʂ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʤʝʪʦʜʘʤ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʥʝʩʪʠ ʩʠʥʪʝʟ ʌʠʰʝʨʘïʊʨʦʧʰʘ ʠ ʧʦʣʫʯʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʫʪʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʪʘʥʦʣʘ ʠʣʠ ʝʛʦ ʵʬʠʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʦʣʠʪʦʚ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ [2ï4]. 

ʄʝʪʦʜ ʌʠʰʝʨʘïʊʨʦʧʰʘ ʚʢʣʶʯʘʝʪ ʛʘʟʠʬʠʢʘʮʠʶ ʣʶʙʦʛʦ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʚ ʩʠʥʪʝʟï

ʛʘʟ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʝʛʦ ʪʨʘʥʩʦʬʦʨʤʘʮʠʝʡ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʩʦʜʝʨʞʘʱʠʭ 

ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ [1ï2]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
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ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʣʠʥʝʡʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʄʝʪʦʜ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʠʤʝʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʥʪʝʟ-ʛʘʟʘ, ʦʜʥʘʢʦ ʥʘ 

ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟïʛʘʟ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʤʝʩʴ ʤʝʪʘʥʦʣʘ ʠ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ, 

ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʩʤʝʩʴ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ, 

ʚʢʣʶʯʘʶʱʠʝ ʦʣʠʬʠʥʳ, ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ [1ï4]. ʇʨʠ ʵʪʦʤ 

ʧʦʣʫʯʘʝʤʳʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ 

ʪʦʧʣʠʚʘ, ʥʦ ʠ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʠ ʪʦʥʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʦʣʠʬʠʥʳ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʦʚ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʘ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ [3ï4]. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ ʥʘʜ ʧʨʦʮʝʩʩʦʤ ʌʠʰʝʨʘïʊʨʦʧʰʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʤ 

ʚʳʭʦʜʦʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ [5ï6]. ʆʜʥʘʢʦ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʮʝʦʣʠʪʳ [5ï9] ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʳʩʪʨʦʡ ʜʝʟʘʢʪʠʚʘʮʠʝʡ, ʚ ʨʝʟʫʣʪɹʘʪʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʦʪʣʦʞʝʥʠʡ [10], ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ 

ʫʚʝʣʠʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʣʫʯʝʥʠʝ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʮʝʦʣʠʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʭʦʜʥʦʛʦ 

ʦʙʨʘʟʮʘ H-ZSM-5 (HKC Corp Hong (ʂʠʪʘʡ), SiO2/Al2O3=25). ɼʣʷ ʯʝʛʦ ʦʙʨʘʟʝʮ ʤʘʩʩʦʡ 20 ʛ ʩʦ 

ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ ʢʨʠʩʪʘʣʣʦʚ 70 Õʤ ʢʘʣʴʮʠʥʠʨʦʚʘʣʩʷ ʧʨʠ 5500ʉ ʥʘ ʚʦʟʜʫʭʝ ʠ ʧʦʤʝʱʘʣʩʷ ʚ 

ʵʢʩʠʢʘʪʦʨ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʳʩʫʰʝʥʥʳʡ ʦʙʨʘʟʝʮ ʦʙʨʘʙʘʪʳʚʘʣʩʷ 250 ʤʣ 

ʨʘʩʪʚʦʨʘ NH4NO3 ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,1 ʤʦʣʴ/ʣ, ʩʫʰʠʣʩʷ ʧʨʠ 105 Áʉ ʠ ʢʘʣʴʮʠʥʠʨʦʚʘʣʩʷ ʧʨʠ 

550 Áʉ ʜʣʷ ʧʝʨʝʚʦʜʘ ʮʝʦʣʠʪʘ ʚ H ʬʦʨʤʫ. ʇʦʩʣʝ ʯʝʛʦ ʦʙʨʘʟʝʮ ʩʫʩʧʝʥʜʠʨʦʚʘʣʩʷ ʚ 250 ʨʘʩʪʚʦʨʝ 

ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ c ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,01, 0,1, 0,5 ʤʦʣʴ/ʣ ʥʘ ʰʝʡʢʝʨʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʮʝʦʣʠʪ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʩʷ ʠ ʦʪʤʳʚʘʣʩʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʥʘ ʬʠʣʴʪʨʝ ʠ ʚʳʩʫʰʠʚʘʣʩʷ ʧʨʠ 

105 Áʉ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʘ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ Becman coulter SA 3100 (Coulter corporation, Miami, Florida). 

ɼʣ ̫ʘʥʘʣʠʟʘ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʜʝʣʴ t-ʛʨʘʬʠʢʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚʳʧʦʣʥʝʥʦ ʥʘ ʈʝʥʪʛʝʥ ʬʣʫʦʨʝʩʮʝʥʪʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ 

ʉʧʝʢʪʨʦʩʢʘʥ ʄʘʢʩ (ʈʦʩʩʠʷ). 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ Si/Al ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʈʝʥʪʛʝʥʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʧʝʢʪʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ʕʉ 2403 ʄ-ʊ (ʉʂɹ ɸʇ ʈɸʅ). ɼʣʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ MgKa ʠʟʣʫʯʝʥʠʝ (hn = 1253,6 ʵɺ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʠʣʳ ɹʨʝʥʩʪʝʜʦʚʩʢʠʭ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ʥʘʭʦʜʷʱʠʭʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʪʝʨʤʦʧʨʦʛʨʘʤʠʨʫʝʤʘʷ 

ʜʝʩʩʦʨʙʮʠʷ ʘʤʤʠʘʢʘ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ʭʝʤʦʩʦʨʙʮʠʠ ʛʘʟʦʚ Chemosorb 4580 (Micrometrics, USA). 

ʇʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ ʧʨʦʚʦʜʠʣʦʩʴ 

ʥʘ ʫʩʪʘʥʦʚʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʈʠʩʫʥʢʝ 1.  

ɺ ʩʤʝʩʠʪʝʣʴ 6, ʥʘʛʨʝʪʳʡ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (350 Áʉ) ʠ ʟʘʧʦʣʥʝʥʥʳʡ 

ʩʪʝʢʣʷʥʥʳʤʠ ʰʘʨʠʢʘʤʠ (ʠʣʠ ʢʘʪʘʣʠʟʘʪʦʨʦʤ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʜʘʝʪʩʷ ʤʝʪʘʥʦʣ ʩ ʨʘʩʭʦʜʦʤ 0,01 ʤʣ/ʤʠʥ ʥʘʩʦʩʦʤ 7, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʘʨʦʚʦʡ ʩʤʝʩʠ.  
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ɻʘʟʦʚʘʷ ʩʤʝʩʴ ʤʝʪʘʥʦʣʘ ʠ/ʠʣʠ ʘʟʦʪʘ ʧʦʧʘʜʘʝʪ ʚ ʨʝʘʢʪʦʨ 8, ʪʘʢʞʝ ʥʘʛʨʝʪʳʡ ʜʦ 350 Áʉ, 

ʟʘʧʦʣʥʝʥʥʳʡ ʦʢʩʠʜʦʤ ʘʣʶʤʠʥʠʷ (6,4 ʛ) (ʠʣʠ ʮʝʦʣʠʪʦʤ), ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʩʠʥʪʝʟ ʜʠʤʝʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ, ʢʦʪʦʨʳʡ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʚʦʜʳ ʠ ʤʝʪʘʥʦʣʘ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ 9 ʠ ʧʦʩʪʫʧʘʝʪ ʚ ʨʝʘʢʪʦʨ 10, 

ʥʘʛʨʝʪʳʡ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (350 Áʉ), ʟʘʧʦʣʥʝʥʥʳʡ ʮʝʦʣʠʪʦʤ (6,4 ʛ). 

 

 
 

ʈʠʩʫʥʦʢ 1. ʋʩʪʘʥʦʚʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ/ʤʝʪʘʥʦʣʘ: 1 ð 

ʨʝʜʫʢʪʦʨ ʜʘʚʣʝʥʠʷ ʘʟʦʪʘ; 2 ð ʜʦʟʘʪʦʨ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʘʟʦʪʘ; 3 ð ʤʘʥʦʤʝʪʨ; 4 ð ʙʫʬʝʨʥʘʷ 

ʝʤʢʦʩʪʴ; 5 ð ʢʦʥʪʨʦʣʣʝʨ ʪʝʤʧʝʨʘʪʫʨʳ; 6 ð ʠʩʧʘʨʠʪʝʣʴ; 7 ð ʥʘʩʦʩ ʜʣʷ ʧʦʜʘʯʠ ʤʝʪʘʥʦʣʘ; 8 ð 

ʨʝʘʢʪʦʨ ʩʠʥʪʝʟʘ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ; 9 ð ʭʦʣʦʜʠʣʴʥʠʢ; 10 ð ʨʝʘʢʪʦʨ ʩʠʥʪʝʟʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ; 11 ð 

ʢʦʣʣʝʢʪʦʨ ʬʨʘʢʮʠʡ; 12 ð ʨʝʛʫʣʷʪʦʨ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ; 13 ð ʙʘʣʣʦʥ ʩ ʘʟʦʪʦʤ; 14 ðʭʨʦʤʘʪʦʛʨʘʬ. 

 

ɻʘʟʦʚʳʝ ʧʨʦʙʳ ʦʪʙʠʨʘʶʪʩʷ ʩ ʯʘʩʪʦʪʦʡ ʨʘʟ ʚ ʯʘʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʜʦʟʘʪʦʨʦʤ 

ʭʨʦʤʘʪʦʛʨʘʬʦʤ. ɾʠʜʢʠʝ ʧʨʦʙʳ ʦʪʙʠʨʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʩʩʘ, ʜʦʣʷ ʬʨʘʢʮʠʠ ʠ ʩʦʩʪʘʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʬʨʘʢʮʠʠ. ɸʥʘʣʠʟ ʞʠʜʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʤʘʩʩïʩʧʝʢʪʨʦʤʝʪʨʘ Shimadzu 

HPMS2010, ʭʨʦʤʘʪʦʛʨʘʬʦʚ ʢʨʠʩʪʘʣʣʶʢʩ 4000ʄ ʠ ʢʨʠʩʪʘʣʣ 2000ʄ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʈ 

52714-2007. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʦʣʠʪʘ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʠʬʠʢʘʮʠʠ ʞʝʣʝʟʦʤ (ʊʘʙʣʠʮʘ 1). ʊʘʢ 

ʚʚʝʜʝʥʠʝ ʞʝʣʝʟʘ ʚ ʤʘʪʨʠʮʫ ʮʝʦʣʠʪʘ H-ZSM-5 ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʧʦʨ 

ʩ 280 ʜʦ 190 ʤ2/ʛ, ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʟʦʧʦʨ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 75 ʜʦ 50 ʤ2/ʛ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʩ 0,004 ʤʘʩ.% ʜʦ 0,24 ʤʘʩ.% (ʊʘʙʣʠʮʘ). 

ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʧʦʨ (ʈʠʩʫʥʦʢ 2ʘ) ʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ 

ʥʘʥʦʯʘʩʪʠʮ ʞʝʣʝʟʘ ʚ ʤʠʢʨʦʧʦʨʘʭ ʮʝʦʣʠʪʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʭ ʙʣʦʢʠʨʦʚʢʦʡ. ʊʘʢʞʝ ʧʦ ʜʘʥʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʝʤʦʩʦʨʙʮʠʠ ʘʤʤʠʘʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʪʥʳʭ 

ʮʝʥʪʨʦʚ ʩ 1,24 ʤʤʦʣʴ/ʛ ʜʦ 0,06 ʤʤʦʣʴ/ʛ (ʊʘʙʣʠʮʘ, ʈʠʩʫʥʦʢ 2ʙ), ʩʦʦʪʥʦʰʝʥʠʝ ʢʨʝʤʥʠʡ 

ʘʣʶʤʠʥʠʡ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 95 ʜʦ 140, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʤʳʚʘʥʠʠ 

ʘʣʶʤʠʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʊʘʙʣʠʮʘ).  
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ʊʘʙʣʠʮʘ. 

ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʀ ʂɸʊɸʃʀʊʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ  

ʆɹʈɸɿʎʆɺ ʎɽʆʃʀʊɸ H-ZSM-5 ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ ɾɽʃɽɿɸ 
 

ʆʙʨʘʟʮʳ 

ʇʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʤ2/ʛ 

ʂʦʣʠʯʝʩʪʚʦ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, 

ʤʤʦʣʴ/ʛ 
ʉʢʦʨʦʩʪʴ ʪʨʘʥʩʬʦʨ-

ʤʘʮʠʠ ɼʄʕ, ʢʛ 

(ɼʄʕ)/(ʢʛ(ʂʘʪ)Ĭʯ) 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ 
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ʈʠʩʫʥʦʢ 2. ʂʨʠʚʳʝ ʘ) ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ; ʙ) ʭʝʤʦʩʦʨʙʮʠʠ ʘʤʤʠʘʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʝʣʝʟʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʮʝʦʣʠʪʦʚ. 

 

ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚ ʮʝʦʣʠʪʝ ʩ 0 ʤʘʩ.% ʜʦ 0,004 ʤʘʩ.% ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʚʝʨʩʠʠ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ ʩ 35ï38% ʜʦ 48ï

50% (ʈʠʩʫʥʦʢ 3). ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʜʦ 0,24 ʤʘʩ.% ʧʨʠʚʝʣʦ ʢ 

ʧʦʥʠʞʝʥʠʶ ʢʦʥʚʝʨʩʠʠ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʜʦ 18ï20%, ʯʪʦ ʤʦʞʝʪ ʷʚʣʷʪʩɹʷ ʨʝʟʫʣʴʪʘʪʦʤ ʢʘʢ 

ʧʦʥʠʞʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʪʘʢ ʠ ʥʝʢʦʪʦʨʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʠʭ ʜʦʩʪʫʧʥʦʩʪʠ.  

ɺ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ ʥʘ ʠʩʭʦʜʥʦʤ ʮʝʦʣʠʪʘ 

H-ZSM-5 ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʘʨʘʬʠʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 42ï43 ʤʘʩ.% ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʦʣʝʬʠʥʦʚ 

ʩʦʩʪʘʚʠʣʦ 25ï26 ʤʘʩ. %, ʘ ʜʦʣʷ ʨʘʟʣʠʯʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʣʘ 32ï33 ʤʘʩ.% 

(ʈʠʩʫʥʦʢ 4). ʇʨʠ ʵʪʦʤ ʞʠʜʢʘʷ ʦʨʛʘʥʠʯʝʩʢʘʷ ʬʘʟʘ ʩʦʩʪʦʠʪ ʠʟ 1ï7 ʤʘʩ.% ʧʘʨʘʬʠʥʦʚ, 1ï2 ʤʘʩ.% 

ʦʣʝʬʠʥʦʚ ʠ 90ï95 ʤʘʩ.% ʨʘʟʣʠʯʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʩʦʩʪʘʚ ʞʠʜʢʦʡ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʥʝ ʧʦʩʪʦʷʥʝʥ ʠ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. ʊʘʢ ʚ ʪʝʯʝʥʠʝ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʯʠʩʣʦʤ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʰʝʩʪʴ ʠ ʙʦʣʝʝ, 

ʥʘʯʘʣʴʥʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʙʦʣʝʝ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ. 
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ʂʦʣʠʯʝʩʪʚʦ ʪʨʘʥʩʬʦʨʤʘʠʨʦʚʘʥʥʦʛʦ
 ɼʄʕ, ʛ(ɼʄʕ)/ʛ(ʂʘʪ)
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ʈʠʩʫʥʦʢ 3. ʂʨʠʚʳʝ ʘ) ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ; ʙ) ʭʝʤʦʩʦʨʙʮʠʠ ʘʤʤʠʘʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʝʣʝʟʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʮʝʦʣʠʪʦʚ. 

 

ɺʚʝʜʝʥʠʝ ʞʝʣʝʟʘ ʚ ʩʪʨʫʢʪʫʨʫ ʮʝʦʣʠʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ (ʈʠʩʫʥʦʢ 4). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʩ 0,004 ʤʘʩ.% ʜʦ 

0,24 ʤʘʩ.% ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʧʘʥʘ, ʙʫʪʘʥʘ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʯʠʩʣʦʤ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʰʝʩʪʴ ʠ ʙʦʣʝʝ, ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

 
 

ʈʠʩʫʥʦʢ 4. ʉʦʩʪʘʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʠʤʝʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ. 

 

ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʷʞʝʣʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʙʨʘʟʮʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦʜʝʨʞʘʱʠʭ ʞʝʣʝʟʦ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʢʘʢ ʫʤʝʥʴʰʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ, ʪʘʢ ʠ ʬʦʨʤʘʪʠʨʦʚʘʥʠʝʤ ʩʤʝʰʝʥʥʳʭ ʤʝʪʘʣʦïʢʨʝʤʥʠʝʚʳʭ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʫʤʝʥʴʰʘʶʱʠʭ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʄʦʜʠʬʠʢʘʮʠʷ ʮʝʦʣʠʪʘ ʪʠʧʘ H-ZSM-5 ʞʝʣʝʟʦʤ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʦʣʠʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʥʝʢʦʪʦʨʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʢʠʩʣʦʪʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʧʦʨ. ʊʘʢʞʝ ʚʚʝʜʝʥʠʝ ʞʝʣʝʟʘ ʚ ʩʦʩʪʘʚ ʮʝʦʣʠʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʰʝʥʥʳʭ ʞʝʣʝʟʦ ʩʦʜʝʨʞʘʱʠʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʚʝʨʩʠʠ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʜʦ 50%, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʞʝʣʝʟʘ 

0,004 ʤʘʩ.%. ʂʨʦʤʝ ʪʦʛʦ ʜʣʷ ʚʩʝʭ ʞʝʣʝʟʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʮʝʦʣʠʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʪʷʞʝʣʳʭ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʦʚʦʨʦʜʦʚ, ʯʪʦ ʪʘʢʞʝ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʢʘʢ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʞʠʜʢʦʡ 

ʬʨʘʢʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʪʘʢ ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʦʡ ʨʘʙʦʪʳ ʩʘʤʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʌʌʀ ̄17-08-00568 ɸ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 5% Pd/Al 2O3 ʠ 5% Pd/ʉʇʉ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʛʠʜʨʦʛʝʥʦʣʠʟʝ ʣʠʛʥʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʦʥʦʨʘ ʚʦʜʦʨʦʜʘ ð ʧʨʦʧʘʥʦʣʘ-2 ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʞʠʜʢʠʭ ʪʦʧʣʠʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ Pd-ʩʦʜʝʨʞʘʱʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠʟ ʛʠʧʝʨʩʰʠʪʦʛʦ 

ʧʦʣʠʩʪʠʨʦʣʘ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʮʠʢʣʦʘʣʢʘʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʛʝʥʦʣʠʟʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʧʘʥʦʣʘ-2 ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʦʛʜʘ ʢʘʢ ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʬʝʥʦʣʦʚ. 

 

Abstract. Synthesized 5% Pd/Al2O3 and 5% Pd/ATP were used in the hydrogenolysis of 

lignin in the presence of a solvent of a hydrogen donor, propanol-2, to obtain liquid fuel 

components. It has been established that the use of Pd-containing alumina-based catalysts makes it 

possible to obtain phenolic compounds, while in the presence of catalysts based on a polymer 

matrix from hyperastained polystyrene, the main products are cycloalkanes. In addition, the study of 

the hydrogenolysis process showed that when using propanol-2 as a solvent, the formation of 

aromatic compounds is mainly observed, while in the aqueous medium a high yield of phenols is 

achieved. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʛʥʠʥ, ʛʠʜʨʦʛʝʥʦʣʠʟ, ʢʘʪʘʣʠʟʘʪʦʨ, ʙʠʦʪʦʧʣʠʚʦ. 

 

Keywords: lignin, hydrogenolysis, catalyst, biofuel. 

 

ɺʚʝʜʝʥʠʝ 

ʃʠʛʥʠʥ ʦʯʝʥʴ ʪʨʫʜʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʠʟ-ʟʘ ʝʛʦ ʩʣʦʞʥʦʡ ʧʨʠʨʦʜʳ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, 

ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʥʝʦʙʨʘʪʠʤʳʭ ʠʟʤʝʥʝʥʠʷʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʘ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʠʣʠ 

ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʠʛʥʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʠʟʢʦʩʦʨʪʥʦʛʦ 

ʢʦʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ [1]. ʆʜʥʘʢʦ ʭʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʣʠʛʥʠʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʦʥ ʤʦʞʝʪ 
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ʙʳʪʴ ʭʦʨʦʰʠʤ ʠʩʪʦʯʥʠʢʦʤ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʝʩʣʠ ʨʘʟʙʠʪʴ ʝʛʦ ʥʘ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ 

ʝʜʠʥʠʮʳ [2]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʥʦʚʘʥʦ ʥʘ ʛʠʜʨʦʛʝʥʦʣʠʟʝ ʤʦʜʝʣʴʥʳʭ ʣʠʛʥʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ; ʦʜʥʘʢʦ 

ʧʨʦʮʝʩʩ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʣʠʛʥʠʥʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʠ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʭʘʥʠʟʤʘʤʠ 

ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ 

ʣʠʛʥʠʥʘ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʝʛʦ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ (ʪ. ʝ. ʤʝʜʣʝʥʥʦʤ ʠ ʙʳʩʪʨʦʤ ʧʠʨʦʣʠʟʝ 

ʠ ʛʘʟʠʬʠʢʘʮʠʠ) [3]. ʅʘʨʷʜʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʨʶʯʠʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʙʠʦʥʝʬʪʝʡ, ʪ. ʝ. ʩʣʦʞʥʳʭ ʩʤʝʩʝʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʬʝʥʦʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʦʣʝʬʠʥʳ ʠ ʜʨ. ʆʜʥʘʢʦ 

ʧʨʷʤʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʤʘʩʣʘ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ 

ʩʚʦʡʩʪʚ ʪʦʧʣʠʚʘ (ʧʣʦʪʥʦʩʪʴ, ʟʦʣʴʥʦʩʪʴ, ʪʝʧʣʦʪʚʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ) [4]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʘʩʪʝʪ ʠʥʪʝʨʝʩ ʢ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʧʨʝʚʨʘʱʝʥʠʷ ʣʠʛʥʠʥʘ ʚ ʞʠʜʢʦʝ ʪʦʧʣʠʚʦ [5ï

6]. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ ʠ ʚʳʭʦʜʘ ʚʘʞʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘʢʪʠʚʥʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʢʘʢ ʚ 

ʧʨʦʮʝʩʩʝ ʩʦʣʴʚʦʣʠʟʘ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʠʨʦʚʘʥʠʷ. ɻʠʜʨʦʛʝʥʦʣʠʟ ð ʵʪʦ ʦʯʝʥʴ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʘʷ ʨʝʘʢʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʱʝʧʣʷʶʪʩʷ ʫʛʣʝʨʦʜïʫʛʣʝʨʦʜʥʳʝ ʠʣʠ ʫʛʣʝʨʦʜï

ʛʝʪʝʨʦʘʪʦʤʥʳʝ ʩʚʷʟʠ, ʦʙʳʯʥʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʦʤʦʛʝʥʥʦʛʦ ʠʣʠ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʕʪʠ ʧʨʦʮʝʩʩʳ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ 

ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʚʘʣʦʨʠʟʘʮʠʶ 

ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ ʠ ʝʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʙʳʯʥʦ 

ʧʨʦʚʦʜʷʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ. ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʠʟ-ʟʘ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʡ ʧʣʦʭʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʅ2 ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, 

ʧʨʦʮʝʩʩʳ ʛʠʜʨʦʛʝʥʦʣʠʟʘ ʪʨʝʙʫʶʪ ʧʨʷʤʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʧʨʠ 

ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʩʦ ʚʩʝʤʠ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʵʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ, 

ʚʢʣʶʯʘʷ ʧʦʢʫʧʢʫ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ, ʜʦʨʦʛʦʩʪʦʷʱʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʫʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʨʦʩʪʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʠʝʤʣʝʤʫʶ ʟʝʣʝʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ H2 ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʛʠʜʨʦʛʝʥʦʣʠʟ ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʠʟʚʦʜʥʳʝ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʅ-ʜʦʥʦʨʘ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʙʣʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʚʦʜʦʨʦʜʦʤ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʚʟʨʳʚʯʘʪʳʤ 

ʛʘʟʦʤ [7]. ɺ 2012 ʛ. ʈʠʥʘʣʴʜʠ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʚʧʝʨʚʳʝ ʩʦʦʙʱʠʣʠ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ RANEYÈ Ni ʚ ʅ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʘʢʮʠʷʭ ʤʦʜʝʣʴʥʳʭ 

ʤʦʣʝʢʫʣ ʣʠʛʥʠʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʨʦʜʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ 2-ʧʨʦʧʘʥʦʣ ʠ ʠʩʩʣʝʜʦʚʘʣʠ 32 ʤʦʜʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 80 ʜʦ 

120 Áʉ ʚ ʪʝʯʝʥʠʝ 3 ʯ NI-ʢʘʪʘʣʠʟʘʪʦʨ RANEYÈ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʚ ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʛʝʥʦʣʠʟʘ ʠ ʭʦʨʦʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʨʝʛʝʥʝʨʘʮʠʠ [8ï9]. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʠʛʥʠʥʘ, 

ʧʨʦʮʝʩʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʢʦʥʚʝʨʩʠʠ ʣʠʛʥʠʥʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʧʘʣʣʘʜʠʷ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʥʦʩʠʪʝʣʠ, ʧʦʩʢʦʣʴʢʫ ʧʘʣʣʘʜʠʡ ʧʦʢʘʟʘʣ ʩʝʙʷ ʘʢʪʠʚʥʳʤ ʠ 

ʩʝʣʝʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚ ʧʨʦʮʝʩʩʘʭ ʛʠʜʨʠʨʦʚʘʥʠʷ.  

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠ ̫

ʇʦʣʫʯʝʥʠʝ Pd ʢʘʪʘʣʠʟʘʪʦʨʘ  

ʉʚʝʨʭʩʰʠʪʳʡ ʧʦʣʠʩʪʠʨʦʣ (ʉʇʉ) ʠʣʠ Al 2O3 ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 80 ʤʢʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʘʮʝʪʦʥʦʤ ʠ ʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ. ɿʘʪʝʤ ʝʛʦ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʨʘʩʪʚʦʨʦʤ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ (5 ʤʘʩ.% ʤʝʪʘʣʣʘ) ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

ʪʝʪʨʘʭʣʦʨʧʘʣʣʘʜʘʪʘ ʥʘʪʨʠʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʊɻʌ-ʤʝʪʘʥʦʣ-ʚʦʜʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥ ʧʨʠ 

80 Áʉ ʠ ʧʨʦʤʳʚʘʣʠ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʠ ʚʦʜʦʡ ʜʦ ʦʪʩʫʪʩʪʚʠʷ ʨʝʘʢʮʠʠ 

ʥʘ ʭʣʦʨʠʜ-ʘʥʠʦʥ ʚ ʧʨʦʤʳʚʦʯʥʳʭ ʚʦʜʘʭ. ʇʨʦʤʳʪʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 90 ʤʠʥ 

ʧʨʠ 80 Áʉ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʧʨʠ 300 ÁC ʩ ʚʦʜʦʨʦʜʦʤ ʚ ʪʝʯʝʥʠʝ 3 ʯ.  

ʇʨʦʮʝʩʩ ʛʠʜʨʦʛʝʥʦʣʠʟʘ ʣʠʛʥʠʥʘ ʚ ʧʨʦʧʘʥʦʣʝ-2 

ʕʢʩʪʨʘʢʮʠʶ ʱʝʣʦʯʥʦʛʦ ʣʠʛʥʠʥʘ ʠʟ ʭʚʦʡʥʳʭ ʦʧʠʣʦʢ ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʛʝʤʠʮʝʣʣʶʣʦʟʳ. ɿʘʪʝʤ ʦʩʪʘʪʦʢ ʢʠʧʷʪʠʣʠ ʚ 2ʥ 

ʨʘʩʪʚʦʨʝ NaOH ʚ ʪʝʯʝʥʠʝ 3 ʯ, ʟʘʪʝʤ ʬʠʣʴʪʨʦʚʘʣʠ ʥʘ ʚʦʨʦʥʢʝ ɹʶʭʥʝʨʘ ʠ ʩʫʰʠʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 102 Áʉ. ʇʨʦʮʝʩʩ ʛʠʜʨʦʛʝʥʦʣʠʟʘ ʚʳʜʝʣʝʥʥʦʛʦ ʣʠʛʥʠʥʘ ʧʨʦʚʦʜʠʣʠ ʚ 

ʰʝʩʪʠʷʯʝʯʥʦʤ ʨʝʘʢʪʦʨʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʰʝʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʥʘʯʘʣʘ ʚ ʷʯʝʡʢʫ ʚʚʦʜʠʣʠ 1 ʛ ʣʠʛʥʠʥʘ, 30 ʤʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʨʘʩʯʝʪʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɿʘʪʝʤ ʨʝʘʢʪʦʨ ʛʝʨʤʝʪʠʟʠʨʦʚʘʣʠ ʠ ʧʨʦʜʫʚʘʣʠ ʩʥʘʯʘʣʘ ʘʟʦʪʦʤ, ʘ 

ʟʘʪʝʤ ʚʦʜʦʨʦʜʦʤ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʪʢʨʳʪʠʷ ʠ ʟʘʢʨʳʪʠʷ ʢʣʘʧʘʥʦʚ. ɿʘʪʝʤ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʫ. ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ 

ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ (1700 ʦʙ/ʤʠʥ). ʀʥʪʝʥʩʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʨʦʮʝʩʩ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʚ 

ʪʝʯʝʥʠʝ 2 ʯ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʪʝʤʧʝʨʘʪʫʨʘ 300 Áʉ, ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʅ2 3 ʄʇʘ, 

ʦʪʙʦʨ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʣʩʷ ʢʘʞʜʳʝ 30 ʤʠʥ. 

ɸʥʘʣʠʟ ʞʠʜʢʦʡ ʬʘʟʳ 

ʆʙʨʘʟʮʳ ʞʠʜʢʦʡ ʬʘʟʳ ʦʪʙʠʨʘʣʠ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʢʘʞʜʳʝ 30 ʤʠʥ. ɸʥʘʣʠʟ 

ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʨʦʤʘʪʦʛʨʘʬʘ GC-2010 ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ GCMS-

QP2010S (SHIMADZU, ʗʧʦʥʠʷ). ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʣʷʣʘ 25 ʤʠʥ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɻʠʜʨʦʛʝʥʦʣʠʟ ʣʠʛʥʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʇʨʦʮʝʩʩ ʛʠʜʨʦʛʝʥʦʣʠʟʘ ʣʠʛʥʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʦʚʦʜʠʣʠ ʚ 

ʧʨʦʧʘʥʦʣʝ-2. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. 

ʈɽɿʋʃʔʊɸʊʓ ɻʀɼʈʆɻɽʅʆʃʀɿɸ ʃʀɻʅʀʅɸ 
 

ʂʘʪʘʣʠʟʘʪʦʨ ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʨʠ 

20% ʢʦʥʚʝʨʩʠʠ, ʤʠʥī1 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ, % ʂʦʥʚʝʨʩʠʷ ʣʠʛʥʠʥʘ 

ʧʦʩʣʝ 3 ʯ,% 

5%-Pd/Al2O3 0,0042 
9,4a 

0b 
18,7 

5%-Pd/HPS 0,0083 
36,0a 

10,5b 
37,5 

a ʧʦ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ; 
b ʧʦ ʬʝʥʦʣʘʤ. 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʥʝ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʟʥʘʯʠʤʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʙʦʣʝʝ 20% ʢʦʥʚʝʨʩʠʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 

ʪʨʝʭ ʯʘʩʦʚ, ʘ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ʍʦʪʷ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ ʧʦʢʘʟʘʣ ʦʙʨʘʟʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʭʦʜ ʙʝʥʟʦʣʘ ʥʘʙʣʶʜʘʣʩʷ ʤʝʥʝʝ 

10%. 

ʂʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʉʇʉ, ʥʘʧʨʦʪʠʚ, ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʛʠʜʨʦʛʝʥʦʣʠʟʝ 

ʣʠʛʥʠʥʘ ʚ ʧʨʦʧʘʥʦʣʝ-2, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʧʦʯʪʠ 40% ʢʦʥʚʝʨʩʠʠ ʯʝʨʝʟ 3 ʯ. ʂʘʪʘʣʠʟʘʪʦʨ 

ʧʨʠʚʦʜʠʣ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʝʥʦʣʴʥʳʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢ ʬʝʥʦʣʘʤ (ʦʢʦʣʦ 30%) ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 1,5 ʯ ʧʨʦʮʝʩʩʘ, ʦʜʥʘʢʦ 
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ʢʦʥʚʝʨʩʠʷ ʣʠʛʥʠʥʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 10%. ɼʘʣʴʥʝʡʰʝʝ ʧʨʦʚʝʜʝʥʠʝ ʛʠʜʨʦʛʝʥʦʣʠʟʘ ʧʨʠʚʦʜʠʣʦ ʢ 

ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʬʝʥʦʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʥʟʦʣʘ ʟʘ ʩʯʝʪ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʠʨʫʶʱʝʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʘʣʣʘʜʠʷ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʝʯʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʙʝʥʟʦʣʫ ʩʦʩʪʘʚʣʷʝʪ 

36%. 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʌʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ (ʊʘʙʣʠʮʘ 2). ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʧʠʪʢʦʡ, ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʧʣʦʱʘʜʠ ʤʠʢʨʦʧʦʨ). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʟʘʢʫʧʦʨʢʦʡ ʧʦʨ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʤʠ ʯʘʩʪʠʮʘʤʠ ʚʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ.  

 

ʊʘʙʣʠʮʘ 2. 

ʈɽɿʋʃʔʊɸʊʓ ʆʇʈɽɼɽʃɽʅʀʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʂɸʊɸʃʀɿɸʊʆʈʆɺ 
 

ʂʘʪʘʣʠʟʘʪʦʨ SBET, ʤ2/ʛ St-plot, ʤ2/ʛ ʕʥʝʨʛʠʷ ʩʚʷʟʠ, ʵɺ ʉʦʩʪʦʷʥʠʝ ʤʝʪʘʣʣʘ 

HPS 1370 900* 

450** 

ð ð 

5%-Pd/ʉʇʉ 705,0 75* 

630** 

335,0 (77,5%) 

337,4 (22,5%) 

Pd(0) 

PdO 

Al2O3 108 85* 

24** 

ð ð 

5%-Pd/Al2O3 86 32* 

57** 

 Pd(0) 

PdO 

*ʧʣʦʱʘʜʴ ʤʘʢʨʦʧʦʨ; 

**ʧʣʦʱʘʜʴ ʤʠʢʨʦʧʦʨ; 

*** ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʟʫʯʝʥ ʛʠʜʨʦʛʝʥʦʣʠʟ ʣʠʛʥʠʥʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʱʝʣʦʯʥʳʤ ʤʝʪʦʜʦʤ ʠʟ ʦʧʠʣʦʢ ʭʚʦʡʥʳʭ 

ʧʦʨʦʜ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Pd-ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ Pd-

ʩʦʜʝʨʞʘʱʠʡ ʢʘʪʘʣʠʟʘʪʦʨ, ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʉʇʉ, ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʧʨʝʚʨʘʱʝʥʠʠ ʣʠʛʥʠʥʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʢʦʥʚʝʨʩʠʷ ʣʠʛʥʠʥʘ (50%) ʠ ʚʳʭʦʜ ʙʝʥʟʦʣʘ (34%) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʩʨʝʜʝ ʧʨʦʧʘʥʦʣ-2 ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 5% ʢʘʪʘʣʠʟʘʪʦʨʘ Pd/ʉʇʉ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ 18-79-00303) 

ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ɻʨʘʥʪ 18-08-00609 ɸ).  
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʜʨʝʚʝʩʠʥʳ 

ʣʠʩʪʚʝʥʥʳʭ ʠ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʩ ʧʦʣʫʯʝʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʳʭ, ʞʠʜʢʠʭ ʠ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ 

ʭʦʜʝ ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʨʘʙʦʪ ʚʳʧʦʣʥʝʥʦ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ 

ʦʙʨʘʟʮʦʚ ʦʧʠʣʦʢ ʙʝʨʝʟʳ ʠ ʩʦʩʥʳ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 35 Áʉ ʜʦ 1000 Áʉ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʪʝʨʤʦʘʥʘʣʠʟʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ ʦʪʭʦʜʦʚ ʜʨʝʚʝʩʠʥʳ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 400ï500 Áʉ ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʧʠʨʦʣʠʟʫ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʚʝʨʩʠʠ ʚʳʙʨʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ 

ʢʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʪʚʝʨʜʳʭ ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ 

ʧʨʦʜʫʢʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ, ʨʘʟʤʝʨʘ ʬʨʘʢʮʠʠ ʠ ʚʠʜʘ 

ʜʨʝʚʝʩʠʥʳ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʨʦʮʝʩʩʘ 

ʧʠʨʦʣʠʟʘ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 450 Áʉ, ʘ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʩʦʩʪʘʚʣʷʝʪ 1ï2 ʤʤ. ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦïʤʘʩʩʦʚʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʣʝʪʫʯʠʭ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ. 
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ʕʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʜʨʝʚʝʩʥʳʭ ʦʧʠʣʦʢ ʩʦʩʥʳ ʠ ʙʝʨʝʟʳ 

ʩʦʩʪʘʚʠʣʠ 119,3 ʠ 128,2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʣʦʱʘʜʴ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ 

ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʙʝʨʝʟʳ ʠ ʩʦʩʥʳ ʩʦʩʪʘʚʣʷʣʘ 9,3 ʤ2/ʛ ʠ 8,5 ʤ2/ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʜʝʣʴʥʘʷ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʦʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʧʠʨʦʣʠʟʘ ʜʣʷ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 2,4 

ʨʘʟʘ ʘ ʜʣʷ ʭʚʦʡʥʳʭ ʚ 2,1 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʧʨʠʥʠʤʘʣʘ ʟʥʘʯʝʥʠʷ 22,3 ʤ2/ʛ ʠ 17,9 ʤ2/ʛ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʛʦʣʴʥʳʝ ʦʩʪʘʪʢʠ ʧʠʨʦʣʠʟʘ ʦʪʭʦʜʦʚ ʜʨʝʚʝʩʠʥʳ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ ʠ ʫʛʣʝʨʦʜʥʳʭ 

ʩʦʨʙʝʥʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 
 

Abstract. Describes the processes of thermal conversion of softï and hardwood waste to 

obtain gaseous, liquid and solid products. During the initial stage of the work, 

the thermogravimetric study of initial samples of birch and pine sawdust was performed in 

the temperature range from 35 to 1000 ÁC. On the basis of the thermal analysis data obtained, 

a method of pyrolysis process of wood waste in the temperature range of 400ï500 ÁC in an inert 

environment was developed. As a result of experiments on pyrolysis of wood waste, the dependence 

of the conversion of selected samples into final products, the properties of the resulting gaseous and 

solid carbon-containing products depending on the conditions of the process, the size of the fraction 

and the type of wood were obtained. It was found that the optimal temperature of the pyrolysis 

process in the studied range of system parameters is 450 ÁC, and the particle size of wood waste is 

1ï2 mm. Data on the molecular mass distribution of volatile pyrolysis products and kinetic 

parameters of the pyrolysis process were obtained. The activation energies of the pyrolysis process 

for pine and birch sawdust samples were 119.3 and 128.2, respectively. The specific surface area of 

the initial samples of birch and pine wood waste was 9.3 and 8.5 m2/g, respectively. The specific 

surface area of coal pyrolysis residues for hardwoods increased by 2.4 times and for conifers by 2.1 

times, respectively, and assumed values of 22.3 and 17.9 m2/g. Therefore, the coal residues of 

pyrolysis of wood waste can potentially be used as raw materials for the production of activated 

carbons and carbon sorbents of various applications. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʪʭʦʜʳ ʜʨʝʚʝʩʠʥʳ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠ,̫ ʧʠʨʦʣʠʟ, ʧʨʦʜʫʢʪʳ. 
 

Keywords: wood waste, thermogravimetric research, pyrolysis, products. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʙʣʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʵʥʝʨʛʠʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʚʩʣʝʜʩʪʚʠʝ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʳ 

ʟʘ ʪʨʘʜʠʮʠʦʥʥʳʝ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ.  

ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ ʝʞʝʛʦʜʥʳʡ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 170 ʤʣʨʜ ʪʦʥʥ, 

ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʝʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʠʩʢʦʧʘʝʤʳʤ ʨʝʩʫʨʩʘʤ [1, ʩ. 174]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʡ 

ʙʠʦʤʘʩʩʳ ʦʙʝʩʧʝʯʠʪ ʩʦʭʨʘʥʝʥʠʝ ʙʘʣʘʥʩʘ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʝ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʝʤʦʚ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʦʪʭʦʜʦʚ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʦʩʩʠʠ ʦʯʝʥʴ ʤʘʣʦ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʨʦʚ ʧʨʦʚʝʜʝʥʠʷ 

ʫʩʧʝʰʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʥʝʨʛʠʠ ʠʟ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ (ʙʠʦʤʘʩʩʳ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠʤʝʝʪʩʷ ʥʝʤʘʣʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʛʦʜʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʛʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʘʢʪʠʚʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʧʘʨʦʛʘʟʦʚʦʛʦ ʠʣʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ. ʊʘʢ ʧʦ ʜʘʥʥʳʤ ʨʘʩʧʦʨʷʞʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 25 ʷʥʚʘʨʷ 2018 ʛ. ˉ84-ʨ, ʥʘ 

ʣʝʩʦʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠ ʜʝʨʝʚʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʢʦʤʙʠʥʘʪʘʭ ʝʞʝʛʦʜʥʦ 

ʦʙʨʘʟʫʝʪʩʷ ʩʚʳʰʝ 200 ʤʣʥ ʢʫʙʦʤʝʪʨʦʚ ʦʪʭʦʜʦʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʜʨʝʚʝʩʠʥʳ [2, ʩ. 8]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʨʩʠʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ ʚ 

ʪʦʧʣʠʚʦ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʜʦʙʘʚʦʯʥʦʡ ʩʪʦʠʤʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʫʱʝʩʪʚʫʶʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʥʝ ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʫʪʠʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʚʠʜʦʚ ʦʪʭʦʜʦʚ [3, c. 84].  

ʉʣʦʞʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ ʟʘʪʨʫʜʥʷʝʪ ʧʦʣʫʯʝʥʠʝ 

ʮʝʣʝʚʦʛʦ ʪʦʧʣʠʚʘ ʠ ʭʠʤʠʢʘʪʦʚ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʠ ʢʘʯʝʩʪʚʦʤ. ʉʪʨʫʢʪʫʨʘ ʮʝʣʣʶʣʦʟʳ 

ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʧʨʦʩʪʦʡ ʠ ʩʘʤʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʨʝʜʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʜʨʝʚʝʩʠʥʳ, ʧʦʩʢʦʣʴʢʫ ʮʝʣʣʶʣʦʟʘ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʠʟ ʙʝʟʚʦʜʥʳʭ ʝʜʠʥʠʮ ʛʣʶʢʦʟʳ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʩʦʜʝʨʞʘʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʦʥʦʩʘʭʘʨʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʮʝʣʣʶʣʦʟʘ ʷʚʣʷʝʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ, ʘ ʛʝʤʠʮʝʣʣʶʣʦʟʘ ʠʤʝʝʪ ʩʣʫʯʘʡʥʫʶ ʘʤʦʨʬʥʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʃʠʛʥʠʥ, ʦʪʣʠʯʥʳʡ ʦʪ ʫʛʣʝʚʦʜʥʦʡ ʮʝʣʣʶʣʦʟʳ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʣʘʩʩ ʩʣʦʞʥʳʭ, ʩʰʠʪʳʭ ʪʨʝʭʤʝʨʥʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ ʩ ʬʝʥʠʣʧʨʦʧʘʥʦʚʳʤʠ ʝʜʠʥʠʮʘʤʠ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʘʧʨʠʤʝʨ, 

ʨʘʟʣʦʞʝʥʠʝ ʣʠʛʥʠʥʘ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʦʙʳʯʥʦ ʧʨʦʱʝ, ʯʝʤ ʨʘʟʣʦʞʝʥʠʝ ʮʝʣʣʶʣʦʟʳ [4, ʩ. 2938; 

5, ʩ. 32].  

ɺʩʝ ʵʪʠ ʨʘʟʣʠʯʠʷ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠ ʩʪʨʫʢʪʫʨʝ ʚ ʣʠʛʥʠʥʝ, ʛʝʤʠʮʝʣʣʶʣʦʟʝ ʠ 

ʮʝʣʣʶʣʦʟʝ ʧʨʠʚʦʜʷʪ ʢ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʣʠʯʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʨʘʟʣʦʞʝʥʠʝ ʠ ʜʝʛʨʘʜʘʮʠʷ ʮʝʣʣʶʣʦʟʳ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦʡ ʠ ʵʥʝʨʛʦʝʤʢʦʡ 

ʩʪʘʜʠʝʡ ʢʦʥʚʝʨʩʠʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʭʦʜʷ ʠʟ ʠʭ ʨʘʟʣʠʯʥʦʡ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʤʦʞʥʦ ʦʪʜʝʣʠʪʴ ʮʝʣʣʶʣʦʟʫ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟʫ ʦʪ ʣʠʛʥʠʥʘ [6, c. 

112; 7, ʩ. 1855]. ʇʦʵʪʦʤʫ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʢʨʦʤʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ, ʯʘʩʪʦ ʚʳʙʠʨʘʶʪ ʯʠʩʪʫʶ ʮʝʣʣʶʣʦʟʫ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʮʝʣʣʶʣʦʟʫ, ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ 

ʙʠʦʤʘʩʩʳ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʡ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʳʪʘʣʠʩʴ ʠʩʩʣʝʜʦʚʘʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʦʧʣʠʚ ʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠʟ ʮʝʣʣʶʣʦʟʳ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʫʶ ʙʠʦʤʘʩʩʫ [8, ʩ. 3359; 9, ʩ. 83]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʝʨʝʨʘʙʦʪʢʠ ʪʚʝʨʜʳʭ ʣʠʛʥʠʥʩʦʜʝʨʞʘʱʠʭ 

ʦʪʭʦʜʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ ʮʝʥʥʳʭ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʶʪʩʷ ʪʝʨʤʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ [10, c. 5588]. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ, ʥʘʢʦʧʣʝʥʥʳʡ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʠʯʝʩʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʙʠʦʤʘʩʩʳ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʣʝʛʢʦ ʧʨʦʤʳʰʣʝʥʥʦ 

ʦʩʫʱʝʩʪʚʠʤʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʧʠʨʦʣʠʟʘ [11, ʩ. 4172], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʛʘʟʦʦʙʨʘʟʥʳʝ, ʞʠʜʢʠʝ ʠ ʪʚʝʨʜʳʝ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʧʨʦʜʫʢʪʳ [12, c. 293].  

ʄʝʪʦʜ ʧʠʨʦʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩ ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ. ʄʝʪʦʜ ʥʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʚʦʜʦʨʦʜʘ, 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʠ ʧʨʦʯ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʤʝʪʦʜʘ ʦʪʣʠʯʘʝʪʩʷ ʢʦʤʧʘʢʪʥʦʩʪʴʶ ʠ 

ʣʝʛʢʦ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʧʦʜ ʪʠʧ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʳʨʴʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʚʳʭʦʜʦʤ 

ʞʠʜʢʠʭ ʦʨʛʘʥʦʩʦʜʝʨʞʘʱʠʭ ʬʨʘʢʮʠʡ ʠ ʠʭ ʩʚʦʡʩʪʚʘʤʠ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ. ʊʘʢ 

ʛʘʟʦʦʙʨʘʟʥʳʝ ʠ ʞʠʜʢʠʝ ʧʨʦʜʫʢʪʳ ʧʠʨʦʣʠʟʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʣʠ ʩʳʨʴʷ ʜʣʷ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚ, ʘ ʦʙʨʘʟʫʶʱʠʡʩʷ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʡ ʦʩʪʘʪʦʢ ð ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʦʚ ʠ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ [12, c. 294].  

ʇʦʵʪʦʤʫ ʧʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʨʘʩʪʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʩʪʠ, 

ʫʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ, ʚʦʟʤʦʞʥʦ, ʧʦʟʚʦʣʠʪ ʧʨʝʦʜʦʣʝʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʪʦʧʣʠʚ ʠ ʩʥʠʟʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʚʨʝʜ ʦʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʨʝʚʝʩʥʳʝ 

ʦʧʠʣʢʠ ʩʦʩʥʳ ʠ ʙʝʨʝʟʳ ʩ ʚʣʘʞʥʦʩʪʴʶ 3,20% ʠ 3,18%, ʠ ʟʦʣʴʥʦʩʪʴʶ 0,36% ʠ 0,17% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥ rʦʧʠʣʢʠ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 

ʯʘʩʪʠʮ 0,25ï1 ʤʤ; 1ï2 ʤʤ; 2ï3 ʤʤ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʙʨʘʟʮʦʚ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʚʝʩʦʚ Iris TG 209 F1 (NETZSCH). 

ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 35ï1000 Áʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʡ ʧʨʠʩʪʘʚʢʠ A oylos QMS 403D NETZSCʅ, ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʢʘʧʠʣʣʷʨʘ ʜʣʷ ʦʪʙʦʨʘ ʣʝʪʫʯʠʭ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ð 300 Áʉ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʦʙʨʘʟʮʦʚ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 175-600Üʉ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ 

ʩʳʨʴʷ 10 Áʉ/ʤʠʥ, 25 Áʉ/ʤʠʥ, 50 Áʉ/ʤʠʥ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ NETZSCH Termokinetics 3.1.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʧʨʦʚʦʜʠʣʦʩɹ ʚ 

ʪʝʯʝʥʠʝ 50 ʤʠʥ ʚ ʩʨʝʜʝ ʘʟʦʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ (ʈʠʩʫʥʦʢ 1).  
 

 
 

ʈʠʩʫʥʦʢ 1. ʃʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ: 1 ð ʨʝʘʢʪʦʨ; 2 ð 

ʬʣʘʥʮʳ; 3 ð ʧʝʯʴ; 4 ð ʪʝʨʤʦʨʝʛʫʣʷʪʦʨ ʩ ʪʝʨʤʦʧʘʨʦʡ; 5 ð ʧʨʦʙʦʦʪʙʦʨʥʠʢ; 6 ð ʛʠʜʨʦʟʘʪʚʦʨ; 7 ð

ʵʚʜʠʦʤʝʪʨ; 8 ð ʩʪʝʢʣʷʥʥʳʡ ʮʠʣʠʥʜʨ. 

 

ʇʨʦʮʝʩʩ ʧʠʨʦʣʠʟʘ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʧʨʦʚʦʜʠʣʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 400 Áʉ ʜʦ 

500 Áʉ. ɺʳʙʦʨ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʄʘʩʩʘ ʚʥʦʩʠʤʳʭ ʚ ʨʝʘʢʪʦʨ ʦʧʠʣʦʢ ʜʨʝʚʝʩʠʥʳ 

ʩʦʩʪʘʚʣʷʣʘ 3 ʛ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʩʪʦʷʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʦʙʲʝʤʘ 

ʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ, ʘ ʪʘʢʞʝ ʦʪʙʠʨʘʣʠʩʴ ʧʨʦʙʳ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʄʘʩʩʳ ʪʚʝʨʜʦʛʦ ʦʩʪʘʪʢʘ ʠ ʞʠʜʢʦʡ ʬʨʘʢʮʠʠ ʚʳʯʠʩʣʷʣʠʩʴ ʧʦ 

ʨʘʟʥʦʩʪʠ ʤʘʩʩ ʨʝʘʢʪʦʨʘ ʠ ʛʠʜʨʦʟʘʪʚʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʦʩʪʘʚ ʠ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʧʦʩʨʝʜʩʪʚʦʤ ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʛʘʟʦʚʳʭ ʭʨʦʤʘʪʦʛʨʘʬʦʚ 

çʂʨʠʩʪʘʣʣʶʢʩï4000ʄè ʠ çɻʘʟʦʭʨʦʤ 2000è. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ ʦʩʪʘʪʢʦʚ ʧʠʨʦʣʠʟʘ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʦʪʭʦʜʦʚ 

ʜʨʝʚʝʩʠʥʳ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʝʡ ʘʟʦʪʘ ʩ ʧʦʤʦʱʴʶ 

ʘʥʘʣʠʟʘʪʦʨʘ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ: Becman Coultertm SA 

3100T. 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʠʣʦʢ ʙʝʨʝʟʳ ʠ ʩʦʩʥʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 2. ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʜʘʥʥʳʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ 

ʢʨʠʚʳʝ ʦʙʨʘʟʮʦʚ ʦʧʠʣʦʢ ʩʦʩʥʳ ʠ ʙʝʨʝʟʳ (ʈʠʩʫʥʦʢ 2ʘ) ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʨʘʟʣʠʯʠʷ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 200 Áʉ ʜʦ 400 Áʉ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʩʩʳ ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ 

ʦʩʪʘʪʢʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʭʦʜʝ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ, 

ʧʨʠʥʠʤʘʶʪ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ. ʕʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʭʦʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʪʝʨʤʠʯʝʩʢʠ ʨʘʟʨʫʰʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
 

  
 

ʈʠʩʫʥʦʢ 2. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ (ʘ) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦïʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʢʨʠʚʳʝ (ʙ) 

ʙʝʨʝʟʦʚʳʭ ʠ ʩʦʩʥʦʚʳʭ ʦʧʠʣʦʢ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 35ï1000 Áʉ. 

 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʠʤʝʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʦʪʣʠʯʠʷ ʚ ʧʨʦʪʝʢʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʚ ʫʢʘʟʘʥʥʦʤ ʨʘʥʝʝ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʨʘʟʣʠʯʠʤʳʤʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʚʳʭ (ʈʠʩʫʥʦʢ 1ʙ). ɼʘʥʥʳʝ ʦʪʣʠʯʠʷ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʩʚʷʟʘʥʳ 

ʩ ʨʘʟʥʳʤ ʢʦʤʧʦʥʝʥʪʥʳʤ ʩʦʩʪʘʚʦʤ ʜʨʝʚʝʩʠʥʳ ʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ, ʘ ʠʤʝʥʥʦ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʠʦʟ, ʛʝʤʠʮʝʣʣʶʣʦʟ (ʧʝʥʪʦʟʘʥʦʚ), ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ [1, c. 

188]. ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʳʝ ʜʘʥʥʳʝ ʦ ʢʦʤʧʦʥʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʩʦʩʥʦʚʦʡ ʠ ʙʝʨʝʟʦʚʦʡ 

ʜʨʝʚʝʩʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1. 

ʃʀʊɽʈɸʊʋʈʅʓɽ ɼɸʅʅʓɽ  

ʇʆ ʂʆʄʇʆʅɽʅʊʅʆʄʋ ʉʆʉʊɸɺʋ ɼʈɽɺɽʉʀʅʓ ʉʆʉʅʓ ʀ ɹɽʈɽɿʓ 
 

ʉʦʩʪʘʚ ʉʦʩʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷ ɹʝʨʝʟʘ ʙʦʨʦʜʘʚʯʘʪʘʷ 

ʍʦʣʦʮʝʣʣʶʣʦʟʘ 74.3 ð ð  

ʎʝʣʣʶʣʦʟʘ 52,2 56,5ï57,6 45,3 35,4 

ʇʦʣʠʦʟʳ 13,5 8,4 ð 11,7 

ʇʝʥʪʦʟʘʥʳ 8,2 10,5 25,3 22,1 

ʃʠʛʥʠʥ 26,3 27 23,9 19,7 

ʈʘʩʪʚʦʨʠʤʳʝ:  

ʚ ʩʧʠʨʪʦïʙʝʥʟʦʣʝ  

ʚ ʛʦʨʷʯʝʡ ʚʦʜʝ  

 

ð 

ð 

 

3,3 

3,4 

 

2,6 

ð 

 

0,9 

1,4 

ɿʦʣʘ 

 

ð 

[14, c. 461ï468] 

0,37 

[15, c. 142] 

0,4 

[16, c. 12] 

0,14 

[13, c. 190] 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʥʪʝʥʩʠʚʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʪʝʨʚʘʣʝ 250ï450 Áʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
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ʧʨʦʮʝʩʩʘʤ ʜʝʩʪʨʫʢʮʠʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʤʘʩʩʳ ð ɻ ʢʩʪʨʘʢʪʠʚʥʳʤ ʚʝʱʝʩʪʚʘʤ, 

ʧʦʣʠʦʟʘʤ, ʛʝʤʠʮʝʣʣʶʣʦʟʘʤ, ʣʠʛʥʠʥʫ ʠ ʮʝʣʣʶʣʦʟʝ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʦʪʨʘʞʘʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʚʝʨʩʠʠ ʚʳʙʨʘʥʥʳʭ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʠʨʦʣʠʟʘ ʠʟʫʯʘʣʘʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʝ. ʇʨʠʯʝʤ ʜʣʷ ʦʙʦʠʭ ʠʩʩʣʝʜʫʝʤʳʭ ʚʠʜʦʚ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʤʘʩʩʦʚʘʷ ʜʦʣʷ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʦʩʪʘʪʢʦʚ 

ʫʙʳʚʘʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʪʘʢʞʝ ʦʪʣʠʯʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʠʨʦʣʠʟʘ. ɺ ʩʣʫʯʘʝ ʙʝʨʝʟʦʚʳʭ ʦʧʠʣʦʢ ʟʥʘʯʝʥʠʷ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʜʦʩʪʠʛʘʶʪ 

ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450 Áʉ, ʘ ʧʨʠ ʧʠʨʦʣʠʟʝ ʩʦʩʥʦʚʳʭ ʦʧʠʣʦʢ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʠʭ 

ʧʨʦʜʫʢʪʦʚ ʨʘʩʪʝʪ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʫʝʤʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʈʠʩʫʥʢʝ 3 ʟʘʚʠʩʠʤʦʩʪʷʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʦʙʨʘʟʮʳ ʙʝʨʝʟʦʚʳʭ ʦʧʠʣʦʢ ʚ ʜʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʠʚʦʜʠʣʠ ʢ ʙʦʣʴʰʝʤʫ 

ʚʳʭʦʜʫ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʤʝʥʴʰʝʡ ʚʳʭʦʜʫ ʪʚʝʨʜʳʭ ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ ʦʩʪʘʪʢʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ ʩʦʩʥʦʚʳʭ ʦʧʠʣʦʢ. 

 
ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʚʝʨʩʠʠ ʦʪʭʦʜʦʚ ʭʚʦʡʥʦʡ ʠ ʣʠʩʪʚʝʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʠʨʦʣʠʟʘ. 

 

ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʠʨʦʣʠʟʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ 

ʧʦʣʫʯʘʝʤʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ ʟʘ ʩʯʝʪ ʩʞʠʛʘʥʠʷ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʛʘʟʘ. ʀʩʩʣʝʜʫʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʈʠʩʫʥʢʝ 3 ʟʘʚʠʩʠʤʦʩʪʠ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ 450 Áʉ. ʇʦʵʪʦʤʫ 

ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ.  

ʅʘ ʈʠʩʫʥʢʝ 4, ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʚʝʨʩʠʠ ʚʳʙʨʘʥʥʳʭ ʚʠʜʦʚ ʜʨʝʚʝʩʥʳʭ 

ʦʪʭʦʜʦʚ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʩʳʨʴʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʈʠʩʫʥʢʝ 4, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʜʣʷ ʩʦʩʥʦʚʳʭ ʠ ʙʝʨʝʟʦʚʳʭ ʦʧʠʣʦʢ ʦʪʣʠʯʘʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ 

ʧʠʨʦʣʠʟʘ ʦʪ ʨʘʟʤʝʨʘ ʬʨʘʢʮʠʠ ʯʘʩʪʠʮ ʦʪʭʦʜʦʚ ʜʨʝʚʝʩʠʥʳ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʠʮʝʡ ʚ ʩʦʩʪʘʚʝ ʠ 

ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʜʘʥʥʳʭ ʪʠʧʦʚ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ. 
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ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʦʪ ʪʠʧʘ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʠ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ ʩʳʨʴʷ (t = 450 Áʉ). 
 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʦʪʭʦʜʦʚ ʜʨʝʚʝʩʠʥʳ 

ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʨʦʣʠʟʥʦʛʦ ʛʘʟʘ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʦ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʣʦʷ ʙʠʦʤʘʩʩʳ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʠʨʦʣʠʟʥʳʭ ʛʘʟʦʚ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʨʘʙʦʪʝ ʩʣʫʯʘʝʚ ʥʘʭʦʜʠʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ 10ï12 ʤʠʥ 

ʦʪ ʥʘʯʘʣʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ ʚʥʫʪʨʠ ʨʝʘʢʪʦʨʘ ʦʪ 345Áʉ 

ʜʦ 372 Áʉ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʯʘʩʪʠʮ ʜʨʝʚʝʩʠʥʳ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʛʘʟʘ, 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʧʠʨʦʣʠʟʝ, ʙʳʣ ʥʘʠʙʦʣʴʰʠʤ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʤʘʢʨʦʢʠʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘʜ ʤʘʢʨʦʢʠʥʝʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʪʝʧʣʦʦʙʤʝʥʘ. ɺʘʞʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʧʠʨʦʣʠʟʥʦʛʦ ʛʘʟʘ, ʢʦʪʦʨʘʷ ʧʨʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ ʪʘʢʞʝ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʜʨʝʚʝʩʥʳʭ 

ʦʪʭʦʜʦʚ ʚ ʮʝʥʥʳʝ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʜʫʢʪʳ. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʪʳ 

ʩʛʦʨʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʦʪ ʚʠʜʘ ʜʨʝʚʝʩʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 5. 

ʆʜʥʘʢʦ ʩ ʫʯʝʪʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʬʨʘʢʮʠʷ 

ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 1ï2 ʤʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʟʘʪʨʘʪʘʭ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ 

ʠʩʭʦʜʥʳʭ ʦʪʭʦʜʦʚ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʈʠʩʫʥʢʝ 5, ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʜʨʝʚʝʩʠʥʳ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʫ ʭʚʦʡʥʳʭ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʵʪʘʥʘ ʠ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚʦʜʦʨʦʜʘ, 

ʠʤʝʶʱʝʛʦ ʥʠʟʢʫʶ ʦʙʲʝʤʥʫʶ ʪʝʧʣʦʪʫ ʩʛʦʨʘʥʠʷ (ʈʠʩʫʥʦʢ 6).  
 

ïïï

 

  

ʈʠʩʫʥʦʢ 5. ɿʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ ʠ ʚʠʜʘ ʦʪʭʦʜʦʚ ʜʨʝʚʝʩʠʥʳ. 
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ʈʠʩʫʥʦʢ 6. ʉʦʩʪʘʚ ʧʠʨʦʣʠʟʥʦʛʦ ʛʘʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ (ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʬʨʘʢʮʠʠ 1ï2 ʤʤ, 24 ʤʠʥ. ʵʢʩʧ., t = 430 ÁC). 

 

ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʝʪʫʯʠʭ 

ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʩ ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ 

(ʈʠʩʫʥʦʢ 7). ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʜʘʥʥʳʤ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, 

ʣʝʪʫʯʠʝ ʧʨʦʜʫʢʪʳ ʧʠʨʦʣʠʟʘ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʚʝʩʴʤʘ ʩʭʦʞʠ ʠ ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʝʥʠʡ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ ð 80ï90 ʘ.ʝ.ʤ.  

 
ʈʠʩʫʥʦʢ 7. ʄʦʣʝʢʫʣʷʨʥʦïʤʘʩʩʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʝʪʫʯʠʭ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʙʝʨʝʟʦʚʳʭ (ʘ) ʠ 

ʩʦʩʥʦʚʳʭ (ʙ) ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʜʘʥʥʳʤ ʊɻ-ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʩʪʘʚ ʛʘʟʦʦʙʨʘʟʥʳʭ ʬʨʘʢʮʠʡ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ, ʚʦʟʤʦʞʥʦ, ʩʤʦʣʠʩʪʳʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʥʠʟʰʝʡ ʦʙʲʝʤʥʦʡ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ 

(ʈʠʩʫʥʦʢ 5). ʊʘʢʞʝ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ ʦʙʨʘʟʮʦʚ ʦʧʠʣʦʢ ʙʝʨʝʟʳ ʠ ʩʦʩʥʳ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 1ï2 ʤʤ (ʊʘʙʣʠʮʘ 2). 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʊʘʙʣʠʮʝ 2 ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʵʥʝʨʛʠʷ 

ʘʢʪʠʚʘʮʠʠ ʧʠʨʦʣʠʟʘ ʙʝʨʝʟʦʚʳʭ ʦʧʠʣʦʢ ʙʦʣʴʰʝ ʯʝʤ ʦʧʠʣʦʢ ʩʦʩʥʳ ʧʦ ʨʘʟʣʠʯʥʳʤ ʦʮʝʥʢʘʤ ʥʘ 

ʚʝʣʠʯʠʥʫ ʦʪ 8,9 ʢɼʞ/ʤʦʣʴ ʜʦ 15,1 ʢɼʞ/ʤʦʣʴ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʤʝʥʴʰʫʶ ʪʝʨʤʠʯʝʩʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʩʥʦʚʦʡ ʜʨʝʚʝʩʠʥʳ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʮʝʩʩʘ. ʇʦʩʢʦʣʴʢʫ 

ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠʥʠʤʘʣʘ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ ʬʨʘʢʮʠʠ ʦʪʭʦʜʦʚ ʜʨʝʚʝʩʠʥʳ 1ï2 ʤʤ, ʢʘʢ ʜʣʷ ʣʠʩʪʚʝʥʥʳʭ (ʙʝʨʝʟʘ), ʪʘʢ ʠ ʜʣʷ ʭʚʦʡʥʳʭ 
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