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ɸʅʆʊɸʎɯʗ 

ɿʫʙʨʠʮʴʢʘ ʆ.ɺ. ʇʽʜʧʦʨʦʛʦʚʽ ʨʘʜʽʘʮʽʡʥʽ ʝʬʝʢʪʠ ʫ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʘʭ 

ʥʘ ʦʩʥʦʚʽ ʩʦʻʚʦʾ ʦʣʽʾ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.   

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 105 ï ʇʨʠʢʣʘʜʥʘ ʬʽʟʠʢʘ ʪʘ ʥʘʥʦʤʘʪʝʨʽʘʣʠ (10 ï ʇʨʠʨʦʜʥʠʯʽ 

ʥʘʫʢʠ). ï ɼʨʦʛʦʙʠʮʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ɼʨʦʛʦʙʠʯ, 2026. 

ɼʨʦʛʦʙʠʮʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ɼʨʦʛʦʙʠʯ, 2026. 

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʥʘ ʢʘʬʝʜʨʽ ʬʽʟʠʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ɼʨʦʛʦʙʠʮʴʢʦʛʦ 

ʜʝʨʞʘʚʥʦʛʦ ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ ʫ 2021-2026 ʨʦʢʘʭ. 

ʄʝʪʦʜʠ ʨʘʜʽʘʮʽʡʥʦʾ ʬʽʟʠʢʠ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. ʊʨʘʜʠʮʽʡʥʦ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ, ʜʝ ʜʝʬʝʢʪʠ ʫʪʚʦʨʶʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʧʨʫʞʥʠʭ ʟʽʪʢʥʝʥʴ. ʆʜʥʘʢ 

ʩʪʨʫʢʪʫʨʥʽ ʧʦʨʫʰʝʥʥʷ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʽ ʧʨʠ ʝʥʝʨʛʽʷʭ, ʥʠʞʯʠʭ ʟʘ ʧʦʨʽʛ 

ʧʨʫʞʥʦʛʦ ʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ï ʮʝ ʪʘʢ ʟʚʘʥʽ ʧʽʜʧʦʨʦʛʦʚʽ ʨʘʜʽʘʮʽʡʥʽ ʝʬʝʢʪʠ (ʇʈɽ), 

ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʨʝʣʘʢʩʘʮʽʾ. ʗʢʱʦ ʜʣʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʪʘ ʜʽʝʣʝʢʪʨʠʢʽʚ ʮʽ ʧʨʦʮʝʩʠ ʚʠʚʯʝʥʽ ʜʦʩʪʘʪʥʴʦ ʛʣʠʙʦʢʦ, ʪʦ ʜʣʷ 

ʧʦʣʽʤʝʨʽʚ, ʯʫʪʣʠʚʠʭ ʜʦ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʧʣʠʚʫ, ʚʦʥʠ ʟʘʣʠʰʘʣʠʩʷ 

ʤʘʣʦʜʦʩʣʽʜʞʝʥʠʤʠ. 

ʋ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʜʠʩʝʨʪʘʮʽʾ ʚʧʝʨʰʝ ʚʠʚʯʝʥʽ ʧʽʜʧʦʨʦʛʦʚʽ ʨʘʜʽʘʮʽʡʥʽ ʝʬʝʢʪʠ ʫ 

ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʥʘ ʦʩʥʦʚʽ ʘʢʨʠʣʦʚʘʥʦʾ ʝʧʦʢʩʠʜʦʚʘʥʦʾ ʩʦʻʚʦʾ ʦʣʽʾ (AESO), 

ʷʢʽ ʩʣʫʞʘʪʴ ʤʘʪʨʠʮʷʤʠ ʜʣʷ ʥʦʚʽʪʥʽʭ ʘʤʧʝʨʦʤʝʪʨʠʯʥʠʭ ʙʽʦʩʝʥʩʦʨʽʚ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ɼʦʚʝʜʝʥʦ, ʱʦ ʚʟʘʻʤʦʜʽʷ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʧʦʣʽʤʝʨʘʤʠ ʤʘʻ ʷʩʢʨʘʚʦ 

ʚʠʨʘʞʝʥʠʡ ʭʘʨʘʢʪʝʨ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ. ɽʥʝʨʛʽʷ ʟʙʫʜʞʝʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʧʝʨʝʜʘʻʪʴʩʷ ʘʪʦʤʥʽʡ ʧʽʜʩʠʩʪʝʤʽ, ʚʠʢʣʠʢʘʶʯʠ ʦʜʥʦʯʘʩʥʽ ʧʨʦʮʝʩʠ 

ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʪʘ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʬʦʪʦʜʝʛʨʘʜʘʮʽʾ (ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʜʝʩʪʨʫʢʮʽʾ 

ʟ ʫʪʚʦʨʝʥʥʷʤ C=O ʪʘ OïH ʛʨʫʧ). 
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2. ɺʠʷʚʣʝʥʦ ʩʧʝʮʠʬʽʯʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʝʬʝʢʪʠ ʧʽʜ ʯʘʩ ʢʽʥʝʪʠʢʠ ʨʝʘʢʮʽʡ: 

ʧʣʘʚʥʝ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʽ (çʘʪʦʤʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘè) ʪʘ ʨʽʟʢʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʩʪʨʠʙʢʠ ʧʨʠ ʧʝʨʝʨʠʚʯʘʩʪʦʤʫ ʦʩʚʽʪʣʝʥʥʽ 

(çʝʣʝʢʪʨʦʥʥʘ ʪʝʤʧʝʨʘʪʫʨʘè). 

3. ɺʩʪʘʥʦʚʣʝʥʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ ʨʦʣʴ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ (ʥʘʥʦʧʦʨʦʞʥʠʥ) ʫ 

ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʧʨʷʤʫ ʢʦʨʝʣʷʮʽʶ ʤʽʞ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʽʦʩʝʥʩʦʨʽʚ. 

4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘʬʽʢʩʦʚʘʥʦ ʚʧʣʠʚ ʨʘʜʽʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʦʾ ʜʠʬʫʟʽʾ 

ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ, ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʜʦʚʞ ʧʨʦʩʪʦʨʦʚʦʛʦ ʛʨʘʜʽʻʥʪʘ, ʫʪʚʦʨʝʥʦʛʦ 

ʚʥʘʩʣʽʜʦʢ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʪʦʚʱʽ ʟʨʘʟʢʘ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ: ɿôʷʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ 

ʝʬʝʢʪʽʚ ʫ ʧʦʣʽʤʝʨʘʭ ʚʘʞʣʠʚʝ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʨʠʣʘʜʽʚ; ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʥ-ʨʝʰʽʪʢʦʚʠʭ 

ʚʟʘʻʤʦʜʽʡ ʫ ʧʦʣʽʤʝʨʘʭ ʚʘʞʣʠʚʦ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʧʨʠʨʦʜʠ ʘʢʪʠʚʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʘʭ; ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʨʦʣʽ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʚ ʘʢʪʠʚʘʮʽʡʥʠʭ ʧʨʦʮʝʩʘʭ 

ʫ ʧʦʣʽʤʝʨʘʭ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʥʽ ʧʨʠ ʨʦʟʛʣʷʜʽ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʽʥʰʠʭ 

ʤʘʪʝʨʽʘʣʽʚ; ʟʘʩʪʦʩʦʚʘʥʽ ʧʽʜʭʦʜʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʦʟʠʪʨʦʥʥʦʾ ʘʥʽʛʽʣʷʮʽʡʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʱʦʜʦ ʚʝʣʠʢʦʛʦ ʢʦʣʘ ʤʘʪʝʨʽʘʣʽʚ; ʤʦʞʣʠʚʦʩʪʽ 

ʨʘʜʽʘʮʽʡʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʣʽʤʝʨʫ ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ 

ʫʜʦʩʢʦʥʘʣʠʪʠ ʧʘʨʘʤʝʪʨʠ ʙʽʦʩʝʥʩʦʨʘ. ʎ̔ ʣʝʩʧʨʷʤʦʚʘʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʤʦʨʬʦʣʦʛʽʾ 

ʧʦʣʽʤʝʨʥʠʭ ʩʽʪʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʷʚʣʝʥʠʭ ʧʽʜʧʦʨʦʛʦʚʠʭ ʝʬʝʢʪʽʚ ʜʦʟʚʦʣʠʣʘ 

ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʬʝʨʤʝʥʪʫ (ʣʘʢʢʘʟʠ). 

ʉʢʦʥʩʪʨʫʡʦʚʘʥʽ ʙʽʦʩʝʥʩʦʨʠ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʧʽʜʚʠʱʝʥʫ ʜʦ 2,2 ʨʘʟʠ ʯʫʪʣʠʚʽʩʪʴ 

ʪʘ ʚʠʩʦʢʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʩʫʙʩʪʨʘʪʫ (ʢʘʪʝʭʦʣʫ, ABTS) ʧʦʨʽʚʥʷʥʦ ʟʽ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʽʯʥʠʭ ʚʦʜ. 
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SUMMARY   

Zubrytska O.V.  Subthreshold radiation effects in the soybean oil-based 

polymeric materials. Qualification scholarly paper: a manuscript.  

Thesis submitted for obtaining the Doctor of Philosophy degree in Natural 

Sciences, Speciality 105 ï Applied Physics and Nanomaterials. Drohobych Ivan 

Franko State Pedagogical University, Ministry3 of Education and Science of Ukraine, 

Drohobych, 2025. 

Drohobych Ivan Franko State Pedagogical University, Ministry of Education and 

Science of Ukraine, Drohobych, 2026. 

The work was performed at the Department of Physics and Information Systems 

of the Drohobych Ivan Franko State Pedagogical University during 2021-2026. 

Radiation physics methods are successfully used for the modification and study 

of materials. Traditionally, attention has been paid to high-energy radiation, where 

defects are formed as a result of elastic collisions. However, structural disorders can 

also occur at energies below the threshold of elastic displacement of atoms ï these are 

the so-called subthreshold radiation effects (SRE), which arise as a result of electron-

phonon relaxation. While these processes have been studied in sufficient depth for 

semiconductors and dielectrics, they have remained poorly studied for polymers 

sensitive to low-energy effects. 

In the presented dissertation, subthreshold radiation effects in polymeric materials 

based on acrylated epoxidized soybean oil (AESO), which serve as matrices for the 

latest amperometric biosensors, were studied for the first time. 

Main results of the study: 

1. It has been proven that the interaction of UV radiation with polymers has a 

pronounced character of subthreshold radiation effects. The energy of excited electrons 

is transferred to the atomic subsystem, causing simultaneous processes of 

photopolymerization and controlled photodegradation (oxidative destruction with the 

formation of C=O and OïH groups). 
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2. Specific temperature effects were detected during the kinetics of reactions: a 

smooth increase in temperature under continuous UV irradiation (ñatomic 

temperatureò) and sharp temperature jumps under intermittent illumination 

(ñelectronic temperatureò). 

3. The fundamental role of free volume (nanovoids) in structural transformations 

was established. A direct correlation was demonstrated between the parameters of the 

free volume of the polymer matrix and the electrochemical characteristics of 

biosensors. 

4. The effect of radiation-stimulated diffusion of free radicals, which occurs along 

a spatial gradient formed as a result of inhomogeneous absorption of UV radiation in 

the thickness of the sample, was experimentally recorded. 

Practical significance: Elucidation of the mechanisms of subthreshold radiation 

effects in polymers is important for increasing the radiation resistance of polymer 

materials and devices; establishing the features of electron-lattice interactions in 

polymers is important for understanding the nature of activation processes in other 

materials; conclusions regarding the role of free volume in activation processes in 

polymers can be applicable when considering the radiation resistance of other 

materials; the applied approaches in the study of positron annihilation spectroscopy 

can be used for a wide range of materials; the possibility of radiation modification of 

the polymer within wide limits allows for significant improvement of biosensor 

parameters. Targeted modification of the morphology of polymer networks taking into 

account the identified subthreshold effects allowed for a significant increase in the 

efficiency of enzyme (laccase) immobilization. The designed biosensors demonstrated 

up to 2.2 times increased sensitivity and high affinity for the substrate (catechol, 

ABTS) compared to standard coatings, which opens up new opportunities for 

environmental monitoring of wastewater. 

Keywords: polymers, irradiation, defects, kinetics, properties, morphology, 

structure, composites, diffusion, positron annihilation, infrared spectroscopy, electron 

paramagnetic resonance, photopolymerization, photodegradation, biosensors. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

ʇʈɽ ï ʧʽʜʧʦʨʦʛʦʚʽ ʨʘʜʽʘʮʽʡʥʽ ʝʬʝʢʪʠ 

ɽʌɺ ï ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʽ ʚʟʘʻʤʦʜʽʾ 

ʇɸʉ ï ʧʦʟʠʪʨʦʥʥʘ ʘʥʽʛʽʣʷʮʽʡʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

ɯʏ ï ʽʥʬʨʘʯʝʨʚʦʥʘ (ʩʧʝʢʪʨʦʩʢʦʧʽʷ) 

ATR-FTIR ï ʽʥʬʨʘʯʝʨʚʦʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨôʻ ʪʘ ʦʩʣʘʙʣʝʥʠʤ 

ʧʦʚʥʠʤ ʚʽʜʙʠʪʪʷʤ (Attenuated Total Reflectance-Fourier Transform Infrared) 
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ʇʃɸ ï ʧʦʣʽʣʘʢʪʠʜ 

ʇɺʉ ï ʧʦʣʽʚʽʥʽʣʦʚʠʡ ʩʧʠʨʪ 
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VDM ï ʚʘʥʽʣʽʥʜʠʤʝʪʘʢʨʠʣʘʪ  
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PI ï ʬʦʪʦʽʥʽʮʽʘʪʦʨ   

ʋʌ ï ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʝ (ʩʚʽʪʣʦ, ʦʧʨʦʤʽʥʝʥʥʷ) 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ 

ʨʦʣʴ ʫ ʩʫʯʘʩʥʦʤʫ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʽ, ʥʘʥʦʪʝʭʥʦʣʦʛʽʷʭ ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʷʭ ʟʘʚʜʷʢʠ 

ʩʚʦʾʡ ʣʝʛʢʦʩʪʽ, ʛʥʫʯʢʦʩʪʽ, ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʪʦʥʢʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʚʦʥʠ ʥʘʙʫʣʠ ʦʩʦʙʣʠʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʘʪʨʠʮʽ-ʫʪʨʠʤʫʚʘʯʽ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʥʦʚʽʪʥʽʭ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ (ʘʤʧʝʨʦʤʝʪʨʠʯʥʠʭ) ʙʽʦʩʝʥʩʦʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʝʢʦʣʦʛʽʯʥʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ, ʤʝʜʠʮʠʥʽ ʪʘ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʽʜ ʘʨʭʽʪʝʢʪʫʨʠ 

ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʪʘ ʤʦʨʬʦʣʦʛʽʾ ʧʦʣʽʤʝʨʥʦʾ ʩʽʪʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʘʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʙʽʦʣʦʛʽʯʥʠʭ ʨʦʟʧʽʟʥʘʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʬʝʨʤʝʥʪʽʚ) 

ʪʘ ʜʠʬʫʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʨʠʮʽ ʱʦʜʦ ʮʽʣʴʦʚʠʭ ʘʥʘʣʽʪʽʚ. 

ʆʜʥʘʢ, ʝʢʩʧʣʫʘʪʘʮʽʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʟʦʢʨʝʤʘ, ʧʽʜ ʯʘʩ 

ʧʨʦʮʝʩʽʚ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ, 3D-ʜʨʫʢʫ ʘʙʦ ʩʪʝʨʠʣʽʟʘʮʽʾ) ʥʝʤʠʥʫʯʝ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʟʦʢʨʝʤʘ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ (ʋʌ). ʊʨʘʜʠʮʽʡʥʦ ʨʘʜʽʘʮʽʡʥʘ ʬʽʟʠʢʘ ʪʚʝʨʜʦʛʦ ʪʽʣʘ 

ʬʦʢʫʩʫʚʘʣʘʩʷ ʥʘ ʪʘʢ ʟʚʘʥʠʭ ʥʘʜʧʦʨʦʛʦʚʠʭ ʝʬʝʢʪʘʭ, ʟʘ ʷʢʠʭ ʜʝʬʝʢʪʠ ʫʪʚʦʨʶʶʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʜʘʯʽ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʧʨʫʞʥʠʭ ʟʽʪʢʥʝʥʥʷʭ, ʢʦʣʠ ʝʥʝʨʛʽʷ 

ʯʘʩʪʠʥʢʠ ʧʝʨʝʚʠʱʫʻ ʧʦʨʽʛ ʟʤʽʱʝʥʥʷ ʘʪʦʤʘ ʟ ʚʫʟʣʘ. ʈʘʟʦʤ ʟ ʪʠʤ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʩʪʨʫʢʪʫʨʥʽ ʧʝʨʝʙʫʜʦʚʠ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʽ ʧʨʠ ʝʥʝʨʛʽʷʭ, ʟʥʘʯʥʦ ʥʠʞʯʠʭ ʟʘ ʮʝʡ 

ʧʦʨʽʛ. ʊʘʢʽ ʷʚʠʱʘ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ (ʇʈɽ). ɰʭʥʷ 

ʧʨʠʨʦʜʘ ʧʦʣʷʛʘʻ ʫ ʟʙʫʜʞʝʥʥʽ ʝʣʝʢʪʨʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʟ ʧʦʜʘʣʴʰʦʶ ʨʝʣʘʢʩʘʮʽʻʶ 

ʪʘ ʧʝʨʝʜʘʯʝʶ ʝʥʝʨʛʽʾ ʘʪʦʤʥʽʡ ʧʽʜʩʠʩʪʝʤʽ ʯʝʨʝʟ ʩʠʣʴʥʽ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʽ ʚʟʘʻʤʦʜʽʾ. 

ʗʢʱʦ ʜʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ ʧʨʦʮʝʩʠ ʇʈɽ 

ʚʠʚʯʝʥʽ ʜʦʩʪʘʪʥʴʦ ʛʣʠʙʦʢʦ, ʪʦ ʜʣʷ ʩʢʣʘʜʥʦʦʨʛʘʥʽʟʦʚʘʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ ʝʥʝʨʛʽʻʶ ʟʚôʷʟʢʽʚ ʪʘ ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʜʦ 

ʽʦʥʽʟʘʮʽʡʥʠʭ ʚʧʣʠʚʽʚ, ʮʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʟʘʣʠʰʘʣʘʩʷ ʧʨʘʢʪʠʯʥʦ 

ʥʝʜʦʩʣʽʜʞʝʥʦʶ. ɼʦʪʝʧʝʨ ʙʨʘʢʫʚʘʣʦ ʩʠʩʪʝʤʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʷʢ ʩʘʤʝ 

ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʽ ʝʣʝʢʪʨʦʥʥʽ ʟʙʫʜʞʝʥʥʷ ʽʥʽʮʽʶʶʪʴ ʨʦʟʨʠʚ ʤʘʢʨʦʤʦʣʝʢʫʣ, 

ʩʪʠʤʫʣʶʶʪʴ ʜʠʬʫʟʽʶ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʽ ʟʤʽʥʶʶʪʴ ʪʦʧʦʣʦʛʽʶ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ 
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ʧʦʣʽʤʝʨʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʅʝ ʚʨʘʭʦʚʫʚʘʚʩʷ ʪʘʢʦʞ ʥʝʨʦʟʨʠʚʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ 

ʧʨʦʮʝʩʘʤʠ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʪʘ ʩʫʧʫʪʥʴʦʾ ʬʦʪʦʽʥʜʫʢʦʚʘʥʦʾ ʜʝʛʨʘʜʘʮʽʾ 

(ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʜʝʩʪʨʫʢʮʽʾ), ʱʦ ʢʨʠʪʠʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ ʩʪʨʫʢʪʫʨʥʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ. 

ɿ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʛʣʦʙʘʣʴʥʝ ʟʨʦʩʪʘʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʚʢʽʣʣʷ ʚʠʤʘʛʘʻ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʘ ʩʪʘʙʽʣʴʥʠʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ 

(ʥʘʧʨʠʢʣʘʜ, ʬʝʥʦʣʴʥʠʭ ʧʦʭʽʜʥʠʭ ʪʘ ʢʩʝʥʦʙʽʦʪʠʢʽʚ) ʫ ʩʪʽʯʥʠʭ ʽ ʧʠʪʥʠʭ ʚʦʜʘʭ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨʽʚ (ʪʘʢʠʭ ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʦʩʥʦʚʽ ʘʢʨʠʣʦʚʘʥʦʾ 

ʝʧʦʢʩʠʜʦʚʘʥʦʾ ʩʦʻʚʦʾ ʦʣʽʾ ï AESO) ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʽʦʩʝʥʩʦʨʽʚ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ 

ʧʝʨʩʧʝʢʪʠʚʠ, ʧʨʦʪʝ ʚʠʤʘʛʘʻ ʧʨʝʮʠʟʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʾʭʥʴʦʶ ʤʦʨʬʦʣʦʛʽʻʶ ʥʘ 

ʥʘʥʦʨʽʚʥʽ. ɿôʷʩʫʚʘʥʥʷ ʧʨʠʨʦʜʠ ʇʈɽ ʪʘ ʝʚʦʣʶʮʽʾ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ 

ʜʦ ʩʚʽʜʦʤʦʾ ʨʘʜʽʘʮʽʡʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʮʠʭ ʤʘʪʨʠʮʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʘʜʠʢʘʣʴʥʦ 

ʧʜ̔ʚʠʱʠʪʠ ʯʫʪʣʠʚʽʩʪʴ ʪʘ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʙʽʦʩʝʥʩʦʨʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ 

ʝʬʝʢʪʽʚ ʫ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʥʘ ʦʩʥʦʚʽ ʩʦʻʚʦʾ ʦʣʽʾ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʣʽ 

ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʬʘʢʪʦʨʽʚ ʫ ʮʠʭ ʧʨʦʮʝʩʘʭ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʟʥʘʥʴ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʥʘʣʽʪʠʯʥʠʭ 

ʧʨʠʣʘʜʽʚ ʻ ʩʚʦʻʯʘʩʥʠʤ, ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʤʘʻ ʷʢ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʝ, ʪʘʢ ʽ ʚʘʛʦʤʝ ʧʨʠʢʣʘʜʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʚʠʪʢʫ ʧʨʠʢʣʘʜʥʦʾ 

ʬʽʟʠʢʠ ʪʘ ʥʘʥʦʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ, ʛʨʘʥʪʘʤʠ.  

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʽʜʧʦʚʽʜʘʻ ʦʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʘʤ ʜʽʷʣʴʥʦʩʪʽ ʢʘʬʝʜʨʠ ʬʽʟʠʢʠ 

ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʤʘʪʝʨʽʘʣʽʚ 

ʪʚʝʨʜʦʪʽʣʴʥʦʾ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ ʽʤʝʥʽ ʧʨʦʬʝʩʦʨʘ ɺʦʣʦʜʠʤʠʨʘ ʎʤʦʮʷ ʪʘ ʢʘʬʝʜʨʠ 

ʙʽʦʣʦʛʽʾ ʪʘ ʭʽʤʽʾ ɼʨʦʛʦʙʠʮʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ 

ɯʚʘʥʘ ʌʨʘʥʢʘ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʜʝʨʞʘʥʽ ʚ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʪʝʤ:  

1. «ʌʦʪʦʧʦʣʽʤʝʨʥʽ ʤʘʪʨʠʮʽ ʪʘ ʥʘʥʦʥʦʩʽʾ ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʙʽʦʩʝʥʩʦʨʽʚ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʪʘ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ» (2021-2023), ˉ ʜʝʨʞʘʚʥʦʾ 
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ʨʝʻʩʪʨʘʮʽʾ, ʟʘ ʨʘʭʫʥʦʢ ʢʦʰʪʽʚ ʟʘʛʘʣʴʥʦʛʦ ʬʦʥʜʫ ʜʝʨʞʘʚʥʦʛʦ ʙʶʜʞʝʪʫ ʄʆʅ 

ʋʢʨʘʾʥʠ; 

2. ʂʘʬʝʜʨʘʣʴʥʘ ʪʝʤʘ «ʆʪʨʠʤʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʰʠʨʦʢʦʟʦʥʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ» (2022-2025); 

3. çʇʦʣʴʩʴʢʦ-ʫʢʨʘʾʥʩʴʢʠʡ ʩʠʥʝʨʛʽʟʤ ʜʣʷ ʚʠʚʯʝʥʥʷ ʩʫʙ-ʥʘʥʦʤʝʪʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ 

ʙʽʦʩʝʥʩʦʨʽʚè (2023-2024), ˉ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0123U103572 ʪʘ 0124U003406, 

ʫ ʤʝʞʘʭ ʢʦʥʢʫʨʩʫ ʩʧʽʣʴʥʠʭ ʫʢʨʘʾʥʩʴʢʦ-ʧʦʣʴʩʴʢʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʧʨʦʻʢʪʽʚ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʫ 2023-2024 ʨʨ.; 

4. çʄʦʜʠʬʽʢʘʮʽʷ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʥʦʚʠʭ ʙʽʦʩʝʥʩʦʨʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʘ ʙʽʦʤʝʜʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷè 

(2025-2027), ˉ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0125U001054, ʟʘ ʨʘʭʫʥʦʢ ʢʦʰʪʽʚ ʟʘʛʘʣʴʥʦʛʦ 

ʬʦʥʜʫ ʜʝʨʞʘʚʥʦʛʦ ʙʶʜʞʝʪʫ ʄʆʅ ʋʢʨʘʾʥʠ (ʧʨʦʻʢʪ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ). 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʪʘʢʦʞ ʚ ʨʘʤʢʘʭ ʤʽʞʥʘʨʦʜʥʦʛʦ ʧʨʦʻʢʪʫ 

ñUkrainian-Lithuanian-Polish-Slovak synergy for characterization of biopolymer 

materials used in biosensor analysis of pollution of water resourcesò, ʧʨʦʻʢʪ 

EURIZON (ʛʨʘʥʪ ˉ EU-3022), ʟʘ ʬʽʥʘʥʩʦʚʦʾ ʧʽʜʪʨʠʤʢʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ 

(ʯʝʨʝʟ ʧʨʦʻʢʪ EURIZON H2020, ʛʨʘʥʪʦʚʘ ʫʛʦʜʘ ˉ 871072). 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʠʪʠ ʧʽʜʧʦʨʦʛʦʚʽ ʨʘʜʽʘʮʽʡʥʽ ʝʬʝʢʪʠ ʫ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ ʥʘ ʦʩʥʦʚʽ ʘʢʨʠʣʦʚʘʥʦʾ ʝʧʦʢʩʠʜʦʚʘʥʦʾ ʩʦʻʚʦʾ ʦʣʽʾ (AESO) ʟ ʨʽʟʥʠʤʠ 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʘ ʚʠʢʦʨʠʩʪʘʪʠ ʮʽ ʷʚʠʱʘ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʽʦʩʝʥʩʦʨʽʚ.  

ɿʘʚʜʘʥʥʷ ʨʦʙʦʪʠ ʫ ʟʚôʷʟʢʫ ʟ ʧʦʩʪʘʚʣʝʥʦʶ ʤʝʪʦʶ: 

1. ɺʠʚʯʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʫ ʧʦʣʽʤʝʨʘʭ 

ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʩʪʨʫʢʪʫʨʠ. 

2. ɺʩʪʘʥʦʚʠʪʠ ʨʦʣʴ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʫ ʨʝʘʣʽʟʘʮʽʾ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʧʦʨʦʛʦʚʠʭ 

ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʫ ʧʦʣʽʤʝʨʘʭ. 

3. ɼʦʩʣʽʜʠʪʠ ʨʦʣʴ ʨʘʜʽʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʦʾ ʜʠʬʫʟʽʾ ʫ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʥʷʭ ʫ ʧʦʣʽʤʝʨʘʭ. 
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4. ɺʠʚʯʠʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ ʜʝʛʨʘʜʘʮʽʾ. 

5. ɼʦʩʣʽʜʠʪʠ ʪʝʤʧʝʨʘʪʫʨʥʽ ʝʬʝʢʪʠ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʘʜ̔ ʘʮʽʡʥʦ-

ʩʪʠʤʫʣʴʦʚʘʥʽ ʧʨʦʮʝʩʠ ʫ ʧʦʣʽʤʝʨʘʭ. 

6. ɺʠʢʦʨʠʩʪʘʪʠ ʚʧʣʠʚ ʧʽʜʧʦʨʦʛʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʙʽʦʩʝʥʩʦʨʘ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ  ʥʘ ʦʩʥʦʚʽ AESO ʷʢ  ʦʩʥʦʚʘ 

ʥʦʚʽʪʥʽʭ ʙʽʦʩʝʥʩʦʨʽʚ.   

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʭʘʥʽʟʤʠ ʚʟʘʻʤʦʜʽʾ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʧʦʣʽʤʝʨʘʤʠ. 

 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ: ʧʦʟʠʪʨʦʥʥʘ ʘʥʽʛʽʣʷʮʽʡʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽ ̫ (ʇɸʉ), 

ʽʥʬʨʘʯʝʨʚʦʥʘ (ɯʏ) ʩʧʝʢʪʨʦʩʢʦʧʽ ̫ʪʘ ʩʧʝʢʪʨʦʩʢʦʧʽ ̫ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʽʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʫ (ɽʇʈ), ʘʤʧʝʨʦʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ ï ʮʠʢʣʽʯʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʪʘ 

ʭʨʦʥʦʘʤʧʝʨʦʤʝʪʨʽʾ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʚʧʝʨʰʝ:  

- ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʚʟʘʻʤʦʜʽʶ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʧʦʣʽʤʝʨʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ (ʥʘ 

ʧʨʠʢʣʘʜʽ ʬʦʪʦʟʰʠʪʠʭ ʧʦʣʽʤʝʨʽʚ AESO/VDM) ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʨʦʷʚ 

ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ (ʇʈɽ). ʇʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʨʠʚ ʭʽʤʽʯʥʠʭ 

ʟʚôʷʟʢʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʣʦʢʘʣʽʟʘʮʽʾ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʟʙʫʜʞʝʥʴ ʪʘ 

ʾʾ ʧʝʨʝʜʘʯʽ ʘʪʦʤʥʽʡ ʧʽʜʩʠʩʪʝʤʽ ʯʝʨʝʟ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʽ ʚʟʘʻʤʦʜʽʾ ʟʘ ʝʥʝʨʛʽʡ, 

ʥʠʞʯʠʭ ʟʘ ʧʦʨʽʛ ʧʨʫʞʥʦʛʦ ʟʤʽʱʝʥʥʷ; 

- ʢʦʤʧʣʝʢʩʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʧʦʜʚʽʡʥʫ ʨʦʣʴ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ ʫ ʧʦʣʽʤʝʨʥʠʭ 

ʩʠʩʪʝʤʘʭ: ʥʝ ʣʠʰʝ ʷʢ ʩʪʠʤʫʣʷʪʦʨʘ ʨʝʘʢʮʽʡ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʘʣʝ ʡ ʷʢ 

ʢʣʶʯʦʚʦʛʦ ʬʘʢʪʦʨʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʢʽʥʝʪʠʢʫ, ʤʘʩʰʪʘʙʠ ʪʘ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʽʚ 

ʬʦʪʦʽʥʜʫʢʦʚʘʥʦʾ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʜʝʛʨʘʜʘʮʽʾ (ʜʝʩʪʨʫʢʮʽʾ) ʧʦʣʽʤʝʨʥʦʾ ʩʽʪʢʠ ʧʽʜ 

ʯʘʩ ʪʨʠʚʘʣʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ; 

- ʜʦʩʣʽʜʞʝʥʦ ʪʘ ʬʽʟʠʯʥʦ ʽʥʪʝʨʧʨʝʪʦʚʘʥʦ ʢʽʥʝʪʠʢʫ ʬʦʪʦʩʪʨʫʢʪʫʨʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʧʦʣʽʤʝʨʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʯʥʠʭ ʪʝʧʣʦʚʠʭ ʚʽʜʛʫʢʽʚ 

ʩʠʩʪʝʤʠ. ɯʜʝʥʪʠʬʽʢʦʚʘʥʦ ʬʝʥʦʤʝʥʠ ʤʘʢʨʦʩʢʦʧʽʯʥʦʾ çʘʪʦʤʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠè 
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(ʧʣʘʚʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʧʣʘ ʨʝʰʽʪʢʦʶ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʦʧʨʦʤʽʥʝʥʥʽ) ʪʘ 

ʣʦʢʘʣʴʥʦʾ çʝʣʝʢʪʨʦʥʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠè (ʨʽʟʢʽ ʪʝʧʣʦʚʽ ʬʣʫʢʪʫʘʮʽʾ ʧʨʠ 

ʧʝʨʝʨʠʚʯʘʩʪʦʤʫ ʦʩʚʽʪʣʝʥʥʽ); 

- ʚʩʪʘʥʦʚʣʝʥʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʚʧʣʠʚ ʪʦʧʦʣʦʛʽʾ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ 

(ʤʽʢʨʦʧʦʨʦʞʥʠʥ) ʥʘ ʧʝʨʝʙʽʛ ʬʦʪʦʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ɼʦʚʝʜʝʥʦ 

ʥʘʷʚʥʽʩʪʴ ʧʨʷʤʦʾ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʽʣʴʥʦʛʦ 

ʦʙôʻʤʫ (ʨʦʟʤʽʨʦʤ ʧʦʨ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʩʢʣʫʚʘʥʥʷ Tg, ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ) ʪʘ ʜʠʬʫʟʽʡʥʦ-ʜʝʪʝʢʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʤʘʪʝʨʽʘʣʫ; 

- ʥʘʙʫʣʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʨʦʟʫʤʽʥʥʷ ʢʽʥʝʪʠʢʠ ʨʘʜʠʢʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʫ 

ʪʚʝʨʜʦʬʘʟʥʠʭ ʧʦʣʽʤʝʨʘʭ ʟʘʚʜʷʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦʚʝʜʝʥʥʶ (ʤʝʪʦʜʦʤ 

ɽʇʈ) ʷʚʠʱʘ ʨʘʜʽʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʦʾ ʜʠʬʫʟʽʾ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ, ʷʢʽ 

ʤʽʛʨʫʶʪʴ ʪʘ ʨʝʢʦʤʙʽʥʫʶʪʴ ʫʟʜʦʚʞ ʧʨʦʩʪʦʨʦʚʦʛʦ ʛʨʘʜʽʻʥʪʘ, ʫʪʚʦʨʝʥʦʛʦ 

ʥʝʦʜʥʦʨʽʜʥʠʤ ʧʦʛʣʠʥʘʥʥʷʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

- ʜʦʚʝʜʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʘʤʧʝʨʦʤʝʪʨʠʯʥʠʭ ʙʽʦʩʝʥʩʦʨʽʚ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ ʾʭʥʽʭ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʨʠʮʴ-ʫʪʨʠʤʫʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʷʚʣʝʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʽʜʧʦʨʦʛʦʚʠʭ 

ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʪʘ ʝʚʦʣʶʮʽʾ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʜʠʩʝʨʪʘʮʽʾ ʧʦʣʷʛʘʻ ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʤʦʞʣʠʚʦʩʪʽ 

ʪʨʘʥʩʣʷʮʽʾ ʚʠʷʚʣʝʥʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ ʧʣʦʱʠʥʫ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʽʪʥʽʭ ʤʘʪʝʨʽʘʣʽʚ, ʘʥʘʣʽʪʠʯʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ: 

1. ʉʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʘʤʧʝʨʦʤʝʪʨʠʯʥʠʭ ʙʽʦʩʝʥʩʦʨʽʚ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ: ɺʠʷʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʙʫʣʠ ʫʩʧʽʰʥʦ 

ʢʦʥʚʝʨʪʦʚʘʥʽ ʫ ʧʨʘʢʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʨʠʮʴ-

ʫʪʨʠʤʫʚʘʯʽʚ (ʥʘ ʦʩʥʦʚʽ ʫʨʝʘʩʠʣʫ ʪʘ ʬʦʪʦʟʰʠʪʠʭ ʦʣʽʡ). ʎʝ ʟʘʙʝʟʧʝʯʠʣʦ ʽʜʝʘʣʴʥʽ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʫʤʦʚʠ ʜʣʷ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʬʝʨʤʝʥʪʫ ʣʘʢʢʘʟʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʫ 1,4-

2,2 ʨʘʟʠ ʧʽʜʚʠʱʠʪʠ ʯʫʪʣʠʚʽʩʪʴ ʙʽʦʝʣʝʢʪʨʦʜʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʤʝʨʮʽʡʥʠʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʤʝʤʙʨʘʥʘʤʠ Nafion), ʘ ʪʘʢʦʞ ʜʦʩʷʛʪʠ ʨʝʢʦʨʜʥʦ ʚʠʩʦʢʦʾ 

ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʩʝʥʩʦʨʘ ʜʦ ʮʽʣʴʦʚʠʭ ʘʥʘʣʽʪʽʚ. 
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2. ʈʦʟʨʦʙʢʘ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʣʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ: ʉʢʦʥʩʪʨʫʡʦʚʘʥʽ 

ʙʽʦʥʘʥʦʩʝʥʩʦʨʠ ʧʦʚʥʽʩʪʶ ʛʦʪʦʚʽ ʜʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʩʠʩʪʝʤʠ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʦʪʦʯʥʝ, ʰʚʠʜʢʝ ʪʘ ʥʘʜʽʡʥʝ 

ʚʠʷʚʣʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʢʩʝʥʦʙʽʦʪʠʢʽʚ ʽ ʬʝʥʦʣʴʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ (ʟʦʢʨʝʤʘ, 

ʢʘʪʝʭʦʣʫ) ʫ ʩʪʽʯʥʠʭ ʽ ʧʠʪʥʠʭ ʚʦʜʘʭ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ 

ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ. 

3. ʂʝʨʫʚʘʥʥʷ ʨʘʜʽʘʮʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʣʽʤʝʨʽʚ: ɿôʷʩʦʚʘʥʽ 

ʤʝʭʘʥʽʟʤʠ ʧʽʜʧʦʨʦʛʦʚʦʾ ʜʝʛʨʘʜʘʮʽʾ ʥʘʜʘʶʪʴ ʽʥʞʝʥʝʨʘʤ ʪʘ ʪʝʭʥʦʣʦʛʘʤ ʧʨʷʤʠʡ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʜʘʪʥʽʩʪʴ ʢʝʨʫʚʘʪʠ ʰʚʠʜʢʽʩʪʶ ʜʝʩʪʨʫʢʮʽʾ 

(ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʘʙʦ ʚʠʣʫʯʝʥʥʷ ʬʦʪʦʽʥʽʮʽʘʪʦʨʽʚ) ʤʘʻ ʚʝʣʠʯʝʟʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ, ʤʝʜʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 3D-ʜʨʫʢʫ 

ʙʽʦʩʫʤʽʩʥʠʤʠ ʬʦʪʦʧʦʣʽʤʝʨʘʤʠ. 

4. ɺʧʨʦʚʘʜʞʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ: ʈʦʟʨʦʙʣʝʥʠʡ 

ʪʘ ʫʩʧʽʰʥʦ ʘʧʨʦʙʦʚʘʥʠʡ ʫ ʜʠʩʝʨʪʘʮʽʾ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʤʝʪʦʜʠʯʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ 

ʧʦʻʜʥʫʻ ʧʦʟʠʪʨʦʥʥʫ ʘʥʽʛʽʣʷʮʽʡʥʫ ʩʧʝʢʪʨʦʩʢʦʧʽʶ (ʇɸʉ), ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʶ 

(ATR-FTIR), ʝʣʝʢʪʨʦʥʥʠʡ ʧʘʨʘʤʘʛʥʽʪʥʠʡ ʨʝʟʦʥʘʥʩ (ɽʇʈ) ʻ ʛʦʪʦʚʠʤ ʧʦʪʫʞʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ. ʎʝʡ ʢʦʤʧʣʝʢʩ ʜʦʟʚʦʣʷʻ 

ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʩʦʢʦʪʦʯʥʠʡ ʥʝʨʫʡʥʽʚʥʠʡ ʢʦʥʪʨʦʣʴ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʪʘ ʤʦʥʽʪʦʨʠʥʛ 

ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʘʢʪʠʯʥʦ ʫ ʙʫʜʴ-ʷʢʠʭ ʧʦʣʽʤʝʨʥʠʭ ʽ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɸʚʪʦʨʦʚʽ ʥʘʣʝʞʠʪʴ ʬʦʨʤʫʣʶʚʘʥʥʷ ʛʦʣʦʚʥʠʭ 

ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʩʥʦʚʢʽʚ. 

ɺʥʝʩʦʢ ʘʚʪʦʨʘ ʫ ʥʘʫʢʦʚʽ ʨʦʙʦʪʠ, ʚʠʢʦʥʘʥʽ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʚʽʜʦʙʨʘʞʝʥʦ ʫ 

ʧʝʨʝʣʽʢʫ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʧʨʘʮʴ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ. ʉʧʽʣʴʥʦ ʟ ʥʘʫʢʦʚʠʤ 

ʢʝʨʽʚʥʠʢʦʤ, ʢʘʥʜʠʜʘʪʦʤ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪʦʤ ʂʘʚʝʮʴʢʠʤ ʊ.ʉ., 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʦʩʥʦʚʥʫ ʽʜʝʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʦ ʡʦʛʦ ʤʝʪʫ 

ʽ ʟʘʚʜʘʥʥʷ, ʨʦʟʨʦʙʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ in-situ ʧʽʜ ʯʘʩ ʪʨʠʚʘʣʦʛʦ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʋʌ-ʦʩʚʽʪʣʝʥʥʷ ʪʘ 

ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʋʌ-ʦʩʚʽʪʣʝʥʥʷ ʟʨʘʟʢʽʚ ʟ̔ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ ʪʘ ʙʝʟ ʥʴʦʛʦ. ɸʚʪʦʨʦʤ 
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ʩʘʤʦʩʪʽʡʥʦ ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʧʨʦʚʝʜʝʥʦ ʦʙʨʦʙʢʫ ʽ ʬʽʟʠʯʥʫ 

ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʧʨʦʮʝʩʽʚ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʪʘ ʬʦʪʦʜʝʛʨʘʜʘʮʽʾ [3*, 4*, 7* , 9*, 10*], 

ʚʚʠʷʚʣʝʥʦ ʩʧʝʮʠʬʽʯʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʝʬʝʢʪʠ ʧʽʜ ʯʘʩ ʢʽʥʝʪʠʢʠ ʨʝʘʢʮʽʡ [4*] , 

ʚʠʢʦʥʘʥʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʙʽʦʩʝʥʩʦʨʽʚ [1*, 2*, 5* , 6*, 8*, 

11*, 12*, 13*, 14*, 15*, 16*], ʚʩʪʘʥʦʚʣʝʥʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ ʨʦʣʴ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ 

(ʥʘʥʦʧʦʨʦʞʥʠʥ) ʫ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ [4*, 7*]  ʪʘ ʧʨʷʤʫ ʢʦʨʝʣʷʮʽʶ ʤʽʞ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʽʦʩʝʥʩʦʨʽʚ [8*, 15*], ʘ ʪʘʢʦʞ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ 

ʧʦʣʦʞʝʥʥʷ ʽ ʚʠʩʥʦʚʢʠ ʨʦʙʦʪʠ. ʋ ʧʫʙʣʽʢʘʮʽʷʭ, ʚʠʢʦʥʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, 

ʟʜʦʙʫʚʘʯʝʚʽ ʥʘʣʝʞʘʪʴ ʧʦʩʪʘʥʦʚʢʘ ʦʢʨʝʤʠʭ ʟʘʜʘʯ, ʦʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ, ʧʦʙʫʜʦʚʘ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʧʨʦʚʝʜʝʥʥʷ ʯʘʩʪʠʥʠ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ 

ʫʯʘʩʪʴ ʫ ʧʽʜʛʦʪʦʚʮʽ ʪʝʢʩʪʽʚ ʧʫʙʣʽʢʘʮʽʡ. 

ɸʧʨʦʙʘʮʽʷ ʨʦʙʦʪʠ. ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 3 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 9th International Congress on Biomaterials 

and Biosensors (BIOMATSEN 2024) (Oludeniz, Turkiye, 18-24 April, 2024); NATO 

Advanced Study Institute ñNanotechnological Advances in Environmental, Cyber and 

CBRN Securityò (Sozopol, Bulgaria, 14-22 September, 2024); V International 

Scientific and Practical Conference ñState of Natural Resources and Prospects for 

Their Preservation and Restorationò (Drohobych, Ukraine, 17-18 October, 2024). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 7 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʟ ʥʠʭ 5 

ʥʘʫʢʦʚʽ ʩʪʘʪʪʽ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʧʠʩʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ 

ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʪʘ ʧʨʦʽʥʜʝʢʩʦʚʘʥʠʭ ʫ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟʘʭ ʜʘʥʠʭ Web of 

Science Core Collection ʪʘ/ʘʙʦ Scopus ʪʘ 2 ʥʘʫʢʦʚʽ ʩʪʘʪʪʽ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ 

ʧʝʨʽʦʜʠʯʥʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʧʨʦʽʥʜʝʢʩʦʚʘʥʠʭ ʫ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟʘʭ 

ʜʘʥʠʭ Web of Science Core Collection ʪʘ/ʘʙʦ Scopus, ʢʨʘʾʥ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ 

ʆʨʛʘʥʽʟʘʮʽʾ ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʪʘ ʨʦʟʚʠʪʢʫ, ʽ 3 ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʟ 

ʜʦʧʦʚʽʜʝʡ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ 6 ʩʪʘʪʝʡ, ʷʢʽ ʜʦʜʘʪʢʦʚʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ. 
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ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙôʻʤ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 

ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ (136 ʥʘʡʤʝʥʫʚʘʥʴ) ʪʘ 

1 ʜʦʜʘʪʢʫ. ʈʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 176 ʩʪʦʨʽʥʢʘʭ, ʤʽʩʪʠʪʴ 46 ʨʠʩʫʥʢʽʚ ʽ 6 ʪʘʙʣʠʮʴ.  
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ʈʆɿɼɯʃ 1.  

ʆɿʅɸʏɽʅʅʗ ʇɯɼʇʆʈʆɻʆɺʀʍ ʈɸɼɯɸʎɯʁʅʀʍ  ɽʌɽʂʊɯɺ 

 

ʈʘʜʽʘʮʽʡʥʽ ʝʬʝʢʪʠ ʫ ʤʘʪʝʨʽʘʣʘʭ ʻ ʚʘʞʣʠʚʦʶ ʦʙʣʘʩʪʶ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʧʣʠʚʘʻ 

ʥʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʚʽʜ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʷʜʝʨʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʜʦ ʤʝʜʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʝʣʝʢʪʨʦʥʽʢʠ. ʊʨʘʜʠʮʽʡʥʦ ʦʩʥʦʚʥʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʣʘʩʷ ʪʘʢ ʟʚʘʥʠʤ ʥʘʜʧʦʨʦʛʦʚʠʤ ʝʬʝʢʪʘʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ 

ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʘʪʦʤʘʤ ʫ ʧʨʫʞʥʠʭ ʟʽʪʢʥʝʥʥʷʭ. ɿ ʯʘʩʦʤ ʚʠʷʚʠʣʦʩʴ, ʱʦ ʚʘʞʣʠʚʠʤʠ 

ʻ ʪʘʢʦʞ ʽ ʧʽʜʧʦʨʦʛʦʚʽ ʨʘʜʽʘʮʽʡʥʽ ʝʬʝʢʪʠ (ʇʈɽ). ʎʽ ʝʬʝʢʪʠ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʝʥʝʨʛʽʷʭ, ʱʦ ʥʠʞʯʽ ʟʘ ʧʦʨʽʛ ʧʨʫʞʥʦʛʦ ʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ. 

ʋ ʢʦʥʪʝʢʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʝ ʝʥʝʨʛʽʷ ʟʚô̫ ʟʢʽʚ ʻ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ, 

ʚʧʣʠʚ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʥʘ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʽʚ ʻ ʦʩʦʙʣʠʚʦ 

ʢʨʠʪʠʯʥʠʤ. ʇʦʣʽʤʝʨʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʝʨʝʟ ʾʭʥʶ ʣʝʛʢʽʩʪʴ, ʛʥʫʯʢʽʩʪʴ, 

ʥʠʟʴʢʫ ʚʘʨʪʽʩʪʴ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʦʨʠʩʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʇʨʦʪʝ ʾʭʥʷ 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʨʘʜʽʘʮʽʾ ʨʦʙʠʪʴ ʾʭ ʚʨʘʟʣʠʚʠʤʠ ʧʨʠ ʙʘʛʘʪʴʦʭ ʚʠʢʦʨʠʩʪʘʥʥʷʭ. 

ɺʟʘʛʘʣʽ, ʧ̔ ʜʧʦʨʦʛʦʚʽ ʨʘʜʽʘʮʽʡʥʽ ʝʬʝʢʪʠ (ʘʥʛʣ. subthreshold radiation effects) 

ï ʮʝ ʩʪʨʫʢʪʫʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʜʽʻʶ ʧʽʜʧʦʨʦʛʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʽʜʦʤʠʡ ʧʦʨʽʛ ʧʨʫʞʥʦʛʦ 

ʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʫ ʤʘʪʝʨʽʘʣʘʭ (Ed) ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ ʜʝʩʷʪʢʠ ʝɺ. ʊʘ ʧʽʜʧʦʨʦʛʦʚʽ 

ʝʬʝʢʪʠ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʨʠ ʝʥʝʨʛʽʾ, ʱʦ ʤʝʥʰʝ ʥʽʞ ʝɺ. ɺʦʥʠ ʧʦʚôʷʟʘʥʽ ʟʽ 

ʟʙʫʜʞʝʥʥʷʤʠ, ʝʣʝʢʪʨʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʤʘʪʝʨʽʘʣʫ. ʎʽ ʟʙʫʜʞʝʥʽ ʝʣʝʢʪʨʦʥʥʽ ʩʪʘʥʠ 

ʨʝʣʘʢʩʫʶʪ,ɹ ʧʝʨʝʜʘʶʯʠ ʩʚʦʶ ʝʥʝʨʛʽʶ ʘʪʦʤʥʽʡ ʧʽʜʩʠʩʪʝʤʽ ʤʘʪʝʨʽʘʣʫ. ʈʦʟʫʤʽʥʥʷ 

ʮʠʭ ʚʟʘʻʤʦʜʽʡ ʻ ʚʠʨʽʰʘʣʴʥʠʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ  ʤʘʪʝʨʽʘʣʫ. 

 

1.1. ɽʣʝʢʪʨʦʥʥʽ ʟʙʫʜʞʝʥʥʷ ʫ ʨʽʟʥʠʭ ʪʠʧʘʭ ʪʚʝʨʜʠʭ ʪʽʣ 

 

ɽʣʝʢʪʨʦʥʥʽ ʟʙʫʜʞʝʥʥʷ, ʚʠʢʣʠʢʘʥʽ ʽʦʥʽʟʫʶʯʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʻ 

ʚʽʜʧʨʘʚʥʦʶ ʪʦʯʢʦʶ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ. ʍʘʨʘʢʪʝʨ 

ʮʠʭ ʟʙʫʜʞʝʥʴ ʪʘ ʾʭʥʷ ʧʦʜʘʣʴʰʘ ʨʝʣʘʢʩʘʮʽʷ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʝʣʝʢʪʨʦʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʪʠʧʫ ʭʽʤʽʯʥʠʭ ʟʚô̫ ʟʢʽʚ ʫ ʤʘʪʝʨʽʘʣʽ.  
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ɻʘʨʷʯʽ ʝʣʝʢʪʨʦʥʠ ʚ ʤʝʪʘʣʘʭ ʰʚʠʜʢʦ ʪʝʨʤʘʣʽʟʫʶʪʴʩʷ (ʚʥʘʩʣʽʜʦʢ ʝʣʝʢʪʨʦʥ-

ʝʣʝʢʪʨʦʥʥʠʭ ʚʟʘʻʤʦʜʽʡ, Űe-e Ḑ 10-15-10-14 ʩ).  ɼʘʣʽ ʚʦʥʠ ʧʝʨʝʜʘʶʪʴ ʩʚʦʶ ʝʥʝʨʛʽʶ 

ʘʪʦʤʥʽʡ ˇʨʘʪʮ ̔(Űe-ph Ḑ 10-12-10-11 ʩ). ʃʦʢʘʣʴʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʫʪʚʦʨʝʥʥʷ 

ʩʪʘʙʽʣʴʥʠʭ ʜʝʬʝʢʪʽʚ ʯʝʨʝʟ ʝʣʝʢʪʨʦʥʥʽ ʟʙʫʜʞʝʥʥʷ ʻ ʤʘʣʦ ʽʤʦʚʽʨʥʠʤ ʫ ʤʝʪʘʣʘʭ.  

ʍʦʯʘ ʧʨʷʤʝ ʫʪʚʦʨʝʥʥʷ ʜʝʬʝʢʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʥʥʠʭ ʟʙʫʜʞʝʥʴ ʤʘʣʦ 

ʡʤʦʚʽʨʥʝ, ʧʽʜʧʦʨʦʛʦʚʽ ʝʬʝʢʪʠ ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠʩʷ ʷʢ ʧʨʠʩʢʦʨʝʥʘ ʜʠʬʫʟʽʷ. 

ʃʦʢʘʣʴʥʠʡ ʪʝʨʤʽʯʥʠʡ ʧʽʢ, ʩʧʨʠʯʠʥʝʥʠʡ ʰʚʠʜʢʦʶ ʨʝʣʘʢʩʘʮʽʻʶ ʝʣʝʢʪʨʦʥʥʦʾ 

ʝʥʝʨʛʽʾ, ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʣʦʢʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʩʧʨʠʷʶʯʠ ʧʝʨʝʤʽʱʝʥʥʶ ʘʪʦʤʽʚ. 

ɽʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʘ ʨʝʣʘʢʩʘʮʽʷ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʟ ʙʽʣʴʰʦʶ ʡʤʦʚʽʨʥʽʩʪʶ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ. ʋ ʜʝʷʢʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ, ʽʦʥʽʟʘʮʽʷ ʛʣʠʙʦʢʠʭ ʚʥʫʪʨʽʰʥʽʭ ʦʙʦʣʦʥʦʢ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʨʦʟʨʠʚʫ ʟʚô̫ ʟʢʫ, ʷʢʱʦ ʝʣʝʢʪʨʦʥʥʘ ʝʥʝʨʛʽʷ ʥʝ ʨʦʟʩʽʶʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʰʚʠʜʢʦ. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʢʨʝʤʥʽʾ, ʩʠʣʴʥʘ ʣʦʢʘʣʽʟʦʚʘʥʘ ʽʦʥʽʟʘʮʽʷ ʤʦʞʝ ʜʝʩʪʘʙʽʣʽʟʫʚʘʪʠ ʟʚô̫ ʟʢʠ 

ʽ ʩʧʨʠʯʠʥʠʪʠ ʧʝʨʝʤʽʱʝʥʥʷ ʘʪʦʤʘ. 

ɺ ̔ ʦʥʥʠʭ ʢʨʠʩʪʘʣʘʭ ʽʦʥʽʟʘʮʽʷ ʤʦʞʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʩʪʘʙʽʣʴʥʠʭ ʜʝʬʝʢʪʽʚ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ɺʘʨʣʽ. ʎʝʡ ʤʝʭʘʥʽʟʤ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ 

ʘʚʪʦʣʦʢʘʣʽʟʦʚʘʥʠʡ ʝʢʩʠʪʦʥ (ʷʢʠʡ ʻ ʧʦ ʩʫʪʽ ʣʦʢʘʣʽʟʦʚʘʥʠʤ ʝʣʝʢʪʨʦʥʥʠʤ 

ʟʙʫʜʞʝʥʥʷʤ) ʤʦʞʝ ʨʦʟʧʘʩʪʠʩʷ ʥʘ ʧʘʨʫ ʌʨʝʥʢʝʣʷ (ʚʘʢʘʥʩʽʷ-ʤʽʞʚʫʟʣʦʚʠʡ ʘʪʦʤ). 

ɽʥʝʨʛʽʷ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʨʝʢʦʤʙʽʥʘʮʽʾ ʝʣʝʢʪʨʦʥʘ ʟ ʜʽʨʢʦʶ ʚ 

ʘʚʪʦʣʦʢʘʣʽʟʦʚʘʥʦʤʫ ʩʪʘʥʽ, ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʟʤʽʱʝʥʥʷ ʘʪʦʤʘ, ʥʘʚʽʪʴ 

ʷʢʱʦ ʧʦʯʘʪʢʦʚʘ ʝʥʝʨʛʽʷ ʽʦʥʽʟʫʶʯʦʾ ʯʘʩʪʠʥʢʠ ʙʫʣʘ ʥʠʞʯʦʶ ʟʘ ʧʦʨʽʛ ʧʨʫʞʥʦʛʦ 

ʟʤʽʱʝʥʥʷ.  

ʇʦʣʽʤʝʨʠ ʻ ʦʨʛʘʥʽʯʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʦʚʛʠʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ, ʟʚô̫ ʟʘʥʠʭ ʢʦʚʘʣʝʥʪʥʠʤʠ ʟʚô̫ ʟʢʘʤʠ, ʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʚʟʘʻʤʦʜʽʾ 

(ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʽ ʩʠʣʠ, ʚʦʜʥʝʚʽ ʟʚô̫ ʟʢʠ) ʻ ʩʣʘʙʰʠʤʠ. ɺʦʥʠ ʤʘʶʪʴ ʩʢʣʘʜʥʫ 

ʤʦʨʬʦʣʦʛʽʶ (ʘʤʦʨʬʥʽ ʪʘ/ʘʙʦ ʢʨʠʩʪʘʣʽʯʥʽ ʦʙʣʘʩʪʽ). ɽʥʝʨʛʽʷ ʟʙʫʜʞʝʥʠʭ ʝʣʝʢʪʨʦʥʽʚ 

ʪʘ ʝʢʩʠʪʦʥʽʚ ʤʦʞʝ ʰʚʠʜʢʦ ʜʠʩʠʧʫʚʘʪʠʩʷ ʜʦ ʢʦʣʠʚʘʣʴʥʠʭ ʤʦʜ ʧʦʣʽʤʝʨʥʦʛʦ 

ʣʘʥʮʶʛʘ ʯʝʨʝʟ ʩʠʣʴʥʽ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʽ ʚʟʘʻʤʦʜʽʾ. ɯʦʥʽʟʘʮʽʷ ʪʘ ʨʦʟʨʠʚʠ ʟʚô̫ ʟʢʽʚ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ. 
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ʋ ʧʦʣʽʤʝʨʘʭ ʧʽʜʧʦʨʦʛʦʚʽ ʝʬʝʢʪʠ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʢʦʚʘʣʝʥʪʥʠʭ ʟʚô̫ ʟʢʽʚ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʣʘʥʮʶʛʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʪʘ ʟʤʽʥʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʥʘʧʨʠʢʣʘʜ, ʧʽʜʚʠʱʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʽ, ʢʨʠʭʢʦʩʪʽ). 

ʅʘʧʨʠʢʣʘʜ, ʫ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʽ (ʇʄʄɸ) ʝʣʝʢʪʨʦʥʥʽ ʟʙʫʜʞʝʥʥʷ ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʜʝʛʨʘʜʘʮʽʾ ʰʣʷʭʦʤ ʨʦʟʨʠʚʫ ʝʬʽʨʥʠʭ ʛʨʫʧ ʪʘ ʦʩʥʦʚʥʦʛʦ ʣʘʥʮʶʛʘ, 

ʫʪʚʦʨʶʶʯʠ ʛʘʟʠ ʪʘ ʟʥʠʞʫʶʯʠ ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ [1-14]. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʫ 

ʧʦʣʽʝʪʠʣʝʥʽ, ʧʝʨʝʚʘʞʥʠʤ ʻ ʟʰʠʚʘʥʥʷ. 

ɽʣʝʢʪʨʦʥʥʽ ʟʙʫʜʞʝʥʥʷ, ʚʠʢʣʠʢʘʥʽ ʽʦʥʽʟʫʶʯʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

(ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤ, ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ, ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ ʘʙʦ ʧʦʪʦʢʘʤʠ ʟʘʨʷʜʞʝʥʠʭ 

ʯʘʩʪʠʥʦʢ), ʻ ʚʽʜʧʨʘʚʥʦʶ ʪʦʯʢʦʶ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ 

(ʇʈɽ). ʊʨʘʜʠʮʽʡʥʦ ʚʚʘʞʘʣʦʩʷ, ʱʦ ʫʪʚʦʨʝʥʥʷ ʜʝʬʝʢʪʽʚ ʫ ʪʚʝʨʜʠʭ ʪʽʣʘʭ ʤʦʞʣʠʚʝ 

ʣʠʰʝ ʟʘ ʫʤʦʚʠ, ʢʦʣʠ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ, ʧʝʨʝʜʘʥʘ ʘʪʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʫʞʥʦʛʦ 

ʟʽʪʢʥʝʥʥʷ, ʧʝʨʝʚʠʱʫʻ ʧʝʚʥʫ ʧʦʨʦʛʦʚʫ ʚʝʣʠʯʠʥʫ ï ʧʦʨʽʛ ʧʨʫʞʥʦʛʦ ʟʤʽʱʝʥʥʷ Ed. 

ʇʨʦʪʝ ʨʦʟʚʠʪʦʢ ʨʘʜʽʘʮʽʡʥʦʾ ʬʽʟʠʢʠ ʧʦʢʘʟʘʚ, ʱʦ ʩʪʨʫʢʪʫʨʥʽ ʧʦʨʫʰʝʥʥʷ ʤʦʞʫʪʴ 

ʛʝʥʝʨʫʚʘʪʠʩʷ ʽ ʧʨʠ ʟʥʘʯʥʦ ʥʠʞʯʠʭ ʝʥʝʨʛʽʷʭ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʚʠʥʥʠʤ ʘʢʪʦʤ 

ʻ ʚʟʘʻʤʦʜʽʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝ ʟ ʷʜʨʘʤʠ, ʘ ʟ ʝʣʝʢʪʨʦʥʥʦʶ ʧʽʜʩʠʩʪʝʤʦʶ 

ʤʘʪʝʨʽʘʣʫ. 

ʇʨʦʮʝʩ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ 

ʧʽʜʩʠʩʪʝʤʠ ʟ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ï ʚʠʥʠʢʘʶʪʴ ʧʣʘʟʤʦʥʠ, ʝʢʩʠʪʦʥʠ, 

ʝʣʝʢʪʨʦʥ-ʜʽʨʢʦʚʽ ʧʘʨʠ ʪʘ ʽʦʥʽʟʦʚʘʥʽ ʩʪʘʥʠ. ʇʦʜʘʣʴʰʘ ʝʚʦʣʶʮʽʷ ʮʠʭ ʩʪʘʥʽʚ 

ʚʠʟʥʘʯʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʩʪʨʫʢʪʫʨʥʦʾ ʧʝʨʝʙʫʜʦʚʠ. ɿʛʽʜʥʦ ʟ ʘʜʽʘʙʘʪʠʯʥʠʤ 

ʥʘʙʣʠʞʝʥʥʷʤ ɹʦʨʥʘ-ʆʧʧʝʥʛʝʡʤʝʨʘ, ʨʫʭ ʣʝʛʢʠʭ ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʚʘʞʢʠʭ ʷʜʝʨ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ. ʆʜʥʘʢ ʩʘʤʝ ʧʦʨʫʰʝʥʥʷ ʮʴʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʯʝʨʝʟ ʩʠʣʴʥʽ ʝʣʝʢʪʨʦʥ-

ʬʦʥʦʥʥʽ ʚʟʘʻʤʦʜʽʾ ʜʦʟʚʦʣʷʻ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʣʦʢʘʣʽʟʫʚʘʪʠʩʷ ʪʘ 

ʪʨʘʥʩʬʦʨʤʫʚʘʪʠʩʷ ʫ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʘʪʦʤʽʚ. ʍʘʨʘʢʪʝʨ ʮʠʭ ʟʙʫʜʞʝʥʴ, ʾʭʥʽʡ ʯʘʩ 

ʞʠʪʪʷ, ʨʘʜʽʫʩ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʧʦʜʘʣʴʰʘ ʨʝʣʘʢʩʘʮʽʷ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʪʠʧʫ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʪʘ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʫ 

ʢʦʥʢʨʝʪʥʦʤʫ ʤʘʪʝʨʽʘʣʽ. 
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1.1.1. ʈʝʣʘʢʩʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʫ ʤʝʪʘʣʘʭ 

 

ʄʝʪʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚʠʨʦʜʞʝʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ ʪʘ 

ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ʎʝ ʚʠʟʥʘʯʘʻ ʩʧʝʮʠʬʽʢʫ ʜʠʩʠʧʘʮʽʾ 

ʝʥʝʨʛʽʾ. ɻʘʨʷʯʽ ʝʣʝʢʪʨʦʥʠ ʚ ʤʝʪʘʣʘʭ, ʦʪʨʠʤʘʚʰʠ ʥʘʜʣʠʰʢʦʚʫ ʝʥʝʨʛʽʶ ʚʽʜ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʜʫʞʝ ʰʚʠʜʢʦ ʪʝʨʤʘʣʽʟʫʶʪʴʩʷ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʽʥʪʝʥʩʠʚʥʠʭ ʥʝʧʨʫʞʥʠʭ ʝʣʝʢʪʨʦʥ-ʝʣʝʢʪʨʦʥʥʠʭ ʚʟʘʻʤʦʜʽʡ, ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ ʷʢʠʭ 

ʩʪʘʥʦʚʠʪʴ te-e ~ 10-15-10-14 ʩ. ɿʘ ʮʝʡ ʥʘʜʟʚʠʯʘʡʥʦ ʢʦʨʦʪʢʠʡ ʯʘʩ ʝʥʝʨʛʽʷ ʧʝʨʚʠʥʥʦʛʦ 

ʝʣʝʢʪʨʦʥʘ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ, 

ʫʪʚʦʨʶʶʯʠ ʣʦʢʘʣʴʥʫ ʜʽʣʷʥʢʫ çʨʦʟʽʛʨʽʪʦʛʦè ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ. 

ɼʘʣʽ ʛʘʨʷʯʽ ʝʣʝʢʪʨʦʥʠ ʧʝʨʝʜʘʶʪʴ ʩʚʦʶ ʝʥʝʨʛʽʶ ʘʪʦʤʥʽʡ ˇʨʘʪʮʽ ʯʝʨʝʟ 

ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʫ ʚʟʘʻʤʦʜʽʶ, ʭʘʨʘʢʪʝʨʥʠʡ ʯʘʩ ʷʢʦʾ ʩʪʘʥʦʚʠʪʴ te-ph ~ 10-12-10-11 ʩ. 

ʎʝʡ ʧʨʦʮʝʩ ʤʘʪʝʤʘʪʠʯʥʦ ʦʧʠʩʫʻʪʴʩʷ ʜʚʦʪʝʤʧʝʨʘʪʫʨʥʦʶ ʤʦʜʝʣʣʶ, ʷʢʘ ʨʦʟʛʣʷʜʘʻ 

ʝʣʝʢʪʨʦʥʥʫ ʪʘ ʽʦʥʥʫ ʧʽʜʩʠʩʪʝʤʠ ʷʢ ʜʚʽ ʚʟʘʻʤʦʜʽʶʯʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ: 

 

Ce  ​   (Ke ​Te) - g(Te  - Tl ) + S(r, t) (1.1) 

 

Cl  =  ɳ· (Kl Tɳl) + g(Te ī Tl) (1.2) 

 

ʜʝ Ce ʪʘ Cl ï ʪʝʧʣʦʻʤʥʦʩʪʽ ʝʣʝʢʪʨʦʥʥʦʾ ʪʘ ˇʨʘʪʢʦʚʦʾ ʧʽʜʩʠʩʪʝʤ ʚʽʜʧʦʚʽʜʥʦ, Ke ʪʘ 

Kl ï ʾʭʥʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, Te ʪʘ Tl ï ʣʦʢʘʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʥʽʚ ʽ ˇʨʘʪʢʠ, g 

ï ʢʦʥʩʪʘʥʪʘ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʛʦ ʟʚôʷʟʢʫ, ʘ S(r, t) ï ʬʫʥʢʮʽʷ ʜʞʝʨʝʣʘ ʟʙʫʜʞʝʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʥʥʠʡ ʛʘʟ ʤʘʻ ʚʠʩʦʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʝʥʝʨʛʽʷ ʟʙʫʜʞʝʥʥʷ 

ʚʩʪʠʛʘʻ ʨʦʟʧʦʜʽʣʠʪʠʩʷ ʧʦ ʟʥʘʯʥʦʤʫ ʤʘʢʨʦʩʢʦʧʽʯʥʦʤʫ ʦʙô̒ ʤʫ ʱʝ ʜʦ ʪʦʛʦ, ʷʢ 

ʘʪʦʤʥʘ ˇʨʘʪʢʘ ʦʪʨʠʤʘʻ ʜʦʩʪʘʪʥʴʦ ʝʥʝʨʛʽʾ ʜʣʷ ʨʦʟʨʠʚʫ ʤʝʪʘʣʝʚʠʭ ʟʚô̫ ʟʢʽʚ. ɺʠʩʦʢʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʦʩʽʾʚ ʪʘʢʦʞ ʤʠʪʪʻʚʦ ʝʢʨʘʥʫʻ ʙʫʜʴ-ʷʢʽ ʣʦʢʘʣʴʥʽ ʬʣʫʢʪʫʘʮʽʾ ʟʘʨʷʜʫ, 

ʫʥʝʤʦʞʣʠʚʣʶʶʯʠ ʢʫʣʦʥʽʚʩʴʢʝ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʽʦʥʽʟʦʚʘʥʠʭ ʘʪʦʤʽʚ. ʊʦʤʫ 

ʣʦʢʘʣʴʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʫʪʚʦʨʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʜʝʬʝʢʪʽʚ ʯʝʨʝʟ ʝʣʝʢʪʨʦʥʥʽ 

ʟʙʫʜʞʝʥʥʷ ʻ ʤʘʣʦʽʤʦʚʽʨʥʠʤ ʫ ʤʝʪʘʣʘʭ. 
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ʍʦʯʘ ʧʨʷʤʝ ʫʪʚʦʨʝʥʥʷ ʜʝʬʝʢʪʽʚ ʌʨʝʥʢʝʣʷ ʟʘ ʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʥʥʠʭ ʟʙʫʜʞʝʥʴ 

ʤʘʣʦʡʤʦʚʽʨʥʝ, ʧʽʜʧʦʨʦʛʦʚʽ ʝʬʝʢʪʠ ʫ ʤʝʪʘʣʘʭ ʚʩʝ ʞ ʽʩʥʫʶʪʴ ʽ ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠʩʷ 

ʷʢ ʧʨʠʩʢʦʨʝʥʘ ʜʠʬʫʟʽʷ (ʨʘʜʽʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʘ ʜʠʬʫʟʽʷ). ʃʦʢʘʣʴʥʠʡ ʪʝʨʤʽʯʥʠʡ 

ʧʽʢ, ʩʧʨʠʯʠʥʝʥʠʡ ʰʚʠʜʢʦʶ ʨʝʣʘʢʩʘʮʽʻʶ ʝʣʝʢʪʨʦʥʥʦʾ ʝʥʝʨʛʽʾ, ʪʠʤʯʘʩʦʚʦ 

ʧʽʜʚʠʱʫʻ ʣʦʢʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ Tl ʚʠʱʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʚ ʤʽʢʨʦʦʙô̒ ʤʽ, 

ʩʪʚʦʨʶʶʯʠ ʫʤʦʚʠ ʜʣʷ ʤʽʛʨʘʮʽʾ ʚʞʝ ʽʩʥʫʶʯʠʭ ʜʝʬʝʢʪʽʚ (ʚʘʢʘʥʩʽʡ ʪʘ ʤʽʞʚʫʟʣʦʚʠʭ 

ʘʪʦʤʽʚ) ʪʘ ʟʥʷʪʪʷ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ. 

 

1.1.2. ʄʝʭʘʥʽʟʤʠ ʜʝʬʝʢʪʦʫʪʚʦʨʝʥʥʷ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ 

 

ɽʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʘ ʨʝʣʘʢʩʘʮʽʷ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʟ ʙʽʣʴʰʦʶ ʡʤʦʚʽʨʥʽʩʪʶ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʧʦʨʽʚʥʷʥʦ ʟ 

ʤʝʪʘʣʘʤʠ. ʅʘʷʚʥʽʩʪʴ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʪʘ ʟʥʘʯʥʦ ʤʝʥʰʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʣʴʥʠʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʫʧʦʚʽʣʴʥʶʶʪʴ ʧʨʦʮʝʩʠ ʝʢʨʘʥʫʚʘʥʥʷ ʟʘʨʷʜʽʚ ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ɽʥʝʨʛʽʷ ʟʙʫʜʞʝʥʥʷ ʜʦʚʰʝ ʟʘʣʠʰʘʻʪʴʩʷ ʣʦʢʘʣʽʟʦʚʘʥʦʶ ʥʘ 

ʢʦʥʢʨʝʪʥʦʤʫ ʚʫʟʣʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ. 

ʋ ʜʝʷʢʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʽʦʥʽʟʘʮʽʷ ʛʣʠʙʦʢʠʭ ʚʥʫʪʨʽʰʥʽʭ (ʦʩʪʦʚʥʠʭ) 

ʦʙʦʣʦʥʦʢ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʦʟʨʠʚʫ ʢʦʚʘʣʝʥʪʥʦʛʦ ʟʚôʷʟʢʫ, ʷʢʱʦ ʝʣʝʢʪʨʦʥʥʘ 

ʝʥʝʨʛʽʷ ʥʝ ʨʦʟʩʽʶʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʰʚʠʜʢʦ. ʎʝʡ ʧʨʦʮʝʩ ʪʽʩʥʦ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʆʞʝ-

ʨʝʢʦʤʙʽʥʘʮʽʻʶ. ʂʦʣʠ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʡ ʬʦʪʦʥ ʚʠʙʠʚʘʻ ʝʣʝʢʪʨʦʥ ʟ ʛʣʠʙʦʢʦʾ K- 

ʘʙʦ L-ʦʙʦʣʦʥʢʠ, ʜʽʨʢʘ, ʱʦ ʫʪʚʦʨʠʣʘʩʷ, ʟʘʧʦʚʥʶʻʪʴʩʷ ʝʣʝʢʪʨʦʥʦʤ ʟ ʚʠʱʦʛʦ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʷ. ɽʥʝʨʛʽʷ, ʱʦ ʚʠʚʽʣʴʥʷʻʪʴʩʷ ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʭʦʜʽ, ʧʝʨʝʜʘʻʪʴʩʷ 

ʽʥʰʦʤʫ ʝʣʝʢʪʨʦʥʫ, ʷʢʠʡ ʝʤʽʪʫʻʪʴʩʷ ʟ ʘʪʦʤʘ. ʎʝʡ ʢʘʩʢʘʜʥʠʡ ʧʨʦʮʝʩ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʪʦʛʦ, ʱʦ ʥʘ ʦʜʥʦʤʫ ʘʪʦʤʽ ʣʦʢʘʣʽʟʫʻʪʴʩʷ ʙʘʛʘʪʦʢʨʘʪʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ʟʘʨʷʜ. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʢʨʝʤʥʽʾ (Si), ʱʦ ʤʘʻ ʤʽʮʥʽ ʢʦʚʘʣʝʥʪʥʽ ʟʚô̫ ʟʢʠ ʟ ʧʨʦʩʪʦʨʦʚʦʶ 

ʥʘʧʨʘʚʣʝʥʽʩʪʶ sp3-ʛʽʙʨʠʜʠʟʘʮʽʾ, ʩʠʣʴʥʘ ʣʦʢʘʣʽʟʦʚʘʥʘ ʽʦʥʽʟʘʮʽʷ ʟʙʫʨʶʻ ʨʦʟʧʦʜʽʣ 

ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʚô̫ ʟʦʢ ʤʽʞ ʘʪʦʤʘʤʠ. ʗʢʱʦ ʯʘʩ ʣʦʢʘʣʽʟʘʮʽʾ 

ʙʘʛʘʪʦʢʨʘʪʥʦʛʦ ʟʘʨʷʜʫ tloc ʧʝʨʝʚʠʱʫʻ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʘʪʦʤʽʚ ˇʨʘʪʢʠ (10-13 ʩ), 

ʚʠʥʠʢʘʻ ʽʥʪʝʥʩʠʚʥʝ ʢʫʣʦʥʽʚʩʴʢʝ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ. ɸʪʦʤ ʥʘʙʫʚʘʻ ʢʽʥʝʪʠʯʥʦʾ 

ʝʥʝʨʛʽʾ, ʜʦʩʪʘʪʥʴʦʾ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʧʦʪʝʥʮʽʡʥʦʛʦ ʙʘʨô̒ ʨʘ, ʽ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʫ 
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ʤʽʞʚʫʟʣʷ, ʟʘʣʠʰʘʶʯʠ ʟʘ ʩʦʙʦʶ ʚʘʢʘʥʩʽʶ. ɼʝʩʪʘʙʽʣʽʟʘʮʽʷ ʟʚôʷʟʢʽʚ ʽ ʩʧʨʠʯʠʥʝʥʝ 

ʮʠʤ ʧʝʨʝʤʽʱʝʥʥʷ ʘʪʦʤʘ ʻ ʢʣʘʩʠʯʥʠʤ ʧʨʠʢʣʘʜʦʤ ʨʝʘʣʽʟʘʮʽʾ ʧʽʜʧʦʨʦʛʦʚʠʭ ʝʬʝʢʪʽʚ 

ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʘʭ. 

 

1.1.3. ɽʣʝʢʪʨʦʥʥʽ ʟʙʫʜʞʝʥʥʷ ʚ ʽʦʥʥʠʭ ʢʨʠʩʪʘʣʘʭ 

 

ɺ ʽʦʥʥʠʭ ʢʨʠʩʪʘʣʘʭ (ʥʘʧʨʠʢʣʘʜ, ʣʫʞʥʦ-ʛʘʣʦʾʜʥʠʭ ʢʨʠʩʪʘʣʘʭ ï NaCl, KCl) 

ʽʦʥʽʟʘʮʽʷ ʤʦʞʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʪʦʯʢʦʚʠʭ 

ʜʝʬʝʢʪʽʚ. ʉʪʫʧʽʥʴ ʣʦʢʘʣʽʟʘʮʽʾ ʟʙʫʜʞʝʥʴ ʪʫʪ ʥʘʡʚʠʱʘ ʟʘʚʜʷʢʠ ʚʝʣʠʢʽʡ ʰʠʨʠʥʽ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʪʘ ʩʠʣʴʥʽʡ ʽʦʥʥʽʡ ʩʢʣʘʜʦʚʽʡ ʭʽʤʽʯʥʦʛʦ ʟʚô̫ ʟʢʫ. ɯʩʪʦʨʠʯʥʦ 

ʧʝʨʰʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʱʦ ʧʦʷʩʥʶʚʘʚ ʇʈɽ ʚ ʮʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʙʫʚ ʤʝʭʘʥʽʟʤ ɺʘʨʣʽ. 

ʎʝʡ ʤʝʭʘʥʽʟʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʙʘʛʘʪʦʢʨʘʪʥʽʡ ʽʦʥʽʟʘʮʽʾ ʘʥʽʦʥʘ ʛʘʣʦʛʝʥʫ: 

 

X- hn­ X+ + 2e- (1.3)  

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʆʞʝ-ʢʘʩʢʘʜʫ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʡ ʽʦʥ ʛʘʣʦʛʝʥʫ X- 

(ʥʘʧʨʠʢʣʘʜ, Cl-) ʚʪʨʘʯʘʻ ʢʽʣʴʢʘ ʝʣʝʢʪʨʦʥʽʚ ʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʦʟʠʪʠʚʥʠʡ ʽʦʥ 

X+. ʎʝʡ ʽʦʥ ʨʘʧʪʦʚʦ ʦʧʠʥʷʻʪʴʩʷ ʚ ʦʪʦʯʝʥʥʽ ʰʝʩʪʠ ʽʥʰʠʭ ʧʦʟʠʪʠʚʥʠʭ ʽʦʥʽʚ 

ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ. ɺʠʥʠʢʘʻ ʢʦʣʦʩʘʣʴʥʝ ʢʫʣʦʥʽʚʩʴʢʝ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ, ʷʢʝ 

ʚʠʰʪʦʚʭʫʻ ʽʦʥ X+ ʫ ʤʽʞʚʫʟʣʦʚʝ ʧʦʣʦʞʝʥʥʷ, ʬʦʨʤʫʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʧʘʨʫ 

ʌʨʝʥʢʝʣʷ ʫ ʧʽʜʨʝʰʽʪʮʽ ʛʘʣʦʛʝʥʫ. 

ʆʜʥʘʢ ʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʽ ʜʦʚʝʜʝʥʠʤ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʽʦʥʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʻ ʝʢʩʠʪʦʥʥʠʡ ʤʝʭʘʥʽʟʤ. ɺʽʥ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʘʚʪʦʣʦʢʘʣʽʟʦʚʘʥʠʡ 

ʝʢʩʠʪʦʥ (ʷʢʠʡ ʻ ʧʦ ʩʫʪʽ ʣʦʢʘʣʽʟʦʚʘʥʠʤ ʝʣʝʢʪʨʦʥʥʠʤ ʟʙʫʜʞʝʥʥʷʤ) ʤʦʞʝ 

ʨʦʟʧʘʩʪʠʩʷ ʥʘ ʧʘʨʫ ʌʨʝʥʢʝʣʷ (ʚʘʢʘʥʩʽʷ-ʤʽʞʚʫʟʣʦʚʠʡ ʘʪʦʤ).  

ʇʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʢʽʣʴʢʘ ʝʪʘʧʽʚ: 

1. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʚʦʨʶʻ ʝʣʝʢʪʨʦʥ-ʜʽʨʢʦʚʫ ʧʘʨʫ. 

2. ɼʽʨʢʘ ʰʚʠʜʢʦ ʘʚʪʦʣʦʢʘʣʽʟʫʻʪʴʩʷ ʥʘ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʽʦʥʘʭ ʛʘʣʦʛʝʥʫ, ʫʪʚʦʨʶʶʯʠ 

ʤʦʣʝʢʫʣʷʨʥʠʡ ʽʦʥ X2
- (ʪʘʢ ʟʚʘʥʠʡ Vk-ʮʝʥʪʨ). 
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3. ɺʽʣʴʥʠʡ ʝʣʝʢʪʨʦʥ ʟʘʭʦʧʣʶʻʪʴʩʷ ʢʫʣʦʥʽʚʩʴʢʠʤ ʧʦʣʝʤ Vk-ʮʝʥʪʨʘ, ʫʪʚʦʨʶʶʯʠ 

ʘʚʪʦʣʦʢʘʣʽʟʦʚʘʥʠʡ ʝʢʩʠʪʦʥ. 

4. ɹʝʟʚʠʧʨʦʤʽʥʶʚʘʣʴʥʘ ʨʝʢʦʤʙʽʥʘʮʽʷ ʝʣʝʢʪʨʦʥʘ ʟ ʜʽʨʢʦʶ ʚ ʘʚʪʦʣʦʢʘʣʽʟʦʚʘʥʦʤʫ 

ʩʪʘʥʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʟʥʘʯʥʦʾ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʷʢʘ 

ʯʝʨʝʟ ʩʠʣʴʥʫ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʫ ʚʟʘʻʤʦʜʽʶ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʣʦʢʘʣʴʥʫ 

ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʘʪʦʤʽʚ. 

ʎʽʻʾ ʝʥʝʨʛʽʾ ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʟʤʽʱʝʥʥʷ ʘʪʦʤʘ, ʥʘʚʽʪʴ ʷʢʱʦ ʧʦʯʘʪʢʦʚʘ 

ʝʥʝʨʛʽʷ ʽʦʥʽʟʫʶʯʦʾ ʯʘʩʪʠʥʢʠ ʙʫʣʘ ʥʠʞʯʦʶ ʟʘ ʧʦʨʽʛ ʧʨʫʞʥʦʛʦ ʟʤʽʱʝʥʥʷ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʤʦʣʝʢʫʣʘ X2
- ʟʤʽʱʫʻʪʴʩʷ ʚʟʜʦʚʞ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʦʩʽ, ʫʪʚʦʨʶʶʯʠ F-

ʮʝʥʪʨ (ʘʥʽʦʥʥʘ ʚʘʢʘʥʩʽʷ, ʱʦ ʟʘʭʦʧʠʣʘ ʝʣʝʢʪʨʦʥ) ʪʘ H-ʮʝʥʪʨ (ʤʽʞʚʫʟʣʦʚʘ ʤʦʣʝʢʫʣʘ 

ʛʘʣʦʛʝʥʫ). 

 

1.1.4. ʇʽʜʧʦʨʦʛʦʚʽ ʨʘʜʽʘʮʽʡʥʽ ʝʬʝʢʪʠ ʫ ʧʦʣʽʤʝʨʘʭ 

 

ʇʦʣʽʤʝʨʠ ʢʘʨʜʠʥʘʣʴʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʩʚʦʻʶ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʶ ʧʨʠʨʦʜʦʶ 

ʚʽʜ ʢʨʠʩʪʘʣʽʯʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʦʥʠ ʻ ʦʨʛʘʥʽʯʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʦʚʛʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʘʪʦʤʠ ʚ ʷʢʠʭ ʟʚôʷʟʘʥʽ ʤʽʮʥʠʤʠ 

ʢʦʚʘʣʝʥʪʥʠʤʠ ʟʚôʷʟʢʘʤʠ, ʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʚʟʘʻʤʦʜʽʾ (ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʽ ʩʠʣʠ, 

ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʽ ʚʟʘʻʤʦʜʽʾ, ʚʦʜʥʝʚʽ ʟʚôʷʟʢʠ) ʻ ʥʘʙʘʛʘʪʦ ʩʣʘʙʰʠʤʠ. ɺʦʥʠ ʤʘʶʪʴ 

ʩʢʣʘʜʥʫ ʥʘʜʤʦʣʝʢʫʣʷʨʥʫ ʤʦʨʬʦʣʦʛʽʶ, ʱʦ ʚʢʣʶʯʘʻ ʘʤʦʨʬʥʽ ʪʘ/ʘʙʦ ʢʨʠʩʪʘʣʽʯʥʽ 

(ʩʬʝʨʦʣʽʪʥʽ) ʦʙʣʘʩʪʽ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʟʥʘʯʥʦʛʦ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ (ʥʘʥʦʧʦʨʦʞʥʠʥ). 

ɿʘʚʜʷʢʠ ʪʘʢʽʡ ʩʪʨʫʢʪʫʨʽ ʝʥʝʨʛʽʷ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʟʙʫʜʞʝʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʪʘ 

ʝʢʩʠʪʦʥʽʚ ʥʝ ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʜʠʩʠʧʫʚʘʪʠ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ, ʷʢ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ 

ʤʝʪʘʣʘʭ ʯʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ. ɿʘʤʽʩʪʴ ʮʴʦʛʦ ʚʦʥʘ ʰʚʠʜʢʦ ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ 

ʢʦʣʠʚʘʣʴʥʠʭ ʤʦʜ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʣʘʥʮʶʛʘ ʯʝʨʝʟ ʥʘʜʟʚʠʯʘʡʥʦ ʩʠʣʴʥʽ 

ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʽ ʚʟʘʻʤʦʜʽʾ (ʚʥʫʪʨʽʰʥʷ ʢʦʥʚʝʨʩʽʷ). ʇʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ 

ʽʦʥʽʟʫʶʯʦʛʦ ʘʙʦ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʝʨʝʚʦʜʠʪʴ ʤʘʢʨʦʤʦʣʝʢʫʣʫ M ʚ ʽʦʥʽʟʦʚʘʥʠʡ 

ʘʙʦ ʚʠʩʦʢʦʟʙʫʜʞʝʥʠʡ ʩʠʥʛʣʝʪʥʠʡ/ʪʨʠʧʣʝʪʥʠʡ ʩʪʘʥ: 
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M  hn­ M+ + e- (1.4) 

M hn­ M* (1.5) 

 

ʈʝʢʦʤʙʽʥʘʮʽʷ ʽʦʥʽʚ ʪʘʢʦʞ ʧʨʦʜʫʢʫʻ ʟʙʫʜʞʝʥʽ ʩʪʘʥʠ (M++ e- ­ M*). ʆʩʢʽʣʴʢʠ 

ʝʥʝʨʛʽʷ ʮʠʭ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʯʘʩʪʦ ʧʝʨʝʚʠʱʫʻ ʝʥʝʨʛʽʶ ʜʠʩʦʮʽʘʮʽʾ ʭʽʤʽʯʥʠʭ 

ʟʚô̫ ʟʢʽʚ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʚô̫ ʟʢʫ C-C ʝʥʝʨʛʽʷ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 3,6 ʝɺ, ʜʣʷ C-H ï

4,3 ʝɺ), ʽʦʥʽʟʘʮʽʷ ʪʘ ʨʦʟʨʠʚʠ ʟʚôʷʟʢʽʚ ʥʝʤʠʥʫʯʽ. ɺʦʥʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʰʣʷʭʦʤ ʛʦʤʦʣʽʪʠʯʥʦʛʦ ʨʦʟʨʠʚʫ: 

 

R - R' ­ R¶ + R'¶ (1.6) 

 

ʋ ʧʦʣʽʤʝʨʘʭ ʧʽʜʧʦʨʦʛʦʚʽ ʝʬʝʢʪʠ ʤʘʶʪʴ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʡ ʤʘʢʨʦʩʢʦʧʽʯʥʠʡ 

ʧʨʦʷʚ, ʦʩʢʽʣʴʢʠ ʟʤʽʥʘ ʭʽʤʽʯʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʣʘʥʮʶʛʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ 

ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ. ʆʩʥʦʚʥʠʤʠ ʜʚʦʤʘ ʢʦʥʢʫʨʝʥʪʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, 

ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʮʽ ʝʬʝʢʪʠ, ʻ ʨʘʜʽʘʮʽʡʥʝ ʟʰʠʚʘʥʥʷ ʪʘ ʜʝʩʪʨʫʢʮʽʷ. 

ʈʘʜʽʘʮʽʡʥʝ ʟʰʠʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʣʴʥʽ ʤʘʢʨʦʨʘʜʠʢʘʣʠ, ʫʪʚʦʨʝʥʽ ʥʘ 

ʩʫʩʽʜʥʽʭ ʣʘʥʮʶʛʘʭ, ʤʽʛʨʫʶʪʴ ʪʘ ʨʝʢʦʤʙʽʥʫʶʪʴ ʤʽʞ ʩʦʙʦʶ. ʎʝ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ 

ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʢʦʚʘʣʝʥʪʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʣʘʥʮʶʛʘʤʠ. ʌʦʨʤʫʚʘʥʥʷ 

ʪʨʠʚʠʤʽʨʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʩʽʪʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʚʘʛʦʚʦʾ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ, ʚʪʨʘʪʠ ʨʦʟʯʠʥʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʽʩʪʦʪʥʦʾ ʟʤʽʥʠ ʡʦʛʦ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʥʘʧʨʠʢʣʘʜ, ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʞʦʨʩʪʢʦʩʪʽ, 

ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʽ ʢʨʠʭʢʦʩʪʽ). 

ʈʘʜʽʘʮʽʡʥʘ ʜʝʩʪʨʫʢʮʽʷ ʻ ʟʚʦʨʦʪʥʠʤ ʧʨʦʮʝʩʦʤ, ʧʨʠ ʷʢʦʤʫ ʨʦʟʨʠʚ ʦʩʥʦʚʥʦʛʦ 

ʧʦʣʽʤʝʨʥʦʛʦ ʣʘʥʮʶʛʘ ʥʝ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʨʝʢʦʤʙʽʥʘʮʽʻʶ, ʱʦ ʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ, ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʣʫʚʘʥʥʷ (Tg) ʪʘ ʧʦʛʽʨʰʝʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʨʦʟʧʣʘʚʣʝʥʥʷ, ʚʪʨʘʪʘ ʬʦʨʤʠ, ʦʭʨʫʧʯʫʚʘʥʥʷ). 

ʉʭʠʣʴʥʽʩʪʴ ʧʦʣʽʤʝʨʫ ʜʦ ʜʝʩʪʨʫʢʮʽʾ ʯʠ ʟʰʠʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʭʽʤʽʯʥʦʶ 

ʙʫʜʦʚʦʶ. ʅʘʧʨʠʢʣʘʜ, ʫ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʽ (ʇʄʄɸ), ʷʢʠʡ ʤʽʩʪʠʪʴ 

ʯʝʪʚʝʨʪʠʥʥʠʡ ʘʪʦʤ ʚʫʛʣʝʮʶ (ʢʦʞʥʘ ʤʦʥʦʤʝʨʥʘ ʣʘʥʢʘ ʤʽʩʪʠʪʴ ʤʝʪʠʣʴʥʫ -CH3 ʪʘ 
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ʦʙô̒ ʤʥʫ ʝʬʽʨʥʫ -COOCH3 ʙʽʯʥʽ ʛʨʫʧʠ), ʩʪʝʨʠʯʥʽ ʧʝʨʝʰʢʦʜʠ ʟʘʚʘʞʘʶʪʴ 

ʨʝʢʦʤʙʽʥʘʮʽʾ ʨʘʜʠʢʘʣʽʚ. ɽʣʝʢʪʨʦʥʥʽ ʟʙʫʜʞʝʥʥʷ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʜʝʛʨʘʜʘʮʽʾ 

ʰʣʷʭʦʤ ʧʝʨʚʠʥʥʦʛʦ ʨʦʟʨʠʚʫ ʤʘʩʠʚʥʠʭ ʝʬʽʨʥʠʭ ʛʨʫʧ (ʱʦ ʽʥʽʮʽʶʻ ʨʝʘʢʮʽʾ ʪʠʧʫ 

ʅʦʨʨʽʰʘ I ʪʘ II) ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʨʠʚʫ ʦʩʥʦʚʥʦʛʦ ʣʘʥʮʶʛʘ. ʎʝʡ ʧʨʦʮʝʩ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʛʘʟʦʚʠʜʽʣʝʥʥʷʤ ï ʫʪʚʦʨʶʶʯʠ ʣʝʪʢʽ ʛʘʟʠ (ʦʢʩʠʜ 

ʚʫʛʣʝʮʶ CO, ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ CO2, ʤʝʪʘʥ CH4) ʪʘ ʟʥʠʞʫʶʯʠ ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ [1-

14]. ɺʽʣʴʥʠʡ ʦʙô̒ ʤ ʫ ʇʄʄɸ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʩʚʦʻʨʽʜʥʠʭ ʧʘʩʪʦʢ ʜʣʷ ʛʘʟʽʚ, ʷʢʽ ʤʦʞʫʪʴ 

ʫʪʚʦʨʶʚʘʪʠ ʤʽʢʨʦʧʫʭʠʨʮʽ, ʩʧʨʠʯʠʥʷʶʯʠ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʫ ʣʽʥʽʡʥʠʭ ʧʦʣʽʤʝʨʘʭ ʙʝʟ ʦʙô̒ ʤʥʠʭ ʙʽʯʥʠʭ ʛʨʫʧ, ʪʘʢʠʭ ʷʢ 

ʧʦʣʽʝʪʠʣʝʥ (ʇɽ), ʧʝʨʝʚʘʞʥʠʤ ʻ ʟʰʠʚʘʥʥʷ. ʇʽʜ ʜʽʻʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʱʝʧʣʝʥʥʷ ʨʫʭʣʠʚʠʭ ʘʪʦʤʽʚ ʚʦʜʥʶ ʟ ʫʪʚʦʨʝʥʥʷʤ ʘʣʢʽʣʴʥʠʭ 

ʨʘʜʠʢʘʣʽʚ (-CH2-C¶H-CH2-). ɸʪʦʤʠ ʚʦʜʥʶ ʜʠʬʫʥʜʫʶʪʴ ʽ ʨʝʢʦʤʙʽʥʫʶʪʴ ʫ 

ʤʦʣʝʢʫʣʠ H2, ̫ʢʽ ʟʘʣʠʰʘʶʪʴ ʦʙô̒ ʤ ʧʦʣʽʤʝʨʫ, ʪʦʜʽ ʷʢ ʤʘʢʨʦʨʘʜʠʢʘʣʠ, ʟʘʚʜʷʢʠ 

ʚʠʩʦʢʽʡ ʩʝʛʤʝʥʪʘʣʴʥʽʡ ʨʫʭʣʠʚʦʩʪʽ ʣʽʥʽʡʥʦʛʦ ʣʘʥʮʶʛʘ, ʣʝʛʢʦ ʟʙʣʠʞʫʶʪʴʩʷ ʽ 

ʫʪʚʦʨʶʶʪʴ ʤʽʮʥʽ ʧʦʧʝʨʝʯʥʽ C-C ʟʚô̫ ʟʢʠ (ʟʰʠʚʢʠ). ʎʝʡ ʧʨʦʮʝʩ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʨʘʜʽʘʮʽʡʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʢʘʙʝʣʴʥʦʾ ʽʟʦʣʷʮʽʾ 

ʪʘ ʪʝʨʤʦʫʩʘʜʞʫʚʘʣʴʥʠʭ ʪʨʫʙ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʧʨʘʢʪʠʯʥʫ ʟʥʘʯʫʱʽʩʪʴ ʢʝʨʫʚʘʥʥʷ 

ʧʽʜʧʦʨʦʛʦʚʠʤʠ ʨʘʜʽʘʮʽʡʥʠʤʠ ʝʬʝʢʪʘʤʠ. 

 

1.2. ɽʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʽ ʚʟʘʻʤʦʜʽʾ ʫ ʤʘʪʝʨʽʘʣʘʭ 

 

 ɽʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʽ ʚʟʘʻʤʦʜʽʾ (ɽʌɺ) ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʧʨʦʮʝʩʦʤ ʫ ʪʚʝʨʜʠʭ 

ʪʽʣʘʭ, ʱʦ ʦʧʠʩʫʻ ʦʙʤʽʥ ʝʥʝʨʛʽʻʶ ʪʘ ʽʤʧʫʣʴʩʦʤ ʤʽʞ ʝʣʝʢʪʨʦʥʘʤʠ ʪʘ ʘʪʦʤʘʤʠ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ. ʎʽ ʚʟʘʻʤʦʜʽʾ ʚʽʜʽʛʨʘʶʪʴ ʮʝʥʪʨʘʣʴʥʫ ʨʦʣʴ ʫ ʙʘʛʘʪʴʦʭ 

ʬʽʟʠʯʥʠʭ ʷʚʠʱʘʭ. ʋ ʢʦʥʪʝʢʩʪʽ ʧʽʜʧʦʨʦʛʦʚʠʭ ʝʬʝʢʪʽʚ, ɽʌɺ ʻ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, 

ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʘʙʦ ʧʨʠʩʢʦʨʝʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʨʠ ʧʦʛʣʠʥʘʥʥʽ ʝʥʝʨʛʽʾ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʝʣʝʢʪʨʦʥʠ ʚ ʤʘʪʝʨʽʘʣʽ 

ʧʝʨʝʭʦʜʷʪʴ ʫ ʟʙʫʜʞʝʥʽ ʩʪʘʥʠ. ʎʽ ʝʣʝʢʪʨʦʥʠ ʘʙʦ ʜʽʨʢʠ ʤʘʶʪʴ ʜʦʜʘʪʢʦʚʫ ʝʥʝʨʛʽʶ. 

ʆʩʥʦʚʥʠʤ ʢʘʥʘʣʦʤ ʾʾ ʜʠʩʠʧʘʮʽʾ  ̒ʧʝʨʝʜʘʯʘ ʝʥʝʨʛʽʾ ʜʦ ʘʪʦʤʥʦʾ ʧʽʜʩʠʩʪʝʤʠ.  
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ɽʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʽ ʚʟʘʻʤʦʜʽʾ ʤʘʶʪʴ ʚʧʣʠʚ ʥʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʚʝʨʜʠʭ ʪʽʣ. ʋ ʧʦʣʽʤʝʨʘʭ, ʜʝ ʚʽʜʩʫʪʥʷ ʞʦʨʩʪʢʘ ʢʨʠʩʪʘʣʽʯʥʘ ˇʨʘʪʢʘ, «ʬʦʥʦʥʠè 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʢʦʣʠʚʘʥʥʷʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʣʘʥʮʶʛʽʚ. ɽʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʽ 

ʚʟʘʻʤʦʜʽʾ ʫ ʧʦʣʽʤʝʨʘʭ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʣʦʢʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʟʤʽʥʠ 

ʢʦʥʬʦʨʤʘʮʽʾ ʣʘʥʮʶʛʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʅʘʧʨʠʢʣʘʜ, ʝʥʝʨʛʽʷ 

ʟʙʫʜʞʝʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʜʘʥʘ ʢʦʣʠʚʘʣʴʥʠʤ ʤʦʜʘʤ ʉïʅ, ʉïʉ, ʉ=ʆ 

ʟʚôʷʟʢʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭʥʴʦʛʦ ʨʦʟʨʠʚʫ (ʜʠʩʦʮʽʘʮʽʾ) ʪʘ ʫʪʚʦʨʝʥʥ ̫ʚʽʣʴʥʠʭ 

ʨʘʜʠʢʘʣʽʚ. 

ɽʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʽ ʚʟʘʻʤʦʜʽʾ (ɽʌɺ) ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʢʚʘʥʪʦʚʦ-

ʤʝʭʘʥʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʫ ʪʚʝʨʜʠʭ ʪʽʣʘʭ, ʱʦ ʦʧʠʩʫʻ ʦʙʤʽʥ ʝʥʝʨʛʽʻʶ ʪʘ ʽʤʧʫʣʴʩʦʤ 

ʤʽʞ ʝʣʝʢʪʨʦʥʥʦʶ ʧʽʜʩʠʩʪʝʤʦʶ ʪʘ ʘʪʦʤʘʤʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ (ʘʙʦ 

ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʣʘʥʮʶʛʘ ʫ ʚʠʧʘʜʢʫ ʧʦʣʽʤʝʨʽʚ). ʎʽ ʚʟʘʻʤʦʜʽʾ ʚʽʜʽʛʨʘʶʪʴ 

ʮʝʥʪʨʘʣʴʥʫ ʨʦʣʴ ʫ ʙʘʛʘʪʴʦʭ ʬʽʟʠʯʥʠʭ ̫ ʚʠʱʘʭ, ʚʠʟʥʘʯʘʶʯʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʦʧʪʠʯʥʝ ʧʦʛʣʠʥʘʥʥʷ, ʥʘʜʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʤʝʭʘʥʽʟʤʠ ʨʝʣʘʢʩʘʮʽʾ 

ʝʥʝʨʛʽʾ. ʋ ʢʦʥʪʝʢʩʪʽ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ (ʇʈɽ), ɽʌɺ ʻ ʢʣʶʯʦʚʠʤ, 

ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʝʥʝʨʛʽʾ 

ʙʝʟʤʘʩʦʚʠʭ ʘʙʦ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʟʙʫʜʞʝʥʴ ʫ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʘʪʦʤʽʚ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ, ʨʦʟʨʠʚʫ ʭʽʤʽʯʥʠʭ ʟʚô̫ ʟʢʽʚ ʘʙʦ ʧʨʠʩʢʦʨʝʥʥʷ 

ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʨʠ ʧʦʛʣʠʥʘʥʥʽ ʝʥʝʨʛʽʾ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ʫʣʴʪʨʘʬʽʦʣʝʪʫ, ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʢʚʘʥʪʽʚ, ʰʚʠʜʢʠʭ ʝʣʝʢʪʨʦʥʽʚ), ʝʣʝʢʪʨʦʥʠ ʚ 

ʤʘʪʝʨʽʘʣʽ ʧʝʨʝʭʦʜʷʪʴ ʽʟ ʨʽʚʥʦʚʘʞʥʠʭ ʩʪʘʥʽʚ ʫ ʚʠʩʦʢʦʟʙʫʜʞʝʥʽ. ʎʽ ʪʘʢ ʟʚʘʥʽ 

çʛʘʨʷʯʽè ʝʣʝʢʪʨʦʥʠ ʘʙʦ ʜʽʨʢʠ ʚʦʣʦʜʽʶʪʴ ʟʥʘʯʥʦʶ ʥʘʜʣʠʰʢʦʚʦʶ ʢʽʥʝʪʠʯʥʦʶ ʪʘ 

ʧʦʪʝʥʮʽʘʣʴʥʦʶ ʝʥʝʨʛʽʻʶ. ʆʩʢʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʬʦʪʦʥʽʚ 

(ʣʶʤʽʥʝʩʮʝʥʮʽʷ) ʻ ʚʽʜʥʦʩʥʦ ʧʦʚʽʣʴʥʠʤ ʧʨʦʮʝʩʦʤ (ʭʘʨʘʢʪʝʨʥʠʡ ʯʘʩ 10-9 ï 10-8 ʩ), 

ʦʩʥʦʚʥʠʤ ʽ ʥʘʡʰʚʠʜʰʠʤ ʢʘʥʘʣʦʤ ʜʠʩʠʧʘʮʽʾ ʮʽʻʾ ʝʥʝʨʛʽʾ ʻ ʧʝʨʝʜʘʯʘ ʾʾ ʘʪʦʤʥʽʡ 

ʧʽʜʩʠʩʪʝʤʽ ʯʝʨʝʟ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʽ ʚʟʘʻʤʦʜʽʾ (ʭʘʨʘʢʪʝʨʥʠʡ ʯʘʩ 10-13 ï 10-11 ʩ). 
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1.2.1. ʌʽʟʠʯʥʘ ʧʨʠʨʦʜʘ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ 

 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ, ʽʜʝʘʣʴʥʘ ʢʨʠʩʪʘʣʽʯʥʘ ˇʨʘʪʢʘ ʟ ʥʝʨʫʭʦʤʠʤʠ 

ʘʪʦʤʘʤʠ ʩʪʚʦʨʶʻ ʩʪʨʦʛʦ ʧʝʨʽʦʜʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʫ ʷʢʦʤʫ ʝʣʝʢʪʨʦʥʠ ʨʫʭʘʶʪʴʩʷ 

ʙʝʟ ʨʦʟʩʽʷʥʥʷ ʫ ʚʠʛʣʷʜʽ ʭʚʠʣʴ ɹʣʦʭʘ. ʇʨʦʪʝ ʚ ʨʝʘʣʴʥʦʩʪʽ ʘʪʦʤʠ ʟʘʚʞʜʠ 

ʟʜʽʡʩʥʶʶʪʴ ʪʝʧʣʦʚʽ ʢʦʣʠʚʘʥʥʷ ʥʘʚʢʦʣʦ ʩʚʦʾʭ ʧʦʣʦʞʝʥʴ ʨʽʚʥʦʚʘʛʠ ʥʘʚʽʪʴ ʧʨʠ 

ʘʙʩʦʣʶʪʥʦʤʫ ʥʫʣʽ ʪʝʤʧʝʨʘʪʫʨ (ʥʫʣʴʦʚʽ ʢʦʣʠʚʘʥʥʷ). ʎʽ ʢʦʣʠʚʘʥʥʷ ʧʦʨʫʰʫʶʪʴ 

ʩʪʨʦʛʫ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʧʦʪʝʥʮʽʘʣʫ ʨʝʰʽʪʢʠ. ʂʚʘʥʪʠ ʮʠʭ ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ 

ʥʘʟʠʚʘʶʪʴʩʷ ʬʦʥʦʥʘʤʠ. ʂʦʣʠ ʟʙʫʜʞʝʥʠʡ ʝʣʝʢʪʨʦʥ ʨʫʭʘʻʪʴʩʷ ʢʨʽʟʴ ʤʘʪʝʨʽʘʣ, ʚʽʥ 

ʚʽʜʯʫʚʘʻ ʮʽ ʣʦʢʘʣʴʥʽ ʬʣʫʢʪʫʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ɺʟʘʻʤʦʜʽʷ ʝʣʝʢʪʨʦʥʘ ʟ 

ʧʦʣʝʤ ʮʠʭ ʬʣʫʢʪʫʘʮʽʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʢʪʽʚ ʧʦʛʣʠʥʘʥʥʷ ʘʙʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʬʦʥʦʥʽʚ ʝʣʝʢʪʨʦʥʦʤ. ɻʘʤʽʣʴʪʦʥʽʘʥ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ ʩʫʤʫ ʪʨʴʦʭ 

ʜʦʜʘʥʢʽʚ: 

 

H = He + Hph + He-ph (1.7) 

 

ʜʝ He ï ʛʘʤʽʣʴʪʦʥʽʘʥ ʽʜʝʘʣʴʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ, Hph ï ʛʘʤʽʣʴʪʦʥʽʘʥ 

ʬʦʥʦʥʥʦʛʦ ʧʦʣʷ (ʛʘʨʤʦʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ˇʨʘʪʢʠ), ʘ He-ph ï ʦʧʝʨʘʪʦʨ ʝʣʝʢʪʨʦʥ-

ʬʦʥʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʷʢʠʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʟʙʫʨʝʥʥʷ.  

ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʟʘʣʝʞʥʦ 

ʚʽʜ ʪʠʧʫ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʨʠʨʦʜʠ ʬʦʥʦʥʽʚ:  

1) ɼʝʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ (ʘʢʫʩʪʠʯʥʽ ʬʦʥʦʥʠ): ɿʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʧʽʜ ʯʘʩ 

ʧʨʦʭʦʜʞʝʥʥʷ ʘʢʫʩʪʠʯʥʦʾ ʭʚʠʣʽ ʚʠʢʣʠʢʘʻ ʣʦʢʘʣʴʥʽ ʟʤʽʥʠ ʛʫʩʪʠʥʠ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʣʦʢʘʣʴʥʦʾ ʟʤʽʥʠ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʪʘ ʟʤʽʱʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʘʙʦ ʚʝʨʰʠʥʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ.  

2) ʌʨʝʣʽʭʽʚʩʴʢʘ (ʧʦʣʷʨʠʟʘʮʽʡʥʘ) ʚʟʘʻʤʦʜʽʷ (ʦʧʪʠʯʥʽ ʬʦʥʦʥʠ): ʋ ʤʘʪʝʨʽʘʣʘʭ ʟ 

ʽʦʥʥʠʤ ʘʙʦ ʧʦʣʷʨʥʠʤ ʢʦʚʘʣʝʥʪʥʠʤ ʪʠʧʦʤ ʟʚô̫ ʟʢʫ ʟʤʽʱʝʥʥʷ ʨʽʟʥʦʡʤʝʥʥʦ 

ʟʘʨʷʜʞʝʥʠʭ ʽʦʥʽʚ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʧʽʜ ʯʘʩ ʦʧʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʩʪʚʦʨʶʻ 

ʩʠʣʴʥʝ ʣʦʢʘʣʴʥʝ ʤʘʢʨʦʩʢʦʧʽʯʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʷʢʝ ʽʥʪʝʥʩʠʚʥʦ ʚʟʘʻʤʦʜʽʻ ʟ 

ʟʘʨʷʜʦʤ ʝʣʝʢʪʨʦʥʘ.  
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3) ʇô̒ ʟʦʝʣʝʢʪʨʠʯʥʘ ʚʟʘʻʤʦʜʽʷ: ʍʘʨʘʢʪʝʨʥʘ ʜʣʷ ʢʨʠʩʪʘʣʽʚ ʙʝʟ ʮʝʥʪʨʫ 

ʩʠʤʝʪʨʽʾ, ʜʝ ʘʢʫʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʽʥʜʫʢʫʶʪʴ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ. 

 

1.2.2. ʂʽʥʝʪʠʢʘ ʨʝʣʘʢʩʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʟʙʫʜʞʝʥʴ 

 

ʇʽʩʣʷ ʘʢʪʫ ʽʦʥʽʟʘʮʽʾ ʝʣʝʢʪʨʦʥʥʘ ʧʽʜʩʠʩʪʝʤʘ ʦʧʠʥʷʻʪʴʩʷ ʫ ʩʪʘʥʽ ʟ ʚʠʩʦʢʦʶ 

ʝʥʝʨʛʽʻʶ. ʇʨʦʮʝʩ ʧʦʚʝʨʥʝʥʥʷ ʩʠʩʪʝʤʠ ʜʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʻ ʢʘʩʢʘʜʥʠʤ 

ʽ ʙʘʛʘʪʦʝʪʘʧʥʠʤ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ çʥʘʜʛʘʨʷʯʠʡè ʝʣʝʢʪʨʦʥ (ʟ ʝʥʝʨʛʽʻʶ, ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ 

ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ) ʚʪʨʘʯʘʻ ʩʚʦʶ ʝʥʝʨʛʽʶ ʧʝʨʝʚʘʞʥʦ ʯʝʨʝʟ ʫʜʘʨʥʫ 

ʽʦʥʽʟʘʮʽʶ, ʧʦʨʦʜʞʫʶʯʠ ʥʦʚʽ ʝʣʝʢʪʨʦʥ-ʜʽʨʢʦʚʽ ʧʘʨʠ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʣʘʟʤʦʥʽʚ. ʎʝʡ ʧʨʦʮʝʩ ʪʨʠʚʘʻ ʜʫʞʝ ʢʦʨʦʪʢʠʡ ʯʘʩ (ʙʣʠʟʴʢʦ 10-15 

ï 10-14 ʩ) ʽ ʟʘʚʝʨʰʫʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʽʚ ʩʪʘʻ ʤʝʥʰʦʶ ʟʘ 

ʧʦʨʽʛ ʫʜʘʨʥʦʾ ʽʦʥʽʟʘʮʽʾ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʻʜʠʥʠʤ ʝʬʝʢʪʠʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʦʭʦʣʦʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ ʩʪʘʻ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʘ ʝʤʽʩʽʷ. ɻʘʨʷʯʠʡ ʝʣʝʢʪʨʦʥ ʢʘʩʢʘʜʥʦ 

ʚʠʧʨʦʤʽʥʶʻ ʦʧʪʠʯʥʽ ʬʦʥʦʥʠ (ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʝʥʝʨʛʽʶ, ʟʘʟʚʠʯʘʡ 

0,03-0,1 ʝɺ), ʚʪʨʘʯʘʶʯʠ ʝʥʝʨʛʽʶ ʧʦʨʮʽʷʤʠ. ʂʦʣʠ ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʘ ʧʘʜʘʻ ʥʠʞʯʝ 

ʝʥʝʨʛʽʾ ʦʧʪʠʯʥʦʛʦ ʬʦʥʦʥʘ, ʧʦʜʘʣʴʰʘ ʪʝʨʤʘʣʽʟʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʢʫʩʪʠʯʥʠʭ ʬʦʥʦʥʽʚ, ʱʦ ʻ ʥʘʙʘʛʘʪʦ ʧʦʚʽʣʴʥʽʰʠʤ ʧʨʦʮʝʩʦʤ. 

ʉʘʤʝ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʬʦʥʦʥʽʚ ʝʥʝʨʛʽʷ 

ʣʦʢʘʣʽʟʫʻʪʴʩʷ ʚ ʘʪʦʤʥʽʡ ʧʽʜʩʠʩʪʝʤʽ. ʗʢʱʦ ʰʚʠʜʢʽʩʪʴ ʛʝʥʝʨʘʮʽʾ ʬʦʥʦʥʽʚ ʚ 

ʣʦʢʘʣʴʥʦʤʫ ʤʽʢʨʦʦʙô̒ ʤʽ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʾʭʥʴʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ˇʨʘʪʢʠ, ʚʠʥʠʢʘʻ ʪʘʢ ʟʚʘʥʠʡ çʪʝʨʤʽʯʥʠʡ ʧʽʢè ï ʨʽʟʢʝ 

ʢʦʨʦʪʢʦʯʘʩʥʝ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʦʤʽʚ ʫ ʥʘʥʦʤʝʪʨʦʚʽʡ 

ʦʙʣʘʩʪʽ. 
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1.2.3. ɽʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʘ ʚʟʘʻʤʦʜʽʷ ʷʢ ʨʫʰʽʡʥʘ ʩʠʣʘ ʧʽʜʧʦʨʦʛʦʚʠʭ ʝʬʝʢʪʽʚ 

 

ʂʣʘʩʠʯʥʘ ʨʘʜʽʘʮʽʡʥʘ ʬʽʟʠʢʘ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʘʜʽʘʙʘʪʠʯʥʝ ʥʘʙʣʠʞʝʥʥʷ ɹʦʨʥʘ-

ʆʧʧʝʥʛʝʡʤʝʨʘ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʨʫʭ ʚʘʞʢʠʭ ʷʜʝʨ ʻ ʥʘʩʪʽʣʴʢʠ ʧʦʚʽʣʴʥʠʤ ʧʦʨʽʚʥʷʥʦ ʟ 

ʨʫʭʦʤ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʝʣʝʢʪʨʦʥʥʘ ʧʽʜʩʠʩʪʝʤʘ ʤʠʪʪʻʚʦ ʧʽʜʣʘʰʪʦʚʫʻʪʴʩʷ ʧʽʜ ʙʫʜʴ-

ʷʢʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʷʜʝʨ. ʋ ʨʘʤʢʘʭ ʮʴʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʽ ʟʙʫʜʞʝʥʥʷ ʥʝ 

ʧʦʚʠʥʥʽ ʚʠʢʣʠʢʘʪʠ ʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ. 

ʆʜʥʘʢ, ʧʽʜʧʦʨʦʛʦʚʽ ʨʘʜʽʘʮʽʡʥʽ ʝʬʝʢʪʠ ʩʪʘʶʪʴ ʤʦʞʣʠʚʠʤʠ ʩʘʤʝ ʟʘʚʜʷʢʠ 

ʧʦʨʫʰʝʥʥʶ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʦʤʫ ʩʠʣʴʥʦʶ ʝʣʝʢʪʨʦʥ-

ʬʦʥʦʥʥʦʶ ʚʟʘʻʤʦʜʽʻʶ. ʂʣʶʯʦʚʠʤ ʷʚʠʱʝʤ ʪʫʪ ʻ ʘʚʪʦʣʦʢʘʣʽʟʘʮʽʷ (self-trapping) 

ʝʣʝʢʪʨʦʥʥʠʭ ʟʙʫʜʞʝʥʴ. 

ʂʦʣʠ ʝʣʝʢʪʨʦʥ ʘʙʦ ʝʢʩʠʪʦʥ (ʟʚô̫ ʟʘʥʘ ʝʣʝʢʪʨʦʥ-ʜʽʨʢʦʚʘ ʧʘʨʘ) ʚʟʘʻʤʦʜʽʻ ʟ 

ˇʨʘʪʢʦʶ, ʚʽʥ ʜʝʬʦʨʤʫʻ ʾʾ ʥʘʚʢʦʣʦ ʩʝʙʝ. ʎʷ ʜʝʬʦʨʤʘʮʽʷ ʩʪʚʦʨʶʻ ʣʦʢʘʣʴʥʫ 

ʧʦʪʝʥʮʽʘʣʴʥʫ ʷʤʫ, ʷʢʘ ʫʪʨʠʤʫʻ ʝʣʝʢʪʨʦʥ. ʗʢʱʦ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʠʡ ʟʚô̫ ʟʦʢ 

ʜʦʩʪʘʪʥʴʦ ʩʠʣʴʥʠʡ, ʚʠʛʨʘʰ ʚ ʝʥʝʨʛʽʾ ʚʽʜ ʣʦʢʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʥʘ ʫ ʮʽʡ ʷʤʽ 

ʧʝʨʝʚʠʱʫʻ ʚʠʪʨʘʪʠ ʧʨʫʞʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʜʝʬʦʨʤʘʮʽʶ ˇʨʘʪʢʠ. ɽʣʝʢʪʨʦʥ ʩʪʘʻ 

çʟʘʤʢʥʝʥʠʤè ʫ ʚʣʘʩʥʽʡ ʧʦʣʷʨʠʟʘʮʽʡʥʽʡ ʘʙʦ ʜʝʬʦʨʤʘʮʽʡʥʽʡ ʷʤʽ ï ʫʪʚʦʨʶʻʪʴʩʷ 

ʘʚʪʦʣʦʢʘʣʽʟʦʚʘʥʠʡ ʩʪʘʥ (ʥʘʧʨʠʢʣʘʜ, ʧʦʣʷʨʦʥ ʘʙʦ ʘʚʪʦʣʦʢʘʣʽʟʦʚʘʥʠʡ ʝʢʩʠʪʦʥ). 

ɹʝʟʚʠʧʨʦʤʽʥʶʚʘʣʴʥʘ ʨʝʢʦʤʙʽʥʘʮʽʷ ʪʘʢʦʛʦ ʘʚʪʦʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʻ 

ʢʨʠʪʠʯʥʠʤ ʤʦʤʝʥʪʦʤ. ɽʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʭʦʜʫ (ʷʢʘ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʢʽʣʴʢʘ 

ʝʣʝʢʪʨʦʥ-ʚʦʣʴʪ) ʥʝ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʢʚʘʥʪʘ ʩʚʽʪʣʘ, ʘ ʟʘʚʜʷʢʠ ɽʌɺ 

ʧʦʚʥʽʩʪʶ, ʻʜʠʥʠʤ ʢʚʘʥʪʦʤ, ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʣʦʢʘʣʴʥʫ ʢʦʣʠʚʘʣʴʥʫ ʤʦʜʫ ʘʪʦʤʽʚ, ʟ 

ʷʢʠʤʠ ʙʫʚ ʟʚô̫ ʟʘʥʠʡ ʝʣʝʢʪʨʦʥ. ʎʷ ʚʝʣʠʯʝʟʥʘ ʣʦʢʘʣʴʥʘ ʝʥʝʨʛʽʷ ʚʠʢʣʠʢʘʻ ʟʤʽʱʝʥʥʷ 

ʘʪʦʤʘ ʟ ʚʫʟʣʘ ʨʝʰʽʪʢʠ ʫ ʤʽʞʚʫʟʣʷ (ʫʪʚʦʨʝʥʥʷ ʜʝʬʝʢʪʫ ʌʨʝʥʢʝʣʷ) ʘʙʦ ʨʦʟʨʠʚ 

ʭʽʤʽʯʥʦʛʦ ʟʚô̫ ʟʢʫ, ʭʦʯʘ ʧʝʨʚʠʥʥʘ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʧʝʨʝʜʘʥʘ ʘʪʦʤʫ ʙʫʣʘ 

ʥʫʣʴʦʚʦʶ. 
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1.2.4. ʉʧʝʮʠʬʽʢʘ ʝʣʝʢʪʨʦʥ-ʢʦʣʠʚʘʣʴʥʠʭ (ʬʦʥʦʥʥʠʭ) ʚʟʘʻʤʦʜʽʡ ʫ ʧʦʣʽʤʝʨʘʭ 

 

ʋ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʢʘʨʪʠʥʘ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʠʭ ʚʟʘʻʤʦʜʽʡ 

ʢʘʨʜʠʥʘʣʴʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʢʣʘʩʠʯʥʠʭ 3D-ʢʨʠʩʪʘʣʽʚ (ʤʝʪʘʣʽʚ ʯʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ). ʇʦʣʽʤʝʨʠ ʻ ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʊʫʪ ʚʽʜʩʫʪʥʷ 

ʞʦʨʩʪʢʘ ʪʨʠʚʠʤʽʨʥʘ ʢʨʠʩʪʘʣʽʯʥʘ ˇʨʘʪʢʘ. ʄʘʢʨʦʤʦʣʝʢʫʣʠ ʫʪʚʦʨʝʥʽ ʤʽʮʥʠʤʠ 

ʢʦʚʘʣʝʥʪʥʠʤʠ ʟʚô̫ ʟʢʘʤʠ ʚʟʜʦʚʞ ʣʘʥʮʶʛʘ, ʪʦʜʽ ʷʢ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʣʘʥʮʶʛʘʤʠ ʜʽʶʪʴ 

ʩʣʘʙʢʽ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʽ ʩʠʣʠ, ʜʠʧʦʣ-ɹʜʠʧʦʣʴʥʽ ʚʟʘʻʤʦʜʽʾ ʘʙʦ ʚʦʜʥʝʚʽ ʟʚô̫ ʟʢʠ. 

ʏʝʨʝʟ ʪʘʢʫ ʘʥʽʟʦʪʨʦʧʽʶ ʧʦʥʷʪʪʷ çʬʦʥʦʥʘè ʚ ʧʦʣʽʤʝʨʘʭ ʥʘʙʫʚʘʻ ʩʧʝʮʠʬʽʯʥʦʛʦ 

ʟʤʽʩʪʫ. ʂʦʣʠʚʘʣʴʥʠʡ ʩʧʝʢʪʨ ʧʦʣʽʤʝʨʫ ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʜʚʽ ʨʽʟʥʽ ʢʘʪʝʛʦʨʽʾ: 

1. ʉʢʝʣʝʪʥʽ (ʘʢʫʩʪʠʯʥʽ) ʢʦʣʠʚʘʥʥʷ: ʎʝ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʨʫʭʠ ʚʝʣʠʢʠʭ ʩʝʛʤʝʥʪʽʚ 

ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʘʙʦ ʮʽʣʠʭ ʣʘʥʮʶʛʽʚ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ. ɺʦʥʠ ʚʠʟʥʘʯʘʶʪʴ 

ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʪʝʧʣʦʚʽ ʪʘ ʘʢʫʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

2. ɺʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʽ (ʦʧʪʠʯʥʽ) ʢʦʣʠʚʘʥʥʷ: ʎʝ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʣʦʢʘʣʽʟʦʚʘʥʽ 

ʢʦʣʠʚʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʭʽʤʽʯʥʠʭ ʟʚô̫ ʟʢʽʚ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ. ʅʘʧʨʠʢʣʘʜ, 

ʚʘʣʝʥʪʥʽ ʢʦʣʠʚʘʥʥʷ ʟʚô̫ ʟʢʫ ʉïʅ ʤʘʶʪʴ ʝʥʝʨʛʽʶ ʙʣʠʟʴʢʦ 0,37 ʝɺ (2900 ʩʤ-1), 

ʟʚô̫ ʟʢʫ ʉ=ʆ ï ʙʣʠʟʴʢʦ 0,21 ʝɺ (1700 ʩʤ-1), ʟʚô̫ ʟʢʫ ʉïʉ ï ʙʣʠʟʴʢʦ 0,12 ʝɺ (1000 

ʩʤ-1). 

ɽʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʽ ʚʟʘʻʤʦʜʽʾ ʫ ʧʦʣʽʤʝʨʘʭ ʤʘʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʦʨʛʘʥʽʯʥʽ ʤʦʣʝʢʫʣʠ ʻ ʤô̫ ʢʠʤʠ ʽ ʣʝʛʢʦ ʜʝʬʦʨʤʫʶʪʴʩʷ ʧʨʠ 

ʟʤʽʥʽ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ. ʇʨʠ ʟʙʫʜʞʝʥʥʽ ʝʣʝʢʪʨʦʥʘ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

(ʥʘʧʨʠʢʣʘʜ, p ­ p* ʘʙʦ n ­ p* ʧʝʨʝʭʦʜʠ ʫ ʭʨʦʤʦʬʦʨʥʠʭ ʛʨʫʧʘʭ), ʝʣʝʢʪʨʦʥʥʘ 

ʢʦʥʬʽʛʫʨʘʮʽʷ ʟʚô̫ ʟʢʫ ʨʽʟʢʦ ʟʤʽʥʶʻʪʴʩʷ. ɿʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʦʤ ʌʨʘʥʢʘ-ʂʦʥʜʦʥʘ, 

ʝʣʝʢʪʨʦʥʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʽʣʴʢʠ ʰʚʠʜʢʦ, ʱʦ ʷʜʨʘ ʘʪʦʤʽʚ ʥʝ 

ʚʩʪʠʛʘʶʪʴ ʟʤʽʥʠʪʠ ʩʚʦʾ ʧʦʟʠʮʽʾ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʦʧʠʥʷʻʪʴʩʷ ʫ 

ʚʠʩʦʢʦʟʙʫʜʞʝʥʦʤʫ ʝʣʝʢʪʨʦʥʥʦʤʫ ʩʪʘʥʽ, ʘʣʝ ʟ ʷʜʝʨʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʥʝʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʫ. 

ʎʷ ʥʝʨʽʚʥʦʚʘʞʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʚʠʢʣʠʢʘʻ ʤʠʪʪʻʚʽ ʩʠʣʴʥʽ ʣʦʢʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ, 

ʟʤʽʥʫ ʢʦʥʬʦʨʤʘʮʽʾ ʣʘʥʮʶʛʽʚ ʪʘ ʨʽʟʢʝ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʣʦʢʘʣʴʥʦʾ 

çʚʽʙʨʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠè. ɽʥʝʨʛʽʷ ʟʙʫʜʞʝʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʥʘʜʟʚʠʯʘʡʥʦ 
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ʝʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʻʪʴʩʷ ʩʘʤʝ ʥʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʣʦʢʘʣʴʥʽ ʢʦʣʠʚʘʣʴʥʽ ʤʦʜʠ (ʉïʅ, 

ʉïʉ, ʉ=ʆ ʟʚôʷʟʢʠ). 

 

1.2.5. ʄʝʭʘʥʽʟʤʠ ʜʠʩʦʮʽʘʮʽʾ ʟʚ'ʷʟʢʽʚ ʪʘ ʥʘʩʣʽʜʢʠ ʜʣʷ ʙʽʦʩʝʥʩʦʨʠʢʠ 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʧʠʩʘʥʦʾ ʩʠʣʴʥʦʾ ʝʣʝʢʪʨʦʥ-ʢʦʣʠʚʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʧʦʣʽʤʝʨʘʭ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʦʮʝʩ ʚʥʫʪʨʽʰʥʴʦʾ ʢʦʥʚʝʨʩʽʾ ï ʙʝʟʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʫ 

ʤʽʞ ʝʣʝʢʪʨʦʥʥʠʤʠ ʩʪʘʥʘʤʠ ʦʜʥʘʢʦʚʦʾ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʽ. ʂʦʣʠʚʘʣʴʥʘ ʝʥʝʨʛʽʷ 

ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʥʘ ʧʝʚʥʦʤʫ ʭʽʤʽʯʥʦʤʫ ʟʚô̫ ʟʢʫ. ʗʢʱʦ ʘʤʧʣʽʪʫʜʘ ʮʠʭ ʢʦʣʠʚʘʥʴ 

ʧʝʨʝʚʠʱʫʻ ʤʝʞʫ ʤʽʮʥʦʩʪʽ (ʝʥʝʨʛʽʶ ʜʠʩʦʮʽʘʮʽʾ), ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʨʠʚ ʟʚô̫ ʟʢʫ 

(ʜʠʩʦʮʽʘʮʽʷ). 

ʆʩʢʽʣʴʢʠ ʝʥʝʨʛʽʷ ʙʘʛʘʪʴʦʭ ʢʦʚʘʣʝʥʪʥʠʭ ʟʚô̫ ʟʢʽʚ ʫ ʧʦʣʽʤʝʨʘʭ ʩʪʘʥʦʚʠʪʴ 3-4 

ʝɺ (ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʝʥʝʨʛʽʾ ʢʚʘʥʪʽʚ ʋʌ-ʩʚʽʪʣʘ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 300-400 ʥʤ), 

ʝʣʝʢʪʨʦʥʥʝ ʟʙʫʜʞʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʦʤʦʣʽʪʠʯʥʦʛʦ ʨʦʟʨʠʚʫ 

ʤʦʣʝʢʫʣ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ. ʅʘʧʨʠʢʣʘʜ, ʨʦʟʨʠʚ ʙʽʯʥʦʛʦ ʟʚô̫ ʟʢʫ ʉï

ʅ ʧʦʨʦʜʞʫʻ ʘʣʢʽʣʴʥʠʡ ʤʘʢʨʦʨʘʜʠʢʘʣ ʪʘ ʚʽʣʴʥʠʡ ʘʪʦʤ ʚʦʜʥʶ, ʷʢʠʡ ʟʘʚʜʷʢʠ 

ʚʠʩʦʢʽʡ ʨʫʭʣʠʚʦʩʪʽ ʰʚʠʜʢʦ ʤʽʛʨʫʻ ʩʠʩʪʝʤʦʶ. 

ʎʽ ʧʨʦʮʝʩʠ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʤʝʭʘʥʽʟʤʽʚ ʬʦʪʦʜʝʩʪʨʫʢʮʽʾ ʪʘ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ, 

ʱʦ ʻ ʢʨʠʪʠʯʥʠʤʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʴ ʙʽʦʩʝʥʩʦʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʥʘ ʦʩʥʦʚʽ 

ʘʢʨʠʣʦʚʘʥʦʾ ʝʧʦʢʩʠʜʦʚʘʥʦʾ ʩʦʻʚʦʾ ʦʣʽʾ ï AESO). ɽʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʘ ʜʠʩʠʧʘʮʽʷ 

ʝʥʝʨʛʽʾ ʚʠʢʣʠʢʘʻ: 

- ʃʦʢʘʣʴʥʽ ʪʝʨʤʽʯʥʽ ʬʣʫʢʪʫʘʮʽʾ: ʗʢʽ ʧʨʠʩʢʦʨʶʶʪʴ ʜʠʬʫʟʽʶ ʷʢ ʩʘʤʠʭ 

ʤʘʢʨʦʨʘʜʠʢʘʣʽʚ, ʪʘʢ ʽ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʛʘʟʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʜʝʩʪʨʫʢʮʽʾ 

ʙʽʯʥʠʭ ʛʨʫʧ (ʜʝʢʘʨʙʦʢʩʠʣʶʚʘʥʥʷ ʝʬʽʨʥʠʭ ʛʨʫʧ). 

- ʄʦʜʠʬʽʢʘʮʽʶ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ: ʈʦʟʨʠʚʠ ʟʚô̫ ʟʢʽʚ ʪʘ ʧʦʜʘʣʴʰʝ ʟʰʠʚʘʥʥʷ 

ʤʘʢʨʦʨʘʜʠʢʘʣʽʚ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʣʘʥʮʶʛʘʤʠ ʟʤʽʥʶʶʪʴ ʪʦʧʦʣʦʛʽʶ ʥʘʥʦʧʦʨʦʞʥʠʥ 

(ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ) ʫ ʧʦʣʽʤʝʨʥʽʡ ʩʽʪʮʽ. ɺʽʣʴʥʠʡ ʦʙô̒ ʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʻ 

ʜʠʬʫʟʽʡʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʜʣʷ ʤʦʣʝʢʫʣ ʘʥʘʣʽʪʫ (ʥʘʧʨʠʢʣʘʜ, 

ʢʘʪʝʭʦʣʫ ʘʙʦ ABTS), ʱʦ ʻ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʘʤʧʝʨʦʤʝʪʨʠʯʥʦʛʦ 

ʚʽʜʛʫʢʫ ʙʽʦʩʝʥʩʦʨʘ. 
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- ɻʝʥʝʨʘʮʽʶ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ: ʋʪʚʦʨʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ɽʌɺ ʨʘʜʠʢʘʣʠ ʪʘ ʧʦʣʷʨʥʽ 

ʛʨʫʧʠ (ʛʽʜʨʦʢʩʠʣʴʥʽ ïOH, ʢʘʨʙʦʥʽʣʴʥʽ C=O) ʩʪʚʦʨʶʶʪʴ ʥʦʚʽ ʮʝʥʪʨʠ ʩʦʨʙʮʽʾ, 

ʟʜʘʪʥʽ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʽʤʤʦʙʽʣʽʟʦʚʘʥʠʤʠ ʬʝʨʤʝʥʪʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʣʘʢʢʘʟʦʶ), 

ʧʽʜʚʠʱʫʶʯʠ ʘʙʦ ʟʥʠʞʫʶʯʠ ʾʭʥʶ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʽ ʚʟʘʻʤʦʜʽʾ ʫ ʧʦʣʽʤʝʨʘʭ ʚʠʩʪʫʧʘʶʪʴ ʥʝ 

ʧʨʦʩʪʦ ʤʝʭʘʥʽʟʤʦʤ ʨʦʟʩʽʷʥʥʷ ʝʥʝʨʛʽʾ, ʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ 

ʪʨʠʛʝʨʦʤ, ʷʢʠʡ ʯʝʨʝʟ ʧʽʜʧʦʨʦʛʦʚʝ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʽʥʽʮʽʶʻ 

ʢʘʩʢʘʜ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʽ, ʬʦʨʤʫʶʯʠ 

ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʩʫʯʘʩʥʦʾ 

ʙʽʦʩʝʥʩʦʨʠʢʠ. 

 

1.3. ʈʘʜʽʘʮʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʚʝʨʜʠʭ ʪʽʣ 

 

ʈʘʜʽʘʮʽʡʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʤʘʪʝʨʽʘʣʫ ʟʘʣʝʞʠʪʴ ʚʽʜ  ʨʷʜʫ ʬʘʢʪʦʨʽʚ, ʚʢʣʶʯʘʶʯʠ 

ʪʠʧ ʭʽʤʽʯʥʠʭ ʟʚô̫ ʟʢʽʚ, ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʥʘʷʚʥʽʩʪʴ ʜʝʬʝʢʪʽʚ, ʪʝʤʧʝʨʘʪʫʨʫ, ʘ 

ʪʘʢʦʞ ʪʠʧ ʽ ʝʥʝʨʛʽʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

ʅʝʥʘʧʨʘʚʣʝʥʠʡ ʤʝʪʘʣʝʚʠʡ ʟʚô̫ ʟʦʢ ʻ ʥʘʡʤʝʥʰ ʯʫʪʣʠʚʠʤ ʜʦ ʣʦʢʘʣʴʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʟʙʫʜʞʝʥʴ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʚʘʣʝʥʪʥʠʤʠ ʪʘ ʽʦʥʥʠʤʠ ʟʚô̫ ʟʢʘʤʠ. 

ʋʪʚʦʨʝʥʽ ʪʦʯʢʦʚʽ ʜʝʬʝʢʪʠ (ʚʘʢʘʥʩʽʾ, ʤʽʞʚʫʟʣʦʚʽ ʘʪʦʤʠ) ʫ ʤʝʪʘʣʘʭ ʻ ʨʫʭʣʠʚʠʤʠ ʽ 

ʤʦʞʫʪʴ ʨʝʢʦʤʙʽʥʫʚʘʪʠ ʘʙʦ ʤʽʛʨʫʚʘʪʠ ʜʦ ʩʪʦʢʽʚ (ʤʝʞʽ ʟʝʨʝʥ, ʜʠʩʣʦʢʘʮʽʾ), 

ʦʩʦʙʣʠʚʦ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦ ʟʘʧʦʙʽʛʘʻ ʾʭʥʴʦʤʫ ʥʘʢʦʧʠʯʝʥʥʶ. 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʯʫʪʣʠʚʽ ʜʦ ʝʣʝʢʪʨʦʥʥʠʭ ʝʬʝʢʪʽʚ. ɽʥʝʨʛʽʷ ʟʙʫʜʞʝʥʠʭ 

ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʠʭ ʧʘʨ ʤʦʞʝ ʙʫʪʠ ʣʦʢʘʣʽʟʦʚʘʥʘ. ʅʘʧʨʘʚʣʝʥʽ ʢʦʚʘʣʝʥʪʥʽ ʟʚô̫ ʟʢʠ 

ʯʫʪʣʠʚʽ ʜʦ ʣʦʢʘʣʴʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʟʙʫʜʞʝʥʴ.  

ʆʞʝ-ʧʨʦʮʝʩʠ: ʤʦʞʫʪʴ ʽʥʽʮʽʶʚʘʪʠ ʜʝʬʝʢʪʦʫʪʚʦʨʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʫ ʩʢʣʘʜʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ. 

ɯʦʥʥʽ ʢʨʠʩʪʘʣʠ ʜʫʞʝ ʯʫʪʣʠʚʽ ʜʦ ʽʦʥʽʟʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ. ɯʦʥʥʠʡ ʟʚô̫ ʟʦʢ ʻ 

ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʠʤ ʜʦ ʟʤʽʥʠ ʟʘʨʷʜʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʣʦʢʘʣʴʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʟʙʫʜʞʝʥʴ, ʱʦ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ˇʨʘʪʢʠ. 
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ɸʣʤʘʟ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʨʘʜʽʘʮʽʡʥʦ ʩʪʽʡʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʚʜʷʢʠ ʤʽʮʥʠʤ 

ʢʦʚʘʣʝʥʪʥʠʤ ʟʚô̫ ʟʢʘʤ ʪʘ ʚʠʩʦʢʽʡ ʱʽʣʴʥʦʩʪʽ ʘʪʦʤʽʚ. 

ʇʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘʜʟʚʠʯʘʡʥʦ ʯʫʪʣʠʚʽ ʜʦ ʽʦʥʽʟʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ [15-20]. 

ʍʦʯʘ ʢʦʚʘʣʝʥʪʥʽ ʟʚô̫ ʟʢʠ ʫ ʧʦʣʽʤʝʨʥʦʤʫ ʣʘʥʮʶʟʽ ʜʦʩʠʪʴ ʤʽʮʥʽ, ʩʣʘʙʢʽ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʽ ʩʠʣʠ ʤʽʞ ʣʘʥʮʶʛʘʤʠ ʨʦʙʣʷʪʴ ʧʦʣʽʤʝʨʠ ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʩʪʨʫʢʪʫʨʥʠʭ 

ʟʤʽʥ ʧʨʠ ʧʦʛʣʠʥʘʥʥʽ ʝʥʝʨʛʽʾ. ʅʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʚô̫ ʟʢʽʚ (Cï

C, CïH, C=O, NïH ʪʦʱʦ) ʪʘ ʛʝʪʝʨʦʘʪʦʤʽʚ ʨʦʙʠʪʴ ʾʭ ʭʽʤʽʯʥʦ ʘʢʪʠʚʥʠʤʠ ʧʽʜ ʜʽʻʶ 

ʨʘʜʽʘʮʽʾ. ʅʘʚʽʪʴ ʧʨʠ ʥʠʟʴʢʠʭ ʝʥʝʨʛʽʷʭ, ʝʣʝʢʪʨʦʥʥʽ ʟʙʫʜʞʝʥʥʷ ʤʦʞʫʪʴ ʽʥʜʫʢʫʚʘʪʠ 

ʣʦʢʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʢʦʥʬʦʨʤʘʮʽʡʥʠʭ ʟʤʽʥ ʘʙʦ ʨʦʟʨʠʚʫ 

ʟʚô̫ ʟʢʽʚ. 

ʈʘʜʽʘʮʽʡʥʘ ʩʪʽʡʢʽʩʪʴ (ʘʙʦ ʨʘʜʽʘʮʽʡʥʘ ʨʝʟʠʩʪʝʥʪʥʽʩʪʴ) ʤʘʪʝʨʽʘʣʫ ï ʮʝ ʡʦʛʦ 

ʟʜʘʪʥʽʩʪʴ ʟʙʝʨʽʛʘʪʠ ʩʚʦʾ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ, ʤʝʭʘʥʽʯʥʽ, ʝʣʝʢʪʨʠʯʥʽ ʪʘ ʦʧʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʤʝʞʘʭ ʟʘʜʘʥʠʭ ʜʦʧʫʩʢʽʚ ʧʽʜ ʯʘʩ ʪʘ ʧʽʩʣʷ ʚʧʣʠʚʫ ʽʦʥʽʟʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʈʘʜʽʘʮʽʡʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʤʘʪʝʨʽʘʣʫ ʻ ʩʢʣʘʜʥʠʤ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʤ 

ʧʨʦʮʝʩʦʤ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʠʟʢʠ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ. ɼʦ 

ʚʠʟʥʘʯʘʣʴʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʥʘʣʝʞʘʪʴ: ʪʠʧ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ, ʢʨʠʩʪʘʣʽʯʥʘ 

ʩʪʨʫʢʪʫʨʘ (ʘʙʦ ʾʾ ʚʽʜʩʫʪʥʽʩʪʴ), ʱʽʣʴʥʽʩʪʴ ʧʘʢʫʚʘʥʥʷ ʘʪʦʤʽʚ, ʥʘʷʚʥʽʩʪʴ ʧʦʯʘʪʢʦʚʦʾ 

ʜʝʬʝʢʪʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʜʠʩʣʦʢʘʮʽʡ, ʜʦʤʽʰʦʢ, ʤʝʞ ʟʝʨʝʥ), ʘ ʪʘʢʦʞ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʬʘʟ. ɿʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ ʚʢʣʶʯʘʶʪʴ ʪʠʧ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ʬʦʪʦʥʠ, ʝʣʝʢʪʨʦʥʠ, ʚʘʞʢʽ ʽʦʥʠ, ʥʝʡʪʨʦʥʠ), ʡʦʛʦ ʝʥʝʨʛʽʶ, ʧʦʪʫʞʥʽʩʪʴ ʜʦʟʠ ʪʘ 

ʽʥʪʝʛʨʘʣʴʥʫ ʜʦʟʫ, ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʽʜ ʯʘʩ 

ʦʧʨʦʤʽʥʝʥʥʷ. 

ɺʟʘʻʤʦʜʽʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʪʚʝʨʜʠʤ ʪʽʣʦʤ ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 

ʜʚʘ ʦʩʥʦʚʥʽ ʢʘʥʘʣʠ ʚʪʨʘʪ ʝʥʝʨʛʽʾ: ʧʨʫʞʥʽ ʟʽʪʢʥʝʥʥʷ ʟ ʷʜʨʘʤʠ ʘʪʦʤʽʚ (ʷʜʝʨʥʝ 

ʛʘʣʴʤʫʚʘʥʥʷ) ʪʘ ʥʝʧʨʫʞʥʽ ʚʟʘʻʤʦʜʽʾ ʟ ʝʣʝʢʪʨʦʥʥʦʶ ʧʽʜʩʠʩʪʝʤʦʶ (ʝʣʝʢʪʨʦʥʥʝ 

ʛʘʣʴʤʫʚʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʦʥʽʟʘʮʽʾ ʪʘ ʟʙʫʜʞʝʥʥʷ). ɺʽʜʥʦʩʥʠʡ ʚʥʝʩʦʢ ʮʠʭ 

ʜʚʦʭ ʢʘʥʘʣʽʚ ʪʘ ʨʝʘʢʮʽʷ ʤʘʪʝʨʽʘʣʫ ʥʘ ʥʠʭ ʢʘʨʜʠʥʘʣʴʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʨʠʨʦʜʠ ʭʽʤʽʯʥʦʛʦ ʟʚ'ʷʟʢʫ. 
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1.3.1. ʄʝʪʘʣʠ ʪʘ ʩʧʣʘʚʠ: ʨʦʣʴ ʥʝʥʘʧʨʘʚʣʝʥʦʛʦ ʟʚô̫ ʟʢʫ 

 

ʄʝʪʘʣʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʘʡʚʠʱʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʽʦʥʽʟʘʮʽʡʥʠʭ (ʝʣʝʢʪʨʦʥʥʠʭ) 

ʟʙʫʜʞʝʥʴ ʩʝʨʝʜ ʫʩʽʭ ʢʣʘʩʽʚ ʤʘʪʝʨʽʘʣʽʚ. ʎʷ ʫʥʽʢʘʣʴʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʟʫʤʦʚʣʝʥʘ 

ʩʧʝʮʠʬʽʢʦʶ ʤʝʪʘʣʝʚʦʛʦ ʟʚôʷʟʢʫ ï ʥʘʷʚʥʽʩʪʶ ʢʦʣʝʢʪʠʚʽʟʦʚʘʥʦʛʦ, ʚʠʨʦʜʞʝʥʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ (ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ), ʷʢʠʡ ʚʽʣʴʥʦ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʦ ʚʩʽʡ 

ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ. ʅʝʥʘʧʨʘʚʣʝʥʠʡ ʤʝʪʘʣʝʚʠʡ ʟʚôʷʟʦʢ ʻ ʥʘʡʤʝʥʰ ʯʫʪʣʠʚʠʤ ʜʦ 

ʣʦʢʘʣʴʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʟʙʫʜʞʝʥʴ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʚʘʣʝʥʪʥʠʤʠ ʪʘ ʽʦʥʥʠʤʠ 

ʟʚôʷʟʢʘʤʠ. ʂʦʣʠ ʽʦʥʽʟʫʶʯʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʝʨʝʜʘʻ ʝʥʝʨʛʽʶ ʝʣʝʢʪʨʦʥʥʽʡ 

ʧʽʜʩʠʩʪʝʤʽ ʤʝʪʘʣʫ, ʫʪʚʦʨʶʶʪʴʩʷ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʽ çʛʘʨʷʯʽè ʝʣʝʢʪʨʦʥʠ. ʆʜʥʘʢ, 

ʟʘʚʜʷʢʠ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ (ʙʣʠʟʴʢʦ 1022 

ʩʤ į) ʪʘ ʤʘʩʦʚʠʤ ʝʣʝʢʪʨʦʥ-ʝʣʝʢʪʨʦʥʥʠʤ ʟʽʪʢʥʝʥʥʷʤ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʠʪʪʻʚʘ (ʟʘ ʯʘʩ 

ʙʣʠʟʴʢʦ 10-15 ʩ) ʪʝʨʤʘʣʽʟʘʮʽʷ ʮʠʭ ʟʙʫʜʞʝʥʴ. ɹʫʜʴ-̫ ʢʘ ʣʦʢʘʣʴʥʘ ʟʤʽʥʘ ʛʫʩʪʠʥʠ 

ʟʘʨʷʜʫ ʤʠʪʪʻʚʦ ʝʢʨʘʥʫʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʠʤ ʛʘʟʦʤ. ʊʦʤʫ ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʟʙʫʜʞʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʤʘʢʨʦʩʢʦʧʽʯʥʦʤʫ ʦʙô̒ ʤʫ ʽ ʨʦʟʩʽʶʻʪʴʩʷ 

ʫ ʚʠʛʣʷʜʽ ʬʦʥʦʥʽʚ (ʪʝʧʣʘ), ʥʝ ʚʠʢʣʠʢʘʶʯʠ ʨʦʟʨʠʚʫ ʟʚô̫ ʟʢʽʚ. ʇʽʜʧʦʨʦʛʦʚʽ 

ʨʘʜʽʘʮʽʡʥʽ ʝʬʝʢʪʠ, ʟʫʤʦʚʣʝʥʽ ʽʦʥʽʟʘʮʽʻʶ, ʫ ʯʠʩʪʠʭ ʤʝʪʘʣʘʭ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ. 

ʋʪʚʦʨʝʥʥʷ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ ʫ ʤʝʪʘʣʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʟʘ 

ʨʘʭʫʥʦʢ ʧʨʫʞʥʠʭ (ʢʽʥʝʪʠʯʥʠʭ) ʟʽʪʢʥʝʥʴ, ʢʦʣʠ ʧʝʨʝʜʘʥʘ ʘʪʦʤʫ ʝʥʝʨʛʽʷ ʧʝʨʝʚʠʱʫʻ 

ʧʦʨʽʛ ʧʨʫʞʥʦʛʦ ʟʤʽʱʝʥʥʷ (Ed, ʟʘʟʚʠʯʘʡ 15-40 ʝɺ). ʇʨʠ ʮʴʦʤʫ ʫʪʚʦʨʶʶʪʴʩʷ 

ʧʝʨʚʠʥʥʽ ʪʦʯʢʦʚʽ ʜʝʬʝʢʪʠ ï ʧʘʨʠ ʌʨʝʥʢʝʣʷ (ʚʘʢʘʥʩʽʷ ʪʘ ʤʽʞʚʫʟʣʦʚʠʡ ʘʪʦʤ). 

ɺʠʩʦʢʘ ʨʫʭʣʠʚʽʩʪʴ: ʋʪʚʦʨʝʥʽ ʪʦʯʢʦʚʽ ʜʝʬʝʢʪʠ ʫ ʤʝʪʘʣʘʭ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʨʫʭʣʠʚʠʤʠ. ʄʽʞʚʫʟʣʦʚʽ ʘʪʦʤʠ ʤʦʞʫʪʴ ʤʽʛʨʫʚʘʪʠ ʚʞʝ ʧʨʠ ʢʨʽʦʛʝʥʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʚʘʢʘʥʩʽʾ ʩʪʘʶʪʴ ʨʫʭʣʠʚʠʤʠ ʧʨʠ ʢʽʤʥʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʘʙʦ 

ʜʝʱʦ ʚʠʱʠʭ. 

ʈʝʢʦʤʙʽʥʘʮʽʷ ʪʘ ʩʪʦʢʠ: ɿʘʚʜʷʢʠ ʚʽʜʩʫʪʥʦʩʪʽ ʞʦʨʩʪʢʦʾ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʟʚô̫ ʟʢʽʚ, 

ʧʘʨʠ ʌʨʝʥʢʝʣʷ ʣʝʛʢʦ ʘʥʽʛʽʣʶʶʪʴ (ʨʝʢʦʤʙʽʥʫʶʪʴ), ʷʢʱʦ ʦʧʠʥʷʶʪʴʩʷ ʫ ʟʦʥʽ 

ʩʧʦʥʪʘʥʥʦʾ ʨʝʢʦʤʙʽʥʘʮʽʾ ʦʜʥʝ ʦʜʥʦʛʦ. ʂʨʽʤ ʪʦʛʦ, ʜʝʬʝʢʪʠ ʘʢʪʠʚʥʦ ʤʽʛʨʫʶʪʴ ʜʦ 

ʩʪʨʫʢʪʫʨʥʠʭ ʩʪʦʢʽʚ (ʤʝʞ ʟʝʨʝʥ, ʜʠʩʣʦʢʘʮʽʡ, ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ), ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦ ʟʘʧʦʙʽʛʘʻ ʾʭʥʴʦʤʫ ʥʘʢʦʧʠʯʝʥʥʶ. 
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ʄʘʢʨʦʩʢʦʧʽʯʥʽ ʝʬʝʢʪʠ: ʇʨʠ ʚʠʩʦʢʠʭ ʜʦʟʘʭ ʥʝʡʪʨʦʥʥʦʛʦ ʘʙʦ ʽʦʥʥʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ ʫ ʤʝʪʘʣʘʭ ʤʦʞʫʪʴ ʨʦʟʚʠʚʘʪʠʩʷ ʪʘʢʽ ʧʨʦʮʝʩʠ, ʷʢ ʨʘʜʽʘʮʽʡʥʝ 

ʨʦʟʧʫʭʘʥʥʷ (ʫʪʚʦʨʝʥʥʷ ʪʘ ʨʽʩʪ ʚʘʢʘʥʩʽʡʥʠʭ ʧʦʨ), ʨʘʜʽʘʮʽʡʥʘ ʧʦʚʟʫʯʽʩʪʴ ʪʘ 

ʨʘʜʽʘʮʽʡʥʦ-̔ ʥʜʫʢʦʚʘʥʘ ʩʝʛʨʝʛʘʮʽʷ ʜʦʤʽʰʦʢ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʢʨʠʭʯʝʥʥʷ 

ʩʧʣʘʚʽʚ. 

 

1.3.2. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ: ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʝʣʝʢʪʨʦʥʥʠʭ ʝʬʝʢʪʽʚ 

 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʠ (ʢʨʝʤʥʽʡ, ʛʝʨʤʘʥʽʡ, ʘʨʩʝʥʽʜ ʛʘʣʽʶ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʞʦʨʩʪʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʥʘʧʨʘʚʣʝʥʽʩʪʶ ʢʦʚʘʣʝʥʪʥʠʭ ʟʚô̫ ʟʢʽʚ ʪʘ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ 

ʱʽʣʴʥʽʩʪʶ ʧʘʢʫʚʘʥʥʷ ʘʪʦʤʽʚ (ʥʘʧʨʠʢʣʘʜ, ʩʪʨʫʢʪʫʨʘ ʪʠʧʫ ʘʣʤʘʟʫ ʘʙʦ ʮʠʥʢʦʚʦʾ 

ʦʙʤʘʥʢʠ). ɺʦʥʠ ʯʫʪʣʠʚʽ ʜʦ ʝʣʝʢʪʨʦʥʥʠʭ ʝʬʝʢʪʽʚ, ʦʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʥ-ʜʽʨʢʦʚʽ ʧʘʨʠ, 

ʟʛʝʥʝʨʦʚʘʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʤʘʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʯʘʩ ʞʠʪʪʷ ʧʦʨʽʚʥʷʥʦ ʟ 

ʤʝʪʘʣʘʤʠ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ. 

ɽʥʝʨʛʽʷ ʟʙʫʜʞʝʥʠʭ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʠʭ ʧʘʨ ʤʦʞʝ ʙʫʪʠ ʣʦʢʘʣʽʟʦʚʘʥʘ ʥʘ 

ʜʝʬʝʢʪʘʭ ʘʙʦ ʜʦʤʽʰʢʘʭ. ʅʘʧʨʘʚʣʝʥʽ ʢʦʚʘʣʝʥʪʥʽ ʟʚôʷʟʢʠ ʻ ʯʫʪʣʠʚʠʤʠ ʜʦ ʣʦʢʘʣʴʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʟʙʫʜʞʝʥʴ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʘʣʽʚ, ʟʤʽʥʘ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʤʽʞ 

ʜʚʦʤʘ ʘʪʦʤʘʤʠ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʟʥʘʯʘʻ ʦʩʣʘʙʣʝʥʥʷ ʘʙʦ ʨʦʟʨʠʚ 

ʭʽʤʽʯʥʦʛʦ ʟʚô̫ ʟʢʫ, ʱʦ ʫʪʨʠʤʫʻ ʮʽ ʘʪʦʤʠ ʫ ʚʫʟʣʘʭ ˇʨʘʪʢʠ. 

ɿʤʽʥʘ ʟʘʨʷʜʦʚʦʛʦ ʩʪʘʥʫ: ɿʘʭʦʧʣʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʽʩʥʫʶʯʠʤʠ 

ʜʝʬʝʢʪʘʤʠ ʟʤʽʥʶʻ ʾʭʥʽʡ ʟʘʨʷʜʦʚʠʡ ʩʪʘʥ. ʎʝ ʢʘʨʜʠʥʘʣʴʥʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭʥʶ 

ʨʫʭʣʠʚʽʩʪʴ (ʤʝʭʘʥʽʟʤ ɹʫʨʛʫʝʥʘ-ʂʦʨʙʝʪʘ) ʪʘ ʟʜʘʪʥʽʩʪʴ ʫʪʚʦʨʶʚʘʪʠ ʢʦʤʧʣʝʢʩʠ. 

ɹʘʛʘʪʦ ʜʝʬʝʢʪʥʠʭ ʨʝʘʢʮʽʡ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʻ ʨʝʢʦʤʙʽʥʘʮʽʡʥʦ-

ʩʪʠʤʫʣʴʦʚʘʥʠʤʠ, ʢʦʣʠ ʝʥʝʨʛʽʷ ʙʝʟʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʨʝʢʦʤʙʽʥʘʮʽʾ ʝʣʝʢʪʨʦʥ-

ʜʽʨʢʦʚʦʾ ʧʘʨʠ ʥʘ ʜʝʬʝʢʪʽ ʧʝʨʝʜʘʻʪʴʩʷ ʡʦʛʦ ʢʦʣʠʚʘʣʴʥʠʤ ʤʦʜʘʤ, ʚʠʢʣʠʢʘʶʯʠ ʡʦʛʦ 

ʤʽʛʨʘʮʽʶ ʘʙʦ ʜʠʩʦʮʽʘʮʽʶ. 

ʆʞʝ-ʧʨʦʮʝʩʠ: ʎʽ ʤʝʭʘʥʽʟʤʠ ʤʦʞʫʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʽʥʽʮʽʶʚʘʪʠ 

ʜʝʬʝʢʪʦʫʪʚʦʨʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʫ ʩʢʣʘʜʥʠʭ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ. 

ɺʠʙʠʚʘʥʥʷ ʝʣʝʢʪʨʦʥʘ ʟ ʛʣʠʙʦʢʦʾ ʚʥʫʪʨʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʘʪʦʤʘ (ʥʘʧʨʠʢʣʘʜ, 

ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ ʢʚʘʥʪʦʤ) ʽʥʽʮʽʶʻ ʢʘʩʢʘʜ ʆʞʝ-ʧʝʨʝʭʦʜʽʚ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʥʘ 
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ʦʜʥʦʤʫ ʘʪʦʤʽ ʪʠʤʯʘʩʦʚʦ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʙʘʛʘʪʦʢʨʘʪʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ʟʘʨʷʜ. 

ʅʘʩʣʽʜʢʦʤ ʻ çʢʫʣʦʥʽʚʩʴʢʠʡ ʚʠʙʫʭè ï ̔ʥʪʝʥʩʠʚʥʝ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʝ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ 

ʚʽʜ ʩʫʩʽʜʥʽʭ ʘʪʦʤʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʢʠʜʘʥʥʷ ʘʪʦʤʘ ʟ ʚʫʟʣʘ ʫ ʤʽʞʚʫʟʣʷ, ʪʦʙʪʦ 

ʜʦ ʧʽʜʧʦʨʦʛʦʚʦʛʦ ʫʪʚʦʨʝʥʥʷ ʜʝʬʝʢʪʫ. 

ɸʤʦʨʬʽʟʘʮʽʷ: ʇʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʦʧʨʦʤʽʥʝʥʥʽ ʚʘʞʢʠʤʠ ʽʦʥʘʤʠ ʞʦʨʩʪʢʘ 

ʥʘʧʨʘʚʣʝʥʘ ˇʨʘʪʢʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʯʘʩʪʦ ʥʝ ʚʩʪʠʛʘʻ ʨʝʣʘʢʩʫʚʘʪʠ ʽ ʨʫʡʥʫʻʪʴʩʷ, 

ʧʝʨʝʭʦʜʷʯʠ ʚ ʤʝʪʘʩʪʘʙʽʣʴʥʠʡ ʘʤʦʨʬʥʠʡ ʩʪʘʥ (ʨʘʜʽʘʮʽʡʥʘ ʘʤʦʨʬʽʟʘʮʽʷ), ʱʦ 

ʢʘʨʜʠʥʘʣʴʥʦ ʚʽʜʨʽʟʥʷʻ ʾʭ ʚʽʜ ʤʝʪʘʣʽʚ. 

 

1.3.3. ɯʦʥʥʽ ʢʨʠʩʪʘʣʠ ʪʘ ʜʽʝʣʝʢʪʨʠʢʠ 

 

ɯʦʥʥʽ ʢʨʠʩʪʘʣʠ (ʥʘʧʨʠʢʣʘʜ, ʣʫʞʥʦ-ʛʘʣʦʾʜʥʽ ʢʨʠʩʪʘʣʠ, ʦʢʩʠʜʠ) ʬʦʨʤʫʶʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʩʠʣ ʧʨʠʪʷʛʘʥʥʷ ʤʽʞ ʢʘʪʽʦʥʘʤʠ ʪʘ 

ʘʥʽʦʥʘʤʠ. ʏʝʨʝʟ ʚʝʣʠʢʫ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (ʧʦʥʘʜ 5 ʝɺ) ʮʽ ʤʘʪʝʨʽʘʣʠ ʻ 

ʽʟʦʣʷʪʦʨʘʤʠ. ɯʦʥʥʽ ʢʨʠʩʪʘʣʠ ʜʫʞʝ ʯʫʪʣʠʚʽ ʜʦ ʽʦʥʽʟʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ. ɯʦʥʥʠʡ ʟʚôʷʟʦʢ 

ʻ ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʠʤ ʜʦ ʟʤʽʥʠ ʟʘʨʷʜʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʣʦʢʘʣʴʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʟʙʫʜʞʝʥʴ, ʱʦ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʤʠʪʪʻʚʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ˇʨʘʪʢʠ. ʋ ʮʠʭ 

ʤʘʪʝʨʽʘʣʘʭ ʧʽʜʧʦʨʦʛʦʚʽ ʨʘʜʽʘʮʽʡʥʽ ʝʬʝʢʪʠ ʯʘʩʪʦ ʜʦʤʽʥʫʶʪʴ ʥʘʜ ʧʨʦʮʝʩʘʤʠ 

ʧʨʫʞʥʦʛʦ ʟʤʽʱʝʥʥʷ. 

ʈʘʜʽʦʣʽʟ ʪʘ ʘʚʪʦʣʦʢʘʣʽʟʘʮʽʷ: ɽʣʝʢʪʨʦʥʥʽ ʟʙʫʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦ 

ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʫ ʩʪʨʫʢʪʫʨʥʽ ʜʝʬʝʢʪʠ ʯʝʨʝʟ ʤʝʭʘʥʽʟʤʠ ʘʚʪʦʣʦʢʘʣʽʟʘʮʽʾ. 

ʅʘʧʨʠʢʣʘʜ, ʫʪʚʦʨʝʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʜʽʨʢʘ ʘʚʪʦʣʦʢʘʣʽʟʫʻʪʴʩʷ ʥʘ ʜʚʦʭ ʩʫʩʽʜʥʽʭ 

ʽʦʥʘʭ ʛʘʣʦʛʝʥʫ, ʫʪʚʦʨʶʶʯʠ ʤʦʣʝʢʫʣʷʨʥʠʡ ʽʦʥ. ɿʘʭʦʧʣʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʮʠʤ ʽʦʥʦʤ 

ʩʪʚʦʨʶʻ ʘʚʪʦʣʦʢʘʣʽʟʦʚʘʥʠʡ ʝʢʩʠʪʦʥ. 

ʂʦʣʴʦʨʦʚʽ ʮʝʥʪʨʠ: ɹʝʟʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʡ ʨʦʟʧʘʜ ʪʘʢʦʛʦ ʝʢʩʠʪʦʥʘ ʚʠʚʽʣʴʥʷʻ 

ʝʥʝʨʛʽʶ, ʜʦʩʪʘʪʥʶ ʜʣʷ ʚʠʰʪʦʚʭʫʚʘʥʥʷ ʘʪʦʤʘ ʛʘʣʦʛʝʥʫ ʚ ʤʽʞʚʫʟʣʷ. ɿʘʣʠʰʘʻʪʴʩʷ 

ʘʥʽʦʥʥʘ ʚʘʢʘʥʩʽʷ, ʱʦ ʟʘʭʦʧʠʣʘ ʝʣʝʢʪʨʦʥ (ʪʘʢ ʟʚʘʥʠʡ F-ʮʝʥʪʨ ʟʘʙʘʨʚʣʝʥʥʷ), ʪʘ 

ʤʽʞʚʫʟʣʦʚʘ ʤʦʣʝʢʫʣʘ ʛʘʣʦʛʝʥʫ (H-ʮʝʥʪʨ). ʎʝʡ ʤʝʭʘʥʽʟʤ (ʤʝʭʘʥʽʟʤ ʇʫʣʽ-ʍʝʨʰʘ) ʻ 

ʢʣʘʩʠʯʥʠʤ ʧʨʠʢʣʘʜʦʤ ʪʦʛʦ, ʷʢ ʯʠʩʪʘ ʽʦʥʽʟʘʮʽʷ ʨʫʡʥʫʻ ʙʝʟʜʝʬʝʢʪʥʫ ʢʨʠʩʪʘʣʽʯʥʫ 

ˇʨʘʪʢʫ. 
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ʊʨʝʢʦʫʪʚʦʨʝʥʥʷ: ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʰʚʠʜʢʠʭ ʚʘʞʢʠʭ ʽʦʥʽʚ ʯʝʨʝʟ ʽʦʥʥʽ 

ʜʽʝʣʝʢʪʨʠʢʠ ʚʟʜʦʚʞ ʪʨʘʻʢʪʦʨʽʾ ʯʘʩʪʠʥʢʠ ʬʦʨʤʫʻʪʴʩʷ ʮʠʣʽʥʜʨʠʯʥʘ ʟʦʥʘ 

ʩʫʮʽʣʴʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ˇʨʘʪʢʠ ï ʣʘʪʝʥʪʥʠʡ ʪʨʝʢ. ɺʽʥ ʫʪʚʦʨʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʧʦʪʫʞʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʨʦʟʽʛʨʽʚʫ ʘʪʦʤʥʦʾ ʧʽʜʩʠʩʪʝʤʠ (çʪʝʨʤʽʯʥʠʡ ʧʽʢè) ʧʽʩʣʷ 

ʰʚʠʜʢʦʾ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʚʽʜ ʟʙʫʜʞʝʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʜʦ ˇʨʘʪʢʠ. 

ʉʝʨʝʜ ʫʩʽʭ ʚʽʜʦʤʠʭ ʪʚʝʨʜʠʭ ʪʽʣ ʘʣʤʘʟ ʚʠʜʽʣʷʻʪʴʩʷ ʷʢ ʫʥʽʢʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ. 

ɸʣʤʘʟ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʨʘʜʽʘʮʽʡʥʦ ʩʪʽʡʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʚʜʷʢʠ ʥʘʜʟʚʠʯʘʡʥʦ 

ʤʽʮʥʠʤ ʢʦʚʘʣʝʥʪʥʠʤ ʟʚôʷʟʢʘʤ ʪʘ ʨʝʢʦʨʜʥʽʡ ʱʽʣʴʥʦʩʪʽ ʧʘʢʫʚʘʥʥʷ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ. 

ɽʥʝʨʛʝʪʠʢʘ ʟʚô̫ ʟʢʫ: ʂʦʞʝʥ ʘʪʦʤ ʚʫʛʣʝʮʶ ʚ ʘʣʤʘʟʽ ʧʝʨʝʙʫʚʘʻ ʫ ʩʪʘʥʽ sp3-

ʛʽʙʨʠʜʠʟʘʮʽʾ ʽ ʤʽʮʥʦ ʟʚô̫ ʟʘʥʠʡ ʟ ʯʦʪʠʨʤʘ ʩʫʩʽʜʘʤʠ. ɼʦʚʞʠʥʘ ʟʚô̫ ʟʢʫ ʉïʉ ʻ ʜʫʞʝ 

ʢʦʨʦʪʢʦʶ, ʘ ʝʥʝʨʛʽʷ ʟʚô̫ ʟʢʫ ï ʚʝʣʠʯʝʟʥʦʶ. 

ɺʠʩʦʢʠʡ ʧʦʨʽʛ ʟʤʽʱʝʥʥʷ: ʏʝʨʝʟ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ˇʨʘʪʢʠ ʧʦʨʦʛʦʚʘ ʝʥʝʨʛʽʷ 

ʧʨʫʞʥʦʛʦ ʟʤʽʱʝʥʥʷ (Ed) ʜʣʷ ʘʪʦʤʘ ʚʫʛʣʝʮʶ ʚ ʘʣʤʘʟʽ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 40-50 ʝɺ, 

ʱʦ ʟʥʘʯʥʦ ʚʠʱʝ, ʥʽʞ ʫ ʢʨʝʤʥʽʶ (15 ʝɺ) ʘʙʦ ʛʝʨʤʘʥʽʶ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʜʝʬʝʢʪʫ ʯʘʩʪʠʥʢʘ ʧʦʚʠʥʥʘ ʧʝʨʝʜʘʪʠ ʘʪʦʤʫ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ 

ʙʽʣʴʰʝ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʊʝʧʣʦʚʽʜʚʽʜ: ɸʣʤʘʟ ʤʘʻ ʥʘʡʚʠʱʫ ʩʝʨʝʜ ʥʝʤʝʪʘʣʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. ɹʫʜʴ-̫ ʢʽ 

ʣʦʢʘʣʴʥʽ ʪʝʨʤʽʯʥʽ ʧʽʢʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʨʝʣʘʢʩʘʮʽʾ, 

ʨʦʟʩʽʶʶʪʴʩʷ ʥʘʩʪʽʣʴʢʠ ʰʚʠʜʢʦ, ʱʦ ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʥʝ ʚʩʪʠʛʘʶʪʴ 

ʩʬʦʨʤʫʚʘʪʠʩʷ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʙʣʷʪʴ ʘʣʤʘʟ ʽʜʝʘʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ 

ʜʝʪʝʢʪʦʨʽʚ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʨʘʜʽʘʮʽʡʥʠʭ ʧʦʣʷʭ (ʥʘʧʨʠʢʣʘʜ, ʫ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʘʭ ʘʙʦ ʥʘ ɺʝʣʠʢʦʤʫ ʘʜʨʦʥʥʦʤʫ 

ʢʦʣʘʡʜʝʨʽ). 

 

1.3.4. ʇʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ: ʩʧʝʮʠʬʽʢʘ ʪʘ ʚʨʘʟʣʠʚʽʩʪʴ ʜʦ ʽʦʥʽʟʘʮʽʾ 

 

ʇʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘʜʟʚʠʯʘʡʥʦ ʯʫʪʣʠʚʽ ʜʦ ʽʦʥʽʟʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ. ɰʭʥʷ 

ʨʘʜʽʘʮʽʡʥʘ ʭʽʤʽʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʬʽʟʠʢʠ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʧʦʰʢʦʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʦʣʽʤʝʨʠ ï ʮʝ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ 

ʩʧʦʣʫʢʠ, ʪʦʧʦʣʦʛʽʷ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʚʦʤʘ ʪʠʧʘʤʠ ʚʟʘʻʤʦʜʽʡ: ʛʦʣʦʚʥʽ ʧʦʣʽʤʝʨʥʽ 
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ʣʘʥʮʶʛʠ ʫʪʚʦʨʝʥʽ ʤʽʮʥʠʤʠ ʢʦʚʘʣʝʥʪʥʠʤʠ ʟʚ'ʷʟʢʘʤʠ, ʪʦʜʽ ʷʢ ʤʽʞ ʦʢʨʝʤʠʤʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʜʽʶʪʴ ʚʽʜʥʦʩʥʦ ʩʣʘʙʢʽ ʩʠʣʠ. 

ʍʦʯʘ ʢʦʚʘʣʝʥʪʥʽ ʟʚôʷʟʢʠ ʫ ʧʦʣʽʤʝʨʥʦʤʫ ʣʘʥʮʶʟʽ ʜʦʩʠʪʴ ʤʽʮʥʽ, ʩʣʘʙʢʽ ɺʘʥ-

ʜʝʨ-ɺʘʘʣʴʩʦʚʽ ʩʠʣʠ, ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʽ ʚʟʘʻʤʦʜʽʾ ʘʙʦ ʚʦʜʥʝʚʽ ʟʚ'ʷʟʢʠ ʤʽʞ 

ʣʘʥʮʶʛʘʤʠ ʨʦʙʣʷʪʴ ʧʦʣʽʤʝʨʠ ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʧʨʠ ʧʦʛʣʠʥʘʥʥʽ 

ʝʥʝʨʛʽʾ. ʅʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʚôʷʟʢʽʚ (CïC, CïH, C=O, NïH 

ʪʦʱʦ), ʙʦʢʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʪʘ ʛʝʪʝʨʦʘʪʦʤʽʚ ʨʦʙʠʪʴ ʾʭ ʭʽʤʽʯʥʦ 

ʘʢʪʠʚʥʠʤʠ ʧʽʜ ʜʽʻʶ ʨʘʜʽʘʮʽʾ. 

 

ʇʽʜʧʦʨʦʛʦʚʽ ʤʝʭʘʥʽʟʤʠ ʪʘ ʨʦʟʨʠʚ ʤʘʢʨʦʤʦʣʝʢʫʣ 

 

ʅʘʚʽʪʴ ʧʨʠ ʥʠʟʴʢʠʭ ʝʥʝʨʛʽʷʭ (ʫʣʴʪʨʘʬʽʦʣʝʪ, ʤ'ʷʢʝ ʨʝʥʪʛʝʥʽʚʩʴʢʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ), ʝʣʝʢʪʨʦʥʥʽ ʟʙʫʜʞʝʥʥʷ ʤʦʞʫʪʴ ʽʥʜʫʢʫʚʘʪʠ ʣʦʢʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ 

(ʚʥʫʪʨʽʰʥʶ ʢʦʥʚʝʨʩʽʶ ʝʥʝʨʛʽʾ), ʱʦ ʥʝʤʠʥʫʯʝ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʢʦʥʬʦʨʤʘʮʽʡʥʠʭ 

ʟʤʽʥ ʘʙʦ ʨʦʟʨʠʚʫ ʟʚôʷʟʢʽʚ. ʆʩʢʽʣʴʢʠ ʝʥʝʨʛʽʷ ʜʠʩʦʮʽʘʮʽʾ ʙʽʣʴʰʦʩʪʽ ʦʨʛʘʥʽʯʥʠʭ 

ʟʚ'ʷʟʢʽʚ ʩʪʘʥʦʚʠʪʴ 3-4 ʝɺ, ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʤʘʡʞʝ ʟʽ 100% 

ʡʤʦʚʽʨʥʽʩʪʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʦʤʦʣʽʪʠʯʥʦʛʦ ʨʦʟʨʠʚʫ ʤʦʣʝʢʫʣʠ. ʇʝʨʚʠʥʥʠʤ ʘʢʪʦʤ 

ʻ ʫʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ ʚʽʣʴʥʠʭ ʤʘʢʨʦʨʘʜʠʢʘʣʽʚ ʪʘ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ (ʚʦʜʝʥʴ, ʤʝʪʘʥ, ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ). 

ʄʘʢʨʦʩʢʦʧʽʯʥʽ ʟʤʽʥʠ ʫ ʧʦʣʽʤʝʨʘʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʚʦʤʘ ʢʦʥʢʫʨʫʶʯʠʤʠ 

ʧʨʦʮʝʩʘʤʠ, ʥʘʧʨʷʤʦʢ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʾ ʙʫʜʦʚʠ ʤʦʥʦʤʝʨʘ: 

- ʈʘʜʽʘʮʽʡʥʝ ʟʰʠʚʘʥʥʷ: ʇʝʨʝʚʘʞʘʻ ʫ ʧʦʣʽʤʝʨʘʭ ʙʝʟ ʤʘʩʠʚʥʠʭ ʙʦʢʦʚʠʭ ʛʨʫʧ 

(ʥʘʧʨʠʢʣʘʜ, ʫ ʧʦʣʽʝʪʠʣʝʥʽ, ʧʦʣʽʩʠʣʦʢʩʘʥʘʭ). ʈʘʜʠʢʘʣʠ, ʫʪʚʦʨʝʥʽ ʥʘ ʩʫʩʽʜʥʽʭ 

ʣʘʥʮʶʛʘʭ, ʤʽʛʨʫʶʪʴ ʪʘ ʨʝʢʦʤʙʽʥʫʶʪʴ, ʫʪʚʦʨʶʶʯʠ ʤʽʮʥʽ ʧʦʧʝʨʝʯʥʽ ʢʦʚʘʣʝʥʪʥʽ 

ʤʽʩʪʢʠ. ʎʝ ʧʝʨʝʪʚʦʨʶʻ ʣʽʥʽʡʥʠʡ ʧʦʣʽʤʝʨ ʥʘ ʪʨʠʚʠʤʽʨʥʫ ʩʽʪʢʫ. ɺʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʢʘʨʜʠʥʘʣʴʥʦ ʟʤʽʥʶʶʪʴʩʷ: ʚʽʥ ʚʪʨʘʯʘʻ ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʣʘʚʣʝʥʥʷ ʽ 

ʨʦʟʯʠʥʝʥʥʷ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʡʦʛʦ ʪʚʝʨʜʽʩʪʴ ʪʘ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ, ʘʣʝ ʧʨʠ 

ʧʝʨʝʦʧʨʦʤʽʥʝʥʥʽ ʚʽʥ ʩʪʘʻ ʢʨʠʭʢʠʤ. 

- ʈʘʜʽʘʮʽʡʥʘ ʜʝʩʪʨʫʢʮʽʷ: ɼʦʤʽʥʫʻ ʫ ʧʦʣʽʤʝʨʘʭ ʟ ʯʝʪʚʝʨʪʠʥʥʠʤ ʘʪʦʤʦʤ ʚʫʛʣʝʮʶ 

ʘʙʦ ʤʘʩʠʚʥʠʤʠ ʙʦʢʦʚʠʤʠ ʛʨʫʧʘʤʠ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʩʪʝʨʠʯʥʽ ʧʝʨʝʰʢʦʜʠ ʜʣʷ 
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ʨʝʢʦʤʙʽʥʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ, ʫ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʽ ï ʇʄʄɸ, 

ʧʦʣʽʪʝʪʨʘʬʪʦʨʝʪʠʣʝʥʽ, ʮʝʣʶʣʦʟʽ). ʈʦʟʨʠʚ ʛʦʣʦʚʥʦʛʦ ʣʘʥʮʶʛʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʽʟʢʦʛʦ ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ, ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʢʣʫʚʘʥʥʷ, ʧʝʨʝʭʦʜʫ ʤʘʪʝʨʽʘʣʫ ʫ ʚô̫ ʟʢʦʪʝʢʫʯʠʡ ʩʪʘʥ, ʟʥʠʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ 

ʤʽʮʥʦʩʪʽ ʪʘ ʽʥʪʝʥʩʠʚʥʦʛʦ ʛʘʟʦʚʠʜʽʣʝʥʥʷ, ʱʦ ʬʦʨʤʫʻ ʤʽʢʨʦʧʦʨʠ. 

 

ɺʧʣʠʚ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʪʘ ʢʠʩʥʶ 

ʆʩʦʙʣʠʚʽʩʪʶ ʧʦʣʽʤʝʨʽʚ ʻ ʥʘʷʚʥʽʩʪʴ ʟʥʘʯʥʦʛʦ ʚʽʣʴʥʦʛʦ ʦʙ'ʻʤʫ 

(ʤʽʢʨʦʧʦʨʦʞʥʠʥ ʤʽʞ ʩʝʛʤʝʥʪʘʤʠ ʤʘʢʨʦʤʦʣʝʢʫʣ). ɺʽʣʴʥʠʡ ʦʙ'ʻʤ ʚʽʜʽʛʨʘʻ 

ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʨʘʜʽʘʮʽʡʥʽʡ ʩʪʽʡʢʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ 

ʩʝʛʤʝʥʪʘʣʴʥʫ ʨʫʭʣʠʚʽʩʪʴ ʣʘʥʮʶʛʽʚ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʟʙʣʠʞʝʥʥʷ ʽ ʨʝʢʦʤʙʽʥʘʮʽʾ 

ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ. ʂʨʽʤ ʪʦʛʦ, ʤʽʢʨʦʧʦʨʦʞʥʠʥʠ ʻ ʨʝʟʝʨʚʫʘʨʘʤʠ ʜʣʷ ʜʠʬʫʟʽʾ 

ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ. ʗʢʱʦ ʦʧʨʦʤʽʥʝʥʥʷ ʧʦʣʽʤʝʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʧʦʚʽʪʨʷ, ʘʢʪʠʚʫʻʪʴʩʷ ʧʨʦʮʝʩ ʨʘʜʽʘʮʽʡʥʦ-̔ ʥʜʫʢʦʚʘʥʦʛʦ ʦʢʠʩʣʝʥʥʷ. ʂʠʩʝʥʴ ʤʠʪʪʻʚʦ 

ʨʝʘʛʫʻ ʟ ʧʝʨʚʠʥʥʠʤʠ ʘʣʢʽʣʴʥʠʤʠ ʨʘʜʠʢʘʣʘʤʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʝʨʦʢʩʠʜʥʠʭ 

ʨʘʜʠʢʘʣʽʚ. ʎʝ ʙʣʦʢʫʻ ʧʨʦʮʝʩ ʢʦʨʠʩʥʦʛʦ ʟʰʠʚʘʥʥʷ ʽ ʟʘʧʫʩʢʘʻ ʣʘʥʮʶʛʦʚʫ ʨʝʘʢʮʽʶ 

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʜʝʩʪʨʫʢʮʽʾ, ʱʦ ʢʘʪʘʩʪʨʦʬʽʯʥʦ ʟʥʠʞʫʻ ʨʘʜʽʘʮʽʡʥʫ ʩʪʽʡʢʽʩʪʴ 

ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʨʠʟʚʦʜʷʯʠ ʜʦ ʡʦʛʦ ʰʚʠʜʢʦʛʦ ʩʪʘʨʽʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ. 

 

1.4. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʟʜʽʡʩʥʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʦʛʣʷʜ ʪʘ 

ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʧʽʜʧʦʨʦʛʦʚʠʭ 

ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ (ʇʈɽ) ʫ ʨʽʟʥʠʭ ʢʣʘʩʘʭ ʪʚʝʨʜʠʭ ʪʽʣ, ʟ ʦʩʦʙʣʠʚʠʤ ʬʦʢʫʩʦʤ ʥʘ 

ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. ɸʥʘʣʽʟ ʤʝʭʘʥʽʟʤʽʚ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʪʘ 

ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʨʝʯʦʚʠʥʦʶ ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ 

ʫʟʘʛʘʣʴʥʶʶʯʽ ʚʠʩʥʦʚʢʠ: 

- ɿʤʽʥʘ ʧʘʨʘʜʠʛʤʠ ʜʝʬʝʢʪʦʫʪʚʦʨʝʥʥʷ: ʊʨʘʜʠʮʽʡʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʨʘʜʽʘʮʽʡʥʝ 

ʜʝʬʝʢʪʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʚʠʢʣʶʯʥʦ ʥʘ ʧʨʫʞʥʠʭ ʟʽʪʢʥʝʥʥʷʭ ʪʘ ʧʝʨʝʜʘʯʽ 

ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʚʠʱʦʾ ʟʘ ʧʦʨʽʛ ʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ, ʻ ʥʝʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʦʧʠʩʫ 
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ʨʘʜʽʘʮʽʡʥʦʾ ʬʽʟʠʢʠ ʩʢʣʘʜʥʦʦʨʛʘʥʽʟʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʩʪʨʫʢʪʫʨʥʽ ʧʝʨʝʙʫʜʦʚʠ ʤʦʞʫʪʴ ʽʥʪʝʥʩʠʚʥʦ ʚʽʜʙʫʚʘʪʠʩʷ ʧʨʠ ʝʥʝʨʛʽʷʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʋʌ-ʩʚʽʪʣʦ, ʤôʷʢʠʡ ʨʝʥʪʛʝʥ), ʟʥʘʯʥʦ ʥʠʞʯʠʭ ʟʘ ʮʝʡ 

ʧʦʨʽʛ. ʇʝʨʚʠʥʥʠʤ ʝʪʘʧʦʤ ʪʘʢʠʭ ʝʬʝʢʪʽʚ ʻ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ 

ʤʘʪʝʨʽʘʣʫ ï ̔ ʦʥʽʟʘʮʽʷ ʪʘ ʫʪʚʦʨʝʥʥʷ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʠʭ ʧʘʨ ʯʠ 

ʝʢʩʠʪʦʥʽʚ. 

- ɺʠʟʥʘʯʘʣʴʥʘ ʨʦʣʴ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ: ʌʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʤʝʭʘʥʽʟʤʦʤ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ ʇʈɽ, ʻ ʩʠʣʴʥʘ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʘ ʚʟʘʻʤʦʜʽʷ (ɽʌɺ). 

ʇʦʨʫʰʝʥʥʷ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ɹʦʨʥʘ-ʆʧʧʝʥʛʝʡʤʝʨʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʘʚʪʦʣʦʢʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʟʙʫʜʞʝʥʴ. ʇʦʜʘʣʴʰʘ ʙʝʟʚʠʧʨʦʤʽʥʶʚʘʣʴʥʘ 

ʨʝʣʘʢʩʘʮʽʷ ʮʠʭ ʩʪʘʥʽʚ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʭʦʜʫ ʥʘ 

ʣʦʢʘʣʴʥʽ ʢʦʣʠʚʘʣʴʥʽ ʤʦʜʠ ʘʪʦʤʽʚ (çʪʝʨʤʽʯʥʠʡ ʧʽʢè), ʱʦ ʜʘʻ ʝʥʝʨʛʽʶ, ʜʦʩʪʘʪʥʶ 

ʜʣʷ ʨʦʟʨʠʚʫ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ. 

- ɿʘʣʝʞʥʽʩʪʴ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ: ɼʦʚʝʜʝʥʦ, ʱʦ 

ʨʝʘʢʮʽʷ ʤʘʪʝʨʽʘʣʫ ʥʘ ʝʣʝʢʪʨʦʥʥʽ ʟʙʫʜʞʝʥʥʷ ʢʨʠʪʠʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʭʽʤʽʯʥʠʭ 

ʟʚôʷʟʢʽʚ ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

- ʄʝʪʘʣʠ ʟʘʚʜʷʢʠ ʚʠʨʦʜʞʝʥʦʤʫ ʝʣʝʢʪʨʦʥʥʦʤʫ ʛʘʟʫ ʪʘ ʥʘʜʰʚʠʜʢʽʡ ʪʝʨʤʘʣʽʟʘʮʽʾ ʻ 

ʧʨʘʢʪʠʯʥʦ ʥʝʯʫʪʣʠʚʠʤʠ ʜʦ ʽʦʥʽʟʘʮʽʡʥʦʛʦ ʜʝʬʝʢʪʦʫʪʚʦʨʝʥʥʷ. 

- ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʠ (ʯʝʨʝʟ ʆʞʝ-ʧʨʦʮʝʩʠ) ʪʘ ʽʦʥʥʽ ʢʨʠʩʪʘʣʠ (ʯʝʨʝʟ ʤʝʭʘʥʽʟʤʠ ɺʘʨʣʽ 

ʪʘ ʝʢʩʠʪʦʥʥʽ ʤʝʭʘʥʽʟʤʠ) ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʥʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʽʦʥʽʟʘʮʽʾ ʟʘʚʜʷʢʠ 

ʤʦʞʣʠʚʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʨʷʜʫ. 

- ɸʣʤʘʟ ʟʘʣʠʰʘʻʪʴʩʷ ʝʪʘʣʦʥʦʤ ʩʪʽʡʢʦʩʪʽ ʟʘʚʜʷʢʠ ʨʝʢʦʨʜʥʽʡ ʤʽʮʥʦʩʪʽ ʢʦʚʘʣʝʥʪʥʦʾ 

ˇʨʘʪʢʠ ʪʘ ʚʠʩʦʢʽʡ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

- ɺʠʩʦʢʘ ʚʨʘʟʣʠʚʽʩʪʴ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʇʦʣʽʤʝʨʠ ʻ ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʠʤ ʜʦ 

ʇʈɽ ʢʣʘʩʦʤ ʪʚʝʨʜʠʭ ʪʽʣ. ɰʭʥʷ ʢʚʘʟʽʦʜʥʦʚʠʤʽʨʥʘ ʘʨʭʽʪʝʢʪʫʨʘ (ʤʽʮʥʽ ʢʦʚʘʣʝʥʪʥʽ 

ʤʘʢʨʦʣʘʥʮʶʛʠ ʫ ʧʦʻʜʥʘʥʥʽ ʟʽ ʩʣʘʙʢʠʤʠ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʤʠ ʩʠʣʘʤʠ) ʥʝ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʨʦʟʩʽʶʚʘʪʠ ʝʥʝʨʛʽʶ ʟʙʫʜʞʝʥʥʷ ʥʘ ʟʥʘʯʥʽ ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʚʽʜʩʪʘʥʽ. 

ɺʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʾ ʢʦʥʚʝʨʩʽʾ ʝʥʝʨʛʽʾ ʫ ʧʦʣʽʤʝʨʘʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʪʦʛʦ, ʱʦ ʝʣʝʢʪʨʦʥʥʝ ʟʙʫʜʞʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʤʠʪʪʻʚʦ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʫ ʣʦʢʘʣʴʥʽ 
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ʢʦʣʠʚʘʥʥʷ ʟʚ'ʷʟʢʽʚ (ʉïʉ, ʉïʅ, ʉ=ʆ), ʘʤʧʣʽʪʫʜʘ ʷʢʠʭ ʧʝʨʝʚʠʱʫʻ ʝʥʝʨʛʽʶ ʾʭʥʴʦʾ 

ʜʠʩʦʮʽʘʮʽʾ. 

- ʄʘʢʨʦʩʢʦʧʽʯʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʨʠʮʴ: ʇʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ 

ʝʣʝʢʪʨʦʥʥʦʶ ʧʽʜʩʠʩʪʝʤʦʶ ʧʦʣʽʤʝʨʽʚ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʛʦʤʦʣʽʪʠʯʥʠʤ ʨʦʟʨʠʚʦʤ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ. ʎʝ ʽʥʽʮʽʶʻ ʜʚʘ 

ʢʦʥʢʫʨʫʶʯʽ ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʧʨʦʮʝʩʠ: ʚʠʟʥʘʯʘʣʴʥʫ ʨʦʣʴ ʫ ʧʨʦʩʪʦʨʦʚʽʡ ʢʽʥʝʪʠʮʽ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʰʠʚʘʥʥʷ ʪʘ ʜʝʩʪʨʫʢʮʽʾ ʚʽʜʽʛʨʘʻ ʥʘʷʚʥʽʩʪʴ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ 

(ʥʘʥʦʧʦʨʦʞʥʠʥ), ʷʢʠʡ ʢʦʥʪʨʦʣʶʻ ʩʝʛʤʝʥʪʘʣʴʥʫ ʨʫʭʣʠʚʽʩʪʴ ʣʘʥʮʶʛʽʚ, ʜʠʬʫʟʽʶ 

ʨʘʜʠʢʘʣʽʚ ʪʘ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ (ʱʦ ʚʝʜʝ ʜʦ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʜʝʛʨʘʜʘʮʽʾ). 

ɻʣʠʙʦʢʝ ʪʝʦʨʝʪʠʯʥʝ ʨʦʟʫʤʽʥʥʷ ʧʨʠʨʦʜʠ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʫ 

ʧʦʣʽʤʝʨʘʭ ʩʪʘʥʦʚʠʪʴ ʥʝʦʙʭʽʜʥʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʝ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʪʘ ʬʦʪʦʜʝʛʨʘʜʘʮʽʾ 

(ʟʦʢʨʝʤʘ ʚ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʽ AESO/VDM), ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʨʫʡʥʽʚʥʠʭ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʠʢʠ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ (ʇɸʉ) ʪʘ ʨʦʟʨʦʙʢʠ ʰʣʷʭʽʚ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʨʘʜʽʘʮʽʡʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʽʪʥʽʭ 

ʘʤʧʝʨʦʤʝʪʨʠʯʥʠʭ ʙʽʦʩʝʥʩʦʨʽʚ. 

ɿʘʛʘʣʦʤ, ʤʘʪʝʨʽʘʣʠ ʟ ʜʝʣʦʢʘʣʽʟʦʚʘʥʠʤʠ ʟʚô̫ ʟʢʘʤʠ (ʤʝʪʘʣʠ) ʪʘ ʪʽ, ʱʦ ʟʜʘʪʥʽ 

ʜʦ ʰʚʠʜʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʚʠʷʚʣʷʶʪʴ ʚʠʱʫ ʨʘʜʽʘʮʽʡʥʫ ʩʪʽʡʢʽʩʪʴ. ɯ 

ʥʘʚʧʘʢʠ, ʤʘʪʝʨʽʘʣʠ ʟ ʣʦʢʘʣʽʟʦʚʘʥʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ ʟʚôʷʟʢʘʤʠ, ʥʠʟʴʢʦʶ ʝʥʝʨʛʽʻʶ 

ʟʚô̫ ʟʢʽʚ ʪʘ ʦʙʤʝʞʝʥʦʶ ʨʫʭʣʠʚʽʩʪʶ ʜʝʬʝʢʪʽʚ (ʧʦʣʽʤʝʨʠ, ʽʦʥʥʽ ʢʨʠʩʪʘʣʠ) ʻ ʙʽʣʴʰ 

ʯʫʪʣʠʚʠʤʠ ʜʦ ʨʘʜʽʘʮʽʾ, ʟʦʢʨʝʤʘ ʜʦ ʧʽʜʧʦʨʦʛʦʚʠʭ ʽʦʥʽʟʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ. 
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ʈʆɿɼɯʃ 2. 

ʆʉʆɹʃʀɺʆʉʊɯ ʍɯʄɯʏʅʀʍ ɿɺôʗɿʂɯɺ ʋ ʇʆʃɯʄɽʈɸʍ 

 

ʇʦʣʽʤʝʨʠ ï ʮʝ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʦʚʪʦʨʶʚʘʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʦʜʠʥʠʮʴ, ʘʙʦ ʤʦʥʦʤʝʨʥʠʭ ʣʘʥʦʢ, ʟô̒ ʜʥʘʥʠʭ 

ʤʽʞ ʩʦʙʦʶ ʢʦʚʘʣʝʥʪʥʠʤʠ ʟʚô̫ ʟʢʘʤʠ. ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʫʥʽʢʘʣʴʥʽʡ ʤʦʣʝʢʫʣʷʨʥʽʡ 

ʘʨʭʽʪʝʢʪʫʨʽ, ʧʦʣʽʤʝʨʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʥʝʟʘʤʽʥʥʠʤʠ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ï ʚʽʜ 

ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʢʩʪʠʣʶ ʜʦ ʙʽʦʤʝʜʠʯʥʠʭ ʽʤʧʣʘʥʪʘʪʽʚ ʽ ʘʝʨʦʢʦʩʤʽʯʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ.  

ʆʩʥʦʚʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʻ ʭʽʤʽʯʥʽ ʟʚô̫ ʟʢʠ, ʱʦ ʫʪʨʠʤʫʶʪʴ 

ʘʪʦʤʠ ʚ ʤʦʥʦʤʝʨʥʠʭ ʦʜʠʥʠʮʷʭ ʪʘ ʟô̒ ʜʥʫʶʪʴ ʮʽ ʦʜʠʥʠʮʽ ʚ ʜʦʚʛʽ ʣʘʥʮʶʛʠ. 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʧʦʣʽʤʝʨʽʚ ʻ ʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ, ʪʦʤʫ ʚ ʥʠʭ ʜʦʤʽʥʫʶʪʴ 

ʢʦʚʘʣʝʥʪʥʽ ʟʚô̫ ʟʢʠ, ʭʦʯʘ ʡ ʽʥʰʽ ʪʠʧʠ ʚʟʘʻʤʦʜʽʡ, ʪʘʢʽ ʷʢ ʚʦʜʥʝʚʽ ʟʚô̫ ʟʢʠ, ʚʘʥ-ʜʝʨ-

ʚʘʘʣʴʩʦʚʽ ʩʠʣʠ, ʘ ʽʥʦʜʽ ʡ ʽʦʥʥʽ ʚʟʘʻʤʦʜʽʾ, ʪʘʢʦʞ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʢʽʥʮʝʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʈʦʟʫʤʽʥʥʷ ʧʨʠʨʦʜʠ ʭʽʤʽʯʥʠʭ ʟʚô̫ ʟʢʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʧʦʣʽʤʝʨʥʽ ʣʘʥʮʶʛʠ, ʘ 

ʪʘʢʦʞ ʤʝʭʘʥʽʟʤʽʚ ʾʭ ʫʪʚʦʨʝʥʥʷ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ ʢʦʥʪʨʦʣʶ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ [21-32]. ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʣʷʪʴ ʧʽʜʧʦʨʦʛʦʚʽ 

ʨʘʜʽʘʮʽʡʥʽ ʝʬʝʢʪʠ, ʷʢʽ, ʥʝ ʩʧʨʠʯʠʥʷʶʯʠ ʧʦʤʽʪʥʠʭ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʨʫʡʥʫʚʘʥʴ, 

ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʽʤʝʨʽʚ. 

 

2.1. ʄʝʭʘʥʽʟʤʠ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʤʝʨʽʚ 

 

ʌʦʨʤʫʚʘʥʥʷ ʧʦʣʽʤʝʨʽʚ ï ʮʝ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʤʦʥʦʤʝʨʽʚ ʫ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ ʧʦʣʽʤʝʨʠ. ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʽ ʤʝʭʘʥʽʟʤʠ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ: ʣʘʥʮʶʛʦʚʘ (ʘʙʦ ʧʨʠʻʜʥʘʥʥʷ) ʪʘ ʩʪʫʧʽʥʯʘʩʪʘ (ʘʙʦ ʢʦʥʜʝʥʩʘʮʽʡʥʘ). 
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ʌʦʨʤʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʪʘ ʧʨʦʩʪʦʨʦʚʠʭ ʧʦʣʽʤʝʨʥʠʭ ʩʽʪʦʢ ï 

ʮʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʩʧʦʣʫʢ (ʤʦʥʦʤʝʨʽʚ) ʘʙʦ ʦʣʽʛʦʤʝʨʽʚ ʫ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ ʩʪʨʫʢʪʫʨʠ. ɿ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʟʜʘʪʥʽʩʪʴ ʤʦʥʦʤʝʨʽʚ ʜʦ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʤʽʥʦʶ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ: DG = DH ï TDS. ʆʩʢʽʣʴʢʠ ʦʙô̒ ʜʥʘʥʥʷ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʥʝʟʘʣʝʞʥʠʭ ʤʦʣʝʢʫʣ ʚ ʦʜʠʥ ʣʘʥʮʶʛ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʤʝʥʰʝʥʥʷ 

ʝʥʪʨʦʧʽʾ ʩʠʩʪʝʤʠ (DS < 0), ʧʨʦʮʝʩ ʤʦʞʝ ʧʨʦʪʽʢʘʪʠ ʩʘʤʦʚʽʣʴʥʦ (DG < 0) ʣʠʰʝ ʟʘ 

ʫʤʦʚʠ ʟʥʘʯʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʘ, ʪʦʙʪʦ ʨʝʘʢʮʽʷ ʤʘʻ ʙʫʪʠ ʝʢʟʦʪʝʨʤʽʯʥʦʶ (DH < 0). 

ʎʝ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚʽʜʽʛʨʘʻ ʢʨʠʪʠʯʥʫ ʨʦʣʴ ʫ ʢʽʥʝʪʠʮʽ ʧʨʦʮʝʩʫ ʪʘ ʬʦʨʤʫʚʘʥʥʽ 

ʣʦʢʘʣʴʥʠʭ ʪʝʨʤʽʯʥʠʭ ʛʨʘʜʽʻʥʪʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʽʥʮʝʚʫ ʩʪʨʫʢʪʫʨʫ ʚʽʣʴʥʦʛʦ 

ʦʙ'ʻʤʫ. ɿʘʣʝʞʥʦ ʚʽʜ ʢʽʥʝʪʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʨʝʘʢʮʽʡ, 

ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʧʦʣʽʤʝʨʽʚ ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ: 

ʣʘʥʮʶʛʦʚʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ (ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʧʨʠʻʜʥʘʥʥʷ) ʪʘ ʩʪʫʧʽʥʯʘʩʪʘ 

ʧʦʣʽʤʝʨʠʟʘʮʽʷ (ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʷ ʪʘ ʧʦʣʽʧʨʠʻʜʥʘʥʥʷ). 

 

2.1.1. ʃʘʥʮʶʛʦʚʘ ʧʦʣʽʤʝʨʠʟʘʮʽ ̫

ʃʘʥʮʶʛʦʚʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ (ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʧʨʠʻʜʥʘʥʥʷ): 

ʎʝʡ ʤʝʭʘʥʽʟʤ ʚʢʣʶʯʘʻ ʰʚʠʜʢʝ ʧʦʩʣʽʜʦʚʥʝ ʜʦʜʘʚʘʥʥʷ ʤʦʥʦʤʝʨʽʚ ʜʦ 

ʟʨʦʩʪʘʶʯʦʛʦ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʫ. ʄʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʧʦʣʽʤʝʨʫ ʰʚʠʜʢʦ ʟʨʦʩʪʘʻ 

ʧʽʩʣʷ ʽʥʽʮʽʶʚʘʥʥʷ. ʃʘʥʮʶʛʦʚʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʟʘʟʚʠʯʘʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʟʢʨʠʪʪʷ ʢʨʘʪʥʠʭ ʟʚô̫ ʟʢʽʚ (ʧʦʜʚʽʡʥʠʭ ʘʙʦ ʧʦʪʨʽʡʥʠʭ) ʫ ʤʦʥʦʤʝʨʘʭ. 

ʉʪʘʜʽʾ ʣʘʥʮʶʛʦʚʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ:  

1) ɯʥʽʮʽʶʚʘʥʥʷ: ʋʪʚʦʨʝʥʥʷ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ (ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ, ʽʦʥʽʚ) ʟ 

ʽʥʽʮʽʘʪʦʨʘ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʨʘʜʠʢʘʣʴʥʽʡ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʝʨʝʢʠʩ ʙʝʥʟʦʾʣʫ (Ph ï CO 

ï O ï O ï CO ï Ph) ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʜʚʘ ʬʝʥʦʣʴʥʽ ʨʘʜʠʢʘʣʠ:  

Ph ï CO ï O ï O ï CO ï Ph ќ 2Ph ï CO ī Oẗ ќ 2Phẗ + 2CO2 

ʎʽ ʨʘʜʠʢʘʣʠ ʘʪʘʢʫʶʪʴ ʤʦʣʝʢʫʣʫ ʤʦʥʦʤʝʨʫ, ʫʪʚʦʨʶʶʯʠ ʥʦʚʠʡ ʨʘʜʠʢʘʣ:  

Phẗ + CH2 = CHX ќ Ph ī CH2 ī CHXẗ 
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2) ʈʽʩʪ ʣʘʥʮʶʛʘ (ʧʨʦʧʘʛʘʮʽʷ): ʇʦʩʣʽʜʦʚʥʝ ʜʦʜʘʚʘʥʥʷ ʤʦʣʝʢʫʣ ʤʦʥʦʤʝʨʫ ʜʦ 

ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʫ.  

3) ʆʙʨʠʚ ʣʘʥʮʶʛʘ: ɼʝʘʢʪʠʚʘʮʽʷ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʰʣʷʭʦʤ ʨʝʢʦʤʙʽʥʘʮʽʾ 

ʨʘʜʠʢʘʣʽʚ, ʜʠʩʧʨʦʧʦʨʮʽʦʥʫʚʘʥʥʷ ʘʙʦ ʧʝʨʝʜʘʯʽ ʣʘʥʮʶʛʘ. 

ʈʝʢʦʤʙʽʥʘʮʽʷ: Rnẗ + Rmẗ ќ Rn+m 

ɼʠʩʧʨʦʧʦʨʮʽʦʥʫʚʘʥʥʷ: Rnẗ + Rmẗ ќ Rn(=CH2) + Rm-1(CH3) 

ʇʨʠʢʣʘʜʠ ʧʦʣʽʤʝʨʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʮʠʤ ʤʝʭʘʥʽʟʤʦʤ: ʧʦʣʽʝʪʠʣʝʥ, 

ʧʦʣʽʧʨʦʧʽʣʝʥ, ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ, ʧʦʣʽʩʪʠʨʦʣ, ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ. 

 

ʉʪʘʜʽʾ ʨʘʜʠʢʘʣʴʥʦʾ ʣʘʥʮʶʛʦʚʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ: 

1) ɯʥʽʮʽʶʚʘʥʥʷ (ʟʘʨʦʜʞʝʥʥʷ ʣʘʥʮʶʛʘ): ʎʝ ʩʪʘʜʽʷ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ 

ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ð ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ. ʆʩʢʽʣʴʢʠ ʝʥʝʨʛʽʷ ʨʦʟʨʠʚʫ C=C ʟʚô̫ ʟʢʫ ʻ 

ʚʠʩʦʢʦʶ, ʧʨʷʤʝ ʪʝʨʤʽʯʥʝ ʽʥʽʮʽʶʚʘʥʥʷ ʤʦʥʦʤʝʨʽʚ ʻ ʝʥʝʨʛʦʟʘʪʨʘʪʥʠʤ ʽ ʨʽʜʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ. ɿʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʨʝʯʦʚʠʥʠ ð 

ʽʥʽʮʽʘʪʦʨʠ, ʷʢʽ ʣʝʛʢʦ ʨʦʟʧʘʜʘʶʪʴʩʷ ʥʘ ʨʘʜʠʢʘʣʠ ʧʽʜ ʜʽʻʶ ʪʝʧʣʘ (ʪʝʨʤʦʽʥʽʮʽʶʚʘʥʥʷ) 

ʘʙʦ ʢʚʘʥʪʽʚ ʩʚʽʪʣʘ (ʬʦʪʦʽʥʽʮʽʶʚʘʥʥʷ). 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʢʣʘʩʠʯʥʽʡ ʪʝʨʤʽʯʥʽʡ ʨʘʜʠʢʘʣʴʥʽʡ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʝʨʝʢʠʩ 

ʙʝʥʟʦʾʣʫ ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʜʚʘ ʬʝʥʦʣʴʥʽ ʨʘʜʠʢʘʣʠ ʯʝʨʝʟ ʧʨʦʤʽʞʥʝ ʫʪʚʦʨʝʥʥʷ 

ʙʝʥʟʦʾʣʦʢʩʠ-ʨʘʜʠʢʘʣʽʚ (ʟ ʧʦʜʘʣʴʰʠʤ ʜʝʢʘʨʙʦʢʩʠʣʶʚʘʥʥʷʤ): 

 

Ph-CO-O-O-CO-Ph ­ 2Ph-COO¶ ­ 2Ph¶ + 2CO2 (2.1) 

 

ʎʽ ʧʝʨʚʠʥʥʽ ʨʘʜʠʢʘʣʠ (R¶) ʘʪʘʢʫʶʪʴ p-ʝʣʝʢʪʨʦʥʥʫ ʭʤʘʨʫ ʤʦʣʝʢʫʣʠ ʤʦʥʦʤʝʨʫ 

(ʥʘʧʨʠʢʣʘʜ, ʚʽʥʽʣʦʚʦʛʦ ʤʦʥʦʤʝʨʫ CH2=CHX), ʨʦʟʢʨʠʚʘʶʯʠ ʧʦʜʚʽʡʥʠʡ ʟʚô̫ ʟʦʢ ʽ 

ʧʨʠʻʜʥʫʶʯʠʩʴ ʜʦ ʥʴʦʛʦ. ʇʨʠ ʮʴʦʤʫ ʥʝʩʧʘʨʝʥʠʡ ʝʣʝʢʪʨʦʥ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʽʥʰʠʡ 

ʢʽʥʝʮʴ ʫʪʚʦʨʝʥʦʾ ʯʘʩʪʠʥʢʠ, ʬʦʨʤʫʶʯʠ ʥʦʚʠʡ, ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʡ ʨʘʜʠʢʘʣ: 

 

R¶ + CH2=CHX ­ R-CH2-C
¶HX (2.2) 
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2) ʈʽʩʪ ʣʘʥʮʶʛʘ (ʧʨʦʧʘʛʘʮʽʷ): ʎʝ ʩʪʘʜʽʷ ʰʚʠʜʢʦʛʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʜʦʜʘʚʘʥʥʷ 

ʤʦʣʝʢʫʣ ʤʦʥʦʤʝʨʫ ʜʦ ʤʘʢʨʦʨʘʜʠʢʘʣʘ, ʱʦ ʨʦʩʪʝ. ʈʝʘʢʮʽʷ ʧʦʚʪʦʨʶʻʪʴʩʷ ʪʠʩʷʯʽ 

ʨʘʟʽʚ. ɿʘʚʜʷʢʠ ʩʪʝʨʠʯʥʠʤ ʬʘʢʪʦʨʘʤ ʪʘ ʨʝʟʦʥʘʥʩʥʽʡ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʧʨʠʻʜʥʘʥʥʷ 

ʤʦʥʦʤʝʨʽʚ ʟʘʟʚʠʯʘʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʧʨʠʥʮʠʧʦʤ çʛʦʣʦʚʘ ʜʦ ʭʚʦʩʪʘè, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʨʝʛʫʣʷʨʥʽʩʪʴ ʭʽʤʽʯʥʦʾ ʙʫʜʦʚʠ ʣʘʥʮʶʛʘ: 

 

R-CH2-C
¶HX + n(CH2=CHX) ­ R-(CH2-CHX)n-CH2-C

¶HX (2.3) 

 

ɽʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʩʪʘʜʽʾ ʨʦʩʪʫ ʻ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ (ʙʣʠʟʴʢʦ $20-30$ 

ʢɼʞ/ʤʦʣʴ), ʱʦ ʧʦʷʩʥʶʻ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʮʽʻʾ ʨʝʘʢʮʽʾ ʥʘʚʽʪʴ ʟʘ ʢʽʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʨʘʜʠʢʘʣʽʚ. 

3) ʇʝʨʝʜʘʯʘ ʣʘʥʮʶʛʘ: ʎʝ ʧʦʙʽʯʥʘ ʨʝʘʢʮʽʷ, ʧʨʠ ʷʢʽʡ ʘʢʪʠʚʥʠʡ ʮʝʥʪʨ 

(ʥʝʩʧʘʨʝʥʠʡ ʝʣʝʢʪʨʦʥ) ʧʝʨʝʥʦʩʠʪʴʩʷ ʟ ʤʘʢʨʦʨʘʜʠʢʘʣʘ ʥʘ ʽʥʰʫ ʤʦʣʝʢʫʣʫ 

(ʤʦʥʦʤʝʨ, ʨʦʟʯʠʥʥʠʢ, ʽʥʽʮʽʘʪʦʨ ʘʙʦ ʽʥʰʠʡ ʧʦʣʽʤʝʨʥʠʡ ʣʘʥʮʶʛ). ʄʘʢʨʦʨʘʜʠʢʘʣ 

ʩʪʘʻ ʥʝʘʢʪʠʚʥʦʶ ʤʦʣʝʢʫʣʦʶ, ʘ ʤʦʣʝʢʫʣʘ-ʘʢʮʝʧʪʦʨ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʥʦʚʠʡ 

ʨʘʜʠʢʘʣ, ʷʢʠʡ ʽʥʽʮʽʶʻ ʨʽʩʪ ʥʦʚʦʛʦ ʣʘʥʮʶʛʘ. ʇʝʨʝʜʘʯʘ ʣʘʥʮʶʛʘ ʥʘ ʧʦʣʽʤʝʨ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʨʦʟʛʘʣʫʞʝʥʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʪʦʧʦʣʦʛʽʶ ʚʽʣʴʥʦʛʦ ʦʙ'ʻʤʫ ʤʘʪʝʨʽʘʣʫ. 

4) ʆʙʨʠʚ ʣʘʥʮʶʛʘ: ɼʝʘʢʪʠʚʘʮʽʷ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʫʧʠʥʢʠ 

ʨʦʩʪʫ ʤʘʢʨʦʤʦʣʝʢʫʣʠ. ʆʙʨʠʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʟʫʩʪʨʽʯʽ ʪʘ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ 

ʨʘʜʠʢʘʣʽʚ ʽ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʜʚʦʤʘ ʰʣʷʭʘʤʠ: 

- ʈʝʢʦʤʙʽʥʘʮʽʷ: ɿʣʠʪʪʷ ʜʚʦʭ ʤʘʢʨʦʨʘʜʠʢʘʣʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʦʜʥʦʛʦ ʜʦʚʛʦʛʦ 

ʤʘʢʨʦʣʘʥʮʶʛʘ: 

 

Rn
¶ + Rm

¶ ­ Rn+m (2.4) 

 

- ɼʠʩʧʨʦʧʦʨʮʽʦʥʫʚʘʥʥʷ: ʇʝʨʝʥʦʩ ʘʪʦʤʘ ʚʦʜʥʶ ʚʽʜ ʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ ʜʦ ʽʥʰʦʛʦ. 

ʇʨʠ ʮʴʦʤʫ ʫʪʚʦʨʶʶʪʴʩʷ ʜʚʽ ʧʦʣʽʤʝʨʥʽ ʤʦʣʝʢʫʣʠ: ʦʜʥʘ ʥʘʩʠʯʝʥʘ, ʘ ʽʥʰʘ ï ʟ 

ʧʦʜʚʽʡʥʠʤ ʟʚô̫ ʟʢʦʤ ʥʘ ʢʽʥʮʽ: 
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Rn
¶ + Rm

¶ ­ Rn(-CH=CH2) + Rm(-CH2-CH3) (2.5) 

 

ʇʝʨʝʚʘʞʘʥʥʷ ʨʝʢʦʤʙʽʥʘʮʽʾ ʯʠ ʜʠʩʧʨʦʧʦʨʮʽʦʥʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʾ 

ʧʨʠʨʦʜʠ ʤʦʥʦʤʝʨʘ (ʟʦʢʨʝʤʘ, ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʩʪʝʨʠʯʥʠʭ ʧʝʨʝʰʢʦʜ) ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʝʘʢʮʽʾ. ʇʨʠʢʣʘʜʠ ʧʦʣʽʤʝʨʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʮʠʤ ʤʝʭʘʥʽʟʤʦʤ: ʧʦʣʽʝʪʠʣʝʥ 

(ʇɽ), ʧʦʣʽʧʨʦʧʽʣʝʥ (ʇʇ), ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ (ʇɺʍ), ʧʦʣʽʩʪʠʨʦʣ (ʇʉ), 

ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ (ʇʄʄɸ) ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʢʨʠʣʘʪʥʽ ʩʽʪʢʠ. 

 

2.1.2. ʌʦʪʦʽʥʽʮʽʡʦʚʘʥʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʷʢ ʦʩʥʦʚʘ ʬʦʨʤʫʚʘʥʥʷ ʙʽʦʩʝʥʩʦʨʥʠʭ 

ʤʘʪʨʠʮʴ 

 

ʋ ʢʦʥʪʝʢʩʪʽ ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʾ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʣʘʥʮʶʛʦʚʘ 

ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʷ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʜʢʠʭ 

ʤʦʥʦʤʝʨʽʚ ʪʘ ʦʣʽʛʦʤʝʨʽʚ (ʪʘʢʠʭ ʷʢ AESO ʪʘ VDM) ʫ ʪʚʝʨʜʽ ʧʨʦʩʪʦʨʦʚʽ ʧʦʣʽʤʝʨʥʽ 

ʩʽʪʢʠ ʧʽʜ ʜʽʻʶ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʨʤʽʯʥʦʛʦ ʽʥʽʮʽʶʚʘʥʥʷ, 

ʬʦʪʦʽʥʽʮʽʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʧʨʦʮʝʩʦʤ: ʨʝʘʢʮʽʷ ʧʦʯʠʥʘʻʪʴʩʷ ʣʠʰʝ ʫ ʤʽʩʮʷʭ ʦʧʨʦʤʽʥʝʥʥʷ ʽ ʤʠʪʪʻʚʦ ʟʫʧʠʥʷʻʪʴʩʷ 

ʧʽʩʣʷ ʚʠʤʢʥʝʥʥʷ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ. 

ʆʩʢʽʣʴʢʠ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 2,2-ʜʠʤʝʪʦʢʩʠ-2-

ʬʝʥʽʣʘʮʝʪʦʬʝʥʦʥ (DMPA), ʧʨʦʮʝʩ ʽʥʽʮʽʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ a-

ʨʦʟʱʝʧʣʝʥʥʷ (ʬʦʪʦʽʥʽʮʽʘʪʦʨʠ I ʪʠʧʫ). ʇʨʠ ʧʦʛʣʠʥʘʥʥʽ ʢʚʘʥʪʘ ʋʌ-ʩʚʽʪʣʘ ʤʦʣʝʢʫʣʘ 

DMPA ʧʝʨʝʭʦʜʠʪʴ ʫ ʩʠʥʛʣʝʪʥʠʡ ʟʙʫʜʞʝʥʠʡ ʩʪʘʥ, ʘ ʧʦʪʽʤ ʯʝʨʝʟ ʤʽʞʩʠʩʪʝʤʥʫ 

ʢʦʥʚʝʨʩʽʶ ï ʫ ʪʨʠʧʣʝʪʥʠʡ ʩʪʘʥ, ʷʢʠʡ ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʜʚʘ ʨʘʜʠʢʘʣʠ: ʙʝʥʟʦʾʣʴʥʠʡ 

ʪʘ ʜʠʤʝʪʦʢʩʠʙʝʥʟʠʣʴʥʠʡ. 

 

DMPA hn­ Ph-C¶=O + ¶C(OCH3)2Ph (2.6) 

 

ʆʙʠʜʚʘ ʨʘʜʠʢʘʣʠ ʟʜʘʪʥʽ ʽʥʽʮʽʶʚʘʪʠ ʧʦʣʽʤʝʨʠʟʘʮʽʶ ʤʝʪʘʢʨʠʣʘʪʥʠʭ ʛʨʫʧ ʫ 

VDM ʘʙʦ ʘʢʨʠʣʘʪʥʠʭ ʛʨʫʧ ʫ AESO. ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʬʦʨʤʫʚʘʥʥʷ 3D-
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ʩʽʪʦʢ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʥʦʤʝʨʽʚ (ʷʢʽ ʤʘʶʪʴ ʜʚʘ ʽ ʙʽʣʴʰʝ ʧʦʜʚʽʡʥʠʭ ʟʚ'ʷʟʢʽʚ) 

ʻ ʨʘʥʥʽʡ ʧʨʦʷʚ ʛʝʣʴ-ʝʬʝʢʪʫ (ʝʬʝʢʪʫ ʊʨʦʤʩʜʦʨʬʘ-ʅʦʨʨʽʰʘ). ɺʞʝ ʧʨʠ ʥʠʟʴʢʠʭ 

ʩʪʫʧʝʥʷʭ ʢʦʥʚʝʨʩʽʾ (ʯʘʩʪʦ ʤʝʥʰʝ 10-15%) ʫʪʚʦʨʶʻʪʴʩʷ ʪʨʠʚʠʤʽʨʥʘ ʥʝʨʦʟʯʠʥʥʘ 

ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʘ ʩʽʪʢʘ ï ʛʝʣʴ. ɺô̫ ʟʢʽʩʪʴ ʩʠʩʪʝʤʠ ʨʽʟʢʦ ʽ ʥʝʣʽʥʽʡʥʦ ʟʨʦʩʪʘʻ. 

ʄʘʢʨʦʨʘʜʠʢʘʣʠ, ʙʫʜʫʯʠ ʭʽʤʽʯʥʦ ʧʨʠʚô̫ ʟʘʥʠʤʠ ʜʦ ʩʽʪʢʠ, ʚʪʨʘʯʘʶʪʴ ʪʨʘʥʩʣʷʮʽʡʥʫ 

ʨʫʭʣʠʚʽʩʪʴ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʤʝʥʰʝʥʥʷ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʦʙʨʠʚʫ 

ʣʘʥʮʶʛʘ (kt ­ 0). ɺʦʜʥʦʯʘʩ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ ʤʦʥʦʤʝʨʠ ʧʨʦʜʦʚʞʫʶʪʴ 

ʜʠʬʫʥʜʫʚʘʪʠ ʜʦ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ, ʯʝʨʝʟ ʱʦ ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ (kp) 

ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʩʦʢʦʶ. ʎʝ ʩʧʨʠʯʠʥʷʻ ʝʢʩʧʦʥʝʥʮʽʡʥʝ ʘʚʪʦʧʨʠʩʢʦʨʝʥʥʷ ʨʝʘʢʮʽʾ ʪʘ 

ʽʥʪʝʥʩʠʚʥʝ ʣʦʢʘʣʴʥʝ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ, ʷʢʝ ʬʽʢʩʫʻʪʴʩʷ ʪʝʨʤʦʧʘʨʘʤʠ ʧʽʜ ʯʘʩ in-situ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ʈʽʟʢʝ ʦʙʤʝʞʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʧʨʠ ʛʝʣʝʫʪʚʦʨʝʥʥʽ ʪʘ ʧʦʜʘʣʴʰʦʤʫ ʩʢʣʫʚʘʥʥʽ 

ʧʦʣʽʤʝʨʫ ʟʘʤʦʨʦʞʫʻ ʥʝʨʽʚʥʦʚʘʞʥʫ ʢʦʥʬʦʨʤʘʮʽʶ ʣʘʥʮʶʛʽʚ. ʎʝ ʻ ʢʣʶʯʦʚʠʤ 

ʬʘʢʪʦʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʤʦʨʬʦʣʦʛʽʶ ʤʘʪʨʠʮʽ ʪʘ ʪʦʧʦʣʦʛʽʶ ʥʘʥʦʧʦʨʦʞʥʠʥ 

(ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ), ʜʦʩʣʽʜʞʫʚʘʥʫ ʤʝʪʦʜʦʤ ʧʦʟʠʪʨʦʥʥʦʾ ʘʥʽʛʽʣʷʮʽʡʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʇɸʉ). ʏʠʤ ʽʥʪʝʥʩʠʚʥʽʰʠʡ ʋʌ-ʧʦʪʽʢ ʪʘ ʚʠʱʘ ʧʦʯʘʪʢʦʚʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ, ʪʠʤ ʱʽʣʴʥʽʰʘ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʙʽʣʴʰ ʜʝʬʝʢʪʥʘ (ʟ 

ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʦʙʽʨʚʘʥʠʭ ʣʘʥʮʶʛʽʚ ʪʘ ʟʘʤʢʥʝʥʠʭ ʮʠʢʣʽʚ) ʩʽʪʢʘ ʬʦʨʤʫʻʪʴʩʷ. 

 

2.1.3. ʉʪʫʧʽʥʯʘʩʪʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ (ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʷ ʪʘ ʧʦʣʽʧʨʠʻʜʥʘʥʥʷ) 

 

ʉʪʫʧʽʥʯʘʩʪʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ (ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʷ): 

ʎʝʡ ʤʝʭʘʥʽʟʤ ʧʝʨʝʜʙʘʯʘʻ ʨʝʘʢʮʽʶ ʤʽʞ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʤʦʥʦʤʝʨʽʚ 

ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʦʚʘʣʝʥʪʥʠʭ ʟʚô̫ ʟʢʽʚ ʪʘ ʚʠʜʽʣʝʥʥʷʤ ʥʝʚʝʣʠʢʦʾ ʧʦʙʽʯʥʦʾ ʤʦʣʝʢʫʣʠ 

(ʥʘʧʨʠʢʣʘʜ, ʚʦʜʠ, ʩʧʠʨʪʫ, HCl). ʄʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʧʦʣʽʤʝʨʫ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʻ 

ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʨʦʮʝʩʫ, ʦʩʢʽʣʴʢʠ ʤʦʥʦʤʝʨʠ ʨʝʘʛʫʶʪʴ ʷʢ ʟ ʽʥʰʠʤʠ ʤʦʥʦʤʝʨʘʤʠ, 

ʪʘʢ ʽ ʟ ʫʪʚʦʨʝʥʠʤʠ ʦʣʽʛʦʤʝʨʘʤʠ ʪʘ ʧʦʣʽʤʝʨʘʤʠ. 

ʄʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʧʦʣʽʤʝʨʫ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʩʪʫʧʝʥʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ 

ʪʦʯʥʽʩʪʶ ʩʪʝʭʽʦʤʝʪʨʽʾ ʨʝʘʛʝʥʪʽʚ. ʅʘʷʚʥʽʩʪʴ ʧʦʣʷʨʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ 

(ʘʤʽʜʥʠʭ, ʝʬʽʨʥʠʭ, ʫʨʝʪʘʥʦʚʠʭ) ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʩʠʣʴʥʠʭ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ 
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ʚʟʘʻʤʦʜʽʡ (ʚʦʜʥʝʚʽ ʟʚô̫ ʟʢʠ), ʱʦ ʥʘʜʘʻ ʮʠʤ ʧʦʣʽʤʝʨʘʤ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ 

ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʨʦʟʯʠʥʥʠʢʽʚ. ʉʪʫʧʽʥʴ ʟʰʠʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʫ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ 

ʧʦʣʽʤʝʨʘʭ, ʦʪʨʠʤʘʥʠʭ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʻʶ, ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭ ʪʝʨʤʽʯʥʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʃʘʥʮʶʛʦʚʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʟʨʦʩʪʘʥʥʷ ʧʦʣʽʤʝʨʥʦʛʦ 

ʣʘʥʮʶʛʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʨʠʻʜʥʘʥʥʷ ʤʦʣʝʢʫʣ 

ʤʦʥʦʤʝʨʫ ʜʦ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʫ ʥʘ ʢʽʥʮʽ ʤʘʢʨʦʤʦʣʝʢʫʣʠ, ʱʦ ʨʦʩʪʝ. ʎʝʡ ʤʝʭʘʥʽʟʤ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʥʘ ʩʪʘʜʽʾ ʨʦʩʪʫ: ʦʜʠʥ 

ʤʘʢʨʦʣʘʥʮʶʛ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʠʩʷʯ ʣʘʥʦʢ, ʤʦʞʝ ʩʬʦʨʤʫʚʘʪʠʩʷ ʟʘ ʯʘʩʪʢʠ 

ʩʝʢʫʥʜʠ. ʄʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʧʦʣʽʤʝʨʫ ʰʚʠʜʢʦ ʜʦʩʷʛʘʻ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ʚʞʝ ʥʘ 

ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ ʨʝʘʢʮʽʾ, ʥʘʚʽʪʴ ʧʨʠ ʥʠʟʴʢʠʭ ʩʪʫʧʝʥʷʭ ʢʦʥʚʝʨʩʽʾ ʤʦʥʦʤʝʨʫ. 

ʃʘʥʮʶʛʦʚʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʟʘʟʚʠʯʘʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʢʨʠʪʪʷ 

ʢʨʘʪʥʠʭ ʟʚôʷʟʢʽʚ (ʧʦʜʚʽʡʥʠʭ C=C, C=O ʘʙʦ ʧʦʪʨʽʡʥʠʭ C¹C) ʫ ʤʦʥʦʤʝʨʘʭ, ʘʙʦ ʞ 

ʰʣʷʭʦʤ ʨʦʟʢʨʠʪʪʷ ʥʘʧʨʫʞʝʥʠʭ ʮʠʢʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ (ʥʘʧʨʠʢʣʘʜ, ʝʧʦʢʩʠʜʥʠʭ 

ʢʽʣʝʮʴ). ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʠʨʦʜʠ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʫ, ʣʘʥʮʶʛʦʚʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ 

ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʨʘʜʠʢʘʣʴʥʫ, ʽʦʥʥʫ (ʢʘʪʽʦʥʥʫ ʪʘ ʘʥʽʦʥʥʫ) ʪʘ ʢʦʦʨʜʠʥʘʮʽʡʥʦ-̔ ʦʥʥʫ. 

ʆʩʢʽʣʴʢʠ ʚ ʦʙ'ʻʢʪʘʭ ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʾ (ʘʢʨʠʣʦʚʘʥʽ ʦʣʽʾ, ʜʠʤʝʪʘʢʨʠʣʘʪʠ) ʜʦʤʽʥʫʻ 

ʨʘʜʠʢʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ, ʨʦʟʛʣʷʥʝʤʦ ʡʦʛʦ ʜʝʪʘʣʴʥʽʰʝ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʣʘʥʮʶʛʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʩʪʫʧʽʥʯʘʩʪʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ 

ʧʝʨʝʜʙʘʯʘʻ ʨʝʘʢʮʽʶ ʤʽʞ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʚʩʽʭ ʧʨʠʩʫʪʥʽʭ ʫ ʩʠʩʪʝʤʽ 

ʤʦʣʝʢʫʣ. ʄʦʥʦʤʝʨʠ ʨʝʘʛʫʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʫʪʚʦʨʶʶʯʠ ʜʠʤʝʨʠ; ʜʠʤʝʨʠ 

ʨʝʘʛʫʶʪʴ ʟ ʤʦʥʦʤʝʨʘʤʠ ʘʙʦ ʽʥʰʠʤʠ ʜʠʤʝʨʘʤʠ, ʫʪʚʦʨʶʶʯʠ ʪʨʠʤʝʨʠ ʪʘ 

ʪʝʪʨʘʤʝʨʠ, ʽ ʪʘʢ ʜʘʣʽ. ɺʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʡ ʧʦʣʽʤʝʨ ʫʪʚʦʨʶʻʪʴʩʷ ʣʠʰʝ ʥʘ 

ʢʽʥʮʝʚʠʭ ʩʪʘʜʽʷʭ ʨʝʘʢʮʽʾ (ʧʨʠ ʩʪʫʧʝʥʽ ʢʦʥʚʝʨʩʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʧʦʥʘʜ 95-

98%). ʉʪʫʧʽʥʯʘʩʪʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʶ (ʢʦʣʠ ʨʝʘʢʮʽʷ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ï ʚʦʜʠ, 

ʩʧʠʨʪʫ, ʘʤʽʘʢʫ, ʭʣʦʨʦʚʦʜʥʶ) ʪʘ ʧʦʣʽʧʨʠʻʜʥʘʥʥʷ (ʢʦʣʠ ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ ʥʝ 

ʫʪʚʦʨʶʶʪʴʩʷ ʟʘʚʜʷʢʠ ʧʝʨʝʛʨʫʧʫʚʘʥʥʶ ʘʪʦʤʽʚ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʟʘʻʤʦʜʽʾ 

ʽʟʦʮʽʘʥʘʪʽʚ ʟʽ ʩʧʠʨʪʘʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʣʽʫʨʝʪʘʥʽʚ). 
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ʂʽʥʝʪʠʢʘ ʣʽʥʽʡʥʦʾ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʾ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʂʘʨʦʟʝʨʩʘ, ʷʢʝ 

ʧʦʚ'ʷʟʫʻ ʩʝʨʝʜʥʽʡ ʩʪʫʧʽʥʴ ʧʦʣʽʤʝʨʠʟʘʮʽʾ Xn ʟʽ ʩʪʫʧʝʥʝʤ ʢʦʥʚʝʨʩʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʛʨʫʧ: 

 

Xn = 1 /(1 - p) (2.7) 

 

ʎʝ ʨʽʚʥʷʥʥʷ ʥʘʦʯʥʦ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʣʽʤʝʨʫ ʟ ʚʠʩʦʢʦʶ 

ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ (ʥʘʧʨʠʢʣʘʜ, Xn = 100) ʥʝʦʙʭʽʜʥʠʡ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʠʡ 

ʩʪʫʧʽʥʴ ʟʘʚʝʨʰʝʥʦʩʪʽ ʨʝʘʢʮʽʾ (p = 0.99). ʄʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʧʦʣʽʤʝʨʫ ʩʫʚʦʨʦ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʪʦʯʥʽʩʪʶ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʝʘʛʝʥʪʽʚ, ʾʭ 

ʯʠʩʪʦʪʦʶ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʧʦʙʽʯʥʠʭ ʨʝʘʢʮʽʡ. ʅʘʚʽʪʴ ʤʽʟʝʨʥʠʡ ʥʘʜʣʠʰʦʢ ʦʜʥʦʛʦ ʟ 

ʤʦʥʦʤʝʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʣʦʢʫʚʘʥʥʷ ʢʽʥʮʝʚʠʭ ʛʨʫʧ ʽ ʟʫʧʠʥʢʠ ʨʦʩʪʫ ʣʘʥʮʶʛʘ. 

ʅʘʷʚʥʽʩʪʴ ʫ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʡʥʠʭ ʧʦʣʽʤʝʨʘʭ (ʪʘʢʠʭ ʷʢ ʧʦʣʽʘʤʽʜʠ, ʩʢʣʘʜʥʽ 

ʧʦʣʽʝʬʽʨʠ, ʧʦʣʽʫʨʝʪʘʥʠ, ʧʦʣʽʢʘʨʙʦʥʘʪʠ, ʝʧʦʢʩʠʜʥʽ ʩʤʦʣʠ) ʧʦʣʷʨʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʫ ʛʦʣʦʚʥʦʤʫ ʣʘʥʮʶʟʽ ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʻ ʾʭ ʚʽʜ ʙʽʣʴʰʦʩʪʽ 

ʣʘʥʮʶʛʦʚʠʭ ʧʦʣʽʤʝʨʽʚ (ʜʝ ʧʦʣʷʨʥʽ ʛʨʫʧʠ ʟʘʟʚʠʯʘʡ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʙʽʯʥʠʭ 

ʚʽʜʛʘʣʫʞʝʥʥʷʭ). ʎʽ ʧʦʣʷʨʥʽ ʛʨʫʧʠ ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʩʠʣʴʥʠʭ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ (ʚʦʜʥʝʚʽ ʟʚôʷʟʢʠ, ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʽ ʚʟʘʻʤʦʜʽʾ). 

ɺʠʩʦʢʘ ʢʦʛʝʟʽʡʥʘ ʝʥʝʨʛʽʷ ʥʘʜʘʻ ʮʠʤ ʧʦʣʽʤʝʨʘʤ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʫ ʤʝʭʘʥʽʯʥʫ 

ʤʽʮʥʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʪʘ ʪʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʭʽʤʽʯʥʫ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʽʾ ʙʘʛʘʪʴʦʭ ʨʦʟʯʠʥʥʠʢʽʚ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʩʽʪʦʢ ʧʨʠ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʾ: ʗʢʱʦ ʭʦʯʘ 

ʙ ʦʜʠʥ ʽʟ ʤʦʥʦʤʝʨʽʚ ʤʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʙʽʣʴʰʝ ʜʚʦʭ (f > 2), ʬʦʨʤʫʻʪʴʩʷ 

ʨʦʟʛʘʣʫʞʝʥʠʡ ʧʦʣʽʤʝʨ, ʷʢʠʡ ʟ ʯʘʩʦʤ ʟʰʠʚʘʻʪʴʩʷ ʫ ʻʜʠʥʫ ʤʘʢʨʦʩʢʦʧʽʯʥʫ 

ʪʨʠʚʠʤʽʨʥʫ ʩʽʪʢʫ. ʊʦʯʢʘ, ʫ ʷʢʽʡ ʩʠʩʪʝʤʘ ʚʪʨʘʯʘʻ ʪʝʢʫʯʽʩʪʴ ʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʥʝʨʦʟʯʠʥʥʠʡ ʛʝʣʴ, ʥʘʟʠʚʘʻʪʴʩʷ ʪʦʯʢʦʶ ʛʝʣʝʫʪʚʦʨʝʥʥʷ. ɿʛʽʜʥʦ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦʶ 

ʪʝʦʨʽʻʶ ʌʣʦʨʽ-ʐʪʦʢʤʘʡʻʨʘ, ʢʨʠʪʠʯʥʠʡ ʩʪʫʧʽʥʴ ʢʦʥʚʝʨʩʽʾ pc, ʧʨʠ ʷʢʦʤʫ 

ʫʪʚʦʨʶʻʪʴʩʷ ʛʝʣʴ ʜʣʷ ʩʫʤʽʰʽ ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ (f = 2) ʪʘ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

(f > 2) ʤʦʥʦʤʝʨʽʚ ʫ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ: 
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pc = 1 / (Õ f ï 1) (2.8) 

 

ʉʪʫʧʽʥʴ ʟʰʠʚʘʥʥʷ ʫ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʘʭ (ʥʘʧʨʠʢʣʘʜ, 

ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʽʜʥʠʭ, ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣʘʭ, ʫʨʝʘʩʠʣʴʥʠʭ ʢʦʤʧʣʝʢʩʘʭ), 

ʦʪʨʠʤʘʥʠʭ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʻʶ, ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭ ʪʝʨʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʏʠʤ ʚʠʱʘ ʛʫʩʪʦʪʘ ʟʰʠʚʘʥʥʷ, ʪʠʤ ʚʠʱʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʢʣʫʚʘʥʥʷ Tg ̔  ʪʠʤ ʤʝʥʰʠʡ ʨʦʟʤʽʨ ʧʦʨ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ ʚ ʩʠʩʪʝʤʽ. 

 

2.1.4. ɺʟʘʻʤʦʟʚô̫ ʟʦʢ ʤʝʭʘʥʽʟʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʟ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ ʪʘ 

ʨʘʜʽʘʮʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ 

 

ʄʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʤʝʨʫ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʧʝʨʚʠʥʥʫ (ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʣʘʥʮʶʛʘ) ʪʘ ʚʪʦʨʠʥʥʫ (ʨʦʟʛʘʣʫʞʝʥʽʩʪʴ, ʥʘʷʚʥʽʩʪʴ ʧʦʜʚʽʡʥʠʭ ʟʚô̫ ʟʢʽʚ) ʩʪʨʫʢʪʫʨʠ, 

ʷʢʽ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʜʠʢʪʫʶʪʴ ʨʝʘʢʮʽʶ ʤʘʪʝʨʽʘʣʫ ʥʘ ʽʦʥʽʟʫʶʯʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

1. ɿʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʚʽʣʴʥʠʡ ʦʙô̒ ʤ: ʃʘʥʮʶʛʦʚʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ 

ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʥʦʤʝʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʷ ʘʢʨʠʣʘʪʽʚ) 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʧʦʣʽʤʝʨʠʟʘʮʽʡʥʦʶ ʫʩʘʜʢʦʶ. ɿʘʤʽʥʘ ʜʦʚʛʠʭ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʠʭ ʚʽʜʩʪʘʥʝʡ (ʙʣʠʟʴʢʦ 0,3-0,4 ʥʤ) ʥʘ ʢʦʨʦʪʢʽ 

ʢʦʚʘʣʝʥʪʥʽ ʟʚ'ʷʟʢʠ (0,15 ʥʤ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʤʘʢʨʦʩʢʦʧʽʯʥʦʛʦ ʦʙô̒ ʤʫ 

ʤʘʪʝʨʽʘʣʫ. ʆʜʥʘʢ ʰʚʠʜʢʝ ʫʪʚʦʨʝʥʥʷ ʞʦʨʩʪʢʦʾ ʩʽʪʢʠ (ʚʽʪʨʠʬʽʢʘʮʽʷ) ʧʝʨʝʰʢʦʜʞʘʻ 

ʧʦʚʥʽʡ ʨʝʣʘʢʩʘʮʽʾ ʣʘʥʮʶʛʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚ ʤʘʪʝʨʽʘʣʽ çʟʘʤʦʨʦʞʫʻʪʴʩʷè 

ʥʘʜʣʠʰʢʦʚʠʡ ʥʝʨʽʚʥʦʚʘʞʥʠʡ ʚʽʣʴʥʠʡ ʦʙô̒ ʤ (ʥʘʥʦʧʦʨʦʞʥʠʥʠ), ʷʢʠʡ ʩʪʘʻ 

ʤʽʢʨʦʢʦʥʪʝʡʥʝʨʘʤʠ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʟʙʫʜʞʝʥʴ ʧʨʠ ʇʈɽ. 

2. ɼʝʬʝʢʪʥʽʩʪʴ ʩʽʪʢʠ: ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʧʨʠ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʦʧʦʣʦʛʽʯʥʠʭ ʜʝʬʝʢʪʽʚ: çʟʚʠʩʘʶʯʠʭè ʣʘʥʮʶʛʽʚ 

(ʣʘʥʮʶʛʽʚ, ʧʨʠʻʜʥʘʥʠʭ ʜʦ ʩʽʪʢʠ ʣʠʰʝ ʦʜʥʠʤ ʢʽʥʮʝʤ), ʧʝʨʚʠʥʥʠʭ ʽ ʚʪʦʨʠʥʥʠʭ 

ʮʠʢʣʽʚ, ʘ ʪʘʢʦʞ ʟʘʣʠʰʢʦʚʠʭ (ʥʝʧʨʦʨʝʘʛʦʚʘʥʠʭ) ʧʦʜʚʽʡʥʠʭ ʟʚô̫ ʟʢʽʚ. 

ʅʝʧʨʦʨʝʘʛʦʚʘʥʽ ʧʦʜʚʽʡʥʽ ʟʚô̫ ʟʢʠ ʻ ʚʨʘʟʣʠʚʠʤʠ ʤʽʰʝʥʷʤʠ ʜʣʷ ʚʪʦʨʠʥʥʠʭ 

ʨʘʜʽʘʮʽʡʥʦ-̔ ʥʜʫʢʦʚʘʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ (ʥʘʧʨʠʢʣʘʜ, ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʜʝʛʨʘʜʘʮʽʾ 

ʘʙʦ ʧʦʩʪʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʽʜ ʜʽʻʶ ʧʽʜʧʦʨʦʛʦʚʦʛʦ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ). 
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3. ɻʝʪʝʨʦʛʝʥʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ: ɿʘʚʜʷʢʠ ʣʦʢʘʣʴʥʠʤ ʬʣʫʢʪʫʘʮʽʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʽʥʽʮʽʘʪʦʨʘ ʪʘ ʘʚʪʦʧʨʠʩʢʦʨʝʥʥʶ (ʛʝʣʴ-ʝʬʝʢʪʫ), ʧʨʦʩʪʦʨʦʚʘ ʧʦʣʽʤʝʨʥʘ ʩʽʪʢʘ, 

ʩʬʦʨʤʦʚʘʥʘ ʟʘ ʣʘʥʮʶʛʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʤʘʻ ʚʠʨʘʞʝʥʫ ʤʽʢʨʦʛʝʪʝʨʦʛʝʥʥʽʩʪʴ. ɺʦʥʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʩʦʢʦʟʰʠʪʠʭ çʤʽʢʨʦʛʝʣʽʚè (ʚʫʟʣʽʚ ʟ ʚʠʩʦʢʦʶ ʛʫʩʪʠʥʦʶ ʟʰʠʚʘʥʥʷ), 

ʟô̒ ʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʤʝʥʰ ʟʰʠʪʠʤʠ ʜʽʣʷʥʢʘʤʠ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʨʠʢʩʫ. ʎʷ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʩʪʚʦʨʶʻ ʛʨʘʜʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʣʷ ʨʘʜʽʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʦʾ 

ʜʠʬʫʟʽʾ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ, ʷʢʘ ʬʽʢʩʫʻʪʴʩʷ ʤʝʪʦʜʘʤʠ ɽʇʈ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʫʤʽʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʤʝʭʘʥʽʟʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʤʝʨʽʚ ʻ ʢʨʠʪʠʯʥʦ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʾʭʥʴʦʾ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ (ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ) ʪʘ ʘʜʝʢʚʘʪʥʦʛʦ 

ʽʥʪʝʨʧʨʝʪʫʚʘʥʥʷ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ 

ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʨʠʮʴ ʫ ʙʽʦʩʝʥʩʦʨʥʠʭ ʧʨʠʩʪʨʦʷʭ. 

 

2.2. ɺʧʣʠʚ ʜʦʤʽʰʦʢ ʥʘ ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʽʚ 

 

ɼʦʤʽʰʢʠ, ʘʙʦ ʜʦʙʘʚʢʠ, ʻ ʥʝʚʽʜô̒ ʤʥʦʶ ʯʘʩʪʠʥʦʶ ʙʽʣʴʰʦʩʪʽ ʢʦʤʝʨʮʽʡʥʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʦʥʠ ʚʚʦʜʷʪʴʩʷ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʬʽʟʠʯʥʠʭ, ʭʽʤʽʯʥʠʭ, 

ʤʝʭʘʥʽʯʥʠʭ ʘʙʦ ʝʩʪʝʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʤʝʨʫ. ɺʧʣʠʚ ʜʦʤʽʰʦʢ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʭʽʤʽʯʥʠʭ ʟʚô̫ ʟʢʽʚ ʤʦʞʝ ʙʫʪʠ ʷʢ ʧʨʷʤʠʤ (ʭʽʤʽʯʥʽ ʚʟʘʻʤʦʜʽʾ), ʪʘʢ ʽ ʥʝʧʨʷʤʠʤ 

(ʬʽʟʠʯʥʽ ʟʤʽʥʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʦʣʝʢʫʣʷʨʥʽ ʚʟʘʻʤʦʜʽʾ). 

ʇʣʘʩʪʠʬʽʢʘʪʦʨʠ ï ʮʝ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ ʩʧʦʣʫʢʠ, ʱʦ ʜʦʜʘʶʪʴʩʷ ʜʦ 

ʧʦʣʽʤʝʨʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʛʥʫʯʢʦʩʪʽ, ʝʣʘʩʪʠʯʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ. 

ɺʦʥʠ ʜʽʶʪʴ ʰʣʷʭʦʤ ʧʨʦʥʠʢʥʝʥʥʷ ʤʽʞ ʧʦʣʽʤʝʨʥʠʤʠ ʣʘʥʮʶʛʘʤʠ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʣ ʧʨʠʪʷʛʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʠʭ ʩʠʣ ʘʙʦ 

ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʠʭ ʚʟʘʻʤʦʜʽʡ). ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ ʪʘ 

ʨʫʭʣʠʚʦʩʪʽ ʩʝʛʤʝʥʪʽʚ ʤʘʢʨʦʤʦʣʝʢʫʣ. 

ʅʘʧʦʚʥʶʚʘʯʽ ï ʮʝ ʥʝʦʨʛʘʥʽʯʥʽ ʘʙʦ ʦʨʛʘʥʽʯʥʽ ʯʘʩʪʠʥʢʠ, ʱʦ ʜʦʜʘʶʪʴʩʷ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʞʦʨʩʪʢʦʩʪʽ, ʤʽʮʥʦʩʪʽ), ʟʤʝʥʰʝʥʥʷ 

ʚʘʨʪʦʩʪʽ ʘʙʦ ʥʘʜʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ (ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ). 
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ʅʘʧʦʚʥʶʚʘʯʽ ʥʝ ʟʤʽʥʶʶʪʴ ʢʦʚʘʣʝʥʪʥʽ ʟʚô̫ ʟʢʠ ʚ ʧʦʣʽʤʝʨʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ. 

ʆʜʥʘʢ, ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʘʟ ʧʦʣʽʤʝʨ-ʥʘʧʦʚʥʶʚʘʯ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʩʣʘʙʢʽ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʚʟʘʻʤʦʜʽʾ (ʚʦʜʥʝʚʽ ʟʚô̫ ʟʢʠ, ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʽ) ʘʙʦ, ʫ ʚʠʧʘʜʢʫ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʥʘʚʽʪʴ ʢʦʚʘʣʝʥʪʥʽ ʟʚô̫ ʟʢʠ.  

ɸʥʪʠʦʢʩʠʜʘʥʪʠ ʪʘ ʩʪʘʙʽʣʽʟʘʪʦʨʠ ʜʦʜʘʶʪʴʩʷ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʜʝʛʨʘʜʘʮʽʾ 

ʧʦʣʽʤʝʨʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʢʠʩʥʶ ʘʙʦ ʪʝʧʣʘ ʯʠ  ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

ɸʥʪʠʦʢʩʠʜʘʥʪʠ ʜʽʶʪʴ ʷʢ ʘʢʮʝʧʪʦʨʠ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ. ɺʦʥʠ ʧʝʨʝʭʦʧʣʶʶʪʴ 

ʮʽ ʨʘʜʠʢʘʣʠ, ʟʘʧʦʙʽʛʘʶʯʠ ʣʘʥʮʶʛʦʚʽʡ ʨʝʘʢʮʽʾ ʨʦʟʨʠʚʫ ʢʦʚʘʣʝʥʪʥʠʭ ʉïʉ ʪʘ ʉïʅ 

ʟʚô̫ ʟʢʽʚ ʫ ʧʦʣʽʤʝʨʥʦʤʫ ʩʢʝʣʝʪʽ. ʉʪʘʙʽʣʽʟʘʪʦʨʠ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʛʣʠʥʘʶʪʴ 

ʋʌ-ʩʚʽʪʣʦ, ʟʘʧʦʙʽʛʘʶʯʠ ʬʦʪʦʜʝʩʪʨʫʢʮʽʾ. 

ɼʝʷʢʽ ʜʦʤʽʰʢʠ ʤʦʞʫʪʴ ʚʩʪʫʧʘʪʠ ʚ ʭʽʤʽʯʥʫ ʨʝʘʢʮʽʶ ʟ ʧʦʣʽʤʝʨʥʠʤʠ 

ʣʘʥʮʶʛʘʤʠ, ʫʪʚʦʨʶʶʯʠ ʥʦʚʽ ʢʦʚʘʣʝʥʪʥʽ ʟʚô̫ ʟʢʠ ʪʘ ʬʦʨʤʫʶʯʠ ʪʨʠʚʠʤʽʨʥʫ ʩʽʪʢʫ. 

ɼʦʤʽʰʢʠ, ʘʙʦ ʩʧʝʮʽʘʣʴʥʽ ʜʦʙʘʚʢʠ (ʘʜʠʪʠʚʠ), ʻ ʥʝʚʽʜôʻʤʥʦʶ, ʘ ʯʘʩʪʦ ʽ 

ʚʠʟʥʘʯʘʣʴʥʦʶ ʯʘʩʪʠʥʦʶ ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʢʦʤʝʨʮʽʡʥʠʭ ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʏʠʩʪʽ ʧʦʣʽʤʝʨʠ (ʛʦʤʦʧʦʣʽʤʝʨʠ) ʨʽʜʢʦ ʚʦʣʦʜʽʶʪʴ ʫʩʽʤ 

ʢʦʤʧʣʝʢʩʦʤ ʥʝʦʙʭʽʜʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ, ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʪʘʢʠʭ ʷʢ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʘʤʧʝʨʦʤʝʪʨʠʯʥʠʭ ʙʽʦʩʝʥʩʦʨʽʚ. ʊʦʤʫ ʚʚʝʜʝʥʥʷ ʜʦʤʽʰʦʢ ʻ 

ʦʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʤʦʣʝʢʫʣʷʨʥʦʾ ʪʘ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʾ ʽʥʞʝʥʝʨʽʾ ʧʦʣʽʤʝʨʽʚ. 

ɺʦʥʠ ʚʚʦʜʷʪʴʩʷ ʜʣʷ ʧʨʝʮʠʟʽʡʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʬʽʟʠʯʥʠʭ, ʭʽʤʽʯʥʠʭ, ʤʝʭʘʥʽʯʥʠʭ, 

ʨʝʦʣʦʛʽʯʥʠʭ, ʝʣʝʢʪʨʠʯʥʠʭ ʘʙʦ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʨʠʮʽ. ɺʧʣʠʚ ʜʦʤʽʰʦʢ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʣʽʤʝʨʽʚ ʤʦʞʝ ʙʫʪʠ ʷʢ ʧʨʷʤʠʤ (ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʢʦʚʘʣʝʥʪʥʠʭ, 

ʽʦʥʥʠʭ ʘʙʦ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ, ʟʰʠʚʘʥʥʷ), ʪʘʢ ʽ ʥʝʧʨʷʤʠʤ (ʬʽʟʠʯʥʽ 

ʟʤʽʥʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʽʶ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ, ʢʦʥʬʦʨʤʘʮʽʶ 

ʤʘʢʨʦʤʦʣʝʢʫʣ, ʪʦʧʦʣʦʛʽʶ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʪʘ ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ). ɿʘʣʝʞʥʦ ʚʽʜ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʟ ʧʦʣʽʤʝʨʥʦʶ ʤʘʪʨʠʮʝʶ, ʜʦʤʽʰʢʠ ʤʦʞʫʪʴ 

ʫʪʚʦʨʶʚʘʪʠ ʽʩʪʠʥʥʽ ʨʦʟʯʠʥʠ (ʨʦʟʧʦʜʽʣʷʶʯʠʩʴ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʽ) ʘʙʦ 

ʬʦʨʤʫʚʘʪʠ ʙʘʛʘʪʦʬʘʟʥʽ ʛʝʪʝʨʦʛʝʥʥʽ ʩʠʩʪʝʤʠ ʟ ʨʦʟʚʠʥʝʥʦʶ ʤʝʞʝʶ ʨʦʟʜʽʣʫ ʬʘʟ. 
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2.2.1. ʇʣʘʩʪʠʬʽʢʘʪʦʨʠ ʪʘ ʤʦʜʫʣʷʮʽʷ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ 

 

ʇʣʘʩʪʠʬʽʢʘʪʦʨʠ ï ʮʝ ʧʝʨʝʚʘʞʥʦ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ, ʥʠʟʴʢʦʣʝʪʢʽ ʦʨʛʘʥʽʯʥʽ 

ʩʧʦʣʫʢʠ (ʨʽʜʰʝ ï ʦʣʽʛʦʤʝʨʠ), ʱʦ ʜʦʜʘʶʪʴʩʷ ʜʦ ʧʦʣʽʤʝʨʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ 

ʛʥʫʯʢʦʩʪʽ, ʝʣʘʩʪʠʯʥʦʩʪʽ, ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʽ ʢʨʠʭʢʦʩʪʽ. ɿ 

ʬʽʟʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʣʘʩʪʠʬʽʢʘʮʽʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʤʽʥʠ ʢʽʥʝʪʠʯʥʠʭ ʽ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚ ʨʫʭʫ ʤʘʢʨʦʤʦʣʝʢʫʣ. 

ʄʝʭʘʥʽʟʤ ʜʽʾ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʥʘʡʢʨʘʱʝ ʦʧʠʩʫʻʪʴʩʷ ʪʝʦʨʽʻʶ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ 

ʪʘ ʪʝʦʨʽʻʶ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʩʪʠʣʘ. ɺʦʥʠ ʜʽʶʪʴ ʰʣʷʭʦʤ ʧʨʦʥʠʢʥʝʥʥʷ 

(ʽʥʪʝʨʢʘʣʷʮʽʾ) ʤʽʞ ʧʦʣʽʤʝʨʥʠʤʠ ʣʘʥʮʶʛʘʤʠ. ʄʘʶʯʠ ʤʝʥʰʠʡ ʨʦʟʤʽʨ ʪʘ ʚʠʱʫ 

ʚʣʘʩʥʫ ʨʫʭʣʠʚʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʩʝʛʤʝʥʪʘʤʠ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʤʦʣʝʢʫʣʠ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʚʽʜʜʘʣʷʶʪʴ ʧʦʣʽʤʝʨʥʽ ʣʘʥʮʶʛʠ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʝʢʨʘʥʫʚʘʥʥʷ ʪʘ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʣ ʧʨʠʪʷʛʘʥʥʷ 

(ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʠʭ ʩʠʣ, ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʠʭ ʚʟʘʻʤʦʜʽʡ ʘʙʦ ʚʦʜʥʝʚʠʭ ʟʚô̫ ʟʢʽʚ). ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʚʚʝʜʝʥʥʷ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʟʨʦʩʪʘʻ ʯʘʩʪʢʘ ʚʽʣʴʥʦʛʦ 

ʦʙôʻʤʫ ʫ ʤʘʪʝʨʽʘʣʽ. ɺʽʣʴʥʠʡ ʦʙô̒ ʤ (ʤʽʢʨʦʧʦʨʦʞʥʠʥʠ ʤʽʞ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ) ʻ 

ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʢʦʥʬʦʨʤʘʮʽʡʥʠʭ ʧʝʨʝʭʦʜʽʚ. ɿʙʽʣʴʰʝʥʥʷ 

ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ ʨʽʟʢʦ ʟʥʠʞʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʩʢʣʫʚʘʥʥʷ (Tg) ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʪʝʢʫʯʦʩʪʽ ʧʦʣʽʤʝʨʫ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʡʦʛʦ ʟ ʪʚʝʨʜʦʛʦ ʩʢʣʦʧʦʜʽʙʥʦʛʦ ʩʪʘʥʫ ʫ 

ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʠʡ. ʋ ʢʦʥʪʝʢʩʪʽ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ ʧʽʜʧʦʨʦʛʦʚʠʭ 

ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ (ʇʈɽ), ʥʘʷʚʥʽʩʪʴ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʚʽʜʽʛʨʘʻ ʧʦʜʚʽʡʥʫ ʨʦʣʴ. ɿ 

ʦʜʥʦʛʦ ʙʦʢʫ, ʟʙʽʣʴʰʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʩʝʛʤʝʥʪʽʚ ʤʘʢʨʦʤʦʣʝʢʫʣ (ʚʠʩʦʢʠʡ ʚʽʣʴʥʠʡ 

ʦʙô̒ ʤ) ʧʦʣʝʛʰʫʻ ʧʨʦʮʝʩʠ ʨʝʢʦʤʙʽʥʘʮʽʾ ʤʘʢʨʦʨʘʜʠʢʘʣʽʚ, ʱʦ ʤʦʞʝ ʩʧʨʠʷʪʠ 

ʟʰʠʚʘʥʥʶ ʪʘ ʚʽʜʥʦʚʣʝʥʥʶ ʩʪʨʫʢʪʫʨʠ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʠʩʦʢʠʡ ʚʽʣʴʥʠʡ ʦʙô̒ ʤ 

ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʶʻ ʨʘʜʽʘʮʽʡʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʫ ʜʠʬʫʟʽʶ ʷʢ ʩʘʤʠʭ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ, 

ʪʘʢ ʽ ʨʦʟʯʠʥʝʥʦʛʦ ʚ ʧʦʣʽʤʝʨʽ ʢʠʩʥʶ, ʱʦ ʤʦʞʝ ʨʽʟʢʦ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʧʨʦʮʝʩʠ 

ʨʘʜʽʘʮʽʡʥʦ-ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʜʝʩʪʨʫʢʮʽʾ. ʂʽʣʴʢʽʩʥʦ ʟʤʽʥʘ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ ʧʨʠ 

ʧʣʘʩʪʠʬʽʢʘʮʽʾ ʧʨʝʮʠʟʽʡʥʦ ʬʽʢʩʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʧʦʟʠʪʨʦʥʥʦʾ ʘʥʽʛʽʣʷʮʽʡʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʇɸʉ) ʷʢ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ ʦʨʪʦ-ʧʦʟʠʪʨʦʥʽʶ (to-Ps). 
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2.2.2. ʅʘʧʦʚʥʶʚʘʯʽ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʤʽʞʬʘʟʥʦʛʦ ʧʝʨʝʭʽʜʥʦʛʦ ʰʘʨʫ 

 

ʅʘʧʦʚʥʶʚʘʯʽ ï ʮʝ ʥʝʦʨʛʘʥʽʯʥʽ ʘʙʦ ʦʨʛʘʥʽʯʥʽ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʽ ʪʚʝʨʜʽ 

ʯʘʩʪʠʥʢʠ ʘʙʦ ʚʦʣʦʢʥʘ, ʱʦ ʜʦʜʘʶʪʴʩʷ ʚ ʧʦʣʽʤʝʨʥʫ ʤʘʪʨʠʮʶ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʞʦʨʩʪʢʦʩʪʽ, ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʨʠʚ, ʘʙʨʘʟʠʚʥʦʾ ʩʪʽʡʢʦʩʪʽ), 

ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʟʥʠʞʝʥʥʷ ʛʦʨʶʯʦʩʪʽ, ʘʙʦ ʥʘʜʘʥʥʷ ʧʨʠʥʮʠʧʦʚʦ 

ʥʦʚʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ (ʥʘʧʨʠʢʣʘʜ, ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, 

ʤʘʛʥʽʪʥʠʭ ʯʠ ʢʘʪʘʣʽʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ). 

ʂʣʘʩʠʯʥʽ ʥʘʧʦʚʥʶʚʘʯʽ (ʢʨʝʡʜʘ, ʪʘʣʴʢ, ʩʘʞʘ, ʜʽʦʢʩʠʜ ʢʨʝʤʥʽʶ, ʩʢʣʦʚʦʣʦʢʥʦ) 

ʥʝ ʟʤʽʥʶʶʪʴ ʢʦʚʘʣʝʥʪʥʽ ʟʚôʷʟʢʠ ʚ ʛʦʣʦʚʥʦʤʫ ʧʦʣʽʤʝʨʥʦʤʫ ʣʘʥʮʶʟʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ. ʆʜʥʘʢ, ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʣʽʤʝʨʫ ʻ ʢʦʣʦʩʘʣʴʥʠʤ ʽ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʬʦʨʤʫʚʘʥʥʷ ʤʽʞʬʘʟʥʦʛʦ ʧʝʨʝʭʽʜʥʦʛʦ ʰʘʨʫ. ʅʘ ʤʝʞʽ ʨʦʟʜʽʣʫ 

ʬʘʟ çʧʦʣʽʤʝʨ-ʥʘʧʦʚʥʶʚʘʯè ʚʠʥʠʢʘʶʪʴ ʘʜʛʝʟʽʡʥʽ ʚʟʘʻʤʦʜʽʾ. ɿʘʣʝʞʥʦ ʚʽʜ ʭʽʤʽʯʥʦʾ 

ʧʨʠʨʦʜʠ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ, ʮʝ ʤʦʞʫʪʴ ʙʫʪʠ ʩʣʘʙʢʽ ʬʽʟʠʯʥʽ ʩʠʣʠ (ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʽ, ʜʠʧʦʣʴʥʽ), ʚʦʜʥʝʚʽ ʟʚôʷʟʢʠ ʘʙʦ, ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ (ʥʘʧʨʠʢʣʘʜ, ʦʙʨʦʙʣʝʥʠʭ ʩʠʣʘʥʦʚʠʤʠ ʘʧʧʨʝʪʘʤʠ), 

ʥʘʚʽʪʴ ʤʽʮʥʽ ʢʦʚʘʣʝʥʪʥʽ ʟʚôʷʟʢʠ. 

ʆʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʥʘʥʦʥʘʧʦʚʥʶʚʘʯʽ (ʥʘʥʦʪʨʫʙʢʠ, ʛʨʘʬʝʥ, 

ʤʝʪʘʣʝʚʽ ʥʘʥʦʯʘʩʪʠʥʢʠ, ʥʘʥʦʮʝʣʶʣʦʟʘ). ʏʝʨʝʟ ʚʝʣʠʯʝʟʥʫ ʧʠʪʦʤʫ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ 

ʥʘʥʦʯʘʩʪʠʥʦʢ, ʯʘʩʪʢʘ ʧʦʣʽʤʝʨʫ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʫ ʛʨʘʥʠʯʥʦʤʫ (ʟʚô̫ ʟʘʥʦʤʫ) ʩʪʘʥʽ, 

ʩʪʘʻ ʜʦʤʽʥʫʶʯʦʶ. ʋ ʮʴʦʤʫ ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ ʨʫʭʣʠʚʽʩʪʴ ʧʦʣʽʤʝʨʥʠʭ ʣʘʥʮʶʛʽʚ 

ʩʫʪʪʻʚʦ ʦʙʤʝʞʝʥʘ, ʘ ʪʦʧʦʣʦʛʽʷ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ ʟʤʽʥʝʥʘ. 

ʋ ʩʬʝʨʽ ʩʪʚʦʨʝʥʥʷ ʙʽʦʩʝʥʩʦʨʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ (ʥʘʧʨʠʢʣʘʜ, ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ ʘʙʦ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ) 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʧʝʨʢʦʣʷʮʽʡʥʫ ʩʽʪʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʷʤʝ ʧʝʨʝʥʝʩʝʥʥʷ 

ʝʣʝʢʪʨʦʥʽʚ ʤʽʞ ʘʢʪʠʚʥʠʤ ʮʝʥʪʨʦʤ ʬʝʨʤʝʥʪʫ (ʥʘʧʨʠʢʣʘʜ, ʣʘʢʢʘʟʠ) ʪʘ ʧʦʚʝʨʭʥʝʶ 

ʝʣʝʢʪʨʦʜʘ. ʑʦʜʦ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ, ʥʘʥʦʥʘʧʦʚʥʶʚʘʯʽ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʷʢ 

ʝʬʝʢʪʠʚʥʽ ʩʪʦʢʠ ʜʣʷ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʟʙʫʜʞʝʥʴ, ʨʦʟʩʽʶʶʯʠ ʾʾ ʫ ʚʠʛʣʷʜʽ 

ʬʦʥʦʥʽʚ ʽ ʪʠʤ ʩʘʤʠʤ ʟʘʭʠʱʘʶʯʠ ʧʦʣʽʤʝʨʥʫ ʤʘʪʨʠʮʶ ʚʽʜ ʧʽʜʧʦʨʦʛʦʚʦʾ ʜʝʩʪʨʫʢʮʽʾ. 
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2.2.3. ɸʥʪʠʦʢʩʠʜʘʥʪʠ ʪʘ ʋʌ-ʩʪʘʙʽʣʽʟʘʪʦʨʠ: ʟʘʭʠʩʪ ʚʽʜ ʨʘʜʽʘʮʽʡʥʦʾ ʜʝʛʨʘʜʘʮʽʾ 

 

ɽʢʩʧʣʫʘʪʘʮʽʷ ʧʦʣʽʤʝʨʽʚ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʚʧʣʠʚʦʤ ʽʦʥʽʟʫʶʯʦʛʦ, 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʦ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʢʠʩʥʶ ʧʦʚʽʪʨʷ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʦʶ ʦʢʠʩʣʶʚʘʣʴʥʦʶ ʜʝʛʨʘʜʘʮʽʻʶ. 

ɸʥʪʠʦʢʩʠʜʘʥʪʠ ʪʘ ʩʪʘʙʽʣʽʟʘʪʦʨʠ (ʘʥʪʠʦʟʦʥʘʥʪʠ, ʩʚʽʪʣʦʩʪʘʙʽʣʽʟʘʪʦʨʠ) ʜʦʜʘʶʪʴʩʷ 

ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʮʠʤ ʨʫʡʥʽʚʥʠʤ ʧʨʦʮʝʩʘʤ. 

ʄʝʭʘʥʽʟʤ ʾʭʥʴʦʾ ʜʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʪʨʫʯʘʥʥʽ ʫ ʣʘʥʮʶʛʦʚʫ ʨʝʘʢʮʽʶ 

ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʥʷ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʪʘʜʽʡ ʽʥʽʮʽʶʚʘʥʥʷ, ʨʦʩʪʫ ʪʘ 

ʨʦʟʛʘʣʫʞʝʥʥʷ ʣʘʥʮʶʛʘ. 

ɯʦʥʽʟʫʶʯʝ ʘʙʦ ʧʽʜʧʦʨʦʛʦʚʝ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʦʟʨʠʚʘʻ ʢʦʚʘʣʝʥʪʥʽ ʭʽʤʽʯʥʽ 

ʟʚ'ʷʟʢʠ, ʛʝʥʝʨʫʶʯʠ ʧʝʨʚʠʥʥʽ ʘʣʢʽʣʴʥʽ ʤʘʢʨʦʨʘʜʠʢʘʣʠ (R¶). ʎʽ ʨʘʜʠʢʘʣʠ ʤʠʪʪʻʚʦ 

ʨʝʘʛʫʶʪʴ ʟ ʨʦʟʯʠʥʝʥʠʤ ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ, ʫʪʚʦʨʶʶʯʠ ʚʠʩʦʢʦʘʢʪʠʚʥʽ 

ʧʝʨʦʢʩʠʜʥʽ ʨʘʜʠʢʘʣʠ (ROO¶), ʷʢʽ ʜʘʣʽ ʚʽʜʨʠʚʘʶʪʴ ʘʪʦʤ ʚʦʜʥʶ ʚʽʜ ʩʫʩʽʜʥʴʦʛʦ 

ʣʘʥʮʶʛʘ, ʫʪʚʦʨʶʶʯʠ ʛʽʜʨʦʧʝʨʦʢʩʠʜ (ROOH) ʪʘ ʥʦʚʠʡ ʤʘʢʨʦʨʘʜʠʢʘʣ. 

ɸʥʪʠʦʢʩʠʜʘʥʪʠ (ʽʥʛʽʙʽʪʦʨʠ) ʜʽʶʪʴ ʷʢ ʝʬʝʢʪʠʚʥʽ ʘʢʮʝʧʪʦʨʠ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ 

ʘʙʦ ʨʫʡʥʽʚʥʠʢʠ ʧʝʨʦʢʩʠʜʽʚ. 

- ʇʝʨʚʠʥʥʽ ʘʥʪʠʦʢʩʠʜʘʥʪʠ (ʧʨʦʩʪʦʨʦʚʦ-ʟʘʪʨʫʜʥʝʥʽ ʬʝʥʦʣʠ, ʘʨʦʤʘʪʠʯʥʽ 

ʘʤʽʥʠ) ʦʙʨʠʚʘʶʪʴ ʢʽʥʝʪʠʯʥʠʡ ʣʘʥʮʶʛ ʨʝʘʢʮʽʾ. ɺʦʥʠ ʤʘʶʪʴ ʨʫʭʣʠʚʠʡ ʘʪʦʤ 

ʚʦʜʥʶ, ʷʢʠʡ ʣʝʛʢʦ ʚʽʜʜʘʶʪʴ ʧʝʨʦʢʩʠʜʥʦʤʫ ʨʘʜʠʢʘʣʫ: 

ROO¶ + AH ­ ROOH + A¶ 

- ʋʪʚʦʨʝʥʠʡ ʨʘʜʠʢʘʣ ʘʥʪʠʦʢʩʠʜʘʥʪʫ (A¶) ʻ ʤʘʣʦʘʢʪʠʚʥʠʤ ʟʘʚʜʷʢʠ 

ʧʨʦʩʪʦʨʦʚʦʤʫ ʝʢʨʘʥʫʚʘʥʥʶ ʪʘ ʜʝʣʦʢʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʥʘ ʧʦ ʘʨʦʤʘʪʠʯʥʦʤʫ 

ʢʽʣʴʮʶ, ʪʦʤʫ ʚʽʥ ʥʝ ʟʜʘʪʥʠʡ ʧʨʦʜʦʚʞʫʚʘʪʠ ʣʘʥʮʶʛʦʚʫ ʨʝʘʢʮʽʶ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʘʥʪʠʦʢʩʠʜʘʥʪʠ ʧʝʨʝʭʦʧʣʶʶʪʴ ʨʘʜʠʢʘʣʠ, ʟʘʧʦʙʽʛʘʶʯʠ ʤʘʩʦʚʦʤʫ 

ʨʦʟʨʠʚʫ ʢʦʚʘʣʝʥʪʥʠʭ ʉïʉ ʪʘ ʉïʅ ʟʚôʷʟʢʽʚ ʫ ʧʦʣʽʤʝʨʥʦʤʫ ʩʢʝʣʝʪʽ. 

- ɺʪʦʨʠʥʥʽ ʘʥʪʠʦʢʩʠʜʘʥʪʠ (ʬʦʩʬʽʪʠ, ʪʽʦʝʬʽʨʠ) ʨʫʡʥʫʶʪʴ ʛʽʜʨʦʧʝʨʦʢʩʠʜʠ 

(ROOH), ʧʝʨʝʪʚʦʨʶʶʯʠ ʾʭ ʥʘ ʩʪʘʙʽʣʴʥʽ ʥʝʨʘʜʠʢʘʣʴʥʽ ʧʨʦʜʫʢʪʠ (ʩʧʠʨʪʠ), 

ʟʘʧʦʙʽʛʘʶʯʠ ʪʘʢ ʟʚʘʥʦʤʫ ʚʠʨʦʜʞʝʥʦʤʫ ʨʦʟʛʘʣʫʞʝʥʥʶ ʣʘʥʮʶʛʘ. 
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ʉʪʘʙʽʣʽʟʘʪʦʨʠ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʩʚʽʪʣʦʩʪʘʙʽʣʽʟʘʪʦʨʠ) ʟʘʭʠʱʘʶʪʴ 

ʧʦʣʽʤʝʨ ʩʘʤʝ ʚʽʜ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ, ʩʧʨʠʯʠʥʝʥʠʭ ʬʦʪʦʥʘʤʠ. 

ɺʦʥʠ ʜʽʶʪʴ ʟʘ ʪʨʴʦʤʘ ʦʩʥʦʚʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ: 

- ʋʌ-ʘʙʩʦʨʙʝʨʠ (ʥʘʧʨʠʢʣʘʜ, ʧʦʭʽʜʥʽ ʙʝʥʟʦʬʝʥʦʥʫ ʘʙʦ ʙʝʥʟʦʪʨʠʘʟʦʣʫ) 

ʽʥʪʝʥʩʠʚʥʦ ʧʦʛʣʠʥʘʶʪʴ ʋʌ-ʩʚʽʪʣʦ, ʧʝʨʝʭʦʜʷʯʠ ʫ ʟʙʫʜʞʝʥʠʡ ʩʪʘʥ. ɿʘʚʜʷʢʠ 

ʤʝʭʘʥʽʟʤʫ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʫ ʧʨʦʪʦʥʘ (ʪʘʫʪʦʤʝʨʽʾ), ʚʦʥʠ 

ʥʘʜʟʚʠʯʘʡʥʦ ʰʚʠʜʢʦ ʽ ʙʝʟʧʝʯʥʦ ʢʦʥʚʝʨʪʫʶʪʴ ʝʥʝʨʛʽʶ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʟʙʫʜʞʝʥʥʷ ʫ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ (ʬʦʥʦʥʠ), ʷʢʘ ʨʦʟʩʽʶʻʪʴʩʷ, ʟʘʧʦʙʽʛʘʶʯʠ 

ʽʦʥʽʟʘʮʽʾ ʪʘ ʬʦʪʦʜʝʩʪʨʫʢʮʽʾ ʤʘʪʨʠʮʽ. 

- ɻʘʩʥʠʢʠ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʟʜʘʪʥʽ ʟʘʙʠʨʘʪʠ ʝʥʝʨʛʽʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ 

ʟʙʫʜʞʝʥʠʭ ʭʨʦʤʦʬʦʨʥʠʭ ʛʨʫʧ ʧʦʣʽʤʝʨʫ ʜʦ ʪʦʛʦ, ʷʢ ʚʽʜʙʫʜʝʪʴʩʷ 

ʛʦʤʦʣʽʪʠʯʥʠʡ ʨʦʟʨʠʚ ʟʚô̫ ʟʢʫ.  

- ʇʨʦʩʪʦʨʦʚʦ-ʟʘʪʨʫʜʥʝʥʽ ʘʤʽʥʠ ʥʝ ʧʦʛʣʠʥʘʶʪʴ ʋʌ-ʩʚʽʪʣʦ, ʘʣʝ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʝʬʝʢʪʠʚʥʠʤʠ ʧʘʩʪʢʘʤʠ (ʘʢʮʝʧʪʦʨʘʤʠ) ʘʣʢʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʬʦʪʦʜʝʩʪʨʫʢʮʽʾ. 

 

2.2.4. ʈʝʘʢʮʽʡʥʦʟʜʘʪʥʽ ʜʦʤʽʰʢʠ, ʟʰʠʚʘʶʯʽ ʘʛʝʥʪʠ ʪʘ ʬʦʪʦʽʥʽʮʽʘʪʦʨʠ 

 

ʆʢʨʝʤʫ, ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʫ ʛʨʫʧʫ ʩʪʘʥʦʚʣʷʪʴ ʜʦʤʽʰʢʠ, ʱʦ ʥʝ ʧʨʦʩʪʦ 

ʬʽʟʠʯʥʦ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʫ ʤʘʪʨʠʮʽ, ʘ ʻ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʤʠ. ɼʝʷʢʽ ʜʦʤʽʰʢʠ 

ʤʦʞʫʪʴ ʚʩʪʫʧʘʪʠ ʚ ʧʨʷʤʫ ʭʽʤʽʯʥʫ ʨʝʘʢʮʽʶ ʟ ʧʦʣʽʤʝʨʥʠʤʠ ʣʘʥʮʶʛʘʤʠ, 

ʦʣʽʛʦʤʝʨʘʤʠ ʘʙʦ ʤʦʥʦʤʝʨʘʤʠ, ʫʪʚʦʨʶʶʯʠ ʥʦʚʽ ʢʦʚʘʣʝʥʪʥʽ ʟʚôʷʟʢʠ ʪʘ ʬʦʨʤʫʶʯʠ 

ʤʽʮʥʫ ʪʨʠʚʠʤʽʨʥʫ ʩʽʪʢʫ. 

ɼʦ ʮʽʻʾ ʢʘʪʝʛʦʨʽʾ ʥʘʣʝʞʘʪʴ: 

- ɿʰʠʚʘʶʯʽ ʘʛʝʥʪʠ (ʚʫʣʢʘʥʽʟʘʪʦʨʠ) ʪʘ ʨʝʘʢʮʽʡʥʽ ʨʦʟʨʽʜʞʫʚʘʯʽ: ʎʽ ʨʝʯʦʚʠʥʠ 

ʤʘʶʪʴ ʜʚʽ ʘʙʦ ʙʽʣʴʰʝ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ. ʅʘʧʨʠʢʣʘʜ, ʫ ʩʠʩʪʝʤʘʭ ʥʘ 

ʦʩʥʦʚʽ ʘʢʨʠʣʦʚʘʥʦʾ ʝʧʦʢʩʠʜʦʚʘʥʦʾ ʩʦʻʚʦʾ ʦʣʽʾ (AESO), ʜʦʜʘʚʘʥʥʷ 

ʚʘʥʽʣʽʥʜʠʤʝʪʘʢʨʠʣʘʪʫ (VDM) ʚʠʢʦʥʫʻ ʨʦʣʴ ʨʝʘʢʮʽʡʥʦʛʦ ʨʦʟʨʽʜʞʫʚʘʯʘ ʪʘ 

ʢʦʤʦʥʦʤʝʨʘ. ʅʘʷʚʥʽʩʪʴ ʞʦʨʩʪʢʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʢʽʣʝʮʴ ʫ ʩʪʨʫʢʪʫʨʽ VDM 

ʩʪʚʦʨʶʻ ʟʥʘʯʥʽ ʩʪʝʨʠʯʥʽ ʧʝʨʝʰʢʦʜʠ ʧʽʜ ʯʘʩ ʧʦʣʽʤʝʨʠʟʘʮʽʾ. ɺʙʫʜʦʚʫʶʯʠʩʴ ʫ 
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ʧʦʣʽʤʝʨʥʫ ʩʽʪʢʫ, ʤʦʣʝʢʫʣʠ VDM ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʶʪʴ ʩʝʛʤʝʥʪʘʣʴʥʫ 

ʨʫʭʣʠʚʽʩʪʴ ʣʘʥʮʶʛʽʚ AESO, ʱʦ, ʧʘʨʘʜʦʢʩʘʣʴʥʠʤ ʯʠʥʦʤ, ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ 

ʜʦ ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʽʣʴʥʦʛʦ ʦʙ'ʻʤʫ, ʧʦʧʨʠ ʪʝ, ʱʦ ʛʫʩʪʦʪʘ ʭʽʤʽʯʥʠʭ 

ʟʰʠʚʦʢ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ. ʎʷ ʟʜʘʪʥʽʩʪʴ ʧʨʦʩʪʦʨʦʚʦ ʤʦʜʫʣʶʚʘʪʠ ʧʦʣʽʤʝʨʥʫ 

ʩʽʪʢʫ ʻ ʢʨʠʪʠʯʥʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʽʦʩʝʥʩʦʨʽʚ ʽʟ ʟʘʜʘʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ. 

- ʌʦʪʦʽʥʽʮʽʘʪʦʨʠ (PI): ʈʝʯʦʚʠʥʠ, ʪʘʢʽ ʷʢ 2,2-ʜʠʤʝʪʦʢʩʠ-2-ʬʝʥʽʣʘʮʝʪʦʬʝʥʦʥ 

(DMPA), ʻ ʪʨʠʛʝʨʘʤʠ ʨʝʘʢʮʽʾ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ. ʇʦʛʣʠʥʘʶʯʠ ʋʌ-ʢʚʘʥʪʠ, 

ʚʦʥʠ ʛʝʥʝʨʫʶʪʴ ʧʝʨʚʠʥʥʽ ʚʽʣʴʥʽ ʨʘʜʠʢʘʣʠ, ʷʢʽ ʽʥʽʮʽʶʶʪʴ ʧʨʦʮʝʩ ʟʰʠʚʘʥʥʷ 

ʦʣʽʛʦʤʝʨʽʚ. ʆʜʥʘʢ ʾʭʥʷ ʨʦʣʴ ʮʠʤ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ. ɿʘʣʠʰʢʠ 

ʥʝʧʨʦʨʝʘʛʦʚʘʥʦʛʦ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ, ʘ ʪʘʢʦʞ ʧʨʦʜʫʢʪʠ ʡʦʛʦ ʨʦʟʧʘʜʫ 

ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʦʙô̒ ʤʽ ʧʦʣʽʤʝʨʫ ʷʢ ʜʦʤʽʰʢʠ. ʉʘʤʝ ʚʦʥʠ ʩʪʘʶʪʴ ʦʩʥʦʚʥʠʤʠ 

ʮʝʥʪʨʘʤʠ ʧʦʛʣʠʥʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʭʨʦʤʦʬʦʨʘʤʠ) ʧʽʜ ʯʘʩ ʧʦʜʘʣʴʰʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʪʝʨʽʘʣʫ. 

ʗʢ ʧʦʢʘʟʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʨʝʘʢʮʽʡ, ʥʘʷʚʥʽʩʪʴ ʟʘʣʠʰʢʽʚ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻ ʪʝʨʤʦʜʠʥʘʤʽʢʫ ʪʘ ʢʽʥʝʪʠʢʫ ʧʽʜʧʦʨʦʛʦʚʠʭ 

ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ. ʊʨʠʚʘʣʝ ʦʧʨʦʤʽʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟ ʽʥʽʮʽʘʪʦʨʦʤ ʚʠʢʣʠʢʘʻ 

ʽʥʪʝʥʩʠʚʥʫ ʽ ʢʦʥʪʨʦʣʴʦʚʘʥʫ ʬʦʪʦʽʥʜʫʢʦʚʘʥʫ ʦʢʠʩʣʶʚʘʣʴʥʫ ʜʝʛʨʘʜʘʮʽʶ 

(ʟʨʦʩʪʘʥʥʷ ʢʘʨʙʦʥʽʣʴʥʠʭ C=O ʪʘ ʛʽʜʨʦʢʩʠʣʴʥʠʭ O-H ʛʨʫʧ, ʱʦ ʨʝʻʩʪʨʫʻʪʴʩʷ 

ʤʝʪʦʜʘʤʠ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ), ʦʩʢʽʣʴʢʠ ʟʘʣʠʰʢʠ PI ʧʨʦʜʦʚʞʫʶʪʴ ʛʝʥʝʨʫʚʘʪʠ 

ʨʘʜʠʢʘʣʠ, ʘʪʘʢʫʶʯʠ ʚʞʝ ʩʬʦʨʤʦʚʘʥʫ ʧʦʣʽʤʝʨʥʫ ʩʽʪʢʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʚʠʙʽʨ ʪʘ ʜʦʟʫʚʘʥʥʷ ʜʦʤʽʰʦʢ ï ʚʽʜ 

ʩʪʨʫʢʪʫʨʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʜʦ ʥʘʧʦʚʥʶʚʘʯʽʚ ʪʘ ʽʥʽʮʽʘʪʦʨʽʚ ï ̒  ʥʘʡʧʦʪʫʞʥʽʰʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʢʝʨʫʚʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʦʶ ʧʦʣʽʤʝʨʥʦʾ ʩʽʪʢʠ, ʪʦʧʦʣʦʛʽʻʶ ʚʽʣʴʥʦʛʦ 

ʦʙ'ʻʤʫ ʪʘ ʾʾ ʨʝʘʢʮʽʻʶ ʥʘ ʨʘʜʽʘʮʽʡʥʽ ʟʙʫʜʞʝʥʥʷ, ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʚʠʟʥʘʯʘʻ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʫ ʙʽʦʩʝʥʩʦʨʠʮʽ. 

 

2.3. ʈʘʜʽʘʮʽʡʥʠʡ ʚʧʣʠʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʽʚ 

 

ɺʟʘʻʤʦʜʽʷ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʛʘʤʤʘ-ʧʨʦʤʝʥʽʚ, ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʫʯʢʽʚ, ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ) ʟ ʧʦʣʽʤʝʨʘʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʽʣʴʥʠʭ 
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ʨʘʜʠʢʘʣʽʚ, ʽʦʥʽʚ ʪʘ ʟʙʫʜʞʝʥʠʭ ʤʦʣʝʢʫʣ, ʱʦ ʽʥʽʮʽʶʻ ʨʷʜ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʈʘʜʽʘʮʽʡʥʝ ʟʰʠʚʘʥʥʷ ï ʮʝ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʢʦʚʘʣʝʥʪʥʠʭ ʧʦʧʝʨʝʯʥʠʭ 

ʟʚô̫ ʟʢʽʚ ʤʽʞ ʧʦʣʽʤʝʨʥʠʤʠ ʣʘʥʮʶʛʘʤʠ ʧʽʜ ʜʽʻʶ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʎʝʡ  

ʤʝʭʘʥʽʟʤ ʻ ʜʦʤʽʥʫʶʯʠʤ ʜʣʷ ʧʦʣʽʤʝʨʽʚ, ʱʦ ʥʝ ʤʘʶʪʴ ʟʥʘʯʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʧʝʨʝʰʢʦʜʞʘʥʥʷ ʜʣʷ ʨʝʢʦʤʙʽʥʘʮʽʾ ʨʘʜʠʢʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʧʦʣʽʝʪʠʣʝʥ, ʧʦʣʽʧʨʦʧʽʣʝʥ, 

ʢʘʫʯʫʢʠ, ʩʠʣʦʢʩʘʥʠ. 

ɯʦʥʽʟʫʶʯʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʣʠʢʘʻ ʛʦʤʦʣʽʪʠʯʥʠʡ ʨʦʟʨʠʚ ʉïʅ ʘʙʦ ʉïʉ 

ʟʚô̫ ʟʢʽʚ ʫ ʧʦʣʽʤʝʨʥʦʤʫ ʣʘʥʮʶʟʽ, ʫʪʚʦʨʶʶʯʠ ʤʘʢʨʦʨʘʜʠʢʘʣʠ. ʎʽ ʤʘʢʨʦʨʘʜʠʢʘʣʠ 

ʤʦʞʫʪʴ ʜʠʬʫʥʜʫʚʘʪʠ ʪʘ ʨʝʢʦʤʙʽʥʫʚʘʪʠ ʟ ʽʥʰʠʤʠ ʤʘʢʨʦʨʘʜʠʢʘʣʘʤʠ ʥʘ ʩʫʩʽʜʥʽʭ 

ʣʘʥʮʶʛʘʭ, ʫʪʚʦʨʶʶʯʠ ʥʦʚʽ ʢʦʚʘʣʝʥʪʥʽ ʟʚô̫ ʟʢʠ.  

 ʈʘʜʽʘʮʽʡʥʝ ʟʰʠʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʪʨʘʜʠʮʽʡʥʽʡ ʚʫʣʢʘʥʽʟʘʮʽʾ 

ʩʽʨʢʦʶ, ʜʦʟʚʦʣʷʶʯʠ ʦʪʨʠʤʘʪʠ ʤʘʪʝʨʽʘʣʠ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʪʘʢʠʤʠ 

ʷʢ ʤʝʥʰʘ ʟʘʣʠʰʢʦʚʘ ʜʝʬʦʨʤʘʮʽʷ, ʢʨʘʱʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʘʨʽʥʥʷ. 

ʈʘʜʽʘʮʽʡʥʘ ʜʝʩʪʨʫʢʮʽʷ ï ʮʝ ʧʨʦʮʝʩ ʨʦʟʨʠʚʫ ʢʦʚʘʣʝʥʪʥʠʭ ʟʚô̫ ʟʢʽʚ ʫ 

ʧʦʣʽʤʝʨʥʠʭ ʣʘʥʮʶʛʘʭ ʧʽʜ ʜʽʻʶ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʧʦʣʽʤʝʨʫ. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʣʠʢʘʻ ʨʦʟʨʠʚ ʉïʉ 

ʟʚô̫ ʟʢʽʚ ʫ ʛʦʣʦʚʥʦʤʫ ʣʘʥʮʶʟʽ, ʫʪʚʦʨʶʶʯʠ ʜʚʘ ʤʝʥʰʽ ʨʘʜʠʢʘʣʴʥʽ ʬʨʘʛʤʝʥʪʠ. ʎʽ 

ʬʨʘʛʤʝʥʪʠ ʤʦʞʫʪʴ ʜʘʣʽ ʨʝʘʛʫʚʘʪʠ, ʘʣʝ ʟʘʛʘʣʴʥʠʡ ʝʬʝʢʪ ï ʮʝ ʟʥʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʾ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ.  

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʜʣʷ ʽʥʽʮʽʶʚʘʥʥʷ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʤʦʥʦʤʝʨʽʚ, ʦʩʦʙʣʠʚʦ ʫ ʪʦʥʢʠʭ ʧʣʽʚʢʘʭ ʘʙʦ ʢʦʤʧʦʟʠʪʘʭ. 

ʇʽʜ ʚʧʣʠʚʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʣʝʪʢʽ ʧʨʦʜʫʢʪʠ 

(ʥʘʧʨʠʢʣʘʜ, H2, CO, CO2, CH4) ʚʥʘʩʣʽʜʦʢ ʨʘʜʽʦʣʽʟʫ. ʅʘʚʽʪʴ ʥʝʚʝʣʠʢʽ ʢʽʣʴʢʦʩʪʽ ʮʠʭ 

ʧʨʦʜʫʢʪʽʚ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʧʦʨʦʞʥʠʥ ʘʙʦ ʟʤʽʥʠ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ. 

ɺʟʘʻʤʦʜʽʷ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʛʘʤʤʘ-ʧʨʦʤʝʥʽʚ, ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʫʯʢʽʚ, ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ, ʘ ʪʘʢʦʞ ʞʦʨʩʪʢʦʛʦ ʫʣʴʪʨʘʬʽʦʣʝʪʫ) ʟ ʧʦʣʽʤʝʨʘʤʠ 

ʻ ʩʢʣʘʜʥʠʤ ʙʘʛʘʪʦʩʪʘʜʽʡʥʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʘʨʜʠʥʘʣʴʥʠʭ ʟʤʽʥ 

ʾʭʥʴʦʾ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ, ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʢʦʤʧʣʝʢʩʫ 
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ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʘʣʽʚ ʯʠ ʧʨʦʩʪʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʢʨʠʩʪʘʣʽʚ, ʜʝ ʨʘʜʽʘʮʽʡʥʽ ʜʝʬʝʢʪʠ ʧʦʚ'ʷʟʘʥʽ ʧʝʨʝʚʘʞʥʦ ʟʽ ʟʤʽʱʝʥʥʷʤ ʘʪʦʤʽʚ ʟ ʚʫʟʣʽʚ 

ˇʨʘʪʢʠ, ʫ ʧʦʣʽʤʝʨʘʭ ʜʦʤʽʥʫʶʪʴ ʨʘʜʽʘʮʽʡʥʦ-ʭʽʤʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʇʦʛʣʠʥʘʥʥʷ 

ʝʥʝʨʛʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʥʽʮʽʶʻ ʢʘʩʢʘʜ ʨʝʘʢʮʽʡ, ʷʢʽ ʤʦʞʥʘ ʩʧʨʷʤʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʨʠʮʴ ʫ ʙʽʦʩʝʥʩʦʨʠʮʽ. 

 

2.3.1. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʩʪʘʜʽʾ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ 

 

ʇʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʧʦʣʽʤʝʨʥʦʶ ʤʘʪʨʠʮʝʶ ʪʨʘʜʠʮʽʡʥʦ 

ʧʦʜʽʣʷʶʪʴ ʥʘ ʪʨʠ ʧʦʩʣʽʜʦʚʥʽ ʩʪʘʜʽʾ, ʱʦ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʯʘʩʦʚʠʤʠ 

ʤʘʩʰʪʘʙʘʤʠ: 

1. ʌʽʟʠʯʥʘ ʩʪʘʜʽʷ (10-15 ï 10-13 ʩ): ʇʦʣʷʛʘʻ ʫ ʧʝʨʝʜʘʯʽ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʯʘʩʪʠʥʢʠ 

ʘʙʦ ʢʚʘʥʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʘʤ ʧʦʣʽʤʝʨʫ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʚʠʥʥʘ 

ʽʦʥʽʟʘʮʽʷ ʪʘ ʟʙʫʜʞʝʥʥʷ ʘʪʦʤʽʚ ʽ ʤʦʣʝʢʫʣ. ʋʪʚʦʨʶʶʪʴʩʷ ʪʘʢ ʟʚʘʥʽ çʰʧʦʨʠè ʪʘ ʪʨʝʢʠ 

ð ʤʽʢʨʦʦʙʣʘʩʪʽ ʟ ʚʠʩʦʢʦʶ ʣʦʢʘʣʴʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʽʦʥʽʟʦʚʘʥʠʭ ʪʘ ʟʙʫʜʞʝʥʠʭ 

ʩʪʘʥʽʚ. 

2. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʘ ʩʪʘʜʽʷ (10-13 ï 10-10 ʩ): ʍʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʝʨʤʘʣʽʟʘʮʽʻʶ 

ʝʣʝʢʪʨʦʥʽʚ, ʾʭ ʟʘʭʦʧʣʝʥʥʷʤ ʧʘʩʪʢʘʤʠ (ʫʪʚʦʨʝʥʥʷʤ ʩʦʣʴʚʘʪʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ) ʪʘ 

ʜʠʩʦʮʽʘʮʽʻʶ ʚʠʩʦʢʦʟʙʫʜʞʝʥʠʡ ʤʦʣʝʢʫʣ. ɽʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʥʠʭ ʟʙʫʜʞʝʥʴ ʯʝʨʝʟ 

ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʽ ʚʟʘʻʤʦʜʽʾ ʣʦʢʘʣʽʟʫʻʪʴʩʷ ʥʘ ʦʢʨʝʤʠʭ ʭʽʤʽʯʥʠʭ ʟʚô̫ ʟʢʘʭ. 

ʆʩʢʽʣʴʢʠ ʝʥʝʨʛʽʷ ʜʠʩʦʮʽʘʮʽʾ ʢʦʚʘʣʝʥʪʥʠʭ ʟʚ'ʷʟʢʽʚ ʉïʉ ʪʘ ʉïʅ ʩʪʘʥʦʚʠʪʴ 3-4 ʝɺ, 

ʧʦʛʣʠʥʫʪʘ ʝʥʝʨʛʽʷ ʥʝʤʠʥʫʯʝ ʚʠʢʣʠʢʘʻ ʾʭ ʛʦʤʦʣʽʪʠʯʥʠʡ ʨʦʟʨʠʚ, ʫʪʚʦʨʶʶʯʠ 

ʧʝʨʚʠʥʥʽ ʚʽʣʴʥʽ ʨʘʜʠʢʘʣʠ, ʤʘʢʨʦʨʘʜʠʢʘʣʠ ʪʘ ʽʦʥ-ʨʘʜʠʢʘʣʠ. 

3. ʍʽʤʽʯʥʘ ʩʪʘʜʽʷ (ʚʽʜ 10-8 ʩ ʜʦ ʢʽʣʴʢʦʭ ʨʦʢʽʚ): ʎʝ ʩʪʘʜʽʷ ʪʝʧʣʦʚʠʭ ʨʝʘʢʮʽʡ ʤʽʞ 

ʫʪʚʦʨʝʥʠʤʠ ʨʘʜʠʢʘʣʘʤʠ ʪʘ ʽʦʥʘʤʠ, ʘ ʪʘʢʦʞ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ʥʝʡʪʨʘʣʴʥʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʤʘʪʨʠʮʽ ʪʘ ʜʦʤʽʰʢʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʢʠʩʥʝʤ). ʈʘʜʠʢʘʣʠ ʤʦʞʫʪʴ 

ʤʽʛʨʫʚʘʪʠ ʚʟʜʦʚʞ ʧʦʣʽʤʝʨʥʦʛʦ ʣʘʥʮʶʛʘ ʘʙʦ ʤʽʞ ʣʘʥʮʶʛʘʤʠ. ʉʘʤʝ ʥʘ ʮʽʡ ʩʪʘʜʽʾ 

ʬʦʨʤʫʶʪʴʩʷ ʢʽʥʮʝʚʽ ʩʪʘʙʽʣʴʥʽ ʨʘʜʽʘʮʽʡʥʽ ʜʝʬʝʢʪʠ ʪʘ ʭʽʤʽʯʥʽ ʧʨʦʜʫʢʪʠ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʫ. 
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ʂʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʢʫʨʝʥʮʽʻʶ ʜʚʦʭ 

ʦʩʥʦʚʥʠʭ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʧʨʦʮʝʩʽʚ: ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʰʠʚʘʥʥʷ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ 

ʜʝʩʪʨʫʢʮʽʾ. 

 

2.3.2. ʈʘʜʽʘʮʽʡʥʝ ʟʰʠʚʘʥʥʷ (ʫʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʩʽʪʦʢ) 

 

ʈʘʜʽʘʮʽʡʥʝ ʟʰʠʚʘʥʥʷ ï ʮʝ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʢʦʚʘʣʝʥʪʥʠʭ ʧʦʧʝʨʝʯʥʠʭ 

ʟʚôʷʟʢʽʚ (ʤʽʩʪʢʽʚ) ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʧʦʣʽʤʝʨʥʠʤʠ ʣʘʥʮʶʛʘʤʠ ʧʽʜ ʜʽʻʶ ʽʦʥʽʟʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʘʥʩʘʤʙʣʴ ʣʽʥʽʡʥʠʭ ʘʙʦ ʨʦʟʛʘʣʫʞʝʥʠʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʻʜʠʥʫ ʪʨʠʚʠʤʽʨʥʫ ʧʨʦʩʪʦʨʦʚʫ ʩʽʪʢʫ (ʛʝʣʴ). 

ɯʦʥʽʟʫʶʯʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʣʠʢʘʻ ʛʦʤʦʣʽʪʠʯʥʠʡ ʨʦʟʨʠʚ ʉïʅ ʘʙʦ ʉïʉ 

ʟʚôʷʟʢʽʚ ʫ ʧʦʣʽʤʝʨʥʦʤʫ ʣʘʥʮʶʟʽ, ʫʪʚʦʨʶʶʯʠ ʚʠʩʦʢʦʘʢʪʠʚʥʽ ʤʘʢʨʦʨʘʜʠʢʘʣʠ. 

ʆʩʥʦʚʥʠʡ ʤʝʭʘʥʽʟʤ ʟʰʠʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʽʜʱʝʧʣʝʥʥʽ ʘʪʦʤʘ ʚʦʜʥʶ. ʋʪʚʦʨʝʥʽ 

ʤʘʢʨʦʨʘʜʠʢʘʣʠ, ʚʦʣʦʜʽʶʯʠ ʧʝʚʥʦʶ ʩʝʛʤʝʥʪʘʣʴʥʦʶ ʨʫʭʣʠʚʽʩʪʶ, ʜʠʬʫʥʜʫʶʪʴ (ʘʙʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʽʛʨʘʮʽʷ ʚʽʣʴʥʦʾ ʚʘʣʝʥʪʥʦʩʪʽ ʚʟʜʦʚʞ ʣʘʥʮʶʛʘ) ʽ ʟʙʣʠʞʫʶʪʴʩʷ ʫ 

ʧʨʦʩʪʦʨʽ. ʇʨʠ ʾʭʥʽʡ ʨʝʢʦʤʙʽʥʘʮʽʾ ʟ ʽʥʰʠʤʠ ʤʘʢʨʦʨʘʜʠʢʘʣʘʤʠ ʥʘ ʩʫʩʽʜʥʽʭ 

ʣʘʥʮʶʛʘʭ ʫʪʚʦʨʶʶʪʴʩʷ ʤʽʮʥʽ ʢʦʚʘʣʝʥʪʥʽ ʟʚôʷʟʢʠ (ʉïʉ). 

ʎʝʡ ʤʝʭʘʥʽʟʤ ʻ ʜʦʤʽʥʫʶʯʠʤ ʜʣʷ ʧʦʣʽʤʝʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʛʥʫʯʢʽ ʣʘʥʮʶʛʠ ʪʘ ʥʝ 

ʤʘʶʪʴ ʟʥʘʯʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ (ʩʪʝʨʠʯʥʦʛʦ) ʧʝʨʝʰʢʦʜʞʘʥʥʷ ʜʣʷ ʨʝʢʦʤʙʽʥʘʮʽʾ 

ʨʘʜʠʢʘʣʽʚ. ɿʛʽʜʥʦ ʟ ʝʤʧʽʨʠʯʥʠʤ ʧʨʘʚʠʣʦʤ ʏʘʨʣʟʙʽ, ʧʦʣʽʤʝʨʠ, ʱʦ ʤʽʩʪʷʪʴ ʫ ʢʦʞʥʽʡ 

ʤʦʥʦʤʝʨʥʽʡ ʣʘʥʮʽ ʭʦʯʘ ʙ ʦʜʠʥ ʘʪʦʤ ʚʦʜʥʶ (ʪʦʙʪʦ ʤʘʶʪʴ ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ -CH2-

CH2- ʘʙʦ -CH2-CHX-), ʩʭʠʣʴʥʽ ʧʝʨʝʚʘʞʥʦ ʜʦ ʟʰʠʚʘʥʥʷ. ʊʠʧʦʚʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʻ 

ʧʦʣʽʝʪʠʣʝʥ (ʇɽ), ʧʦʣʽʧʨʦʧʽʣʝʥ (ʇʇ), ʧʦʣʽʩʪʠʨʦʣ, ʧʦʣʽʚʽʥʽʣʘʮʝʪʘʪ, ʨʽʟʥʽ ʪʠʧʠ 

ʢʘʫʯʫʢʽʚ ʪʘ ʧʦʣʽʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʠ. 

ɺʧʣʠʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ: ʋʪʚʦʨʝʥʥʷ ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʧʝʨʝʯʥʠʭ 

ʟʚ'ʷʟʢʽʚ (ʢʽʣʴʢʘ ʟʰʠʚʦʢ ʥʘ ʦʜʥʫ ʤʘʢʨʦʤʦʣʝʢʫʣʫ) ʢʘʨʜʠʥʘʣʴʥʦ ʟʤʽʥʶʻ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ: 

- ʊʝʨʤʦʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ʇʦʣʽʤʝʨ ʚʪʨʘʯʘʻ ʟʜʘʪʥʽʩʪʴ ʜʦ ʚô̫ ʟʢʦʾ ʪʝʯʽʾ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ. ɿʘʤʽʩʪʴ ʨʦʟʧʣʘʚʣʝʥʥʷ ʚʽʥ ʧʝʨʝʭʦʜʠʪʴ ʫ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʠʡ ʩʪʘʥ, 
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ʟʙʝʨʽʛʘʶʯʠ ʩʚʦʶ ʬʦʨʤʫ ʘʞ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʭʽʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ. ɿʨʦʩʪʘʻ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʢʣʫʚʘʥʥʷ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ. 

- ʈʦʟʯʠʥʥʽʩʪʴ: ʄʘʪʝʨʽʘʣ ʚʪʨʘʯʘʻ ʟʜʘʪʥʽʩʪʴ ʧʦʚʥʽʩʪʶ ʨʦʟʯʠʥʷʪʠʩʷ ʫ ʨʦʟʯʠʥʥʠʢʘʭ, 

ʥʘʪʦʤʽʩʪʴ ʚʽʥ ʣʠʰʝ ʦʙʤʝʞʝʥʦ ʥʘʙʫʭʘʻ. ʋʪʚʦʨʶʻʪʴʩʷ ʪʘʢ ʟʚʘʥʘ ʛʝʣʴ-ʬʨʘʢʮʽʷ. 

- ɽʬʝʢʪ ʧʘʤô̫ ʪʽ ʬʦʨʤʠ: ʈʘʜʽʘʮʽʡʥʦ ʟʰʠʪʽ ʧʦʣʽʤʝʨʠ (ʦʩʦʙʣʠʚʦ ʢʨʠʩʪʘʣʽʯʥʽ, ʷʢ 

ʧʦʣʽʝʪʠʣʝʥ) ʥʘʙʫʚʘʶʪʴ ʟʜʘʪʥʦʩʪʽ ʜʦ ʪʝʨʤʦʫʩʘʜʢʠ, ʱʦ ʤʘʩʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʈʘʜʽʘʮʽʡʥʝ ʟʰʠʚʘʥʥʷ ʻ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʶ ʪʘ ʝʬʝʢʪʠʚʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ 

ʪʨʘʜʠʮʽʡʥʽʡ ʭʽʤʽʯʥʽʡ ʚʫʣʢʘʥʽʟʘʮʽʾ ʩʽʨʢʦʶ ʯʠ ʧʝʨʦʢʩʠʜʘʤʠ. ɺʦʥʦ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʦʜʠʪʠ ʧʨʦʮʝʩ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʫ ʪʚʝʨʜʽʡ ʬʘʟʽ, ʙʝʟ ʜʦʜʘʚʘʥʥʷ 

ʪʦʢʩʠʯʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʛʘʨʘʥʪʫʶʯʠ ʚʠʩʦʢʫ ʯʠʩʪʦʪʫ ʤʘʪʝʨʽʘʣʫ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʤʘʪʝʨʽʘʣʠ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʪʘʢʠʤʠ ʷʢ ʤʝʥʰʘ ʟʘʣʠʰʢʦʚʘ 

ʜʝʬʦʨʤʘʮʽʷ ʧʨʠ ʩʪʠʩʥʝʥʥʽ, ʢʨʘʱʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʪʝʨʤʽʯʥʦʛʦ ʪʘ ʦʟʦʥʦʚʦʛʦ ʩʪʘʨʽʥʥʷ, 

ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʘ ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ. 

 

2.3.3. ʈʘʜʽʘʮʽʡʥʘ ʜʝʩʪʨʫʢʮʽʷ ʧʦʣʽʤʝʨʽʚ 

 

ʈʘʜʽʘʮʽʡʥʘ ʜʝʩʪʨʫʢʮʽʷ ï ʮʝ ʢʦʥʢʫʨʝʥʪʥʠʡ ʟʰʠʚʘʥʥʶ ʧʨʦʮʝʩ ʛʦʤʦʣʽʪʠʯʥʦʛʦ 

ʨʦʟʨʠʚʫ ʢʦʚʘʣʝʥʪʥʠʭ ʟʚôʷʟʢʽʚ ʫ ʛʦʣʦʚʥʦʤʫ ʧʦʣʽʤʝʨʥʦʤʫ ʣʘʥʮʶʟʽ ʧʽʜ ʜʽʻʶ 

ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʎʝʡ ʧʨʦʮʝʩ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʧʦʣʽʤʝʨʫ. 

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʣʠʢʘʻ ʨʦʟʨʠʚ ʉïʉ ʟʚôʷʟʢʽʚ ʚ ʦʩʥʦʚʥʦʤʫ ʩʢʝʣʝʪʽ 

ʤʘʢʨʦʤʦʣʝʢʫʣʠ, ʫʪʚʦʨʶʶʯʠ ʜʚʘ ʤʝʥʰʽ ʨʘʜʠʢʘʣʴʥʽ ʬʨʘʛʤʝʥʪʠ. ʎʽ ʬʨʘʛʤʝʥʪʠ 

ʤʦʞʫʪʴ ʚʽʜʜʘʣʷʪʠʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ (ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʣʦʢʘʣʴʥʽ 

ʤʽʢʨʦʥʘʧʨʫʞʝʥʥʷ ʘʙʦ ʪʝʧʣʦʚʠʡ ʨʫʭ), ʫʥʝʤʦʞʣʠʚʣʶʶʯʠ ʟʚʦʨʦʪʥʫ ʨʝʢʦʤʙʽʥʘʮʽʶ. 

ɿʘʤʽʩʪʴ ʮʴʦʛʦ ʚʦʥʠ ʩʪʘʙʽʣʽʟʫʶʪʴʩʷ ʰʣʷʭʦʤ ʜʠʩʧʨʦʧʦʨʮʽʦʥʫʚʘʥʥʷ (ʫʪʚʦʨʝʥʥʷ 

ʦʜʥʦʛʦ ʥʘʩʠʯʝʥʦʛʦ ʢʽʥʮʷ ʽ ʦʜʥʦʛʦ ʢʽʥʮʷ ʟ ʧʦʜʚʽʡʥʠʤ ʟʚ'ʷʟʢʦʤ) ʘʙʦ ʰʣʷʭʦʤ 

ʚʽʜʱʝʧʣʝʥʥʷ ʙʦʢʦʚʠʭ ʛʨʫʧ. 

ɼʝʩʪʨʫʢʮʽʷ ʜʦʤʽʥʫʻ ʫ ʧʦʣʽʤʝʨʘʭ, ʤʦʥʦʤʝʨʠ ʷʢʠʭ ʤʽʩʪʷʪʴ ʯʝʪʚʝʨʪʠʥʥʠʡ ʘʪʦʤ 

ʚʫʛʣʝʮʶ (ʩʪʨʫʢʪʫʨʘ ʪʠʧʫ -CH2-C(X)(Y)-), ʜʝ X ʪʘ Y ï ʤʘʩʠʚʥʽ ʙʦʢʦʚʽ ʛʨʫʧʠ. 
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ʗʩʢʨʘʚʠʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʻ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ (ʇʄʄɸ), ʧʦʣʽʽʟʦʙʫʪʠʣʝʥ, 

ʧʦʣʽʪʝʪʨʘʬʪʦʨʝʪʠʣʝʥ (ʪʝʬʣʦʥ), ʘ ʪʘʢʦʞ ʧʨʠʨʦʜʥʽ ʧʦʣʽʤʝʨʠ ʥʘ ʦʩʥʦʚʽ ʮʝʣʶʣʦʟʠ. 

ʄʘʩʠʚʥʽ ʙʦʢʦʚʽ ʛʨʫʧʠ ʩʪʚʦʨʶʶʪʴ ʩʪʝʨʠʯʥʽ ʧʝʨʝʰʢʦʜʠ: ʢʦʣʠ ʣʘʥʮʶʛ 

ʨʦʟʨʠʚʘʻʪʴʩʷ, ʮʽ ʛʨʫʧʠ ʬʽʟʠʯʥʦ ʟʘʚʘʞʘʶʪʴ ʢʽʥʮʷʤ ʣʘʥʮʶʛʘ ʟʙʣʠʟʠʪʠʩʷ ʜʣʷ 

ʨʝʢʦʤʙʽʥʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʨʠʚ ʣʘʥʮʶʛʘ ʫ ʪʘʢʠʭ ʧʦʣʽʤʝʨʘʭ ʯʘʩʪʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʚʥʫʪʨʽʰʥʴʦʾ ʥʘʧʨʫʛʠ (ʩʪʝʨʽʯʥʦʛʦ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ 

ʤʽʞ ʙʦʢʦʚʠʤʠ ʛʨʫʧʘʤʠ), ʱʦ ʨʦʙʠʪʴ ʧʨʦʮʝʩ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʚʠʛʽʜʥʠʤ. 

ɺʧʣʠʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ: ɿʘʛʘʣʴʥʠʡ ʝʬʝʢʪ ʜʝʩʪʨʫʢʮʽʾ ï ʮʝ ʢʘʪʘʩʪʨʦʬʽʯʥʝ 

ʟʥʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʧʦʣʽʤʝʨʫ. ʄʘʢʨʦʩʢʦʧʽʯʥʦ ʮʝ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʷʢ: 

- ɿʥʠʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ, ʚʪʨʘʪʘ ʝʣʘʩʪʠʯʥʦʩʪʽ ʪʘ ʨʽʟʢʝ ʟʨʦʩʪʘʥʥʷ 

ʢʨʠʭʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

- ʇʘʜʽʥʥʷ ʚô̫ ʟʢʦʩʪʽ ʨʦʟʧʣʘʚʽʚ ʪʘ ʨʦʟʯʠʥʽʚ ʧʦʣʽʤʝʨʫ. 

- ɿʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤô̫ ʢʰʝʥʥʷ ʪʘ ʩʢʣʫʚʘʥʥʷ. 

ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ (ʷʢ ʫ ʇʄʄɸ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ) ʨʘʜʽʘʮʽʡʥʘ 

ʜʝʩʪʨʫʢʮʽʷ ʤʦʞʝ ʽʥʽʮʽʶʚʘʪʠ ʣʘʥʮʶʛʦʚʠʡ ʧʨʦʮʝʩ ʜʝʧʦʣʽʤʝʨʠʟʘʮʽʾ ï  çʨʦʟʩʪʽʙʘʥʥʷè 

ʣʘʥʮʶʛʘ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʚʠʜʽʣʝʥʥʷʤ ʚʠʭʽʜʥʦʛʦ ʤʦʥʦʤʝʨʫ. 

 

2.3.4. ʈʘʜʽʘʮʽʡʥʦ-ʦʢʠʩʣʶʚʘʣʴʥʘ ʜʝʛʨʘʜʘʮʽʷ 

 

ʉʣʽʜ ʦʩʦʙʣʠʚʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʭʘʨʘʢʪʝʨ ʨʘʜʽʘʮʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʢʨʠʪʠʯʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʝʨʝʜʦʚʠʱʘ, ʫ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʧʨʦʤʽʥʝʥʥʷ. ʗʢʱʦ ʦʧʨʦʤʽʥʝʥʥʷ 

ʘʙʦ ʧʦʜʘʣʴʰʝ ʟʙʝʨʽʛʘʥʥʷ ʧʦʣʽʤʝʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʢʠʩʥʶ, ʧʨʦʮʝʩ ʜʝʩʪʨʫʢʮʽʾ ʟʥʘʯʥʦ ʽʥʪʝʥʩʠʬʽʢʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʨʘʜʽʘʮʽʡʥʦ-

ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʜʝʛʨʘʜʘʮʽʾ. 

ʂʠʩʝʥʴ, ʙʫʜʫʯʠ ʙʽʨʘʜʠʢʘʣʦʤ, ʤʘʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʫ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ 

ʱʦʜʦ ʧʝʨʚʠʥʥʠʭ ʘʣʢʽʣʴʥʠʭ ʤʘʢʨʦʨʘʜʠʢʘʣʽʚ (R¶), ʫʪʚʦʨʝʥʠʭ ʨʘʜʽʘʮʽʻʶ. ʈʝʘʢʮʽʷ 

ʧʨʠʻʜʥʘʥʥʷ ʢʠʩʥʶ (R¶ + O2 Ÿ ROO
¶) ʧʨʦʪʽʢʘʻ ʧʨʘʢʪʠʯʥʦ ʙʝʟ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʪʘ 

ʫʪʚʦʨʶʻ ʧʝʨʦʢʩʠʜʥʽ ʨʘʜʠʢʘʣʠ. ʎʝ ʧʦʚʥʽʩʪʶ ʙʣʦʢʫʻ ʢʦʨʠʩʥʠʡ ʧʨʦʮʝʩ ʨʝʢʦʤʙʽʥʘʮʽʾ 
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(ʟʰʠʚʘʥʥʷ). ɼʘʣʽ ʧʝʨʦʢʩʠʜʥʽ ʨʘʜʠʢʘʣʠ ʽʥʽʮʽʶʶʪʴ ʣʘʥʮʶʛʦʚʠʡ ʧʨʦʮʝʩ ʦʢʠʩʣʝʥʥʷ, 

ʚʽʜʨʠʚʘʶʯʠ ʚʦʜʝʥʴ ʚʽʜ ʩʫʩʽʜʥʽʭ ʜʽʣʷʥʦʢ ʣʘʥʮʶʛʘ (ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʦʧʝʨʦʢʩʠʜʽʚ 

ROOH) ʪʘ ʩʧʨʠʯʠʥʷʶʯʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʨʠʚ ʉïʉ ʟʚô̫ ʟʢʽʚ. 

ʎʝʡ ʧʨʦʮʝʩ ʻ ʜʠʬʫʟʽʡʥʦ-ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ: ʚʽʥ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʧʨʦʪʽʢʘʻ 

ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʧʦʣʽʤʝʨʫ ʘʙʦ ʫ ʤʘʪʝʨʽʘʣʘʭ ʟ ʚʝʣʠʢʠʤ ʚʽʣʴʥʠʤ ʦʙô̒ ʤʦʤ, ʢʫʜʠ 

ʣʝʛʢʦ ʜʠʬʫʥʜʫʻ ʢʠʩʝʥʴ. ʈʘʜʽʘʮʽʡʥʝ ʦʢʠʩʣʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʦʣʷʨʥʠʭ 

ʛʨʫʧ (ʢʘʨʙʦʥʽʣʴʥʠʭ C=O, ʛʽʜʨʦʢʩʠʣʴʥʠʭ OïH), ʟʤʽʥʠ ʢʦʣʴʦʨʫ (ʧʦʞʦʚʪʽʥʥʷ), 

ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ ʥʘ ʧʦʚʝʨʭʥʽ ʪʘ ʚʪʨʘʪʠ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʋ 

ʢʦʥʪʝʢʩʪʽ ʙʽʦʩʝʥʩʦʨʽʚ ʮʽ ʛʨʫʧʠ ʤʦʞʫʪʴ ʷʢ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʤʘʪʨʠʮʽ, ʪʘʢ ʽ ʩʣʫʛʫʚʘʪʠ ʥʦʚʠʤʠ ʮʝʥʪʨʘʤʠ ʜʣʷ ʟʚ'ʷʟʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʤʦʣʝʢʫʣ. 

 

2.3.5. ɻʘʟʦʚʠʜʽʣʝʥʥʷ ʪʘ ʝʚʦʣʶʮʽʷ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ 

 

ʇʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʘʜʽʦʣʽʟʦʤ ʙʽʯʥʠʭ 

ʛʨʫʧ ʪʘ ʬʨʘʛʤʝʥʪʽʚ ʣʘʥʮʶʛʘ. ʇʽʜ ʚʧʣʠʚʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʫʪʴ ʽʥʪʝʥʩʠʚʥʦ 

ʫʪʚʦʨʶʚʘʪʠʩʷ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ ʣʝʪʢʽ ʧʨʦʜʫʢʪʠ (ʥʘʧʨʠʢʣʘʜ, ʚʦʜʝʥʴ H2, ʯʘʜʥʠʡ 

ʛʘʟ CO, ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ CO2, ʤʝʪʘʥ CH4, ʘʤʽʘʢ NH3). ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ 

ʇʄʄɸ ʦʩʥʦʚʥʠʤ ʛʘʟʦʤ ʻ CO ʪʘ CO2 ʚʥʘʩʣʽʜʦʢ ʚʽʜʱʝʧʣʝʥʥʷ ʝʩʪʝʨʥʠʭ ʛʨʫʧ, ʪʦʜʽ 

ʷʢ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʧʦʣʽʝʪʠʣʝʥʫ ʚʠʜʽʣʷʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚʦʜʝʥʴ. 

ʅʘʚʽʪʴ ʥʝʚʝʣʠʢʽ ʢʽʣʴʢʦʩʪʽ ʮʠʭ ʧʨʦʜʫʢʪʽʚ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʽʟʠʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʧʦʣʽʤʝʨʫ. ɿʘ ʫʤʦʚʠ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʾʭ ʫʪʚʦʨʝʥʥʷ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ 

ʜʠʬʫʟʽʾ ʟ ʦʙ'ʻʤʫ ʤʘʪʝʨʽʘʣʫ ʥʘʟʦʚʥʽ, ʛʘʟʠ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʤʘʪʨʠʮʽ. ʎʝ 

ʥʝʤʠʥʫʯʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ: 

ɿʤʽʥʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ (ʟʙʽʜʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʥʘ ʚʦʜʝʥʴ ʯʠ ʢʠʩʝʥʴ, ʣʦʢʘʣʴʥʘ 

ʢʘʨʙʦʥʽʟʘʮʽʷ). 

ʋʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʽʢʨʦʧʦʨʦʞʥʠʥ (ʟʙʽʣʴʰʝʥʥʷ ʚʽʣʴʥʦʛʦ ʦʙ'ʻʤʫ). ʎʽ 

ʤʽʢʨʦʧʦʨʦʞʥʠʥʠ ʤʦʞʥʘ ʧʨʝʮʠʟʽʡʥʦ ʬʽʢʩʫʚʘʪʠ ʤʝʪʦʜʘʤʠ ʧʦʟʠʪʨʦʥʥʦʾ 

ʘʥʽʛʽʣʷʮʽʡʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʇɸʉ), ʦʩʢʽʣʴʢʠ ʚʽʣʴʥʠʡ ʦʙô̒ ʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʢʦʨʝʣʶʻ ʟ ʯʘʩʦʤ ʞʠʪʪʷ ʦʨʪʦ-ʧʦʟʠʪʨʦʥʽʶ. 
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ʇʨʠ ʚʠʩʦʢʠʭ ʜʦʟʘʭ ʥʘʢʦʧʠʯʝʥʥʷ ʛʘʟʽʚ ʚʠʢʣʠʢʘʻ ʣʦʢʘʣʴʥʽ ʚʥʫʪʨʽʰʥʽ 

ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʙʫʣʴʙʘʰʦʢ 

(ʙʣʽʩʪʝʨʠʥʛ), ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʪʘ ʧʦʨʠʩʪʦʩʪʽ, ʱʦ ʢʘʨʜʠʥʘʣʴʥʦ ʟʥʠʞʫʻ ʤʝʭʘʥʽʯʥʫ 

ʤʽʮʥʽʩʪʴ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʤʦʞʝ ʟʙʽʣʴʰʠʪʠ ʜʠʬʫʟʽʡʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʧʦʣʽʤʝʨʫ ʜʣʷ 

ʘʥʘʣʽʪʽʚ ʫ ʙʽʦʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤʘʭ. 

 

2.3.6. ʈʘʜʽʘʮʽʡʥʦ-̔ ʥʜʫʢʦʚʘʥʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʪʘ ʧʨʠʱʝʧʣʝʥʥʷ 

 

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʽʥʽʮʽʶʚʘʥʥʷ 

ʩʠʥʪʝʟʫ ʧʦʣʽʤʝʨʽʚ. ɯʦʥʽʟʫʶʯʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʜʘʪʥʝ ʽʥʽʮʽʶʚʘʪʠ ʧʦʣʽʤʝʨʠʟʘʮʽʶ 

ʤʦʥʦʤʝʨʽʚ (ʨʘʜʠʢʘʣʴʥʫ ʘʙʦ ʽʦʥʥʫ) ʙʝʟ ʜʦʜʘʚʘʥʥʷ ʭʽʤʽʯʥʠʭ ʽʥʽʮʽʘʪʦʨʽʚ ʯʠ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʥʘʜʯʠʩʪʽ ʧʦʣʽʤʝʨʠ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʙʽʦʤʝʜʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ʎʝʡ ʤʝʪʦʜ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʡ ʫ 

ʪʦʥʢʠʭ ʧʣʽʚʢʘʭ, ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʛʽʜʨʦʛʝʣʽʚ, ʘʙʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʨʠʮʴ ʜʣʷ ʢʦʤʧʦʟʠʪʽʚ in-situ. 

ɺʘʞʣʠʚʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʻ ʨʘʜʽʘʮʽʡʥʝ ʧʨʠʱʝʧʣʝʥʥʷ. ʎʝʡ 

ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʤʦʜʠʬʽʢʫʚʘʪʠ ʧʦʚʝʨʭʥʝʚʽ ʘʙʦ ʦʙ'ʻʤʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʘʟʦʚʦʛʦ 

ʧʦʣʽʤʝʨʫ. ʇʦʣʽʤʝʨʥʫ ʤʘʪʨʠʮʶ ʦʧʨʦʤʽʥʶʶʪʴ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʰʦʛʦ (ʨʽʜʢʦʛʦ ʘʙʦ 

ʛʘʟʦʧʦʜʽʙʥʦʛʦ) ʤʦʥʦʤʝʨʫ. ʈʘʜʠʢʘʣʠ, ʫʪʚʦʨʝʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʙʘʟʦʚʦʛʦ ʧʦʣʽʤʝʨʫ ʧʽʜ 

ʜʽʻʶ ʨʘʜʽʘʮʽʾ, ʽʥʽʮʽʶʶʪʴ ʨʽʩʪ ʣʘʥʮʶʛʽʚ ʥʦʚʦʛʦ ʤʦʥʦʤʝʨʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦ ʭʽʤʽʯʥʦ 

ʽʥʝʨʪʥʦʛʦ ʧʦʣʽʤʝʨʫ (ʥʘʧʨʠʢʣʘʜ, ʧʦʣʽʝʪʠʣʝʥʫ) ʤʦʞʥʘ çʧʨʠʰʠʪʠè ʧʦʣʷʨʥʽ 

ʣʘʥʮʶʛʠ (ʥʘʧʨʠʢʣʘʜ, ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ), ʥʘʜʘʚʰʠ ʤʘʪʝʨʽʘʣʫ ʛʽʜʨʦʬʽʣʴʥʦʩʪʽ, 

ʙʽʦʩʫʤʽʩʥʦʩʪʽ ʘʙʦ ʟʜʘʪʥʦʩʪʽ ʜʦ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ, ʱʦ ʻ ʙʘʟʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʥʦʚʽʪʥʽʭ ʙʽʦʩʝʥʩʦʨʽʚ. 

 

2.4. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʩʽʪʦʢ, ʚʧʣʠʚʫ ʮʽʣʴʦʚʠʭ ʜʦʤʽʰʦʢ ʥʘ 

ʾʭʥʶ ʥʘʜʤʦʣʝʢʫʣʷʨʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʩʧʝʮʠʬʽʢʠ ʨʘʜʽʘʮʽʡʥʦ-ʽʥʜʫʢʦʚʘʥʠʭ ʭʽʤʽʯʥʠʭ 
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ʧʝʨʝʪʚʦʨʝʥʴ. ʅʘ ʦʩʥʦʚʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʚʟʘʻʤʦʜʽʾ 

ʧʦʣʽʤʝʨʽʚ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʬʘʢʪʦʨʘʤʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʘʢʽ ʚʠʩʥʦʚʢʠ: 

1. ɺʠʟʥʘʯʘʣʴʥʠʡ ʚʧʣʠʚ ʤʝʭʘʥʽʟʤʫ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʥʘ ʪʦʧʦʣʦʛʽʶ ʩʽʪʢʠ: 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʽʥʝʪʠʢʘ ʪʘ ʤʝʭʘʥʽʟʤ ʩʠʥʪʝʟʫ (ʣʘʥʮʶʛʦʚʘ ʯʠ ʩʪʫʧʽʥʯʘʩʪʘ 

ʧʦʣʽʤʝʨʠʟʘʮʽʷ) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʬʦʨʤʫʶʪʴ ʧʝʨʚʠʥʥʫ ʜʝʬʝʢʪʥʽʩʪʴ ʪʘ 

ʤʽʢʨʦʛʝʪʝʨʦʛʝʥʥʽʩʪʴ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ. ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʙʽʦʩʝʥʩʦʨʠʢʠ 

ʤʘʻ ʣʘʥʮʶʛʦʚʘ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʷ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʥʦʤʝʨʽʚ. ʍʘʨʘʢʪʝʨʥʝ 

ʜʣʷ ʥʝʾ ʰʚʠʜʢʝ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʪʘ ʧʦʜʘʣʴʰʘ ʚʽʪʨʠʬʽʢʘʮʽʷ (ʩʢʣʫʚʘʥʥʷ) ʙʣʦʢʫʶʪʴ 

ʢʦʥʬʦʨʤʘʮʽʡʥʫ ʨʝʣʘʢʩʘʮʽʶ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʽʢʩʘʮʽʾ ʟʥʘʯʥʦʛʦ 

ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʚʽʣʴʥʦʛʦ ʦʙ'ʻʤʫ (ʤʽʢʨʦʧʦʨʦʞʥʠʥ). ʉʘʤʝ ʮʝʡ ʚʽʣʴʥʠʡ ʦʙ'ʻʤ 

ʚʠʟʥʘʯʘʻ ʧʦʜʘʣʴʰʽ ʜʠʬʫʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʨʠʮʽ. 

2. ɼʚʦʾʩʪʘ ʨʦʣʴ ʜʦʤʽʰʦʢ ʪʘ ʨʝʘʢʮʽʡʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ: ɼʦʚʝʜʝʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ 

ʩʧʝʮʠʬʽʯʥʠʭ ʜʦʤʽʰʦʢ ʻ ʥʝ ʧʨʦʩʪʦ ʤʝʭʘʥʽʯʥʠʤ ʟʤʽʰʫʚʘʥʥʷʤ, ʘ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʧʨʝʮʠʟʽʡʥʦʾ ʤʦʣʝʢʫʣʷʨʥʦʾ ʽʥʞʝʥʝʨʽʾ. 

3. ʉʪʨʫʢʪʫʨʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ (ʥʘʧʨʠʢʣʘʜ, ʞʦʨʩʪʢʽ ʘʨʦʤʘʪʠʯʥʽ ʢʽʣʴʮʷ 

ʚʘʥʽʣʽʥʜʠʤʝʪʘʢʨʠʣʘʪʫ) ʩʪʚʦʨʶʶʪʴ ʽʥʪʝʥʩʠʚʥʽ ʩʪʝʨʠʯʥʽ ʧʝʨʝʰʢʦʜʠ, ʦʙʤʝʞʫʶʯʠ 

ʩʝʛʤʝʥʪʘʣʴʥʫ ʨʫʭʣʠʚʽʩʪʴ ʣʘʥʮʶʛʽʚ ʪʘ ʜʦʟʚʦʣʷʶʯʠ ʪʦʥʢʦ ʨʝʛʫʣʶʚʘʪʠ ʨʦʟʤʽʨʠ 

ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ. 

4. ʌʦʪʦʽʥʽʮʽʘʪʦʨʠ (ʥʘʧʨʠʢʣʘʜ, DMPA) ʥʝ ʣʠʰʝ ʟʘʧʫʩʢʘʶʪʴ ʧʨʦʮʝʩ ʟʰʠʚʘʥʥʷ, ʘʣʝ 

ʡ ʟʘʣʠʰʘʶʪʴʩʷ ʫ ʤʘʪʨʠʮʽ ʷʢ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʽ ʜʦʤʽʰʢʠ. ɿʘʣʠʰʢʠ ʽʥʽʮʽʘʪʦʨʘ 

ʚʠʩʪʫʧʘʶʪʴ ʚʥʫʪʨʽʰʥʽʤʠ ʭʨʦʤʦʬʦʨʘʤʠ, ʷʢʽ ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜ ʜʽʻʶ 

ʋʌ-ʩʚʽʪʣʘ ʩʪʘʶʪʴ ʛʦʣʦʚʥʠʤʠ ʪʨʠʛʝʨʘʤʠ ʧʽʜʧʦʨʦʛʦʚʦʾ ʬʦʪʦʜʝʛʨʘʜʘʮʽʾ. 

5. ʂʦʥʢʫʨʝʥʮʽʷ ʧʨʦʮʝʩʽʚ ʨʘʜʽʘʮʽʡʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ: ʈʘʜʽʘʮʽʡʥʠʡ ʚʧʣʠʚ ʥʘ ʧʦʣʽʤʝʨʠ 

ʤʘʻ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʡ ʭʽʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʟʚʦʜʠʪʴʩʷ ʜʦ ʢʦʥʢʫʨʝʥʮʽʾ ʜʚʦʭ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ï ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʰʠʚʘʥʥʷ (ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 3D-

ʟʚô̫ ʟʢʽʚ) ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʜʝʩʪʨʫʢʮʽʾ (ʨʦʟʨʠʚʫ ʦʩʥʦʚʥʠʭ ʣʘʥʮʶʛʽʚ). ʅʘʧʨʷʤʦʢ 

ʨʝʘʢʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʾ ʙʫʜʦʚʠ ʤʦʥʦʤʝʨʘ ʪʘ ʥʘʷʚʥʦʩʪʽ ʩʪʝʨʠʯʥʠʭ ʧʝʨʝʰʢʦʜ 

ʜʣʷ ʨʝʢʦʤʙʽʥʘʮʽʾ ʫʪʚʦʨʝʥʠʭ ʤʘʢʨʦʨʘʜʠʢʘʣʽʚ. 

6. ʂʨʠʪʠʯʥʠʡ ʚʧʣʠʚ ʨʘʜʽʘʮʽʡʥʦ-ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʜʝʛʨʘʜʘʮʽʾ: ɿô̫ ʩʦʚʘʥʦ, ʱʦ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʥʶ ʧʦʚʽʪʨʷ ʜʦʤʽʥʫʶʯʠʤ ʤʝʭʘʥʽʟʤʦʤ ʨʫʡʥʫʚʘʥʥʷ ʩʪʘʻ 
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ʦʢʠʩʣʶʚʘʣʴʥʘ ʜʝʛʨʘʜʘʮʽʷ. ɺʦʥʘ ʧʦʚʥʽʩʪʶ ʙʣʦʢʫʻ ʢʦʨʠʩʥʝ ʟʰʠʚʘʥʥʷ, ʽʥʽʮʽʶʶʯʠ 

ʣʘʥʮʶʛʦʚʠʡ ʨʦʟʨʠʚ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʎʝʡ ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷʤ 

ʧʦʣʷʨʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ (ʢʘʨʙʦʥʽʣʴʥʠʭ C=O, ʛʽʜʨʦʢʩʠʣʴʥʠʭ OïH), ʷʢʽ 

ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʥʦʚʠʤʠ ʮʝʥʪʨʘʤʠ ʩʦʨʙʮʽʾ, ʘ ʪʘʢʦʞ ʽʥʪʝʥʩʠʚʥʠʤ ʚʠʜʽʣʝʥʥʷʤ 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʛʘʟʽʚ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʨʦʟʰʠʨʶʻ ʤʽʢʨʦʧʦʨʦʞʥʠʥʠ ʚʽʣʴʥʦʛʦ 

ʦʙô̒ ʤʫ. 

7. ɿʥʘʯʝʥʥʷ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʙʽʦʩʝʥʩʦʨʽʚ: ʂʝʨʦʚʘʥʝ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʦʾ 

ʩʽʪʢʠ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ 

ʧʝʨʝʜʫʤʦʚʘʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʘʪʨʠʮʴ-ʫʪʨʠʤʫʚʘʯʽʚ. ɿʜʘʪʥʽʩʪʴ 

ʤʘʪʨʠʮʽ ʽʤʤʦʙʽʣʽʟʫʚʘʪʠ ʬʝʨʤʝʥʪ (ʥʘʧʨʠʢʣʘʜ, ʣʘʢʢʘʟʫ) ʪʘ ʧʨʦʧʫʩʢʘʪʠ ʜʦ ʥʴʦʛʦ 

ʤʦʣʝʢʫʣʠ ʩʫʙʩʪʨʘʪʫ (ʢʘʪʝʭʦʣʫ, ABTS) ʢʨʠʪʠʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʧʦʣʦʛʽʾ ʚʽʣʴʥʦʛʦ 

ʦʙ'ʻʤʫ ʪʘ ʥʘʷʚʥʦʩʪʽ ʧʦʣʷʨʥʠʭ ʛʨʫʧ, ʟʛʝʥʝʨʦʚʘʥʠʭ ʧʽʜ ʯʘʩ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʪʘ 

ʩʫʧʫʪʥʴʦʾ ʬʦʪʦʜʝʛʨʘʜʘʮʽʾ. 

ʊʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ, ʧʨʦʚʝʜʝʥʠʡ ʫ ʨʦʟʜʽʣʽ 2, ʧʝʨʝʢʦʥʣʠʚʦ ʜʦʚʦʜʠʪʴ, ʱʦ 

ʚʣʘʩʪʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʜʠʥʘʤʽʯʥʠʤʠ ʽ ʩʫʪʪʻʚʦ 

ʝʚʦʣʶʮʽʦʥʫʶʪʴ ʧʽʜ ʚʧʣʠʚʦʤ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ (ʧʽʜʧʦʨʦʛʦʚʦʛʦ) 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʎʝ ʦʙˇʨʫʥʪʦʚʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʣʫʯʝʥʥʷ ʚʠʩʦʢʦʯʫʪʣʠʚʠʭ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ (ʧʦʟʠʪʨʦʥʥʦʾ ʘʥʽʛʽʣʷʮʽʡʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ɯʏ-

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ɽʇʈ) ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠ, 

ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ ʪʘ ʢʽʥʝʪʠʢʠ ʨʘʜʠʢʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʬʦʪʦʧʦʣʽʤʝʨʘʭ, ʱʦ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ ʨʦʙʦʪʠ. 

ʈʘʜʽʘʮʽʡʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʧʦʣʽʤʝʨʽʚ ʻ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʟʘʩʪʦʩʫʚʘʥʴ ï 

ʚʽʜ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʪʘ ʪʝʨʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʤʝʜʠʯʥʠʭ ʚʠʨʦʙʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ï ʚʘʞʣʠʚʠʡ ʥʘʧʨʷʤʦʢ 

ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ̔ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʈʆɿɼɯʃ 3. 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ ʇʆʃɯʄɽʈɯɺ 

 

3.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʣʽʤʝʨʽʚ 

 

3.1.1. ʇʨʠʛʦʪʫʚʘʥʥʷ ʟʨʘʟʢʽʚ 

 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʣʽʤʝʨʥʦʾ ʩʽʪʢʠ 

ʧʽʜ ʯʘʩ ʪʘ ʧʽʩʣʷ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʘʢʨʠʣʦʚʘʥʦʾ 

ʝʧʦʢʩʠʜʦʚʘʥʦʾ ʩʦʻʚʦʾ ʦʣʽʾ (AESO) ʪʘ ʚʘʥʽʣʽʥʜʠʤʝʪʘʢʨʠʣʘʪʫ (VDM) ʟ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ ʘʙʦ ʙʝʟ ʥʴʦʛʦ, 2,2-ʜʠʤʝʪʦʢʩʠ-2-ʬʝʥʽʣʘʮʝʪʦʬʝʥʦʥʦʤ (DMPA) 

(ʨʠʩ. 3.1), ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʤʘʪʨʠʮʽ-ʫʪʨʠʤʫʚʘʯʽ ʜʣʷ ʙʽʦʩʝʥʩʦʨʽʚ 

[33-38] ʪʘ ʙʽʦʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 3D-ʜʨʫʢʫ [39-45]. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ 

ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʪʘ ʬʦʪʦʜʝʛʨʘʜʘʮʽʾ ʧʽʜʯʘʩ ʪʨʠʚʘʣʦʛʦ ʋʌ-

ʦʧʨʦʤʽʥʝʥʥʷ. 

ɺʭʽʜʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʙʫʣʠ ʥʘʙʦʨʠ ʟ 8-ʤʠ ʚô̫ ʟʢʠʭ 

ʨʦʟʯʠʥʽʚ (ʨʠʩ. 3.2), ʱʦ ʤʽʩʪʠʣʠ AESO ʪʘ VDM ʟ ʤʦʣʷʨʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʤʦʥʦʤʝʨʽʚ: AESO:VDM 1:0, 1:0,25, 1:0,5, 1:1, ʪʘ ʟ ʜʦʜʘʚʘʥʥʷʤ ʘʙʦ ʙʝʟ ʜʦʜʘʚʘʥʥʷ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI), ʪʦʙʪʦ DMPA. ʎ ̔ʚʭʽʜʥʽ ʤʘʪʝʨʽʘʣʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʫ ʤʝʞʘʭ 

ʥʘʫʢʦʚʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʟ ʢʘʬʝʜʨʦ  ʁʭʽʤʽʾ ʧʦʣʽʤʝʨʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʂʘʫʥʘʩʴʢʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʤ. ʂʘʫʥʘʩ, ʃʠʪʚʘ). ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 3 ʤʦʣʴ.% PI, 

ʨʦʟʨʘʭʦʚʘʥʽ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʦʣʷʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʩʽʭ ʤʦʥʦʤʝʨʽʚ. AESO ʪʘ DMPA 

ʙʫʣʠ ʧʨʠʜʙʘʥʽ ʫ Sigma-Aldrich. VDM ʙʫʚ ʧʨʠʜʙʘʥʠʡ ʫ Specific Polymers. 

ɼʦʜʘʚʘʥʥʷ VDM ʜʦ AESO ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʱʦʾ ʚô̫ ʟʢʦʩʪʽ ʩʫʤʽʰʽ [45]. 

    

  AESO                                                      VDM                        DMPA  

ʈʠʩ. 3.1. ʍʽʤʽʯʥʽ ʩʪʨʫʢʪʫʨʠ AESO, VDM ʪʘ DMPA. 
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ʈʠʩ. 3.2. ɺʭʽʜʥʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ï ʥʘʙʦʨʠ ʟ 8-ʤʠ ʚôʷʟʢʠʭ 

ʨʦʟʯʠʥʽʚ, ʱʦ ʤʽʩʪʠʣʠ AESO ʪʘ VDM ʟ ʤʦʣʷʨʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʦʥʦʤʝʨʽʚ: 

AESO:VDM 1:0, 1:0,25, 1:0,5, 1:1, ʪʘ ʟ ʜʦʜʘʚʘʥʥʷʤ ʘʙʦ ʙʝʟ ʜʦʜʘʚʘʥʥʷ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ DMPA. 

 

 

3.1.2. ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʟʨʘʟʢʽʚ 

 

ʌʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʶ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʋʌ-ʩʚʽʪʣʘ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ɯʥʩʪʠʪʫʪʽ ʬʽʟʠʢʠ ʉʣʦʚʘʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ (ʤ. ɹʨʘʪʠʩʣʘʚʘ, 

ʉʣʦʚʘʯʯʠʥʘ). ɼʣʷ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʩʝʨʽʾ ʟʨʘʟʢʽʚ AESO:VDM ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʩʚʽʪʣʦʜʽʦʜʥʝ ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ Jaxman U1 ʚ ʋʌ-ʜʽʘʧʘʟʦʥʽ ʧʨʠ 365 ʥʤ ʟ 

ʥʘʣʘʰʪʦʚʘʥʠʤ ʞʠʚʣʝʥʥʷʤ ʩʚʽʪʣʦʜʽʦʜʽʚ ʯʝʨʝʟ ʩʪʘʙʽʣʽʟʦʚʘʥʝ ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ 

E36106A (Keysight Technologies) ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʘ 

ʟ ʯʘʩʦʤ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ ʚʠʤʽʨʶʚʘʣʘʩʷ ʪʘ ʨʝʛʫʣʶʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʤʽʨʶʚʘʯʘ Ophir Photonics StarLite ʟ ʟʦʥʜʦʤ PD300-UV (ʧʣʦʱʘ ʟʦʥʜʘ 12x12 ʤʤ). 

ʗʢʱʦ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʚʠʤʽʨʶʚʘʯ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʘ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʛʣʠʥʘʥʥʷ ʫ ʟʨʘʟʢʫ ʥʘ ʚʠʭʽʜʥʽʡ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, ʪʦ ʚʠʤʽʨʶʚʘʯ 

ʧʦʢʘʟʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʫ ʚʘʪʘʭ. ʄʠ ʚʠʚʯʘʣʠ ʚʽʜʥʦʩʥʽ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ 

ʧʦʣʽʤʝʨʥʽʡ ʩʽʪʮʽ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʛʝʦʤʝʪʨʽʾ (ʚʠʭʽʜʥʝ ʩʚʽʪʣʦ ʚʽʜ ʟʨʘʟʢʘ) ʫ ʚʘʪʘʭ. 

ɿʘʪʚʝʨʜʽʣʽ ʟʨʘʟʢʠ ʦʧʨʦʤʽʥʶʚʘʣʠ ʋʌ-ʩʚʽʪʣʦʤ ʨʪʫʪʥʦʾ ʣʘʤʧʠ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 

ʦʜʥʦʯʘʩʥʦ ʪʘ ʟʘ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ. ɼʣʷ ʢʦʞʥʦʛʦ ʟʨʘʟʢʘ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʚʘ ʦʢʨʝʤʽ 

ʟʙʦʨʠ ʜʘʥʠʭ: ʦʜʠʥ ʜʣʷ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʟʨʘʟʢʘ (ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʚʘʣʘ ʟ 

ʋʌ-ʩʚʽʪʣʦʤ ʧʽʜ ʯʘʩ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʪʘ ʟʛʦʜʦʤ ʦʩʚʽʪʣʶʚʘʣʘʩʷ ʧʽʩʣʷ 

ʟʘʪʚʝʨʜʽʥʥʷ) ʪʘ ʦʜʠʥ ʜʣʷ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ (ʧʨʦʪʠʣʝʞʥʦ ʩʚʽʪʣʫ). ʑʽʣʴʥʽʩʪʴ 

ʧʦʪʦʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʩʪʘʥʦʚʠʣʘ 28,5 ʤɺʪ/ʩʤ2.  
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ɸʧʘʨʘʪʫʨʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ, 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʣʶʤʽʥʽʻʚʦʾ ʢʘʤʝʨʠ, ʱʦ ʤʽʩʪʠʪʴ ʋʌ-ʣʘʤʧʫ (ʧʨʘʚʦʨʫʯ ʥʘ ʨʠʩ. 3.3), 

ʥʘʙʦʨʫ ʟ 5 ʪʝʨʤʦʧʘʨ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʝʨʝʜʠʥʽ ʟʨʘʟʢʘ ʪʘ ʥʘʚʢʦʣʦ 

ʥʴʦʛʦ (ʣʽʚʦʨʫʯ ʥʘ ʨʠʩ. 3.3), ʪʘ ʬʦʪʦʜʝʪʝʢʪʦʨʥʦʛʦ ʟʦʥʜʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʘ, ʱʦ ʚʠʭʦʜʠʪʴ ʟʽ ʟʨʘʟʢʘ (ʨʠʩ. 3.4). ʋʩʝ ʮʝ ʦʙʣʘʜʥʘʥʥʷ 

ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʢʦʤʧôʶʪʝʨʘ, ʜʝ ʤʦʞʥʘ ʧʨʦʛʨʘʤʫʚʘʪʠ ʨʽʟʥʽ ʧʨʦʪʦʢʦʣʠ ʦʩʚʽʪʣʝʥʥʷ, 

ʘ ʤʝʪʦʶ ʻ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʪʠʤ, ʷʢ ʜʘʥʽ ʟʤʽʥʶʚʘʪʠʤʫʪʴʩʷ ʧʽʜ ʯʘʩ ʨʝʘʢʮʽʾ. 

ʇʨʦʪʦʢʦʣ ʯʘʩʫ ʋʌ-ʦʩʚʽʪʣʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.1. 

 

 

ʈʠʩ. 3.3. ɸʧʘʨʘʪʫʨʘ ʜʣʷ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʟ ʚʢʣʶʯʝʥʠʤ ʋʌ-ʦʩʚʽʪʣʝʥʥʷʤ. 
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ʈʠʩ. 3.4. ʌʦʪʦʜʝʪʝʢʪʦʨʥʠʡ ʟʦʥʜ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʘ, ʱʦ ʚʠʭʦʜʠʪʴ ʟʽ ʟʨʘʟʢʘ ʧʨʦʪʷʛʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ. 

 

ʊʘʙʣʠʮʷ 3.1. ʇʨʦʪʦʢʦʣ ʯʘʩʫ ʋʌ-ʦʩʚʽʪʣʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ. 

ʇʨʦʪʦʢʦʣ V1 V2 V3 V4 V5 V6 

ʇʝʨʽʦʜ 

ʦʩʚʽʪʣʝʥʥʷ 

5 ʛʦʜ 

16 ʭʚ 

6 ʛʦʜ 

23 ʭʚ 

9 ʛʦʜ 

06 ʭʚ 

18 ʛʦʜ 

46 ʭʚ 

26 ʛʦʜ 

42 ʭʚ 

48 ʛʦʜ 

04 ʭʚ 

ʉʫʤʘʨʥʠʡ ʯʘʩ 

ʦʩʚʽʪʣʝʥʥʷ* 

5 ʛʦʜ 

16 ʭʚ 

11 ʛʦʜ 

39 ʭʚ 

20 ʛʦʜ 

45 ʭʚ 

39 ʛʦʜ 

21 ʭʚ 

66 ʛʦʜ 

03 ʭʚ 

114 ʛʦʜ 

07 ʭʚ 

*ʇʨʠʤʽʪʢʘ: ʉʫʤʘʨʥʠʡ ʯʘʩ: V6 = 66 ʛʦʜ 03 ʭʚ + 48 ʛʦʜ 04 ʭʚ = 114 ʛʦʜ 07 ʭʚ. 

 

3.1.3. ɺʠʙʽʨ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʽʤʝʨʽʚ 

 

ʇʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʻ ʥʘʨʽʞʥʠʤ ʢʘʤʝʥʝʤ ʩʫʯʘʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʟʥʘʭʦʜʷʯʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʛʘʣʫʟʷʭ ï ʚʽʜ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʜʦ ʙʽʦʤʝʜʠʮʠʥʠ. ɰʭ ʫʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ï ʣʝʛʢʽʩʪʴ, ʛʥʫʯʢʽʩʪʴ, ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ 
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ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʠʬʽʢʘʮʽʾ ï ʨʦʙʣʷʪʴ ʾʭ ʥʝʟʘʤʽʥʥʠʤʠ. ʆʜʥʘʢ, ʚʧʣʠʚ ʽʦʥʽʟʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʝ ʩʫʪʪʻʚʦ ʟʤʽʥʠʪʠ ʾʭʥʶ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ. ʈʦʟʫʤʽʥʥʷ 

ʮʠʭ ʟʤʽʥ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚ ʫʤʦʚʘʭ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ (ʇʈɽ) ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʠʩʦʢʦʯʫʪʣʠʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʟʜʘʪʥʠʭ ʚʠʷʚʣʷʪʠ ʪʦʥʢʽ ʩʪʨʫʢʪʫʨʥʽ 

ʟʤʽʥʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʪʘ ʥʘʥʦʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʷʭ.  

ʅʘʡʙʽʣʴʰ ʟʥʘʯʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʨʦʟʫʤʽʥʥʽ ʩʪʨʫʢʪʫʨʠ ʧʦʣʽʤʝʨʽʚ ʪʘ ʾʭʥʴʦʾ 

ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʜʦʩʷʛʘʶʪʴʩʷ ʯʝʨʝʟ ʢʦʤʙʽʥʦʚʘʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ 

ʧʦʟʠʪʨʦʥʥʦ ʾ ʘʥʽʛʽʣʷʮʽʡʥʦ ʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʇɸʉ), ʽʥʬʨʘʯʝʨʚʦʥʦʾ (ɯʏ) 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ 

(ɽʇʈ), ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʦʚʥʫ ʢʘʨʪʠʥʫ ʟʤʽʥ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ [46-98]. 

ʊʦʤʫ, ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ ʢʣʶʯʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʽʤʝʨʽʚ, ʟʦʩʝʨʝʜʞʫʶʯʠʩʴ ʥʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʘʥʘʣʽʟʫ ʨʘʜʽʘʮʽʡʥʦ-ʽʥʜʫʢʦʚʘʥʠʭ ʜʝʬʝʢʪʽʚ ï ʇɸʉ, ɯʏ ʪʘ ɽʇʈ. ʅʘ ʦʩʥʦʚʽ ʪʽʩʥʦʛʦ 

ʥʘʫʢʦʚʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ, ʝʢʩʧʝʨʠʤʝʥʪʠ ʤʝʪʦʜʦʤ ʇɸʉ ʧʨʦʚʦʜʠʣʠ ʚ 

ʣʘʙʦʨʘʪʦʨʽʾ ʧʦʟʠʪʨʦʥʥʦʾ ʘʥʽʛʽʣʷʮʽʾ ʚʽʜʜʽʣʫ ʷʜʝʨʥʦʾ ʬʽʟʠʢʠ ɯʥʩʪʠʪʫʪʫ ʬʽʟʠʢʠ 

ʉʣʦʚʘʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ, ʘ ʤʝʪʦʜʘʤʠ ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽ ʾʪʘ ɽʇʈ ʫ ʣʘʙʦʨʘʪʦʨʽʾ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʚʽʜʜʽʣʫ ʩʠʥʪʝʟʫ ʪʘ ʭʘʨʘʢʪʝʨʠʟʘʮʽʾ 

ʧʦʣʽʤʝʨʽʚ ɯʥʩʪʠʪʫʪʫ ʧʦʣʽʤʝʨʽʚ ʉʣʦʚʘʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ (ʤ. ɹʨʘʪʠʩʣʘʚʘ, 

ʉʣʦʚʘʯʯʠʥʘ).  

 

3.2. ʇʦʟʠʪʨʦʥʥʘ ʘʥʽʛʽʣʷʮʽʡʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ  

 

ʇʦʟʠʪʨʦʥʥʘ ʘʥʽʛʽʣʷʮʽʡʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ (ʇɸʉ) ï ʮʝ ʫʥʽʢʘʣʴʥʠʡ, 

ʥʝʨʫʡʥʽʚʥʠʡ ʤʝʪʦʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʦʨʦʞʥʠʥʥʫ ʩʪʨʫʢʪʫʨʫ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʘʪʦʤʥʦʤʫ ʪʘ ʥʘʥʦʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʷʭ. ʁʦʛʦ ʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʜʝʬʝʢʪʽʚ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʨʦʙʠʪʴ ʡʦʛʦ ʥʝʟʘʤʽʥʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʫ ʧʦʣʽʤʝʨʘʭ, ʜʝ ʫʪʚʦʨʝʥʥʷ ʪʘ ʤʦʜʠʬʽʢʘʮʽʷ 

ʤʽʢʨʦʧʦʨʦʞʥʠʥ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʤʽʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ.  
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ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʇɸʉ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʟʘʻʤʦʜʽʾ ʧʦʟʠʪʨʦʥʽʚ (ʘʥʪʠʯʘʩʪʠʥʦʢ 

ʝʣʝʢʪʨʦʥʽʚ) ʟ ʝʣʝʢʪʨʦʥʘʤʠ ʨʝʯʦʚʠʥʠ [56, 57]. ʇʦʟʠʪʨʦʥʠ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ 

ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʜʞʝʨʝʣʦʤ (ʥʘʧʨʠʢʣʘʜ, 22Na), ʚʚʦʜʷʪʴʩʷ ʚ ʟʨʘʟʦʢ. ʇʽʩʣʷ 

ʫʧʦʚʽʣʴʥʝʥʥʷ ʜʦ ʪʝʧʣʦʚʠʭ ʝʥʝʨʛʽʡ, ʧʦʟʠʪʨʦʥʠ ʤʽʛʨʫʶʪʴ ʧʦ ʤʘʪʝʨʽʘʣʫ ʽ, ʟʨʝʰʪʦʶ, 

ʘʥʽʛʽʣʶʶʪʴ ʟ ʝʣʝʢʪʨʦʥʘʤʠ, ʚʠʧʨʦʤʽʥʶʶʯʠ ʜʚʘ ʛʘʤʤʘ-ʢʚʘʥʪʠ ʝʥʝʨʛʽʻʶ 511 ʢʝɺ 

ʢʦʞʝʥ. 

ʏʘʩ ʞʠʪʪʷ ʧʦʟʠʪʨʦʥʘ (Ű) ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʚ ʤʽʩʮʽ ʡʦʛʦ 

ʘʥʽʛʽʣʷʮʽʾ. ʋ ʤʘʪʝʨʽʘʣʘʭ ʟ ʜʝʬʝʢʪʘʤʠ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ (ʪʘʢʠʭ ʷʢ ʧʦʨʠ, ʚʘʢʘʥʩʽʾ), 

ʝʣʝʢʪʨʦʥʥʘ ʛʫʩʪʠʥʘ ʥʠʞʯʘ, ʽ ʧʦʟʠʪʨʦʥ ʤʘʻ ʜʦʚʰʠʡ ʯʘʩ ʞʠʪʪʷ. ʎʝʡ ʯʘʩ ʞʠʪʪʷ ʻ 

ʧʨʷʤʦʶ ʤʽʨʦʶ ʨʦʟʤʽʨʫ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ. 

ʋ ʧʦʣʽʤʝʨʘʭ, ʜʝ ʚʽʣʴʥʠʡ ʦʙôʻʤ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʤʽʢʨʦʧʦʨʦʞʥʠʥʘʤʠ, 

ʧʦʟʠʪʨʦʥʠ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʟʚôʷʟʘʥʽ ʩʪʘʥʠ ʟ ʝʣʝʢʪʨʦʥʘʤʠ ï ʧʦʟʠʪʨʦʥʽʡ (Ps). 

ʇʦʟʠʪʨʦʥʽʡ ʽʩʥʫʻ ʫ ʜʚʦʭ ʩʧʽʥʦʚʠʭ ʩʪʘʥʘʭ: 

- ʇʘʨʘ-ʧʦʟʠʪʨʦʥʽʡ (p-Ps): ʉʧʽʥʠ ʧʦʟʠʪʨʦʥʘ ʪʘ ʝʣʝʢʪʨʦʥʘ ʘʥʪʠʧʘʨʘʣʝʣʴʥʽ. ʏʘʩ 

ʞʠʪʪʷ Űp-Ps å 0.125 ʥʩ. ɸʥʽʛʽʣʷʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʜʚʦʭ ʛʘʤʤʘ-

ʢʚʘʥʪʽʚ. 

- ʆʨʪʦ-ʧʦʟʠʪʨʦʥʽʡ (o-Ps): ʉʧʽʥʠ ʧʦʟʠʪʨʦʥʘ ʪʘ ʝʣʝʢʪʨʦʥʘ ʧʘʨʘʣʝʣʴʥʽ. ʏʘʩ ʞʠʪʪʷ Űo-

Ps ʟʥʘʯʥʦ ʜʦʚʰʠʡ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʪʦʯʝʥʥʷ. ʋ ʚʘʢʫʫʤʽ Űo-Ps å 142 ʥʩ. ʆʜʥʘʢ ʫ 

ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ o-Ps «ʨʦʟʧʘʜʘʻʪʴʩʷ» h ʣʷʭʦʤ ʘʥʽʛʽʣʷʮʽʾ ʟ ʝʣʝʢʪʨʦʥʦʤ 

ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (pick-off ʘʥʽʛʽʣʷʮʽʷ), ʚʠʧʨʦʤʽʥʶʶʯʠ ʜʚʘ ʛʘʤʤʘ-

ʢʚʘʥʪʠ. 

ʉʘʤʝ ʯʘʩ ʞʠʪʪʷ ʦʨʪʦ-ʧʦʟʠʪʨʦʥʽʶ (Űo-Ps) ʻ ʢʣʶʯʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʧʦʣʽʤʝʨʽʚ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʧʨʷʤʦ ʢʦʨʝʣʶʻ ʟ ʨʦʟʤʽʨʦʤ ʚʽʣʴʥʦʾ 

ʧʦʨʦʞʥʠʥʠ, ʚ ʷʢʽʡ ʫʪʚʦʨʝʥʠʡ o-Ps. ʎʝʡ ʟʚôʷʟʦʢ ʯʘʩʪʦ ʦʧʠʩʫʻʪʴʩʷ ʤʦʜʝʣʣʶ ʊʘʦ-

ɽʣʜʨʫʧʘ (ʚʽʜʦʤʦʶ ʷʢ ʤʦʜʝʣʴ ʩʬʝʨʠʯʥʦʾ ʧʦʨʦʞʥʠʥʠ) [58, 59]: 

 

† ρ ÓÉÎ  (3.1) 
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ʜʝ R ï ʨʘʜʽʫʩ ʩʬʝʨʠʯʥʦʾ ʧʦʨʦʞʥʠʥʠ (ʥʤ), ʘ R0 = R + DR, ʜʝ DR ï ʝʤʧʽʨʠʯʥʘ 

ʪʦʚʱʠʥʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʰʘʨʫ (ʟʘʟʚʠʯʘʡ 0,165 ʥʤ).  

ʎʝ ʨʽʚʥʷʥʥʷ ʜʦʟʚʦʣʷʻ ʧʝʨʝʪʚʦʨʠʪʠ ʚʠʤʽʨʷʥʠʡ ʯʘʩ ʞʠʪʪʷ Űo-Ps ʫ ʩʝʨʝʜʥʽʡ 

ʨʘʜʽʫʩ ʚʽʣʴʥʦʾ ʧʦʨʦʞʥʠʥʠ R, ʦʙô̒ ʤʦʤ Vh. 

 

ὺ    (3.2) 

 

ʂʨʽʤ ʯʘʩʫ ʞʠʪʪʷ ʧʦʟʠʪʨʦʥʽʚ, ʪʘʢʦʞ ʘʥʘʣʽʟʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʠ 

o-Ps (Io-Ps), ʷʢʘ ʧʨʦʧʦʨʮʽʡʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʩʮʴ ʫʪʚʦʨʝʥʥʷ o-Ps, ʪʦʙʪʦ ʚʽʜʥʦʩʥʽʡ 

ʢʽʣʴʢʦʩʪʽ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʚ ʤʘʪʝʨʽʘʣʽ. 

 

3.2.1. ʇʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇɸʉ ʧʨʠ ʨʘʜʽʘʮʽʡʥʦʤʫ ʦʧʨʦʤʽʥʝʥʥʽ 

ʧʦʣʽʤʝʨʽʚ 

 

ɿ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [46-77] ʤʦʞʥʘ ʧʽʜʩʫʤʫʚʘʪʠ ʥʘʩʪʫʧʥʝ: 

ʇʦʣʽʝʪʠʣʝʥ (ʇɽ) ʧʽʜ ʜʽʻʶ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʇʦʣʽʝʪʠʣʝʥ ʻ ʦʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʧʦʣʽʤʝʨʽʚ, ʱʦ ʯʘʩʪʦ ʧʽʜʜʘʻʪʴʩʷ 

ʨʘʜʽʘʮʽʡʥʦʤʫ ʚʧʣʠʚʫ. ʇʽʜ ʜʽʻʶ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʇɽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʷʢ 

ʧʨʦʮʝʩʠ ʜʝʩʪʨʫʢʮʽʾ (ʨʦʟʨʠʚʫ ʟʚô̫ ʟʢʽʚ), ʪʘʢ ʽ ʟʰʠʚʘʥʥʷ (ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʧʦʧʝʨʝʯʥʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ). 

- ɹʝʟ ʦʧʨʦʤʽʥʝʥʥʷ: ʉʧʝʢʪʨ ʯʘʩʽʚ ʞʠʪʪʷ ʧʦʟʠʪʨʦʥʽʚ ʜʣʷ ʇɽ ʟʘʟʚʠʯʘʡ ʤʽʩʪʠʪʴ 3-4 

ʢʦʤʧʦʥʝʥʪʠ. ʂʦʤʧʦʥʝʥʪʘ o-Ps (Ű3) ʚʽʜʧʦʚʽʜʘʻ ʚʽʣʴʥʦʤʫ ʦʙô̒ ʤʫ ʚ ʘʤʦʨʬʥʠʭ 

ʜʽʣʷʥʢʘʭ ʽ ʥʘ ʤʝʞʘʭ ʢʨʠʩʪʘʣʽʯʥʦʾ/ʘʤʦʨʬʥʦʾ ʬʘʟ. 

- ʇʨʠ ʤʘʣʠʭ ʜʦʟʘʭ ʦʧʨʦʤʽʥʝʥʥʷ (< 100 ʢɻʨ): ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ Űo-Ps ʪʘ  

Io-Ps. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʰʠʚʘʥʥʷ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʋʪʚʦʨʝʥʥʷ ʧʦʧʝʨʝʯʥʠʭ ʟʚô̫ ʟʢʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ «ʫʱʽʣʴʥʝʥʥʷ» ʩʪʨʫʢʪʫʨʠ, ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʚʽʣʴʥʠʭ ʧʦʨʦʞʥʠʥ 

ʪʘ ʾʭʥʴʦʾ ʢʽʣʴʢʦʩʪʽ. ʄʘʢʨʦʤʦʣʝʢʫʣʠ ʩʪʘʶʪʴ ʤʝʥʰ ʨʫʭʣʠʚʠʤʠ, ʘ ʚʽʣʴʥʠʡ ʦʙô̒ ʤ 

ʟʤʝʥʰʫʻʪʴʩʷ. 
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- ʇʨʠ ʚʠʩʦʢʠʭ ʜʦʟʘʭ ʦʧʨʦʤʽʥʝʥʥʷ (> 100 ʢɻʨ): ʋ ʜʝʷʢʠʭ ʪʠʧʘʭ ʇɽ ʘʙʦ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʥʶ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʟʙʽʣʴʰʝʥʥʷ Űo-Ps ʪʘ Io-Ps, ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʧʝʨʝʚʘʞʘʥʥʷ ʜʝʩʪʨʫʢʮʽʾ ʪʘ ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʚʝʣʠʢʠʭ ʧʦʨʦʞʥʠʥ ʘʙʦ ʤʽʢʨʦʪʨʽʱʠʥ. 

ʎʝ ʧʦʚô̫ ʟʘʥʦ ʟ ʨʦʟʨʠʚʦʤ ʦʩʥʦʚʥʠʭ ʣʘʥʮʶʛʽʚ ʽ ʫʪʚʦʨʝʥʥʷʤ ʣʝʪʢʠʭ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ 

ʟʘʣʠʰʘʶʪʴ ʧʽʩʣʷ ʩʝʙʝ ʧʦʨʦʞʥʠʥʠ. 

 

ʇʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ (ʇʄʄɸ) ʪʘ ʨʘʜʽʘʮʽʡʥʘ ʜʝʩʪʨʫʢʮʽʷ 

ʇʄʄɸ, ʚʽʜʦʤʠʡ ʷʢ ʦʨʛʩʢʣʦ, ʻ ʧʦʣʽʤʝʨʦʤ, ʱʦ ʩʭʠʣʴʥʠʡ ʜʦ ʨʘʜʽʘʮʽʡʥʦʾ 

ʜʝʩʪʨʫʢʮʽʾ. 

- ɹʝʟ ʦʧʨʦʤʽʥʝʥʥʷ: ʇʄʄɸ ʻ ʘʤʦʨʬʥʠʤ ʧʦʣʽʤʝʨʦʤ, ʱʦ ʤʘʻ ʟʥʘʯʥʠʡ ʚʽʣʴʥʠʡ ʦʙô̒ ʤ. 

- ʇʽʜ ʜʽʻʶ ʨʘʜʽʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʥʠ, ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ): ʇʄʄɸ 

ʧʽʜʜʘʻʪʴʩʷ ʜʝʩʪʨʫʢʮʽʾ ʟ ʨʦʟʨʠʚʦʤ ʦʩʥʦʚʥʠʭ ʣʘʥʮʶʛʽʚ ʪʘ ʫʪʚʦʨʝʥʥʷʤ ʛʘʟʦʧʦʜʽʙʥʠʭ 

ʧʨʦʜʫʢʪʽʚ (CO, CO2, ʤʝʪʘʥ). ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ Űo-Ps ʪʘ Io-Ps. ɺʝʣʠʢʽ ʯʘʩʠ 

ʞʠʪʪʷ o-Ps ʚʢʘʟʫʶʪʴ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʧʦʨʦʞʥʠʥ, ʪʦʜʽ ʷʢ ʟʨʦʩʪʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ Io-Ps ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʮʠʭ ʧʦʨʦʞʥʠʥ ʚʥʘʩʣʽʜʦʢ 

ʚʠʜʽʣʝʥʥʷ ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʟʘʛʘʣʴʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʧʦʣʽʤʝʨʥʦʾ ʩʽʪʢʠ. 

 

3.2.2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʇɸʉ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʽʤʝʨʽʚ 

 

ʇɸʉ ʧʨʦʜʦʚʞʫʻ ʙʫʪʠ ʧʨʦʚʽʜʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʣʴʥʦʛʦ 

ʦʙô̒ ʤʫ (ʤʽʢʨʦʧʦʨʦʞʥʠʥ) ʫ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʦʩʝʨʝʜʞʝʥʽ ʥʝ ʣʠʰʝ ʥʘ ʢʽʣʴʢʽʩʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʨʦʟʤʽʨʽʚ ʪʘ ʨʦʟʧʦʜʽʣʫ ʧʦʨ, ʘʣʝ ʡ 

ʥʘ ʨʦʟʫʤʽʥʥʽ ʜʠʥʘʤʽʢʠ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ, 

ʚʟʘʻʤʦʜʽʾ ʟ ʛʘʟʘʤʠ ʪʘ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʪʘ ʤʦʣʝʢʫʣʷʨʥʦʾ ʨʫʭʣʠʚʦʩʪʽ 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 10-20 ʨʦʢʽʚ ʇɸʉ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʪʘ ʤʦʣʝʢʫʣʷʨʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʚ ʧʦʣʽʤʝʨʘʭ. ɿʤʽʥʠ ʚ 

ʯʘʩʘʭ ʞʠʪʪʷ ʦʨʪʦ-ʧʦʟʠʪʨʦʥʽʶ (Űo-Ps) ʪʘ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (Io-Ps) ʯʽʪʢʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʣʫʚʘʥʥʷ (Tg), ʧʣʘʚʣʝʥʥʷ ʪʘ ʚʪʦʨʠʥʥʽ ʧʝʨʝʭʦʜʠ. 
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ɼʦʩʣʽʜʞʝʥʥʷ 2000-ʭ ʨʦʢʽʚ: ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʇɸʉ ʜʣʷ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ 

ʟʰʠʚʘʥʥʷ ʥʘ ʚʽʣʴʥʠʡ ʦʙô̒ ʤ, ʟʦʢʨʝʤʘ ʧʦʣʽʝʪʠʣʝʥʫ, ʧʦʢʘʟʫʶʯʠ, ʷʢ ʟʰʠʚʘʥʥʷ 

ʟʤʝʥʰʫʻ ʨʦʟʤʽʨ ʤʽʢʨʦʧʦʨʦʞʥʠʥ ʪʘ ʤʦʣʝʢʫʣʷʨʥʫ ʨʫʭʣʠʚʽʩʪʴ. 

ɼʦʩʣʽʜʞʝʥʥʷ 2010-ʭ ʨʦʢʽʚ: Y.C. Jean ʪʘ ʩʧʽʚʘʚʪʦʨʠ ʫʟʘʛʘʣʴʥʠʣʠ ʟʥʘʯʥʠʡ 

ʦʙʩʷʛ ʜʘʥʠʭ, ʧʽʜʢʨʝʩʣʶʶʯʠ ʨʦʣʴ ʇɸʉ ʫ ʚʠʚʯʝʥʥʽ ʤʦʣʝʢʫʣʷʨʥʦʾ ʨʫʭʣʠʚʦʩʪʽ, ʱʦ 

ʧʦʚô̫ ʟʘʥʘ ʟ Tg. ɺʦʥʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʤʽʥʘ ʥʘʭʠʣʫ ʟʘʣʝʞʥʦʩʪʽ Űo-Ps ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʯʘʩʪʦ ʩʧʽʚʧʘʜʘʻ ʟ Tg, ʥʘʜʘʶʯʠ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʫʭ ʩʝʛʤʝʥʪʽʚ ʤʘʢʨʦʤʦʣʝʢʫʣ. 

ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ (2020-ʪʽ) ʨʦʢʠ: ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ 

ʬʘʟʦʚʽ ʧʝʨʝʭʦʜʠ ʚ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʇɸʉ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʫʨʝʪʘʥʫ. ɰʭʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʷʢ ʥʘʥʦʥʘʧʦʚʥʶʚʘʯʽ ʟʤʽʥʶʶʪʴ ʧʘʢʫʚʘʥʥʷ ʣʘʥʮʶʛʽʚ ʪʘ 

ʚʧʣʠʚʘʶʪʴ ʥʘ Tg ʯʝʨʝʟ ʤʦʜʠʬʽʢʘʮʽʶ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ. 

 

ɺʠʚʯʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʪʘ ʩʦʨʙʮʽʾ 

ʇɸʉ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʪʘ 

ʩʦʨʙʮʽʾ ʚ ʧʦʣʽʤʝʨʘʭ, ʦʩʢʽʣʴʢʠ ʮʽ ʧʨʦʮʝʩʠ ʪʽʩʥʦ ʧʦʚô̫ ʟʘʥʽ ʟ ʥʘʷʚʥʽʩʪʶ ʪʘ ʨʦʟʤʽʨʦʤ 

ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ, ʯʝʨʝʟ ʷʢʠʡ ʜʠʬʫʥʜʫʶʪʴ ʤʦʣʝʢʫʣʠ ʛʘʟʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ 2000-ʭ: ʚʠʚʯʘʣʠ ʚʧʣʠʚ ʟʰʠʚʘʥʥʷ ʥʘ ʪʨʘʥʩʧʦʨʪ ʛʘʟʫ ʚ 

ʧʦʣʽʽʤʽʜʥʠʭ ʤʝʤʙʨʘʥʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʇɸʉ ʜʣʷ ʢʦʨʝʣʷʮʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ ʟ ʧʨʦʥʠʢʥʽʩʪʶ. 

ɼʦʩʣʽʜʞʝʥʥʷ 2010-ʭ: ʧʨʦʜʦʚʞʫʚʘʣʠ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʪʠ ʪʝʦʨʽʶ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʇɸʉ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʬʫʟʽʾ ʛʘʟʽʚ ʫ ʧʦʣʽʤʝʨʘʭ, 

ʚʩʪʘʥʦʚʣʶʶʯʠ ʧʨʷʤʽ ʟʚô̫ ʟʢʠ ʤʽʞ ʨʦʟʤʽʨʦʤ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ ʪʘ ʰʚʠʜʢʽʩʪʶ 

ʪʨʘʥʩʧʦʨʪʫ ʛʘʟʫ. ɰʭʥʽ ʨʦʙʦʪʠ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʤʦʜʝʣʽ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʨʦʟʤʽʨʠ ʧʦʨ, 

ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʠʪʴ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʨʦʥʠʢʥʽʩʪʴ. 

ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ: ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʇɸʉ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʣʽʤʝʨʥʠʭ 

ʤʝʤʙʨʘʥ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʛʘʟʽʚ, ʚʠʚʯʘʶʯʠ ʚʧʣʠʚ ʨʽʟʥʠʭ ʦʙʨʦʙʦʢ ʥʘ ʧʦʨʦʞʥʠʥʥʫ 

ʩʪʨʫʢʪʫʨʫ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʜʽʣʝʥʥʷ CO2. ɺʦʥʠ ʧʦʢʘʟʘʣʠ, ʷʢ 

ʤʦʜʠʬʽʢʘʮʽʷ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʪʘ ʧʨʦʥʠʢʥʽʩʪʴ 

ʤʝʤʙʨʘʥ. 
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ʈʘʜʽʘʮʽʡʥʦ-ʽʥʜʫʢʦʚʘʥʽ ʟʤʽʥʠ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ 

ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʘ ʛʘʣʫʟʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇɸʉ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʧʽʜʧʦʨʦʛʦʚʽ ʨʘʜʽʘʮʽʡʥʽ ʝʬʝʢʪʠ. 

ʇʦʣʽʝʪʠʣʝʥ (ʇɽ): ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ 

ʧʦʣʽʝʪʠʣʝʥ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʇɸʉ. ɺʦʥʠ ʚʠʷʚʠʣʠ, ʱʦ ʥʠʟʴʢʽ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ (ʟʰʠʚʘʥʥʷ), ʪʦʜʽ ʷʢ ʚʠʩʦʢʽ ʜʦʟʠ 

ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʜʝʩʪʨʫʢʮʽʶ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʧʝʨʝʨʦʟʧʦʜʽʣ 

ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʚʘʣʦʩʷ ʟʤʝʥʰʝʥʥʷʤ Űo-Ps ʧʨʠ ʤʘʣʠʭ ʜʦʟʘʭ ʪʘ 

ʧʦʪʝʥʮʽʡʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʠ ʜʫʞʝ ʚʠʩʦʢʠʭ ʜʦʟʘʭ ʘʙʦ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʥʶ. 

ʇʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ (ʇʄʄɸ): ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʇɸʉ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʇʄʄɸ. ɺʦʥʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʚʽʣʴʥʦʛʦ 

ʦʙô̒ ʤʫ (Űo-Ps) ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (Io-Ps) ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʤʽʥʫʚʘʥʥʷ ʜʝʩʪʨʫʢʮʽʾ ʪʘ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʽʢʨʦʧʦʨʦʞʥʠʥ 

ʚʥʘʩʣʽʜʦʢ ʚʠʜʽʣʝʥʥʷ ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

ɽʧʦʢʩʠʜʥʽ ʩʤʦʣʠ ʪʘ ʢʦʤʧʦʟʠʪʠ: ʚʠʚʯʘʣʠ ʚʧʣʠʚ ʛʘʤʤʘ-ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ 

ʚʽʣʴʥʠʡ ʦʙô̒ ʤ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʩʤʽʯʥʽʡ ʪʘ 

ʷʜʝʨʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɰʭʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʘʜʽʘʮʽʷ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ 

ʷʢ ʜʦ ʟʰʠʚʘʥʥʷ, ʪʘʢ ʽ ʜʦ ʜʝʩʪʨʫʢʮʽʾ, ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʟʠ ʪʘ ʭʽʤʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʟʤʽʥʘʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ. 

ʇʦʣʽʽʤʽʜʠ: ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ ʧʦʣʽʽʤʽʜʥʽ 

ʧʣʽʚʢʠ. ɺʦʥʠ ʚʠʷʚʠʣʠ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʽʤʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʣʽʽʤʽʜʫ, 

ʦʧʨʦʤʽʥʝʥʥʷ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʷʢ ʥʝʚʝʣʠʢʝ ʟʤʝʥʰʝʥʥʷ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ 

(ʟʰʠʚʘʥʥʷ), ʪʘʢ ʽ ʡʦʛʦ ʟʨʦʩʪʘʥʥʷ (ʜʝʩʪʨʫʢʮʽʷ), ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʤʝʭʘʥʽʯʥʽ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ʅʘʥʦʢʦʤʧʦʟʠʪʠ: ʧʦʢʘʟʘʣʠ, ʷʢ ʚʚʝʜʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ (ʥʘʧʨʠʢʣʘʜ, SiO2 ʘʙʦ 

TiO2) ʚʧʣʠʚʘʻ ʥʘ ʚʽʣʴʥʠʡ ʦʙô̒ ʤ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʪʘ ʾʾ ʨʘʜʽʘʮʽʡʥʫ ʩʪʽʡʢʽʩʪʴ. 

ʇɸʉ ʚʠʷʚʠʣʘ, ʱʦ ʥʘʥʦʯʘʩʪʠʥʢʠ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʷʢ ʮʝʥʪʨʠ ʟʰʠʚʘʥʥʷ ʘʙʦ ʷʢ 

ʧʘʩʪʢʠ ʜʣʷ ʨʘʜʠʢʘʣʽʚ, ʤʦʜʠʬʽʢʫʶʯʠ ʨʦʟʧʦʜʽʣ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ ʪʘ ʟʤʽʥʶʶʯʠ 

ʨʘʜʽʘʮʽʡʥʫ ʚʽʜʧʦʚʽʜʴ. 
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3.2.3. ʄʝʪʦʜʠʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇɸʉ 

 

ʋ ʥʘʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʇɸʉ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʩʝʥʜʚʽʯ-ʢʦʤʧʦʟʠʮʽʷ 

«ʟʨʘʟʦʢ ï ʜʞʝʨʝʣʦ ʧʦʟʠʪʨʦʥʽʚ ï ʝʪʘʣʦʥʥʠʡ ʟʨʘʟʦʢ». ʊʘʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʣʠʰʝ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʚʽʜ ʜʞʝʨʝʣʘ ʧʦʟʠʪʨʦʥʽʚ ʙʫʣʦ ʦʙʨʘʥʦ 

ʯʝʨʝʟ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʘ ʫ ʟʨʘʟʢʫ, ʷʢʠʡ ʦʩʚʽʪʣʶʚʘʚʩʷ ʟ ʦʜʥʦʛʦ 

ʙʦʢʫ, ʱʦ ʫʩʫʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʤʦʞʣʠʚʠʭ ʥʝʚʝʣʠʢʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ 

ʩʠʥʪʝʟʫ ʫ ʜʚʦʭ ʨʽʟʥʠʭ ʥʝʟʘʣʝʞʥʠʭ ʦʙô̒ ʤʘʭ, ʥʘʚʽʪʴ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʟʨʘʟʢʘ, ʷʢ ʫ 

ʩʪʘʥʜʘʨʪʥʽʡ ʩʝʥʜʚʽʯ-ʢʦʤʧʦʟʠʮʽʾ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟʛʘʜʘʥʦʾ ʢʦʤʧʦʟʠʮʽʾ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.5. 

 

 

 

ʈʠʩ. 3.5. ʃʽʚʦʨʫʯ: ʈʦʟʪʘʰʫʚʘʥʥʷ ʢʘʤʝʨʠ ʜʣʷ ʟʨʘʟʢʽʚ, ʜʞʝʨʝʣʘ ʧʦʟʠʪʨʦʥʽʚ ʪʘ 

ʜʝʪʝʢʪʦʨʽʚ ʇɸʉ. 1 ï ʋʌ-ʣʘʤʧʘ, 2 ï ʢʚʘʨʮʦʚʝ ʚʽʢʥʦ, 3 ï ʢʨʝʤʥʽʻʚʘ ʬʦʨʤʘ, 4 ï 

ʢʘʧʪʦʥʥʘ ʬʦʣʴʛʘ, 5 ï ʜʞʝʨʝʣʦ ʧʦʟʠʪʨʦʥʽʚ, 6 ï ʝʪʘʣʦʥʥʠʡ ʟʨʘʟʦʢ ʟ ʙʝʟʜʝʬʝʢʪʥʦʛʦ 

ʘʣʶʤʽʥʽʶ, 7 ï ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ, 8 ï ʜʝʪʝʢʪʦʨʠ ʇɸʉ. ʇʨʘʚʦʨʫʯ: ʉʭʝʤʘ 

ʢʘʤʝʨʠ ʜʣʷ ʟʨʘʟʢʽʚ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʇɸʉ. ʋ ʧʨʦʮʝʩʽ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʚʠʤʽʨʶʚʘʣʘʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʘʟʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʧʘʨʠ (TC4, ʟʨʘʟʦʢ). 
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ʗʢ ʝʪʘʣʦʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʙʝʟʜʝʬʝʢʪʥʠʡ ʘʣʶʤʽʥʽʡ ʫ ʩʝʥʜʚʽʯ-ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ʉʧʝʢʪʨʦʤʝʪʨ ʇɸʉ ʩʢʣʘʜʘʚʩʷ ʟ ʜʚʦʭ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʜʝʪʝʢʪʦʨʽʚ 25.4B12/2M-Q-

BAF-X-N (Scionix, ʅʽʜʝʨʣʘʥʜʠ), ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʜʠʛʽʪʘʡʟʝʨʘ DRS4 V5 (PSI, ʐʚʝʡʮʘʨʽʷ) ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Q-PALS. 

ʂʘʤʝʨʘ ʜʣʷ ʟʨʘʟʢʘ ʨʘʟʦʤ ʽʟ ʜʞʝʨʝʣʦʤ ʧʦʟʠʪʨʦʥʽʚ ʪʘ ʟʨʘʟʢʦʤ Al ʜʣʷ ʝʪʘʣʦʥʫ ʙʫʣʠ 

ʨʦʟʤʽʱʝʥʽ ʤʽʞ ʜʝʪʝʢʪʦʨʘʤʠ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʢʽʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ 20 ÁC. ɼʞʝʨʝʣʦʤ ʧʦʟʠʪʨʦʥʽʚ ʙʫʚ ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʥʘʪʨʽʡ 22Na ʟ 

ʘʢʪʠʚʥʽʩʪʶ ʧʨʠʙʣʠʟʥʦ 2 ʄɹʢ. ʏʘʩʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ʩʪʘʥʦʚʠʣʘ ʧʨʠʙʣʠʟʥʦ 330 ʧʩ (ʧʦʚʥʘ ʰʠʨʠʥʘ ʥʘ ʧʦʣʦʚʠʥʽ ʤʘʢʩʠʤʫʤʫ ʢʨʠʚʦʾ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ). ʌʫʥʢʮʽʶ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʝʪʝʢʪʦʨʘ ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʝʟʜʝʬʝʢʪʥʦʛʦ Al. 

 ɸʥʽʛʽʣʷʮʽʷ ʚ ʜʞʝʨʝʣʽ ʧʦʟʠʪʨʦʥʽʚ ʪʘ ʢʘʧʪʦʥʦʚʠʭ ʬʦʣʴʛʘʭ ʪʘʢʦʞ ʙʫʣʘ 

ʚʢʣʶʯʝʥʘ ʜʦ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʩʧʝʢʪʨʽʚ. ʉʧʝʢʪʨʠ ʯʘʩʫ ʞʠʪʪʷ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʽʣʴʢʦʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʨʽʟʥʠʤ ʩʝʨʝʜʥʽʤ ʯʘʩʦʤ ʞʠʪʪʷ, ʷʢʽ ʧʦʚô̫ ʟʘʥʽ ʟ ʨʽʟʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʘʥʽʛʽʣʷʮʽʾ, ʷʢ ʧʨʷʤʦʾ, ʪʘʢ ʽ ʘʥʽʛʽʣʷʮʽʾ ʟʚô̫ ʟʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʢʪʨʦʥʘ ʪʘ ʧʦʟʠʪʨʦʥʘ, ʪʘʢ 

ʟʚʘʥʦʛʦ ʧʦʟʠʪʨʦʥʽʷ, Ps. ɿʚô̫ ʟʘʥʠʡ ʩʪʘʥ Ps ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʚ ʦʨʪʦ- ʪʘ ʧʘʨʘ-ʩʪʘʥʘʭ 

(o-Ps ʪʘ p-Ps ʚʽʜʧʦʚʽʜʥʦ), ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʚʦʾʤ ʩʧʽʥʦʤ ʪʘ ʯʘʩʦʤ ʞʠʪʪʷ. ʗʢ 

ʧʨʘʚʠʣʦ, ʫ ʚʠʤʽʨʷʥʠʭ ʩʧʝʢʪʨʘʭ ʯʘʩʫ ʞʠʪʪʷ ʜʣʷ ʧʦʣʽʤʝʨʽʚ ʥʘʡʢʦʨʦʪʰʠʡ ʯʘʩ ʞʠʪʪʷ 

ʧʦʚô̫ ʟʘʥʠʡ ʟ ʘʥʽʛʽʣʷʮʽʻʶ p-Ps, ʜʦʚʰʠʡ ʢʦʤʧʦʥʝʥʪ ï ʟ ʘʥʽʛʽʣʷʮʽʻʶ ʚ ʦʙô̒ ʤʽ, 

ʤʝʥʰʠʤʠ ʧʦʨʦʞʥʠʥʘʤʠ ʪʘ ʜʝʬʝʢʪʘʤʠ ʧʦʣʽʤʝʨʥʦʛʦ ʣʘʥʮʶʛʘ, ʘ ʜʦʚʛʠʡ ʯʘʩ ʞʠʪʪʷ 

ʧʦʚô̫ ʟʘʥʠʡ ʟ ʘʥʽʛʽʣʷʮʽʻʶ ʧʽʢʦʚʦʛʦ ʪʠʧʫ o-Ps ʫ ʚʝʣʠʢʠʭ ʧʦʨʦʞʥʠʥʘʭ. ʋ ʪʘʢʠʭ 

ʤʘʪʝʨʽʘʣʘʭ, ʷʢ ʧʦʣʽʤʝʨʠ, ʦʨʪʦʧʦʟʠʪʨʦʥʽʡ, ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʫ ʧʦʨʽ, ʚʟʘʻʤʦʜʽʻ ʟ 

ʝʣʝʢʪʨʦʥʦʤ ʟʽ ʩʪʽʥʢʠ ʧʦʨʦʞʥʠʥʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʝʣʝʢʪʨʦʥ ʘʥʽʛʽʣʶʻ ʟ 

ʧʦʟʠʪʨʦʥʦʤ ʟ o-Ps ʰʣʷʭʦʤ ʜʚʦʬʦʪʦʥʥʦʾ ʘʥʽʛʽʣʷʮʽʾ (ʘʥʽʛʽʣʷʮʽʷ «pick-off / ʧʽʢ-ʦʬè) 

ʟʽ ʩʢʦʨʦʯʝʥʠʤ ʯʘʩʦʤ ʞʠʪʪʷ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʥʘʯʝʥʥʷʤ ʫ ʚʘʢʫʫʤʽ (142 ʥʩ). ʎʝʡ 

ʩʢʦʨʦʯʝʥʠʡ ʯʘʩ ʞʠʪʪʷ ʦʨʪʦʧʦʟʠʪʨʦʥʽʷ ʧʨʦʧʦʨʮʽʡʥʠʡ ʨʦʟʤʽʨʫ ʧʦʨʠ. 

ɺʠʤʽʨʷʥʽ ʩʧʝʢʪʨʠ ʯʘʩʫ ʞʠʪʪʷ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ 

LT [72], ʚʝʨʩʽʷ LT PolymersÊ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʩʧʝʢʪʨʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʯʦʪʠʨʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʘʣʝ ʣʠʰʝ ʥʘʡʜʦʚʰʦʾ, ʧʦʚô̫ ʟʘʥʦʾ ʟ ʧʨʦʮʝʩʦʤ ʘʥʽʛʽʣʷʮʽʾ o-

Ps, ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ. ʂʦʨʦʪʰʽ ʢʦʤʧʦʥʝʥʪʠ ʙʫʣʠ ʧʦʚô̫ ʟʘʥʽ ʟ 
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ʧʨʷʤʦʶ ʘʥʽʛʽʣʷʮʽʻʶ ʚ Al-ʝʪʘʣʦʥʽ (ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ ʨʽʚʥʽ 166 ʧʩ) ʪʘ ʚ ʧʦʣʽʤʝʨʽ, ʘ 

ʪʘʢʦʞ ʟ ʘʥʽʛʽʣʷʮʽʻʶ p-Ps (ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ ʨʽʚʥʽ 125 ʧʩ). ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʽʚ o-Ps ʪʘ p-Ps ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ ʨʽʚʥʽ 3:1. ʏʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʶ ʢʦʨʝʣʷʮʽʻʶ ʤʽʞ ʯʘʩʦʤ ʞʠʪʪʷ ʦʨʪʦʧʦʟʠʪʨʦʥʽʷ ʪʘ ʨʦʟʤʽʨʦʤ 

ʚʽʣʴʥʠʭ ʦʙô̒ ʤʽʚ ʻ ʥʘʧʽʚʝʤʧʽʨʠʯʥʘ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʘ ʤʦʜʝʣʴ ʊʘʦ-ɽʣʜʨʫʧʘ [58, 

59], ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʘʜʽʫʩʠ ʩʬʝʨʠʯʥʠʭ ʣʦʢʘʣʴʥʠʭ ʚʽʣʴʥʠʭ ʦʙô̒ ʤʽʚ 

(ʬʦʨʤʫʣʘ 3.1). 

ɼʦʩʣʽʜʞʫʚʘʥʽ ʟʨʘʟʢʠ AESO:VDM (1:0,5 ʤʦʣ.%) ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI), 

DMPA, ʪʘ ʙʝʟ ʥʴʦʛʦ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇɸʉ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʨʽʟʥʠʮʽ ʫ ʚʽʣʴʥʦʤʫ ʦʙô̒ ʤʽ ʤʽʞ ʟʨʘʟʢʘʤʠ, ʘ ʪʘʢʦʞ ʨʽʟʥʠʮʽ ʤʽʞ ʜʚʦʤʘ ʩʪʦʨʦʥʘʤʠ 

ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʟʨʘʟʢʘ (ʥʠʞʥʷ ʩʪʦʨʦʥʘ, ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʚʘʣʘ ʟʽ 

ʩʚʽʪʣʦʤ, ʪʘ ʚʝʨʭʥʷ ʩʪʦʨʦʥʘ, ʧʨʦʪʠʣʝʞʥʘ ʩʚʽʪʣʫ). 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʘʧʘʨʘʪʫʨʠ ʇɸʉ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ ʬʘʡʣʠ, ʧʨʠʜʘʪʥʽ ʜʣʷ LT 

PolymersÊ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ DaqProVis.  

ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʬʘʡʣʠ ʛʦʪʦʚʽ, ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ. ʇʽʜ ʯʘʩ ʮʴʦʛʦ ʧʨʦʮʝʩʫ 

ʮʽʢʘʚʠʤʠ ʻ ʜʘʥʽ ʧʨʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʯʘʩ ʞʠʪʪʷ ʦʜʥʽʻʾ ʟ ʜʚʦʭ ʬʦʨʤ ʧʦʟʠʪʨʦʥʽʶ: 

ʦʨʪʦ-ʧʦʟʠʪʨʦʥʽʡ (ʜʦʚʛʦʞʠʚʫʯʘ ʢʦʤʧʦʥʝʥʪʘ ʫ LT PolymersÊ). ʇʦʟʠʪʨʦʥʽʡ 

ʧʨʠʩʫʪʥʽʡ ʫ ʜʚʦʭ ʬʦʨʤʘʭ: ʧʘʨʘ-ʧʦʟʠʪʨʦʥʽʡ ʟ ʯʘʩʦʤ ʞʠʪʪʷ 0,125 ʥʩ ʪʘ ʦʨʪʦ-

ʧʦʟʠʪʨʦʥʽʡ ʟ ʯʘʩʦʤ ʞʠʪʪʷ ʙʣʠʟʴʢʦ 2 ʥʩ (ʮʝ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʨʘʟʢʘ ʜʦ 

ʟʨʘʟʢʘ). 

 

3.3. ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

 

ɯʥʬʨʘʯʝʨʚʦʥʘ (ɯʏ) ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʷʢʽʩʥʦʛʦ 

ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʦʣʽʤʝʨʽʚ. ɺʦʥʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʧʦʛʣʠʥʘʥʥʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʣʝʢʫʣʘʤʠ, ʢʦʣʠ ʝʥʝʨʛʽʷ ʬʦʪʦʥʽʚ 

ʚʽʜʧʦʚʽʜʘʻ ʝʥʝʨʛʽʾ ʢʦʣʠʚʘʣʴʥʠʭ ʧʝʨʝʭʦʜʽʚ ʤʦʣʝʢʫʣʷʨʥʠʭ ʟʚô̫ ʟʢʽʚ. ʂʦʞʥʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʛʨʫʧʘ ʤʘʻ ʭʘʨʘʢʪʝʨʥʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʭʽʤʽʯʥʽ ʟʤʽʥʠ, ʩʧʨʠʯʠʥʝʥʽ ʨʘʜʽʘʮʽʡʥʠʤ ʚʧʣʠʚʦʤ.  
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ʎʝʡ ʤʝʪʦʜ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʥʘʧʨʠʢʽʥʮʽ 1960-ʭ ʨʦʢʽʚ ʽ ʚʽʜʧʦʚʽʜʘʻ 

ʦʩʥʦʚʥʦʤʫ ʧʨʠʥʮʠʧʫ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʟʘʩʪʦʩʦʚʘʥʦʤʫ ʜʦ ʙʣʠʞʥʴʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʘʙʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʩʧʝʢʪʨʫ; ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʥʘ 

ʟʨʘʟʦʢ (ʟ ʧʝʚʥʦʶ ʦʙʣʘʩʪʶ ʜʦʚʞʠʥ ʭʚʠʣʴ) ʯʝʨʝʟ ʩʝʨʽʶ ʣʽʥʟ ʽ ʱʽʣʠʥ ʽ ʘʥʘʣʽʟʫʻʪʴʩʷ 

ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʦʛʣʠʥʘʥʥʷ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʚʽʜʙʠʪʪʷ ʟʨʘʟʢʘ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ 

ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ, ʩʪʨʫʢʪʫʨʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʨʘʟʢʘ. 

 

3.3.1. ʇʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʨʠ ʨʘʜʽʘʮʽʡʥʦʤʫ 

ʦʧʨʦʤʽʥʝʥʥʽ ʧʦʣʽʤʝʨʽʚ 

 

ʈʘʜʽʘʮʽʡʥʝ ʦʧʨʦʤʽʥʝʥʥʷ ʧʦʣʽʤʝʨʽʚ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʢʠʩʣʝʥʥʷ, ʨʦʟʨʠʚʫ 

ʟʚôʷʟʢʽʚ, ʟʰʠʚʘʥʥʷ ʪʘ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ. ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʤʦʥʽʪʦʨʠʪʠ ʮʽ ʧʨʦʮʝʩʠ. 

ɿ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [78-98] ʤʦʞʥʘ ʧʽʜʩʫʤʫʚʘʪʠ ʥʘʩʪʫʧʥʝ: 

ʆʢʠʩʣʝʥʥʷ ʧʦʣʽʝʪʠʣʝʥʫ (ʇɽ) ʧʽʜ ʜʽʻʶ ʨʘʜʽʘʮʽʾ 

ʇʽʜ ʜʽʻʶ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʥʶ, ʧʦʣʽʝʪʠʣʝʥ 

ʧʽʜʜʘʻʪʴʩʷ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʜʝʩʪʨʫʢʮʽʾ. 

- ɿʤʽʥʠ ʚ ɯʏ ʩʧʝʢʪʨʽ: ʍʘʨʘʢʪʝʨʥʦʶ ʦʟʥʘʢʦʶ ʦʢʠʩʣʝʥʥʷ ʻ ʧʦʷʚʘ ʘʙʦ ʟʨʦʩʪʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ, ʧʦʚôʷʟʘʥʠʭ ʟ ʢʘʨʙʦʥʽʣʴʥʠʤʠ ʛʨʫʧʘʤʠ (C=O). ʎʽ 

ʩʤʫʛʠ ʟʘʟʚʠʯʘʡ ʟô̫ ʚʣʷʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 1700-1750 ʩʤ-1. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʢʝʪʦʥʠ, 

ʘʣʴʜʝʛʽʜʠ, ʢʘʨʙʦʥʦʚʽ ʢʠʩʣʦʪʠ ʘʙʦ ʝʬʽʨʠ. 

ʉʤʫʛʘ å 1715-1720 ʩʤ-1: ʢʝʪʦʥʠ. 

ʉʤʫʛʘ å 1735 ʩʤ-1: ʩʢʣʘʜʥʽ ʝʬʽʨʠ. 

- ɻʽʜʨʦʢʩʠʣʴʥʽ ʛʨʫʧʠ (OïH): ʊʘʢʦʞ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʧʦʷʚʘ ʰʠʨʦʢʦʾ ʩʤʫʛʠ ʚ 

ʜʽʘʧʘʟʦʥʽ 3200-3600 ʩʤ-1, ʱʦ ʚʢʘʟʫʻ ʥʘ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ (ʩʧʠʨʪʠ, 

ʬʝʥʦʣʠ). 

- ɺʠʤʽʨʶʚʘʥʥʷ ʽʥʜʝʢʩʫ ʢʘʨʙʦʥʽʣʶʚʘʥʥʷ: ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ 

ʦʢʠʩʣʝʥʥʷ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʜʝʢʩ ʢʘʨʙʦʥʽʣʶʚʘʥʥʷ (CI), ʷʢʠʡ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʤʫʛʠ C=O (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ å 1720 

ʩʤ-1) ʜʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʝʪʘʣʦʥʥʦʾ ʩʤʫʛʠ, ʷʢʘ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʨʘʜʽʘʮʽʾ 
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(ʥʘʧʨʠʢʣʘʜ, ʩʤʫʛʘ CH2 ʧʨʠ å 1465 ʩʤ-1 ʘʙʦ å 2920 ʩʤ-1). ɿʨʦʩʪʘʥʥʷ CI ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʧʦʩʠʣʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦ-ʽʥʜʫʢʦʚʘʥʦʛʦ ʦʢʠʩʣʝʥʥʷ. 

 

ɼʝʩʪʨʫʢʮʽʷ ʧʦʣʽʧʨʦʧʽʣʝʥʫ (ʇʇ) 

ʇʦʣʽʧʨʦʧʽʣʝʥ ʻ ʙʽʣʴʰ ʯʫʪʣʠʚʠʤ ʜʦ ʨʘʜʽʘʮʽʡʥʦʾ ʜʝʩʪʨʫʢʮʽʾ, ʥʽʞ ʇɽ, ʯʝʨʝʟ 

ʥʘʷʚʥʽʩʪʴ ʪʨʝʪʠʥʥʠʭ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ. 

- ɿʤʽʥʠ ʚ ɯʏ ʩʧʝʢʪʨʽ: ʇʦʜʽʙʥʦ ʜʦ ʇɽ, ʚ ʇʇ ʧʽʜ ʜʽʻʶ ʨʘʜʽʘʮʽʾ ʪʘʢʦʞ ʫʪʚʦʨʶʶʪʴʩʷ 

ʢʘʨʙʦʥʽʣʴʥʽ ʪʘ ʛʽʜʨʦʢʩʠʣʴʥʽ ʛʨʫʧʠ. ʂʨʽʤ ʪʦʛʦ, ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʟʤʝʥʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʤʫʛ, ʧʦʚôʷʟʘʥʠʭ ʟ ʤʝʪʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ (ïCH3), ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʚʽʜʱʝʧʣʝʥʥʷ ʮʠʭ ʛʨʫʧ ʘʙʦ ʾʭ ʦʢʠʩʣʝʥʥʷ. 

 

3.3.2. ɿʘʩʪʦʩʫʚʘʥʥʷ ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʽʤʝʨʽʚ 

 

ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʭʽʤʽʯʥʠʭ ʟʤʽʥ ʫ ʧʦʣʽʤʝʨʘʭ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʚʧʣʠʚʦʤ 

ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. ʆʩʪʘʥʥʽ ʨʦʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʦʟʚʠʪʢʦʤ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ʪʘ ʾʭ ʢʦʤʙʽʥʘʮʽʻʶ ʟ ʽʥʰʠʤʠ ʪʝʭʥʽʢʘʤʠ. 

 

ʄʦʥʽʪʦʨʠʥʛ ʜʝʛʨʘʜʘʮʽʾ ʪʘ ʦʢʠʩʣʝʥʥʷ 

ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ, 

ʪʝʨʤʽʯʥʦʾ ʪʘ ʬʦʪʦʭʽʤʽʯʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʧʦʣʽʤʝʨʽʚ. 

ʆʢʠʩʣʝʥʥʷ ʧʦʣʽʦʣʝʬʽʥʽʚ: ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʚʘʣʠ ʨʘʜʽʘʮʽʡʥʝ ʦʢʠʩʣʝʥʥʷ 

ʧʦʣʽʝʪʠʣʝʥʫ ʪʘ ʧʦʣʽʧʨʦʧʽʣʝʥʫ. ɺʦʥʠ ʜʝʪʘʣʴʥʦ ʘʥʘʣʽʟʫʚʘʣʠ ʧʦʷʚʫ ʪʘ ʟʨʦʩʪʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʤʫʛ ʢʘʨʙʦʥʽʣʴʥʠʭ (1700-1750 ʩʤ-1) ʪʘ ʛʽʜʨʦʢʩʠʣʴʥʠʭ (3200-3600 

ʩʤ-1) ʛʨʫʧ, ʱʦ ʻ ʧʨʷʤʠʤ ʩʚʽʜʯʝʥʥʷʤ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʜʝʛʨʘʜʘʮʽʾ. ɯʥʜʝʢʩ 

ʢʘʨʙʦʥʽʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʜʝʛʨʘʜʘʮʽʾ. 

ɼʝʛʨʘʜʘʮʽʷ ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʫ (ʇɺʍ): ʜʦʩʣʽʜʞʫʚʘʣʠ ʨʘʜʽʘʮʽʡʥʫ ʜʝʛʨʘʜʘʮʽʶ 

ʇɺʍ. ɺʦʥʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʤʫʛ CïCl (600-700 ʩʤ-1) ʪʘ 

ʧʦʷʚʫ ʩʤʫʛ C=C (1600-1650 ʩʤ-1), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʝʛʽʜʨʦʭʣʦʨʫʚʘʥʥʷ ʪʘ 

ʫʪʚʦʨʝʥʥʷ ʧʦʣʽʻʥʦʚʠʭ ʩʪʨʫʢʪʫʨ. 
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ʇʦʣʽʫʨʝʪʘʥʠ: ʚʠʚʯʘʣʠ ʚʧʣʠʚ ʛʘʤʤʘ-ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ ʧʦʣʽʫʨʝʪʘʥʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʶ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʤʽʥ ʫ ʩʪʨʫʢʪʫʨʽ 

ʫʨʝʪʘʥʦʚʠʭ ʟʚô̫ ʟʢʽʚ, ʫʪʚʦʨʝʥʥʷ ʢʘʨʙʦʥʽʣʴʥʠʭ ʛʨʫʧ ʪʘ ʜʝʛʨʘʜʘʮʽʶ ʝʬʽʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. 

ɹʽʦʨʦʟʢʣʘʜʥʽ ʧʦʣʽʤʝʨʠ: ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ɯʏ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʙʽʦʨʦʟʢʣʘʜʫ 

ʧʦʣʽʣʘʢʪʠʜʫ (PLA) ʪʘ ʡʦʛʦ ʢʦʤʧʦʟʠʪʽʚ, ʚʽʜʩʪʝʞʫʶʯʠ ʛʽʜʨʦʣʽʪʠʯʥʝ ʨʦʟʱʝʧʣʝʥʥʷ 

ʝʬʽʨʥʠʭ ʟʚô̫ ʟʢʽʚ. ʍʦʯʘ ʮʝ ʥʝ ʨʘʜʽʘʮʽʷ, ʧʨʠʥʮʠʧ ʤʦʥʽʪʦʨʠʥʛʫ ʭʽʤʽʯʥʠʭ ʟʤʽʥ ʪʦʡ 

ʩʘʤʠʡ. 

 

ɺʠʚʯʝʥʥʷ ʟʰʠʚʘʥʥʷ ʪʘ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʮʝʩʽʚ 

ʟʰʠʚʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʜʫʢʦʚʘʥʽ ʨʘʜʽʘʮʽʻʶ. 

ʈʘʜʽʘʮʽʡʥʦ-ʽʥʜʫʢʦʚʘʥʝ ʟʰʠʚʘʥʥʷ: ʜʦʩʣʽʜʞʫʚʘʣʠ ʨʘʜʽʘʮʽʡʥʦ-ʽʥʜʫʢʦʚʘʥʝ 

ʟʰʠʚʘʥʥʷ ʧʦʣʽʝʪʠʣʝʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ɯʏ. ɺʦʥʠ ʤʦʥʽʪʦʨʠʣʠ ʟʤʽʥʠ ʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʤʫʛ, ʧʦʚô̫ ʟʘʥʠʭ ʟ ʧʦʜʚʽʡʥʠʤʠ ʟʚô̫ ʟʢʘʤʠ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ 

ʩʪʨʫʢʪʫʨʽ. 

ɿʰʠʚʘʥʥʷ ʩʤʦʣ: ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ FTIR ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʢʽʥʝʪʠʢʠ 

ʪʝʨʤʽʯʥʦʛʦ ʟʰʠʚʘʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ, ʚʽʜʩʪʝʞʫʶʯʠ ʟʥʠʢʥʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ 

ʝʧʦʢʩʠʜʥʠʭ ʛʨʫʧ. 

 

ɸʥʘʣʽʟ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʪʘ ʽʥʪʝʨʬʝʡʩʽʚ 

ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʪʝʭʥʽʢʘʤʠ, ʪʘʢʠʤʠ ʷʢ Attenuated Total 

Reflectance-Fourier Transform Infrared (ATR-FTIR) ʘʙʦ Raman spectroscopy, 

ʜʦʟʚʦʣʷʻ ʚʠʚʯʘʪʠ ʚʟʘʻʤʦʜʽʶ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ, ʦʩʦʙʣʠʚʦ ʥʘ 

ʥʘʥʦʨʽʚʥʽ. 

ɺʟʘʻʤʦʜʽʷ ʧʦʣʽʤʝʨ-ʥʘʧʦʚʥʶʚʘʯ: ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ɯʏ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʦʣʽʧʨʦʧʽʣʝʥʦʤ ʪʘ ʨʽʟʥʠʤʠ ʥʘʥʦʥʘʧʦʚʥʶʚʘʯʘʤʠ, ʚʠʷʚʣʷʶʯʠ ʟʤʽʥʠ 

ʚ ʤʦʣʝʢʫʣʷʨʥʽʡ ʢʦʥʬʦʨʤʘʮʽʾ ʪʘ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʧʦʣʽʤʝʨʫ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ 

ʥʘʥʦʯʘʩʪʠʥʦʢ. 
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ʄʦʜʠʬʽʢʘʮʽʷ ʧʦʚʝʨʭʦʥʴ: ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ATR-FTIR ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʭʽʤʽʯʥʠʭ ʟʤʽʥ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ, ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʣʘʟʤʦʶ, ʱʦ ʻ 

ʘʥʘʣʦʛʦʤ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ. 

 

3.3.3. ʄʝʪʦʜʠʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ 

ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʽʥʬʨʘʯʝʨʚʦʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨôʻ ʪʘ 

ʦʩʣʘʙʣʝʥʠʤ ʧʦʚʥʠʤ ʚʽʜʙʠʪʪʷʤ (Attenuated Total Reflectance-Fourier Transform 

Infrared (ATR-FTIR) spectroscopy). ʉʧʝʢʪʨʠ ʙʫʣʠ ʟʘʧʠʩʘʥʽ ʚ ʜʽʘʧʘʟʦʥʽ ʭʚʠʣʴʦʚʠʭ 

ʯʠʩʝʣ 4000-600 ʩʤ-1. 

 

3.4. ɽʇʈ ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

 

ʉʧʝʢʪʨʦʩʢʦʧʽʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ (ɽʇʈ) (ʪʘʢʦʞ 

ʚʽʜʦʤʘ ʷʢ ʝʣʝʢʪʨʦʥʥʠʡ ʩʧʽʥʦʚʠʡ ʨʝʟʦʥʘʥʩ, ɽʉʈ) ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʘʛʥʽʪʥʠʭ ʯʘʩʪʠʥʦʢ, ʪʘʢʠʭ ʷʢ ʚʽʣʴʥʽ ʨʘʜʠʢʘʣʠ, 

ʽʦʥʠ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʟ ʥʝʩʧʘʨʝʥʠʤʠ ʝʣʝʢʪʨʦʥʘʤʠ ʪʘ ʤʦʣʝʢʫʣʠ ʚ ʪʨʠʧʣʝʪʥʦʤʫ 

ʩʪʘʥʽ. ʋ ʢʦʥʪʝʢʩʪʽ ʨʘʜʽʘʮʽʡʥʦʾ ʭʽʤʽʾ ʧʦʣʽʤʝʨʽʚ ɽʇʈ ʻ ʥʝʟʘʤʽʥʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ 

ʧʨʷʤʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦ-ʽʥʜʫʢʦʚʘʥʠʭ ʨʘʜʠʢʘʣʽʚ, ʷʢʽ ʻ ʢʣʶʯʦʚʠʤʠ 

ʽʥʪʝʨʤʝʜʽʘʪʘʤʠ ʚ ʧʨʦʮʝʩʘʭ ʜʝʩʪʨʫʢʮʽʾ ʪʘ ʟʰʠʚʘʥʥʷ. 

ʇʨʠʥʮʠʧ ɽʇʈ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʟʘʻʤʦʜʽʾ ʥʝʩʧʘʨʝʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʟ ʟʦʚʥʽʰʥʽʤ 

ʧʦʩʪʽʡʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ. ʅʝʩʧʘʨʝʥʠʡ ʝʣʝʢʪʨʦʥ ʤʘʻ ʩʧʽʥʦʚʠʡ ʤʘʛʥʽʪʥʠʡ 

ʤʦʤʝʥʪ, ʷʢʠʡ ʤʦʞʝ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʧʘʨʘʣʝʣʴʥʦ ʘʙʦ ʘʥʪʠʧʘʨʘʣʝʣʴʥʦ ʟʦʚʥʽʰʥʴʦʤʫ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʶ. ʎʽ ʜʚʘ ʩʧʽʥʦʚʽ ʩʪʘʥʠ ʤʘʶʪʴ ʨʽʟʥʽ ʝʥʝʨʛʽʾ. 

ɽʇʈ ʩʧʝʢʪʨʠ ʟʘʟʚʠʯʘʡ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʢʨʠʚʦʾ 

ʧʦʛʣʠʥʘʥʥʷ. ʇʦʣʦʞʝʥʥʷ ʧʽʢʘ (g-ʬʘʢʪʦʨ) ʪʘ ʛʽʧʝʨʪʦʥʢʘ ʩʪʨʫʢʪʫʨʘ (ʨʦʟʱʝʧʣʝʥʥʷ 

ʩʠʛʥʘʣʫ) ʻ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʨʠʨʦʜʫ 

ʨʘʜʠʢʘʣʘ ʪʘ ʡʦʛʦ ʣʦʢʘʣʴʥʝ ʦʪʦʯʝʥʥʷ. 
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3.4.1. ʇʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ɽʇʈ ʧʨʠ ʨʘʜʽʘʮʽʡʥʦʤʫ ʦʧʨʦʤʽʥʝʥʥʽ ʧʦʣʽʤʝʨʽʚ 

 

ʈʘʜʽʘʮʽʡʥʝ ʦʧʨʦʤʽʥʝʥʥʷ ʧʦʣʽʤʝʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʦʤʦʣʽʪʠʯʥʦʛʦ ʨʦʟʨʠʚʫ 

ʟʚôʷʟʢʽʚ ʪʘ ʫʪʚʦʨʝʥʥʷ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ. ɽʇʈ ʜʦʟʚʦʣʷʻ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʮʽ 

ʢʦʨʦʪʢʦʞʠʚʫʯʽ ʘʙʦ ʩʪʘʙʽʣʴʥʽ ʽʥʪʝʨʤʝʜʽʘʪʠ. 

ɿ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [77-98] ʤʦʞʥʘ ʧʽʜʩʫʤʫʚʘʪʠ ʥʘʩʪʫʧʥʝ: 

ʈʘʜʽʘʮʽʡʥʦ-ʽʥʜʫʢʦʚʘʥʽ ʨʘʜʠʢʘʣʠ ʚ ʧʦʣʽʝʪʠʣʝʥʽ (ʇɽ) 

ʇʽʜ ʜʽʻʶ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʇɽ ʫʪʚʦʨʶʶʪʴʩʷ ʨʽʟʥʽ ʪʠʧʠ 

ʨʘʜʠʢʘʣʽʚ: 

- ɸʣʢʽʣʴʥʽ ʨʘʜʠʢʘʣʠ (īCH2īC
¶HīCH2ī): ʎʝ ʧʝʨʚʠʥʥʽ ʨʘʜʠʢʘʣʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʚʽʜʱʝʧʣʝʥʥʷ ʘʪʦʤʘ ʚʦʜʥʶ. ɰʭ ɽʇʈ ʩʧʝʢʪʨ ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 6-

ʣʽʥʽʡʥʦʛʦ ʘʙʦ 7-ʣʽʥʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʥʝʩʧʘʨʝʥʦʛʦ 

ʝʣʝʢʪʨʦʥʘ ʟ ʩʫʩʽʜʥʽʤʠ ʧʨʦʪʦʥʘʤʠ (ʚʽʜ Ŭ ʪʘ ɓ ʧʨʦʪʦʥʽʚ). 

- ʇʦʣʽʻʥʽʣʴʥʽ ʨʘʜʠʢʘʣʠ (īCH2ī(CH=CH)nīC
¶HīCH2ī): ʇʨʠ ʚʠʩʦʢʠʭ ʜʦʟʘʭ 

ʦʧʨʦʤʽʥʝʥʥʷ ʘʙʦ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʟʙʝʨʽʛʘʥʥʽ, ʘʣʢʽʣʴʥʽ ʨʘʜʠʢʘʣʠ ʤʦʞʫʪʴ 

ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʷ ʥʘ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʽ ʧʦʣʽʻʥʽʣʴʥʽ ʨʘʜʠʢʘʣʠ, ʷʢʽ ʜʘʶʪʴ ʩʢʣʘʜʥʽʰʽ 

ʩʧʝʢʪʨʠ ɽʇʈ, ʯʘʩʪʦ ʟ ʤʝʥʰʦʶ ʛʽʧʝʨʪʦʥʢʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʘʣʝ ʰʠʨʰʽ. 

- ʇʝʨʦʢʩʠʣʴʥʽ ʨʘʜʠʢʘʣʠ (īCH2īCH(OO¶)īCH2ī): ʗʢʱʦ ʦʧʨʦʤʽʥʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʥʶ ʘʙʦ ʟʨʘʟʦʢ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʧʦʚʽʪʨʽ, ʘʣʢʽʣʴʥʽ 

ʨʘʜʠʢʘʣʠ ʨʝʘʛʫʶʪʴ ʟ ʢʠʩʥʝʤ, ʫʪʚʦʨʶʶʯʠ ʧʝʨʦʢʩʠʣʴʥʽ ʨʘʜʠʢʘʣʠ. ɰʭ ɽʇʈ ʩʧʝʢʪʨ ʻ 

ʭʘʨʘʢʪʝʨʥʠʤ ï ʘʥʽʟʦʪʨʦʧʥʠʡ, ʯʘʩʪʦ ʘʩʠʤʝʪʨʠʯʥʠʡ ʩʠʥʛʣʝʪ (ʘʙʦ ʪʨʠʧʣʝʪ ʫ 

ʨʦʟʯʠʥʘʭ), ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʘʥʽʟʦʪʨʦʧʽʶ g-ʬʘʢʪʦʨʘ, ʧʦʚôʷʟʘʥʫ ʟ ʥʘʷʚʥʽʩʪʶ ʘʪʦʤʘ 

ʢʠʩʥʶ. ʎʽ ʨʘʜʠʢʘʣʠ ʻ ʢʣʶʯʦʚʠʤʠ ʚ ʧʨʦʮʝʩʘʭ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʜʝʩʪʨʫʢʮʽʾ. 

ɽʇʈ ʩʧʝʢʪʨ ʘʣʢʽʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʚ ʇɽ: ʗʢʱʦ ʥʝʩʧʘʨʝʥʠʡ ʝʣʝʢʪʨʦʥ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʘʪʦʤʽ ʚʫʛʣʝʮʶ, ʟʚôʷʟʘʥʦʤʫ ʟ ʯʦʪʠʨʤʘ ʧʨʦʪʦʥʘʤʠ (ʜʚʘ a-ʧʨʦʪʦʥʠ 

ʪʘ ʜʚʘ b-ʧʨʦʪʦʥʠ, ʷʢʱʦ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʥʬʦʨʤʘʮʽʶ), ʪʦ ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʙʦʨʫ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʷʜʝʨ, ʩʧʝʢʪʨ ʤʦʞʝ ʤʘʪʠ ʙʘʛʘʪʦ ʣʽʥʽʡ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʨʦʩʪʦʛʦ 

ʨʘʜʠʢʘʣʫ ʪʠʧʫ ¶CH2īR, ʜʝ ʥʝʩʧʘʨʝʥʠʡ ʝʣʝʢʪʨʦʥ ʚʟʘʻʤʦʜʽʻ ʟ ʜʚʦʤʘ a-ʧʨʦʪʦʥʘʤʠ, 

ʤʠ ʦʯʽʢʫʻʤʦ ʪʨʠʧʣʝʪ. ɺ ʇɽ ʩʠʪʫʘʮʽʷ ʩʢʣʘʜʥʽʰʘ, ʦʩʢʽʣʴʢʠ ʽʩʥʫʶʪʴ ʥʝʝʢʚʽʚʘʣʝʥʪʥʽ 
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ʧʨʦʪʦʥʠ. ɿʘʟʚʠʯʘʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 6-ʣʽʥʽʡʥʠʡ ʩʠʛʥʘʣ ʜʣʷ ʨʘʜʠʢʘʣʫ 

īCH2īC
¶HīCH2ī. 

 

ʈʘʜʽʘʮʽʡʥʦ-ʽʥʜʫʢʦʚʘʥʽ ʨʘʜʠʢʘʣʠ ʚ ʇʄʄɸ 

ʇʄʄɸ ʧʽʜ ʜʽʻʶ ʨʘʜʽʘʮʽʾ ʫʪʚʦʨʶʻ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ ʨʘʜʠʢʘʣʽʚ, ʷʢʽ ʜʦʙʨʝ 

ʚʠʚʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʇʈ. 

- ʈʘʜʠʢʘʣʠ ʜʝʩʪʨʫʢʮʽʾ ʦʩʥʦʚʥʦʛʦ ʣʘʥʮʶʛʘ: ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʨʘʜʠʢʘʣʽʚ ʻ ʨʘʜʠʢʘʣ 

ʟ ʢʽʥʮʝʚʦʶ ʛʨʫʧʦʶ (īCH2īC
¶CH3)īCOOCH3): ʋʪʚʦʨʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʨʦʟʨʠʚʫ 

ʟʚô̫ ʟʢʫ CïC ʦʩʥʦʚʥʦʛʦ ʣʘʥʮʶʛʘ. ʁʦʛʦ ɽʇʈ ʩʧʝʢʪʨ ʻ ʩʢʣʘʜʥʠʤ, ʯʘʩʪʦ 

ʙʘʛʘʪʦʣʽʥʽʡʥʠʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʟ ʧʨʦʪʦʥʘʤʠ ʤʝʪʠʣʴʥʠʭ ʛʨʫʧ ʪʘ CH2-

ʛʨʫʧʠ. 

- ʈʘʜʠʢʘʣʠ, ʫʪʚʦʨʝʥʽ ʚʽʜʱʝʧʣʝʥʥʷʤ ʙʽʯʥʠʭ ʛʨʫʧ: ʄʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʨʘʜʠʢʘʣʠ 

ʚʥʘʩʣʽʜʦʢ ʚʽʜʱʝʧʣʝʥʥʷ ʤʝʪʘʥʦʣʫ ʘʙʦ ʽʥʰʠʭ ʬʨʘʛʤʝʥʪʽʚ ʝʬʽʨʥʦʾ ʛʨʫʧʠ. 

- ʇʝʨʦʢʩʠʣʴʥʽ ʨʘʜʠʢʘʣʠ: ʗʢ ʽ ʚ ʇɽ, ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʥʶ ʫʪʚʦʨʶʶʪʴʩʷ 

ʧʝʨʦʢʩʠʣʴʥʽ ʨʘʜʠʢʘʣʠ ʟ ʭʘʨʘʢʪʝʨʥʠʤ ʘʥʽʟʦʪʨʦʧʥʠʤ ʩʠʥʛʣʝʪʥʠʤ ʩʧʝʢʪʨʦʤ. 

 

3.4.2. ɿʘʩʪʦʩʫʚʘʥʥʷ ɽʇʈ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʽʤʝʨʽʚ 

 

ɽʇʈ ʩʧʝʢʪʨʦʩʢʦʧʽʷ  ̒ʥʝʧʝʨʝʚʝʨʰʝʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʧʨʷʤʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʧʦʣʽʤʝʨʘʭ ʧʽʜ ʚʧʣʠʚʦʤ 

ʨʘʜʽʘʮʽʾ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʜʝʪʘʣʴʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʤʝʭʘʥʽʟʤʽʚ 

ʫʪʚʦʨʝʥʥʷ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʨʘʜʠʢʘʣʽʚ, ʾʭ ʨʦʣʽ ʚ ʜʝʛʨʘʜʘʮʽʾ ʪʘ ʟʰʠʚʘʥʥʽ, ʘ ʪʘʢʦʞ 

ʥʘ ʚʠʚʯʝʥʥʽ ʨʘʜʠʢʘʣʽʚ ʫ ʩʢʣʘʜʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤʘʭ. 

 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʨʘʜʽʘʮʽʡʥʦ-ʽʥʜʫʢʦʚʘʥʠʭ ʨʘʜʠʢʘʣʽʚ 

ʇʦʣʽʝʪʠʣʝʥ ʪʘ ʧʦʣʽʧʨʦʧʽʣʝʥ: ʨʦʙʦʪʠ ʙʫʣʠ ʧʨʠʩʚʷʯʝʥʽ ʜʝʪʘʣʴʥʦʤʫ ʚʠʚʯʝʥʥʶ 

ʩʧʝʢʪʨʽʚ ɽʇʈ ʨʘʜʽʘʮʽʡʥʦ-ʽʥʜʫʢʦʚʘʥʠʭ ʘʣʢʽʣʴʥʠʭ ʪʘ ʧʝʨʦʢʩʠʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʫ 

ʧʦʣʽʝʪʠʣʝʥʽ ʪʘ ʧʦʣʽʧʨʦʧʽʣʝʥʽ. ɺʦʥʠ ʧʽʜʪʚʝʨʜʠʣʠ ʫʪʚʦʨʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ 

ʤʫʣʴʪʠʧʣʝʪʽʚ ʜʣʷ ʘʣʢʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʪʘ ʘʥʽʟʦʪʨʦʧʥʠʭ ʩʠʥʛʣʝʪʽʚ ʜʣʷ 
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ʧʝʨʦʢʩʠʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʨʦʩʪʝʞʠʪʠ ʤʝʭʘʥʽʟʤʠ ʾʭ ʫʪʚʦʨʝʥʥʷ ʪʘ 

ʚʟʘʻʤʦʧʝʨʝʪʚʦʨʝʥʥʷ. ɿʦʢʨʝʤʘ, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʷʢ ʧʝʨʦʢʩʠʣʴʥʽ ʨʘʜʠʢʘʣʠ 

ʜʦʤʽʥʫʶʪʴ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʥʶ, ʽ ʷʢ ʾʭ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʧʣʠʚʘʻ ʥʘ ʧʦʜʘʣʴʰʽ ʧʨʦʮʝʩʠ 

ʦʢʠʩʣʝʥʥʷ. 

ʇʦʣʽʚʽʥʽʣʭʣʦʨʠʜ (ʇɺʍ): ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ɽʇʈ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʘʜʠʢʘʣʽʚ ʫ 

ʦʧʨʦʤʽʥʝʥʦʤʫ ʇɺʍ. ɺʦʥʠ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ ʘʣʽʣʴʥʽ ʪʘ ʧʦʣʽʻʥʽʣʴʥʽ ʨʘʜʠʢʘʣʠ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʜʝʛʽʜʨʦʭʣʦʨʫʚʘʥʥʷ ʪʘ ʤʽʛʨʘʮʽʾ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʘ 

ʚʟʜʦʚʞ ʢʦʥôʁ ʛʦʚʘʥʠʭ ʩʠʩʪʝʤ. 

ʇʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ (ʇʄʄɸ): ʧʨʦʜʦʚʞʫʚʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʘʜʠʢʘʣʽʚ ʫ 

ʇʄʄɸ, ʧʽʜʪʚʝʨʜʞʫʶʯʠ ʫʪʚʦʨʝʥʥʷ «ʢʽʥʮʝʚʠʭ» ʨʘʜʠʢʘʣʽʚ ʪʘ ʚʠʚʯʘʶʯʠ ʾʭ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʦʧʨʦʤʽʥʝʥʥʷ. 

 

ʂʽʥʝʪʠʢʘ ʨʘʜʠʢʘʣʴʥʠʭ ʨʝʘʢʮʽʡ 

ɽʇʈ ʜʦʟʚʦʣʷʻ ʤʦʥʽʪʦʨʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʘʜʠʢʘʣʽʚ ʫ ʯʘʩʽ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ 

ʜʣʷ ʚʠʚʯʝʥʥʷ ʢʽʥʝʪʠʢʠ ʨʘʜʽʘʮʽʡʥʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʐʚʠʜʢʽʩʪʴ ʟʥʠʢʥʝʥʥʷ ʨʘʜʠʢʘʣʽʚ: ʜʦʩʣʽʜʞʫʚʘʣʠ ʢʽʥʝʪʠʢʫ ʟʥʠʢʥʝʥʥʷ 

ʨʘʜʠʢʘʣʽʚ ʫ ʦʧʨʦʤʽʥʝʥʠʭ ʙʽʦʨʦʟʢʣʘʜʥʠʭ ʧʦʣʽʤʝʨʘʭ, ʪʘʢʠʭ ʷʢ ʧʦʣʽʣʘʢʪʠʜ, ʽ ʷʢ ʥʘ 

ʮʝ ʚʧʣʠʚʘʻ ʦʪʦʯʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʚʦʣʦʛʽʩʪʴ). 

ɺʧʣʠʚ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ: ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ɽʇʈ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʪʘ ʨʘʜʽʘʮʽʡʥʠʭ ʧʨʦʪʝʢʪʦʨʽʚ ʫ ʟʤʝʥʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ 

ʨʘʜʠʢʘʣʽʚ ʫ ʧʦʣʽʤʝʨʘʭ, ʦʧʨʦʤʽʥʝʥʠʭ ʚʠʩʦʢʠʤʠ ʝʥʝʨʛʽʷʤʠ. ɺʦʥʠ ʧʦʢʘʟʘʣʠ, ʷʢ 

ʜʝʷʢʽ ʜʦʤʽʰʢʠ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʷʢ ʘʢʮʝʧʪʦʨʠ ʨʘʜʠʢʘʣʽʚ, ʟʘʧʦʙʽʛʘʶʯʠ ʜʝʛʨʘʜʘʮʽʾ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʘʜʠʢʘʣʽʚ ʫ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ 

ʆʩʪʘʥʥʽ ʨʦʢʠ ʚʽʜʟʥʘʯʠʣʠʩʷ ʟʨʦʩʪʘʥʥʷʤ ʽʥʪʝʨʝʩʫ ʜʦ ʚʠʚʯʝʥʥʷ ʨʘʜʠʢʘʣʽʚ ʫ 

ʧʦʣʽʤʝʨʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ, ʜʝ ʧʦʚʝʨʭʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ 

ʥʘ ʫʪʚʦʨʝʥʥʷ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʘʜʠʢʘʣʽʚ. 

ɺʧʣʠʚ ʥʘʥʦʥʘʧʦʚʥʶʚʘʯʽʚ: ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ZnO ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʘ 

ʨʘʜʽʘʮʽʡʥʦ-ʽʥʜʫʢʦʚʘʥʽ ʨʘʜʠʢʘʣʠ ʚ ʧʦʣʽʚʽʥʽʣʦʚʦʤʫ ʩʧʠʨʪʽ (ʇɺʉ). ɺʦʥʠ ʧʦʢʘʟʘʣʠ, 
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ʱʦ ʥʘʥʦʯʘʩʪʠʥʢʠ ʤʦʞʫʪʴ ʤʦʜʠʬʽʢʫʚʘʪʠ ʚʠʭʽʜ ʨʘʜʠʢʘʣʽʚ, ʘʙʦ ʜʽʶʯʠ ʷʢ ʧʘʩʪʢʠ, 

ʘʙʦ ʟʤʽʥʶʶʯʠ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ. 

ʈʘʜʠʢʘʣʠ ʥʘ ʧʦʚʝʨʭʥʽ: ʜʦʩʣʽʜʞʫʚʘʣʠ ʫʪʚʦʨʝʥʥʷ ʨʘʜʠʢʘʣʽʚ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ 

ʬʘʟ ʫ ʢʦʤʧʦʟʠʪʘʭ ʧʦʣʽʤʝʨ/ʥʘʥʦʛʣʠʥʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ɽʇʈ. ɰʭʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʽʥʪʝʨʬʝʡʩ ʤʦʞʝ ʙʫʪʠ ʤʽʩʮʝʤ ʧʽʜʚʠʱʝʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʘʙʦ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʘʜʠʢʘʣʽʚ, ʱʦ ʤʘʻ ʥʘʩʣʽʜʢʠ ʜʣʷ ʟʘʛʘʣʴʥʦʾ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ. 

 

3.4.3. ʄʝʪʦʜʠʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ɽʇʈ 

 

ʉʧʝʢʪʨʠ ɽʇʈ ʤʦʞʫʪʴ ʙʫʪʠ ʜʫʞʝ ʩʢʣʘʜʥʠʤʠ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʚ 

ʘʤʦʨʬʥʠʭ ʪʚʝʨʜʠʭ ʪʽʣʘʭ ʪʘ ʧʦʣʽʤʝʨʘʭ, ʜʝ ʨʘʜʠʢʘʣʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ 

ʢʦʥʬʦʨʤʘʮʽʾ ʪʘ ʦʪʦʯʝʥʥʷ. ɼʝʷʢʽ ʨʘʜʠʢʘʣʠ ʜʫʞʝ ʢʦʨʦʪʢʦʞʠʚʫʯʽ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʱʦ ʚʠʤʘʛʘʻ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(ʥʘʧʨʠʢʣʘʜ, 77 ʂ).  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʟʨʘʟʢʽʚ ʚ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʥʷ 

ʪʘ ʚʠʢʣʶʯʝʥʥʷ ʋʌ-ʩʚʽʪʣʘ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ɽʇʈ. ɺʠʤʽʨʶʚʘʥʥʷ 

ɽʇʈ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ Varian E4, X-ʜʽʘʧʘʟʦʥ, ʥʘ ʧʦʩʪʽʡʥʽʡ 

ʯʘʩʪʦʪʽ ~9,47 ɻɻʮ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ.  

 

3.5. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʩʬʦʨʤʦʚʘʥʦ ʪʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʚʠʚʯʝʥʥʷ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ (ʇʈɽ) ʫ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʧʽʜ 

ʯʘʩ ʧʨʦʮʝʩʽʚ ʾʭ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʪʘ ʩʫʧʫʪʥʴʦʾ ʬʦʪʦʜʝʛʨʘʜʘʮʽʾ. 

ʆʩʥʦʚʦʶ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʙʨʘʥʦ ʽʥʥʦʚʘʮʽʡʥʽ 

ʧʦʣʽʤʝʨʥʽ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʘʢʨʠʣʦʚʘʥʦʾ ʝʧʦʢʩʠʜʦʚʘʥʦʾ ʩʦʻʚʦʾ ʦʣʽʾ (AESO) ʪʘ 

ʚʘʥʽʣʽʥʜʠʤʝʪʘʢʨʠʣʘʪʫ (VDM). ɺʠʙʽʨ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʜʠʢʪʦʚʘʥʠʡ ʾʭʥʴʦʶ 

ʚʠʩʦʢʦʶ ʙʽʦʩʫʤʽʩʥʽʩʪʶ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʽʪʥʽʭ 
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ʘʤʧʝʨʦʤʝʪʨʠʯʥʠʭ ʙʽʦʩʝʥʩʦʨʽʚ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʪʝʭʥʦʣʦʛʽʷʭ 3D-ʜʨʫʢʫ. ɼʣʷ 

ʧʨʝʮʠʟʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ ʤʘʪʨʠʮʴ ʚʘʨʽʶʚʘʣʦʩʷ ʤʦʣʷʨʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʦʥʦʤʝʨʽʚ ʪʘ ʥʘʷʚʥʽʩʪʴ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (DMPA). ɿ ʤʝʪʦʶ 

ʚʠʷʚʣʝʥʥʷ ʧʦʚʽʣʴʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʙʫʜʦʚ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ 

ʧʨʦʪʦʢʦʣʠ ʪʨʠʚʘʣʦʛʦ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ (ʷʢ ʙʝʟʧʝʨʝʨʚʥʦʛʦ, ʪʘʢ ʽ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ), 

ʱʦ ʦʭʦʧʣʶʚʘʣʠ ʟʘʛʘʣʦʤ ʧʦʥʘʜ 114 ʛʦʜʠʥ ʝʢʩʧʦʟʠʮʽʾ ʟ ʧʘʨʘʣʝʣʴʥʠʤ in-situ 

ʤʦʥʽʪʦʨʠʥʛʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʘ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ 

ʩʫʚʦʨʦ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʫʤʦʚʠ ʜʣʷ ʬʽʢʩʘʮʽʾ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʠʭ ʨʘʜʽʘʮʽʡʥʦ-

ʽʥʜʫʢʦʚʘʥʠʭ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʪʘ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʟʤʽʥ. 

ɼʣʷ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʝʚʦʣʶʮʽʻʶ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʧʦʣʽʤʝʨʥʠʭ ʩʽʪʦʢ 

ʙʫʣʦ ʟʘʣʫʯʝʥʦ ʤʝʪʦʜ ʧʦʟʠʪʨʦʥʥʦʾ ʘʥʽʛʽʣʷʮʽʡʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʇɸʉ). ʁʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʣʠʙʦʢʦ ʦʙˇʨʫʥʪʦʚʘʥʝ ʥʘʜʟʚʠʯʘʡʥʦʶ ʯʫʪʣʠʚʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ 

ʘʥʽʛʽʣʷʮʽʾ ʦʨʪʦ-ʧʦʟʠʪʨʦʥʽʶ (ʟʦʢʨʝʤʘ, ʯʘʩʫ ʡʦʛʦ ʞʠʪʪʷ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ) ʜʦ 

ʨʦʟʤʽʨʽʚ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʧʦʨʦʞʥʠʥ ʫ ʤʘʪʝʨʽʘʣʽ. ʆʮʽʥʢʘ ʦʪʨʠʤʘʥʠʭ ʩʧʝʢʪʨʽʚ 

ʟʘ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʶ ʤʦʜʝʣʣʶ ʊʘʦ-ɽʣʜʨʫʧʘ ʜʘʣʘ ʟʤʦʛʫ ʢʽʣʴʢʽʩʥʦ ʦʧʠʩʘʪʠ 

ʪʦʧʦʣʦʛʽʶ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ. ʉʧʝʮʠʬʽʯʥʘ ʦʜʥʦʙʽʯʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʢʘʤʝʨʠ (ʟ ʨʦʟʤʽʱʝʥʥʷʤ ʟʨʘʟʢʘ ʣʠʰʝ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʚʽʜ ʜʞʝʨʝʣʘ ʧʦʟʠʪʨʦʥʽʚ) 

ʜʦʟʚʦʣʠʣʘ ʫʩʫʥʫʪʠ ʧʝʨʝʭʨʝʩʥʫ ʽʥʪʝʨʬʝʨʝʥʮʽʶ ʩʠʛʥʘʣʽʚ. ʎʝ ʟʘʙʝʟʧʝʯʠʣʦ ʚʠʩʦʢʫ 

ʧʨʦʩʪʦʨʦʚʫ ʪʦʯʥʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ ʧʽʜ ʯʘʩ ʦʜʥʦʩʧʨʷʤʦʚʘʥʦʛʦ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ, 

ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʨʦʟʤʝʞʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʫʱʽʣʴʥʝʥʥʷ 

ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʪʘ ʾʾ ʨʘʜʽʘʮʽʡʥʦ-ʽʥʜʫʢʦʚʘʥʦʛʦ ʨʦʟʧʫʰʝʥʥʷ (ʜʝʩʪʨʫʢʮʽʾ). 

ʈʦʟʫʤʽʥʥʷ ʧʨʠʨʦʜʠ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʙʫʜʦʚ ʚʠʤʘʛʘʣʦ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘ 

ʭʽʤʽʯʥʦʤʫ ʨʽʚʥʽ, ʷʢʠʡ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʨʘʯʝʨʚʦʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨôʻ ʪʘ ʦʩʣʘʙʣʝʥʠʤ ʧʦʚʥʠʤ ʚʽʜʙʠʪʪʷʤ (ATR-

FTIR). ʎʝʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʠʚ ʜʦʩʪʦʚʽʨʥʫ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, 

ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʧʦʣʽʤʝʨʽ ʧʽʜ ʜʽʻʶ ʧʽʜʧʦʨʦʛʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɿʘʬʽʢʩʦʚʘʥʘ ʜʠʥʘʤʽʢʘ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʣʷʨʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ï

ʢʘʨʙʦʥʽʣʴʥʠʭ (ʚ ʦʙʣʘʩʪʽ 1700-1750 ʩʤ ĭ) ʪʘ ʛʽʜʨʦʢʩʠʣʴʥʠʭ (3200-3600 ʩʤ ĭ) ï ʥʘ 

ʬʦʥʽ ʟʘʢʦʥʦʤʽʨʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʣʠʚʘʥʴ ʚʠʭʽʜʥʠʭ ʉïʆïʉ ʪʘ ʉïʅ 
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ʟʚ'ʷʟʢʽʚ ʩʪʘʣʘ ʧʨʷʤʠʤ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʬʦʪʦʽʥʜʫʢʦʚʘʥʦʾ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʧʦʣʽʤʝʨʥʦʛʦ ʢʘʨʢʘʩʫ. 

ʃʘʥʢʦʶ, ʱʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʧʦʚô̫ ʟʫʻ ʧʦʛʣʠʥʘʥʥʷ ʢʚʘʥʪʽʚ ʩʚʽʪʣʘ ʟ 

ʢʽʥʮʝʚʠʤʠ ʤʘʢʨʦʩʢʦʧʽʯʥʠʤʠ ʟʤʽʥʘʤʠ, ʻ ʫʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ 

ʽʥʪʝʨʤʝʜʽʘʪʽʚ. ɼʣʷ ʾʭ ʨʝʻʩʪʨʘʮʽʾ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʧʝʢʪʨʦʩʢʦʧʽʶ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʧʘʨʘʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ (ɽʇʈ). ʎʝʡ ʤʝʪʦʜ ʥʘʜʘʚ ʫʥʽʢʘʣʴʥʫ ʤʦʞʣʠʚʽʩʪʴ ʥʝ 

ʣʠʰʝ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʨʠʨʦʜʫ ʧʝʨʚʠʥʥʠʭ ʤʘʢʨʦʨʘʜʠʢʘʣʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʛʦʤʦʣʽʪʠʯʥʦʤʫ ʨʦʟʨʠʚʽ ʭʽʤʽʯʥʠʭ ʟʚô̫ ʟʢʽʚ, ʘʣʝ ʡ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʥʝʩʪʘʮʽʦʥʘʨʥʫ ʢʽʥʝʪʠʢʫ ʾʭ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʨʝʢʦʤʙʽʥʘʮʽʾ ʧʨʦʪʷʛʦʤ 

ʮʠʢʣʽʚ ʚʤʠʢʘʥʥʷ ʽ ʚʠʤʠʢʘʥʥʷ ʋʌ-ʦʩʚʽʪʣʝʥʥʷ. ɿʘʚʜʷʢʠ ɽʇʈ ʚʜʘʣʦʩʷ ʜʦʩʣʽʜʠʪʠ 

ʷʚʠʱʘ ʧʨʦʩʪʦʨʦʚʦʾ ʜʠʬʫʟʽʾ ʨʘʜʠʢʘʣʽʚ ʫ ʪʦʚʱʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʟʘʬʽʢʩʫʚʘʪʠ ʾʭʥʶ 

ʧʦʚʝʜʽʥʢʫ ʫ ʪʝʤʥʦʚʽ ʧʝʨʽʦʜʠ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʜʦʚʝʜʝʥʦ, ʱʦ ʞʦʜʝʥ ʽʟ ʟʘʩʪʦʩʦʚʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʧʦʦʜʠʥʮʽ ʥʝ ʟʜʘʪʝʥ ʨʦʟʢʨʠʪʠ ʚʩʶ ʩʢʣʘʜʥʽʩʪʴ ʨʘʜʽʘʮʽʡʥʦ-ʭʽʤʽʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʧʦʣʽʤʝʨʘʭ. ʃʠʰʝ ʩʠʥʝʨʛʝʪʠʯʥʝ ʧʦʻʜʥʘʥʥʷ ʤʘʢʨʦʩʢʦʧʽʯʥʦʛʦ in-situ 

ʤʦʥʽʪʦʨʠʥʛʫ (ʪʝʨʤʦʤʝʪʨʽʾ) ʽʟ ʥʘʥʦʩʢʦʧʽʯʥʠʤʠ (ʇɸʉ ʜʣʷ ʘʥʘʣʽʟʫ ʘʨʭʽʪʝʢʪʫʨʠ 

ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ), ʤʦʣʝʢʫʣʷʨʥʠʤʠ (ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʜʣʷ ʬʽʢʩʘʮʽʾ ʩʪʘʙʽʣʴʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ) ʪʘ ʨʘʜʠʢʘʣʴʥʠʤʠ (ɽʇʈ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʘʢʪʠʚʥʠʭ ʧʨʦʤʽʞʥʠʭ 

ʮʝʥʪʨʽʚ) ʤʝʪʦʜʘʤʠ ʜʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʚʘʪʠ ʮʽʣʽʩʥʫ, ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʫ 

ʢʘʨʪʠʥʫ. ʊʘʢʠʡ ʛʣʠʙʦʢʦ ʽʥʪʝʛʨʦʚʘʥʠʡ ʤʫʣʴʪʠʜʠʩʮʠʧʣʽʥʘʨʥʠʡ ʧʽʜʭʽʜ ʛʘʨʘʥʪʫʻ 

ʙʝʟʟʘʧʝʨʝʯʥʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʩʪʚʦʨʶʻ 

ʥʘʜʽʡʥʝ ʤʝʪʦʜʦʣʦʛʽʯʥʝ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʨʦʟʢʨʠʪʪʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʜʣʷ 

ʙʽʦʩʝʥʩʦʨʠʢʠ. 

ʆʩʪʘʥʥʽ 10-20 ʨʦʢʽʚ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʟʥʘʯʥʠʡ ʨʦʟʚʠʪʦʢ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʇɸʉ, ɯʏ ʪʘ ɽʇʈ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʦʣʽʤʝʨʽʚ,  ʎʽ ʤʝʪʦʜʠ, 

ʦʢʨʝʤʦ ʪʘ ʚ ʢʦʤʙʽʥʘʮʽʾ, ʥʘʜʘʣʠ ʜʦʜʘʪʢʦʚʝ ʨʦʟʫʤʽʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʤʝʨʽʚ ʪʘ 

ʧʨʦʷʚʣʝʥʥʷ ʚ ʥʠʭ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʨʦʟʜʽʣʫ 3 ʚʠʩʚʽʪʣʝʥʦ ʫ ʧʫʙʣʽʢʘʮʽʷʭ [3, 4, 6, 7, 8, 9, 10, 15], ʷʢʽ 

ʥʘʚʝʜʝʥʦ ʫ ʩʧʠʩʢʫ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ. 
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ʈʆɿɼɯʃ 4 

ʌʆʊʆʉʊʀʄʋʃʔʆɺɸʅɯ ʇʈʆʎɽʉʀ ʋ ʇʆʃɯʄɽʈɸʍ 

 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʜʝʩʷʪʠʣʽʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʪʦʩʪʠʤʫʣʴʦʚʘʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʥʘʙʫʣʠ ʥʦʚʦʛʦ ʽʤʧʫʣʴʩʫ, ʟʫʤʦʚʣʝʥʦʛʦ ʷʢ 

ʟʨʦʩʪʘʶʯʠʤ ʧʦʧʠʪʦʤ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʦʣʽʤʝʨʠ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʪʘʢ ʽ ʧʦʪʨʝʙʦʶ ʫ ʨʦʟʫʤʽʥʥʽ ʾʭ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚ 

ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʧʦʻʜʥʫʶʪʴ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʪʘʢʠʭ ʷʢ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʜʣʷ 3D-ʜʨʫʢʫ, ʟ ʛʣʠʙʦʢʠʤ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʚʠʚʯʝʥʥʷʤ ʤʝʭʘʥʽʟʤʽʚ ʬʦʪʦʽʥʜʫʢʦʚʘʥʠʭ ʟʤʽʥ, ʚʢʣʶʯʘʶʯʠ 

ʨʦʣʴ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ ʪʘ ʜʠʥʘʤʽʢʫ ʤʦʣʝʢʫʣʷʨʥʠʭ ʨʫʭʽʚ. 

 

4.1. ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ 

 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 10-20 ʨʦʢʽʚ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʷ ʝʚʦʣʶʮʽʦʥʫʚʘʣʘ ʚʽʜ 

ʧʝʨʝʚʘʞʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʧʽʜʚʠʱʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʪʘ ʩʪʫʧʝʥʷ ʢʦʥʚʝʨʩʽʾ ʜʦ 

ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʢʦʥʪʨʦʣʶ ʥʘʜ ʘʨʭʽʪʝʢʪʫʨʦʶ ʧʦʣʽʤʝʨʫ, 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʢʽʥʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʆʜʥʠʤ ʟ ʮʝʥʪʨʘʣʴʥʠʭ ʥʘʧʨʷʤʢʽʚ ʩʪʘʣʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʢʣʘʩʽʚ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʚʠʜʠʤʦʤʫ ʪʘ ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ (ɯʏ) 

ʜʽʘʧʘʟʦʥʘʭ, ʘ ʪʘʢʦʞ «ʟʝʣʝʥʠʭ» ʬʦʪʦʽʥʽʮʽʘʪʦʨʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 

ʌʦʪʦʽʥʽʮʽʘʪʦʨʠ ʜʣʷ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ: ɸʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʚʽʜʙʫʚʩʷ ʫ ʩʬʝʨʽ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʽʚ ʜʣʷ ʩʪʦʤʘʪʦʣʦʛʽʯʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʘ 3D-ʜʨʫʢʫ, ʜʝ ʧʦʪʨʽʙʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ 

ʧʦʭʽʜʥʠʭ ʢʘʤʬʦʨʦʭʽʥʦʥʫ, ʬʝʥʽʣʢʝʪʦʥʽʚ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʮʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʩʠʩʪʝʤ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʬʦʪʦʩʝʥʩʠʙʽʣʽʟʘʪʦʨʠ ʪʘ ʩʧʽʚʽʥʽʮʽʘʪʦʨʠ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʨʦʙʦʪʠ ʛʨʫʧʠ 

C. Decker (2009-2015) ʘʢʪʠʚʥʦ ʚʠʚʯʘʣʠ ʢʽʥʝʪʠʢʫ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʽʜ ʜʽʻʶ 
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ʩʚʽʪʣʘ ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʘ ʨʦʣʴ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ. ɼʦʩʣʽʜʞʝʥʥʷ J.P. 

Fouassier ʪʘ J. Lalev®e (2010-2020) ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʨʦʟʨʦʙʮʽ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʥʘ ʦʩʥʦʚʽ ʛʝʨʤʘʥʽʶ ʪʘ ʽʥʰʠʭ ʤʝʪʘʣʦʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʢʚʘʥʪʦʚʠʡ ʚʠʭʽʜ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʥʠʟʴʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ. ɺʦʥʠ ʪʘʢʦʞ ʚʠʚʯʘʣʠ ʙʝʟʤʝʪʘʣʝʚʽ ʬʦʪʦʽʥʽʮʽʘʪʦʨʠ ʥʘ ʦʩʥʦʚʽ 

ʬʣʫʦʨʝʥʦʥʽʚ ʪʘ ʧʦʭʽʜʥʠʭ ʪʽʦʢʩʘʥʪʦʥʫ ʜʣʷ ʚʠʜʠʤʦʾ ʦʙʣʘʩʪʽ. 

ɼʚʦʬʦʪʦʥʥʘ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʷ: ʎʝʡ ʥʘʧʨʷʤʦʢ ʥʘʙʫʚ ʟʥʘʯʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨ ʟ ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʩʠʥʪʝʟʽ ʥʦʚʠʭ ʜʚʦʬʦʪʦʥʥʠʭ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʽʚ ʟ ʚʝʣʠʢʠʤ ʧʝʨʝʪʠʥʦʤ ʧʦʛʣʠʥʘʥʥʷ, ʯʘʩʪʦ ʥʘ ʦʩʥʦʚʽ ʦʨʛʘʥʽʯʥʠʭ 

ʙʘʨʚʥʠʢʽʚ ʟ ʨʦʟʰʠʨʝʥʦʶ ˊ-ʩʠʩʪʝʤʦʶ. ʈʦʙʦʪʠ [39-45, 99] ʻ ʧʽʦʥʝʨʩʴʢʠʤʠ ʫ ʮʽʡ 

ʛʘʣʫʟʽ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʠʭ 3D-ʦʙô̒ ʢʪʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ 

[99-109] ʪʘʢʦʞ ʚʥʝʩʣʠ ʟʥʘʯʥʠʡ ʚʢʣʘʜ ʫ ʨʦʟʫʤʽʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʬʦʪʦʥʥʦʾ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ. 

ʌʦʪʦʽʥʽʮʽʶʚʘʥʥʷ ʙʝʟʽʥʽʮʽʘʪʦʨʥʦʶ ʧʦʣʽʤʝʨʠʟʘʮʽʻʶ: ʍʦʯʘ ʡ ʥʝ ʻ ʦʩʥʦʚʥʠʤ 

ʥʘʧʨʷʤʢʦʤ, ʘʣʝ ʙʫʣʠ ʩʧʨʦʙʠ ʽʥʽʮʽʶʚʘʥʥʷ ʙʝʟ ʪʨʘʜʠʮʽʡʥʠʭ ʬʦʪʦʽʥʽʮʽʘʪʦʨʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʧʨʷʤʦ ʬʦʪʦʣʽʟ ʤʦʥʦʤʝʨʽʚ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʋʌ-

ʘʢʪʠʚʦʚʘʥʠʭ ʛʨʫʧ ʫ ʩʘʤʠʭ ʤʦʥʦʤʝʨʘʭ. 

 

ʂʦʥʪʨʦʣʴʦʚʘʥʘ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʷ 

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʥʘʯʥʦ ʧʦʰʠʨʠʣʠʩʷ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʨʘʜʠʢʘʣʴʥʦʾ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ (Controlled Radical Polymerization, CRP), ʘʜʘʧʪʦʚʘʥʽ ʜʣʷ 

ʬʦʪʦʽʥʽʮʽʶʚʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʧʦʣʽʤʝʨʠ ʟ ʜʦʙʨʝ ʚʠʟʥʘʯʝʥʦʶ 

ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ, ʥʠʟʴʢʦʶ ʧʦʣʽʜʠʩʧʝʨʩʥʽʩʪʶ ʪʘ ʩʢʣʘʜʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ 

(ʙʣʦʢ-ʢʦʧʦʣʽʤʝʨʠ, ʟʽʨʯʘʩʪʽ ʧʦʣʽʤʝʨʠ). 

ʌʦʪʦ-ATRP (Atom Transfer Radical Polymerization): ʎʝ ʦʜʠʥ ʟ 

ʥʘʡʘʢʪʠʚʥʽʰʠʭ ʥʘʧʨʷʤʢʽʚ. ɿʘʚʜʷʢʠ ʬʦʪʦ-ATRP ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʟʜʽʡʩʥʶʚʘʪʠ 

ʧʦʣʽʤʝʨʠʟʘʮʽʶ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʥʽʤʘʣʴʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʘʪʘʣʽʟʘʪʦʨʘ, ʯʘʩʪʦ ʥʘʚʽʪʴ ʫ ʚʦʜʽ. ʈʦʙʦʪʘ [110] ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ 

ʫ ʮʽʡ ʛʘʣʫʟʽ (ʽ ʣʽʪʝʨʘʪʫʨʘ ʪʘʤ), ʜʝʤʦʥʩʪʨʫʶʯʠ ʤʝʭʘʥʽʟʤʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʪʦ-
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ATRP ʜʣʷ ʩʠʥʪʝʟʫ «ʞʠʚʠʭ» ʧʦʣʽʤʝʨʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩ ̫ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʤʝʪʦʜʠ 

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʬʦʪʦ-ATRP ʧʨʦʮʝʩʽʚ. 

ʌʦʪʦ-RAFT (Reversible Addition-Fragmentation Chain Transfer): ɯʥʰʠʡ 

ʧʦʧʫʣʷʨʥʠʡ ʤʝʪʦʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʧʦʣʽʤʝʨʠ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ ʨʦʙʦʪ ̔[111] ʘʚʪʦʨʠ ʟʨʦʙʠʣʠ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʫʤʽʥʥʷ ʪʘ 

ʨʦʟʨʦʙʢʫ ʬʦʪʦ-RAFT ʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʋʌ ʪʘ ʚʠʜʠʤʦʛʦ 

ʩʚʽʪʣʘ. 

ʌʦʪʦ-CAT (Photocatalyzed Atom Transfer): ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʽʚ, 

ʪʘʢʠʭ ʷʢ ʽʨʠʜʽʻʚʽ ʘʙʦ ʨʫʪʝʥʽʻʚʽ ʢʦʤʧʣʝʢʩʠ, ʜʣʷ ʽʥʽʮʽʶʚʘʥʥʷ ʧʦʣʽʤʝʨʠʟʘʮʽʾ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʣʽʤʝʨʠʟʘʮʽʶ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʢʦʥʪʨʦʣʝʤ, ʯʘʩʪʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ. ɼʦʩʣʽʜʞʝʥʥʷ [112] ʻ ʧʨʠʢʣʘʜʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʽʚ ʫ ʧʦʣʽʤʝʨʥʽʡ ʭʽʤʽʾ. 

 

ʌʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʷ ʚ 3D-ʜʨʫʮʽ ʪʘ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ 

ʎʷ ʩʬʝʨʘ ʧʝʨʝʞʠʚʘʻ ʚʠʙʫʭʦʚʠʡ ʨʽʩʪ. ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʡʥʠʭ 

ʩʤʦʣ ʻ ʢʣʶʯʦʚʦʶ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢ ʩʪʝʨʝʦʣʽʪʦʛʨʘʬʽʷ (SLA), 

ʮʠʬʨʦʚʘ ʩʚʽʪʣʦʚʘ ʦʙʨʦʙʢʘ (DLP) ʪʘ ʜʚʦʬʦʪʦʥʥʘ ʣʽʪʦʛʨʘʬʽʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʟʘʪʚʝʨʜʽʥʥʷ, ʟʤʝʥʰʝʥʥʽ 

ʫʩʘʜʢʠ, ʧʦʢʨʘʱʝʥʥʽ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʤʽʮʥʽʩʪʴ, ʛʥʫʯʢʽʩʪʴ), ʘ ʪʘʢʦʞ 

ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʤʘʪʝʨʽʘʣʽʚ (ʙʽʦʩʫʤʽʩʥʽ ʤʘʪʝʨʽʘʣʠ, ʤʘʪʝʨʽʘʣʠ ʟ ʧʘʤô̫ʪʪʶ ʬʦʨʤʠ, 

ʝʣʝʢʪʨʠʯʥʦ ʧʨʦʚʽʜʥʽ ʧʦʣʽʤʝʨʠ). 

ʈʦʙʦʪʠ [39-45, 99, 100, 106] ʘʢʪʠʚʥʦ ʨʦʟʨʦʙʣʷʶʪʴ ʥʦʚʽ ʬʦʪʦʧʦʣʽʤʝʨʥʽ ʩʤʦʣʠ 

ʜʣʷ 3D-ʜʨʫʢʫ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʤʘʪʝʨʽʘʣʠ ʟ ʦʧʪʠʤʽʟʦʚʘʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

«ɾʠʚʽ» ʤʘʪʝʨʽʘʣʠ ʪʘ ʛʽʜʨʦʛʝʣʽ: ʌʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 

ʛʽʜʨʦʛʝʣʽ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʧʦʨʠʩʪʽʩʪʶ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ 

ʙʽʦʤʝʜʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʪʘʢʠʭ ʷʢ ʪʢʘʥʠʥʥʘ ʽʥʞʝʥʝʨʽʷ ʪʘ ʜʦʩʪʘʚʢʘ ʣʽʢʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ [39-45, 99, 100, 106] ʻ ʷʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ ʫ ʮʽʡ ʛʘʣʫʟʽ. 
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4.2. ʌʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʷ ʽ ʬʦʪʦʜʝʛʨʘʜʘʮʽʷ ʧʦʣʽʤʝʨʽʚ 

 

ʌʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʷ ï ʮʝ ʧʨʦʮʝʩ, ʫ ʷʢʦʤʫ ʩʪʨʫʢʪʫʨʘ ʤʦʥʦʤʝʨʽʚ ʪʘ ʦʣʽʛʦʤʝʨʽʚ 

ʟʤʽʥʶʻʪʴʩʷ ʧʽʩʣʷ ʚʧʣʠʚʫ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʩʚʽʪʣʘ. ʎʽ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʮʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʥʘʩʣʽʜʦʢ ʟʰʠʚʘʥʥʷ. ʇʝʨʝʚʘʛʦʶ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ ʻ ʥʠʟʴʢʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ 

ʚʠʢʠʜʽʚ ʣʝʪʢʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʪʘ ʰʠʨʦʢʝ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ 

ʧʦʢʨʠʪʪʽʚ, ʯʦʨʥʠʣ ʪʘ ʢʣʝʾʚ, ʘ ʪʘʢʦʞ ʫ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʘʣʫʟʷʭ, ʪʘʢʠʭ ʷʢ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʘ, ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʘ, ʣʘʟʝʨʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ. 

ʉʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ, ʧʦʚô̫ ʟʘʥʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʨʘʜʠʢʘʣʽʚ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʦʜʚʽʡʥʠʭ 

ʟʚô̫ ʟʢʽʚ, ʩʪʘʥʦʚʣʷʪʴ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʫ ʧʨʦʮʝʩʽ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ.  

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʣʽʤʝʨʥʦʾ ʩʽʪʢʠ 

ʧʽʜ ʯʘʩ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʘʢʨʠʣʦʚʘʥʦʾ ʝʧʦʢʩʠʜʦʚʘʥʦʾ 

ʩʦʻʚʦʾ ʦʣʽʾ (AESO) ʪʘ ʚʘʥʽʣʽʥʜʠʤʝʪʘʢʨʠʣʘʪʫ (VDM) ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ ʘʙʦ ʙʝʟ 

ʥʴʦʛʦ, 2,2-ʜʠʤʝʪʦʢʩʠ-2-ʬʝʥʽʣʘʮʝʪʦʬʝʥʦʥʦʤ (DMPA) (ʨʠʩ. 3.1, ʨʦʟʜʽʣ 3), ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʤʘʪʨʠʮʽ-ʫʪʨʠʤʫʚʘʯʽ ʜʣʷ ʙʽʦʩʝʥʩʦʨʽʚ [34-37, 113-115] 

ʪʘ ʙʽʦʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 3D-ʜʨʫʢʫ [39-45]. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʚʯʝʥʥʷ 

ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʪʘ ʬʦʪʦʜʝʛʨʘʜʘʮʽʾ ʧʽʜʯʘʩ ʪʨʠʚʘʣʦʛʦ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ. 

 

4.2.1. ʂʽʥʝʪʠʢʘ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ: ʪʝʤʧʝʨʘʪʫʨʥʽ ʝʬʝʢʪʠ 

 

ɽʢʩʧʝʨʠʤʝʥʪ ʟ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ in situ ʢʦʥʪʨʦʣʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʨʤʦʧʘʨʠ (TC). ʉʭʝʤʘ ʚʠʢʦʨʠʩʪʘʥʠʭ TC ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.1. 

 

ɺʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʦʧʘʨʦʶ 

 

ɺʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜ ʯʘʩ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʨʦʟʨʦʙʣʝʥʦʾ ʚ ɯʥʩʪʠʪʫʪʽ ʬʽʟʠʢʠ ʉʣʦʚʘʮʴʢʦʾ 

ʘʢʘʜʝʤʽʾ ʥʘʫʢ. ʊʝʨʤʦʧʘʨʠ ʊ-ʧʦʜʽʙʥʦʛʦ ʪʠʧʫ (Omega Engineering) ʨʝʻʩʪʨʫʶʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʞʥʦ ʾ 1-ʥʦʾ ʩʝʢʫʥʜʠ. ʊʝʨʤʦʧʘʨʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʤʘʣʘ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʥʘʢʦʥʝʯʥʠʢ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʚʽʜʩʪʘʥʽ 4 ʤʤ ʚʽʜ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʨʘʶ ʢʨʝʤʥʽʻʚʦʾ ʢʘʤʝʨʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʇɸʉ ʪʘ ʥʘ ʧʦʣʦʚʠʥʽ 

ʚʠʩʦʪʠ ʧʨʦʩʪʦʨʫ ʟʨʘʟʢʘ. ɻʝʦʤʝʪʨʽʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʨʘʟʢʘ ʙʫʣʘ ʽʜʝʥʪʠʯʥʦʶ 

ʚʠʤʽʨʶʚʘʥʥʶ ʇɸʉ. 

 

 
 

ʈʠʩ. 4.1. ʉʭʝʤʘ ʪʝʨʤʦʧʘʨ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ. 

 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʦʙʨʘʥʦ ʬʦʪʦʟʰʠʪʽ ʧʦʣʽʤʝʨʠ AESO/VDM (ʙʝʟ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ) ʪʘ AESO/VDM/DMPA (ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ ï DMPA) ʥʘ ʦʩʥʦʚʽ 

ʩʦʻʚʦʾ ʦʣʽʾ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʦʥʦʤʝʨʽʚ AESO ʪʘ VDM 1:0,5 ʤʦʣʴ. ɼʦʙʘʚʢʘ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʨʦʩʪʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʦʣʽʤʝʨʫ.  

ɿʨʘʟʢʠ ʙʫʣʠ ʧʦʣʽʤʝʨʠʟʦʚʘʥʽ ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ ʘʙʦ ʙʝʟ ʥʴʦʛʦ ʪʘ ʧʽʜʛʦʪʦʚʣʝʥʽ 

ʟʘ ʧʨʦʪʦʢʦʣʦʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʘʙʦ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʩʚʽʪʣʝʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʜʘʥʽ, 

ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʮʠʭ ʨʽʟʥʠʭ ʨʝʘʢʮʽʡ. ɼʣʷ ʯʘʩʪʠʥʠ ʢʦʞʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʛʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʨʘʟʢʘ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ. 
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ɹʝʟʧʝʨʝʨʚʥʝ ʦʩʚʽʪʣʝʥʥʷ ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) 

ʇʨʦʪʦʢʦʣ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʦʚʛʠʭ ʬʘʟ ʦʩʚʽʪʣʝʥʥʷ, ʟʘ 

ʷʢʠʤʠ ʩʣʽʜʫʶʪʴ ʜʦʚʛʽ ʬʘʟʠ ʪʝʤʨʷʚʠ, ʱʦ ʧʦʚʪʦʨʶʶʪʴʩʷ ʢʽʣʴʢʘ ʨʘʟʽʚ ʟ ʨʽʟʥʦʶ 

ʪʨʠʚʘʣʽʩʪʶ. ɺʽʥ ʧʦʜʽʣʝʥʠʡ ʥʘ 3 ʨʽʟʥʽ ʯʘʩʦʚʽ ʧʝʨʽʦʜʠ, ʱʦ ʡʜʫʪʴ ʦʜʠʥ ʟʘ ʦʜʥʠʤ. 

 

ʇʝʨʰʠʡ ʧʝʨʽʦʜ ï ʙʝʟʧʝʨʝʨʚʥʝ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʟ PI ʚʽʜ 0 ʜʦ 60000 ʩʝʢʫʥʜ: 

ɼʣʷ ʮʴʦʛʦ ʪʠʧʫ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʭʘʨʘʢʪʝʨʥʠʡ ʩʪʨʠʙʦʢ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʘʣʝ ʥʘʡʮʽʢʘʚʽʰʝ ï ʮʝ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʝ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʪʷʛʦʤ ʫʩʽʻʾ 

ʪʨʠʚʘʣʦʩʪʽ ʦʩʚʽʪʣʝʥʥʷ (ʨʠʩ. 4.2). 

 

ʈʠʩ. 4.2. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ ʧʽʩʣʷ 

ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) ʧʨʦʪʷʛʦʤ 

ʧʝʨʰʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ.  

 

ɿʘ ʜʦʧʦʤʦʛʦʶ zoom ʤʠ ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ ʥʝʚʝʣʠʢʠʡ ʩʪʨʠʙʦʢ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘ ʧʦʯʘʪʢʫ, ʘʣʝ ʢʨʠʚʘ ʦʜʨʘʟʫ ʞ ʡʜʝ ʚʥʠʟ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʘʢʮʽʷ (ʨʠʩ. 4.3). 
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ʈʠʩ. 4.3. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ ʧʽʩʣʷ 

ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) ʧʨʦʪʷʛʦʤ 

ʧʝʨʰʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ, ʟʙʽʣʴʰʝʥʦ (zoom) ʥʘ ʧʦʯʘʪʢʫ ʧʽʢʫ ʨʝʘʢʮʽʾ.  
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ɼʨʫʛʠʡ ʧʝʨʽʦʜ ï ʙʝʟʧʝʨʝʨʚʥʝ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʟ PI ʚʽʜ 60000 ʜʦ 150000 ʩʝʢʫʥʜ: 

ʄʝʪʘ ʮʠʭ ʥʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʧʨʦʤʽʥʝʥʥʷ ï ʧʦʙʘʯʠʪʠ, ʷʢ ʟʤʽʥʶʶʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʩʣʷ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʪʝʤʨʷʚʠ (ʨʠʩ. 4.4). 

ʎʽʢʘʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʨʽʚʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʠʪʪʻʚʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ, ʢʦʣʠ ʩʚʽʪʣʦ ʟʥʦʚʫ ʚʤʠʢʘʻʪʴʩʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʝʷʢʽ 

ʧʦʩʪʽʡʥʽ ʟʤʽʥʠ ʫ ʟʨʘʟʢʫ, ʩʧʨʠʯʠʥʝʥʽ ʪʨʠʚʘʣʠʤ ʚʧʣʠʚʦʤ ʫʣʴʪʨʘʬʽʦʣʝʪʫ. ʊʘʢʦʞ ʤʠ 

ʙʘʯʠʤʦ, ʱʦ ʪʝʥʜʝʥʮʽʷ ʧʝʨʰʦʾ ʯʘʩʪʠʥʠ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʦʩʚʽʪʣʝʥʥʷ (ʫ 

ʤʝʥʰʦʤʫ ʤʘʩʰʪʘʙʽ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.5). 

 

ʈʠʩ. 4.4. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ 

(ʯʝʨʚʦʥʘ ʢʨʠʚʘ) ʧʽʩʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʟ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) ʧʨʦʪʷʛʦʤ ʜʨʫʛʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ.  
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ʈʠʩ. 4.5. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ 

(ʯʝʨʚʦʥʘ ʢʨʠʚʘ) ʧʽʩʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʟ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) ʧʨʦʪʷʛʦʤ ʜʨʫʛʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʫ ʤʝʥʰʦʤʫ ʤʘʩʰʪʘʙʽ.  
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ʊʨʝʪʽʡ ʧʝʨʽʦʜ ï ʙʝʟʧʝʨʝʨʚʥʝ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʟ PI ʚʽʜ 150000 ʜʦ 230000 ʩʝʢʫʥʜ: 

ɺʘʞʣʠʚʽʩʪʴ ʜʘʥʦʾ ʯʘʩʪʠʥʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʧʽʜʪʚʝʨʜʠʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ 

ʨʽʚʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʥʠʭ ʧʝʨʽʦʜʽʚ, ʢʦʣʠ ʩʚʽʪʣʦ ʟʥʦʚʫ 

ʚʤʠʢʘʻʪʴʩʷ (ʨʠʩ. 4.6). ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʋʌ-ʩʚʽʪʣʘ ʧʽʩʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ ʧʨʦʪʷʛʦʤ ʪʨʝʪʴʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʫ 

ʤʝʥʰʦʤʫ ʤʘʩʰʪʘʙʽ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.7. ʎʽʢʘʚʦ ʪʝ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʜʨʘʟʫ ʞ 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ 0,0517 ɺʪ, ʱʦ ʻ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ, ʢʦʣʠ ʩʚʽʪʣʦ ʙʫʣʦ 

ʚʠʤʢʥʝʥʦ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʜʨʫʛʦʤʫ ʝʪʘʧʽ (ʜʠʚ. ʨʠʩ. 4.5 ʪʘ 4.7). 

 

 

ʈʠʩ. 4.6. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ 

(ʯʝʨʚʦʥʘ ʢʨʠʚʘ) ʧʽʩʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʟ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) ʧʨʦʪʷʛʦʤ ʪʨʝʪʴʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ.  
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ʈʠʩ. 4.7. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ 

(ʯʝʨʚʦʥʘ ʢʨʠʚʘ) ʧʽʩʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʟ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) ʧʨʦʪʷʛʦʤ ʪʨʝʪʴʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʫ ʤʝʥʰʦʤʫ ʤʘʩʰʪʘʙʽ.  

 

ʆʪʞʝ, ʫ ʮʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʤʠ ʧʽʜʪʚʝʨʜʠʣʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʩʝʨʝʜʠʥʽ ʟʨʘʟʢʘ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʦʩʪʽʡʥʽ ʟʤʽʥʠ, ʢʦʣʠ ʚʽʥ ʧʽʜʜʘʻʪʴʩʷ ʚʧʣʠʚʫ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ 

ʩʚʽʪʣʘ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. 

 

ɹʝʟʧʝʨʝʨʚʥʝ ʦʩʚʽʪʣʝʥʥʷ ʙʝʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI) 

 

ɼʣʷ ʮʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʦʪʦʢʦʣ ʪʘʢʠʡ ʩʘʤʠʡ, ʷʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʽ ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ, ʻʜʠʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʟʨʘʟʢʫ; ʪʝʧʝʨ ʟʨʘʟʦʢ 

ʥʝ ʤʽʩʪʠʪʴ ʬʦʪʦʽʥʽʮʽʘʪʦʨ. ʈʝʟʫʣʴʪʘʪʠ ʽʜʝʥʪʠʯʥʽ ʧʦʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʟ ʚʠʱʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ, ʪʦʤʫ ʘʥʘʣʽʟ ʛʨʘʬʽʢʽʚ 

ʪʘʢʠʤ ʩʘʤʠʤ ʯʠʥʦʤ ʥʝ ʤʘʻ ʚʝʣʠʢʦʛʦ ʽʥʪʝʨʝʩʫ. ʆʜʥʘʢ ʧʦʨʽʚʥʷʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʋʌ-ʩʚʽʪʣʘ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ ʽ ʙʝʟ ʥʴʦʛʦ ʚʠʷʚʣʷʻ ʮʽʢʘʚʽ 

ʨʝʟʫʣʴʪʘʪʠ (ʜʠʚ. ʨʠʩ. 4.8). 
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ʈʠʩ. 4.8. ʇʦʨʽʚʥʷʥʥʷ ʯʘʩʦʚʦ ʾ ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ ʧʽʩʣʷ 

ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) (ʩʠʥʷ ʢʨʠʚʘ) 

ʽ ʙʝʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI) (ʯʝʨʚʦʥʘ ʢʨʠʚʘ).  

 

ʇʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʢʨʠʚʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʦʜʥʦʤʫ ʛʨʘʬʽʢʫ ʧʦʢʘʟʫʻ ʩʫʪʪʻʚʫ 

ʨʽʟʥʠʮʶ ʫ ʬʦʨʤʽ ʢʨʠʚʦʾ, ʦʩʢʽʣʴʢʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʜʨʘʟʫ ʩʪʨʠʙʘʻ ʜʦ ʚʠʩʦʢʦʛʦ 

ʟʥʘʯʝʥʥ,̫ ʢʦʣʠ ʥʝʤʘʻ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ, ʘ ʢʦʣʠ ʚʽʥ ʻ, ʚʦʥʘ ʧʦʚʽʣʴʥʦ ʟʨʦʩʪʘʻ. ʊʘʢʦʞ 

ʽʩʥʫʻ ʚʝʣʠʢʘ ʨʽʟʥʠʮʷ ʤʽʞ ʯʠʩʝʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ: ʯʝʨʚʦʥʘ ʢʨʠʚʘ 

ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʴ, ʚʜʚʽʯʽ ʚʠʱʠʭ, ʥʽʞ ʩʠʥʷ ʢʨʠʚʘ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʩʧʦʩʪʝʨʝʞʫʚʘʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʘ ʩʘʤʝ ʧʣʘʚʥʝ 

ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʥʷ ʩʚʽʪʣʘ ʪʘ ʨʽʟʢʝ ʩʧʘʜʘʥʥʷ ʚ ʤʦʤʝʥʪ 

ʚʠʢʣʶʯʝʥʥʷ ʩʚʽʪʣʘ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ, ʨʦʙʠʤʦ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʪʘʢʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʚʠʢʣʠʢʘʥʽ ʟʘ ʨʘʭʫʥʦʢ ʘʪʦʤʥʦʾ 

ʧʽʜʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʪʘʢ ʟʚʘʥʘ çʘʪʦʤʥʘ ʪʝʤʧʝʨʘʪʫʨʘè. 

 



108 

 

 

ʇʝʨʝʨʠʚʯʘʩʪʝ ʦʩʚʽʪʣʝʥʥʷ ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) 

 

ʇʨʦʪʦʢʦʣ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʋʌ-ʦʩʚʽʪʣʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʫʞʝ ʢʦʨʦʪʢʠʭ 

(ʢʽʣʴʢʘ ʩʝʢʫʥʜ) ʧʽʢʽʚ ʦʩʚʽʪʣʝʥʥʷ, ʟʘ ʷʢʠʤʠ ʩʣʽʜʫʶʪʴ ʜʦʚʰʠʤʠ ʧʝʨʽʦʜʘʤʠ ʪʝʤʨʷʚʠ. 

ʏʘʩ ʦʩʚʽʪʣʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʢʦʞʥʦʶ ʬʘʟʦʶ, ʪʦʜʽ ʷʢ ʧʝʨʽʦʜʠ ʪʝʤʨʷʚʠ 

ʩʢʦʨʦʯʫʶʪʴʩʷ, ʘ ʟʘʚʝʨʰʘʣʴʥʘ ʬʘʟʘ ʧʦʣʷʛʘʻ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʦʩʚʽʪʣʝʥʥʽ ʧʨʦʪʷʛʦʤ 

ʢʽʣʴʢʦʭ ʛʦʜʠʥ. 

ʇʨʠʥʮʠʧ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʚʽʪʣʝʥʥʷ 

ʚʩʪʘʥʦʚʣʝʥʦʾ ʪʨʠʚʘʣʦʩʪʽ, ʧʽʩʣʷ ʯʦʛʦ ʥʘʩʪʘʻ ʪʝʤʥʠʡ ʧʝʨʽʦʜ ʙʽʣʴʰʦʾ ʪʨʠʚʘʣʦʩʪʽ, ʽ 

ʮʝʡ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ 2 ʨʘʟʠ ʟ ʪʠʤʠ ʞ ʟʥʘʯʝʥʥʷʤʠ; ʧʦʪʽʤ ʮʝʡ ʧʨʦʮʝʩ 

ʧʦʚʪʦʨʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʩʝʨʽʾ ʟ 5 ʨʽʟʥʠʭ ʪʨʠʚʘʣʦʩʪʝʡ ʪʝʤʥʠʭ ʧʝʨʽʦʜʽʚ (ʜʠʚ. ʪʘʙʣ. 

4.1), ʽ ʢʦʣʠ ʮʝʡ ʧʨʦʮʝʩ ʟʘʚʝʨʰʝʥʦ, ʚʽʥ ʧʦʯʠʥʘʻʪʴʩʷ ʟʥʦʚʫ ʟ ʽʥʰʠʤ ʟʥʘʯʝʥʥʷʤ ʯʘʩʫ 

ʦʩʚʽʪʣʝʥʥʷ (ʜʠʚ. ʪʘʙʣ. 4.2). ʅʘʧʨʠʢʣʘʜ, ʟʛʽʜʥʦ ʟ ʪʘʙʣʠʮʷʤʠ, ʤʠ ʤʘʻʤʦ ʪʘʢʫ 

ʢʦʤʙʽʥʘʮʽʶ: A1 - A1 - A2 - A2 - A3 - A3 - A4 - A4 - A5 - A5 - B1 - B1 - B2 - ... - I5 

- I5, ʽ ʚ ʢʽʥʮʽ ʙʝʟʧʝʨʝʨʚʥʝ ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 22000 ʩʝʢʫʥʜ. 

 

ʊʘʙʣʠʮʷ 4.1. ʏʘʩ ʪʝʤʥʦʛʦ ʧʝʨʽʦʜʫ. 

ʇʨʦʪʦʢʦʣ 1 2 3 4 5 

ʏʘʩ ʪʝʤʨʷʚʠ  

(ʩʝʢʫʥʜ) 
60 120 180 240 300 

 

ʊʘʙʣʠʮʷ 4.2. ʏʘʩ ʧʝʨʽʦʜʫ ʦʩʚʽʪʣʝʥʥʷ. 

ʇʨʦʪʦʢʦʣ A B C D E F G H I  

ʏʘʩ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ 

(ʩʝʢʫʥʜ) 
1 10 20 30 40 50 100 200 1000 

 

ʇʽʩʣʷ ʨʦʟôʷʩʥʝʥʥʷ ʧʨʠʥʮʠʧʫ ʮʴʦʛʦ ʧʨʦʪʦʢʦʣʫ ʤʠ ʤʦʞʝʤʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʨʠʩʫʥʢʠ, ʦʪʨʠʤʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʮʴʦʛʦ ʧʨʦʪʦʢʦʣʫ. ɼʣʷ ʥʘʩʪʫʧʥʠʭ 

ʛʨʘʬʽʢʽʚ ʧʨʦʮʝʩʠ ʟʛʨʫʧʦʚʘʥʽ ʟʘ ʧʘʨʘʤʠ (A-B; C-D; E-F; G-H; I-ʙʝʟʧʝʨʝʨʚʥʝ). 
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ʇʝʨʰʠʡ ʧʝʨʽʦʜ ï ʧʝʨʝʨʠʚʯʘʩʪʝ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʟ PI (A1 - B5): 

 

ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ ʧʽʩʣʷ 

ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) ʧʨʦʪʷʛʦʤ 

ʧʝʨʰʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟ ʧʦʚʪʦʨʥʠʤ ʯʘʩʦʤ ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 1 ʩ ʪʘ 10 ʩ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.9. ʗʢ ʙʘʯʠʤʦ, ʦʧʠʩʘʥʘ ʚʠʱʝ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʜʦʪʨʠʤʫʻʪʴʩʷ. ʎʽʢʘʚʦʶ ʯʘʩʪʠʥʦʶ ʮʴʦʛʦ ʛʨʘʬʽʢʘ ʻ ʪʝʥʜʝʥʮʽʷ; 

ʯʝʨʝʟ ʢʦʨʦʪʢʽ ʧʝʨʽʦʜʠ ʦʩʚʽʪʣʝʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʦʩʷʛʘʻ ʚʠʩʦʢʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʝʘʢʮʽʾ, ʘʣʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʥʘʩʪʫʧʥʠʡ ʧʽʢ ʻ ʤʝʥʰ 

ʽʥʪʝʥʩʠʚʥʠʤ ʯʝʨʝʟ ʟʤʽʥʫ ʩʪʨʫʢʪʫʨʠ ʚʩʝʨʝʜʠʥʽ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʣʷ 

ʥʘʩʪʫʧʥʦʛʦ ʧʽʢʫ ʪʦʱʦ. 

 

ʈʠʩ. 4.9. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ ʧʽʩʣʷ 

(ʯʝʨʚʦʥʘ ʢʨʠʚʘ) ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ 

(PI) ʧʨʦʪʷʛʦʤ ʧʝʨʰʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟ ʧʦʚʪʦʨʶʚʘʣʴʥʠʤ ʯʘʩʦʤ ʦʩʚʽʪʣʝʥʥʷ 

ʧʨʦʪʷʛʦʤ 1 ʩ (ʣʽʚʘ ʯʘʩʪʠʥʘ) ʪʘ 10 ʩ (ʧʨʘʚʘ ʯʘʩʪʠʥʘ).  
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ɼʨʫʛʠʡ ʧʝʨʽʦʜ ï ʧʝʨʝʨʠʚʯʘʩʪʝ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʟ PI (C1 - D5): 

 

ɿʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ ʽ ʧʨʠ ʙʽʣʴʰʽʡ ʪʨʠʚʘʣʦʩʪʽ ʦʩʚʽʪʣʝʥʥʷ 

(ʜʠʚ. ʨʠʩ. 4.10). ʅʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʤʠ ʙʘʯʠʤʦ, ʱʦ ʪʝʥʜʝʥʮʽʷ ʜʦ ʚʠʱʦʛʦ ʧʝʨʰʦʛʦ 

ʧʽʢʫ ʚʩʝ ʱʝ ʧʨʠʩʫʪʥʷ, ʘʣʝ ʮʷ ʪʝʥʜʝʥʮʽʷ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʮʠʢʣʫ: ʥʘ ʧʦʯʘʪʢʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʘʣʝ ʜʦ ʢʽʥʮʷ ʚʦʥʘ ʟʨʦʩʪʘʻ; 

ʮʝ ʧʦʚô̫ ʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʜʦʚʰʽ ʧʝʨʽʦʜʠ ʦʩʚʽʪʣʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʢʮʽʾ ʫ ʟʨʘʟʢʫ 

ʧʨʦʭʦʜʠʪʠ ʝʬʝʢʪʠʚʥʽʰʝ. 

 

 

ʈʠʩ. 4.10. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ 

(ʯʝʨʚʦʥʘ ʢʨʠʚʘ) ʧʽʩʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʟ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) ʧʨʦʪʷʛʦʤ ʜʨʫʛʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟ ʧʦʚʪʦʨʶʚʘʣʴʥʠʤ ʯʘʩʦʤ 

ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 20 ʩ (ʣʽʚʘ ʯʘʩʪʠʥʘ) ʪʘ 30 ʩ (ʧʨʘʚʘ ʯʘʩʪʠʥʘ).  
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ʊʨʝʪʽʡ ʧʝʨʽʦʜ ï ʧʝʨʝʨʠʚʯʘʩʪʝ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʟ PI (E1 - F5): 

 

ʊʝʥʜʝʥʮʽʷ, ʟʘʧʦʯʘʪʢʦʚʘʥʘ ʚ ʧʦʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ, ʧʨʦʜʦʚʞʫʻʪʴʩʷ, ʨʽʚʝʥʴ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʨʦʩʪʘʻ, ʘ ʥʝ ʧʘʜʘʻ (ʜʠʚ. ʨʠʩ. 4.11). 

 

 

ʈʠʩ. 4.11. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ 

(ʯʝʨʚʦʥʘ ʢʨʠʚʘ) ʧʽʩʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʟ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) ʧʨʦʪʷʛʦʤ ʪʨʝʪʴʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟ ʧʦʚʪʦʨʶʚʘʣʴʥʠʤ ʯʘʩʦʤ 

ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 40 ʩ (ʣʽʚʘ ʯʘʩʪʠʥʘ) ʪʘ 50 ʩ (ʧʨʘʚʘ ʯʘʩʪʠʥʘ).  
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ʏʝʪʚʝʨʪʠʡ ʧʝʨʽʦʜ ï ʧʝʨʝʨʠʚʯʘʩʪʝ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʟ PI (G1 - H5): 

 

ɿ ʮʠʤ ʮʠʢʣʦʤ ʯʘʩ ʦʩʚʽʪʣʝʥʥʷ ʪʝʧʝʨ ʜʦʚʰʠʡ, ʥʽʞ ʯʘʩ ʪʝʤʨʷʚʠ, ʱʦ ʧʨʦʪʠʜʽʻ 

ʚʧʣʠʚʫ ʮʠʭ ʪʝʤʥʠʭ ʧʝʨʽʦʜʽʚ ʽ ʩʪʚʦʨʶʻ ʪʝʥʜʝʥʮʽʶ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.12 ï 

ʧʦʚʽʣʴʥʝ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. 

 

 

ʈʠʩ. 4.12. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ 

(ʯʝʨʚʦʥʘ ʢʨʠʚʘ) ʧʽʩʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʟ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) ʧʨʦʪʷʛʦʤ ʯʝʪʚʝʨʪʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟ ʧʦʚʪʦʨʶʚʘʣʴʥʠʤ ʯʘʩʦʤ 

ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 100 ʩ (ʣʽʚʘ ʯʘʩʪʠʥʘ) ʪʘ 200 ʩ (ʧʨʘʚʘ ʯʘʩʪʠʥʘ).  
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ʇôʷʪʠʡ ʧʝʨʽʦʜ ï ʧʝʨʝʨʠʚʯʘʩʪʝ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʟ PI (I1 - ʙʝʟʧʝʨʝʨʚʥʝ): 

 

ɿʘʚʝʨʰʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʟ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) ʜʝʤʦʥʩʪʨʫʻ ʨʠʩ. 4.13. ʊʝʧʝʨ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ 

ʯʽʪʢʦʛʦ ʪʘ ʧʦʩʪʫʧʦʚʦʛʦ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʎʷ ʪʝʥʜʝʥʮʽʷ ʜʫʞʝ ʩʭʦʞʘ ʥʘ 

ʙʝʟʧʝʨʝʨʚʥʝ ʦʩʚʽʪʣʝʥʥʷ ʟ PI ʥʘ ʨʠʩ. 4.2 ʯʝʨʝʟ ʜʫʞʝ ʪʨʠʚʘʣʠʡ ʯʘʩ ʦʩʚʽʪʣʝʥʥʷ, ʷʢʠʡ 

ʟʨʝʰʪʦʶ ʥʘʚʽʪʴ ʧʝʨʝʭʦʜʠʪʴ ʫ ʙʝʟʧʝʨʝʨʚʥʝ ʦʩʚʽʪʣʝʥʥʷ (22000 ʩ) ʫ ʧʝʨʝʨʠʚʯʘʩʪʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʽ. 

 

 

ʈʠʩ. 4.13. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ 

(ʯʝʨʚʦʥʘ ʢʨʠʚʘ) ʧʽʩʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʟ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) ʧʨʦʪʷʛʦʤ ʧôʷʪʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟ ʧʦʚʪʦʨʶʚʘʣʴʥʠʤ ʯʘʩʦʤ 

ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 1000 ʩ (ʣʽʚʘ ʯʘʩʪʠʥʘ) ʪʘ ʙʝʟʧʝʨʝʨʚʥʝ ʦʩʚʽʪʣʝʥʥʷ (22000 ʩ) 

(ʧʨʘʚʘ ʯʘʩʪʠʥʘ).  
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ʇʝʨʝʨʠʚʯʘʩʪʝ ʦʩʚʽʪʣʝʥʥʷ ʙʝʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI) 

ʇʨʦʪʦʢʦʣ ʜʣʷ ʮʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʚ ʪʘʢʠʡ ʩʘʤʠʡ, ʷʢ ʽ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ 

ʯʘʩʪʠʥʠ, ʻʜʠʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʩʢʣʘʜʽ ʟʨʘʟʢʘ, ʪʝʧʝʨ ʙʝʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI). 

 

ʇʝʨʰʠʡ ʧʝʨʽʦʜ ï ʧʝʨʝʨʠʚʯʘʩʪʝ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʙʝʟ PI (A1 - B5): 

 

ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ ʧʽʩʣʷ 

ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʙʝʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI) ʧʨʦʪʷʛʦʤ 

ʧʝʨʰʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟ ʧʦʚʪʦʨʶʚʘʣʴʥʠʤ ʯʘʩʦʤ ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 1 ʩ ʪʘ 10 ʩ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.14. 

 

ʈʠʩ. 4.14. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ 

(ʯʝʨʚʦʥʘ ʢʨʠʚʘ) ʧʽʩʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʙʝʟ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI) ʧʨʦʪʷʛʦʤ ʧʝʨʰʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟ ʧʦʚʪʦʨʶʚʘʣʴʥʠʤ ʯʘʩʦʤ 

ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 1 ʩ (ʣʽʚʘ ʯʘʩʪʠʥʘ) ʪʘ 10 ʩ (ʧʨʘʚʘ ʯʘʩʪʠʥʘ).  
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ɼʨʫʛʠʡ ʧʝʨʽʦʜ ï ʧʝʨʝʨʠʚʯʘʩʪʝ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʙʝʟ PI (C1 - D5): 

 

ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ ʧʽʩʣʷ 

ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʙʝʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI) ʧʨʦʪʷʛʦʤ 

ʜʨʫʛʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟ ʧʦʚʪʦʨʶʚʘʣʴʥʠʤ ʯʘʩʦʤ ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 20 ʩ ʪʘ 30 ʩ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.15. 

 

 

ʈʠʩ. 4.15. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ 

(ʯʝʨʚʦʥʘ ʢʨʠʚʘ) ʧʽʩʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʙʝʟ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI) ʧʨʦʪʷʛʦʤ ʜʨʫʛʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟ ʧʦʚʪʦʨʶʚʘʣʴʥʠʤ ʯʘʩʦʤ 

ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 20 ʩ (ʣʽʚʘ ʯʘʩʪʠʥʘ) ʪʘ 30 ʩ (ʧʨʘʚʘ ʯʘʩʪʠʥʘ).  

 

 

 

 



116 

 

 

ʊʨʝʪʽʡ ʧʝʨʽʦʜ ï ʧʝʨʝʨʠʚʯʘʩʪʝ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʙʝʟ PI (E1 - F5): 

 

ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ ʧʽʩʣʷ 

ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʙʝʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI) ʧʨʦʪʷʛʦʤ 

ʪʨʝʪʴʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟ ʧʦʚʪʦʨʶʚʘʣʴʥʠʤ ʯʘʩʦʤ ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 40 ʩ ʪʘ 50 ʩ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.16. 

 

 

ʈʠʩ. 4.16. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ 

(ʯʝʨʚʦʥʘ ʢʨʠʚʘ) ʧʽʩʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʙʝʟ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI) ʧʨʦʪʷʛʦʤ ʪʨʝʪʴʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟ ʧʦʚʪʦʨʶʚʘʣʴʥʠʤ ʯʘʩʦʤ 

ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 40 ʩ (ʣʽʚʘ ʯʘʩʪʠʥʘ) ʪʘ 50 ʩ (ʧʨʘʚʘ ʯʘʩʪʠʥʘ).  
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ʏʝʪʚʝʨʪʠʡ ʧʝʨʽʦʜ ï ʧʝʨʝʨʠʚʯʘʩʪʝ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʙʝʟ PI (G1 - H5): 

 

ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ ʧʽʩʣʷ 

ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʙʝʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI) ʧʨʦʪʷʛʦʤ 

ʯʝʪʚʝʨʪʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟ ʧʦʚʪʦʨʶʚʘʣʴʥʠʤ ʯʘʩʦʤ ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 100 ʩ ʪʘ 

200 ʩ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.17. 

 

ʈʠʩ. 4.17. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ 

(ʯʝʨʚʦʥʘ ʢʨʠʚʘ) ʧʽʩʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʙʝʟ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI) ʧʨʦʪʷʛʦʤ ʯʝʪʚʝʨʪʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟ ʧʦʚʪʦʨʶʚʘʣʴʥʠʤ ʯʘʩʦʤ 

ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 100 ʩ (ʣʽʚʘ ʯʘʩʪʠʥʘ) ʪʘ 200 ʩ (ʧʨʘʚʘ ʯʘʩʪʠʥʘ).  
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ʇôʷʪʠʡ ʧʝʨʽʦʜ ï ʧʝʨʝʨʠʚʯʘʩʪʝ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʙʝʟ PI (I1 - ʙʝʟʧʝʨʝʨʚʥʝ): 

 

ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ ʧʽʩʣʷ 

ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʙʝʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI) ʧʨʦʪʷʛʦʤ 

ʧôʷʪʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟ ʧʦʚʪʦʨʶʚʘʣʴʥʠʤ ʯʘʩʦʤ ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 1000 ʩ ʪʘ 

ʙʝʟʧʝʨʝʨʚʥʝ ʦʩʚʽʪʣʝʥʥʷ (22000 ʩ) ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.18. 

 

ʈʠʩ. 4.18. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ 

(ʯʝʨʚʦʥʘ ʢʨʠʚʘ) ʧʽʩʣʷ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʙʝʟ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI) ʧʨʦʪʷʛʦʤ ʧôʷʪʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟ ʧʦʚʪʦʨʶʚʘʣʴʥʠʤ ʯʘʩʦʤ 

ʦʩʚʽʪʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 1000 ʩ (ʣʽʚʘ ʯʘʩʪʠʥʘ) ʪʘ ʙʝʟʧʝʨʝʨʚʥʝ ʦʩʚʽʪʣʝʥʥʷ (22000 ʩ) 

(ʧʨʘʚʘ ʯʘʩʪʠʥʘ).. 

 

ʊʝʥʜʝʥʮʽʷ ʚ ʫʩʽʭ ʮʠʭ ʩʧʝʢʪʨʘʭ (ʜʠʚ. ʨʠʩ. 4.14-4.18) ʦʜʥʘʢʦʚʘ; ʜʫʞʝ ʧʦʚʽʣʴʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʪʦʤʫ ʧʨʷʤʝ ʧʦʨʽʚʥʷʥʥʷ ʨʽʚʥʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʙʫʜʝ ʮʝ ʢʨʘʝɦ ʽʣʶʩʪʨʫʚʘʪʠ, ʷʢ ʧʦʢʘʟʫʻ ʨʠʩ. 4.19.  
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ʈʠʩ. 4.19. ɻʨʘʬʽʯʥʝ ʧʦʨʽʚʥʷʥʥʷ ʨʽʚʥʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʩʚʽʪʣʘ ʧʽʩʣʷ 

ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʟʨʘʟʦʢ AESO:VDM (1:0,5) ʙʝʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI) ʧʨʦʪʷʛʦʤ 5-

ʪʠ ʧʝʨʽʦʜʽʚ. . 

 

ʅʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʜʦʙʨʝ ʚʠʜʥʦ ʨʽʟʥʠʮʶ ʤʽʞ ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʪʘ ʦʩʪʘʥʥʽʤ; ʮʝ 

ʧʦʢʘʟʫʻ, ʱʦ ʥʘʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʫʞʝ ʧʦʚʽʣʴʥʝ, ʘʣʝ ʨʽʚʥʽ ʟʥʘʯʥʦ ʚʠʱʽ, ʥʽʞ 

ʫ ʟʨʘʟʢʫ ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI). 

 

ʇʝʨʝʨʠʚʯʘʩʪʝ ʋʌ-ʦʩʚʽʪʣʝʥʥʷ ï ʩʧʽʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

 

ʄʽʞ ʮʠʤʠ ʜʚʦʤʘ ʧʝʨʝʨʠʚʯʘʩʪʠʤʠ ʨʝʘʢʮʽʷʤʠ ʽʩʥʫʻ ʮʽʢʘʚʝ ʩʧʽʣʴʥʝ ʷʚʠʱʝ 

(ʜʠʚ. ʨʠʩ. 4.20): ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʥʘ ʚʠʱʦʤʫ ʟʥʘʯʝʥʥʽ, ʘ ʧʦʪʽʤ 

ʧʘʜʘʻ ʥʘ ʢʽʣʴʢʘ ʤɺʪ, ʧʝʨʰ ʥʽʞ ʜʦʩʷʛʪʠ ʧʣʘʪʦ (ʪʘʢ ʟʚʘʥʠʡ çʟʫʙʯʘʩʪʠʡ ʝʬʝʢʪè). ʎʝʡ 

ʝʣʝʤʝʥʪ ʧʨʠʩʫʪʥʽʡ ʜʣʷ ʦʙʦʭ ʟʨʘʟʢʽʚ (ʟ PI ʪʘ ʙʝʟ ʥʴʦʛʦ) ʽ ʚʠʥʠʢʘʻ ʥʘ ʚʩʽʭ ʧʽʢʘʭ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟ ʪʨʠʚʘʣʽʩʪʶ ʧʦʥʘʜ 1 ʩʝʢʫʥʜʫ. ʎʝ ʷʚʠʱʝ ʟʫʤʦʚʣʝʥʝ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʋʌ-ʩʚʽʪʣʘ ʧʨʦʪʷʛʦʤ ʢʦʨʦʪʢʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʜʦ 

ʡʦʛʦ ʩʪʘʙʽʣʽʟʘʮʽʾ. 
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ʈʠʩ. 4.20. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʛʦ çʟʫʙʯʘʩʪʦʛʦ ʝʬʝʢʪʫè ʱʦʜʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ʯʝʨʚʦʥʘ ʢʨʠʚʘ) ʧʽʢʫ ʟ ʪʨʠʚʘʣʽʩʪʶ ʧʦʥʘʜ 1 ʩʝʢʫʥʜʫ 

(ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʥʘ ʧʨʠʢʣʘʜʽ ʟʨʘʟʢʘ AESO:VDM (1:0,5) ʙʝʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI) 

ʟ ʨʠʩ. 4.14).  

 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʩʧʦʩʪʝʨʝʞʫʚʘʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʘ ʩʘʤʝ ʨʽʟʢʝ 

ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʥʷ ʩʚʽʪʣʘ ʪʘ ʨʽʟʢʝ ʩʧʘʜʘʥʥʷ ʚ ʤʦʤʝʥʪ 

ʚʠʢʣʶʯʝʥʥʷ ʩʚʽʪʣʘ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ, ʨʦʙʠʤʦ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʪʘʢʽ ʧʝʨʽʦʜʠʯʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʚʠʢʣʠʢʘʥʽ ʟʘ ʨʘʭʫʥʦʢ 

ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʯʠ ʝʣʝʢʪʨʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʪʘʢ ʟʚʘʥʘ 

çʝʣʝʢʪʨʦʥʥʘ ʪʝʤʧʝʨʘʪʫʨʘè. 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʽʜ ʯʘʩ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ 

 

ɺ ʷʢʦʩʪʽ ʘʧʨʦʙʘʮʽʾ, ʥʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʢʽʥʝʪʠʢʠ ʽʦʥʥʦʛʦ ʪʨʝʢʫ ʫ ʪʨʝʢʦʚʠʭ ʙʽʦʩʝʥʩʦʨʘʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ ʧʦʢʘʟʘʣʦ 
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ʤʦʞʣʠʚʦʩʪʽ ʘʜʘʧʪʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʝʥʩʦʨʘ, ʱʦ ʥʝ 

ʤʦʞʣʠʚʦ ʧʝʨʝʜʙʘʯʠʪʠ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ.  

ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʜʘʣʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʦʨʽʶ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤ [116-122] 

ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʪʦʜʝʛʨʘʜʘʮʽʾ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʣʽʤʝʨʘʭ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʫ ʨʘʤʢʘʭ ʮʽʻʾ ʪʝʦʨʽʾ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ 

ʢʦʨʠʩʥʦʶ ʫ ʚʠʧʘʜʢʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʦʪʦʧʦʣʽʤʝʨʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʻʶ in-situ, 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʪʝʨʤʦʧʘʨʘʤʠ, ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʇɸʉ ʜʣʷ ʟʨʘʟʢʘ 

AESO/VDM/DMPA, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.21-4.25. 

 

 

 
ʈʠʩ. 4.21. ʊʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʟʨʘʟʢʘ AESO/VDM/DMPA ʧʽʜ ʯʘʩ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ 

in situ ʷʢ ʬʫʥʢʮʽʷ ʯʘʩʫ (1 ïTC1, 2 ï TC2, 3 ïTC3, 4 ï TC4, 5 ï TC5 ʟ ʨʠʩʫʥʢʫ ʚʠʱʝ). 
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ʈʠʩ. 4.22. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ (Df ʪʘ ʤʽʨʠ) 

ʜʣʷ ʟʨʘʟʢʘ AESO/VDM/DMPA ʧʽʜ ʯʘʩ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ in situ ʷʢ ʬʫʥʢʮʽʷ ʯʘʩʫ. 

 

 

 
 

ʈʠʩ. 4.23. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ (ʤʽʨʠ ʪʘ Egr) 

ʜʣʷ ʟʨʘʟʢʘ AESO/VDM/DMPA ʧʽʜ ʯʘʩ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ in-situ ʷʢ ʬʫʥʢʮʽʷ ʯʘʩʫ. 

 

 

 

 

 



123 

 

 

ʈʝʟʫʣʴʪʘʪʠ ʇɸʉ ʪʘ TC4 (ʟʨʘʟʦʢ) ʜʣʷ AESO/VDM/DMPA (ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ) 

ʷʢ ʬʫʥʢʮʽʷ ʯʘʩʫ ʚ ʮʠʢʣʘʭ ʚʢʣʶʯʝʥʥʷ ʪʘ ʚʠʢʣʶʯʝʥʥʷ ʋʌ-ʩʚʽʪʣʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

4.24. 

 
 

 
 

ʈʠʩ. 4.24. ʈʝʟʫʣʴʪʘʪʠ ʇɸʉ (ʯʘʩ ʞʠʪʪʷ o-Ps ï ʟʚʝʨʭʫ; ʽʥʪʝʥʩʠʚʥʽʩʪʴ ï ʟʥʠʟʫ) ʪʘ 

TC4 (ʟʨʘʟʦʢ) ʜʣʷ AESO/VDM/DMPA (ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ) ʷʢ ʬʫʥʢʮʽʷ ʯʘʩʫ ʚ 

ʮʠʢʣʘʭ ʚʢʣʶʯʝʥʥʷ ʪʘ ʚʠʢʣʶʯʝʥʥʷ ʋʌ-ʩʚʽʪʣʘ. 
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ʈʝʟʫʣʴʪʘʪʠ ʇɸʉ ʪʘ TC4 (ʟʨʘʟʦʢ) ʜʣʷ AESO/VDM (ʙʝʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ) ʷʢ 

ʬʫʥʢʮʽʷ ʯʘʩʫ ʚ ʮʠʢʣʘʭ ʚʢʣʶʯʝʥʥʷ ʪʘ ʚʠʢʣʶʯʝʥʥʷ ʋʌ-ʩʚʽʪʣʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

4.25. 

 

 
 

 
 

ʈʠʩ. 4.25. ʈʝʟʫʣʴʪʘʪʠ ʇɸʉ (ʯʘʩ ʞʠʪʪʷ o-Ps ï ʟʚʝʨʭʫ; ʽʥʪʝʥʩʠʚʥʽʩʪʴ ï ʟʥʠʟʫ) ʪʘ 

TC4 (ʟʨʘʟʦʢ) ʜʣʷ AESO/VDM (ʙʝʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ) ʷʢ ʬʫʥʢʮʽʷ ʯʘʩʫ ʚ ʮʠʢʣʘʭ 

ʚʢʣʶʯʝʥʥʷ ʪʘ ʚʠʢʣʶʯʝʥʥʷ ʋʌ-ʩʚʽʪʣʘ. 



125 

 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʤʦʞʝ 

ʙʫʪʠ ʜʫʞʝ ʢʦʨʠʩʥʦʶ ʫ ʚʠʧʘʜʢʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʦʪʦʧʦʣʽʤʝʨʽʚ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʻʶ in-situ, 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʪʝʨʤʦʧʘʨʘʤʠ, ʜʣʷ ʟʨʘʟʢʘ AESO/VDM/DMPA. ɸ ʩʘʤʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʫʪʪʻʚʘ ʟʤʽʥʘ  ʧʘʨʘʤʝʪʨʽʚ ʪʝʦʨʽʾ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ (Df ʪʘ ʤʽʨʠ,  

ʤʽʨʠ ʪʘ Egr; ʜʠʚ. ʨʠʩ. 4.22 ʪʘ 4.23) ʚ ʦʙʣʘʩʪʽ ʨʝʘʢʮʽʾ (ʧʽʢ ʥʘ ʢʨʠʚʠʭ). ʇʽʩʣʷ ʨʝʘʢʮʽʾ 

(ʫʪʚʦʨʝʥʥʷ ʩʽʪʢʠ) ʨʦʟʤʽʨ ʧʦʨʦʞʥʠʥ (ʟʘ ʯʘʩʦʤ ʞʠʪʪʷ o-Ps) ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʦʚʽʣʴʥʦ ʟʨʦʩʪʘʻ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟ ʯʘʩʦʤ (ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʦʪʫʞʥʦʩʪʽ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ). ʇʨʠʧʫʩʢʘʻʪʴʩʷ ʤʦʞʣʠʚʘ ʧʦʚʽʣʴʥʘ ʬʦʪʦʜʝʛʨʘʜʘʮʽʷ, 

ʋʌ-ʩʚʽʪʣʦ/ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʛʝʥʝʨʘʮʽʷ ʜʠʥʘʤʽʯʥʠʭ ʚʽʣʴʥʠʭ ʦʙôʻʤʽʚ. ɿʨʘʟʦʢ 

AESO/VDM (ʙʝʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ) ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʥʘʙʘʛʘʪʦ ʧʦʚʽʣʴʥʽʰʠʡ ʧʨʦʮʝʩ 

ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʷʢ ʽ ʦʯʽʢʫʚʘʣʦʩʷ. 

 

4.2.2. ʇɸʉ, ɯʏ ʪʘ ɽʇʈ: ʢʦʤʙʽʥʦʚʘʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ 

 

ɼʣʷ ʧʦʚʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʫ ʧʦʣʽʤʝʨʘʭ 

ʥʝʦʙʭʽʜʥʦ ʢʦʤʙʽʥʫʚʘʪʠ ʢʽʣʴʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ. ɾʦʜʝʥ ʦʢʨʝʤʠʡ 

ʤʝʪʦʜ ʥʝ ʤʦʞʝ ʥʘʜʘʪʠ ʚʠʯʝʨʧʥʫ ʽʥʬʦʨʤʘʮʽʶ. ɿ ʣʽʪʝʨʘʪʫʨʠ ʚʽʜʦʤʦ [46-98]: 

- ʇɸʉ + ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʷ: ʇɸʉ ʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʤʽʥʫ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ, ʘ ɯʏ 

ï ʧʨʦ ʭʽʤʽʯʥʽ ʟʤʽʥʠ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʇɸʉ ʧʦʢʘʟʫʻ ʟʤʝʥʰʝʥʥʷ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ, 

ʘ ɯʏ ï ʫʪʚʦʨʝʥʥʷ ʢʘʨʙʦʥʽʣʴʥʠʭ ʛʨʫʧ, ʮʝ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʨʘʜʽʘʮʽʡʥʝ ʟʰʠʚʘʥʥʷ, 

ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʦʢʠʩʣʝʥʥʷʤ. ʗʢʱʦ ʞ ʇɸʉ ʧʦʢʘʟʫʻ ʟʙʽʣʴʰʝʥʥʷ ʚʽʣʴʥʦʛʦ 

ʦʙô̒ ʤʫ, ʘ ɯʏ ï ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʛʨʫʧ ʪʘ/ʘʙʦ ʧʦʷʚʫ ʛʘʟʦʧʦʜʽʙʥʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʮʝ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʜʝʩʪʨʫʢʮʽʶ. 

- ʇɸʉ + ɽʇʈ: ɽʇʈ ʽʜʝʥʪʠʬʽʢʫʻ ʫʪʚʦʨʝʥʽ ʨʘʜʠʢʘʣʠ, ʘ ʇɸʉ ʤʦʞʝ ʦʮʽʥʠʪʠ, ʷʢ ʮʽ 

ʨʘʜʠʢʘʣʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʨʦʞʥʠʥʥʫ ʩʪʨʫʢʪʫʨʫ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ɽʇʈ ʧʦʢʘʟʫʻ 

ʫʪʚʦʨʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʧʝʨʦʢʩʠʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ, ʘ ʇɸʉ ï ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ 

ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ, ʮʝ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʪʝ, ʱʦ ʦʢʠʩʣʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʩʪʨʫʢʮʽʾ 

ʪʘ ʫʪʚʦʨʝʥʥʷ ʧʦʨ. 
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- ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʷ + ɽʇʈ: ɯʏ ʽʜʝʥʪʠʬʽʢʫʻ ʢʽʥʮʝʚʽ ʧʨʦʜʫʢʪʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʘ 

ɽʇʈ ï ʾʭʥʽ ʨʘʜʠʢʘʣʴʥʽ ʧʦʧʝʨʝʜʥʠʢʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʦʩʪʝʞʠʪʠ ʚʝʩʴ ʰʣʷʭ ʨʝʘʢʮʽʾ 

ʚʽʜ ʫʪʚʦʨʝʥʥʷ ʨʘʜʠʢʘʣʽʚ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ɽʇʈ 

ʤʦʞʝ ʧʦʢʘʟʘʪʠ ʫʪʚʦʨʝʥʥʷ ʘʣʢʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ, ʘ ɯʏ ï ʧʦʜʘʣʴʰʝ ʫʪʚʦʨʝʥʥʷ 

ʢʘʨʙʦʥʽʣʴʥʠʭ ʛʨʫʧ ʚʥʘʩʣʽʜʦʢ ʾʭ ʦʢʠʩʣʝʥʥʷ. 

ʇʨʦʮʝʩ ʟʰʠʚʘʥʥʷ ʚʽʜʙʫʚʘʚʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʋʌ-ʩʚʽʪʣʘ, ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ ʘʙʦ 

ʙʝʟ ʥʴʦʛʦ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʦʢʘʣʴʥʦʛʦ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʪʘ ʡʦʛʦ ʦʜʥʦʨʽʜʥʦʩʪʽ 

(ʨʠʩ. 4.26) ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʇɸʉ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ 

VDM, ʱʦ ʤʽʩʪʠʪʴ ʘʨʦʤʘʪʠʯʥʽ ʢʽʣʴʮʷ, ʧʨʠʟʚʽʚ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ ʚ 

ʩʽʪʮʽ ʟʘʪʚʝʨʜʽʣʦʛʦ ʧʦʣʽʤʝʨʫ [34, 35]. ʎʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʧʣʠʥʫʣʦ ʥʘ ʜʠʬʫʟʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʫ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʚʦʜʠ. ʂʨʽʤ ʪʦʛʦ, ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ 

VDM ʧʨʠʟʚʝʣʦ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʦʥʚʝʨʩʽʾ ʧʦʜʚʽʡʥʠʭ ʟʚô̫ ʟʢʽʚ ʫ ʟʘʪʚʝʨʜʽʣʠʭ ʟʨʘʟʢʘʭ, 

ʱʦ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʣʠʞʥʴʦʾ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ ʥʝ ʦʙʦʚô̫ ʟʢʦʚʦ ʧʦʚô̫ ʟʘʥʝ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ʟʰʠʚʘʥʥʷ ʧʦʣʽʤʝʨʫ, ʘ ʻ ʥʘʩʣʽʜʢʦʤ ʨʦʟʰʠʨʝʥʥʷ ʦʙô̒ ʤʫ, 

ʟʘʡʥʷʪʦʛʦ ʘʨʦʤʘʪʠʯʥʠʤʠ ʢʽʣʴʮʷʤʠ ʚ ʧʦʣʽʤʝʨʽ [34].  

ɿʥʘʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʪʦʜʝʛʨʘʜʘʮʽʾ ʚʘʞʣʠʚʝ ʱʦʥʘʡʤʝʥʰʝ ʟ ʜʚʦʭ ʪʦʯʦʢ ʟʦʨʫ: ʧʦ-

ʧʝʨʰʝ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʧʣʠʚ ʋʌ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʧʦ-ʜʨʫʛʝ, ʮʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʰʠʨʠʪʴ ʟʥʘʥʥʷ ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ 

ʙʽʦʧʦʣʽʤʝʨʽʚ. 

ɺʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʟʨʘʟʢʘʤʠ ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) ʘʙʦ ʙʝʟ ʥʴʦʛʦ ʙʫʣʠ 

ʜʦʩʣʽʜʞʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʥʴ ʩʧʝʢʪʨʽʚ ʇɸʉ ʪʘ ATR-FTIR. ʈʝʟʫʣʴʪʘʪʠ, 

ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇɸʉ ʪʘ ATR-FTIR ʜʣʷ ʟʘʪʚʝʨʜʽʣʠʭ ʟʨʘʟʢʽʚ ʧʽʜ ʯʘʩ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʦʪʨʠʤʘʥʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʢʦʨʠʩʪʘʥʦʛʦ 

ʯʘʩʦʚʦʛʦ ʧʨʦʪʦʢʦʣʫ (ʪʘʙʣʠʮʷ 3.1). ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʙʦʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʦ, ʱʦ 

ʚʧʣʠʚ ʋʌ-ʩʚʽʪʣʘ ʚʧʣʠʚʘʻ ʥʘ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʧʽʜʜʘʶʪʴʩʷ ʡʦʛʦ ʚʧʣʠʚʫ ʧʽʜ ʯʘʩ ʾʭ 

ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʘʙʦ ʦʧʨʦʤʽʥʝʥʥʷ ʩʬʦʨʤʦʚʘʥʠʭ ʟʨʘʟʢʽʚ. ɿʤʽʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʜʦʩʠʪʴ ʟʥʘʯʥʠʤʠ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʦʧʨʦʤʽʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʟʽ ʟʥʘʯʥʦʶ 

ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʡʦʛʦ ʘʪʦʤʥʠʭ ʘʙʦ ʤʦʣʝʢʫʣʷʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʬʦʪʦ-ʽʥʜʫʢʦʚʘʥʽ 

ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ). 
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ʈʠʩ. 4.26. ʍʽʜ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʟʨʘʟʢʽʚ AESO:VDM ʟ (a) ʪʘ ʙʝʟ (b) 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI), ʜʦʩʣʽʜʞʝʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇɸʉ. ʇʦʢʘʟʘʥʦ ʟʘʛʘʣʴʥʠʡ ʯʘʩ 

ʦʧʨʦʤʽʥʝʥʥʷ ʷʢ çʏʘʩè (ʚʝʨʭʥʷ ʚʽʩʴ X) ʪʘ ʩʚʽʪʣʦʚʫ ʝʥʝʨʛʽʶ, ʧʦʛʣʠʥʫʪʫ ʚ ʦʙô̒ ʤʽ 

ʟʨʘʟʢʘ, ʷʢ çʉʚʽʪʣʦʚʫ ʝʥʝʨʛʽʶè (ʥʠʞʥʷ ʚʽʩʴ X) [34]. 

 

ɸʥʘʣʽʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇɸʉ ʧʽʩʣʷ ʬʦʪʦʜʝʛʨʘʜʘʮʽʾ 

 

ʊʝʦʨʽʶ ʇɸʉ, ʦʧʠʩʘʥʫ ʨʘʥʽʰʝ, ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʦʮʽʥʢʠ ʟʨʘʟʢʽʚ ʪʘ 

ʤʦʥʽʪʦʨʠʥʛʫ ʾʭ ʟʤʽʥ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʨʦʮʝʩʫ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ. ɻʨʘʬʽʢʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʮʽʡ ʯʘʩʪʠʥʽ, ʧʦʢʘʟʫʶʪʴ ʜʘʥʽ ʧʨʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʯʘʩ ʞʠʪʪʷ ʪʘ 

ʜʠʩʧʝʨʩʽʶ (ʷʢʱʦ ʪʘʢʘ ʻ) ʜʣʷ ʢʦʤʧʦʥʝʥʪʠ 4: ʦʨʪʦ-ʧʦʟʠʪʨʦʥʽ.ʁ  

 

ɿʨʘʟʦʢ ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI), ʧʨʠʛʦʪʦʚʘʥʠʡ ʙʝʟʧʝʨʝʨʚʥʠʤ ʦʩʚʽʪʣʝʥʥʷʤ 

 

ɻʨʘʬʽʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʢʦʤʫ ʧʦʨʷʜʢʫ: ʽʥʪʝʥʩʠʚʥʽʩʪʴ ï ʯʘʩ ʞʠʪʪʷ ï 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟ ʜʠʩʢʨʝʪʥʦʶ ʩʢʣʘʜʦʚʦʶ 4 ï ʯʘʩ ʞʠʪʪʷ ʪʘ ʜʠʩʧʝʨʩʽʷ ʟ ʜʠʩʢʨʝʪʥʦʶ 

ʩʢʣʘʜʦʚʦʶ 4 (ʢʦʤʧʦʥʝʥʪʘ ʦʨʪʦ-ʧʦʟʠʪʨʦʥʽʶ o-Ps). 
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ɼʠʩʢʨʝʪʥʠʡ ʨʝʞʠʤ ʦʮʽʥʶʚʘʥʥʷ ï ʥ̔ʪʝʥʩʠʚʥʽʩʪʴ o-Ps-ʢʦʤʧʦʥʝʥʪʠ: 

 

 

 

ʈʠʩ. 4.27. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ o-Ps-ʢʦʤʧʦʥʝʥʪʠ (%) ʫ ʨʝʞʠʤʽ 

ʜʠʩʢʨʝʪʥʦʾ ʦʮʽʥʢʠ. ʇʦʨʽʚʥʷʥʥʷ ʟʨʘʟʢʽʚ ʟ PI ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʋʌ-ʦʩʚʽʪʣʝʥʥʷ 

ʟʛʽʜʥʦ ʧʨʦʪʦʢʦʣʫ ʥʘʚʝʜʝʥʦʛʦ ʚ ʪʘʙʣ. 3.1. 

 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʽ ʩʤʫʛʠ ʧʦʭʠʙʢʠ, ʤʠ ʙʘʯʠʤʦ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʨʦʩʪʘʥʥʷ, ʟ 

ʧʦʚʽʣʴʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʟ ʢʦʞʥʠʤ ʥʘʩʪʫʧʥʠʤ ʦʧʨʦʤʽʥʝʥʥʷʤ, ʧʨʠʯʦʤʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʦʩʷʛʘʻ ʩʚʦʛʦ ʤʘʢʩʠʤʫʤʫ ʧʽʩʣʷ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ (114 ʛʦʜ 07 ʭʚ). 
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ɼʠʩʢʨʝʪʥʠʡ ʨʝʞʠʤ ʦʮʽʥʶʚʘʥʥʷ ï ʯʘʩ ʞʠʪʪʷ o-Ps-ʢʦʤʧʦʥʝʥʪʠ: 

 

 

 

ʈʠʩ. 4.28. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ o-Ps-ʢʦʤʧʦʥʝʥʪʠ (ʥʩ) ʫ ʨʝʞʠʤʽ 

ʜʠʩʢʨʝʪʥʦʾ ʦʮʽʥʢʠ (ʙʝʟ ʜʠʩʧʝʨʩʽ)ʾ. ʇʦʨʽʚʥʷʥʥʷ ʟʨʘʟʢʽʚ ʟ PI ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʋʌ-

ʦʩʚʽʪʣʝʥʥʷ ʟʛʽʜʥʦ ʧʨʦʪʦʢʦʣʫ ʥʘʚʝʜʝʥʦʛʦ ʚ ʪʘʙʣ. 3.1. 

 

ʏʘʩ ʞʠʪʪʷ ʨʽʟʢʦ ʟʤʽʥʶʻʪʴʩʷ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʘ ʧʦʪʽʤ 

ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʥʘ ʮʴʦʤʫ ʟʥʘʯʝʥʥʽ ʪʘ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʜʽʙʥʠʤ ʥʘʚʽʪʴ ʟʘ ʪʨʠʚʘʣʠʭ 

ʧʝʨʽʦʜʽʚ ʦʩʚʽʪʣʝʥʥʷ. 
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ʈʝʞʠʤ ʙʝʟʧʝʨʝʨʚʥʦʾ ʦʮʽʥʢʠ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ o-Ps-ʢʦʤʧʦʥʝʥʪʠ: 

 

 

ɿʨʘʟʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʪʦʢʦʣʫ ʯʘʩʫ ʦʧʨʦʤʽʥʝʥʥʷ 

 

ʈʠʩ. 4.29. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ o-Ps-ʢʦʤʧʦʥʝʥʪʠ (%) ʫ 

ʨʝʞʠʤʽ ʙʝʟʧʝʨʝʨʚʥʦʾ ʦʮʽʥʢʠ (ʟ ʜʠʩʧʝʨʩʽʻʶ). ʇʦʨʽʚʥʷʥʥʷ ʟʨʘʟʢʽʚ ʟ PI ʜʣʷ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʋʌ-ʦʩʚʽʪʣʝʥʥʷ ʟʛʽʜʥʦ ʧʨʦʪʦʢʦʣʫ ʥʘʚʝʜʝʥʦʛʦ ʚ ʪʘʙʣ. 3.1. 

 

ɼʣʷ ʮʴʦʛʦ ʨʠʩʫʥʢʘ ʪʝʥʜʝʥʮʽʷ ʜʝʱʦ ʩʢʣʘʜʥʽʰʘ: ʩʧʦʯʘʪʢʫ ʧʦʚʽʣʴʥʝ ʟʨʦʩʪʘʥʥʷ, 

ʘ ʧʦʪʽʤ ʩʧʘʜ. ɿʨʝʰʪʦʶ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʚʫ ʟʨʦʩʪʘʻ ʟ ʪʨʠʚʘʣʽʰʠʤ ʧʝʨʽʦʜʦʤ 

ʦʧʨʦʤʽʥʝʥʥʷ. 
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ʈʝʞʠʤ ʙʝʟʧʝʨʝʨʚʥʦʾ ʦʮʽʥʢʠ ï ʯʘʩ ʞʠʪʪʷ o-Ps-ʢʦʤʧʦʥʝʥʪʠ: 

 

ɿʨʘʟʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʪʦʢʦʣʫ ʯʘʩʫ ʦʧʨʦʤʽʥʝʥʥʷ 

 

ʈʠʩ. 4.30. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ o-Ps-ʢʦʤʧʦʥʝʥʪʠ (ʥʩ) ʫ 

ʨʝʞʠʤʽ ʙʝʟʧʝʨʝʨʚʥʦʾ ʦʮʽʥʢʠ (ʟ ʜʠʩʧʝʨʩʽʻʶ). ʇʦʨʽʚʥʷʥʥʷ ʟʨʘʟʢʽʚ ʟ PI ʜʣʷ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʋʌ-ʦʩʚʽʪʣʝʥʥʷ ʟʛʽʜʥʦ ʧʨʦʪʦʢʦʣʫ ʥʘʚʝʜʝʥʦʛʦ ʚ ʪʘʙʣ. 3.1.  

 

 

ʎʝʡ ʛʨʘʬʽʢ ʧʽʜʪʚʝʨʜʞʫʻ ʧʦʧʝʨʝʜʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ: ʯʘʩ ʞʠʪʪʷ, ʘ ʪʘʢʦʞ 

ʜʠʩʧʝʨʩʽʷ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʟʤʽʥʶʶʪʴʩʷ ʧʨʠ ʧʝʨʰʦʤʫ ʦʧʨʦʤʽʥʝʥʥʽ ʪʘ ʜʦʩʷʛʘʶʪʴ 

ʥʘʩʠʯʝʥʦʛʦ ʩʪʘʥʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ. 
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ɿʨʘʟʦʢ ʙʝʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI), ʧʨʠʛʦʪʦʚʘʥʠʡ ʙʝʟʧʝʨʝʨʚʥʠʤ ʦʩʚʽʪʣʝʥʥʷʤ 

 

ɼʠʩʢʨʝʪʥʠʡ ʨʝʞʠʤ ʦʮʽʥʶʚʘʥʥʷ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ o-Ps-ʢʦʤʧʦʥʝʥʪʠ: 

 

 

ɿʨʘʟʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʪʦʢʦʣʫ ʯʘʩʫ ʦʧʨʦʤʽʥʝʥʥʷ 

 

ʈʠʩ. 4.31. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ o-Ps-ʢʦʤʧʦʥʝʥʪʠ (%) ʫ ʨʝʞʠʤʽ 

ʜʠʩʢʨʝʪʥʦʾ ʦʮʽʥʢʠ. ʇʦʨʽʚʥʷʥʥʷ ʟʨʘʟʢʽʚ ʙʝʟ PI ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʋʌ-ʦʩʚʽʪʣʝʥʥʷ 

ʟʛʽʜʥʦ ʧʨʦʪʦʢʦʣʫ ʥʘʚʝʜʝʥʦʛʦ ʚ ʪʘʙʣ. 3.1.  
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ɼʣʷ ʮʴʦʛʦ ʟʨʘʟʢʘ ʝʚʦʣʶʮʽʷ ʤʝʥʰʘ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ PI ʜʣʷ ʧʦʩʠʣʝʥʥʷ 

ʨʝʘʢʮʽʾ. ʆʜʥʘʢ, ʚʩʝ ʱʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʨʦʩʪʘʥʥʷ ʟ ʧʦʩʪʽʡʥʠʤ 

ʟʨʦʩʪʘʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. 

 

ɼʠʩʢʨʝʪʥʠʡ ʨʝʞʠʤ ʦʮʽʥʶʚʘʥʥʷ ï ʯʘʩ ʞʠʪʪʷ o-Ps-ʢʦʤʧʦʥʝʥʪʠ: 

 

 

ɿʨʘʟʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʪʦʢʦʣʫ ʯʘʩʫ ʦʧʨʦʤʽʥʝʥʥʷ 

 

ʈʠʩ. 4.32. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ o-Ps-ʢʦʤʧʦʥʝʥʪʠ (ʥʩ) ʫ ʨʝʞʠʤʽ 

ʜʠʩʢʨʝʪʥʦʾ ʦʮʽʥʢʠ. ʇʦʨʽʚʥʷʥʥʷ ʟʨʘʟʢʽʚ ʙʝʟ PI ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʋʌ-ʦʩʚʽʪʣʝʥʥʷ 

ʟʛʽʜʥʦ ʧʨʦʪʦʢʦʣʫ ʥʘʚʝʜʝʥʦʛʦ ʚ ʪʘʙʣ. 3.1.  
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ʊʝʥʜʝʥʮʽʾ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʥʠʞʥʴʦʶ ʪʘ ʚʝʨʭʥʴʦʶ ʯʘʩʪʠʥʘʤʠ ʮʴʦʛʦ ʟʨʘʟʢʘ: 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʨʠʙʦʢ ʜʣʷ ʧʝʨʰʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʜʣʷ ʦʙʦʭ ʩʪʦʨʽʥ, ʘʣʝ ʚ ʥʠʞʥʽʡ 

ʯʘʩʪʠʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ, ʘ ʧʦʪʽʤ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ, ʷʢʝ 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ ʩʪʨʠʙʢʘ, ʪʦʜʽ ʷʢ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʚʠʩʭʽʜʥʠʡ ʪʨʝʥʜ ʟ ʧʦʚʽʣʴʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʯʘʩʫ ʞʠʪʪʷ. 

 

ʈʝʞʠʤ ʙʝʟʧʝʨʝʨʚʥʦʾ ʦʮʽʥʢʠ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ o-Ps-ʢʦʤʧʦʥʝʥʪʠ: 

 

 

ɿʨʘʟʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʪʦʢʦʣʫ ʯʘʩʫ ʦʧʨʦʤʽʥʝʥʥʷ 

 

ʈʠʩ. 4.33. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ o-Ps-ʢʦʤʧʦʥʝʥʪʠ (%) ʫ 

ʨʝʞʠʤʽ ʙʝʟʧʝʨʝʨʚʥʦʾ ʦʮʽʥʢʠ (ʟ ʜʠʩʧʝʨʩʽʻʶ). ʇʦʨʽʚʥʷʥʥʷ ʟʨʘʟʢʽʚ ʙʝʟ PI ʜʣʷ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʋʌ-ʦʩʚʽʪʣʝʥʥʷ ʟʛʽʜʥʦ ʧʨʦʪʦʢʦʣʫ ʥʘʚʝʜʝʥʦʛʦ ʚ ʪʘʙʣ. 3.1.  
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ʊʝʥʜʝʥʮʽʷ ʟʘʨʘʟ ʥʘʙʘʛʘʪʦ ʯʽʪʢʽʰʘ ʟ ʮʽʻʶ ʩʢʣʘʜʦʚʦʶ ʫ ʨʝʞʠʤʽ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʦʮʽʥʢʠ (ʟ ʜʠʩʧʝʨʩʽʻʶ): ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟ ʢʦʞʥʠʤ 

ʥʦʚʠʤ ʧʝʨʽʦʜʦʤ ʦʧʨʦʤʽʥʝʥʥʷ. 

 

ʈʝʞʠʤ ʙʝʟʧʝʨʝʨʚʥʦʾ ʦʮʽʥʢʠ ï ʯʘʩ ʞʠʪʪʷ o-Ps-ʢʦʤʧʦʥʝʥʪʠ: 

 

 

ɿʨʘʟʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʪʦʢʦʣʫ ʯʘʩʫ ʦʧʨʦʤʽʥʝʥʥʷ 

 

ʈʠʩ. 4.34. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ o-Ps-ʢʦʤʧʦʥʝʥʪʠ (%) ʫ 

ʨʝʞʠʤʽ ʙʝʟʧʝʨʝʨʚʥʦʾ ʦʮʽʥʢʠ (ʟ ʜʠʩʧʝʨʩʽʻʶ). ʇʦʨʽʚʥʷʥʥʷ ʟʨʘʟʢʽʚ ʙʝʟ PI 

ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʋʌ-ʦʩʚʽʪʣʝʥʥʷ ʟʛʽʜʥʦ ʧʨʦʪʦʢʦʣʫ ʥʘʚʝʜʝʥʦʛʦ ʚ ʪʘʙʣ. 3.1. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʫʞʝ ʩʭʦʞʽ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʟʨʘʟʢʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ 

ʟ PI (ʜʠʚ. ʨʠʩ. 4.30) ʜʣʷ ʮʴʦʛʦ ʛʨʘʬʽʢʘ: ʩʪʨʠʙʦʢ ʧʨʠ ʧʝʨʰʦʤʫ ʦʧʨʦʤʽʥʝʥʥʽ ʷʢ ʜʣʷ 

ʯʘʩʫ ʞʠʪʪʷ, ʪʘʢ ʽ ʜʣʷ ʜʠʩʧʝʨʩʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʾʭ ʜʦ ʥʘʩʠʯʝʥʥʷ, ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʷ 

ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʽ. 

ʅʘ ʟʘʚʝʨʰʝʥʥʷ ʮʽʻʾ ʯʘʩʪʠʥʠ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʜʫʞʝ ʩʭʦʞʽ ʤʽʞ 

ʟʨʘʟʢʘʤʠ, ʟ ʜʝʷʢʠʤʠ ʥʝʟʥʘʯʥʠʤʠ ʚʽʜʤʽʥʥʦʩʪʷʤʠ, ʘʣʝ ʟʘʛʘʣʦʤ ʜʫʞʝ ʙʣʠʟʴʢʠʤʠ 

ʢʽʥʮʝʚʠʤʠ ʜʘʥʠʤʠ (ʨʠʩ. 4.35). ʎʝ ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚʦʥʠ ʙʫʣʠ 

ʧʦʣʽʤʝʨʠʟʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʪʦʢʦʣʫ, ʽ ʟʘ ʫʤʦʚʠ ʜʦʩʪʘʪʥʴʦʛʦ ʯʘʩʫ 

ʦʧʨʦʤʽʥʝʥʥʷ (ʟʘʛʘʣʦʤ 114 ʛʦʜʠʥ 7 ʭʚʠʣʠʥ), ʟʨʘʟʦʢ ʙʝʟ PI ʟʨʝʰʪʦʶ ʦʪʨʠʤʫʻ ʪʘʢʽ 

ʞ ʨʝʟʫʣʴʪʘʪʠ, ʷʢ ʽ ʟʨʘʟʦʢ ʟ PI. 

 

 

ɿʨʘʟʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʪʦʢʦʣʫ ʯʘʩʫ ʦʧʨʦʤʽʥʝʥʥʷ 

 

ʈʠʩ. 4.35.  ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ o-Ps ʪʘ ʜʠʩʧʝʨʩʽʾ ʯʘʩʫ ʞʠʪʪʷ o-Ps 

ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) ʪʘ ʙʝʟ ʥʴʦʛʦ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʋʌ-ʦʩʚʽʪʣʝʥʥʷ 

ʟʛʽʜʥʦ ʧʨʦʪʦʢʦʣʫ ʥʘʚʝʜʝʥʦʛʦ ʚ ʪʘʙʣ. 3.1. 

 

ɸʥʘʣʽʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʽʩʣʷ ʬʦʪʦʜʝʛʨʘʜʘʮʽʾ 

 

ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʤʦʞʝ ʚʠʷʚʠʪʠ ʜʝʷʢʽ ʟʤʽʥʠ, ʷʢʽ ʇɸʉ ʥʝ ʤʦʞʝ ʚʠʷʚʠʪʠ, ʱʦ 

ʜʘʻ ʧʦʚʥʽʰʠʡ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ. ʇʦʜʽʙʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʇɸʉ, ʤʠ ʧʦʨʽʚʥʷʻʤʦ ɯʏ 
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ʩʧʝʢʪʨʠ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ ʾʭ ʦʧʨʦʤʽʥʝʥʥʷ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʧʦʢʘʟʘʥʦ 

ʦʪʨʠʤʘʥʽ ɯʏ ʩʧʝʢʪʨʠ (ʨʠʩ. 4.36).  

ʋ ʟʘʧʠʩʘʥʠʭ ʩʧʝʢʪʨʘʭ ATR-FTIR (ʨʠʩ. 4.36) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʢʽʣʴʢʘ ʧʦʤʽʪʥʠʭ 

ʩʤʫʛ: 1180-1200 ʩʤ-1 (CïOïC), 1700-1750 ʩʤ-1 (C=O), 2700-2900 ʩʤ-1 (CïH) ʪʘ 

3500-3600 ʩʤ-1 (OïH) (ʪʘʙʣ. 4.3). 

(ʘ)                                                                          (ʙ)  

(ʚ)                                                                            (ʛ) 

ʈʠʩ. 4.36. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ATR-FTIR ʜʣʷ ʟʘʪʚʝʨʜʽʣʠʭ ʟʨʘʟʢʽʚ AESO:VDM 

(1:0,5) ʟ (ʘ ï ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʦʥʪʘʢʪʽ ʟ ʋʌ-ʩʚʽʪʣʦʤ ʧʽʜ ʯʘʩ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ 

çʟʥʠʟʫè, ʙ ï ʥʘʚʧʨʦʪʠ ʩʚʽʪʣʘ çʟʚʝʨʭʫè) ʪʘ ʙʝʟ (ʚ ï ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʦʥʪʘʢʪʽ ʟ ʋʌ-

ʩʚʽʪʣʦʤ ʧʽʜ ʯʘʩ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ çʟʥʠʟʫè, ʛ ï ʥʘʚʧʨʦʪʠ ʩʚʽʪʣʘ çʟʚʝʨʭʫè) 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ (PI) ʧʽʜ ʯʘʩ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʟʛʽʜʥʦ ʧʨʦʪʦʢʦʣʫ 

ʥʘʚʝʜʝʥʦʛʦ ʚ ʪʘʙʣ. 3.1. 
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ʊʘʙʣʠʮʷ 4.3. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʦʩʥʦʚʥʠʭ ɯʏ-ʩʤʫʛ [78]. 

 

 

ʋ ʚʠʧʘʜʢʫ ʟʨʘʟʢʘ ʟ PI, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʻ ʟ ʋʌ-ʩʚʽʪʣʦʤ ʧʽʜ ʯʘʩ 

ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ çʟʥʠʟʫè (ʨʠʩ. 4.36ʘ), ʩʤʫʛʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʟʙʽʣʴʰʝʥʥʷ ʛʨʫʧ 

OïH ʪʘ C=O ʚʩʝʨʝʜʠʥʽ ʟʨʘʟʢʘ ʟ ʢʦʞʥʠʤ ʧʝʨʽʦʜʦʤ ʦʧʨʦʤʽʥʝʥʥʷ, ʪʦʜʽ ʷʢ ʽʥʰʽ ʩʤʫʛʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʟʤʝʥʰʝʥʥʷ ʛʨʫʧ CïH ʪʘ CïOïC. ʎʝ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟ 

ʬʦʪʦʩʪʨʫʢʪʫʨʥʠʤʠ ʟʤʽʥʘʤʠ ʚʩʝʨʝʜʠʥʽ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʚʥʘʩʣʽʜʦʢ ʧʨʦʷʚʣʝʥʥʷ 

ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʫ ʧʦʣʽʤʝʨʘʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʟʤʽʥ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ɯʏ-ʩʤʫʛ ʪʘ ʬʦʪʦʜʝʛʨʘʜʘʮʽʾ. ʎʽʢʘʚʦ, ʱʦ ʫ 

ʚʠʧʘʜʢʫ ʟʨʘʟʢʘ ʟ PI, ʟ ʧʨʦʪʠʣʝʞʥʦʾ ʩʪʦʨʦʥʠ ʜʦ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ çʟʚʝʨʭʫè (ʨʠʩ. 

4.36ʙ), ʪʘʢʦʛʦ ʝʬʝʢʪʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʫ ʚʠʧʘʜʢʫ ʟʨʘʟʢʘ ʙʝʟ PI, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʻ ʟ ʋʌ-

ʩʚʽʪʣʦʤ ʧʽʜ ʯʘʩ ʬʦʪʦʧʦʣʽʤʝʨʠʟʘʮʽʾ çʟʥʠʟʫè (ʨʠʩ. 4.36ʚ), ʪʘʢʽ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ɯʏ-ʩʤʫʛ ʱʝ ʙʽʣʴʰ ʚʠʨʘʞʝʥʽ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʨʘʟʢʦʤ ʟ PI (ʨʠʩ. 4.36a). ɺʦʜʥʦʯʘʩ, 

ʝʬʝʢʪ ʥʝʟʥʘʯʥʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʟʨʘʟʢʘ ʙʝʟ PI, ʟ ʧʨʦʪʠʣʝʞʥʦʾ ʩʪʦʨʦʥʠ 

«ʟʚʝʨʭʫè (ʨʠʩ. 4.36ʛ), ʜʝʤʦʥʩʪʨʫʶʯʠ ʧʝʨʝʚʘʞʥʝ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʛʨʫʧ 
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OïH ʚʩʝʨʝʜʠʥʽ ʟʨʘʟʢʘ ʟ ʢʦʞʥʠʤ ʧʝʨʽʦʜʦʤ ʦʧʨʦʤʽʥʝʥʥʷ. ʇʦʷʚʘ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʤʫʛ ʢʘʨʙʦʥʽʣʴʥʠʭ ʛʨʫʧ C=O (1700-1750 ʩʤ-1) ʪʘ ʛʽʜʨʦʢʩʠʣʴʥʠʭ 

ʛʨʫʧ ïOH (3200-3600 ʩʤ-1) ʪʘʢʦʞ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʧʨʠ ʚʠʚʯʝʥʥʽ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʦʢʠʩʣʝʥʥʷ ʧʦʣʽʝʪʠʣʝʥʫ ʪʘ ʧʦʣʽʧʨʦʧʽʣʝʥʫ [15-20], ʱʦ ʻ ʧʨʷʤʠʤ ʜʦʢʘʟʦʤ 

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʜʝʛʨʘʜʘʮʽʾ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʰʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘʢʦʞ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʬʦʪʦ-

ʽʥʜʫʢʦʚʘʥʫ ʦʢʠʩʣʶʚʘʣʴʥʫ ʜʝʛʨʘʜʘʮʽʶ ʚ ʨʘʤʢʘʭ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ 

ʧʽʜʧʦʨʦʛʦʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʫ ʧʦʣʽʤʝʨʘʭ, ʽ ʪʘʢʘ ʦʢʠʩʣʶʚʘʣʴʥʘ ʜʝʛʨʘʜʘʮʽʷ ʻ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ, ʪʦʙʪʦ ʤʦʞʝ ʙʫʪʠ ʟʤʝʥʰʝʥʘ ʘʙʦ ʧʦʩʠʣʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʘ ʘʙʦ ʙʝʟ ʥʴʦʛʦ. 

ʅʘ ʨʠʩʫʥʢʫ 4.37 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʇʈ-

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʜʣʷ ʟʘʪʚʝʨʜʽʣʠʭ ʟʨʘʟʢʽʚ ʧʽʜ ʯʘʩ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʪʘ ʪʝʤʥʠʭ 

ʧʝʨʽʦʜʽʚ. ʉʧʦʩʪʝʨʽʛʘʣʦʩʷ ʧʦʩʪʫʧʦʚʝ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ 

ʧʨʦʪʷʛʦʤ ʪʝʤʥʠʭ ʧʝʨʽʦʜʽʚ ʪʨʠʚʘʣʽʩʪʶ 3 ʪʘ 6 ʭʚʠʣʠʥ. 

 

 

ʈʠʩ. 4.37. ʈʝʟʫʣʴʪʘʪʠ ɽʇʈ ʜʣʷ ʟʘʪʚʝʨʜʽʣʠʭ ʟʨʘʟʢʽʚ AESO:VDM (1:0,5) ʟ 

ʬʦʪʦʽʥʽʮʽʘʪʦʨʦʤ (PI) ʧʽʜ ʯʘʩ ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʪʘ ʪʝʤʨʷʚʠ. 


