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ʉʘʞʝʪʘʢ 

ʋʚʦʜ: ɼʦʢ ʩʫ ʤʝʭʘʥʠʟʤʠ ʦʜʛʦʚʦʨʥʠ ʟʘ ʙʣʘʛʦʪʚʦʨʥʦ ʜʝʿʩʪʚʦ ʘʝʨʦʙʥʦʛ ʪʨʝʥʠʥʛʘ ʥʘ 

ʬʫʥʢʮʠʿʫ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʦʛ ʩʠʩʪʝʤʘ ʜʦʙʨʦ ʧʦʟʥʘʪʠ, ʫʪʠʮʘʿ ʧʨʝʩʪʘʥʢʘ ʪʨʝʥʠʥʛʘ ʥʘ 

ʧʘʨʘʤʝʪʨʝ ʩʨʯʘʥʝ ʬʫʥʢʮʠʿʝ ʥʠʩʫ ʜʦʚʦˀʥʦ ʨʘʟʿʘʰˁʝʥʠ. ʆʩʠʤ ʪʦʛʘ, ʫʣʦʛʘ ʦʢʩʠʜʘʪʠʚʥʦʛ 

ʩʪʨʝʩʘ ʫ ʝʬʝʢʪʠʤʘ ʢʦʿʝ ʥʘ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʠ ʩʠʩʪʝʤ ʦʩʪʘʚˀʘ ʪʨʝʥʠʥʛ ʠ ʧʨʝʩʪʘʥʘʢ 

ʪʨʝʥʘʞʥʦʛ ʧʨʦʮʝʩʘ ʩʫ ʪʘʢʦʹʝ ʤʘʣʦ ʧʦʟʥʘʪʠ. ʅʘ ʢʨʘʿʫ, ʧʦʣʥʝ ʨʘʟʣʠʢʝ ʫ ʜʦʙʠʿʝʥʠʤ 

ʝʬʝʢʪʠʤʘ ʩʫ ʜʦʜʘʪʥʘ ʥʝʧʦʟʥʘʥʠʮʘ 

ʎʠˀ: ʉʪʫʜʠʿʘ ʿʝ ʠʤʘʣʘ ʟʘ ʮʠˀ ʜʘ ʫʪʚʨʜʠ ʧʦʿʘʚʫ ʠ ʙʨʟʠʥʫ ʨʝʚʝʨʟʠʙʠʣʥʦʩʪʠ ʩʨʯʘʥʝ 

ʘʜʘʧʪʘʮʠʿʝ ʥʘʢʦʥ ʧʨʝʩʪʘʥʢʘ ʘʝʨʦʙʥʦʛ ʪʨʝʥʠʥʛʘ, ʢʘʦ ʠ ʜʘ ʦʪʢʨʠʿʝ ʧʦʩʪʦʿʘˁʝ ʨʘʟʣʠʢʝ 

ʤʝʹʫ ʧʦʣʦʚʠʤʘ ʧʨʠʣʠʢʦʤ ʪʨʝʥʠʥʛʘ/ʧʨʝʩʪʘʥʢʘ ʪʨʝʥʠʥʛʘ. ʋʣʦʛʘ ʦʢʩʠʜʘʮʠʦʥʦʛ ʩʪʨʝʩʘ ʫ 

ʜʦʙʠʿʝʥʠʤ ʝʬʝʢʪʠʤʘ ʿʝ ʪʘʢʦʹʝ ʠʩʧʠʪʠʚʘʥʘ. 
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ʢʦʥʪʨʦʣʥʘ, ʪʨʝʥʠʥʛ ʠ ʜʚʝ ʜʝʪʨʝʥʠʥʛ ʛʨʫʧʝ. ʊʨʝʥʘʞʥʠ ʧʨʦʮʝʩ ʿʝ ʧʦʜʨʘʟʫʤʝʚʘʦ 

ʧʨʦʛʨʘʤʠʨʘʥʠ ʪʨʝʥʠʥʛ ʧʣʠʚʘˁʘ ʫ ʩʝʧʮʠʿʘʣʥʦ ʢʦʥʩʪʨʫʠʩʘʥʦʤ ʙʘʟʝʥʫ ʟʘ ʧʣʠʚʘˁʝ ʧʘʮʦʚʘ. 

ʀʟʦʣʦʚʘʥʘ ʩʨʮʘ ʩʫ ʧʝʨʬʫʥʜʦʚʘʥʘ ʧʦ Langendorff ʪʝʭʥʠʮʠ ʧʨʠ ʯʝʤʫ ʩʫ ʧʨʘ˂ʝʥʠ ʩʣʝʜʝ˂ʠ 

ʢʘʨʜʠʦʜʠʥʘʤʩʢʠ ʧʘʨʘʤʝʪʨʠ: ʤʘʢʩʠʤʘʣʥʘ ʠ ʤʠʥʠʤʘʣʥʘ ʩʪʦʧʘ ʨʘʟʚʦʿʘ ʧʨʠʪʠʩʢʘ ʫ ʣʝʚʦʿ 

ʢʦʤʦʨʠ (dp/dt max, dp/dt min), ʩʠʩʪʦʣʥʠ ʠ ʜʠʿʘʩʪʦʣʥʠ ʧʨʠʪʠʩʘʢ ʫ ʣʝʚʦʿ ʢʦʤʦʨʠ (SLVP, 

DLVP), ʬʨʝʢʚʝʥʮʘ ʩʨʮʘ (HR) ʠ ʢʦʨʦʥʘʨʥʠ ʧʨʦʪʦʢ (CF). ʋ ʫʟʦʨʮʠʤʘ ʢʨʚʠ ʠ ʢʦʨʦʥʘʨʥʦʛ 

ʚʝʥʩʢʦʛ ʝʬʣʫʝʥʪʘ ʩʫ ʦʜʨʝʹʠʚʘʥʠ ʤʘʨʢʝʨʠ ʦʢʩʠʜʘʮʠʦʥʦʛ ʩʪʨʝʩʘ: ʠʥʜʝʢʩ ʣʠʧʠʜʥʝ 

ʧʝʨʦʢʩʠʜʘʮʠʿʝ ʤʝʨʝʥ ʫ ʬʦʨʤʠ TBARS, ʘʟʦʪ ʤʦʥʦʢʩʠʜ ʫ ʦʙʣʠʢʫ ʥʠʪʨʠʪʘ - NO2
-
, 

ʩʫʧʝʨʦʢʩʠʜ ʘʥʿʦʥ ʨʘʜʠʢʘʣ - O2
-
, ʚʦʜʦʥʠʢ ʧʝʨʦʢʩʠʜ - H2O2,  ʩʫʧʝʨʦʢʩʠʜ ʜʠʟʤʫʪʘʟʘ ï 

SOD, ʢʘʪʘʣʘʪʘ ï CAʊ, ʨʝʜʫʢʦʚʘʥʠ ʛʣʫʪʘʪʠʦʥ ï GSH.  

ʈʝʟʫʣʪʘʪʠ: ʆʚʠʤ ʠʩʪʨʘʞʠʚʘˁʝʤ ʩʤʦ ʥʘ ʤʦʜʝʣʫ ʠʟʦʣʦʚʘʥʦʛ ʩʨʮʘ ʧʘʮʦʚʘ ʧʦʪʚʨʜʠʣʠ 

ʧʦʩʪʦʿʘˁʝ ʪʨʝʥʠʥʛʦʤ ʠʟʘʟʚʘʥʠʭ ʧʨʦʤʝʥʘ ʩʨʯʘʥʝ ʬʫʥʢʮʠʿʝ. ʇʨʝʩʪʘʥʘʢ ʪʨʝʥʠʥʛʘ ʿʝ ʙʠʦ 

ʧʨʘ˂ʝʥ ʛʫʙʠʪʢʦʤ ʪʠʭ ʘʜʘʧʪʘʮʠʿʘ, ʢʦʿʠ ʿʝ ʙʠʦ ʙʨʞʠ ʢʦʜ ʤʫʞʿʘʢʘ ʥʝʛʦ ʢʦʜ ʞʝʥʢʠ. 

ʇʨʠʤʝˁʝʠʠ ʪʠʧ ʪʨʝʥʠʥʛʘ ʿʝ ʫʟʨʦʢʦʚʘʦ ʧʦʟʠʪʠʚʥʝ ʘʜʘʧʪʘʮʠʦʥʝ ʧʨʦʤʝʥʝ 

ʘʥʪʠʦʢʩʠʜʘʮʠʦʥʦʛ ʟʘʰʪʠʪʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʝ ʩʫ ʩʝ ʤʘʥʠʬʝʩʪʦʚʘʣʝ ʧʦʚʝ˂ʘʥʦʤ ʝʥʟʠʤʩʢʦʤ 

ʘʢʪʠʚʥʦʰ˂ʫ. ʅʘʢʦʥ ʧʨʝʢʠʜʘ ʪʨʝʥʠʥʛʘ ʫʦʯʝʥ ʿʝ ʧʘʨʮʠʿʘʣʥʠ ʛʫʙʠʪʘʢ ʦʚʠʭ ʪʨʝʥʠʥʛʦʤ 

ʠʟʘʟʚʘʥʠʭ ʘʜʘʧʪʘʮʠʿʘ. ʇʦʚʝ˂ʘˁʝ ʘʥʪʠʦʢʩʠʜʘʮʠʦʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʩʝ ʜʫʞʝ ʟʘʜʨʞʘʣʦ ʢʦʜ 

ʤʫʞʿʘʢʘ 

 

ʂˀʫʯʥʝ ʨʝʯʠ: ʪʨʝʥʠʥʛ, ʜʝʪʨʝʥʠʥʛ, ʠʟʦʣʦʚʘʥʦ ʩʨʮʝ, ʦʢʩʠʜʘʪʠʚʥʠ ʩʪʨʝʩ, ʧʘʮʦʚʠ  
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Abstract 

Introduction:  While the mechanisms responsible for the beneficial effects of aerobic training 

on cardiovascular function are well known, the impact of training cessation on cardiac 

function parameters has not been sufficiently elucidated. In addition, the role of oxidative 

stress in the effects on the cardiovascular system that training and cessation of the training 

process achieve, are also little known. In the end, the gender differences in the obtained 

effects are additionally unknown 

Objective: The study aimed to determine the occurrence and rate of reversibility of cardiac 

adaptation after cessation of aerobic training, as well as to detect the existence of gender 

differences during training / cessation of training. The role of oxidative stress in the obtained 

effects was also investigated. 

Methods: Wistar albino rats (females and males) were classified into the following groups: 

control, training and two detraining groups. The training process involved programmed 

swimming training in a specially constructed rat swimming pool. Isolated hearts were 

perfused according to the Langendorff technique, where the following cardiodynamic 

parameters were monitored: maximum and minimum rate of left ventricular pressure 

development (dp / dt max, dp / dt min), systolic and diastolic left ventricular pressure (SLVP, 

DLVP), heart frequency (HR) and coronary flow (CF). Markers of oxidative stress were 

determined in blood and coronary venous effluent samples: index of lipid peroxidation 

measured in the form of TBARS, nitric oxide in the form of nitrite - NO2
-
, superoxide anion 

radical - O2
-
, hydrogen peroxide - H2O2, superoxide disatutase - SOD, catalase CAT, reduced 

glutathione - GSH. 

Results: In this study, we confirmed the existence of training - induced changes in cardiac 

function in a model of an isolated rat heart. Cessation of training was followed by loss of 

these adaptations, which was faster in males than in females. The application of this type of 

training caused positive adaptive changes in the antioxidant defense system, which were 

manifested by increased enzyme activity. After the interruption of training, a partial loss of 

these training-induced adaptations was observed. The increase in antioxidant capacity lasted 

longer in males. 

 

Key words: training, detraining, isolated heart, oxidative stress, rats 
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òɸʢʦ ʤʦʛʫ ʩʧʨʝʯʠʪʠ ʩʘʤʦ ʿʝʜʥʦ ʩʨʮʝ ʜʘ ʩʝ ʩʣʦʤʠ, ʥʠʩʘʤ ʫʟʘʣʫʜʥʦ ʞʠʚʝʣʘ.ò 

 The Poems of Emily Dickinson  1955.ʛʦʜ (1830 -1886.ʛʦʜ ), ʘʤʝʨʠʯʢʘ ʧʝʩʥʠʢʠˁʘ, ʟʙʦʛ 

ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʨʦʙʣʝʤʘ ʙʠʣʘ ʦʢʨʝʥʫʪʘ ʧʠʩʘˁʫ ʠ ʧʦʝʟʠʿʠ. 

1.1 ʉʈʎɽ ʂɸʆ Ăʌʀɿʀʆʃʆʐʂɸ ʇʋʄʇɸñ 

            ʉʨʮʝ ʿʝ ʮʝʥʪʨʘʣʥʠ ʦʨʛʘʥ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʦʛ ʩʠʩʪʝʤʘ (Kɺʉ), ʢʦʿe ʩʚʦʿʠʤ 

ʘʫʪʦʤʘʪʠʟʤʦʤ ʠ ʨʠʪʤʠʯʢʦʤ ʘʢʪʠʚʥʦʰ˂ʫ ʦʙʝʟʙʝʹʫʿʝ ʢʦʥʪʠʥʫʠʨʘʥʠ ʪʦʢ ʢʨʚʠ. ʉʨʮʝ ʩʝ 

ʩʘʩʪʦʿʠ ʠʟ ʜʚʝ ʧʫʤʧʝ - Ăʜʝʩʥʦʛ ʠ ʣʝʚʦʛ ʩʨʮʘñ. ɼʝʩʥʘ ʩʪʨʘʥʘ ʧʨʠʤʘ ʨʝʜʫʢʦʚʘʥʫ ʢʨʚ ʠʟ 

ʦʨʛʘʥʠʟʤʘ ʠ ʰʘˀʝ ʿʝ ʧʦʜ ʥʠʩʢʠʤ ʧʨʠʪʠʩʢʦʤ (15mmHg) ʢʨʦʟ ʧʣʫ˂ʘ (ʧʣʫ˂ʥʘ 

ʮʠʨʢʫʣʘʮʠʿʘ). ʃʝʚʘ ʩʪʨʘʥʘ (Ăʣʝʚʦ ʩʨʮʝñ) ʧʨʠʤʘ ʦʢʩʠʛʝʥʠʩʘʥʫ ʢʨʚ ʠʟ ʧʣʫ˂ʘ ʠ ʧʫʤʧʘ ʿʝ 

ʧʦʜ ʚʠʩʦʢʠʤ ʧʨʠʪʠʩʢʦʤ (ʦʢʦ 100 mmHg) ʜʦ ʩʚʠʭ ʪʢʠʚʘ ʫ ʦʨʛʘʥʠʟʤʫ (ʩʠʩʪʝʤʩʢʘ 

ʮʠʨʢʫʣʘʮʠʿʘ). ʊʝʰʢʦ ʜʘ ʙʠ ʠ ʿʝʜʥʘ ʤʝʭʘʥʠʯʢʘ ʧʫʤʧʘ ʤʦʛʣʘ ʙʠʪʠ ʨʘʚʥʘ ʩʨʮʫ (1, 2).  

            ʄʠʦʢʘʨʜ (ʩʨʯʘʥʠ ʤʠʰʠ˂) ʿʝ ʠʟʛʨʘʹʝʥ ʦʜ ʧʦʧʨʝʯʥʦ-ʧʨʫʛʘʩʪʠʭ ʤʠʰʠ˂ʥʠʭ 

ʚʣʘʢʘʥʘ, ʩʘ ʿʝʜʥʠʤ ʠʣʠ ʚʠʰʝ ʿʝʜʘʨʘ ʫ ʩʚʘʢʦʿ ˂ʝʣʠʿʠ. ʄʠʰʠ˂ʥʘ ʚʣʘʢʥʘ ʩʝ ʛʨʘʥʘʿʫ ʠ 

ʤʝʹʫʩʦʙʥʦ ʢʦʤʫʥʠʮʠʨʘʿʫ ʧʨʝʢʦ  ʧʨʝʣʘʟʥʠʭ ʧʣʦʯʘ, ʯʠʤʝ ʿʝ ʦʤʦʛʫ˂ʝʥʦ ʜʘ ʤʠʦʢʘʨʜ 

ʬʫʥʢʮʠʦʥʠʰʝ ʢʘʦ ʿʝʜʠʥʩʪʚʝʥʘ ʮʝʣʠʥʘ ʪʿ. ʬʫʥʢʮʠʦʥʘʣʥʠ ʩʠʥʮʠʮʠʿʫʤ. ʋ ʧʨʝʣʘʟʥʠʤ 

ʧʣʦʯʘʤʘ ʥʘʣʘʟʝ ʩʝ ʥʝʢʩʫʩʠ-ʧʫʢʦʪʠʥʘʩʪʠ ʩʧʦʿʝʚʠ ʠ ʝʣʝʢʪʨʠʯʥʠ ʦʪʧʦʨ ʢʨʦʟ ʧʨʝʣʘʟʥʝ 

ʧʣʦʯʝ ʠʟʥʦʩʠ 1/400 ʦʪʧʦʨʘ ʢʨʦʟ ʩʧʦˀʘʰˁʫ ʤʝʤʙʨʘʥʫ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʦʚʘʢʚʦʿ ʩʪʨʫʢʪʫʨʠ 

ʥʘʜʨʘʞʘʿ ʩʝ ʥʝʩʤʝʪʘʥʦ ʠ ʚʝʦʤʘ ʙʨʟʦ ʰʠʨʠ ʧʦ ʮʝʣʦʤ ʤʠʦʢʘʨʜʫ, ʧʘ ʘʢʦ ʿʝ ʜʨʘʞ ʜʦʩʪʠʛʣʘ 

ʧʨʘʛʦʚʥʠ ʠʥʪʝʥʟʠʪʝʪ ʢʦʥʪʨʘʢʮʠʿʘ ʤʠʦʢʘʨʜʘ ʿʝ ʤʘʢʩʠʤʘʣʥʘ. ʊʦ ʿʝ ʧʨʠʥʮʠʧ ʟʘʢʦʥʘ Ăʩʚʝ 

ʠʣʠ ʥʠʰʪʘñ  (all-or-none)  ʢʦʿʠ ʛʣʘʩʠ: Ăʉʨʮʝ ʩʝ ʤʘʢʩʠʤʘʣʥʦ ʢʦʥʪʨʘʭʫʿʝ ʥʘ ʜʝʿʩʪʚʦ ʩʚʘʢʝ 

ʜʨʘʞʠ ʢʦʿʘ ʿʝ ʚʝ˂ʘ ʦʜ ʧʨʘʛʦʚʥʝ ʜʨʘʞʠ, ʫ ʜʘʪʠʤ ʫʩʣʦʚʠʤʘñ. ʈʘʟʣʦʛ ʦʚʘʢʚʦʛ ʧʦʥʘʰʘˁʘ ʿʝ 

ʬʫʥʢʮʠʦʥʘʣʥʠ ʩʠʥʮʠʮʠʿʫʤ ʤʠʦʢʘʨʜʘ, ʘ ʜʘʪʠ ʫʩʣʦʚʠ ʩʫ ʨʘʟʣʠʯʠʪ ʧʨʦʪʦʢ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʬʨʝʢʚʝʥʮʠʿʘ ʩʨʯʘʥʦʛ ʨʘʜʘ. Bʦwditch je oʙʿʘʩʥʠʦ ʟʘʢʦʥ Ăʩʚʝ ʠʣʠ ʥʠʰʪʘñ ʢʘʦ ʩʪʘˁʝ ʧʨʠ 

ʯʝʤʫ ʩʥʘʛʘ ʩʨʯʘʥʝ ʢʦʥʪʨʘʢʮʠʿʝ ʥʝ ʟʘʚʠʩʠ ʦʜ ʠʥʪʝʥʟʠʪʝʪʘ ʩʪʠʤʫʣʘʥʩʘ, ʘʣʠ ʩʝ ʩʥʘʛʘ 

ʢʦʥʪʨʘʢʮʠʿʝ ʤʝˁʘ ʩʘ ʧʨʦʤʝʥʘʤʘ ʬʨʝʢʚʝʥʮʝ, ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʝʣʠʯʠʥʝ ʧʨʦʪʦʢʘ ʢʨʚʠ (1-

3).  

 

 

1.1.1 ʈʘʜʥʠ ʮʠʢʣʫʩ ʩʨʮʘ 

 

              ʈʘʜʥʠ ʮʠʢʣʫʩ ʩʨʮʘ ʧʨʝʜʩʪʘʚˀʘ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʢʦʿʠ ʦʙʫʭʚʘʪʘ ʩʠʩʪʦʣʫ 

(ʢʦʥʪʨʘʢʮʠʿʫ) ʠ ʜʠʿʘʩʪʦʣʫ (ʨʝʣʘʢʩʘʮʠʿʫ) ʩʨʮʘ (1). ʅʘʜʨʘʞʘʿʠ ʟʘ ʨʘʜ ʩʨʮʘ ʩʪʚʘʨʘʿʫ ʩʝ 

ʥʦʨʤʘʣʥʦ ʫ SA ʯʚʦʨʫ ʠ ʜʘˀʝ ʧʨʝʢʦ ʩʧʨʦʚʦʜʥʦʛ ʩʠʩʪʝʤʘ ʩʝ ʧʨʝʥʦʩʝ ʥʘ ʯʠʪʘʚʫ 

ʤʫʩʢʫʣʘʪʫʨʫ ʢʦʤʦʨʘ. ʇʦʩʣʝ ʩʚʘʢʦʛ ʠʤʧʫʣʩʘ ʢʦʿʠ ʩʝ ʠʟ SA ʯʚʦʨʘ ʨʘʩʧʨʦʩʪʠʨʝ ʧʦ 

ʯʠʪʘʚʦʤ ʩʨʮʫ, ʥʘʩʪʘʿʝ ʿʝʜʥʘ ʩʨʯʘʥʘ ʢʦʥʪʨʘʢʮʠʿʘ. ʅʘʢʦʥ ʩʚʘʢʝ ʢʦʥʪʨʘʢʮʠʿʝ ʥʘʩʪʘʿʝ 

ʨʝʣʘʢʩʘʮʠʿʘ ʩʨʯʘʥʦʛ ʤʠʰʠ˂ʘ ʪʘʢʦ ʜʘ ʩʝ ʮʠʢʣʠʯʥʦ ʩʤʝˁʫʿʫ ʧʝʨʠʦʜʠ ʢʦʥʪʨʘʢʮʠʿʝ ʠ 

ʨʝʣʘʢʩʘʮʠʿʝ (1-4). ʊʦʢʦʤ ʩʠʩʪʦʣʝ ʢʦʤʦʨʝ ʢʨʚ ʩʝ ʠʟʙʘʮʫʿʝ ʫ ʘʦʨʪʫ ʠʣʠ ʧʣʫ˂ʥʫ ʘʨʪʝʨʠʿʫ, 

ʜʦʢ ʩʝ ʪʦʢʦʤ ʜʠʿʘʩʪʦʣʝ ʢʦʤʦʨʝ ʧʫʥʝ ʢʨʚˀʫ ʠʟ ʧʨʝʪʢʦʤʦʨʘ (1-4). ʉʨʯʘʥʠ ʮʠʢʣʫʩ ʢʦʿʠ 

ʫʢʫʧʥʦ ʪʨʘʿʝ 0,8 s. ʇʨʠ ʩʚʘʢʦʤ ʩʨʯʘʥʦʤ ʮʠʢʣʫʩʫ ʠʟ ʣʝʚʝ ʢʦʤʦʨʝ ʠʩʧʫʤʧʘ ʩʝ ʢʦʣʠʯʠʥʘ 

ʢʨʚʠ ʢʦʿʘ ʩʝ ʥʘʟʠʚʘ ʫʜʘʨʥʠ ʠʣʠ ʩʠʩʪʦʣʥʠ ʚʦʣʫʤʝʥ (5, 6). ʄʠʥʫʪʥʠ ʚʦʣʫʤʝʥ ʩʨʮʘ ʿʝ 

ʟʘʧʨʝʤʠʥʘ ʢʨʚʠ ʢʦʿʫ ʩʨʮʝ ʠʩʧʫʤʧʘ ʪʦʢʦʤ ʿʝʜʥʦʛ ʤʠʥʫʪʘ (ʫ ʤʠʨʫ ʠʟʥʦʩʠ 4-6 L/min), 

ʿʝʜʥʘʢ ʿʝ ʧʨʦʠʟʚʦʜʫ ʫʜʘʨʥʦʛ ʚʦʣʫʤʝʥʘ ʠ ʬʨʝʢʚʝʥʮʠʿʝ ʩʨʮʘ. ʂʦʣʠʯʥʠʢ ʫʜʘʨʥʦʛ ʚʦʣʫʤʝʥʘ 

ʠ ʚʝʥʪʨʠʢʫʣʦ-ʜʠʿʘʩʪʦʣʥʦʛ ʚʦʣʫʤʝʥʘ ʧʨʝʜʩʪʘʚˀʘ ʝʿʝʢʮʠʦʥʫ ʬʨʘʢʮʠʿʫ, ʢʦʿʘ ʧʦʜ 

ʥʦʨʤʘʣʥʠʤ ʬʠʟʠʦʣʦʰʢʠʤ ʦʢʦʣʥʦʩʪʠʤʘ ʠʟʥʦʩʠ 60-80%. ɳʝʥʦ ʩʤʘˁʝˁʝ ʫʢʘʟʫʿʝ ʥʘ 

ʦʰʪʝ˂ʝˁʝ ʩʨʯʘʥʦʛ ʤʠʰʠ˂ʘ ʠ ʩʣʘʙʠʿʫ ʢʦʥʪʨʘʢʪʠʣʥʦʩʪ (7, 8).    

             ʇʨʘ˂ʝˁʝʤ ʠ ʧʨʠʢʘʟʦʤ ʚʦʣʫʤʝʥʘ, ʧʨʠʪʠʩʢʘ, ʧʨʦʪʦʢʘ, ʝʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʩʢʠʭ ʠ 
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ʬʦʥʦʛʨʘʬʩʢʠʭ ʜʦʛʘʹʘʿʘ ʪʦʢʦʤ ʩʨʯʘʥʦʛ ʮʠʢʣʫʩʘ ʜʦʙʠʿʘ ʩʝ Wiggers-ʦʚ ʛʨʘʬʠʢ. ʇʦʟʥʘʚʘˁʝ 

ʥʘʚʝʜʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʤʦʛʫ˂ʘʚʘ ʘʜʝʢʚʘʪʥʦ ʨʘʟʿʘʰˁʝˁʝ ʩʨʯʘʥʦʛ ʮʠʢʣʫʩʘ ʠ ʜʦʛʘʹʘʿʘ 

ʢʦʿʠ ʩʝ ʟʙʠʚʘʿʫ ʫʥʫʪʘʨ ʦʚʦʛ ʢʨʘʪʢʦʛ ʧʝʨʠʦʜʘ.  

 

1.1.2 ʂʦʥʪʨʘʢʪʠʣʥʦʩʪ ʤʠʦʢʘʨʜʘ 

 

             Kʦʥʪʨʘʢʪʠʣʥʦʩʪ ʠʣʠ ʠʥʦʪʨʦʧʥʦʩʪ ʤʠʦʢʘʨʜʘ ʿʝ ʩʧʦʩʦʙʥʦʩʪ ʩʢʨʘ˂ʠʚʘˁʘ ʩʨʯʘʥʠʭ 

ʤʠʰʠ˂ʥʠʭ ʚʣʘʢʘʥʘ ʧʦʜ ʫʪʠʮʘʿʝʤ ʥʘʜʨʘʞʘʿʘ. ɼʝʬʠʥʠʰʝ ʩʝ ʠ ʢʘʦ ʩʧʦʩʦʙʥʦʩʪ ʩʨʮʘ ʜʘ 

ʛʝʥʝʨʠʰʝ ʩʠʣʫ ʧʦʪʨʝʙʥʫ ʟʘ ʠʟʙʘʮʠʚʘˁʝ ʫʜʘʨʥʦʛ ʚʦʣʫʤʝʥʘ ʩʨʮʘ ʟʘʜʘʪʦʛ ʧʨʝʪʭʦʜʥʠʤ 

ʦʧʪʝʨʝ˂ʝˁʝʤ (preload) ʠ ʥʘʢʥʘʜʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ (afterload) (9, 10). 

              Preload ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʦʚʝ˂ʘʥ ʚʝʥʩʢʠ ʧʨʠʣʠʚ ʫ ʩʨʮʝ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʘʥ ʿʝ ʟʘ 

ʟʘʚʨʰʥʠ ʜʝʦ ʨʝʣʘʢʩʘʮʠʿʝ ʚʝʥʪʨʠʢʫʣʘ.  

              Afterload ʧʦʜʨʘʫʤʝʚʘ ʨʘʜ ʩʨʮʘ ʦʜʥʦʩʥʦ ʢʦʥʪʨʘʢʮʠʿʫ ʢʦʿʦʿ ʩʝ ʩʫʧʨʦʪʩʪʘʚˀʘ 

ʧʦʚʠʰʝʥʠ ʧʨʠʪʠʩʘʢ ʫ ʘʦʨʪʠ (ʥʘ ʧʨʠʤʝʨ ʫ ʩʣʫʯʘʿʫ ʭʠʧʝʨʪʝʥʟʠʿʝ) (4). ʉʥʘʛʘ ʢʦʥʪʨʘʢʮʠʿʝ 

ʩʨʯʘʥʦʛ ʤʠʰʠ˂ʘ ʿʝ ʜʠʨʝʢʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʧʦʨʘʩʪʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʘʣʮʠʿʫʤʩʢʠʭ 

ʿʦʥʘ ʠ preload-ʫ, ʘ ʦʙʨʥʫʪʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʘfterload-ʫ. ʆʩʠʤ ʪʦʛʘ ʠ ʘʫʪʦʥʦʤʥʠ ʥʝʨʚʥʠ 

ʩʠʩʪʝʤ ʫʪʠʯʝ ʥʘ ʢʦʥʪʨʘʢʪʠʣʥʦʩʪ. ʊʘʢʦ ʩʠʤʧʘʪʠʢʫʩ ʜʝʣʫʿʝ ʧʦʟʠʪʠʚʥʦ ʠʥʦʪʨʦʧʥʦ, ʘ 

ʧʘʨʘʩʠʤʧʘʪʠʢʫʩ ʥʝʛʘʪʠʚʥʦ (9, 10). ʈʘʟʫʤˀʠʚʦ ʿʝ ʜʘ ʫ ʢʣʠʥʠʯʢʦʿ ʧʨʘʢʩʠ ʩʚʠ ʦʚʠ 

ʯʠʥʠʦʮʠ ʠʥʪʝʨʬʝʨʠʨʘʿʫ ʯʠʥʝ˂ʠ ʮʝʣʦʢʫʧʘʥ ʬʝʥʦʤʝʥ ʢʦʥʪʨʘʢʪʠʣʥʦʩʪʠ ʠʟʫʟʝʪʥʦ 

ʢʦʤʧʣʝʢʩʥʠʤ ʠ ʜʠʥʘʤʠʯʥʠʤ. ʋ ʢʣʠʥʠʮʠ ʩʝ ʟʘ ʧʨʦʮʝʥʫ ʢʦʥʪʨʘʢʪʠʣʥʦʩʪʠ ʢʦʨʠʩʪʝ 

ʿʝʜʠʥʠʮʝ ʢʘʦ ʰʪʦ ʩʫ dp/dt max ʠ dp/dt min ʢʦʿʝ ʜʝʪʝʨʤʠʥʠʰʫ ʩʠʩʪʦʣʥʫ ʠ ʜʠʿʘʩʪʦʣʥʫ 

ʬʫʥʢʮʠʿʫ ʩʨʮʘ ʦʜʥʦʩʥʦ ʦʟʥʘʯʘʚʘʿʫ ʩʧʦʩʦʙʥʦʩʪ ʩʨʯʘʥʦʛ ʤʠʰʠ˂ ʜʘ ʩʝ ʩʢʫʧʠ ʠ ʨʘʰʠʨʠ. 

ɿʘ ʦʚʫ ʩʪʫʜʠʿʫ ʿʝ, ʟʙʦʛ ˁʝʥʝ ʪʝʤʘʪʠʢʝ, ʦʜʨʝʹʠʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʢʦʥʪʨʘʢʪʠʣʥʦʩʪʠ ʙʠʣʦ 

ʿʝʜʥʦ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʤʝʨʝˁʘ. 

            

1.1.3 ʂʦʨʦʥʘʨʥʘ ʮʠʨʢʫʣʘʮʠʿʘ  

 

             ɹʫʜʫ˂ʠ ʜʘ ʿʝ ʠ ʢʦʨʦʥʘʨʥʠ ʧʨʦʪʦʢ ʪʝʤʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʦʩʚʨʥʫ˂ʝʤʦ ʩʝ ʥʘ 

ʢʦʨʦʥʘʨʥʠ ʧʨʦʪʦʢ, ʚʠʰʝ ʥʘ ʘʨʪʝʨʠʿʩʢʠ ʜʝʦ ʠ ˁʝʛʦʚʫ ʨʝʛʫʣʘʮʠʿʫ. 

             ʂʦʨʦʥʘʨʥʘ ʮʠʨʢʫʣʘʮʠʿʘ ʿʝ ʜʝʦ ʩʠʩʪʝʤʩʢʝ ʮʠʨʢʫʣʘʮʠʿʝ ʠ ʦʜʛʦʚʦʨʥʘ ʿʝ ʟʘ 

ʩʥʘʙʜʝʚʘˁʝ ʪʢʠʚʘ ʤʠʦʢʘʨʜʘ ʢʨʚˀʫ ʠ ʨʘʟʤʝʥʫ ʤʘʪʝʨʠʿʘ. ʉʘʩʪʦʿʠ ʩʝ ʦʜ ʘʨʪʝʨʠʿʘ, 

ʘʨʪʝʨʠʦʣʘ, ʢʘʧʠʣʘʨʘ, ʚʝʥʫʣʘ ʠ ʚʝʥʘ. ʉʨʯʘʥʘ ʮʠʨʢʫʣʘʮʠʿʘ ʠʟʥʦʩʠ ʦʢʦ 250 ml ʫ ʤʠʥʫʪʠ ʟʘ 

ʚʨʝʤʝ ʤʠʨʦʚʘˁʘ (11-15).  

             ʂʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ ʦʙʫʭʚʘʪʘʿʫ ʣʝʚʫ (ʣʘʪ.arteria coronaria sinistra) ʠ ʜʝʩʥʫ 

(ʣʘʪ.arteria coronaria dextra) ʢʦʨʦʥʘʨʥʫ ʘʨʪʝʨʠʿʫ ʢʦʿʝ ʩʝ ʦʜʚʘʿʘʿʫ ʠʟʘ ʘʦʨʪʥʠʭ 

ʩʝʤʠʣʫʥʘʨʥʠʭ ʟʘʣʠʩʪʘʢʘ, ʪʿ. ʢʦʨʦʥʘʨʥʠʭ ʩʠʥʫʩʘ.  ʂʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ ʩʝ ʧʫʥʝ ʢʨʚˀʫ ʟʘ 

ʚʨʝʤʝ ʧʦʚʠʰʝʥʦʛ ʧʨʠʪʠʩʢʘ ʫ ʘʦʨʪʠ ʪʦʢʦʤ ʜʠʿʘʩʪʦʣʝ (16-21). ʊʦʢʦʤ ʩʚʦʛ 

ʝʧʠʢʘʨʜʠʿʘʣʥʦʛ ʪʦʢʘ ʜʘʿʫ ʥʠʟ ʙʦʯʥʠʭ ʛʨʘʥʘ, ʢʦʿʝ ʩʝ ʛʨʘʥʘʿʫ ʥʘ ʢʨʚʥʝ ʩʫʜʦʚʝ ʩʚʝ ʤʘˁʝʛ 

ʜʠʿʘʤʝʪʨʘ, ʢʦʿʠ ʧʦʪʦʤ ʫʣʘʟʝ ʫ ʤʠʦʢʘʨʜ ʜʦ ʩʫʙʝʥʜʦʢʘʨʜʠʿʘʣʥʠʭ ʩʣʦʿʝʚʘ.             

ʋʧʨʦʰʪʝʥʦ ʧʦʩʤʘʪʨʘʿʫ˂ʠ ʣʝʚʘ ʢʦʨʦʥʘʨʥʘ ʘʨʪʝʨʠʿʘ ʠʩʭʨʘˁʫʿʝ ʣʝʚʦ ʩʨʮʝ ʘ ʜʝʩʥʘ ʩʨʯʘʥʘ 

ʜʝʩʥʦ ʩʨʮʝ ʠ Sɸ ʯʚʦʨ. ɺʝʥʩʢʠ ʢʦʨʦʥʘʨʥʠ ʩʠʩʪʝʤ ʟʘʚʨʰʘʚʘ ʩʝ ʢʦʨʦʥʘʨʥʠʤ ʩʠʥʫʩʦʤ ʢʦʿʠ 

ʩʝ ʫʣʠʚʘ ʫ ʜʝʩʥʫ ʧʨʝʪʢʦʤʦʨʫ (22-24).  

   ʂʦʨʦʥʘʨʥʠ ʢʨʚʥʠ ʩʫʜʦʚʠ ʩʝ ʫ ʬʫʥʢʮʠʦʥʘʣʥʦʤ ʠ ʤʦʨʬʦʣʦʰʢʦʤ ʩʤʠʩʣʫ ʤʦʛʫ 

ʧʦʩʤʘʪʨʘʪʠ ʢʨʦʟ ʜʚʘ ʦʜʝˀʢʘ: ʚʝʣʠʢʠ ʝʧʠʢʘʨʜʠʿʘʣʥʠ ʪʢʟ. ʩʧʨʦʚʦʜʥʠ ʢʦʨʦʥʘʨʥʠ ʢʨʚʥʠ 

ʩʫʜʦʚʠ ʠ ʨʝʟʠʩʪʝʥʮʠʿʘʣʥʠ ʢʦʨʦʥʘʨʥʠ ʢʨʚʥʠ ʩʫʜʦʚʠ ʜʠʿʘʤʝʪʨʘ ʤʘˁʝʛ ʦʜ 300 Õm. 

ʉʧʨʦʚʦʜʥʝ ʢʦʨʦʥʘʨʥʝ ʘʨʪʝʨʠʿʝ ʥʝ ʧʨʫʞʘʿʫ ʦʪʧʦʨ ʧʨʠ ʧʨʦʪʦʢʫ ʢʨʚʠ. ɿʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘˁʝ 

ʦʪʧʦʨʘ ʥʘʩʪʫʧʘ ʩʘ ʩʤʘˁʝˁʝʤ ʜʠʿʘʤʝʪʨʘ ʢʦʨʦʥʘʨʥʠʭ ʢʨʚʥʠʭ ʩʫʜʦʚʘ ʦʜ ʤʘʣʠʭ ʘʨʪʝʨʠʿʘ 

ʧʨʦʤʝʨʘ 300 Õm ʢʘ ʤʘˁʠʤ ʘʨʝʪʨʠʦʣʦʘʤʘ ʧʨʦʤʝʨʘ ʦʢʦ 100 Õm  (25, 26). ʇʨʦʪʦʢ ʢʨʚʠ 
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ʢʨʦʟ ʤʠʦʢʘʨʜ ʿʝ ʜʝʪʝʨʤʠʥʠʩʘʥ Ăʢʦʨʦʥʘʨʥʠʤ ʧʨʦʪʦʯʥʠʤ ʧʨʠʪʠʩʢʦʤñ ʪʿ. ʛʨʘʜʠʿʝʥʪʦʤ 

ʧʨʠʪʠʩʢʘ ʠʟʤʝʹʫ ʘʦʨʪʥʦʛ ʢʦʨʝʥʘ ʠ ʜʝʩʥʝ ʧʨʝʪʢʦʤʦʨʝ. ʋ ʬʠʟʠʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ 

ʛʨʘʜʠʿʝʥʪ ʧʨʠʪʠʩʢʘ ʩʝ ʦʜʨʞʘʚʘ ʜʫʞ ʚʝʣʠʢʠʭ ʝʧʠʢʘʨʜʠʿʘʣʥʠʭ ʢʦʨʦʥʘʨʥʠʭ ʘʨʪʝʨʠʿʘ ʩʘ 

ʤʠʥʠʤʘʣʥʠʤ ʛʫʙʠʮʠʤʘ ʜʫʞ ʜʠʩʪʘʣʥʠʭ ʜʝʣʦʚʘ. ʇʨʦʣʘʩʢʦʤ ʢʨʚʠ ʜʫʞ ʤʠʢʨʦʚʘʩʢʫʣʘʨʥʝ 

ʮʠʨʢʫʣʘʮʠʿʝ ʠʥʪʨʘʢʦʨʦʥʘʨʥʠ ʧʨʠʪʠʩʘʢ ʩʝ ʧʦʩʪʝʧʝʥʦ ʩʤʘˁʫʿʝ. ʇʨʠʪʠʩʘʢ ʩʝ ʥʘʿʚʠʰʝ 

ʩʤʘˁʫʿʝ ʪʦʢʦʤ ʧʨʦʣʘʩʢʘ ʢʨʚʠ ʢʨʦʟ ʘʨʪʝʨʠʿʝ ʜʠʿʘʤʝʪʨʘ ʤʘˁʝʛ ʦʜ 300 Õʤ, ʜʦʩʪʠʞʫ˂ʠ 

ʚʨʝʜʥʦʩʪʠ ʦʜ 20 ï 30 mmHg. ʅʘʚʝʜʝʥʠ ʧʨʠʪʠʩʘʢ ʿʝ ʿʦʰ ʫʚʝʢ ʜʦʚʦˀʘʥ ʟʘ ʦʜʨʞʘʚʘˁʝ 

ʛʨʘʜʠʿʝʥʪʘ ʢʨʦʟ ʢʘʧʠʣʘʨʥʫ ʤʨʝʞʫ.  

 ʅʘ ʮʝʣʦʢʫʧʥʫ ʨʝʟʠʩʪʝʥʮʠʿʫ ʫʪʠʯʫ ʠ ʝʢʩʪʨʘʚʘʩʢʫʣʘʨʥʠ ʬʘʢʪʦʨʠ: ʩʠʩʪʦʣʥʠ 

ʧʨʠʪʠʩʘʢ ʣʝʚʝ ʢʦʤʦʨʝ, ʢʦʥʪʨʘʢʪʠʣʥʦʩʪ ʤʠʦʢʘʨʜʘ ʠ ʩʨʯʘʥʘ ʬʨʝʢʚʝʥʮʘ. ʈʘʜʠ ʦʜʨʞʘˁʘ 

ʧʨʦʪʦʢʘ ʜʫʞ ʢʘʧʠʣʘʨʥʝ ʤʨʝʞʝ ʥʝʦʧʭʦʜʥʘ ʿʝ ʢʦʦʨʜʠʥʠʩʘʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ 

ʘʫʪʦʨʝʛʫʣʘʪʦʨʥʠʭ ʤʝʭʘʥʠʟʘʤʘ òʢʦʨʦʥʘʨʥʦʛ ʧʨʦʪʦʯʥʦʛ ʧʨʠʪʠʩʢʘò ʠ ʤʠʢʨʦʚʘʩʢʫʣʘʨʥʝ 

ʨʝʟʠʩʪʝʥʮʠʿʝ. ʆʚʠ ʘʫʪʦʨʝʛʫʣʘʪʦʨʥʠ ʤʝʭʘʥʠʟʤʠ ʢʦʜ ʩʤʘˁʝˁʘ òʢʦʨʦʥʘʨʥʦʛ ʧʨʦʪʦʯʥʦʛ 

ʧʨʠʪʠʩʢʘò ʜʦʚʦʜʝ ʜʦ ʧʘʜʘ ʠ ʤʠʢʨʦʚʘʩʢʫʣʘʨʥʝ ʨʝʟʠʩʪʝʥʮʠʿʝ ʠ ʦʙʨʥʫʪʦ. ɿʘʭʚʘˀʫʿʫ˂ʠ 

ʘʜʝʢʚʘʪʥʠʤ ʘʫʪʦʨʝʛʫʣʘʪʦʨʥʠʤ ʤʝʭʘʥʠʟʤʠʤʘ ʢʦʨʦʥʘʨʥʠ ʧʨʦʪʦʢ ʦʩʪʘʿʝ ʥʘ ʢʦʥʩʪʘʥʪʥʦʤ 

ʥʠʚʦʫ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʢʘʨʜʠʿʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʫ ʬʠʟʠʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ (27, 28).  

 

1.2 ʌʀɿʀʏʂɸ ɸʂʊʀɺʅʆʉʊ 

             ʇʦ ʜʝʬʠʥʠʮʠʿʠ ɸʤʝʨʠʯʢʦʛ ʂʦʣʝ˅ʘ ʉʧʦʨʪʩʢʝ ʄʝʜʠʮʠʥʝ (ACSM 2001) (29), 

ʬʠʟʠʯʢʘ ʘʢʪʠʚʥʦʩʪ ʿʝ ʩʚʘʢʠ ʧʦʢʨʝʪ ʪʝʣʘ ʢʦʿʠ ʿʝ ʧʦʩʣʝʜʠʮʘ ʤʠʰʠ˂ʥʝ ʢʦʥʪʨʘʢʮʠʿʝ ʠ ʢʦʿʠ 

ʜʦʚʦʜʠ ʜʦ ʧʦʪʨʦʰˁʝ ʝʥʝʨʛʠʿʝ. ʆʥʘ ʦʙʫʭʚʘʪʘ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʘʢʪʠʚʥʦʩʪʠ, ʠʛʨʫ, ʬʠʟʠʯʢʦ 

(ʪʝʣʝʩʥʦ) ʚʝʞʙʘˁʝ, ʪʘʢʤʠʯʘʨʩʢʝ ʩʧʦʨʪʩʢʝ ʜʠʩʮʠʧʣʠʥʝ.  ʌʠʟʠʯʢʘ ʘʢʪʠʚʥʦʩʪ 

ʧʦʜʨʘʟʫʤʝʚʘ ʠ ʬʠʟʠʯʢʠ ʥʘʧʦʨ ʪʦʢʦʤ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʠʣʠ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ 

ʢʫ˂ʥʠʭ ʧʦʩʣʦʚʘ, ʦʜʥʦʩʥʦ ʙʠʣʦ ʢʦʿʫ ʚʨʩʪʫ ʬʠʟʠʯʢʦʛ ʨʘʜʘ.  

             ʅʘ ʬʠʟʠʯʢʫ ʘʢʪʠʚʥʦʩʪ ʜʘʥʘʩ ʩʝ ʛʣʝʜʘ ʢʘʦ ʥʘ ʚʘʞʥʫ ʢʦʤʧʦʥʝʥʪʫ ʟʜʨʘʚʦʛ ʞʠʚʦʪʘ 

ʠ ʪʝʤʘ ʿʝ ʤʥʦʛʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. ʄʦʜʝʨʘʥ ʥʘʯʠʥ ʞʠʚˀʝˁʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʝʣʠʤʠʥʠʰʝ 

ʬʠʟʠʯʢʫ ʘʢʪʠʚʥʦʩʪ ʢʘʦ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʩʪʠʤʫʣʫʩ ʞʠʚʦʪʘ (29). ʇʦʨʝʜ ʜʦʢʘʟʘʥʦʛ ʟʥʘʯʘʿʘ 

ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ, ʥʝʘʢʪʠʚʥʦʩʪ ʧʨʝʪʠ ʜʘ ʧʦʩʪʘʥʝ ʛʣʦʙʘʣʥʠ ʧʨʦʙʣʝʤ ʦʜ ʜʝʯʿʝʛ ʫʟʨʘʩʪʘ 

ʧʘ ʧʨʝʢʦ ʩʚʠʭ ʩʣʦʿʝʚa ʩʪʘʨʦʩʥʝ ʠ ʩʦʮʠʿʘʣʥʝ ʩʪʨʫʢʪʫʨʝ. ʅʦʚʠʿʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫʢʘʟʫʿʫ ʜʘ 

ʦʢʦ 60-70% ʩʪʘʥʦʚʥʠʰʪʚʘ ʨʘʟʚʠʿʝʥʠʭ ʟʝʤʘˀʘ ʥʝ ʦʩʪʚʘʨʫʿʝ ʤʠʥʠʤʘʣʥʠ ʥʠʚʦ ʬʠʟʠʯʢʝ 

ʘʢʪʠʚʥʦʩʪʠ (30).  

             ʌʠʟʠʯʢʘ ʘʢʪʠʚʥʦʩʪ ʿʝ ʙʠʪʥʘ ʫ ʦʜʨʞʘʚʘˁʫ ʟʜʨʘʚʩʪʚʝʥʦʛ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʩʪʘˁʘ 

ʦʨʛʘʥʠʟʤʘ, ʙʠʪʥʘ ʿʝ ʫ ʧʨʝʚʝʥʮʠʿʠ ʙʨʦʿʥʠʭ ʦʙʦˀʝˁʘ: 

 

-    ʩʤʘˁʫʿʝ ʨʠʟʠʢ ʦʜ ʥʘʩʪʘʥʢʘ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʠʭ ʦʙʦˀʝˁʘ (31),  

- ʩʧʨʝʯʘʚʘ ʥʘʩʪʘʥʢ ʧʦʚʝ˂ʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʘʩʥʦ˂ʘ ʫ ʢʨʚʠ, ʧʦʙʦˀʰʘʚʘ 

ʣʠʧʦʧʨʦʪʝʠʥʩʢʠ ʧʨʦʬʠʣ (ʧʦʚʝ˂ʘʚʘ HDL - ʣʠʧʦʧʨʦʪʝʠʥʝ ʚʠʩʦʢʝ ʛʫʩʪʠʥʝ, ʘ ʩʤʘˁʫʿʝ LDL 

- ʣʠʧʦʧʨʦʪʝʠʥʝ ʥʠʩʢʝ ʛʫʩʪʦ˂ʝ),  

-    ʩʤʘˁʫʿʝ ʨʠʟʠʢ ʦʜ ʥʘʩʪʘʥʢʘ ʰʝ˂ʝʨʥʝ ʙʦʣʝʩʪʠ ʥʝʟʘʚʠʩʥʝ ʦ ʠʥʩʫʣʠʥʫ (32, 33),  

-    ʩʤʘˁʫʿʝ ʨʠʟʠʢ ʦʜ ʤʦʞʜʘʥʦʛ ʫʜʘʨʘ,  

-    ʧʦʚʦˀʥʦ ʜʝʣʫʿʝ ʥʘ ʘʫʪʦʥʦʤʥʠ ʥʝʨʚʥʠ ʩʠʩʪʝʤ,  

-    ʩʤʘˁʫʿʝ ʨʠʟʠʢ ʦʜ ʥʘʩʪʘʥʢʘ ʢʘʨʮʠʥʦʤʘ ʜʝʙʝʣʦʛ ʮʨʝʚʘ,  

-    ʩʤʘˁʫʿʝ ʨʠʟʠʢ ʦʜ ʥʘʩʪʘʥʢʘ ʠʥʢʦʥʪʠʥʝʥʮʠʿʝ,  

-    ʩʤʘˁʫʿʝ ʧʨʝʢʦʤʝʨʥʫ ʪʝʣʝʩʥʫ ʪʝʞʠʥʫ  (34), 

-    ʧʨʝʚʝʥʠʨʘ ʥʘʩʪʘʥʢ ʦʩʪʝʦʧʦʨʦʟʝ. 
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1.2.1 ɺʨʩʪʝ ʩʧʦʨʪʩʢʠʭ ʜʠʩʮʠʧʣʠʥʘ 

 

ʉʧʦʨʪʩʢʝ ʜʠʩʮʠʧʣʠʥʝ ʩʝ ʤʦʛʫ ʫʩʣʦʚʥʦ ʧʦʜʝʣʠʪʠ ʥʘ: 

- ʩʧʦʨʪʩʢʝ ʜʠʩʮʠʧʣʠʥʝ ʪʠʧʘ ʩʥʘʛʝ, 

- ʩʧʦʨʪʩʢʝ ʜʠʩʮʠʧʣʠʥʝ ʪʠʧʘ ʠʟʜʨʞˀʠʚʦʩʪʠ, 

- ʩʧʦʨʪʦʚʠ ʪʠʧʘ ʠʟʜʨʞˀʠʚʦʩʪʠ ʠ ʩʥʘʛʝ. 

 

1.2.1.1    ʉʧʦʨʪʦʚʠ ʪʠʧʘ ʩʥʘʛʝ  

             ʉʧʦʨʪʦʚʠ ʪʠʧʘ ʩʥʘʛʝ ʩʫ ʜʠʟʘˁʝ ʪʝʛʦʚʘ, ʨʚʘˁʝ, Ăbody bildingñ, ʛʠʤʥʘʩʪʠʢʘ, 

ʙʘʮʘˁʝ ʢʫʛʣʝ ʠ ʢʦʧˀʘ, ʙʦʢʩ, ˅ʫʜʦ, ʢʘʨʘʪʝ, ʩʧʨʠʥʪ, ʩʢʘʢʘˁʝ ʫ ʜʘˀ ʠ ʜʨ. (35, 36).ʋ 

ʦʩʥʦʚʠ ʦʚʠʭ ʩʧʦʨʪʦʚʘ ʿʝ ʠʟʦʤʝʪʨʠʿʩʢʠ ʠʣʠ ʩʪʘʪʠʯʢʠ ʬʠʟʠʯʢʠ ʨʘʜ ʢʦʜ ʢʦʿʠʭ ʩʝ ʥʝ ʤʝˁʘ 

ʙʠʪʥʠʿʝ ʜʫʞʠʥʘ ʤʠʰʠ˂ʥʠʭ ʚʣʘʢʘʥʘ ʪʦʢʦʤ ʢʦʥʪʨʘʢʮʠʿʝ, ʘʣʠ ʩʝ ʤʠʰʠ˂ʥʠ ʪʦʥʫʩ ʧʦʚʝ˂ʘʚʘ 

ʧʨʠ ʩʚʘʢʦʿ ʢʦʥʪʨʘʢʮʠʿʠ. ʋ ʬʠʟʠʯʢʦʤ ʥʘʧʦʨʫ ʜʦʣʘʟʠ ʜʦ ʢʦʥʪʨʘʢʮʠʿʝ ʚʝ˂ʝ ʛʨʫʧʝ ʤʠʰʠ˂ʘ 

ʠ ʫʩʣʝʜ ʣʦʢʘʣʥʝ ʢʦʤʧʨʝʩʠʿʝ ʢʨʚʥʠʭ ʩʫʜʦʚʘ ʢʘʦ ʠ ʟʙʦʛ ʨʝʬʣʝʢʩʥʝ ʚʘʟʦʢʦʥʩʪʨʠʢʮʠʿʝ 

ʜʦʣʘʟʠ ʜʦ ʚʝʣʠʢʦʛ ʦʪʧʦʨʘ ʧʨʦʪʠʮʘˁʫ ʢʨʚʠ  ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʧʦʨʘʩʪʦʤ ʘʨʪʝʨʠʿʩʢʦʛ ʢʨʚʥʦʛ 

ʧʨʠʪʠʩʢʘ (37). ʂʦʜ ʦʚʠʭ ʩʧʦʨʪʠʩʪʘ ʣʝʚʘ ʢʦʤʦʨʘ ʿʝ ʦʧʪʝʨʝ˂ʝʥʘ ʜʠʿʘʩʪʦʣʥʠʤ ʧʨʠʪʠʩʢʦʤ ʠ 

ʥʘʢʦʥ ʧʨʦʜʫʞʝʥʦʛ ʪʨʘʿʘˁʘ ʦʚʘʢʚʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʜʦʣʘʟʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʜʝʙˀʠʥʝ ʟʠʜʘ ʣʝʚʝ 

ʢʦʤʦʨʝ ʠ ʥʘʩʪʘʥʢʘ ʢʦʥʮʝʥʪʨʠʯʥe ʭʠʧʝʨʪʨʦʬʠʿe ʤʠʦʢʘʨʜʘ. ʄʘʩʘ ʤʠʦʢʘʨʜʘ ʿʝ ʧʦʚʝ˂ʘʥʘ, ʘ 

ʚʦʣʫʤʝʥ ʢʦʤʦʨʝ ʦʩʪʘʿʝ ʥʝʧʨʦʤʝˁʝʥ ʠʣʠ ʿʝ ʯʘʢ ʠ ʩʤʘˁʝʥ. 

 

1.2.1.2  ʉʧʦʨʪʦʚʠ ʪʠʧʘ ʠʟʜʨʞˀʠʚʦʩʪʠ  

 

             ʂʦʜ ʩʧʦʨʪʦʚʘ ʪʠʧʘ ʠʟʜʨʞˀʠʚʦʩʪʠ  ʩʨʮʝ ʿʝ ʦʧʪʝʨʝ˂ʝʥʦ ʚʦʣʫʤʝʥʦʤ, ʦʜʥʦʩʥʦ 

ʧʦʚʝ˂ʘʥ ʿʝ ʧʨʠʣʠʚ ʢʨʚʠ ʫ ʩʨʮʝ. ʋ ʦʚʝ ʩʧʦʨʪʦʚʝ ʩʝ ʫʙʨʘʿʘʿʫ: ʧʣʠʚʘˁʝ (400, 1500 m, 

ʤʘʨʘʪʦʥ), ʤʘʨʘʪʦʥ-ʪʨʯʘˁʝ, ʪʨʯʘˁʝ ʩʨʝʜˁʝ ʠ ʜʫʛʝ ʧʨʫʛʝ, ʬʫʜʙʘʣ, ʢʦʰʘʨʢʘ, ʩʢʠʿʘˁʝ 

(ʘʣʧʩʢʝ ʜʠʩʮʠʧʣʠʥʝ), ʨʫʢʦʤʝʪ ʠ ʜʨ. ʂʦʜ ʦʚʠʭ ʦʧʪʝʨʝ˂ʝˁʘ ʟʘʩʪʫʧˀʝʥ ʿʝ ʠʟʦʪʦʥʠʯʢʠ ʠʣʠ 

ʜʠʥʘʤʠʯʢʠ ʬʠʟʠʯʢʠ ʨʘʜ, ʰʪʦ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʢʝʣʝʪʥʠ ʤʠʰʠ˂ʠ ʪʦʢʦʤ ʘʢʪʠʚʥʦʩʪʠ 

ʥʘʠʟʤʝʥʠʯʥʦ ʩʤʘˁʫʿʫ ʩʚʦʿʫ ʜʫʞʠʥʫ ʠ ʨʝʣʘʢʩʠʨʘʿʫ ʩʝ. ʊʦʢʦʤ ʢʦʥʪʨʘʢʮʠʿʘ ʤʠʰʠ˂ʠ 

ʤʝˁʘʿʫ ʩʚʦʿʫ ʜʫʞʠʥʫ, ʘ ʪʦʥʫʩ ʦʩʪʘʿʝ ʫʛʣʘʚʥʦʤ ʩʪʘʣʘʥ. ʂʦʥʪʨʘʢʮʠʿʝ ʤʠʰʠ˂ʘ ʜʝʣʫʿʫ ʢʘʦ 

ʤʠʰʠ˂ʥʘ ʧʫʤʧʘ ʥʘ ʢʨʚ ʢʦʿʘ ʩʝ ʧʦʪʠʩʢʫʿʝ ʢʘ ʩʨʮʫ, ʧʨʠ ʯʝʤʫ ʩʨʮʝ ʙʠʚʘ ʦʧʪʝʨʝ˂ʝʥʦ 

ʚʦʣʫʤʝʥʦʤ (38). ʂʦʜ ʦʚʠʭ ʩʧʦʨʪʠʩʪʘ ʧʨʠʣʠʚ ʢʨʚʠ ʫ ʩʨʮʝ ʿʝ ʧʦʚʝ˂ʘʥ ʪʘʢʦ ʜʘ ʜʦʣʘʟʠ ʜʦ 

ʦʧʪʝʨʝ˂ʝˁʘ ʩʨʮʘ ʚʦʣʫʤʝʥʦʤ ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʝʢʩʮʝʥʪʨʠʯʥʝ ʭʠʧʝʨʪʨʦʬʠʿʝ ʩʨʮʘ. 

ʆʚʜʝ ʩʝ ʧʨʘʚʠ ʧʘʨʘʣʝʣʘ ʩʘ ʚʦʣʫʤʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ ʤʠʦʢʘʨʜʘ ʢʦʿʠ ʩʝ ʩʨʝ˂ʝ ʥʧʨ.ʫ 

ʚʘʣʚʫʣʘʨʥʦʿ ʨʝʛʫʨʛʠʪʘʮʠʿʠ. 

 

 

1.2.1.3 ʉʧʦʨʪʦʚʠ ʪʠʧʘ ʠʟʜʨʞˀʠʚʦʩʪʠ ʠ ʩʥʘʛʝ  
 

ʉʧʦʨʪʦʚʠ ʠʟʜʨʞˀʠʚʦʩʪʠ ʠ ʩʥʘʛʝ ʩʫ ʙʠʮʠʢʣʠʟʘʤ ʠ ʚʝʩʣʘˁʝ (38). 

 

1.2.2 ɽʬʝʢʪʠ ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʂɺʉ 

 

            ʋʢʦʣʠʢʦ ʿʝ ʧʨʘʚʠʣʥʦ ʠ ʩʪʨʫʯʥʦ ʚʦʹʝʥʦ, ʨʝʜʦʚʥʦ ʚʝʞʙʘˁʝ ʠʟʘʟʠʚʘ ʧʦʟʠʪʠʚʥʝ 

ʧʨʦʤʝʥʝ ʫ ʩʪʨʫʢʪʫʨʠ ʠ ʬʫʥʢʮʠʿʠ ʩʨʮʘ (39, 40). ʇʦʚʝ˂ʘˁʝ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʦʛ 

ʢʘʧʘʮʠʪʝʪʘ ʫʩʣʝʜ ʙʘʚˀʝˁʘ ʩʧʦʨʪʦʤ ʧʦʚʝʟʘʥʦ ʿʝ ʩʘ ʥʠʞʦʤ ʩʨʯʘʥʦʤ ʬʨʝʢʚʝʥʮʠʿʦʤ ʫ 
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ʤʠʨʫ ʠ ʧʨʠ ʨʘʜʫ ʩʫʙʤʘʢʩʠʤʘʣʥʦʛ ʠʥʪʝʥʟʠʪʝʪʘ. ɼʫʞʝ ʙʘʚˀʝˁʝ ʩʧʦʨʪʦʤ ʧʨʘ˂ʝʥʦ ʿʝ 

ʧʦʚʝ˂ʘˁʝʤ ʤʘʩʝ ʠ ʟʘʧʨʝʤʠʥʘ ʢʦʤʦʨʘ, ʨʝʟʫʣʪʠʨʘ ʭʠʧʝʨʪʨʦʬʠʿʦʤ ʤʠʦʮʠʪʘ, ʧʦʚʝ˂ʘʚʘ ʩʝ 

ʫʜʘʨʥʠ ʚʦʣʫʤʝʥ ʩʨʮʘ, ʤʠʥʫʪʥʠ ʚʦʣʫʤʝʥ ʠʪʜ (39, 41). ɽʬʝʢʪʠ ʢʦʿʠ ˂ʝ ʩʝ ʠʩʧʦˀʠʪʠ ʥʘ 

ʩʨʮʫ ʟʘʚʠʩʝ ʠ ʦʜ ʚʨʩʪʝ ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ ʦʜʥ. ʩʧʦʨʪʩʢʝ ʜʠʩʮʠʧʣʠʥʝ. 

 

1.2.2.1 ʋʪʠʮʘʿ ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʩʨʯʘʥʫ ʬʨʝʢʚʝʥʮʠʿʫ 

 

             ɿʘ ʚʨʝʤʝ ʬʠʟʠʯʢʦʛ ʥʘʧʦʨʘ ʧʦʪʨʝʙʝ ʩʢʝʣʝʪʥʝ ʤʫʩʢʫʣʘʪʫʨʝ ʟʘ ʢʠʩʝʦʥʠʢʦʤ ʨʘʩʪʫ. 

ɿʘ ʫʨʝʜʥʦ ʩʥʘʙʜʝʚʘˁʝ ʦʜʛʦʚʦʨʘʥ ʿʝ ʪʨʘʥʩʧʦʨʪʥʠ ʩʠʩʪʝʤ ʟʘ ʜʦʧʨʝʤʘˁʝ ʢʠʩʝʦʥʠʢʘ ʢʦʿʠ 

ʧʦʜʨʘʟʫʤʝʚʘ ʩʣʝʜʝ˂ʝ ʤʝʭʘʥʠʟʤʝ: 

o ʉʨʯʘʥʘ ʬʨʝʢʚʝʥʮʠʿʘ - HR (heart rate); 

o ʋʜʘʨʥʠ ʚʦʣʫʤʝʥ (ʋɺ); 

o ʄʠʥʫʪʥʠ ʚʦʣʫʤʝʥ (ʄɺ); 

o ʇʣʫ˂ʥʘ ʬʫʥʢʮʠʿʘ; 

o ʂʨʚʥʠ ʧʨʠʪʠʩʘʢ; 

o ʂʦʨʦʥʘʨʥʠ ʧʨʦʪʦʢ ʢʨʚʠ; 

o ʇʝʨʠʬʝʨʥʝ ʚʘʩʢʫʣʘʨʥʝ ʧʨʦʤʝʥʝ (42).  

 

             ʌʨʝʢʚʝʥʮʠʿʘ ʩʨʮʘ ʿʝ ʙʨʦʿ ʩʨʯʘʥʠʭ ʮʠʢʣʫʩʘ ʫ ʪʦʢʫ ʿʝʜʥʦʛ ʤʠʥʫʪʘ, ʧʨʦʩʝʯʥʦ ʢʦʜ 

ʟʜʨʘʚʠʭ ʦʩʦʙʘ ʠʟʥʦʩʠ 65-75 ʮʠʢʣʫʩʘ/ʤʠʥ. ʅʘ ʬʨʝʢʚʝʥʮʠʿʫ ʩʨʮʘ ʫʪʠʯʫ ʛʦʜʠʥʝ, ʧʦʣ, 

ʧʦʣʦʞʘʿ ʪʝʣʘ  ʩʧʦˀʥʘ ʩʨʝʜʠʥʘ, ʧʩʠʭʠʯʢʦ ʩʪʘˁʝ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʭʦʨʤʦʥʘ ʥʘʜʙʫʙʨʝʞʥʝ ʠ 

ʪʠʨʝʦʠʜʥʝ ʞʣʝʟʜʝ ʫ ʢʨʚʠ. ʋʥʦʰʝˁʝ ʭʨʘʥʝ, ʧʫʰʝˁʝ, ʢʦʥʟʫʤʠʨʘˁʝ ʢʘʬʝ ʠ ʯʘʿʘ ʫʙʨʟʘʚʘʿʫ 

ʬʨʝʢʚʝʥʮʠʿʫ ʩʨʮʘ ʫ ʤʠʨʦʚʘˁʫ (42). ʌʠʟʠʯʢʠ ʘʢʪʠʚʥʝ ʦʩʦʙʝ ʠʤʘʿʫ ʩʧʦʨʠʿʠ ʨʘʜ ʩʨʮʘ ʫ 

ʤʠʨʫ ʟʙʦʛ ʧʨʝʦʚʣʘʜʘʚʘˁʘ ʜʝʿʩʪʚʘ ʧʘʨʘʩʠʤʧʘʪʠʢʫʩʘ (n.vagus-ʘ) ʥʘ ʤʠʦʢʘʨʜ. ʋʩʧʝʰʥʦʩʪ 

ʪʨʝʥʘʞʥʦʛ ʧʨʦʮʝʩʘ ʤʦʞʝ ʩʝ ʧʨʦʮʝʥʠʪʠ ʤʝʨʝˁʝʤ ʬʨʝʢʚʝʥʮʠʿʝ ʩʨʮʘ ʫ ʤʠʨʦʚʘˁʫ. ɸʢʦ 

ʬʨʝʢʚʝʥʮʠʿʘ ʩʨʮʘ ʫ ʪʦʢʫ ʜʫʞʝʛ ʧʝʨʠʦʜʘ ʧʦʢʘʟʫʿʝ ʙʣʘʛʦ ʩʤʘˁʝˁʝ ʚʨʝʜʥʦʩʪʠ, ʪʦ ʿʝ ʟʥʘʢ  

ʜʦʙʨʦ ʜʦʟʠʨʘʥʦʛ ʪʨʝʥʠʥʛʘ ʠ ʧʦʟʠʪʠʚʥʠʭ ʘʜʘʧʪʘʮʠʿʘ ʦʨʛʘʥʠʟʤʘ. ɸʢʦ ʿʝ ʬʨʝʢʚʝʥʮʠʿʘ ʫ 

ʤʠʨʦʚʘˁʫ ʫʚʝʢ ʥʘ ʠʩʪʦʿ ʚʨʝʜʥʦʩʪʠ, ʪʦ ʿʝ ʥʘʿʯʝʰ˂ʝ ʟʙʦʛ ʥʝʜʦʚʦˀʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ɹʣʘʛʘ 

ʪʝʥʜʝʥʮʠʿʘ ʧʦʚʝ˂ʘˁʘ  ʬʨʝʢʚʝʥʮʠʿʝ ʫ ʤʠʨʫ ʿʝ ʥʘʿʯʝʰ˂ʝ ʧʦʩʣʝʜʠʮʘ ʚʝ˂ʝʛ ʠʥʪʝʥʟʠʪʝʪʘ 

ʪʨʝʥʠʥʛʘ, ʰʪʦ ʧʨʦʫʟʨʦʢʫʿʝ ʭʨʦʥʠʯʥʠ ʟʘʤʦʨ ʦʨʛʘʥʠʟʤʘ. ʆʩʦʙʝ ʢʦʿʝ ʩʝ ʙʘʚʝ ʩʧʦʨʪʦʤ ʪʠʧʘ 

ʠʟʜʨʞˀʠʚʦʩʪʠ ʠʤʘʿʫ ʥʠʩʢʫ ʬʨʝʢʚʝʥʮʠʿʫ ʩʨʮʘ ʫ ʤʠʨʦʚʘˁʫ. ʅʘ ʆʣʠʤʧʠʿʩʢʠʤ ʠʛʨʘʤʘ ʫ 

ɸʤʩʪʝʨʜʘʤʫ 1928. ʛʦʜʠʥʝ ʠʟʤʝʨʝʥʘ ʿʝ ʧʨʦʩʝʯʥʘ ʬʨʝʢʚʝʥʮʠʿʘ ʩʨʮʘ ʫ ʤʠʨʦʚʘˁʫ ʦʜ 50 

ʦʪʢ/min ʢʦʜ 260 ʫʯʝʩʥʠʢʘ, ʘ ʥʘʿʥʠʞʘ ʿʝ ʙʠʣʘ 28 ʦʪʢ/min.  

 

1.2.2.2 ʌʠʟʠʯʢʘ ʘʢʪʠʚʥʦʩʪ ʠ ʫʜʘʨʥʠ ʚʦʣʫʤʝʥ ʩʨʮʘ 

 

             ʋʜʘʨʥʠ ʚʦʣʫʤʝʥ ʩʨʮʘ (ʋɺ) ʿʝ ʟʘʧʨʝʤʠʥʘ ʢʨʚʠ ʢʦʿʫ ʢʦʤʦʨʝ ʫ ʪʦʢʫ ʩʠʩʪʦʣʝ 

ʠʩʪʠʩʥʫ ʫ ʚʝʣʠʢʝ ʘʨʪʝʨʠʿʝ. ʅʘ ʫʜʘʨʥʠ ʚʦʣʫʤʝʥ ʩʨʮʘ ʫʪʠʯʝ ʫʟʨʘʩʪ, ʧʦʚʝ˂ʘʚʘ ʩʝ ʦʜ 

ʨʦʹʝˁʘ ʜʦ ʦʜʨʘʩʣʦʛ ʜʦʙʘ, ʫ ʩʪʘʨʦʩʪʠ ʩʝ ʩʤʘˁʫʿʝ ʟʙʦʛ ʩʣʘʙˀʝˁʘ ʩʥʘʛʝ ʤʠʦʢʘʨʜʘ. ʅʘ ʋɺ 

ʫʪʠʯʝ  ʧʦʣ, ʢʦʜ ʞʝʥʘ ʿʝ ʋɺ ʦʢʦ 25% ʤʘˁʠ ʫ ʦʜʥʦʩʫ ʥʘ ʤʫʰʢʘʨʮʝ ʠʩʪʠʭ ʛʦʜʠʥʘ, ʰʪʦ ʿʝ 

ʧʦʩʣʝʜʠʮʘ ʤʘˁʝ ʪʝʣʝʩʥʝ ʤʘʩʝ. ɽʬʝʢʘʪ ʠʩʧʦˀʘʚʘ ʧʦʣʦʞʘʿ ʪʝʣʘ, ʫ ʫʩʧʨʘʚʥʦʤ ʧʦʣʦʞʘʿʫ 

(ʫʪʠʮʘʿ ʟʝʤˀʠʥʝ ʪʝʞʝ), ʟʘʧʨʝʤʠʥʘ ʢʨʚʠ ʢʦʿʘ ʩʝ ʫʣʠʚʘ ʫ ʜʝʩʥʫ ʧʨʝʪʢʦʤʦʨʫ ʿʝ ʤʘˁʘ, ʧʘ ʿʝ 

ʤʘˁʠ ʋɺ (1, 3). ʈʝʜʦʚʥʦʤ ʬʠʟʠʯʢʦʤ ʘʢʪʠʚʥʦʰ˂ʫ ʧʦʚʝ˂ʘʚʘ ʩʝ ʋɺ ʩʨʮʘ, ʧʨʦʩʝʯʥʦ ʢʦʜ 

ʪʨʝʥʠʨʘʥʠʭ ʫ ʤʠʨʦʚʘˁʫ ʜʦʩʪʠʞʝ 100 ml (ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ 70 ml). ʇʦʚʝ˂ʘˁʝ ʋɺ 

ʨʝʟʫʣʪʘʪ ʿʝ ʧʦʚʝ˂ʘʥʝ ʩʥʘʛʝ ʩʨʯʘʥʦʛ ʤʠʰʠ˂ʘ ʧʘ ʿʝ ʠ ʠʩʪʠʩʢʠʚʘˁʝ ʢʨʚʠ ʫ ʬʘʟʠ ʩʠʩʪʦʣʝ 

ʢʦʤʦʨʘ ʧʦʪʧʫʥʠʿʝ. ʂʦʜ ʩʧʦʨʪʠʩʪʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʩʧʦʨʪʦʤ ʪʠʧʘ ʠʟʜʨʞˀʠʚʦʩʪʠ, ʋɺ ʤʦʞʝ 

ʙʠʪʠ ʠ  205 ml. ɺʝʣʠʢʝ ʚʨʝʜʥʦʩʪʠ ʋɺ  ʩʫ ʙʠʪʥʝ ʟʘ ʧʦʩʪʠʟʘˁʝ ʜʦʙʨʠʭ ʩʧʦʨʪʩʢʠʭ 
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ʨʝʟʫʣʪʘʪ ʫʩʣʝʜ ʧʦʚʝ˂ʘʥʝ ʟʘʧʨʝʤʠʥʝ ʢʦʤʦʨʘ, ʩʥʘʞʥʠʿʝ ʢʦʥʪʨʘʢʮʠʿʝ ʤʠʦʢʘʨʜʘ  ʠ 

ʢʦʤʙʠʥʘʮʠʿʦʤ ʦʚʠʭ ʤʝʭʘʥʠʟʘʤʘ (2, 9). 

 

1.2.2.3 ʌʠʟʠʯʢʘ ʘʢʪʠʚʥʦʩʪ ʠ ʤʠʥʫʪʥʠ ʚʦʣʫʤʝʥ ʩʨʮʘ  

 

             ʄʠʥʫʪʥʠ ʚʦʣʫʤʝʥ ʩʨʮʘ (ʄɺʉ) ʿʝ ʟʘʧʨʝʤʠʥʘ ʢʨʚʠ ʢʦʿʫ ʩʚʘʢʘ ʢʦʤʦʨʘ ʠʩʪʠʩʥʝ ʫ 

ʮʠʨʢʫʣʘʮʠʿʫ ʫ ʪʦʢʫ ʿʝʜʥʦʛ ʤʠʥʫʪʘ. ʋ ʤʠʨʦʚʘˁʫ ʿʝʜʥʘʢ ʿʝ ʠ ʢʦʜ ʪʨʝʥʠʨʘʥʠʭ ʠ 

ʥʝʪʨʝʥʠʨʘʥʠʭ ʦʩʦʙʘ ʠ ʠʟʥʦʩʠ ʦʢʦ 5 L/min. ʂʦʜ ʪʨʝʥʠʨʘʥʠʭ ʦʩʦʙʘ  ʦʩʪʚʘʨʫʿʝ ʩʝ ʥʘ ʨʘʯʫʥ 

ʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʫʜʘʨʥʦʛ ʚʦʣʫʤʝʥʘ (100 ml) ʠ ʩʧʦʨʠʿʝ ʬʨʝʢʚʝʥʮʠʿʝ ʩʨʮʘ (50 ʦʪʢ/min), ʘ 

ʢʦʜ ʥʝʪʨʝʥʠʨʘʥʠʭ ʫʯʝʩʪʘʣʠʿʦʤ ʬʨʝʢʚʝʥʮʠʿʦʤ (70 ʦʪʢ/min) ʠ ʤʘˁʠʤ ʫʜʘʨʥʠʤ 

ʚʦʣʫʤʝʥʦʤ (70 ml). ʈʘʜ ʩʨʮʘ ʿʝ ʝʬʠʢʘʩʥʠʿʠ ʘʢʦ ʩʝ Mɺʉ ʦʩʪʚʘʨʫʿʝ ʚʝ˂ʠʤ ʫʜʘʨʥʠʤ 

ʚʦʣʫʤʝʥʦʤ ʠ ʩʘ ʤʘˁʦʤ ʬʨʝʢʚʝʥʮʠʿʦʤ (1).  

             ʅʘ  Mɺʉ ʫʪʠʯʝ ʠʥʪʝʥʟʠʪʝʪ ʨʘʜʘ, ʪʨʘʿʘˁʝ ʨʘʜʘ, ʧʦʣʦʞʘʿ ʪʝʣʘ ʫ ʢʦʤʝ ʩʝ ʨʘʜʠ, 

ʪʝʤʧʦ ʧʦʢʨʝʪʘ ʠ ʫʪʨʝʥʠʨʘʥʦʩʪ. ʂʦʜ ʞʝʥʘ ʿʝ ʟʘ ʦʢʦ 1,5 L/min ʚʝ˂ʠ ʥʝʛʦ ʢʦʜ ʤʫʰʢʘʨʘʮʘ 

ʠʩʪʠʭ ʛʦʜʠʥʘ, ʟʘ ʠʩʪʠ ʠʥʪʝʥʟʠʪʝʪ ʧʨʠ ʫʤʝʨʝʥʦʤ ʨʘʜʫ. ʊʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʤʘˁʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢʨʚʠ ʟʘ ʪʨʘʥʩʧʦʨʪ ʢʠʩʝʦʥʠʢʘ ʢʦʜ ʞʝʥʘ ʥʝʛʦ ʢʦʜ ʤʫʰʢʘʨʘʮʘ, ʧʘ ʟʘ ʠʩʪʠ 

ʫʪʨʦʰʘʢ ʢʠʩʝʦʥʠʢʘ ʞʝʥʩʢʝ ʦʩʦʙʝ ʤʦʨʘʿʫ ʜʘ ʦʩʪʚʘʨʝ ʚʝ˂ʠ ʄɺʉ (43). ʂʦʜ ʬʠʟʠʯʢʠ 

ʘʢʪʠʚʥʠʭ ʦʩʦʙʘ ʢʦʿe ʪʨʝʥʠʨʘʿʫ ʧʦ ʪʠʧʫ ʠʟʜʨʞˀʠʚʦʩʪʠ ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ Mɺʉ ʿʝ 8 

ʧʫʪʘ ʚʝ˂ʘ ʥʝʛʦ ʫ ʤʠʨʦʚʘˁʫ (ʦʢʦ 40 L/min). ʆʚʘʢʦ ʚʝʣʠʢʠ ʄɺʉ ʦʩʪʚʘʨʫʿʫ ʩʝ 

ʤʘʢʩʠʤʘʣʥʦʤ ʬʨʝʢʚʝʥʮʠʿʦʤ ʩʨʮʘ (ʠ ʜʦ 200 ʦʪʢ/ʤʠʥ) ʠ ʤʘʢʩʠʤʘʣʥʠʤ ʫʜʘʨʥʠʤ 

ʚʦʣʫʤʝʥʦʤ (ʦʢʦ 200 ml). ʐʪʦ ʿʝ ʚʝ˂ʘ ʚʨʝʜʥʦʩʪ Mɺʉ, ʩʧʦʩʦʙʥʦʩʪ ʦʩʦʙʝ ʜʘ ʪʨʘʥʩʧʦʨʪʫʿʝ 

ʢʠʩʝʦʥʠʢ ʙʠ˂ʝ ʚʝ˂ʘ, ʘ ʪʠʤ ʠ ʧʨʦʜʫʢʮʠʿʘ ʝʥʝʨʛʠʿʝ ʠʟ ʘʝʨʦʙʥʠʭ ʠʟʚʦʨʘ ʠ ʦʩʦʙʘ ˂ʝ ʙʠʪʠ 

ʩʧʦʩʦʙʥʠʿʘ ʟʘ ʚʝ˂ʠ ʨʘʜ, ʦʜʥʦʩʥʦ  ʦʩʪʚʘʨʠ˂ʝ ʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʫ ʩʧʦʨʪʫ.  

  

1.2.2.4 ʄʝʭʘʥʠʟʤʠ ʘʜʘʧʪʘʮʠʿʝ ʂɺʉ ʥʘ ʬʠʟʠʯʢʦ ʦʧʪʝʨʝ˂ʝˁʝ   

  

             ʊʨʠ ʩʫ ʤʝʭʘʥʠʟʤʘ ʘʜʘʧʪʘʮʠʿʝ ʂɺʉ ʪʦʢʦʤ ʠʥʪʝʥʟʠʚʥʦʛ ʬʠʟʠʯʢʦʛ ʥʘʧʦʨʘ: 

 

- ʈʝʟʝʨʚʘ ʬʨʝʢʚʝʥʮʠʿʝ ʩʨʮʘ: ʬʨʝʢʚʝʥʮʠʿʘ ʩʨʮʘ ʩʝ ʤʦʞʝ ʧʦʚʝ˂ʘʪʠ ʦʜ ʚʨʝʜʥʦʩʪʠ ʫ 

ʤʠʨʦʚʘˁʫ ʜʦ ʤʘʢʩʠʤʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ 2,5 ʧʫʪʘ ʢʦʜ ʥʝʪʨʝʥʠʨʘʥʠʭ, ʘ ʦʢʦ 4 ʠ 

ʚʠʰʝ ʧʫʪʘ ʢʦʜ ʪʨʝʥʠʨʘʥʠʭ ʦʩʦʙʘ. 

- ʈʝʟʝʨʚʘ ʫʜʘʨʥʦʛ ʚʦʣʫʤʝʥʘ: ʋɺ ʩʝ ʤʦʞʝ ʧʦʚʝ˂ʘʪʠ ʟʘ 1,5 ʧʫʪʘ ʢʦʜ ʥʝʪʨʝʥʠʨʘʥʠʭ, ʠ 

ʜʦ 2 ʧʫʪʘ ʢʦʜ ʪʨʝʥʠʨʘʥʠʭ ʦʩʦʙʘ. ʆʚʦ ʧʦʚʝ˂ʘˁʝ ʩʝ ʧʦʩʪʠʞʝ ʥʘ ʜʚʘ ʥʘʯʠʥʘ: 

ʧʦʪʧʫʥʠʿʠʤ ʠʩʪʠʩʢʠʚʘˁʝʤ ʢʨʚʠ ʠʟ ʢʦʤʦʨʘ ʠ ʧʦʚʝ˂ʘˁʝʤ ʚʦʣʫʤʝʥʘ ʢʨʚʠ ʥʘ ʢʨʘʿʫ 

ʜʠʿʘʩʪʦʣʝ ʟʙʦʛ ʧʦʚʝ˂ʘʥʦʛ ʝʬʝʢʪʠʚʥʦʛ ʧʨʠʪʠʩʢʘ ʧʫˁʝˁʘ. ʆʚʘ ʜʚʘ ʤʝʭʘʥʠʟʤʘ 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʦʚʝ˂ʘˁʝ ʄɺʉ ʜʦ ʤʘʢʩʠʤʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʦʜ 25 L/min ʢʦʜ 

ʥʝʪʨʝʥʠʨʘʥʠʭ ʠ ʧʨʝʢʦ 40  L/min ʢʦʜ ʪʨʝʥʠʨʘʥʠʭ ʦʩʦʙʘ. 

- ʇʦʚʝ˂ʘʥʦ ʢʦʨʠʰ˂ʝˁʝ ʢʠʩʝʦʥʠʢʘ: ʧʨʠ ʤʘʢʩʠʤʘʣʥʦʤ ʨʘʜʫ ʢʦʨʠʰ˂ʝˁʝ ʢʠʩʝʦʥʠʢʘ 

ʠʟ ʘʨʪʝʨʠʿʩʢʝ ʢʨʚʠ ʤʦʞʝ ʜʘ ʩʝ ʧʦʚʝ˂ʘ ʟʘ 3-3,5 ʧʫʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪʠ ʫ 

ʤʠʨʦʚʘˁʫ. 

 

             ʅʘʚʝʜʝʥʘ ʪʨʠ ʤʝʭʘʥʠʟʤʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʩʥʘʙʜʝʚʘˁʝ ʘʢʪʠʚʥʠʭ ʤʠʰʠ˂ʘ 

ʢʠʩʝʦʥʠʢʦʤ, ʢʦʿʝ ʧʨʠ ʤʘʢʩʠʤʘʣʥʦʤ ʥʘʧʦʨʫ ʿʝ ʜʦ 50 ʧʫʪʘ ʚʝ˂ʝ ʥʝʛʦ ʫ ʤʠʨʦʚʘˁʫ (3).  
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1.2.3 ʇʨʝʢʦʤʝʨʥʘ ʬʠʟʠʯʢʘ ʘʢʪʠʚʥʦʩʪ 

 

             ʋ ʩʧʦʨʪʫ ʠ ʩʧʦʨʪʩʢʦʿ ʤʝʜʠʮʠʥʠ ʨʝʘʣʘʥ ʧʨʦʙʣʝʤ ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʢʦʤʝʨʥʘ 

ʬʠʟʠʯʢʘ ʘʢʪʠʚʥʦʩʪ. ʇʦ ʜʝʬʠʥʠʮʠʿʠ, ʧʨʝʪʨʝʥʠʨʘʥʦʩʪ ʿʝ ʧʦʿʘʚʘ  ʠʟʘʟʚʘʥʘ ʧʨʠʤʝʥʦʤ 

ʧʨʝʢʦʤʝʨʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʿʝ ʧʨʝʚʘʟʠʣʘʟʠ ʠʥʜʠʚʠʜʫʘʣʥʝ ʘʜʘʧʪʘʮʠʿʩʢʝ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʧʦʨʪʠʩʪʝ ʠ ʢʘʦ ʪʘʢʚʘ ʟʘʭʪʝʚʘ ʧʨʝʢʦʤʝʨʥʫ ʤʦʙʠʣʠʟʘʮʠʿʫ ʩʪʨʫʢʪʫʨʥʠʭ, ʬʫʥʢʮʠʦʥʘʣʥʠʭ 

ʠ ʙʠʦʭʝʤʠʿʩʢʠʭ ʢʘʧʘʮʠʪʝʪʘ  ʦʨʛʘʥʠʟʤʘ (44-47). 

             

             ʋʟʨʦʮʠ ʧʨʝʪʨʝʥʠʨʘʥʦʩʪʠ ʩʫ (48):  

Å ɻʨʝʰʢʝ ʫ ʧʨʦʛʨʘʤʠʨʘˁʫ ʪʨʝʥʠʥʛʘ (ʥʝʜʦʚʦˀʥʦ ʚʨʝʤʝ ʦʧʦʨʘʚʢʘ ʠʟʤʝʹʫ ʪʨʝʥʠʥʛʘ;  

Å ʇʨʝʯʝʩʪʘ ʧʨʠʤʝʥʘ ʚʠʩʦʢʦ- ʠʥʪʝʟʠʚʥʠʭ ʦʧʪʝʨʝ˂ʝˁʘ ʪʨʝʥʠʥʛʘ ʠ ʪʘʢʤʠʯʝˁʘ;  

Å ʅʘʛʣʦ ʧʦʚʝ˂ʘˁʝ ʦʧʪʝʨʝ˂ʝˁʘ  ʥʘʢʦʥ ʜʫʞʝʛ ʦʜʩʫʩʪʚʘ ʩ ʪʨʝʥʠʥʛʘ;  

Å ʅʝʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʪʠʣ ʞʠʚʦʪʘ;  

Å ʉʧʝʮʠʬʠʯʥʦʩʪʠ ʩʦʮʠʿʘʣʥʦʛ ʦʢʨʫʞʝˁʘ.  

                          ɻʨʝʰʢʝ ʫ ʧʨʦʛʨʘʤʠʨʘˁʫ ʪʨʝʥʠʥʛʘ ʦʜʥʦʩʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʥʘ ʫʯʝʩʪʘʣʫ ʧʨʠʤʝʥʫ 

ʚʠʩʦʢʦ-ʠʥʪʝʥʟʠʚʥʠʭ ʦʧʪʝʨʝ˂ʝˁʘ ʪʦʢʦʤ ʪʨʝʥʠʥʛʘ ʠ ʪʘʢʤʠʯʝˁʘ ʠʟʤʝʹʫ ʢʦʿʠʭ ʥʝʤʘ 

ʜʦʚʦˀʥʦ ʚʨʝʤʝʥʘ ʟʘ ʦʧʦʨʘʚʘʢ. ʇʨʝʪʨʝʥʠʨʘʥʦʩʪʠ ʩʫ ʪʘʢʦʹʝ ʧʦʜʣʦʞʥʠ ʩʧʦʨʪʠʩʪʠ ʢʦʿʠ ʩʫ 

ʥʘʢʦʥ ʜʫʞʝʛ ʧʨʝʢʠʜʘ ʪʨʝʥʠʥʛʘ (ʙʦʣʝʩʪʠ, ʧʦʚʨʝʜʝ ʠ ʩʣ.) ʧʦʜʚʨʛʥʫʪʠ ʚʠʩʦʢʠʤ ʪʨʝʥʘʞʥʠʤ 

ʦʧʪʝʨʝ˂ʝˁʠʤʘ. ʊʨʝʙʘ ʠʤʘʪʠ ʫ ʚʠʜʫ ʜʘ ʢʦʜ ʪʠʭ ʩʧʦʨʪʠʩʪʘ, ʥʝʢʘʜʘ ʫʤʝʨʝʥʘ ʦʧʪʝʨʝ˂ʝˁʘ, 

ʩʘʜʘ ʤʦʛʫ ʙʠʪʠ ʧʨʝʚʝʣʠʢʘ. ɼʦ ʧʨʝʪʨʝʥʠʨʘʥʦʩʪʠ ʤʦʞʝ ʜʦ˂ʠ ʠ ʫʩʣʝʜ ʥʝʦʜʛʦʚʘʨʘʿʫ˂ʝʛ 

ʥʘʯʠʥʘ ʞʠʚʦʪʘ. ʆʨʛʘʥʠʟʘʤ ʩʧʦʨʪʠʩʪʝ ʥʝ ʫʩʧʝʚʘ ʜʘ ʩʝ ʘʜʝʢʚʘʪʥʦ ʦʧʦʨʘʚʠ ʟʘ ʩʣʝʜʝ˂ʠ 

ʪʨʝʥʠʥʛ ʥʧʨ. ʫʩʣʝʜ ʥʝʜʦʩʪʘʪʢʘ ʩʥʘ, ʟʙʦʛ ʧʫʰʝˁʘ, ʢʦʥʟʫʤʠʨʘˁʘ ʘʣʢʦʭʦʣʘ, ʣʦʰʝ ʠʩʭʨʘʥʝ 

ʠ ʩʣ. ʅʝʨʝʪʢʦ ʠ ʩʧʝʮʠʬʠʯʥʦ ʩʦʮʠʿʘʣʥʦ ʦʢʨʫʞʝˁʝ ʦʥʝʤʦʛʫ˂ʘʚʘ ʢʚʘʣʠʪʝʪʘʥ ʦʜʤʦʨ ʢʘʦ 

ʥʧʨ. ʚʝʣʠʢʝ ʜʥʝʚʥʝ ʦʙʘʚʝʟʝ, ʩʪʨʝʩʦʚʠ ʫ ʧʦʨʦʜʠʮʠ ʠ ʥʘ ʧʦʩʣʫ. ɺʘʞʥʘ ʿʝ ʠ ʧʨʠʤʝʥʘ 

ʤʝʪʦʜʘ ʦʧʦʨʘʚʢʘ ʟʘ ʧʨʝʚʝʥʮʠʿʫ ʧʨʝʪʨʝʥʠʨʘʥʦʩʪʠ (ʤʘʩʘʞʘ, ʢʨʠʦʪʝʨʘʧʠʿʘ, 

ʝʣʝʢʪʨʦʩʪʠʤʫʣʘʮʠʿʘ, ʫʧʦʪʨʝʙʘ ʬʘʨʤʘʢʦʣʦʰʢʠʭ ʩʨʝʜʩʪʘʚʘ ʠʪʜ.), ʘ ʢʦʿʝ ʫ ʜʘʥʘʰˁʠʤ 

ʫʩʣʦʚʠʤʘ ʯʝʩʪʦ ʥʠʩʫ ʜʦʩʪʫʧʥʝ.   

                          ʇʦ ʩʚʦʤ ʪʨʘʿʘˁʫ ʧʨʝʪʨʝʥʠʨʘʥʦʩʪ ʩʝ ʤʦʞʝ ʫʩʣʦʚʥʦ ʧʦʜʝʣʠʪʠ ʥʘ ʘʢʫʪʥʫ (eng. 

overreaching) ʢʦʿʘ ʨʝʟʫʣʪʠʨʘ ʢʨʘʪʢʦʪʨʘʿʥʠʤ ʩʤʘˁʝˁʝʤ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʭʨʦʥʠʯʥʫ (eng. 

overtraining) ʢʦʿʘ ʟʘ ʧʦʩʣʝʜʠʮʫ ʜʘʿʝ ʜʫʛʦʪʨʘʿʥʦ ʩʤʘˁʝˁʝ ʩʧʦʩʦʙʥʦʩʪʠ ʩʧʦʨʪʠʩʪʘ. 

ʆʧʦʨʘʚʘʢ ʦʜ ʧʨʝʪʨʝʥʠʨʘʥʦʩʪʠ ʤʦʞʝ ʪʨʘʿʘʪʠ ʦʜ ʥʝʢʦʣʠʢʦ ʥʝʜʝˀʘ ʜʦ ʥʝʢʦʣʠʢʦ ʤʝʩʝʮʠ, ʘ 

ʥʝʨʝʪʢʦ ʩʝ ʜʦʛʘʹʘ ʜʘ ʭʨʦʥʠʯʥʦ ʧʨʝʪʨʝʥʠʨʘʥʠ ʩʧʦʨʪʠʩʪʠ ʯʘʢ ʧʨʝʢʠʜʘʿʫ ʩʧʦʨʪʩʢʝ 

ʢʘʨʠʿʝʨʝ (eng. burnout).  

 

1.2.3.1 ʉʠʤʧʪʦʤʠ ʠ ʧʦʩʣʝʜʠʮʝ ʧʨʝʪʨʝʥʠʨʘʥʦʩʪʠ 

             ʇʨʝʪʨʝʥʠʨʘʥʦʩʪ ʩʝ ʤʘʥʠʬʝʩʪʫʿʝ ʙʨʦʿʥʠʤ ʩʠʤʧʨʦʤʠʤʘ, ʘ ʤʦʞʝ ʨʝʟʫʣʪʠʨʘʪʠ ʠ 

ʙʨʦʿʥʠʤ ʧʦʩʣʝʜʠʮʘʤʘ. ʇʩʠʭʦʬʠʟʠʯʢʝ ʧʦʩʣʝʜʠʮʝ (ʩʠʤʧʘʪʠʯʢʝ ʠʣʠ ʧʘʨʘʩʠʤʧʘʪʠʯʢʝ) 

ʦʛʣʝʜʘʿʫ ʩʝ ʫ ʧʦʨʝʤʘ˂ʘʿʫ ʨʘʩʧʦʣʦʞʝˁʘ (ʘʧʘʪʠʿʘ, ʜʝʧʨʝʩʠʿʘ ʠʣʠ ʨʘʟʜʨʘʞˀʠʚʦʩʪ, 

ʥʝʩʘʥʠʮʘ). ʏʝʩʪʦ ʜʦʣʘʟʠ ʜʦ ʛʫʙʠʪʢʘ ʘʧʝʪʠʪʘ ʰʪʦ ʚʦʜʠ ʩʤʘˁʝˁʫ ʪʝʣʝʩʥʝ ʪʝʞʠʥʝ, ʘ ʪʦ 

ʜʠʨʝʢʪʥʦ ʜʝʣʫʿʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪ ʠʩʧʦˀʘʚʘˁʘ ʤʘʢʩʠʤʘʣʥʠʭ ʤʦʛʫ˂ʥʦʩʪʠ ʪʦʢʦʤ  

ʪʘʢʤʠʯʝˁʘ. ʇʦʩʣʝʜʠʮʝ ʩʝ ʦʛʣʝʜʘʿʫ ʠ ʫ ʧʘʜʫ ʣʠʙʠʜʘ, ʯʝʩʪʠʤ ʫʤʦʨʦʤ, ʧʦʿʘʯʘʥʠʤ 

ʟʥʦʿʝˁʝʤ. ʋʩʧʦʨʝʥ ʿʝ ʧʨʦʮʝʩ ʦʧʦʨʘʚʢʘ ʦʨʛʘʥʠʟʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʦʧʦʨʘʚʢʘ 

ʩʧʦʨʪʠʩʪʘ ʧʨʝ ʥʘʩʪʫʧʘˁʘ ʧʨʝʪʨʝʥʠʨʘʥʦʩʪʠ. ʉʠʤʧʘʪʠʯʢʝ ʧʦʩʣʝʜʠʮʝ ʧʨʝʪʨʝʥʠʨʘʥʦʩʪʠ ʩʫ 

ʧʦʚʝ˂ʘʥʘ ʬʨʝʢʚʝʥʮʠʿʘ ʩʨʮʘ ʠ ʘʨʪʝʨʠʿʩʢʠ ʢʨʚʥʠ ʧʨʠʪʠʩʘʢ ʫ ʤʠʨʫ. ʇʘʨʘʩʠʤʧʘʪʠʯʢʝ 

ʧʦʩʣʝʜʠʮʝ ʩʫ ʫʧʨʘʚʦ ʩʫʧʨʦʪʥʝ, ʦʜʥ. ʩʥʠʞʝˁʝ ʬʨʝʢʚʝʥʮʠʿʝ ʩʨʮʘ ʠ ʘʨʪʝʨʠʿʩʢʦʛ ʢʨʚʥʦʛ 
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ʧʨʠʪʠʩʢʘ ʫ ʤʠʨʫ. ʅʝʢʝ ʙʦʣʝʩʪʠ ʜʠʩʘʿʥʦʛ ʩʠʩʪʝʤʘ ʪʘʢʦʹʝ ʩʝ ʩʤʘʪʨʘʿʫ ʧʦʩʣʝʜʠʮʦʤ 

ʧʨʝʪʨʝʥʠʨʘʥʦʩʪʠ (49, 50). 

             ʇʦʩʣʝʜʠʮʝ ʤʦʛʫ ʙʠʪʠ ʠ ʩʤʘˁʝˁʝ ʥʠʚʦʘ ʣʠʤʬʦʮʠʪʘ ʫ ʢʨʚʠ (lymphocytopenia) 

ʰʪʦ ʩʣʘʙʠ ʠʤʫʥʦʣʦʰʢʠ ʩʠʩʪʝʤ, ʠʟʦʩʪʘʥʘʢ ʤʝʥʩʪʨʫʘʮʠʿʝ, ʩʤʘˁʝˁʝ ʥʠʚʦʘ ʪʝʩʪʦʩʪʝʨʦʥʘ, 

ʧʦʚʝ˂ʘʥʦ ʣʫʯʝˁʝ ʢʦʨʪʠʟʦʣʘ. ʄʦʞʜʘ ʥʘʿʚʘʞʥʠʿʝ ʠ ʜʠʨʝʢʪʥʦ ʧʦʚʝʟʘʥʦ ʩ ʫʩʧʝʭʦʤ ʫ 

ʩʧʦʨʪʫ ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ ʩʝ ʩʤʘˁʫʿʫ ʬʫʥʢʮʠʦʥʘʣʥʝ ʩʧʦʩʦʙʥʦʩʪʠ ʤʠʰʠ˂ʘ, ʰʪʦ ʿʝ ʦʜ 

ʧʨʝʩʫʜʥʦʛ ʟʥʘʯʘʿʘ ʫ ʩʧʦʨʪʫ. ʊʘʢʦʹʝ, Ăʧʨʝʪʨʝʥʠʨʘʥʠñ ʩʧʦʨʪʠʩʪʠ ʩʫ ʧʦʜʣʦʞʥʠʿʠ 

ʧʦʚʨʝʜʘʤʘ (51). 

            ɻʦʨʝ ʥʘʚʝʜʝʥʠ ʩʠʤʧʪʦʤʠ ʩʫ ʚʘʞʥʠ ʧʦʢʘʟʘʪʝˀʠ ʧʨʝʪʨʝʥʠʨʘʥʦʩʪʠ ʠ ʿʘʢʦ ʿʝ ʙʠʪʥʦ 

ʫʦʯʠʪʠ ʩʠʤʧʪʦʤʝ ʥʘ ʚʨʝʤʝ ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʝ ʦʟʙʠˀʥʝ ʧʦʩʣʝʜʠʮʝ (52, 53). 

            ʋ ʩʧʦʨʪʩʢʦʿ ʤʝʜʠʮʠʥʠ ʩʝ ʩʚʝ ʚʠʰʝ ʧʦʩʚʝ˂ʫʿʝ ʧʘʞˁʘ ʧʦʚʝʟʘʥʦʩʪʠ ʦʢʩʠʜʘʪʠʚʥʦʛ 

ʩʪʨʝʩʘ ʠ ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ. ʄʘʨʢʝʨʠ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ ʤʦʛʫ ʙʠʪʠ ʚʘʞʥʠ 

ʧʘʨʘʤʝʪʨʠ ʙʠʦʣʦʰʢʦʛ ʧʨʘ˂ʝˁʘ ʩʧʦʨʪʠʩʪʝ (54-56). ɺʝʣʠʢʠ ʙʨʦʿ ʩʪʫʜʠʿʘ ʿʝ ʧʦʢʘʟʘʦ ʜʘ 

ʘʢʪʠʚʥʦ ʚʝʞʙʘˁʝ ʠʤʘ ʧʦʪʝʥʮʠʿʘʣʘ ʜʘ ʠʟʘʟʦʚʝ ʦʢʩʠʜʘʪʠʚʥʠ ʩʪʨʝʩ, ʘʣʠ ʜʘ ʨʝʜʦʚʥʦ 

ʚʝʞʙʘˁʝ ʚʦʜʠ ʫʩʭʦʜʥʦʿ ʨʝʛʫʣʘʮʠʿʠ ʝʥʜʦʛʝʥʦʛ ɸʆʉ ʩʧʦʨʪʠʩʪʝ (57, 58). 

            ʊʦʢʦʤ ʧʦʩʣʝʜˁʠʭ ʜʝʮʝʥʠʿa ʜʦʰʣʦ ʿʝ ʜʦ ʚʝʣʠʢʝ ʘʢʫʤʫʣʘʮʠʿʝ ʧʦʜʘʪʘʢʘ ʢʦʿʠ 

ʦʧʠʩʫʿʫ ʧʦʚʝʟʘʥʦʩʪ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ ʦʜʥʦʩʥʦ ʪʨʝʥʠʥʛʘ ʠ 

ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ (59, 60). ʀʘʢʦ ʧʦʩʪʦʿʠ ʚʠʰʝ ʪʝʦʨʠʿʘ ʦ ʠʟʚʦʨʠʰʪʫ ʩʣʦʙʦʜʥʠʭ 

ʨʘʜʠʢʘʣʘ ʪʦʢʦʤ ʠʥʪʝʥʟʠʚʥʠʭ ʢʦʥʪʨʘʢʮʠʿʘ ʚʝ˂ʠʥʘ ʘʫʪʦʨʘ ʿʝ ʩʘʛʣʘʩʥʘ ʜʘ ʩʫ ʤʠʪʦʭʦʥʜʨʠʿʝ 

ʜʦʤʠʥʘʥʪʥʦ ʤʝʩʪʦ ʩʪʚʘʨʘˁʘ ʨʝʘʢʪʠʚʥʠʭ ʢʠʩʝʦʥʠʯʥʠʭ ʚʨʩʪʘ (60, 61).            ʊʦʢʦʤ 

ʪʨʝʥʘʞʥʠʭ ʧʨʦʮʝʩʘ ʜʫʛʦʛ ʪʨʘʿʘˁʘ ʠ ʠʥʪʝʥʟʠʚʥʦʛ ʪʠʧʘ ʫ ʤʠʰʠ˂ʠʤʘ ʜʦʣʘʟʠ ʜʦ 

ʥʘʛʦʤʠʣʘʚʘˁʘ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ. ɳʠʭʦʚʦ ʥʘʛʦʤʠʣʘʚʘˁʝ ʩʘ ʿʝʜʥʝ ʩʪʨʘʥʝ ʠ 

ʠʩʮʨʧˀʠʚʘˁʝ ʫʥʫʪʘʨ˂ʝʣʠʿʩʢʠʭ ʘʥʪʠʦʢʩʠʜʘʮʠʦʥʠʭ ʤʝʭʘʥʠʟʘʤʘ ʟʘʰʪʠʪʝ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ 

ʧʦʚʝ˂ʘʚʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʨʘʟʚʦʿʘ ʦʢʩʠʜʘʮʠʦʥʦʛ ʩʪʨʝʩʘ ʫ ʤʠʰʠ˂ʫ. ʋʧʨʘʚʦ ʩʝ ʦʢʩʠʜʘʮʠʦʥʠ 

ʩʪʨʝʩ ʩʤʘʪʨʘ ʿʝʜʥʠʤ ʦʜ ʛʣʘʚʥʠʭ ʬʘʢʪʦʨʘ ʢʦʿʠ ʠʟʘʟʠʚʘʿʫ ʥʘʿʧʨʝ ʙʨʞʫ ʧʦʿʘʚʫ ʟʘʤʦʨʘ 

ʤʠʰʠ˂ʘ ʠ ʥʘ ʢʨʘʿʫ ʦʰʪʝ˂ʝˁʘ ʤʠʰʠ˂ʥʠʭ ʚʣʘʢʘʥʘ (62-64). ʃʠʪʝʨʘʪʫʨʥʠ ʧʦʜʘʮʠ ʧʦʢʘʟʫʿʫ 

ʜʘ ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʥʝʤʘ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʪʠʧʘ ʪʨʝʥʠʥʛʘ (ʘʝʨʦʙʥʠ, ʘʥʘʝʨʦʙʥʠ ʠʣʠ 

ʤʝʰʦʚʠʪʠ) ʠ ʩʪʝʧʝʥʘ ʦʢʩʠʜʘʮʠʦʥʠʭ ʦʰʪʝ˂ʝˁʘ (62-64). 

 ʏʫʙʨʠʣʦ ʠ ʩʘʨ. (2011) ʠʩʧʠʪʠʚʘʣʠ ʩʫ ʝʬʝʢʪʝ ʙʠʮʠʢʣʠʟʤʘ, ʚʝʩʣʘˁʘ ʠ ʪʝʢʚʦʥʜʘ ʥʘ 

ʤʘʨʢʝʨʝ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʘʪʫʩʘ ʫ ʤʠʨʦʚʘˁʫ ʠ ʥʘʢʦʥ ʦʧʪʝʨʝ˂ʝˁʘ. ʋʦʯʝʥʝ ʩʫ ʨʘʟʣʠʢʝ ʫ 

ʧʦʛʣʝʜʫ ʧʦʿʝʜʠʥʠʭ ʦʢʩʠʜʘʥʘʪʘ ʫ ʙʘʟʘʣʥʦʤ ʥʠʚʦʫ ʢʦʜ ʨʘʟʣʠʯʠʪʠʭ ʩʧʦʨʪʦʚʘ. ʅʠʚʦ 

ʥʠʪʨʠʪʘ ʙʠʦ ʿʝ ʥʘʿʥʠʞʠ ʢʦʜ ʪʝʢʚʦʥʜʘ, ʚʠʰʠ ʢʦʜ ʙʠʮʠʢʣʠʟʤʘ, ʘ ʥʘʿʚʠʰʠ ʢʦʜ ʚʝʩʣʘˁʘ. 

ʅʠʚʦ TBARS-ʘ ʙʠʦ ʿʝ ʥʘʿʥʠʞʠ ʢʦʜ ʚʝʩʣʘˁʘ, ʚʠʰʠ ʢʦʜ ʪʝʢʚʦʥʜʘ, ʘ ʥʘʿʚʠʰʠ ʢʦʜ 

ʙʠʮʠʢʣʠʟʤʘ (65). 

             ʉʪʫʜʠʿʝ ʢʦʿʝ ʩʫ ʧʨʘʪʠʣʝ ʨʝʜʦʢʩ ʩʪʘʪʫʩ ʢʦʜ ʩʧʦʨʪʠʩʪʘ ʪʦʢʦʤ ʪʨʝʥʘʞʥʦʛ ʧʝʨʠʦʜʘ 

ʧʦʢʘʟʘʣʝ ʩʫ ʧʨʦʤʝʥʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʘʪʫʩʘ ʟʘʚʠʩʥʦ ʦʜ ʪʨʝʥʘʞʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʠ 

ʪʨʝʥʘʞʥʝ ʬʘʟʝ (66-68). ʇʝʨʠʦʜ ʠʥʪʝʥʟʠʚʥʦʛ ʪʨʝʥʠʥʛʘ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʧʘʜʘ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʠ ʧʦʩʣʝʜʠʯʥʝ ʧʦʿʘʚʝ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ (69, 70). 

             ʇʝʰʠ˂ ʉ. ʠ ʩʘʨ. (2009) ʫ ʩʚʦʤ ʨʘʜʫ ʿʝ ʧʨʘʪʠʣʘ ʧʘʨʘʤʝʪʨʝ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ ʠ 

ɸʆʉ ʢʦʜ ʚʨʭʫʥʩʢʠʭ ʩʧʦʨʪʠʩʪʘ-ʢʘʨʘʪʠʩʪʘ. ʋʦʯʝʥ ʿʝ ʧʦʨʘʩʪ ʚʦʜʦʥʠʢ ʧʝʨʦʢʩʠʜʘ ʘʣʠ ʠ 

ʧʦʨʘʩʪ ʘʢʪʠʚʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʝʥʟʠʤʘ ʢʘʪʘʣʘʟʝ ʫ ʝʨʠʪʨʦʮʠʪʠʤʘ ʰʪʦ, ʧʦ 

ˁʠʭʦʚʦʤ ʟʘʧʘʞʘˁʫ, ʧʨʝʜʩʪʘʚˀʘ ʛʣʘʚʥʠ ʨʝʟʫʣʪʘʪ ʠʩʪʨʘʞʠʚʘˁʘ. ʆʚʘʿ ʧʦʜʘʪʘʢ ʿʝ ʫʢʘʟʘʦ 

ʜʘ ʿʝ ʢʦʜ ʚʨʭʫʥʩʢʠʭ ʩʧʦʨʪʠʩʪʘ ʥʘʢʦʥ ʜʫʛʦʛʦʜʠʰˁʝʛ ʠʥʪʝʥʟʠʚʥʦʛ ʪʨʝʥʠʥʛʘ ʜʦʰʣʦ ʜʦ 

ʧʦʨʘʩʪʘ ʝʥʟʠʤʘ ɸʆʉ ʥʘʢʦʥ ʧʦʪʝʥʮʠʿʘʣʥʦʛ ʦʢʩʠʜʘʪʠʚʥʦʛ ʦʰʪʝ˂ʝˁʘ ʠʟʘʟʚʘʥʦʛ ʬʠʟʠʯʢʠʤ 

ʦʧʪʝʨʝ˂ʝˁʝʤ. ʆʚʦ ʿʝ ʫʢʘʟʘʣʦ ʜʘ ʥʠ ʠʥʪʝʥʟʠʚʘʥ ʪʨʝʥʠʥʛ, ʘʢʦ ʿʝ ʜʦʙʨʦ ʧʣʘʥʠʨʘʥ, ʥʝ ʤʦʨʘ 

ʜʘ ʜʦʚʝʜʝ ʜʦ ʰʪʝʪʥʠʭ ʧʦʩʣʝʜʠʮʘ (ʥʧʨ. ʧʨʝʪʨʝʥʠʨʘʥʦʩʪʠ)  ʚʝ˂ ʜʦʚʦʜʠ ʜʦ ʧʦʙʦˀʰʘˁʘ 

ɸʆʉ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʨʝʜʦʢʩ ʩʪʘʪʫʩʫ (71). 

              ɱʦʰ ʫʚʝʢ ʥʝʤʘ ʿʘʩʥʠʭ ʜʦʢʘʟʘ ʜʘ ʿʝ ʦʢʩʠʜʘʪʠʚʥʠ ʩʪʨʝʩ ʿʝʜʘʥ ʦʜ ʤʝʭʘʥʠʟʘʤʘ ʢʦʿʠ 

ʜʦʚʦʜʠ ʜʦ ʧʨʝʪʨʝʥʠʨʘʥʦʩʪʠ (72). ʋ ʩʧʦʨʪʩʢʦʿ ʤʝʜʠʮʠʥʠ ʩʝ ʩʚʝ ʚʠʰʝ ʧʨʘʪʠ ʨʝʜʦʢʩ 

ʩʪʘʪʫʩ ʠ ʧʘʨʘʤʝʪʨʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʟʘʰʪʠʪʝ ʢʦʜ ʩʧʦʨʪʠʩʪʘ. ʅʘʚʝʜʝʥʠ ʧʘʨʘʤʝʪʨʠ ʤʦʛʫ 
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ʜʘ ʧʦʤʦʛʥʫ ʫ ʧʨʦʮʝʥʠ ʬʫʥʢʮʠʦʥʘʣʥʝ ʩʧʦʩʦʙʥʦʩʪʠ ʩʧʦʨʪʠʩʪʝ ʠ ʧʨʝʚʝʥʮʠʿʠ ʤʝʹʫ 

ʦʩʪʘʣʦʤ ʠ ʧʨʝʪʨʝʥʠʨʘʥʦʩʪʠ. 

 

1.2.4 ɽʬʝʢʪʠ ʧʨʝʩʪʘʥʢʘ ʪʨʝʥʠʥʛʘ ʥʘ ʂɺʉ 

         

             ɽʬʝʢʪʠʤʘ ʚʝʞʙʘˁʘ ʥʘ ʂɺʉ ʿʝ ʜʦ ʩʘʜʘ ʧʦʩʚʝ˂ʝʥʘ ʚʝʣʠʢʘ ʧʘʞˁʘ ʫ ʥʘʫʯʥʠʤ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʠ ʨʝʣʘʪʠʚʥʦ ʩʫ ʜʦʩʪʘ ʜʦʙʨʦ ʧʦʟʥʘʪʠ. ɽʬʝʢʪʠ ʧʨʝʩʪʘʥʢʘ ʬʠʟʠʯʢʝ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʠ ʩʠʩʪʝʤ ʜʦ ʩʘʜʘ ʩʫ ʟʥʘʪʥʦ ʤʘˁʝ ʠʩʪʨʘʞʝʥʠ. ʈʝʟʫʣʪʘʪʠ 

ʤʘʣʦʛ ʙʨʦʿʘ ʧʦʩʪʦʿʝ˂ʠʭ ʩʪʫʜʠʿʘ ʥʠʩʫ ʿʝʜʥʦʣʠʢʠ, ʧʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ˁʠʭ ʥʝ ʤʦʞʝ ʥʘʧʨʘʚʠʪʠ 

ʚʘˀʘʥ ʟʘʢˀʫʯʘʢ ʦ ʦʙʠʤʫ ʠ ʜʠʥʘʤʠʮʠ ʨʝʚʝʨʟʠʙʠʣʥʠʭ ʧʨʦʤʝʥʘ (73, 74). 

             ɸʥʛʣʦ-ʩʘʢʩʦʥʩʢʠ ʪʝʨʤʠʥ Ădetrainingñ ʠʣʠ Ăʧʝʨʠʦʜ ʧʨʝʩʪʘʥʢʘ ʪʨʝʥʠʥʛʘñ ʩʝ 

ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʜʝʣʠʤʠʯʥʠ ʠʣʠ ʧʦʪʧʫʥʠ ʛʫʙʠʪʘʢ ʤʦʨʬʦ-ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʧʨʦʤʝʥʘ 

ʢʘʨʜʠʦʚʘʩʢʫʣʨʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʝ ʥʘʩʪʘʿʫ ʫʩʣʝʜ ʩʤʘˁʝˁʘ ʠʣʠ ʩʪʦʧʠʨʘˁʘ ʪʨʝʥʠʥʛʘ (75).  

             ɼʦ ʩʘʜʘ ʩʧʨʦʚʝʜʝʥʠ ʨʘʜʦʚʠ ʥʘ ʘʥʠʤʘʣʥʠʤ ʤʦʜʝʣʠʤʘ ʫʢʘʟʫʿʫ ʥʘ ʨʝʛʨʝʩʠʿʫ 

ʧʨʦʤʝʥʘ ʂɺʉ-ʘ ʥʘʢʦʥ ʧʨʝʩʪʘʥʢʘ ʪʨʝʥʠʥʛʘ. Kemi O. ʠ ʩʘʨ. (2004) ʩʫ ʢʦʜ ʧʘʮʦʚʘ, 

ʪʨʝʥʠʥʛʦʤ ʪʨʯʘˁʘ (10 ʥʝʜʝˀʘ) ʠʟʘʟʚʘʣʠ ʭʠʧʝʨʪʨʦʬʠʿʫ ʩʨʮʘ, ʩʤʘˁʝʥʫ ʩʨʯʘʥʫ 

ʬʨʝʢʚʝʥʮʠʿʫ ʫ ʤʠʨʫ, ʧʦʙʦˀʰʘʥʫ ʢʦʥʪʨʘʢʪʠʣʥʦʩʪ ʩʨʯʘʥʦʛ ʤʠʰʠ˂ʘ ʠ ʧʦʙʦˀʰʘʥʫ 

ʢʦʨʦʥʘʨʥʫ ʮʠʨʢʫʣʘʮʠʿʫ (73). ʅʘʢʦʥ ʜʚʝ ʥʝʜʝˀʝ ʤʠʨʦʚʘˁʘ, ʥʘʚʝʜʝʥʝ ʧʨʦʤʝʥʝ ʩʫ 

ʜʝʣʠʤʠʯʥʦ ʨʝʛʨʝʜʠʨʘʣʝ, ʘ ʥʘʢʦʥ ʯʝʪʠʨʠ ʥʝʜʝˀʝ ʩʚʝ ʧʨʦʤʝʥʝ ʩʫ ʩʝ ʚʨʘʪʠʣʝ ʥʘ ʙʘʟʘʣʥʠ 

ʥʠʚʦ. ʀʥʪʝʨʝʩʘʥʪʥʦ ʟʘʧʘʞʘˁʝ ʥʘ ʠʟʦʣʦʚʘʥʠʤ ʢʘʨʜʠʦʤʠʦʮʠʪʠʤʘ ʿʝ ʜʘ ʧʨʚʦ ʜʦʣʘʟʠ ʜʦ 

ʨʝʛʨʝʩʠʿʝ ʜʫʞʠʥʝ ʢʘʨʜʠʦʤʠʦʮʠʪʘ,  ʘ ʥʝʰʪʦ ʢʘʩʥʠʿʝ ʠ ʜʝʙˀʠʥʘ ʢʘʨʜʠʦʤʠʦʮʠʪʘ. ʆʜ ʩʚʠʭ 

ʧʨʦʤʝʥʘ ʥʘ ʩʨʮʫ ʥʘʿʜʫʞʝ ʩʫ ʩʝ ʟʘʜʨʞʘʣʠ ʪʨʘʛʦʚʠ ʘʥʛʠʦʛʝʥʝʟʝ ʠ ʧʦʿʘʯʘʥʝ ʢʦʨʦʥʘʨʥʝ 

ʮʠʨʢʫʣʘʮʠʿʝ, ʦʥʝ ʩʫ ʩʝ ʚʨʘʪʠʣʝ ʥʘ ʙʘʟʘʣʥʠ ʥʠʚʦ ʥʘʢʦʥ 4 ʥʝʜʝˀʝ ʤʠʨʦʚʘˁʘ (73). 

             ʅʘʚʝʜʝʥʝ ʧʨʦʤʝʥʝ ʥʘ ʘʥʠʤʘʣʥʦʤ ʤʦʜʝʣʫ ʨʝʛʠʩʪʨʦʚʘʥʝ ʩʫ ʠ ʢʦʜ ʩʧʦʨʪʠʩʪʘ ʥʘʢʦʥ 

ʧʨʝʩʪʘʥʢʘ ʪʨʝʥʠʥʛʘ. Ehsani ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ (76) ʿʝ ʫʪʚʨʜʠʦ ʜʘ ʩʝ ʧʦʩʣʝ ʿʝʜʥʦ-ʥʝʜʝˀʥʦʛ 

ʥʝʪʨʝʥʠʨʘˁʘ ʝʥʜʜʠʿʘʩʪʦʣʥʠ ʜʠʿʘʤʝʪʘʨ ʣʝʚʝ ʢʦʤʦʨʝ ʢʦʜ ʘʪʣʝʪʠʯʘʨʘ ʩʤʘˁʠʦ ʟʘ 8%, 

ʜʝʙˀʠʥʘ ʟʘʜˁʝʛ ʟʠʜʘ ʣʝʚʝ ʢʦʤʦʨʝ ʟʘ 15%, ʘ ʤʘʩʘ ʣʝʚʝ ʢʦʤʦʨʝ ʟʘ 27%. ʋʦʯʝʥʦ 

ʧʦʚʣʘʯʝˁʝ ʧʨʦʤʝʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʟʘ Ăʩʧʦʨʪʩʢʦ ʩʨʮʝñ ʥʘʢʦʥ ʿʝʜʥʝ ʥʝʜʝˀʝ ʥʝ 

ʜʝʰʘʚʘ ʩʝ ʢʦʜ ʧʘʪʦʣʦʰʢʝ ʭʠʧʝʨʪʨʦʬʠʿʝ ʠ ʦʚʦ ʩʝ ʤʦʞʝ ʠʩʢʦʨʠʩʪʠʪʠ ʫ ʜʠʿʘʛʥʦʩʪʠʯʢʝ 

ʩʚʨʭʝ. ʂʦʜ ʙʠʚʰʠʭ ʩʧʦʨʪʠʩʪʘ ʨʝʛʨʝʩʠʿʘ ʩʨʯʘʥʝ ʭʠʧʝʨʪʨʦʬʠʿʝ ʿʝ ʤʘˁʘ ʥʝʛʦ ʢʦʜ 

ʘʢʪʠʚʥʠʭ, ʘʣʠ ʿʝ ʠ ʜʘˀʝ ʚʝ˂ʘ ʥʝʛʦ ʢʦʜ ʩʝʜʘʥʪʝʨʥʝ ʧʦʧʫʣʘʮʠʿʝ (77). ʇʨʘ˂ʝˁʝʤ ʩʧʦʨʪʠʩʪʘ 

ʥʘʢʦʥ ʧʨʝʩʪʘʥʢʘ ʙʘʚˀʝˁʘ ʩʧʦʨʪʩʢʦʤ ʘʢʪʠʚʥʦʰ˂ʫ, ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ 5,6 Ñ 3,8 

ʛʦʜʠʥʘ ʥʝʪʨʝʥʠʨʘˁʘ ʜʘ ʙʠ ʜʦʰʣʦ ʜʦ ʨʝʛʨʝʩʠʿʝ ʭʠʧʝʨʪʨʦʬʠʩʘʥʦʛ ʤʠʦʢʘʨʜʘ (78). ɸʢʦ ʩʝ 

ʥʘʩʪʘʚʠ ʥʝʢʘ ʨʝʢʨʝʘʪʠʚʥʘ ʬʠʟʠʯʢʘ ʘʢʪʠʚʥʦʩʪ, ʫʦʯʝʥʘ ʿʝ ʫʩʧʦʨʝʥʘ ʨʝʛʨʝʩʠʿʘ 

ʭʠʧʝʨʪʨʦʬʠʿʝ ʤʠʦʢʘʨʜʘ ʢʦʜ ʩʧʦʨʪʠʩʪʝ. ɼʦ ʨʝʛʨʝʩʠʿʝ ʭʠʧʝʨʪʨʦʬʠʿʝ ʥʝ˂ʝ ʜʦ˂ʠ ʠ ʫ 

ʩʣʫʯʘʿʫ ʘʢʦ ʙʠʚʰʠ ʩʧʦʨʪʠʩʪʘ ʠʤʘ ʢʘʨʜʠʦ-ʚʘʩʢʫʣʘʨʥʦ ʦʙʦˀʝˁʝ ʢʦjʝ ʦʧʪʝʨʝ˂ʫje ʩʨʮʝ ʢʘʦ 

ʠ ʬʠʟʠʯʢʘ ʘʢʪʠʚʥʦʩʪ.  

1.3 ʍʀʇɽʈʊʈʆʌʀɱɸ ʉʈʎɸ 

             ʌʫʥʜʘʤʝʥʪʘʣʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʨʮʘ ʿʝ ʧʨʠʣʘʛʦʹʘʚʘˁʝ ˁʝʛʦʚʝ ʤʘʩʝ 

ʭʝʤʦʜʠʥʘʤʠʩʢʦʤ ʦʧʪʝʨʝ˂ʝˁʫ. ʋʩʣʝʜ ʜʫʛʦʛ ʬʠʟʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʜʦʣʘʟʠ ʜʦ 

ʭʠʧʝʨʪʨʦʬʠʿʝ ʩʨʮʘ ʰʪʦ ʜʦʚʦʜʠ ʠ ʜʦ ʧʨʦʤʝʥʘ ʫ ʦʜʥʦʩʫ ʩʨʮʘ ʠ ʪʝʣʝʩʥʝ ʤʘʩʝ. ʇʦʚʝ˂ʘˁʝ 

ʜʠʿʘʤʝʪʨʘ ʢʘʨʜʠʦʤʠʦʮʠʪʘ ʫ ʰʠʨʠʥʫ ʠ ʜʫʞʠʥʫ ʧʨʝʜʩʪʘʚˀʘ ʤʦʨʬʦʤʝʪʨʠʿʩʢʠ-

ʧʘʪʦʭʠʩʪʦʣʦʰʢʠ ʧʘʨʘʤʝʪʘʨ ʭʠʧʝʨʪʨʦʬʠʿʝ ʤʠʦʢʘʨʜʘ (79, 80). ʍʠʧʝʨʪʨʦʬʠʿʘ ʩʨʮʘ ʤʦʞʝ 

ʙʠʪʠ: ʬʠʟʠʦʣʦʰʢʘ ʠ ʧʘʪʦʣʦʰʢʘ. 

             ʌʠʟʠʦʣʦʰʢʘ ʭʠʧʝʨʪʨʦʬʠʿʘ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʠʥʪʝʥʟʠʚʥʝ ʠ ʜʫʛʝ ʬʠʟʠʯʢʝ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʝʤʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʢʦʥʪʨʘʢʪʠʣʥʝ ʬʫʥʢʮʠʿʝ ʤʠʦʬʠʙʨʠʣʘ ʠ ʧʨʝʤʘ 

ʝʣʝʢʪʨʦʬʠʟʠʦʣʦʰʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʧʘʥʜʘʤ ʿʝ ʙʣʘʛʦʿ ʭʠʧʝʨʪʨʦʬʠʿʠ ʜʨʫʛʠʭ ʫʟʨʦʢʘ 
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(81, 82). ɱʝʜʥʘ ʦʜ ʦʩʥʦʚʥʠʭ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʧʘʪʦʣʦʰʢʝ ʠ ʬʠʟʠʦʣʦʰʢʝ ʭʠʧʝʨʪʨʦʬʠʿʝ ʿʝ ʫ 

ʧʨʠʨʦʜʠ ʩʪʠʤʫʣʫʩʘ ʟʘ ʨʘʩʪ ˂ʝʣʠʿʝ, ʢʘʦ ʠ ʫ ʚʨʝʤʝʥʫ ʪʨʘʿʘˁʘ ʩʪʠʤʫʣʫʩʘ. ɿʘ ʨʘʟʚʦʿ 

ʬʠʟʠʦʣʦʰʢʝ ʭʠʧʝʨʪʨʦʬʠʿʝ ʩʪʠʤʫʣʫʩ - ʬʠʟʠʯʢʘ ʘʢʪʠʚʥʦʩʪ  ʜʝʣʫʿʝ ʧʦʚʨʝʤʝʥʦ ʠ ʫʛʣʘʚʥʦʤ 

ʧʨʝʢʦ ʩʠʤʧʘʪʠʯʢʠʭ ʥʝʫʨʦʪʨʘʥʩʤʠʪʝʨʘ. ʂʦʜ ʙʦʣʝʩʥʠʢʘ ʥʧʨ. ʩʘ ʘʦʨʪʥʦʤ ʩʪʝʥʦʟʦʤ, 

ʤʠʪʨʘʣʥʦʤ ʩʪʝʥʦʟʦʤ, ʘʦʨʪʥʘ ʠ ʤʠʪʨʘʣʥʘ ʠʥʩʫʬʠʮʠʿʝʥʮʠʿʘ, ʘʨʪʝʨʠʿʩʢʘ ʭʠʧʝʨʪʝʥʟʠʿʘ, 

ʠʩʭʝʤʠʿʘ ʤʠʦʢʘʨʜʘ, ʭʠʧʝʨʪʨʦʬʠʿʩʢʠ ʩʪʠʤʫʣʫʩ ʜʝʣʫʿʝ ʩʪʘʣʥʦ (83). ʂʦʜ ʬʠʟʠʦʣʦʰʢʝ 

ʭʠʧʝʨʪʨʦʬʠʿʝ ʤʦʨʬʦʣʦʰʢʝ, ʬʫʥʢʮʠʦʥʘʣʥʝ ʠ ʤʦʣʝʢʫʣʩʢʝ ʧʨʦʤʝʥʝ ʫ ʤʠʦʢʘʨʜʫ ʦʩʪʘʿʫ ʫ 

ʬʠʟʠʦʣʦʰʢʠʤ ʛʨʘʥʠʮʘʤʘ ʢʘʦ ʠ ʝʢʩʪʨʘʮʝʣʫʣʘʨʥʠ ʥʝʫʨʦʪʨʘʥʩʤʠʪʝʨʠ, ʭʦʨʤʦʥʠ ʠ 

ʝʢʩʪʨʘʮʝʣʫʣʘʨʥʠ ʬʘʢʪʦʨʠ ʨʘʩʪʘ. ʆʩʥʦʚʥʠ ʙʝʥʝʬʠʪ ʬʠʟʠʦʣʦʰʢʝ ʭʠʧʝʨʪʨʦʬʠʿʝ ʿʝ 

ʘʢʮʝʣʝʨʘʥʪʥʦʩʪ ʣʫʟʠʪʨʦʧʥʠʭ ʝʬʝʢʘʪʘ, ʪʿ. ʧʝʨʠʦʜʘ ʨʝʣʘʢʩʘʮʠʿʝ ʣʝʚʝ ʢʦʤʦʨʝ ʩʨʮʘ. ʊʘʢʦʹʝ 

ʿʝ ʫʪʚʨʹʝʥʘ ʘʢʮʝʣʝʨʘʮʠʿʘ ʪʨʘʥʩʧʦʨʪʘ ʢʘʣʮʠʿʫʤʘ ʢʨʦʟ ʤʝʤʙʨʘʥʫ ʩʘʨʢʦʧʣʘʟʤʠʥʦʛ 

ʨʝʪʠʢʫʣʫʤʘ ʢʘʨʜʠʦʤʠʦʮʠʪʘ. 

             ʂʦʜ ʭʠʧʝʨʪʨʦʬʠʿʝ ʩʨʮʘ ʥʘʿʠʟʨʘʞʝʥʠʿʘ ʿʝ ʭʠʧʝʨʪʨʦʬʠʿʘ ʤʠʦʢʘʨʜʘ ʣʝʚʝ ʢʦʤʦʨʝ 

(ʍʄʃʂ). 

 

             ʍʠʧʝʨʪʨʦʬʠʿʘ ʤʠʦʢʘʨʜʘ ʤʦʞʝ ʙʠʪʠ (84): 

1. ɸʩʠʤʝʪʨʠʯʥʘ - ʇʨʠʤʘʨʥʘ ʍʄʃʂ - ʢʦʜ ʭʠʧʝʨʪʨʦʬʠʯʥʝ ʦʧʩʪʨʫʢʪʠʚʥʝ 

ʢʘʨʜʠʦʤʠʦʧʘʪʠʿʝ ʢʦʿʘ ʩʝ ʤʘʥʠʬʝʩʪʫʿʝ ʭʠʧʝʨʪʨʦʬʠʿʦʤ ʩʝʧʪʫʤʘ, ʠʟʣʘʟʥʦʛ ʜʝʣʘ 

ʣʝʚʝ ʢʦʤʦʨʝ, ʥʘʩʣʝʹʫʿʝ ʩʝ ʘʫʪʦʩʦʤʥʦ ʜʦʤʠʥʘʥʪʥʦ. 

2. ʂʦʥʮʝʥʪʨʠʯʥʘ ʍʄʃʂ - ʥʘʩʪʘʿʝ ʦʧʪʝʨʝ˂ʝˁʝʤ ʧʨʠʪʠʩʢʦʤ (ʘʨʪʝʨʠʿʩʢʘ 

ʭʠʧʝʨʪʝʥʟʠʿʘ, ʘʦʨʪʥʘ ʩʪʝʥʦʟʘ, ʢʦʘʨʢʪʘʮʠʿʘ ʘʦʨʪʝ), ʧʨʠ ʯʝʤʫ ʟʠʜ ʣʝʚʦʛ ʩʨʯʘʥʦʛ 

ʤʠʰʠ˂ʘ ʧʦʩʪʘʿʝ ʤʘʩʠʚʥʠʿʠ, ʘ ʰʫʧˀʠʥʘ ʥʠʿʝ ʧʦʚʝ˂ʘʥʘ ʠʣʠ ʤʦʞʝ ʯʘʢ ʙʠʪʠ ʠ 

ʩʤʘˁʝʥʘ. 

3. ɽʢʩʮʝʥʪʨʠʯʥʘ ʍʄʃʂ  -  ʥʘʩʪʘʿʝ ʦʧʪʝʨʝ˂ʝˁʝʤ ʣʝʚʝ ʢʦʤʦʨʝ ʚʦʣʫʤʝʥʦʤ (ʘʦʨʪʥʘ ʠ 

ʤʠʪʨʘʣʥʘ ʠʥʩʫʬʠʮʠʿʝʥʮʠʿʘ), ʧʨʠ ʯʝʤʫ ʜʦʣʘʟʠ ʜʦ ʟʘʜʝʙˀʘˁʘ ʟʠʜʘ ʣʝʚʝ ʢʦʤʦʨʝ 

ʟʘʿʝʜʥʦ ʩʘ ʜʠʣʘʪʘʮʠʿʦʤ ˁʝʥʝ ʰʫʧˀʠʥʝ. 

           ʄʥʦʛʦʙʨʦʿʥʝ ʩʪʫʜʠʿʝ ʩʫ ʧʦʪʚʨʜʠʣʝ ʜʘ ʿʝ ʭʠʧʝʨʪʨʦʬʠʿʘ ʤʠʦʢʘʨʜʘ ʩʥʘʞʘʥ 

ʥʝʟʘʚʠʩʪʘʥ ʬʘʢʪʦʨ ʨʠʟʠʢʘ ʟʘ ʥʘʩʪʘʥʘʢ ʥʝʧʦʚʦˀʥʠʭ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʠʭ ʜʦʛʘʹʘʿʘ. ʍʄʃʂ 

ʧʦʚʝ˂ʘʚʘ ʠʥʮʠʜʝʥʮʫ (85, 86):  

o ʠʩʭʝʤʠʿʩʢʝ ʙʦʣʝʩʪʠ ʩʨʮʘ, 

o ʜʠʿʘʩʪʦʣʥʝ, ʘ ʟʘʪʠʤ ʩʠʩʪʦʣʥʝ ʜʠʩʬʫʥʢʮʠʿʝ ʣʝʚʝ ʢʦʤʦʨʝ - ʩʨʯʘʥʘ 

ʠʥʩʫʬʠʮʠʿʝʥʮʠʿʘ, 

o ʢʦʤʦʨʩʢʠʭ ʘʨʠʪʤʠʿʘ (ʤʘʣʠʛʥʝ ʘʨʠʪʤʠʿʝ), 

o ʥʘʛʣʝ ʩʨʯʘʥʝ ʩʤʨʪʠ. 

             Framingham ʩʪʫʜʠʿʘ ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʍʄʃʂ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʘʥ ʬʘʢʪʦʨ ʨʠʟʠʢʘ 

ʟʘ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʠ ʤʦʨʙʠʜʠʪʝʪ ʠ ʤʦʨʪʘʣʠʪʝʪ, ʠ ʧʦʚʝ˂ʘʚʘ ʠʭ ʟʘ 6-8 ʧʫʪʘ (87).              

ʇʦʩʝʙʥʦ ʠʥʪʝʨʝʩʘʥʪʥʘ ʦʙʣʘʩʪ ʫ ʦʢʚʠʨʫ ʩʧʦʨʪʩʢʝ ʢʘʨʜʠʦʣʦʛʠʿʝ ʿʝ ʭʠʧʝʨʪʨʦʬʠʿʘ ʩʨʮʘ 

ʢʦʜ ʩʧʦʨʪʠʩʪʘ. ɹʨʦʿʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʩʧʨʦʚʝʜʝʥʘ ʘʣʠ ʠ ʜʘˀʝ ʧʦʩʪʦʿʝ ʥʝʨʘʟʿʘʰˁʝʥʝ 

ʯʠˁʝʥʠʮʝ ʫ ʚʝʟʠ Ăʩʧʦʨʪʩʢʦʛ, ʪʿ. ʘʪʣʝʪʩʢʦʛ ʩʨʮʘñ. 

 

1.3.1 ʉʧʦʨʪʩʢʦ  ʠʣʠ  ʘʪʣʝʪʩʢʦ ʩʨʮʝ 

     

             Ăʉʠʥʜʨʦʤ ʩʧʦʨʪʩʢʦʛ ʩʨʮʘò ʧʨʝʜʩʪʘʚˀʘ ʤʦʨʬʦʣʦʰʢʝ, ʬʫʥʢʮʠʦʥʘʣʥʝ ʠ 

ʝʣʝʢʪʨʦʬʠʟʠʦʣʦʰʢʝ ʧʨʦʤʝʥʝ ʩʨʮʘ ʥʘʩʪʘʣʝ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʂɺʉ ʥʘ 

ʬʠʟʠʯʢʠ ʪʨʝʥʠʥʛ ʫ ʟʦʥʠ ʤʘʢʩʠʤʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ (88).  

             Ăʉʧʦʨʪʩʢʦ ʩʨʮʝñ ʿʝ ʩʣʦʞʝʥ ʬʝʥʦʤʝʥ, ʥʝʜʦʚʦˀʥʦ ʠʩʪʨʘʞʝʥ, ʢʘʢʦ ʫ ʘʥʘʪʦʤʩʢʦʤ ʠ 

ʬʫʥʢʮʠʦʥʘʣʥʦʤ ʩʤʠʩʣʫ, ʪʘʢʦ ʠ ʩʘ ʘʩʧʝʢʪʘ ˁʝʛʦʚʦʛ ʦʜʥʦʩʘ ʧʨʝʤʘ ʟʜʨʘʚˀʫ. ʆʥʦ ʿʝ Ăʩʠʚʘ 

ʟʦʥʘñ ʠʟʤʝʹʫ ʬʠʟʠʦʣʦʛʠʿʝ ʠ ʧʘʪʦʣʦʛʠʿʝ, ʜʦʩʪʘ ʥʝʧʦʟʥʘʪʘ ʦʙʣʘʩʪ ʠ ʧʦʜʣʦʞʥʘ 
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ʨʘʟʣʠʯʠʪʠʤ ʪʫʤʘʯʝˁʠʤʘ. ñʉʧʦʨʪʩʢʦ ʩʨʮʝò ʧʨʝʜʩʪʘʚˀʘ ʩʠʥʜʨʦʤ ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘ 

ʧʦʿʘʚʫ ʭʠʧʝʨʪʨʦʬʠʿʝ ʩʨʯʘʥʦʛ ʤʠʰʠ˂ʘ, ʙʨʘʜʠʢʘʨʜʠʿʝ ʫ ʤʠʨʦʚʘˁʫ ʠ ʧʦʿʘʚʫ ʩʫʧʝʨʠʦʨʥʠʭ 

ʘʝʨʦʙʥʠʭ ʩʧʦʩʦʙʥʦʩʪʠ. ʆʜʣʠʢʫʿʝ ʩʝ ʭʠʧʝʨʪʨʦʬʠʿʦʤ ʤʠʦʢʘʨʜʘ ʣʝʚʝ ʢʦʤʦʨʝ, ʧʦʚʝ˂ʘˁʝʤ 

ˁʝʛʦʚʠʭ ʰʫʧˀʠʥʘ, ʢʘʦ ʠ ʧʦʚʝ˂ʘˁʝʤ ʝʢʦʥʦʤʠʯʥʦʩʪʠ ʩʨʯʘʥʦʛ ʨʘʜʘ ʫ ʤʠʨʦʚʘˁʫ ʠ ʢʦʜ 

ʬʠʟʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ.  ʇʦʜ ʫʪʠʮʘʿʝʤ ʪʨʝʥʠʥʛʘ ʥʝ ʤʝˁʘ ʩʝ ʙʠʪʥʦ ʝʥʜʦʢʘʨʜ, ʧʝʨʠʢʘʨʜ ʠ 

ʚʘʣʚʫʣʘʨʥʠ ʘʧʘʨʘʪ ʩʨʮʘ (89-91). 

              Bergman ʿʝ 1884. ʛʦʜ. ʧʨʠʤʝʪʠʦ ʜʘ ʩʫ ʜʠʚˀʝ  ʞʠʚʦʪʠˁʝ ʠʤʘʣʝ ʚʝ˂ʫ ʤʘʩʫ 

ʤʠʦʢʘʨʜʘ ʫ ʦʜʥʦʩʫ  ʥʘ ʤʘʩʫ ʢʦʜ ʧʠʪʦʤʠʭ ʞʠʚʦʪʠˁʘ. ʉʧʦʨʪʩʢʦ ʩʨʮʝ ʿʝ ʧʨʚʠ ʦʧʠʩʘʦ 

1899. ʛʦʜ. ʰʚʝʜʩʢʠ ʣʝʢʘʨ Henschen (92). ʆʥ ʿʝ ʧʝʨʢʫʪʦʨʥʦʤ ʤʝʪʦʜʦʤ ʜʠʿʘʛʥʦʩʪʠʢʦʚʘʦ 

ʫʚʝ˂ʘˁʝ ʩʨʮʘ ʢʦʜ ʩʢʠʿʘʰʘ-ʪʨʢʘʯʘ. ʀʩʪʝ ʛʦʜʠʥʝ ʫ ʉɸɼ-ʫ Williams ʠ Arnold  ʩʫ ʦʧʠʩʘʣʠ 

ʧʦʿʘʚʫ ʫʚʝ˂ʘʥʦʛ ʩʨʮʘ, ʪʘʢʦʹʝ ʫʧʦʪʨʝʙʦʤ ʧʝʨʢʫʪʦʨʥʝ ʤʝʪʦʜʝ, ʢʦʜ ʫʯʝʩʥʠʢʘ ɹʦʩʪʦʥʩʢʦʛ 

ʤʘʨʘʪʦʥʘ. Ăʅʝʤʘʯʢʘ ʰʢʦʣʘñ (Muschof, Reindell) ʜʫʛʦ ʚʨʝʤʝʥʘ ʿʝ ʩʤʘʪʨʘʣʘ ʜʘ ʿʝ ʧʦʿʘʚʘ 

ʩʧʦʨʪʩʢʦʛ ʩʨʮʘ ʙʝʥʠʛʥʘ ʧʦʿʘʚʘ. ʋ ʘʤʝʨʠʯʢʦʿ ʠ ʝʥʛʣʝʩʢʦʿ ʩʪʨʫʯʥʦʿ ʿʘʚʥʦʩʪʠ ʙʠʣʦ ʿʝ 

ʟʘʩʪʫʧˀʝʥʦ ʤʠʰˀʝˁʝ ʜʘ ʿʝ ʩʚʘʢʦ ʫʚʝ˂ʘˁʝ ʩʨʮʘ ʧʦʚʝʟʘʥʦ ʩʘ ʧʦʚʝ˂ʘʥʠʤ ʨʠʟʠʢʦʤ ʦʜ 

ʠʟʥʝʥʘʜʥʝ ʩʨʯʘʥʝ ʩʤʨʪʠ. Ăɺʝʣʠʢʦ ʩʨʮʝñ, ʪʘʜʘ ʩʝ ʨʝʜʦʚʥʦ ʚʠʹʘʣʦ ʫ ʨʝʫʤʘʪʩʢʦʿ ʙʦʣʝʩʪʠ 

ʩʨʮʘ ʢʦʿʘ ʿʝ ʙʠʣʘ ʯʝʩʪʘ ʧʦʿʘʚʘ. ɼʦʢʪʦʨ Hope,  ʘʫʪʦʨʠʪʝʪ ʟʘ ʙʦʣʝʩʪʠ ʩʨʮʘ 19. ʩʪʦʣʝ˂ʘ 

ʥʘʚʦʜʠ çʜʘ ʥʝ ʧʦʟʥʘʿʝ ʪʘʢʦ ʦʨʠʛʠʥʘʣʥʫ ʙʦʣʝʩʪ ʩʨʮʘ ʢʘʦ ʰʪʦ ʿʝ ʦʥʘ ʠʟʘʟʚʘʥʘ 

ʠʥʪʝʥʟʠʚʥʠʤ ʚʝʩʣʘˁʝʤè (93).   

             ɺʝʣʠʢʠ ʜʦʧʨʠʥʦʩ ʫ ʠʟʫʯʘʚʘˁʫ Ăʩʧʦʨʪʩʢʦʛ ʩʨʮʘñ ʜʘʣʘ ʿʝ ʰʚʝʜʩʢʘ ʰʢʦʣʘ 

(Astrand) (92), ʘ ʫ ʉʦʚʿʝʪʩʢʦʤ ʩʘʚʝʟʫ ʃʝʪʫʥʦʚ, ɻʨʘʚʝʩʢʠ ʠ ʂʫʢʫʣʝʚʩʢʠ. ʋ ʙʠʚʰʦʿ 

ɱʫʛʦʩʣʘʚʠʿʠ ʩʝ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ ʠʩʪʘʢʘʦ ʄʝʜʚʝʜ ʈ (94). ɽʭʦʢʘʨʜʠʦʛʨʘʬʠʿʘ ʿʝ ʦʤʦʛʫ˂ʠʣʘ 

ʧʨʝʮʠʟʥʠʿʘ ʤʝʨʝˁʘ ʚʝʣʠʯʠʥʝ ʢʦʤʦʨʘ ʠ ʜʝʙˀʠʥʝ ʟʠʜʦʚʘ.  

              ʅʘ ʧʦʿʘʚʫ Ăʩʠʥʜʨʦʤʘ ʩʧʦʨʪʩʢʦʛ ʩʨʮʘñ ʠʤʘʿʫ ʫʪʠʮʘʿʘ ʙʨʦʿʥʠ ʬʘʢʪʦʨʠ (95, 96) -  

ʚʨʩʪʝ ʩʧʦʨʪʩʢʝ ʜʠʩʮʠʧʣʠʥʝ, ʠʥʪʝʥʟʠʪʝʪ ʠ ʫʯʝʩʪʘʣʦʩʪ ʪʨʝʥʠʥʛʘ ʢʘʦ ʠ ʜʫʞʠʥʘ ʙʘʚˀʝˁʘ 

ʩʧʦʨʪʦʤ. ʋʪʠʮʘʿ ʠʩʧʦˀʘʚʘ  ʞʠʚʦʪʥʘ ʜʦʙ, Ăʩʧʦʨʪʩʢʦ ʩʨʮʝñ ʩʝ ʧʨʝ ʿʘʚˀʘ ʢʦʜ ʤʣʘʹʠʭ ʥʝʛʦ 

ʢʦʜ ʩʪʘʨʠʿʠʭ ʩʧʦʨʪʠʩʪʘ, ʧʦʣ - ʯʝʰ˂ʝ ʩʝ ʿʘʚˀʘ ʢʦʜ ʤʫʰʢʘʨʘʮʘ ʥʝʛʦ ʢʦʜ ʞʝʥʘ. ʊʘʢʦʹʝ ʿʝ 

ʫʦʯʝʥʘ ʧʦʚʝʟʘʥʦʩʪ ʩʘ  ʨʘʩʦʤ, Ăʩʧʦʨʪʩʢʦ ʩʨʮʝñ ʿʝ ʯʝʰ˂ʝ ʢʦʜ ʧʨʠʧʘʜʥʠʢʘ ʮʨʥʝ ʨʘʩʝ ʥʝʛʦ 

ʢʦʜ ʙʝʣʘʮʘ. ʇʨʝʤʘ ʩʘʚʨʝʤʝʥʠʤ ʩʭʚʘʪʘˁʠʤʘ ʩʤʘʪʨʘ ʩʝ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ 9-12 ʤʝʩʝʮʠ ʜʘ ʩʝ 

ʨʘʟʚʠʿʫ ʩʠʤʧʨʦʤʠ ʩʧʦʨʪʩʢʦʛ ʩʨʮʘ. ʀʥʪʝʨʝʩʘʥʪʥʦ ʿʝ ʜʘ ʩʝ ʧʨʦʤʝʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʘ 

ʩʧʦʨʪʩʢʦ ʩʨʮʝ ʤʦʛʫ ʚʠʜʝʪʠ ʫ ʨʘʥʦʿ ʤʣʘʜʦʩʪʠ, ʚʠʹʝʥʝ ʩʫ ʠ ʫ ʫʟʨʘʩʪʫ ʦʜ 5 ʛʦʜʠʥʘ. 

ɻʝʥʝʪʩʢʠ ʬʘʢʪʦʨʠ ʪʘʢʦʹʝ ʠʤʘʿʫ ʫʪʠʮʘʿʘ ʢʦʜ ʧʦʚʝ˂ʘˁʘ ʤʘʩʝ ʣʝʚʝ ʢʦʤʦʨʝ ʧʦʜ ʫʪʠʮʘʿʝʤ 

ʩʧʦʨʪʩʢʦʛ ʪʨʝʥʠʥʛʘ.   

              ʋ ʩʧʦʨʪʩʢʦʿ ʢʘʨʜʠʦʣʦʛʠʿʠ ʩʝ ʥʝ ʠʩʢˀʫʯʫʿʝ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʭʠʧʝʨʪʨʦʬʠʿʘ ʩʨʮʘ 

ʤʦʞʝ ʜʘ ʧʨʝʜʩʪʘʚˀʘ ʫʚʦʜ ʫ ʧʦʯʝʪʘʢ ʧʘʪʦʣʦʰʢʠʭ ʧʨʦʤʝʥʘ ʥʘ ʩʨʮʫ. ʆʚʝ ʧʨʝʪʧʦʩʪʘʚʢʝ ʩʝ 

ʙʘʟʠʨʘʿʫ ʥʘ ʯʠˁʝʥʠʮʠ ʜʘ ʿʝ ʩʥʘʙʜʝʚʘˁʝ ʭʠʧʝʨʪʨʦʬʠʩʘʥʦʛ ʤʠʦʢʘʨʜʘ ʢʨʚˀʫ ʥʝʜʦʚʦˀʥʦ 

(93, 97). 

 

1.3.1.1  ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʧʦʨʪʩʢʦʛ ʩʨʮʘ 

 

              ʄʦʨʬʦʣʦʰʢʝ ʘʜʘʧʪʘʮʠʦʥʝ ʧʨʦʤʝʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʘ ʩʧʦʨʪʩʢʦ ʩʨʮʝ ʩʫ 

ʨʘʟʣʠʯʠʪʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ ʬʠʟʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ʉʪʘʪʠʯʢʠ ʩʧʦʨʪʦʚʠ (ʩʧʦʨʪʦʚʠ 

ʪʠʧʘ ʩʥʘʛʝ) ʢʦʿʠ ʩʝ ʢʘʨʘʢʪʝʨʠʰʫ ʧʨʦʜʫʞʝʥʠʤ ʠʟʦʤʝʪʨʠʯʢʠʤ ʤʠʰʠ˂ʥʠʤ ʢʦʥʪʨʘʢʮʠʿʘʤʘ 

ʚʠʩʦʢʦʛ ʠʥʪʝʥʟʠʪʝʪʘ, ʜʦʚʦʜʝ ʜʦ ʦʧʪʝʨ˂ʝˁʘ ʣʝʚʝ ʢʦʤʦʨʝ ʧʨʠʪʠʩʢʦʤ (98). ʆʚʦ ʧʦʢʨʝ˂ʝ  

ʩʝʨʠʿʫ ʧʨʦʜʫʢʮʠʿʝ ʥʦʚʠʭ ʩʘʨʢʦʤʝʨʘ ʠ ʪʦ ʫ ʧʘʨʘʣʝʣʥʦʿ ʦʨʛʘʥʠʟʘʮʠʿʠ (ʰʠʨʠʥʘ), ʯʠʤʝ ʩʝ 

ʧʦʚʝ˂ʘʚʘ ʜʝʙˀʠʥʘ ʟʠʜʘ ʤʠʦʢʘʨʜʘ (ʢʦʥʮʝʥʪʨʠʯʥʘ ʭʠʧʝʪʨʦʬʠʿʘ) (99). ʂʦʥʮʝʥʪʨʠʯʥʫ 

ʭʠʧʝʨʪʨʦʬʠʿʫ ʤʠʦʢʘʨʜʘ ʣʝʚʝ ʢʦʤʦʨʝ ʢʘʨʘʢʪʝʨʠʰʝ ʧʦʚʝ˂ʘˁʝ ʤʘʩʝ ʤʠʦʢʘʨʜʘ, ʘ ʚʦʣʫʤʝʥ 

ʣʝʚʝ ʢʦʤʦʨʝ ʦʩʪʘʿʝ ʠʩʪʠ ʠʣʠ ʯʘʢ ʩʤʘˁʝʥ (ʩʣʠʢʘ ʙʨ 1).  ʉʧʦʨʪʦʚʠ ʪʠʧʘ ʩʥʘʛʝ ʩʫ: ʜʠʟʘˁʝ 

ʪʝʛʦʚʘ, ʨʚʘˁʝ, Ăbody bildingñ, ʛʠʤʥʘʩʪʠʢʘ, ʙʘʮʘˁʝ ʢʫʛʣʝ ʠ ʢʦʧˀʘ, ʙʦʢʩ, ˅ʫʜʦ, ʢʘʨʘʪʝ, 

ʩʧʨʠʥʪ, ʩʢʘʢʘˁʝ ʫ ʜʘˀ ʠ ʜʨ. (100, 101). 
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                             ʉʣʠʢʘ ʙʨ 1. ʂʦʥʮʝʥʪʨʠʯʥʘ ʭʠʧʝʨʪʨʦʬʠʿʘ ʩʨʮʘ 

 

              ʇʦʟʥʘʪʘ ʿʝ ʿʝʜʥʘʯʠʥʘ ʢʦʿʦʤ ʩʝ ʠʟʨʘʞʘʚʘ ʩʪʨʝʩ ʥʘ ʟʠʜ ʣʝʚʝ ʢʦʤʦʨʝ ʫ ʪʦʢʫ 

ʩʠʩʪʦʣʝ. Woods ʿ ʝ ʧʨʚʠ 1892. ʛʦʜʠʥʝ ʧʨʠʤʝʥʠʦ Laplaʩʝ-ʦʚ ʟʘʢʦʥ ʥʘ ʬʠʟʠʦʣʦʰʢʝ 

ʩʠʩʪʝʤʝ, ʘ ʧʦʩʝʙʥʦ ʥʘ ʩʨʮʝ ʠ ʢʨʚʥʝ ʩʫʜʦʚʝ. ʊʘʢʦ ʪʝʥʟʠʿʘ (ʊ ʠʣʠ ʩʪʨʝʩ) ʧʨʝʜʩʪʘʚˀʘ 

ʬʫʥʢʮʠʿʫ ʠʥʪʨʘʢʘʚʠʪʘʣʥʦʛ ʧʨʠʪʠʩʢʘ, ʧʦʣʫʧʨʝʯʥʠʢʘ ʢʦʤʦʨʝ ʠ ˁʝʥʝ ʜʝʙˀʠʥʝ ʟʠʜʘ (1). 

Laplace-ʦʚ ʟʘʢʦʥ ʫ ʚʠʜʫ ʬʦʨʤʫʣʝ:  

                                                          ʇ x ʈ 

                                                 ʊ  =   ƄƄƄ          

                                                             ʭ  

ʊ- ʪʝʥʟʠʿʘ ʟʠʜʘ (dini/cm) , ʇ- ʧʨʠʪʠʩʘʢ (dini/cm
2
) 

ʈ- ʨʘʜʠʿʫʩ ʚʝʥʪʨʠʢʫʣʘ (cm), ʭ- ʜʝʙˀʠʥʘ ʟʠʜʘ ʮʠʣʠʥʜʨʘ ʢʦʤʦʨʝ (cm) 

 

             ʋ ʩʢʣʘʜʫ ʩʘ ʦʚʦʤ ʬʦʨʤʫʣʦʤ ʤʫʨʘʣʥʠ ʧʨʠʪʠʩʘʢ ʩʨʯʘʥʦʛ ʤʠʰʠ˂ʘ ʿʝ ʜʠʨʝʢʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʧʨʝʯʥʠʢʫ ʢʨʠʚʠʥʝ ʢʦʤʦʨʘ. 

             ʏʠˁʝʥʠʮʘ ʜʘ ʩʝ ʪʝʥʟʠʿʘ ʫ ʟʠʜʫ ʤʠʦʢʘʨʜʘ ʧʦʚʝ˂ʘʚʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʚʦʣʫʤʝʥʘ 

ʢʦʤʦʨʝ ʠ ʫ ʩʣʫʯʘʿʫ ʜʘ ʠʥʪʨʘʚʝʥʪʨʠʢʫʣʘʨʥʠ ʧʨʠʪʠʩʘʢ ʦʩʪʘʥʝ ʢʦʥʩʪʘʥʪʘʥ, ʧʦʩʝʙʥʦ ʿʝ 

ʟʥʘʯʘʿʥʘ ʫ ʨʘʟʫʤʝʚʘˁʫ ʦʙʦʣʝʣʦʛ ʩʨʮʘ. ʆʚʦ ʿʝ ʚʘʞʥʦ ʟʘ ʨʘʟʫʤʝʚʘˁʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʿʫ 

ʫʩʣʦʚʘ ʢʦʿʠ ʜʦʚʦʜʝ ʜʦ ʜʠʣʘʪʘʮʠʿʝ ʩʨʮʘ. ʇʦʚʝ˂ʘˁʝ ʜʝʙˀʠʥʝ ʟʠʜʘ ʢʦʤʦʨʝ ʜʦʚʦʜʠ ʜʦ 

ʩʤʘˁʝˁʘ ʪʝʥʟʠʿʝ ʫ ʩʨʯʘʥʦʤ ʤʠʦʢʘʨʜʫ (1). ɼʠʣʘʪʘʮʠʿʘ ʚʝʥʪʨʠʢʫʣʘ ʩʨʮʘ ʜʦʚʦʜʠ ʜʦ 

ʧʦʚʝ˂ʘˁʘ ʪʝʥʟʠʿʝ ʫ ʤʠʦʢʘʨʜʫ, ʜʫʞʠʥʘ ʤʠʰʠ˂ʥʠʭ ʚʣʘʢʘʥʘ ʩʝ ʧʦʚʝ˂ʘʚʘ, ʜʝʙˀʠʥʘ ʢʦʤʦʨʘ 

ʩʤʘˁʫʿʝ. ʂʦʜ ʜʠʣʘʪʘʮʠʿʝ ʚʝʥʪʨʠʢʫʣʘ, ʧʨʠ ʢʦʥʩʪʘʥʪʥʦʤ ʠʥʪʨʘʚʝʥʪʨʠʢʫʣʘʨʥʦʤ ʧʨʠʪʠʩʢʫ 

ʜʦʣʘʟʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʪʝʥʟʠʿʝ ʫ ʟʠʜʫ ʚʝʥʪʨʠʢʫʣʘ ʟʙʦʛ ʧʦʚʝ˂ʘʥʦʛ ʨʘʜʠʿʫʩʘ ʢʦʤʦʨʝ, ʘʣʠ 

ʩʤʘˁʝˁʘ ʜʝʙˀʠʥʝ ʟʠʜʘ ʢʦʤʦʨʝ. ʋ ʩʠʩʪʦʣʠ ʟʙʦʛ ʧʦʚʝ˂ʘʥʝ ʜʝʙˀʠʥʝ ʟʠʜʘ ʢʦʤʦʨʝ, 

ʨʝʜʫʢʫʿʝ ʩʝ ʪʝʥʟʠʿʘ ʫ ˁʝʥʦʤ ʟʠʜʫ. ʂʦʜ ʭʠʧʝʨʪʨʦʬʠʩʘʥʦʛ ʩʨʮʘ ʜʦʣʘʟʠ ʜʦ ʨʝʜʫʢʮʠʿʝ 

ʥʘʧʦʥʘ/ʪʝʥʟʠʿʝ ʫ ʟʠʜʫ ʤʠʦʢʘʨʜʘ.  

             ʂʦʜ ʦʧʪʝʨʝ˂ʝˁʘ ʧʨʠʪʠʩʢʦʤ, ʧʦʚʝ˂ʘʥʘ ʿʝ ʚʨʝʜʥʦʩʪ ʧʨʠʪʠʩʢʘ, ʧʦʩʣʝʜʠʯʥʦ ʜʦʣʘʟʠ 

ʜʦ ʟʘʜʝʙˀʘˁʘ ʤʠʦʢʘʨʜʘ ʯʠʤʝ ʩʝ ʩʪʨʝʩ ʥʘ ʟʠʜ ʣʝʚʝ ʢʦʤʦʨʝ ʥʝ ʤʝˁʘ (100, 102).  ʂʦʜ 

ʩʧʦʨʪʦʚʘ ʪʠʧʘ ʠʟʜʨʞˀʠʚʦʩʪʠ ʩʨʮʝ ʿʝ ʦʧʪʝʨʝ˂ʝʥʦ ʧʦʚʝ˂ʘʥʠʤ  ʚʦʣʫʤʝʥʦʤ ʢʨʚʠ ʢʦʿʘ ʫ 

ˁʝʛʘ ʧʨʠʩʪʠʞʝ (ʥʧʨ. ʪʨʯʘˁʝ, ʧʣʠʚʘˁʝ ʠ ʚʦʞˁʘ ʙʠʮʠʢʣʘ). ʇʦʚʝ˂ʘˁʝ ʜʠʿʘʩʪʦʣʥʦʛ ʩʪʨʝʩʘ 

ʫʟʨʦʢʫʿʝ ʩʝʨʠʿʩʢʦ ʫʚʝ˂ʘˁʝ ʩʘʨʢʦʤʝʨʘ, ʯʠʤʝ ʩʝ ʫʚʝ˂ʘʚʘ ʜʫʞʠʥʘ ʤʠʰʠ˂ʥʠʭ ʚʣʘʢʘʥʘ ʰʪʦ 

ʨʝʟʫʣʪʠʨʘ ʝʢʩʮʝʥʪʨʠʯʥʦʤ ʭʠʧʝʨʪʨʦʬʠʿʦʤ ʩʨʮʘ. ʆʚʘʿ ʪʠʧ ʭʠʧʝʨʪʨʦʬʠʿʝ ʩʨʮʘ 

ʢʘʨʘʢʪʝʨʠʰʝ ʧʦʚʝ˂ʘˁʝ ʟʘʧʨʝʤʠʥʝ ʢʦʤʦʨʝ ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʧʦʚʝ˂ʘˁʝʤ ʫʜʘʨʥʦʛ ʚʦʣʫʤʝʥʘ, 

ʤʘʩʘ ʤʠʦʢʘʨʜʘ ʥʝ ʤʦʨʘ ʜʘ ʙʫʜʝ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʥʘ (ʩʣʠʢʘ ʙʨ 3). ʈʘʟʣʠʢʘ ʠʟʤʝʹʫ 

ʢʦʥʮʝʥʪʨʠʯʥʝ ʠ ʝʢʩʮʝʥʪʨʠʯʥʝ ʭʠʧʝʨʪʨʦʬʠʿʝ ʧʨʠʢʘʟʘʥʘ ʿʝ ʫ ʪʘʙʝʣʠ 1.  
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                         ʉʣʠʢʘ ʙʨ 3. ɽʢʩʮʝʥʪʨʠʯʥʘ ʭʠʧʝʨʪʨʦʬʠʿʘ ʩʨʮʘ 

 

ʊʘʙʝʣʘ 1. ʈʘʟʣʠʢʝ ʠʟʤʝʹʫ ʝʢʩʮʝʥʪʨʠʯʥʝ ʠ ʢʦʥʮʝʥʪʨʠʯʥʝ ʭʠʧʝʨʪʨʦʬʠʿʝ ʩʨʮʘ 

 

ɽʂʉʎɽʅʊʈʀʏʅɸ ʍʀʇɽʈʊʈʆʌʀɱɸ ʂʆʅʎɽʅʊʈʀʏʅɸ ʍʀʇɽʈʊʈʆʌʀɱɸ 

ʆʧʪʝʨʝ˂ʝˁʝ ʚʦʣʫʤʝʥʦʤ  ʆʧʪʝʨʝ˂ʝˀʝ ʧʨʠʪʠʩʢʦʤ 

ʇʦʚʝ˂ʘˁʝ ʜʠʿʘʩʪʦʣʥʦʛ ʩʪʨʝʩʘ ʟʠʜʘ ʢʦʤʦʨʝ ʇʦʚʝ˂ʘˁʝ ʩʠʩʪʦʣʥʦʛ ʩʪʨʝʩʘ ʟʠʜʘ 

ʉʝʨʠʿʩʢʘ ʘʧʣʠʢʘʮʠʿʘ ʩʘʨʢʦʤʝʨʘ ʇʘʨʘʣʝʣʥʘ ʨʝʧʣʠʢʘʮʠʿʘ ʩʘʨʢʦʤʝʨʘ 

ʇʦʚʝ˂ʘʥʘ ʰʫʧˀʠʥʘ ʣʝʚʝ ʢʦʤʦʨʝ ʠ 

ʧʦʚʝ˂ʘʥʘ ʜʝʙˀʠʥʘ ʟʠʜʘ 

ʇʦʚʝ˂ʘʥʘ ʜʝʙˀʠʥʘ ʟʠʜʘ ʠ ʥʦʨʤʘʣʥʘ ʠʣʠ 

ʩʤʘˁʝʥʘ ʰʫʧˀʠʥʘ ʣʝʚʝ ʢʦʤʦʨʝ 

 

             ʋ ʪʦʢʫ ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ, ʤʠʰʠ˂ʠ ʧʦʚʝ˂ʘʚʘʿʫ ʩʚʦʿʝ ʝʥʝʨʛʝʪʩʢʝ ʧʦʪʨʝʙʝ ʟʘ 

ʧʨʝʢʦ ʩʪʦʪʠʥʫ ʧʫʪʘ ʠ ʪʘʜʘ ʜʦʣʘʟʠ ʜʦ ʠʟʨʘʞʘʿʘ ʛʣʘʚʥʘ ʬʫʥʢʮʠʿʘ ʩʨʯʘʥʦʛ ʤʠʰʠ˂ʘ ʢʘʦ 

ʧʫʤʧʝ. ʋ ʪʠʤ ʫʩʣʦʚʠʤʘ ʿʘʢʦ ʿʝ ʚʘʞʘʥ ʧʦʚʝ˂ʘʥʠ ʫʜʘʨʥʠ ʚʦʣʫʤʝʥ ʟʘ ʟʘʜʦʚʦˀʘʚʘˁʝ 

ʧʦʚʝ˂ʘʥʠʭ ʟʘʭʪʝʚʘ ʦʨʛʘʥʠʟʤʘ. ʂʦʜ ʩʧʦʪʨʠʩʪʘ, ʢʘʦ ʨʝʟʫʣʪʘʪ ʘʜʘʧʪʘʮʠʦʥʠʭ ʤʝʭʘʥʠʟʘʤʘ, 

ʫʜʘʨʥʠ ʚʦʣʫʤʝʥ ʩʝ ʧʦʚʝ˂ʘʚʘ ʥʘ ʧʨʦʩʝʯʥʠʭ 90 ml ʠ ʚʠʰʝ. ʊʦʢʦʤ ʬʠʟʠʯʢʦʛ ʥʘʧʦʨʘ 

ʤʠʥʫʪʥʠ ʚʦʣʫʤʝʥ ʤʦʞʝ ʜʘ ʩʝ ʧʦʚʝ˂ʘ ʜʦ 25 L/min, ʘ ʢʦʜ ʚʨʭʫʥʩʢʠʭ ʩʧʦʨʪʠʩʪʘ ʯʘʢ ʜʦ 30-

35 L/min. ɿʘʭʚʘˀʫʿʫ˂ʠ ʫʧʨʘʚʦ ñʩʫʧʝʨʠʦʨʥʦʤ ʘʝʨʦʙʥʦʤ ʤʠʥʫʪʥʦʤ ʚʦʣʫʤʝʥʫò ʤʦʛʫ˂ʝ ʿʝ 

ʧʦʩʪʠʟʘˁʝ ʜʦʙʨʠʭ ʩʧʦʨʪʩʢʠʭ ʨʝʟʫʣʪʘʪʘ.   

             ɱʝʜʥʘ ʦʜ ʦʩʥʦʚʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʧʦʨʪʩʢʦʛ ʩʨʮʘ ʿʝ ʙʨʘʜʠʢʘʨʜʠʿʘ ʫ ʤʠʨʫ ʠ 

ʥʠʞʝ ʬʨʝʢʚʝʥʮʠʿʝ ʧʨʠ ʩʫʙʤʘʢʩʠʤʘʣʥʠʤ ʬʠʟʠʯʢʠʤ ʦʧʪʝʨʝ˂ʝˁʠʤʘ. ʉʠʥʫʩʥʫ 

ʙʨʘʜʠʢʘʨʜʠʿʫ ʢʦʜ ʘʢʪʠʚʥʠʭ ʩʧʦʨʪʠʩʪʘ ʧʨʚʠ ʿʝ ʦʪʢʨʠʦ Herxheimer ʢʦʜ ʪʨʢʘʯʘ ʠ 

ʙʠʮʠʢʣʠʩʪʘ. ʇʨʦʩʝʯʥʘ ʬʨʝʢʚʝʥʮʠʿʘ ʢʦʜ ʚʨʭʫʥʩʢʠʭ ʩʧʦʨʪʠʩʪʘ ʢʨʝ˂ʝ ʩʝ ʫ ʨʘʩʧʦʥʫ ʦʜ 40-

55 ʦʪʢ/ʤʠʥ ʫ ʦʢʦ 70% ʩʧʦʨʪʠʩʪʘ, ʟʘʙʝʣʝʞʝʥʠ ʩʫ ʠ ʩʣʫʯʘʿʝʚʠ ʠʟʨʘʞʝʥʝ ʙʨʘʜʠʢʘʨʜʠʿʝ, 

ʢao ʥʧʨ. 30 oʪʢ/ʤʠʥ. ʆʥʘ ʿʝ ʧʦʩʣʝʜʠʮʘ ʧʨʦʤʝʥʘ ʫ ʥʝʨʚʥʦʿ ʨʝʛʫʣʘʮʠʿʠ ʩʨʯʘʥʦʛ ʨʘʜʘ ʫ 

ʩʤʠʩʣʫ ʿʘʯʘˁʘ ʪʦʥʫʩʘ ʚʘʛʫʩʘ ʠ ʜʦʤʠʥʘʮʠʿʝ ˁʝʛʦʚʦʛ ʫʪʠʮʘʿʘ ʥʘʜ ʫʪʠʮʘʿʝʤ ʩʠʤʧʘʪʠʢʫʩʘ. 

Taʢʦʹʝ ʩʝ ʧʨʝʜʧʦʩʪʘʚˀʘ ʜʘ ʠʤʘ ʫʪʠʮʘʿʘ ʠ ʧʨʦʤʝʥʘ ʫ ʙʘʟʠʯʥʦʿ ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʦ-

ʘʪʨʠʿʘʣʥʦʛ ʯʚʦʨʘ. ʆʜʨʝʹʝʥʫ ʫʣʦʛʫ ʥʘ ʙʨʘʜʠʢʘʨʜʠʿʫ ʠʤʘ ʠ ʩʘʤʦ ʫʚʝ˂ʘʥʦ ʩʨʮʝ. ʅʘʢʦʥ 

ʬʘʨʤʘʢʦʣʦʰʢʝ ʜʝʥʝʨʚʘʮʠʿʝ ʩʨʮʘ ʧʨʘʢʪʠʯʥʦ ʿʝ ʦʩʪʘʿʘʣʘ ʠʩʪʘ ʬʨʝʢʚʝʥʮʠʿʘ. ʉʠʥʫʩʥʘ 

ʙʨʘʜʠʢʘʨʜʠʿʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʿʝ ʩʘ ʩʪʝʧʝʥʦʤ ʫʪʨʝʥʠʨʘʥʦʩʪʠ ʩʧʦʨʪʠʩʪʝ. ʋ ʮʝʣʦʿ 

ʧʦʧʫʣʘʮʠʿʠ ʩʧʦʨʪʠʩʪʘ ʙʨʘʜʠʢʘʨʜʠʿʘ ʩʝ ʨʝʛʠʩʪʨʫʿʝ ʫ ʩʢʦʨʦ 70% ʩʣʫʯʘʿʝʚʘ. ʏʝʰ˂ʘ ʿʝ ʢʦʜ 

ʩʧʦʨʪʠʩʪʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʜʠʩʮʠʧʣʠʥʘʤʘ ʪʠʧʘ ʠʟʜʨʞˀʠʚʦʩʪʠ (103). ɿʘ ʚʨʝʤʝ ʬʠʟʠʯʢʦʛ 

ʥʘʧʦʨʘ ʿʘʚˀʘ ʩʝ ʫʩʧʦʨʝʥ ʧʦʨʘʩʪ ʬʨʝʢʚʝʥʮʝ ʩʨʮʘ ʫ ʪʦʢʫ ʩʫʙʤʘʢʩʠʤʘʣʥʠʭ ʦʧʪʝʨʝ˂ʝˁʘ. 
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ʆʚʘ ʨʝʘʢʮʠʿʘ ʩʝ ʥʘʟʠʚʘ Ăʙʨʘʜʠʢʘʨʜʠʯʥʘ ʨʝʘʢʮʠʿʘñ ʠ ʧʨʝʜʩʪʘʚˀʘ ʝʢʦʥʦʤʠʟʘʮʠʿʫ 

ʩʨʯʘʥʦʛ ʨʘʜʘ ʠ ʜʦʙʨʫ ʬʫʥʢʮʠʦʥʘʣʥʫ ʩʧʦʩʦʙʥʦʩʪ.  

             ʉʧʦʨʪʩʢʦ ʩʨʮʝ ʠʤʘ ʠʩʪʫ ʜʠʥʘʤʠʢʫ ʩʨʯʘʥʦʛ ʮʠʢʣʫʩʘ ʢʘʦ ʠ ʩʨʮʝ ʥʝʪʨʝʥʠʨʘʥʠʭ 

ʦʩʦʙʘ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʫʩʧʦʨʘʚʘˁʫ ʬʨʝʢʚʝʥʮʠʿʝ ʩʨʮʘ ʫ ʤʠʨʦʚʘˁʫ ʠ ʥʘ ʩʫʙʤʘʢʩʠʤʘʣʥʠʤ 

ʥʠʚʦʠʤʘ ʬʠʟʠʯʢʦʛ ʥʘʧʦʨʘ, ʢʦʜ ʪʨʝʥʠʨʘʥʦʛ ʩʨʮʘ ʬʘʟʘ ʜʠʿʘʩʪʦʣʝ ʿʝ ʧʨʦʜʫʞʝʥʘ. ʊʦ 

ʦʤʦʛʫ˂ʫʿʝ ʙʦˀʝ ʧʫˁʝˁʝ ʢʦʤʦʨʘ, ʩʥʘʞʥʠʿʫ ʩʠʩʪʦʣʥʫ ʢʦʥʪʨʘʢʮʠʿʫ ʤʠʦʢʘʨʜʘ ʠ ʝʬʝʢʪʥʠʿʝ 

ʠʟʙʘʮʠʚʘˁʝ ʢʨʚʠ ʠʟ ʢʦʤʦʨʘ ʫʟ ʤʘˁʠ ʧʦʨʘʩʪ ʠʥʪʨʘʢʘʨʜʠʿʘʣʥʦʛ ʧʨʠʪʠʩʢʘ (104, 105).  

 

 

1.3.1.2 ʋʪʠʮʘʿ ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʢʘʨʜʠʦʤʠʦʮʠʪʝ  

            

             ʉʨʯʘʥʦ ʤʠʰʠ˂ʥʦ ʪʢʠʚʦ ʿʝ ʪʝʨʤʠʥʘʣʥʦ ʜʠʬʝʨʝʥʮʠʨʘʥʦ ʪʢʠʚʦ, ʪʿ. ʪʢʠʚʦ ʢʦʿʝ 

ʥʝʤʘ ʩʧʦʩʦʙʥʦʩʪ ʨʝʛʝʥʝʨʘʮʠʿʝ. ʍʠʧʝʨʪʨʦʬʠʿʘ ʤʠʦʢʘʨʜʘ ʣʝʚʝ ʢʦʤʦʨʝ ʧʦʜʨʘʟʫʤʝʚʘ 

ʧʦʚʝ˂ʘˁʝ ʜʠʿʘʤʝʪʨʘ ʢʘʨʜʠʦʤʠʦʮʠʪʘ ʢʘʢʦ ʫ ʰʠʨʠʥʫ ʪʘʢʦ ʠ ʫ ʜʫʞʠʥʫ (106). ʋʚʝ˂ʘˁʝ 

ʤʘʩʝ ʤʠʦʢʘʨʜʘ ʨʝʟʫʣʪʘʪ ʿʝ ʫʚʝ˂ʘˁʘ ʚʝ˂ ʧʦʩʪʦʿʝ˂ʠʭ ʤʠʰʠ˂ʥʠʭ ˂ʝʣʠʿʘ, ʩʪʚʘʨʘˁʝ ʥʦʚʠʭ 

ʩʘʨʢʦʤʝʨʘ ʠ ˁʠʭʦʚʦʛ ʩʝʨʠʿʩʢʦʛ ʠ/ʠʣʠ ʧʘʨʘʣʝʣʥʦʛ ʜʦʜʘʚʘˁʘ. ʍʠʧʝʨʪʨʦʬʠʿʘ ʤʠʦʢʘʨʜʘ ʥʝ 

ʥʘʩʪʘʿʝ ʢʘʦ  ʧʦʩʣʝʜʠʮʘ ʤʠʰʠ˂ʥʝ ʭʠʧʝʨʧʣʘʟʠʿʝ. ʇʨʦʮʝʩ ʭʠʧʝʨʪʨʦʬʠʿʝ ʥʝ ʦʙʫʭʚʘʪʘ ʩʘʤʦ 

ʢʘʨʜʠʦʤʠʦʮʠʪʝ  ʚʝ˂ ʠ ʥʝʤʠʰʠ˂ʥʝ ˂ʝʣʠʿʝ, ʦʜʥʦʩʥʦ ʚʝʟʠʚʥʦ ʪʢʠʚʦ ʩʨʮʘ. ʆʢʦ 75% ˂ʝʣʠʿʘ 

ʫ ʩʨʮʫ ʩʫ ʬʠʙʨʦʙʣʘʩʪʠ, ʝʥʜʦʪʝʣʥʝ ˂ʝʣʠʿʝ ʩʨʮʘ, ʧʝʨʠʮʠʪʠ, ʥʝʫʨʦʥʠ, ʢʨʚʥʝ ˂ʝʣʠʿʝ 

(ʤʘʢʨʦʬʘʛʠ), ʢʘʨʜʠʦʤʠʦʮʠʪʠ  ʯʠʥʝ ʩʘʤʦ ʦʢʦ 25% ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ˂ʝʣʠʿʘ ʩʨʮʘ ʠʘʢʦ 

ʟʘʫʟʠʤʘʿʫ ʥʘʿʚʝ˂ʠ ʜʝʦ ʚʦʣʫʤʝʥʘ ʩʨʮʘ. ʂʘʨʜʠʦʤʠʦʮʠʪʠ  ʧʦʚʝ˂ʘʚʘʿʫ ʩʚʦʿʫ ʤʘʩʫ ʙʝʟ ʜʝʦʙʝ, 

ʥʝʤʠʰʠ˂ʥʝ ˂ʝʣʠʿʝ ʧʦʚʝ˂ʘʚʘʿʫ ʙʨʦʿ ʜʝʣʝ˂ʠ ʩʝ, ʪʿ. ʭʠʧʝʨʧʣʘʟʠʿʦʤ (ʧʨʦʣʠʬʝʨʘʮʠʿʦʤ) 

(107).  ʂʦʜ Ăʩʧʦʨʪʩʢʦʛ ʩʨʮʘñ ʜʦʣʘʟʠ ʜʦ ʬʠʟʠʦʣʦʰʢʝ ʭʠʧʝʨʪʨʦʬʠʿʝ, ʭʠʧʝʨʧʣʘʟʠʿʘ ʿʝ 

ʨʝʪʢʘ, ʩʘʤʦ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʬʠʟʠʦʣʦʰʢʘ ʭʠʧʝʨʪʨʦʬʠʿʘ ʧʨʝʹʝ ʫ ʧʘʪʦʣʦʰʢʫ ʭʠʧʝʨʪʨʦʬʠʿʫ. 

ʍʠʧʝʨʧʣʘʟʠʿʘ ʥʠʿʝ ʜʦʚʦˀʥʦ ʠʟʫʯʝʥʘ, ʜʝʰʘʚʘ ʩʝ ʫ  2,5% ʩʧʦʨʪʠʩʪʘ (94) ʠ ʪʦ ʢʦʜ 

ʩʧʦʨʪʠʩʪʘ ʩʘ ʩʨʯʘʥʦʤ ʤʘʩʦʤ ʠʟʥʘʜ 500 g ʪʟʚ. Ăʢʨʠʪʠʯʥʘ ʪʝʞʠʥʘ ʩʨʮʘñ (108). 

              ʋ ʢʘʨʜʠʦʤʠʦʮʠʪʠʤʘ Ăʩʧʦʨʪʩʢʦʛ ʩʨʮʘñ ʧʦʚʝ˂ʘʥʘ ʿʝ ʩʠʥʪʝʪʩʢʘ ˂ʝʣʠʿʩʢʘ 

ʘʢʪʠʚʥʦʩʪ, ʧʦʚʝ˂ʘʥʠ ʩʫ ʜʝʧʦʠ ʛʣʠʢʦʛʝʥʘ, ʘʢʪʠʚʥʦʩʪ ʛʣʠʢʦʣʠʪʠʯʢʠʭ ʝʥʟʠʤʘ (ʥʧʨ. 

ʧʠʨʫʚʘʪ ʢʠʥʘʟʘ). ɼʝʧʦ ʪʨʠʛʣʠʮʝʨʠʜʘ ʩʝ ʥʝ ʤʝˁʘ ʙʠʪʥʠʿʝ ʢʘʦ ʥʠ ʩʘʜʨʞʘʿ ʮʠʪʦʭʨʦʤ 

ʦʢʩʠʜʘʟʝ. ʇʦʚʝ˂ʘʥʘ ʿʝ ʘʢʪʠʚʥʦʩʪ ʘʢʪʦ-ʤʠʦʟʠʥʩʢʝ ɸʊʈ-ʘʟʝ, ʜʝʧʦʠ ʘʜʝʥʦʟʠʥ-ʪʨʠʬʦʩʬʘʪʘ 

ʠ ʢʨʝʘʪʠʥʠʥ ʬʦʩʬʘʪʘ ʥʠʩʫ ʙʠʪʥʠʿʝ ʧʨʦʤʝˁʝʥʠ. Balsam ʠ ʩʘʨʘʜʥʠʮʠ ʩʫ ʫʦʯʠʣʠ ʜʘ 

ʤʠʦʢʘʨʜ Ăʩʧʦʨʪʩʢʦʛ ʩʨʮʘñ ʫ ʚʝ˂ʦʿ ʤʝʨʠ ʢʦʨʠʩʪʠ ʝʥʝʨʛʝʪʩʢʝ ʤʘʪʝʨʠʿʝ ʠʟ ʢʨʚʠ ʥʝʛʦ ʰʪʦ 

ʿʝ ʩʣʫʯʘʿ ʢʦʜ ʦʩʦʙʘ ʢʦʿʝ ʩʝ ʥʝ ʙʘʚʝ ʩʧʦʨʪʦʤ (109).  

 

1.3.1.3  ɼʠʤʝʥʟʠʿʝ ʩʧʦʨʪʩʢʦʛ ʩʨʮʘ 

 

             ɺʝʣʠʯʠʥʫ ʩʨʮʘ ʧʨʠʤʘʨʥʦ ʦʜʨʝʹʫʿʫ ʜʠʤʝʥʟʠʿʝ ʣʝʚʝ ʢʦʤʦʨʝ. ʂʦʜ ʦʙʠʯʥʦʛ ʟʜʨʘʚʦʛ 

ʩʨʮʘ ʤʘʩʘ ʿʝ ʤʘˁʘ ʦʜ 250 g, ʜʦʢ, ʥʧʨ. ʢʦʜ ʩʧʦʨʪʦʚʘ  ʪʠʧʘ ʩʥʘʛʝ, ʦʥʘ ʧʨʝʤʘʰʫʿʝ 300 g. 

ʇʨʦʩʝʯʥʘ ʟʘʧʨʝʤʠʥʘ ʩʨʮʘ ʦʜʨʘʩʣʦʛ ʯʦʚʝʢʘ ʢʦʿʠ ʩʝ ʥʝ ʙʘʚʠ ʩʧʦʨʪʦʤ ʿʝ ʦʢʦ 760 ml, ʘ 

ʞʝʥʝ 680  ml. ʂʦʜ ʩʧʦʨʪʠʩʪʘ ʫ ʜʠʩʮʠʧʣʠʥʘʤʘ ʠʟʜʨʞˀʠʚʦʩʪʠ, ʢʦʿʝ ʩʝ ʩʤʘʪʨʘʿʫ ʥʘʿʪʝʞʠʤ, 

ʟʘʧʨʝʤʠʥʘ ʩʨʮʘ ʤʦʞʝ ʜʘ ʙʫʜʝ ʯʘʢ 1.700 ml. ʅʘʿʚʝ˂ʘ ʩʧʦʨʪʩʢʘ ʩʨʮʘ ʠʤʘʿʫ ʩʢʠʿʘʰʠ, 

ʪʨʢʘʯʠ ʠ ʙʠʮʠʢʣʠʩʪʠ ʩʘ ʟʘʧʨʝʤʠʥʦʤ ʚʝ˂ʦʤ ʦʜ 1.100 ml. ʂʦʜ ʧʣʠʚʘʯʘ, ʨʚʘʯʘ ʠ 

ʜʫʛʦʧʨʫʛʘʰʘ ʟʘʧʨʝʤʠʥʘ ʿʝ ʦʢʦ 1000 ml, ʢʦʜ ʬʫʜʙʘʣʝʨʘ ʦʢʦ 900 ml, ʘ ʢʦʜ ʩʧʨʠʥʪʝʨʘ ʠ 

ʛʠʤʥʘʩʪʠʯʘʨʘ ʦʢʦ 800 ml. ʅʘʿʤʘˁʫ ʟʘʧʨʝʤʠʥʫ ʩʨʮʘ ʤʝʹʫ ʩʧʦʨʪʠʩʪʠʤʘ ʠʤʘʿʫ ʛʦʣʬʝʨʠ  - 

ʠʩʧʦʜ 700 ml (3).   
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1.3.1.4 ʋʪʠʮʘʿ ʠʥʪʝʥʟʠʚʥʝ ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʢʦʨʦʥʘʨʥʝ ʢʨʚʥʝ ʩʫʜʦʚʝ 

 

             ɱʝʜʥʘ ʦʜ ʛʣʘʚʥʠʭ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʬʠʟʠʦʣʦʰʢʝ ʠ ʧʘʪʦʣʦʰʢʝ ʭʠʧʝʨʪʨʦʬʠʿʝ ʩʨʮʘ 

ʿʝ ʫ ʚʘʩʢʫʣʘʨʠʟʘʮʠʿʠ ʤʠʦʢʘʨʜʘ. Ăʉʧʦʨʪʩʢʦ ʩʨʮʝñ ʿʝ ʜʦʙʨʦ ʚʘʩʢʫʣʘʨʠʟʦʚʘʥʦ ʟʘ ʨʘʟʣʠʢʫ 

ʦʜ ʤʠʦʢʘʨʜʘ ʢʦʜ ʧʘʪʦʣʦʰʢʝ ʭʠʧʝʨʪʨʦʬʠʿʝ. ʋ ʤʠʦʢʘʨʜʫ Ăʩʧʦʨʪʩʢʦʛ ʩʨʮʘñ ʜʦʣʘʟʠ ʜʦ 

ʜʠʣʘʪʘʮʠʿʝ ʣʫʤʝʥʘ ʢʦʨʦʥʘʨʥʠʭ ʘʨʪʝʨʠʿʩʢʠʭ ʢʨʚʥʠʭ ʩʫʜʦʚʘ, ʧʦʚʝ˂ʘˁʘ ʙʨʦʿʘ ʢʘʧʠʣʘʨʘ 

(110, 111). ʅʘʿʚʘʞʥʠʿʝ ʧʨʦʤʝʥʝ ʥʘ ʢʦʨʦʥʘʨʥʠʤ ʢʨʚʥʠʤ ʩʫʜʦʚʠʤʘ, ʢʦʿʝ ʥʘʩʪʘʿʫ ʧʦʜ 

ʫʪʠʮʝʤ ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ, ʩʫ ʥʘʩʪʘʥʘʢ ʥʦʚʠʭ ʪʟʚ. ʩʝʢʫʥʜʘʨʥʠʭ ʢʦʣʘʪʝʨʘʣʘ. ɳʠʭʦʚ 

ʥʘʩʪʘʥʘʢ ʿʝ ʚʝʦʤʘ ʩʧʦʨ ʠ ʧʨʝʜʤʝʪ ʩʫ ʚʝʣʠʢʦʛ ʠʥʪʝʨʝʩʦʚʘˁʘ ʫ ʩʘʚʨʝʤʝʥʦʿ ʢʘʨʜʠʦʣʦʛʠʿʠ. 

ʅʘʩʪʘʥʘʢ ʩʝʢʫʥʜʘʨʥʠʭ ʢʦʣʘʪʝʨʘʣʘ ʧʦʜ ʫʪʠʮʘʿʝʤ ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʧʦʿʝʜʠʥʠʤ 

ʦʙʦˀʝˁʠʤʘ (ʥʧʨ. ʥʘʢʦʥ ʩʨʯʘʥʦʛ ʠʥʬʘʨʢʪʘ) ʦʙʝʟʙʝʹʫʿʝ ʙʦˀʫ ʧʨʦʢʨʚˀʝʥʦʩʪ ʩʨʮʘ. 

ʅʦʚʦʥʘʩʪʘʣʝ ʢʦʣʘʪʝʨʘʣʝ ʫʢʘʟʫʿʫ ʥʘ ʟʥʘʯʘʿ ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ ʢʘʦ ʪʝʨʘʧʠʿʩʢʝ 

ʧʨʦʮʝʜʫʨʝ ʢʦʜ ʧʦʿʝʜʠʥʠʭ ʩʨʯʘʥʠʭ ʦʙʦˀʝˁʘ. ʉʝʢʫʥʜʘʨʥʝ ʢʦʣʘʪʝʨʘʣʝ ʥʘʩʪʘʿʫ ʧʦʜ 

ʫʪʠʮʘʿʝʤ: ʭʠʧʦʢʩʠʿʝ, ʧʦʚʝ˂ʘʥʦʛ ʛʨʘʜʠʿʝʥʪʘ ʧʨʠʪʠʩʢʘ, ʧʦʚʝ˂ʘʥʦʛ ʚʦʣʫʤʝʥʘ ʢʨʚʠ. 

              ʂʦʜ Ăʩʧʦʨʪʩʢʦʛ ʩʨʮʘñ ʿʝ ʫʦʯʝʥʦ ʜʘ ʩʝ ʠʟ ʢʨʚʠ ʝʢʩʪʨʘʭʫʿʝ ʚʠʰʝ ʢʠʩʝʦʥʠʢʘ ʥʝʛʦ 

ʢʦʜ ʩʨʮʘ ʦʩʦʙʘ ʢʦʿʝ ʩʫ ʬʠʟʠʯʢʠ ʥʝʘʢʪʠʚʥʝ. ʆʚʦ ʩʝ ʦʙʿʘʰˁʘʚʘ ʩʥʠʞʝʥʠʤ ʪʢʠʚʥʠʤ 

ʧʨʠʪʠʩʢʦʤ ʢʠʩʝʦʥʠʢʘ ʫ ʤʠʦʢʘʨʜʫ, ˁʝʛʦʚʦʤ ʨʝʛʠʦʥʘʣʥʦʤ ʠʩʭʝʤʠʿʦʤ ʠ ʧʦʚʝ˂ʘʥʠʤ 

ʜʠʬʫʟʠʦʥʠʤ ʧʫʪʝʤ ʦʜ ʢʨʚʠ ʜʦ ʩʘʨʢʦʧʣʘʟʤʝ ʤʠʦʬʠʙʨʠʣʘ (112). 

 

1.3.1.5 ɼʠʿʘʛʥʦʟʘ Ăʩʧʦʨʪʩʢʦʛ ʩʨʮʘñ- ʭʠʧʝʨʪʨʦʬʠʿʝ ʤʠʦʢʘʨʜʘ ʣʝʚʝ ʢʦʤʦʨʝ 

              

             ʉʘʚʨʝʤʝʥʘ ʤʝʜʠʮʠʥʘ ʫ ʜʠʿʘʛʥʦʟʠ ʍʄʃʂ ʢʦʨʠʩʪʠ ʨʘʟʥʝ ʜʠʿʘʛʥʦʩʪʠʯʢʝ 

ʧʨʦʮʝʜʫʨʝ ʢʦʿʝ ʤʦʛʫ ʙʠʪʠ ʠʥʚʘʥʟʠʚʥʝ ʠ ʥʝʠʥʚʘʥʟʠʚʥʝ. ʅʝʠʥʚʘʟʠʚʥʝ ʜʠʿʘʛʥʦʩʪʠʯʢʝ 

ʤʝʪʦʜʝ ʩʫ: ʝʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʿʘ (EKG), ʝʭʦʢʘʨʜʠʦʛʨʘʬʠʿʘ, ʪʝʣʝʨʘʜʠʦʛʨʘʬʠʿʘ ʩʨʮʘ,  

ʫʣʪʨʘʟʚʫʯʥʠ ʧʨʝʛʣʝʜ, ʢʦʤʧʿʫʪʝʨʠʟʦʚʘʥʘ ʪʦʤʦʛʨʘʬʠʿʘ ʠ ʥʫʢʣʝʘʨʥʘ ʤʘʛʥʝʪʥʘ ʨʝʟʦʥʘʥʮʘ. 

ʋ ʠʥʚʘʟʠʚʥʝ ʜʠʿʘʛʥʦʩʪʠʯʢʝ ʤʝʪʦʜʝ ʫʙʨʘʿʘʿʫ ʩʝ: ʢʘʪʝʪʝʨʠʟʘʮʠʿʘ ʩʨʮʘ, ʢʦʨʦʥʘʨʦʛʨʘʬʠʿʘ, 

ʠʥʪʨʘʢʘʨʜʠʿʘʣʥʘ ʝʣʝʢʪʨʦʬʠʟʠʦʣʦʰʢʘ ʠʩʧʠʪʠʚʘˁʘ, ʠʥʪʨʘʢʘʨʜʠʿʘʣʥʘ ʝʭʦʛʨʘʬʠʿʘ. 

ɽʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʿʘ  ʿʝ  ʥʝʜʦʚʦˀʥʦ ʧʨʝʮʠʟʥʘ, ʨʘʜʠ ʩʝ ʫ ʤʠʨʦʚʘˁʫ ʠ ʫ ʥʘʧʦʨʫ ʪʟʚ. 

Ăʩʪʨʝʩ ʪʝʩʪ EKGñ (112). ʋʦʧʰʪʝʥʦ ʟʘ ʩʧʦʨʪʩʢʦ ʩʨʮʝ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʩʢʨʝʪʘˁʝ 

ʝʣʝʢʪʨʠʯʥʝ ʦʩʦʚʠʥʝ ʫ ʣʝʚʦ (113), ʩʠʥʫʩʥʘ ʙʨʘʜʠʢʘʨʜʠʿʘ (114), ʨʝʩʧʠʨʘʪʦʨʥʘ ʘʨʠʪʤʠʿʘ,  

ʠʥʢʦʤʧʣʝʪʥʠ ʙʣʦʢ, Lyon-Sokolow ʩʢʦʨ  ʢʦʜ ʩʧʦʨʪʩʢʦʛ ʩʨʮʘ ʿʝ ʧʨʝʢʦ 35 mm. QRS 

ʢʦʤʧʣʝʢʩʘ ʿʝ ʧʨʦʰʠʨʝʥ, ʘ QT ʠʥʪʝʨʚʘʣ ʧʨʦʜʫʞʝʥ (115). ɽʭʦʢʘʨʜʠʦʛʨʘʬʠʿʘ ʫ 

ʜʠʿʘʛʥʦʩʪʠʮʠ Ăʩʧʦʨʪʩʢʦʛ ʩʨʮʘñ ʧʨʝʜʩʪʘʚˀʘ Ăʟʣʘʪʥʠ ʩʪʘʥʜʘʨʜñ. ʉʪʝʧʝʥ ʢʦʨʝʣʘʮʠʿʝ 

ʠʟʤʝʹʫ ʤʘʩʝ ʃʂ ʫʪʚʨʹʝʥ ʝʭʦʢʘʨʜʠʦʛʨʘʬʩʢʠ ʠ ʥʘ ʘʫʪʦʧʩʠʿʩʢʦʤ ʤʘʪʝʨʠʿʘʣʫ ʿʝ ʚʝʦʤʘ 

ʚʠʩʦʢ. ɹʨʦʿʥʠ ʧʘʨʘʤʝʪʨʠ ʩʝ ʤʦʛʫ ʝʭʦʢʘʨʜʠʦʛʨʘʬʩʢʠ ʧʨʘʪʠʪʠ: ʜʠʿʘʤʝʪʘʨ ʣʝʚʝ ʢʦʤʦʨʝ ʫ 

ʩʠʩʪʦʣʠ ʠ ʜʠʿʘʩʪʦʣʠ, ʜʠʿʘʤʝʪʘʨ ʣʝʚʝ ʧʨʝʪʢʦʤʦʨʝ, ʜʝʙˀʠʥʘ ʠʥʪʝʨʚʝʥʪʨʠʢʫʣʘʨʥʦʛ 

ʩʝʧʪʫʤʘ ʠ ʟʠʜʘ ʣʝʚʝ ʢʦʤʦʨʝ, ʝʥʜʜʠʿʘʩʪʦʣʥʠ ʚʦʣʫʤʝʥ, ʩʠʩʪʦʣʥʠ ʚʦʣʫʤʝʥ. 

             ʂʦʜ ʩʧʦʨʪʠʩʪʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʩʧʦʨʪʦʚʠʤʘ ʪʠʧʘ ʠʟʜʨʞˀʠʚʦʩʪʠ, ʝʭʦʢʘʨʜʠʦʛʨʘʬʩʢʠ 

ʩʝ ʨʝʛʠʩʪʨʫʿʝ ʫʚʝ˂ʘˁʝ ʰʫʧˀʠʥʝ ʣʝʚʝ ʢʦʤʦʨʝ ʫ ʩʠʩʪʦʣʠ ʠ ʜʠʿʘʩʪʦʣʠ, ʤʠʥʠʤʘʣʥʦ 

ʫʚʝ˂ʘˁʝ ʣʝʚʝ ʧʨʝʪʢʦʤʦʨʝ, ʟʘʪʠʤ ʫʚʝ˂ʘˁʝ ʝʥʜʠʿʘʩʪʦʣʥʦʛ ʚʦʣʫʤʝʥʘ ʠ ʧʦʩʣʝʜʠʯʥʦ 

ʫʜʘʨʥʦʛ ʚʦʣʫʤʝʥʘ (116). ʂʦʜ ʩʧʦʨʪʠʩʪʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʩʧʦʨʪʦʚʠʤʘ ʪʠʧʘ ʩʥʘʛʝ, ʨʝʛʠʩʪʨʫʿʝ 

ʩʝ ʟʘʜʝʙˀʘˁʝ ʟʠʜʦʚʘ ʃʂ - ʠʥʪʝʨʚʝʥʪʨʠʢʫʣʘʨʥʠ ʩʝʧʪʫʤ ʠ ʟʘʜˁʠ ʟʠʜ ʃʂ. ʄʘʩʘ ʤʠʦʢʘʨʜʘ 

ʃʂ ʿʝ ʧʦʚʝ˂ʘʥʘ, ʰʫʧˀʠʥʘ ʃʂ ʥʠʿʝ ʫʚʝ˂ʘʥʘ, ʢʘʦ ʥʠ ʝʥʜ-ʜʠʿʘʩʪʦʣʥʠ ʚʦʣʫʤʝʥ ʠ ʩʠʩʪʦʣʥʠ 

ʚʦʣʫʤʝʥ (ʢʦʥʮʝʥʪʨʠʯʥʘ ʍʄʃʂ) (117, 118). ɽʭʦʢʘʨʜʠʦʛʨʘʬʩʢʠ ʩʝ ʦʜʨʝʹʫʿʝ ʝʿʝʢʮʠʦʥʘ 

ʬʨʘʢʮʠʿʘ. ɿʘ ʩʧʦʨʪʩʢʫ ʢʘʨʜʠʦʣʦʛʠʿʫ ʝʿʝʢʮʠʦʥʘ ʬʨʘʢʮʠʿʘ ʿʝ ʦʜ ʧʦʩʝʙʥʦʛ ʟʥʘʯʘʿʘ ʿʝʨ ˁʝʥʦ 

ʩʤʘʝˁˁ ʝ ʫʢʘʟʫʿʝ ʥʘ ʩʣʘʙʦʩʪ ʩʨʮʘ (116-118). 

             ʇʨʦʮʝʥʘ ʜʠʿʘʩʪʦʣʥʝ ʬʫʥʢʮʠʿʝ, ʜʦʧʣʝʨ ʜʠʿʘʩʪʦʣʥʠ ʠʥʜʝʢʩ ʧʫˁʝˁʘ ʣʝʚʝ ʢʦʤʦʨʝ  

ʩʝ ʦʜʨʝʹʫʿʝ ʪʨʘʥʩʤʠʪʨʘʣʥʦʤ ʜʦʧʣʝʨ ʝʭʦʢʘʨʜʠʦʛʨʘʬʠʿʦʤ ʠ ʨʘʜʠʦʥʫʢʣʠʜʥʦʤ 
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ʘʥʛʠʦʛʨʘʬʠʿʦʤ. ʇʨʘʪʠ ʩʝ E/A ʦʜʥʦʩ, ʪʿ. ʦʜʥʦʩ ʠʟʤʝʹʫ ʙʨʟʠʥʝ ʨʘʥʦʛ ʜʠʿʘʩʪʦʣʥʦʛ ʧʫˁʝˁʘ 

(ɽ) ʠ ʙʨʟʠʥʝ ʘʪʨʠʿʘʣʥʝ ʠʣʠ ʧʦʟʥʝ ʬʘʟʝ ʜʠʿʘʩʪʦʣʥʦʛ ʧʫˁʝˁʘ (ɸ) (119). 

 ʂʦʤʧʿʫʪʝʨʠʟʦʚʘʥʘ ʪʦʤʦʛʨʘʬʠʿʘ ʠ ʥʫʢʣʝʘʨʥʘ ʤʘʛʥʝʪʥʘ ʨʝʟʦʥʘʥʮʘ ʩʫ ʜʦʙʨʝ 

ʤʝʪʦʜʝ ʟʘ ʜʠʿʘʛʥʦʩʪʠʢʦʚʘˁʝ ʭʠʧʝʨʪʨʦʬʠʿʝ ʤʠʦʢʘʨʜʘ ʘʣʠ ʩʫ ʩʢʫʧʝ ʠ ʪʠʤʝ 

ʥʝʧʨʠʩʪʫʧʘʯʥʝ (120). ʉʢʨʠʥʠʥʛ ʯʣʘʥʦʚʘ ʧʦʨʦʜʠʮʝ ʢʦʜ ʩʧʦʨʪʠʩʪʘ ʩʘ Ăʩʧʦʨʪʩʢʠʤ ʩʨʮʝʤñ 

ʿʘʢʦ ʿʝ ʚʘʞʥʦ ʫʨʘʜʠʪʠ ʨʘʜʠ ʫʪʚʨʹʠʚʘˁʘ ʧʦʩʪʦʿʘˁʘ ʥʝʢʠʭ ʜʨʫʛʠʭ ʢʘʨʜʠʦʣʦʰʢʠʭ 

ʦʙʦˀʝˁʘ (102). DNA ʜʠʿʘʛʥʦʩʪʠʢʘ ʢʦʜ Ăʩʧʦʨʪʩʢʦʛ ʩʨʮʘñ je ʚʨʣʦ ʤʦ˂ʥʘ, ʧʨʦʮʝʩ ʿʝ 

ʜʫʛʦʪʨʘʿʘʥ, ʢʦʤʧʣʠʢʦʚʘʥ ʠ ʩʢʫʧ (114).    
   ʇʘʪʦ-ʘʥʘʪʦʤʩʢʘ ʜʠʿʘʛʥʦʟʘ ʭʠʧʝʨʪʨʦʬʠʿʝ ʤʠʦʢʘʨʜʘ ʩʝ ʧʦʩʪʘʚˀʘ ʥʘ 

ʤʘʢʨʦʩʢʦʧʩʢʦʤ ʥʠʚʦʫ ʘʥʘʣʠʟʦʤ ʪʝʞʠʥʝ ʩʨʮʘ (ʥʦʨʤʘʣʥʦ ʜʦ 400g), ʠ ʜʝʙˀʠʥʝ ʤʠʦʢʘʨʜʘ 

ʣʝʚʝ ʢʦʤʦʨʝ (ʥʦʨʤʘʣʥʦ 1,25 ʜʦ 1,5 cm). ʍʠʩʪʦʣʦʰʢʠ ʢʨʠʪʝʨʠʿʫʤʠ ʩʫ ʧʦʚʝ˂ʘˁʝ 

ʢʘʨʜʠʦʤʠʦʮʠʪʘ ʫ ʰʠʨʠʥʫ ʠ ʜʫʞʠʥʫ. ʂʦʜ ʢʦʥʮʝʥʪʨʠʯʥʝ ʭʠʧʝʨʪʨʦʬʠʿʝ ʤʠʦʢʘʨʜʘ 

ʢʘʨʜʠʦʤʠʦʮʠʪʠ ʩʝ ʫʚʝ˂ʘʚʘʿʫ ʧʦ ʰʠʨʠʥʠ, ʢʦʜ ʝʢʩʮʝʥʪʨʠʯʥʝ ʭʠʧʝʨʪʨʦʬʠʿʝ ʧʦ ʜʫʞʠʥʠ. ʋ 

ʦʜʥʦʩʫ ʥʘ ʚʝʣʠʯʠʥʫ ʢʘʨʜʠʦʤʠʦʮʠʪʘ ʍʄʃʂ ʩʝ ʜʝʣʠ ʥʘ: ʣʘʢʫ 16-20Õm, ʩʨʝʜˁʫ 21-25 Õm  

ʠ ʿʘʢʫ >25 Õm (114). 

 

1.3.2  ʀʟʥʝʥʘʜʥʘ ʩʤʨʪ  ʠ  ʘʢʪʠʚʥʠ ʩʧʦʨʪʠʩʪʠ 

 

             ʀʟʥʝʥʘʜʥʘ ʩʤʨʪ ʩʧʦʨʪʠʩʪʘ ʧʦʙʫʹʫʿʝ ʚʝʣʠʢʫ ʧʘʞˁʫ ʫ ʢʘʨʜʠʦʣʦʛʠʿʠ ʠ ʫ ʿʘʚʥʦʩʪʠ, 

ʧʦʩʝʙʥʦ ʰʪʦ ʩʫ ʫ ʧʠʪʘˁʫ ʤʣʘ́ʝ ʦʩʦʙʝ ʫ ʜʦʙʨʦʿ ʬʠʟʠʯʢʦʿ ʢʦʥʜʠʮʠʿʠ. ɿʘʭʪʝʚʠ 

ʩʘʚʨʝʤʝʥʦʛ ʩʧʦʨʪʘ ʠ ʪʘʢʤʠʯʝˁʘ ʩʫ ʦʛʨʦʤʥʠ ʪʘʢʦ ʜʘ ʩʫ ʩʧʦʨʪʠʩʪʠ ʠʟʣʦʞʝʥʠ ʝʥʦʨʤʥʦʤ 

ʬʠʟʠʯʢʦʤ ʦʧʪʝʨʝ˂ʝˁʫ. ʅʘʿʯʝʰ˂ʠ ʫʟʨʦʢ ʠʟʥʝʥʘʜʥʝ ʩʤʨʪʠ ʢʦʜ ʩʧʦʨʪʠʩʪʘ ʩʫ ʢʘʨʜʠʦ-

ʚʘʩʢʫʣʘʨʥʘ ʦʙʦˀʝˁʘ. ʇʨʝʤʘ ʥʦʚʠʿʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʠʥʮʠʜʝʥʮʘ ʠʟʥʝʥʘʜʥʝ ʩʤʨʪʠ 

ʠʟʥʦʩʠ 1-5 ʩʣʫʯʘʿʝʚʘ ʥʘ 100.000 ʩʧʦʨʪʠʩʪʘ, ʘ ʦʜ ʪʦʛʘ 85-90% ʫʟʨʦʮʠ ʩʫ ʙʦʣʝʩʪʠ ʩʨʮʘ 

(114, 121). 

             ʀʟʥʝʥʘʜʥʘ ʩʤʨʪ ʿʝ ʯʝʰ˂ʘ ʢʦʜ ʩʧʦʨʪʠʩʪʘ ʤʫʰʢʦʛ ʧʦʣʘ. ʅʘʿʯʝʰ˂ʘ ʢʘʨʜʠʦ-

ʚʘʩʢʫʣʘʨʥʘ ʦʙʦˀʝˁʘ ʢʦʿʘ ʜʦʚʦʜʝ ʜʦ ʠʟʥʝʥʘʜʥʝ ʩʤʨʪʠ ʩʫ: ʭʠʧʝʨʪʨʦʬʠʿʩʢʘ 

ʢʘʨʜʠʦʤʠʦʧʘʪʠʿʘ, ʠʩʭʝʤʠʿʩʢʘ ʙʦʣʝʩʪ ʩʨʮʘ, ʫʨʦʹʝʥʝ ʘʥʦʤʘʣʠʿʝ ʩʨʮʘ ʠ ʢʦʨʦʥʘʨʥʠʭ 

ʢʨʚʥʠʭ ʩʫʜʦʚʘ, ʜʨʫʛʝ ʢʘʨʜʠʦʤʠʦʧʘʪʠʿʝ, ʤʠʦʢʘʨʜʠʪʠʩʠ, ʩʪʝʯʝʥʝ ʩʨʯʘʥʝ ʤʘʥʝ, ʧʦʨʝʤʝ˂ʘʿ 

ʩʨʯʘʥʦʛ ʨʠʪʤʘ. ɺʦʜʝ˂ʠ ʫʟʨʦʢ ʠʟʥʝʥʘʜʥʝ ʩʤʨʪʠ ʿʝ ʚʝʥʪʨʠʢʫʣʘʨʥʘ ʬʠʙʨʠʣʘʮʠʿʘ (122). 

 

1.3.2.1  ʍʠʧʝʨʪʨʦʬʠʿʩʢʘ ʢʘʨʜʠʦʤʠʦʧʘʪʠʿʘ 

             

             ʍʠʧʝʨʪʨʦʬʠʿʩʢʘ ʢʘʨʜʠʦʤʠʦʧʘʪʠʿʘ (HCM) ʩʝ ʠʥʪʝʥʟʠʚʥʦ ʧʨʘʪʠ ʠ ʠʟʫʯʘʚʘ ʫ 

ʩʧʦʨʪʩʢʦʿ ʢʘʨʜʠʦʣʦʛʠʿʠ. ɼʦʩʪʘ ʿʝ ʨʝʪʢʦ ʦʙʦˀʝˁʝ, 1-2% ʫ ʦʧʰʪʦʿ ʧʦʧʫʣʘʮʠʿʠ, ʘʣʠ 

ʨʝʣʘʪʠʚʥʦ ʯʝʩʪʦ ʩʝ ʥʘʚʦʜʠ ʢʘʦ ʫʟʨʦʢ ʠʟʥʝʥʘʜʥʝ ʩʨʯʘʥʝ ʩʤʨʪʠ ʩʧʦʨʪʠʩʪʘ (123). 

ʍʠʧʝʨʪʨʦʬʠʿʩʢʘ ʢʘʨʜʠʦʤʠʦʤʘʪʠʿʘ ʿʝ ʧʨʠʤʘʨʥʘ ʙʦʣʝʩʪ ʩʨʮʘ. ʅʘʿʟʥʘʯʘʿʥʠʿʘ 

ʝʭʦʢʘʨʜʠʦʛʨʘʬʩʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʿʝ ʘʩʠʤʝʪʨʠʯʥʘ ʭʠʧʝʨʪʨʦʬʠʿʘ ʠ ʥʝʜʠʣʘʪʠʨʘʥʘ ʣʝʚʘ 

ʢʦʤʦʨʘ ʫ ʦʜʩʫʩʪʚʫ ʜʨʫʛʦʛ ʩʨʯʘʥʦʛ ʠʣʠ ʩʠʩʪʝʤʩʢʦʛ ʦʙʦˀʝˁʘ ʢʦʿʝ ʜʦʚʦʜʠ ʜʦ 

ʭʠʧʝʨʪʨʦʬʠʿʝ ʩʨʮʘ (124, 125). 

             ʂʣʠʥʠʯʢʘ ʤʘʥʠʬʝʩʪʘʮʠʿʘ HCM  ʿʝ ʨʘʟʥʦʚʨʩʥʘ. ʂʦʜ ʤʣʘʹʠʭ ʦʩʦʙʘ ʙʦʣʝʩʪ ʤʦʞʝ 

ʜʘ ʧʨʦʪʠʯʝ ʙʝʟ ʩʠʤʧʪʦʤʘ, ʜʘ ʩʝ ʩʣʫʯʘʿʥʦ ʦʪʢʨʠʿʝ ʩʠʩʪʦʣʥʠ ʰʫʤ ʠ ʜʘ ʩʝ ʜʦʜʘʪʥʠʤ 

ʤʝʪʦʜʘʤʘ ʦʪʢʨʠʿʝ ʧʨʠʨʦʜʘ ʙʦʣʝʩʪʠ. ʅʘʿʯʝʰ˂ʠ ʩʠʤʧʪʦʤ ʿʝ ʜʠʩʧʥʝʿʘ ʧʨʠ ʥʘʧʦʨʫ ʢʦʿʘ 

ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʧʦʚʝ˂ʘʥʦʛ ʧʨʠʪʠʩʢʘ ʥʘ ʢʨʘʿʫ ʜʠʿʘʩʪʦʣʝ ʫ ʣʝʚʦʿ ʢʦʤʦʨʠ ʠ ʫ ʧʣʫ˂ʥʠʤ 

ʚʝʥʘʤʘ, ʿʝʨ ʿʝ ʦʪʝʞʘʥʦ ʧʫˁʝˁʝ ʣʝʚʝ ʢʦʤʦʨʝ. ɸʥʛʠʥʦʟʥʠ ʙʦʣ ʩʝ ʿʘʚˀʘ ʫʩʣʝʜ ʥʝʩʨʘʟʤʝʨʝ 

ʠʟʤʝʹʫ ʩʥʘʙʜʝʚʘˁʘ ʠ ʧʦʚʝ˂ʘʥʝ ʧʦʪʨʝʙʝ ʭʠʧʝʨʪʨʦʬʠʯʥʦʛ ʤʠʦʢʘʨʜʘ. ɹʦʣ ʦʙʠʯʥʦ ʥʝ 
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ʨʝʘʛʫʿʝ ʥʘ ʥʠʪʨʦʛʣʠʮʝʨʠʥ, ʰʪʦ ʤʦʞʝ ʙʠʪʠ ʦʜ ʜʠʿʘʛʥʦʩʪʠʯʢʦʛ ʟʥʘʯʘʿʘ. ʉʠʥʢʦʧʘ ʠʣʠ 

ʩʪʘˁʘ ʙʣʠʟʫ ʩʠʥʢʦʧʝ ʩʫ ʧʦʩʣʝʜʠʮʘ ʤʘʣʦʛ ʫʜʘʨʥʦʛ ʚʦʣʫʤʝʥʘ ʠ ʚʨʣʦ ʯʝʩʪʠʭ 

ʚʝʥʪʨʠʢʫʣʘʨʥʠʭ ʘʨʠʪʤʠʿʘ ʠ ʥʘʿʯʝʰ˂ʝ ʥʘʩʪʘʿʝ ʫ ʥʘʧʦʨʫ (123, 126, 127). ʋ ʦʜʤʘʢʣʦʤ 

ʩʪʘʜʠʿʫʤʫ ʙʦʣʝʩʪʠ ʤʦʞʝ ʩʝ ʨʘʟʚʠʪʠ ʢʦʥʛʝʩʪʠʚʥʘ ʩʨʯʘʥʘ ʠʥʩʫʬʠʮʠʿʝʥʮʠʿʘ ʢʦʿʘ ʦʙʠʯʥʦ 

ʥʘʩʪʘʿʝ ʧʦʩʣʝ ʧʦʿʘʚʝ ʘʪʨʠʿʘʣʥʝ ʬʠʙʨʠʣʘʮʠʿʝ. ʂʦʜ  ʫʚʝ˂ʘˁʘ ʩʨʮʘ ʢʦʜ ʩʧʦʨʪʠʩʪʝ 

ʥʘʿʚʘʞʥʠʿʝ ʿʝ ʥʘʧʨʘʚʠʪʠ ʨʘʟʣʠʢʫ ʫ ʦʜʥʦʩʫ ʥʘ HCM, ʩʣʠʢʘ ʙʨ. 4 (114, 128). 

 

   
      ʉʣʠʢʘ ʙʨ 4. ʉʨʮʝ ʩʘ HC                 ʅʦʨʤʘʣʥʦ ʩʨʮʝ                     ʉʨʮʝ ʩʘ HCM         

 

             ʍʠʧʝʨʪʨʦʬʠʿʘ ʣʝʚʝ ʢʦʤʦʨʝ ʢʦʜ HCM ʿʝ ʘʩʠʤʝʪʨʠʯʥʘ, ʩʘ ʧʨʦʩʝʯʥʦʤ ʜʝʙˀʠʥʦʤ 

ʩʝʧʪʫʤʘ ʦʜ 20 mm ʠ ʤʘʢʩʠʤʘʣʥʦʤ ʜʝʙˀʠʥʦʤ ʟʠʜʘ ʦʜ ʯʘʢ 50 mm. ʉʧʦʨʪʩʢʦ ʩʨʮʝ ʠʤʘ 

ʧʨʦʩʝʯʥʫ ʜʝʙˀʠʥʫ ʟʠʜʘ ʜʦ 13 mm (ʦʙʿʘʚˀʝʥʝ ʩʫ ʠ ʚʨʝʜʥʦʩʪʠ ʜʦ 16 mm) (129), 

ʭʠʧʝʨʪʨʦʬʠʿʘ ʿʝ ʫʛʣʘʚʥʦʤ ʩʠʤʝʪʨʠʯʥʘ. ʄʘʣʠ ʙʨʦʿ ʦʙʦʣʝʣʠʭ ʦʜ HCM ʠʤʘʿʫ ʤʘˁʝ 

ʠʟʨʘʞʝʥʫ ʭʠʧʝʨʪʨʦʬʠʿʫ (ʦʜ 13 - 15 mm) ʠ ʦʥʘ ʤʦʞʝ ʙʠʪʠ ʩʠʤʝʪʨʠʯʥʘ. ʆʚʝ ʚʨʝʜʥʦʩʪʠ 

ʜʝʙˀʠʥʝ ʟʠʜʘ ʣʝʚʝ ʢʦʤʦʨʝ ʩʫ "ʩʠʚʘ ʟʦʥʘ" ʠʟʤʝʫ́ HCM ʠ ʩʧʦʨʪʩʢʦʛ ʩʨʮʘ ʠ ʩʧʦʨʪʠʩʪʠ ʩʘ 

ʦʚʘʢʚʠʤ ʥʘʣʘʟʦʤ ʫʚʝʢ ʩʝ ʤʦʨʘʿʫ ʧʦʜʚʨʛʥʫʪʠ ʜʦʜʘʪʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ (130). 

             ɼʠʬʝʨʝʥʮʠʿʘʣʥʦ-ʜʠʿʘʛʥʦʩʪʠʯʢʠ ʧʨʦʙʣʝʤ ʿʝ ʚʝʣʠʢʠ ʫ ʧʝʨʠʦʜʫ ʘʜʦʣʝʩʮʝʥʮʠʿʝ.  

ɼʝʙˀʠʥʘ ʤʠʦʢʘʨʜʘ  ʢʦʜ HCM ʥʠʩʫ ʜʦʩʪʠʛʣʝ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʦʚʦʤ ʧʝʨʠʦʜʫ,  

"ʩʧʦʨʪʩʢʦ ʩʨʮʝ" ʿʝ  ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʘʜʦʣʝʩʮʝʥʮʠʿʫ  ʠ ʣʘʢʦ  ʩʝ ʧʨʝʚʠʜʠ ʜʠʿʘʛʥʦʟʘ. 

ʇʨʝʤʘ ʠʩʪʨʘʞʠʚʘˁʠʤʘ Scharme S. ʠ ʩʘʨʘʜʥʠʢʘ (131) ʧʨʝʜʣʦʞʝʥʦ ʿʝ ʜʘ ʩʝ ʢʦʜ 

ʘʜʦʣʝʩʮʝʥʘʪʘ ʭʠʧʝʨʪʨʦʬʠʿʩʢʦʤ ʢʘʨʜʠʦʤʠʦʧʘʪʠʿʦʤ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʜʝʙˀʠʥʘ ʟʠʜʘ ʣʝʚʝ 

ʢʦʤʦʨʝ ʚʝ˂ʘ ʦʜ 12 mm (ʞʝʥʝ 11 mm) ʫʜʨʫʞʝʥʘ ʩʘ ʥʝʜʠʣʘʪʠʨʘʥʦʤ ʣʝʚʦʤ ʢʦʤʦʨʦʤ (132).   

             ɹʨʦʿʥʠ ʧʦʢʘʟʘʪʝˀʠ ʩʫ ʙʠʪʥʠ ʟʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʫ ʜʠʿʘʛʥʦʟʫ HCM ʦʜ Ăʩʧʦʨʪʩʢʦʛ 

ʩʨʮʘñ. ɿʘ HCM ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʭʝʪʝʨʦʛʝʥʦ ʟʘʜʝʙˀʘˁʝ ʧʨʝʜˁʝʛ ʜʝʣʘ ʩʝʧʪʫʤʘ, ʦʰʪʨʠ 

ʧʨʝʣʘʟʠ ʩʘ ʜʝʙˀʠʭ ʥʘ ʤʘˁʝ ʜʝʙˀʝ ʜʝʣʦʚʝ. ʆʜʥʦʩ ʠʟʤʝʹʫ ʜʝʙˀʠʥʝ ʩʝʧʪʫʤʘ ʠ ʟʘʜˁʝʛ 

ʟʠʜʘ ʣʝʚʝ ʢʦʤʦʨʝ ʿʝ ʫʚʝ˂ʘʥ, ʝʥʜʠʿʘʩʪʦʣʥʠ ʜʠʿʘʤʝʪʨ ʣʝʚʝ ʢʦʤʦʨʝ ʿʝ ʤʘˁʠ ʦʜ 45 mm ʢʦʜ 

HCM, ʿʝʜʠʥʦ ʿʝ ʧʦʚʝ˂ʘʥ ʫ ʦʜʤʘʢʣʦʿ ʬʘʟʠ ʙʦʣʝʩʪʠ. ʂʦʜ HCM ʩʝ ʨʝʛʠʩʪʨʫʿʝ ʧʦʨʝʤʝ˂ʘʿ 

ʜʠʿʘʩʪʦʣʥʝ ʬʫʥʢʮʠʿʝ, ʢʦʿʠ ʿʝ ʢʦʜ HCM ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʩʪʝʧʝʥʫ ʭʠʧʝʨʪʨʦʬʠʿʝ.   

             ɿʘ ʜʠʿʘʛʥʦʟʫ HCM ʿʝ ʙʠʪʘʥ ʩʢʨʠʥʠʥʛ ʯʣʘʥʦʚʘ ʧʦʨʦʜʠʮʝ (102), ʚʘʞʥʦ ʿʝ 

ʘʥʘʤʥʝʩʪʠʯʢʠ ʫʪʚʨʜʠʪʠ ʜʘ ʣʠ ʩʝ ʢʦʜ ʿʦʰ ʥʝʢʦʛ ʯʣʘʥʘ ʧʦʨʦʜʠʮʝ ʿʘʚˀʘʿʫ ʩʣʠʯʥʝ ʧʨʦʤʝʥʝ 

(133). ɹʦʣʝʩʪ ʩʝ ʥʘʩʣʝʹʫʿʝ, ʫʪʚʨʹʝʥʠ ʩʫ ʠ ʦʜʨʝʹʝʥʠ ʛʝʥʝʪʩʢʠ ʜʝʬʝʢʪʠ ʢʦʿʠ ʟʘʭʚʘʪʘʿʫ 

ʧʨʦʪʝʠʥ ʪʨʦʧʦʥʠʥ ɻ ʠ a-ʪʨʦʧʦʤʠʦʟʠʥ. ʈʝʛʠʩʪʨʦʚʘʥʝ ʩʫ ʠ ʙʨʦʿʥʝ ʤʫʪʘʮʠʿʝ ʥʘ ʪʝʰʢʦʤ 
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ʣʘʥʮʫ b ʤʠʦʟʠʥa (134). ʇʨʝʩʪʘʥʢʦʤ ʪʨʝʥʠʨʘˁʘ, ʧʨʦʤʝʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʘ ʩʧʦʨʪʩʢʦ 

ʩʨʮʝ ʨʝʛʨʝʜʠʨʘʿʫ ʚʝ˂ ʧʦʩʣʝ ʿʝʜʥʝ ʥʝʜʝˀʝ, ʪhʦ ʩʝ ʢʦʜ HCM ʥʠʢʘʜ ʥʝ ʜʝʰʘʚʘ. 

 

1.3.3  ʍʠʧʝʨʪʨʦʬʠʿʘ ʩʨʮʘ ʥʘ ʘʥʠʤʘʣʥʦʤ ʤʦʜʝʣʫ 

             

             ɸʢʪʫʝʣʥʦʩʪ ʪʝʤʝ ʠ ʦʛʨʘʥʠʯʝʥʦʩʪ ʠʩʧʠʪʠʚʘˁʘ ʥʘ ʯʦʚʝʢʫ ʫʩʣʦʚʠʣʠ ʩʫ  ʨʘʟʚʠʿʘˁʝ 

ʙʨʦʿʥʠʭ ʘʥʠʤʘʣʥʠʭ ʤʦʜʝʣʘ ʟʘ ʠʟʘʟʠʚʘˁʝ ʭʠʧʝʨʪʨʦʬʠʿʝ ʩʨʮʘ ʬʠʟʠʯʢʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ. 

ɻʣʦʜʘʨʠ (ʧʘʮʦʚʠ ʠ ʤʠʰʝʚʠ) ʠʤʘʿʫ ʢʨʘʪʘʢ ʛʝʩʪʘʮʠʿʩʢʠ ʧʝʨʠʦʜ, ʣʘʢʦ ʩʝ ʨʘʟʤʥʦʞʘʚʘʿʫ, 

ʙʨʟʦ ʜʦʩʪʠʞʫ ʟʨʝʣʦʩʪ (ʦʢʦ ʜʚʘ ʤʝʩʝʮʘ), ʥʠʩʫ ʩʢʫʧʠ ʠ ʜʦʩʪʘ ʩʫ ʧʦʚʦˀʥʠ ʟʘ ʩʧʨʦʚʦʹʝˁʝ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ. ʅʝʜʦʩʪʘʪʘʢ  ʫʧʦʪʨʝʙʝ ʛʣʦʜʘʨʘ ʫ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʩʫ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ 

ˁʠʭʦʚʦʛ ʤʠʦʢʘʨʜʘ ʠ ˀʫʜʩʢʦʛ ʫ ʧʦʛʣʝʜʫ ʢʦʥʪʨʘʢʪʠʣʥʦʩʪʠ, ʘʣʠ ʫ ʰʠʨʦʤ ʢʦʥʪʝʢʩʪʫ 

ʧʦʩʪʦʿʠ ʠ ʜʦʩʪʘ ʩʣʠʯʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʨʘʩʪ ʩʨʮʘ (135).  

             ɺʝ˂ʠ ʘʥʠʤʘʣʥʠ ʤʦʜʝʣʠ (ʧʘʩ, ʟʝʮ, ʩʚʠˁʘ) ʩʫ ʣʘʢʰʠ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʦʜ ʛʣʦʜʘʨʘ, ʚʝ˂ʝ ʿʝ ʩʨʮʝ, ʣʘʢʰʝ ʟʘ ʨʘʜ ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʉʣʠʯʥʦʩʪ ʫ 

ʩʪʨʫʢʪʫʨʥʦʤ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʤ ʧʦʛʣʝʜʫ ʚʝ˂ʘ ʿʝ ʩʘ ʭʫʤʘʥʠʤ ʩʨʮʝʤ ʘʣʠ ʩʫ ʦʚʠ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʘʣʝʢʦ ʩʢʫʧˀʠ, ʜʫʞʠ ʿʝ ʛʝʩʪʘʮʠʿʩʢʠ ʧʝʨʠʦʜ ʠ ʪʝʞʠ ʩʫ ʟʘ ʩʧʨʦʚʦʹʝˁʝ 

ʛʝʥʝʪʠʯʢʠʭ ʠʩʪʨ  ʘʞʠʚʘˁʘ. ʋ ʩʪʫʜʠʿʠ ʢʦʿʫ ʩʫ ʩʧʨʦʚʝʣʠ Wang ʠ ʩʘʨ. 2010. ʛʦʜʠʥʝ (135) 

ʠʟʫʯʘʚʘʣʠ ʩʫ ʨʘʟʥʝ ʦʙʣʠʢʝ ʪʨʝʥʠʥʛʘ ʥʘ ʘʥʠʤʘʣʥʠʤ ʤʦʜʝʣʠʤʘ ʨʘʜʠ ʠʟʘʟʠʚʘˁʘ 

ʭʠʧʝʨʪʨʦʬʠʿʝ ʩʨʮʘ. ɸʥʘʣʠʟʠʨʘʥ ʿʝ ʪʨʝʥʠʥʛ ʥʘ ʪʨʝʜʤʠʣ ʪʨʘʮʠ, ʩʣʦʙʦʜʥʦ ʪʨʯʘˁʝ ʫ ʪʦʯʢʫ 

ʠ ʪʨʝʥʠʥʛ ʧʣʠʚʘˁʘ. ʉʚʘʢʠ ʦʜ ʦʚʠʭ ʪʨʝʥʠʥʛʘ ʠʤʘ ʧʨʝʜʥʦʩʪʠ ʘʣʠ ʠ ʤʘʥʝ. ʊʨʯʘˁʝ ʥʘ 

ʪʨʝʜʤʠʣ ʪʨʘʮʠ ʦʤʦʛʫ˂ʘʚʘ ʥʘʿʙʦˀʫ ʢʦʥʪʨʦʣʫ ʠ ʜʦʟʠʨʘˁʝ ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʞʠʚʦʪʠˁʘ. ʇʨʦʙʣʝʤ ʧʨʝʜʩʪʘʚˀʘ Ăʤʦʪʠʚʘʮʠʿʘñ ʞʠʚʦʪʠˁʘ ʟʘ ʪʨʯʘˁʝ 

ʢʘʦ ʠ ʩʪʨʝʩ ʢʦʿʠ ʫʩʣʦʚˀʘʚʘ ʦʚʘʢʘʚ ʪʨʝʥʠʥʛ. ʊʨʝʥʠʥʛ ʩʝ ʤʘˁʝ ʤʦʞʝ ʢʦʥʪʨʦʣʠʩʘʪʠ ʠ 

ʜʦʟʠʨʘʪʠ ʪʦʢʦʤ ʩʣʦʙʦʜʥʦʛ ʪʨʯʘˁʘ ʫ ʪʦʯʢʫ. ʉʚʝ ʞʠʚʦʪʠˁʝ ʫ ʪʦʯʢʫ ʥʝ ʧʨʝʹʫ ʠʩʪʫ 

ʜʠʩʪʘʥʮʫ, aʣʠ oʚʘʢʚʘ ʬʠʟʠʯʢʘ ʘʢʪʠʚʥʦʩʪ je ʤʘˁʝ ʩʪʨʝʩʦʛʝʥʘ ʦʜ ʧʨʝʪʭʦʜʥʝ. ɻʣʘʚʥʘ 

ʧʨʝʜʥʦʩʪ ʪʨʝʥʠʥʛʘ ʧʣʠʚʘˁʝʤ ʿʝ ʣʘʢʰʝ ʩʧʨʦʚʦʹʝˁʝ, ʚʠʰʝ ʞʠʚʦʪʠˁʘ ʧʣʠʚʘ 

ʠʩʪʦʚʨʝʤʝʥʦ, ʠʩʪʠ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʜ ʩʚʠʭ ʞʠʚʦʪʠˁʘ. ʉʪʠʤʫʣʘʮʠʿʘ 

ʞʠʚʦʪʠˁʘ ʿʝ ʜʘʣʝʢʦ ʣʘʢʰʘ, ʧʨʦʙʣʝʤ ʧʨʝʜʩʪʘʚˀʘ ʩʪʨʝʩ ʢʦʿʠ ʠʟʘʟʠʚʘ ʚʦʜʝʥʘ ʩʨʝʜʠʥʘ. 

ʆʧʪʝʨʝ˂ʝˁʝ ʪʦʢʦʤ ʧʣʠʚʘˁʘ ʤʦʞʝ ʩʝ ʨʝʛʫʣʠʩʘʪʠ ʜʦʜʘʚʘˁʝʤ ʦʜʨʝʹʝʥʝ ʪʝʞʠʥʝ 

(ʚʝʟʠʚʘˁʝʤ ʪʨʘʢʘ ʩʘ ʪʝʛʦʚʠʤʘ ʦʢʦ ʪʝʣʘ ʞʠʚʦʪʠˁʝ) ʯʠʤʝ ʩʝ ʠʩʪʦʚʨʝʤʝʥʦ ʠʟʙʝʛʘʚʘ ʠ 

ʧʦʚʨʝʤʝʥʦ Ăʧʣʫʪʘˁʝñ ʪʦʢʦʤ ʧʣʠʚʘˁʘ (135). 

              ɼʦʩʘʜʘʰˁʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʿʝ ʧʣʠʚʘˁʝ, ʢʘʦ Ăʤʦʜʝʣ ʪʨʝʥʠʥʛʘñ, 

ʫʩʧʝʰʘʥ ʟʘ ʠʟʘʟʠʚʘˁʝ ʭʠʧʝʨʪʨʦʬʠʿʝ ʩʨʮʘ ʥʘ ʘʥʠʤʘʣʥʦʤ ʤʦʜʝʣʫ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʫ 

ʧʦʢʘʟʘʣʠ ʜʘ ʧʣʠʚʘˁʝ ʧʘʮʦʚʘ ʫ ʪʨʘʿʘˁʫ ʦʜ ʿʝʜʥʦʛ ʯʘʩʘ ʜʥʝʚʥʦ ʥʘʢʦʥ ʿʝʜʥʝ ʥʝʜʝˀʝ ʚʝ˂ 

ʠʟʘʟʠʚʘ ʧʨʦʤʝʥʝ ʥʘ ʩʨʮʫ (136). ʄʝʹʫʪʠʤ, ʧʫʙʣʠʢʦʚʘʥʠ ʩʫ ʠ ʨʘʜʦʚʠ ʢʦʿʠ ʫʢʘʟʫʿʫ ʜʘ 

ʪʨʝʥʠʥʛ ʫ ʪʨʘʿʘˁʫ ʦʜ 60 ʜʦ 90 ʤʠʥʫʪʘ ʜʥʝʚʥʦ ʪʦʢʦʤ 4-6 ʥʝʜʝˀʘ ʥʝ ʠʟʘʟʠʚʘ ʥʠʢʘʢʚʝ 

ʧʨʦʤʝʥʝ ʥʘ ʩʨʮʫ. ɼʦʜʘʚʘˁʝʤ ʦʧʪʝʨʝ˂ʝˁʘ ʦʜ 2-4% ʪʝʣʝʩʥʝ ʪʝʞʠʥʝ ʪʦʢʦʤ ʧʣʠʚʘˁʘ, 

ʠʟʘʟʠʚʘ ʩʝ ʟʥʘʪʥʦ ʚʝ˂ʠ ʭʠʧʝʨʪʨʦʬʠʿʩʢʠ ʦʜʛʦʚʦʨ ʢʘʨʜʠʦʤʠʦʮʠʪʘ (137).  

             ʅʘ ʘʥʠʤʘʣʥʠʤ ʤʦʜʝʣʠʤʘ ʿʝ ʫʦʯʝʥʦ ʜʘ ʧʨʝʩʪʘʥʢʦʤ ʪʨʝʥʠʥʛʘ ʜʦʣʘʟʠ ʜʦ 

ʨʝʚʝʨʟʠʙʠʣʥʠʭ ʧʨʦʤʝʥʘ ʥʘ ʩʨʮʫ (73, 77). ʉʨʯʘʥʝ ʧʨʦʤʝʥʝ ʫ ʧʝʨʠʦʜʫ ʧʨʝʩʪʘʥʢʘ 

ʪʨʝʥʠʥʛʘ  ʩʫ ʤʥʦʛʦ ʤʘˁʝ ʜʦ ʩʘʜʘ ʠʟʫʯʝʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʤʝʥʝ ʠʟʘʟʚʘʥʝ ʪʨʝʥʠʥʛʦʤ. ʆʚʦ 

ʫʢʘʟʫʿʝ ʥʘ ʧʦʪʨʝʙʫ ʟʘ ʜʘˀʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʥʘ ʘʥʠʤʘʣʥʦʤ ʤʦʜʝʣʫ ʩ ʦʙʟʠʨʦʤ ʥʘ 

ʦʛʨʘʥʠʯʝʥʦʩʪʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʥʘ ˀʫʜʩʢʦʤ ʩʨʮʫ. 
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1.4 ʈɸɿʃʀʂɽ ʀɿʄɽɫʋ ʇʆʃʆɺɸ ʀ ʌʀɿʀʏʂɸ ɸʂʊʀɺʅʆʉʊ 

 

             ɾʝʥʝ ʠ ʤʫʰʢʘʨʮʠ ʩʝ ʤʝʹʫʩʦʙʥʦ ʨʘʟʣʠʢʫʿʫ ʧʦ ʢʦʥʩʪʠʪʫʮʠʿʠ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʿ 

ʩʧʦʩʦʙʥʦʩʪʠ. ɾʝʥʝ ʩʫ ʫ ʦʜʥʦʩʫ ʥʘ ʤʫʰʢʘʨʮʝ ʥʝʰʪʦ ʥʠʞʝ, ʚʠʪʢʠʿʝ ʠ ʣʘʢʰʝ, ʩʘ ʣʘʢʰʠʤ 

ʩʢʝʣʝʪʦʤ. ʆʜʥʦʩ ʤʠʰʠ˂ʥʝ ʤʘʩʝ ʧʨʝʤʘ ʤʨʰʘʚʦʿ ʪʝʣʝʩʥʦʿ ʤʘʩʠ ʿʝ ʢʦʜ ʞʝʥʘ ʤʘˁʠ (23% 

ʊʄ) ʫ ʦʜʥʦʩʫ ʥʘ ʤʫʰʢʘʨʮʝ (40% ʦʜ ʊʄ). ʇʨʦʮʝʥʘʪ ʤʘʩʥʦʛ ʪʢʠʚʘ ʢʦʜ ʞʝʥʘ ʿʝ ʚʝ˂ʠ 

(ʧʨʝʜʥʦʩʪ ʢʦʜ ʧʣʠʚʘˁʘ - ʚʝ˂ʘ ʧʣʦʚʥʦʩʪ ʠ ʤʘˁʠ ʛʫʙʠʪʘʢ ʪʝʣʝʩʥʝ ʪʦʧʣʦʪʝ ʫ ʭʣʘʜʥʦʿ 

ʚʦʜʠ). ʄʫʰʢʘʨʮʠ ʩʫ, ʫ ʧʨʦʩʝʢʫ ʟʘ 30% ʩʥʘʞʥʠʿʠ ʫ ʦʜʥʦʩʫ ʥʘ ʞʝʥʝ ʠʩʪʠʭ ʛʦʜʠʥʘ. ʂʦʜ 

ʞʝʥʘ ʿʝ ʤʘʢʩʠʤʘʣʥʠ ʫʪʨʦʰʘʢ ʢʠʩʝʦʥʠʢʘ ʤʘˁʠ ʟʘ 15-32% ʫ ʦʜʥʦʩʫ ʥʘ ʤʫʰʢʘʨʮʝ. ʆʚʘ 

ʨʘʟʣʠʢʘ ʿʝ ʤʘˁʘ ʫʢʦʣʠʢʦ ʩʝ ʫʪʨʦʰʘʢ ʢʠʩʝʦʥʠʢʘ ʠʟʨʘʟʠ ʥʘ ʢʠʣʦʛʨʘʤ ʪʝʣʝʩʥʝ ʪʝʞʠʥʝ 

(ʪʟʚ. ʤʨʰʘʚʘ ʪʝʣʝʩʥʘ ʤʘʩʘ). 

             ʀʟʚʝʩʥʘ ʨʘʟʣʠʢʘ ʧʦʩʪʦʿʠ ʠ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʦʙʠʥʝ ʂɺʉ-ʘ ʢʦʜ ʞʝʥʘ ʠ ʤʫʰʢʘʨʘʮʘ. 

ʇʨʦʩʝʯʥʘ ʪʝʞʠʥʘ ʩʨʮʘ ʢʦʜ ʤʫʰʢʘʨʘʮʘ ʿʝ 300 g, ʢʦʜ ʞʝʥʘ 220 g, ʧʨʦʩʝʯʥʘ ʟʘʧʨʝʤʠʥʘ 

ʩʨʮʘ ʢʦʜ ʤʫʰʢʘʨʘʮʘ ʿʝ 760 ml, ʘ ʢʦʜ ʞʝʥʘ 680 ml. ʄʫʰʢʘʨʮʠ, ʧʨʦʩʝʯʥʦ, ʠʤʘʿʫ ʥʠʞʫ 

ʬʨʝʢʚʝʥʮʠʿʫ ʫ ʦʜʥʦʩʫ ʥʘ ʞʝʥʩʢʝ ʦʩʦʙʝ. ʂʦʜ ʞʝʥʘ ʿʝ ʚʨʝʜʥʦʩʪ ʫʜʘʨʥʦʛ ʚʦʣʫʤʝʥʘ ʟʘ ʦʢʦ 

25% ʤʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʤʫʰʢʘʨʮʝ ʠʩʪʠʭ ʛʦʜʠʥʘ, ʰʪʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʤʘˁʝ ʪʝʣʝʩʥʝ ʤʘʩʝ. 

ʄʠʥʫʪʥʠ ʚʦʣʫʤʝʥ ʩʨʮʘ ʢʦʜ ʞʝʥʘ ʿʝ ʟʘ 1,5 L/min ʚʝ˂ʠ ʥʝʛʦ ʢʦʜ ʤʫʰʢʘʨʘʮʘ ʠʩʪʠʭ ʛʦʜʠʥʘ, 

ʟʘ ʠʩʪʠ ʠʥʪʝʥʟʠʪʝʪ ʧʨʠ ʫʤʝʨʝʥʦʤ ʨʘʜʫ. ʊʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʤʘˁʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢʨʚʠ ʟʘ 

ʪʨʘʥʩʧʦʨʪ ʢʠʩʝʦʥʠʢʘ ʢʦʜ ʞʝʥʘ ʥʝʛʦ ʢʦʜ ʤʫʰʢʘʨʘʮʘ. ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʭʝʤʦʛʣʦʙʠʥʘ ʿʝ ʟʘ 

ʦʢʦ 15% ʤʘˁʘ ʢʦʜ ʞʝʥʘ ʥʝʛʦ ʢʦʜ ʤʫʰʢʘʨʘʮʘ, ʧʘ ʟʘ ʠʩʪʠ ʫʪʨʦʰʘʢ ʢʠʩʝʦʥʠʢʘ ʞʝʥʩʢʝ 

ʦʩʦʙʝ ʤʦʨʘʿʫ ʜʘ ʦʩʪʚʘʨʝ ʚʝ˂ʠ ʤʠʥʫʪʥʠ ʚʦʣʫʤʝʥ ʩʨʮʘ (3).  

             ɿʘʧʨʝʤʠʥʘ ʢʨʚʠ ʧʨʦʩʝʯʥʦ ʠʟʥʦʩʠ 8% ʪʝʣʝʩʥʝ ʤʘʩʝ, ʰʪʦ ʠʟʥʦʩʠ ʢʦʜ ʤʫʰʢʘʨʘʮʘ 

5-6 L, ʘ ʢʦʜ ʞʝʥʘ 4,5-5 L. ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʭʝʤʦʛʣʦʙʠʥʘ ʢʦʜ ʤʫʰʢʘʨʘʮʘ ʿʝ ʫ ʧʨʦʩʝʢʫ 140-

180 g Hb/L, ʘ ʢʦʜ ʞʝʥʘ 115-160 g Hb/L ʢʨʚʠ. 

              ʋ ʦʜʥʦʩʫ ʥʘ ʦʧʪʝʨʝ˂ʝˁʝ ʫ ʪʦʢʫ ʪʨʝʥʠʥʛʘ ʞʝʥʝ ʩʝ ʧʨʠʣʘʛʦʹʘʚʘʿʫ ʠʩʪʦ ʪʘʢʦ 

ʫʩʧʝʰʥʦ ʢʘʦ ʠ ʤʫʰʢʘʨʮʠ. ɾʝʥʝ ʢʦʿʝ ʪʨʝʥʠʨʘʿʫ ʩʘ ʤʘʢʩʠʤʘʣʥʠʤ ʦʪʦʧʨʦʤ (ʜʠʩʮʠʧʣʠʥʝ 

ʩʥʘʛʝ ʠ ʙʨʟʠʥʝ) ʟʥʘʪʥʦ  ʧʦʚʝ˂ʘʚʘʿʫ ʩʥʘʛʫ ʘʣʠ ʩʘ ʤʘˁʝ ʠʟʨʘʞʝʥʦʤ ʭʠʧʝʨʪʨʦʬʠʿʦʤ 

ʤʠʰʠ˂ʘ -ʫʪʠʮʘʿ ʞʝʥʩʢʠʭ ʧʦʣʥʠʭ ʭʦʨʤʦʥʘ. ʋ ʦʜʥʦʩʫ ʥʘ ʨʘʟʚʦʿ  çʩʧʦʨʪʩʢʦʛ ʩʨʮʘè ʢʦʜ 

ʞʝʥʘ ʠ ʤʫʰʢʘʨʘʮʘ ʪʘʢʦʹʝ ʩʫ ʫʦʯʝʥʝ ʨʘʟʣʠʢʝ. ʇʨʝʤʘ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʩʤʘʪʨʘ ʩʝ ʜʘ ʩʫ 

ʜʠʤʝʥʟʠʿʝ ʣʝʚʝ ʢʦʤʦʨʝ ʢʦʜ ʞʝʥʘ ʟʘ 11% ʤʘˁʝ ʥʝʛʦ ʢʦʜ ʤʫʰʢʘʨʘʮʘ ʠʩʪʠʭ ʛʦʜʠʥʘ, ʢʦʿʠ 

ʩʝ ʙʘʚʝ ʠʩʪʠʤ ʩʧʦʨʪʦʤ. ʋʦʯʝʥʦ ʿʝ ʜʘ ʜʝʙˀʠʥʘ ʟʠʜʘ ʿʝ 23% ʤʘˁʘ, ʘ ʤʘʩʘ ʣʝʚʝ ʢʦʤʦʨʝ ʿʝ 

ʤʘˁʘ 31% ʢʦʜ ʞʝʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʤʫʰʢʘʨʮʝ. 

             ʅʝʘʜʝʢʚʘʪʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʫ ʪʦʢʫ ʪʨʝʥʠʥʛʘ, ʢʦʿʝ ʧʨʝʚʘʟʠʣʘʟʠ ʬʫʥʢʮʠʦʥʘʣʥʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʥʠʬʝʩʪʫʿʝ ʩʝ ʩʠʤʧʪʦʤʠʤʘ ʧʨʝʪʨʝʥʠʨʘʥʦʩʪʠ ʢʦʜ ʦʙʘ ʧʦʣʘ. ʅʘʧʦʨʘʥ 

ʪʨʝʥʠʥʛ, ʧʦʜ ʫʩʣʦʚʦʤ ʜʘ ʿʝ ʧʨʘʚʠʣʥʦ ʧʨʦʛʨʘʤʠʨʘʥ, ʥʝ ʫʪʠʯe ʥʝʧʦʚʦˀʥʦ ʥʘ 

ʞʝʥʩʪʚʝʥʦʩʪ, ʤʘʩʥʦ ʪʢʠʚʦ ʩʝ ʟʘʤʝˁʫʿʝ ʫʦʙʣʠʯʝʥʠʤ ʤʠʰʠ˂ʠʤʘ. ʅʝʢʝ ʞʝʥʝ, ʢʦʿʝ ʩʫ ʩʝ 

ʧʦʩʣʝ ʧʦʨʦʹʘʿʘ ʚʨʘʪʠʣʝ ʩʧʦʨʪʫ ʧʦʙʦˀʰʘʣʝ ʩʫ ʩʚʦʿʝ ʨʝʟʫʣʪʘʪʝ, ʧʦʩʝʙʥʦ ʫ ʜʠʩʮʠʧʣʠʥʘʤʘ 

ʪʠʧʘ ʠʟʜʨʞˀʠʚʦʩʪʠ. ʆʚʦ ʧʦʙʦˀʰʘˁʝ ʬʠʟʠʯʢʝ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝ ʧʨʠʧʠʩʫʿʝ ʧʦʚʦˀʥʦʤ 

ʫʪʠʮʘʿʫ ʭʦʨʤʦʥʘ ʠ ʙʦˀʦʿ ʬʫʥʢʮʠʿʠ ʢʘʨʜʠʦ-ʚʘʩʢʫʣʘʨʥʦʛ ʩʠʩʪʝʤʘ (3, 138, 139).   

             ʋʣʦʛʘ ʝʩʪʨʦʛʝʥʘ ʫ ʩʨʯʘʥʦʿ ʤʦʜʫʣʘʮʠʿʠ ʿʝ ʚʝʦʤʘ ʢʦʤʧʣʝʢʩʥʘ (140). ʋ ʣʠʪʝʨʘʪʫʨʠ 

ʩʝ ʤʦʞʝ ʥʘʠ˂ʠ ʥʘ ʧʦʜʘʪʢʝ ʢʦʿʠ ʫʢʘʟʫʿʫ ʜʘ ʝʩʪʨʦʛʝʥ ʠʤʘ ʢʘʨʜʠʦʧʨʦʪʝʢʪʠʚʥʦ ʜʝʿʩʪʚʦ, ʘʣʠ 

ʧʦʩʪʦʿʝ ʠ ʜʨʫʛʘʯʠʿʠ ʠʟʚʝʰʪʘʿʠ. ʂʦʜ ʧʦʩʪʤʝʥʦʧʘʫʟʘʣʥʠʭ ʞʝʥʘ ʥʘ ʩʫʧʩʪʠʪʫʮʠʦʥʦʿ 

ʪʝʨʘʧʠʿʠ ʩʘ ʝʩʪʨʦʛʝʥʦʤ, ʠʧʘʢ ʿʝ ʫʦʯʝʥ ʧʦʚʝ˂ʘʥʠ ʙʨʦʿ ʩʨʯʘʥʠʭ ʦʙʦˀʝˁʘ (141, 142).  

              ʄʝʭʘʥʠʟʤʠ ʩʨʯʘʥʝ ʘʜʘʧʪʘʮʠʿʝ ʥʘ ʧʘʪʦʣʦʰʢʝ ʠ ʬʠʟʠʦʣʦʰʢʝ ʩʪʠʤʫʣʫʩʝ ʩʫ 

ʨʘʟʣʠʯʠʪʠ ʢʦʜ ʞʝʥʩʢʠʭ ʠ ʤʫʰʢʠʭ ʦʩʦʙʘ (143). ʇʘʪʦʣʦʰʢʠ ʩʪʠʤʫʣʫʩʠ ʢʘʦ ʰʪʦ ʩʫ 

ʭʠʧʝʨʪʝʥʟʠʿʘ, ʘʦʨʪʥʘ ʩʪʝʥʦʟʘ, ʠʟʘʟʠʚʘʿʫ ʢʦʜ ʞʝʥʘ ʚʝ˂ʫ ʭʠʧʝʨʪʨʦʬʠʿʫ ʣʝʚʝ ʢʦʤʦʨʝ ʠ 

ʜʦʚʦʜʝ ʜʦ ʧʦʚʝ˂ʘˁʘ ʫʜʘʨʥʦʛ ʚʦʣʫʤʝʥʘ ʩʨʮʘ. ʂʦʜ ʤʫʰʢʘʨʘʮʘ ʥʘʚʝʜʝʥʠ ʧʘʪʦʣʦʰʢʠ 

ʩʪʠʤʫʣʫʩʠ ʜʦʚʦʜʝ ʜʦ ʙʣʘʛʦʛ ʧʦʚʝ˂ʘˁʘ ʢʦʥʪʨʘʢʪʠʣʥʦʩʪʠ, ʜʠʣʘʪʘʮʠʿʝ ʣʝʚʝ ʢʦʤʦʨʝ, ʟʠʜ 

ʣʝʚʝ ʢʦʤʦʨʝ ʿʝ ʪʘˁʠ (144, 145). 



31 

 

             ʋʪʠʮʘʿ ʝʩʪʨʦʛʝʥʘ (ɽʉ) ʥʘ ʩʨʮʝ ʢʘʦ ʠ ʘʢʪʠʚʘʮʠʿʘ ʩʠʛʥʘʣʥʠʭ ʤʦʣʝʢʫʣʘʨʥʠʭ ʧʫʪʝʚʘ 

ʫʛʣʘʚʥʦʤ ʩʝ ʠʟʫʯʘʚʘʿʫ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʞʠʚʦʪʠˁʘʤʘ (146, 147).  

             Haines ʠ ʩʘʨ. (2012) ʩʫ ʫ ʩʚʦʿʦʿ ʩʪʫʜʠʿʠ ʫʨʘʜʠʣʠ ʢʦʤʧʣʝʪʥʫ ʦʚʝʨʝʢʪʦʤʠʿʫ ʢʦʜ 

ʞʝʥʢʠ ʤʠʰʝʚʘ ʢʘʦ ʠ ʙʣʦʢʘʜʫ ʝʥʟʠʤʘ ʟʘ ʢʦʥʚʝʨʟʠʿʫ ʪʝʩʪʦʩʪʝʨʦʥʘ ʫ ʝʩʪʨʦʛʝʥ ʢʦʜ ʦʙʘ 

ʧʦʣʘ (148). ʋ ʙʘʟʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʩʫ ʫʦʯʠʣʠ ʜʘ ʥʝʜʦʩʪʘʪʘʢ ʝʩʪʨʦʛʝʥʘ ʥʝ ʫʪʠʯʝ ʥʘ ʩʨʯʘʥʫ 

ʤʘʩʫ ʢʦʜ ʦʙʘ ʧʦʣʘ ʤʠʰʝʚʘ. ʂʦʜ ʞʝʥʩʢʠʭ ʿʝʜʠʥʢʠ (ʙʝʟ ɽʉ) ʙʠʣʘ ʿʝ ʦʩʣʘʙˀʝʥʘ 

ʢʦʥʪʨʘʢʪʠʣʥʦʩʪ ʤʠʦʢʘʨʜʘ, ʘ ʥʘʢʦʥ ʜʘʚʘˁʘ 17ɓ ʝʩʪʨʘʜʠʦʣʘ, ʬʫʥʢʮʠʿʘ ʤʠʦʢʘʨʜʘ ʩʝ 

ʥʦʨʤʘʣʠʟʦʚʘʣʘ. ʂʦʜ ʤʫʰʢʠʭ ʿʝʜʠʥʢʠ (ʙʝʟ ɽʉ) ʥʠʿʝ ʨʝʛʠʩʪʨʦʚʘʥʘ ʧʨʦʤʝʥʘ 

ʢʦʥʪʨʘʢʪʠʣʥʦʩʪʠ ʤʠʦʢʘʨʜʘ. ɼʘ ʙʠ ʠʟʫʯʠʣʠ ʧʨʦʪʝʢʪʠʚʥʦ ʜʝʿʩʪʚʦ ʝʩʪʨʦʛʝʥʘ, Haines ʠ ʩʘʨ. 

ʩʫ ʠʟʣʦʞʠʣʠ ʤʠʰʝʚʝ ʦʙʘ ʧʦʣʘ ʧʘʪʦʣʦʰʢʦʤ ʩʪʠʤʫʣʫʩʫ (ʠʥʬʫʟʠʦʥʦʤ ʧʫʤʧʦʤ ʿʝ ʫʥʦʰʝʥ 

ISO- isoproterenol). ɾʝʥʢʝ ʙʝʟ ɽʉ ʩʫ ʨʘʟʚʠʣʝ ʜʚʘ ʧʫʪʘ ʚʝ˂ʫ ʩʨʯʘʥʫ ʭʠʧʝʨʪʨʦʬʠʿʫ, ʪʘʢʦʹʝ 

ʿʝ ʧʦʚʝ˂ʘʥʘ ʠ ʢʦʥʪʨʘʢʪʠʣʥʦʩʪ ʤʠʦʢʘʨʜʘ ʫ ʦʜʥʦʩʫ ʥʘ ʞʝʥʢʝ ʩʘ ɽʉ. ʂʦʜ ʞʝʥʢʠ ʩʘ ɽʉ ʥʠʿʝ 

ʙʠʣʦ ʟʥʘʯʘʿʥʠʭ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʧʨʦʤʝʥʘ ʤʠʦʢʘʨʜʘ ʤʘʜʘ ʿʝ ʙʠʣʘ ʧʦʚʝ˂ʘʥʘ ʩʨʯʘʥʘ ʤʘʩʘ. 

ʅʘʢʥʘʜʥʦ ʜʘʚʘˁʝ 17ɓ ʝʩʪʨʘʜʠʦʣʘ ʨʝʜʫʢʦʚʘʣʦ ʿʝ ʩʚʝ ʧʨʦʤʝʥʝ ʥʘ ʙʘʟʘʣʥʠ ʥʠʚʦ. ʂʦʜ 

ʤʫʰʢʠʭ ʿʝʜʠʥʢʠ ʿʝ ʜʦʰʣʦ ʜʦ ʤʘˁʝʛ ʧʦʚʝ˂ʘˁʘ ʩʨʯʘʥʝ ʤʘʩʝ ʠ ʜʦ ʧʦʚʝ˂ʘˁʘ 

ʢʦʥʪʨʘʢʪʠʣʥʦʩʪʠ ʤʠʦʢʘʨʜʘ. 

             ʇʨʝʜʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʧʦʩʪʦʿʠ ʚʠʰʝ ʤʝʭʘʥʠʟʘʤʘ ʢʦʿʠʤʘ ʝʩʪʨʦʛʝʥ ʜʝʣʫʿʝ ʥʘ ʩʨʯʘʥʦ 

ʪʢʠʚʦ. ʆʚʦ ʫʢˀʫʯʫʿʝ ʘʢʪʠʚʘʮʠʿʫ ɸʢʪ (ʧʨʦʪʝʠʥ ʢʠʥʘʟʘ ɹ) (149), ʜʝʿʩʪʚʦ ʝʩʪʨʦʛʝʥʘ ʢʘʦ 

ʘʥʪʠʦʢʩʠʜʘʥʩʘ (150). ʋʦʯʝʥʦ ʿʝ ʜʘ ɽʉ ʚʨʰʠ ʤʦʜʫʣʘʮʠʿʫ pH ʚʨʝʜʥʦʩʪʠ ˂ʝʣʠʿʝ, ʠʩʧʦˀʘʚʘ 

ʫʪʠʮʘʿ ʥʘ Ca ʩʠʛʥʘʣʥʠ ʧʫʪ, ʚʨʰʠ ʠʥʭʠʙʠʮʠʿʫ ʜʝʛʨʘʜʘʮʠʿʝ ʢʘʣʮʠʥʝʫʨʠʥʘ (151). 

ʀʥʪʝʨʝʩʘʥʪʘʥ ʿʝ  ʧʦʜʘʪʘʢ ʜʘ ʝʩʪʨʦʛʝʥʩʢʠ ʨʝʮʝʧʪʦʨʠ ʠʤʘʿʫ ʪʟʚ. ʣʠʛʘʥʜ-ʥʝʟʘʚʠʩʪʥʦ 

ʜʝʿʩʪʚʦ, ʪʿ. ʜʘ ʠʩʧʦˀʘʚʘʿʫ  ʦʜʨʝʹʝʥʝ ʫʪʠʮʘʿʝ - ʜʝʿʩʪʚʦ ʥʝʟʘʚʠʩʪʥʦ ʦʜ ʚʝʟʠʚʘˁʘ ʩʘʤʦʛ 

ʝʩʪʨʦʛʝʥʘ ʟʘ ʨʝʮʝʧʪʦʨʝ (152). ʊʘʢʦʹʝ ʿʝ ʫʦʯʝʥʦ, ʢʦʜ ʞʝʥʢʠ ʙʝʟ ɽʉ, ʘʢʪʠʚʠʨʘʥʘ ʿʝ 21 

ʢʠʥʘʟʘ ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʞʝʥʢʝ ʩʘ ɽʉ. 

             ʂʦʜ ʬʠʟʠʦʣʦʰʢʝ ʭʠʧʝʨʪʨʦʬʠʿʝ ʩʝ ʘʢʪʠʚʠʨʘʿʫ ʨʘʟʣʠʯʠʪʠ ʩʠʛʥʘʣʥʠ ʧʫʪʝʚʠ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʘʪʦʣʦʰʢʫ. Haines ʠ ʩʘʨ. ʩʫ ʪʘʢʦʹʝ ʤʠʰʝʚʝ ʠʟʣʦʞʠʣʠ ʬʠʟʠʦʣʦʰʢʦʤ 

ʩʪʠʤʫʣʫʩʫ (ʪʨʯʘˁʝ ʫ ʪʦʯʢʫ). ɾʝʥʢʝ ʙʝʟ ɽʉ ʩʫ ʪʨʯʘʣʝ ʢʨʘ˂ʫ ʜʠʩʪʘʥʮʫ ʫ ʦʜʥʦʩʫ ʥʘ ʞʝʥʢʝ 

ʩʘ ɽʉ, ʘ ʫʦʯʝʥʘ ʿʝ ʘʢʪʠʚʘʮʠʿʘ ʭʠʧʝʨʪʨʦʬʠʯʥʠʭ ʢʠʥʘʟʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʘʢʪʠʚʘʮʠʿʘ ɸʢʪ 

ʫʢˀʫʯʝʥʘ ʫ ʬʠʟʠʦʣʦʰʢʦʿ ʭʠʧʝʨʪʨʦʬʠʿʠ, ʧʨʘ˂ʝʥʘ ʿʝ ʠ ʬʦʩʬʦʨʠʣʘʮʠʿʘ ɸʂʊ. ʉʪʝʧʝʥ 

pAKT/AKT  ʢʦʜ ʞʝʥʢʠ ʩʘ ɽʉ ʧʦʩʣʝ ʪʨʯʘˁʘ, ʙʠʦ ʿʝ ʠʩʪʠ ʢʘʦ ʠ ʢʦʜ ʞʝʥʢʠ ʙʝʟ ɽʉ. 

ʈʝʟʫʣʪʘʪʠ ʫ ʦʚʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʫ ʫʢʘʟʘʣʠ ʥʘ ʯʠˁʝʥʠʮʫ ʜʘ, ʠ ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ ʝʩʪʨʦʛʝʥ 

ʿʘʩʥʦ ʫʪʠʯʝ ʥʘ ʜʠʩʪʘʥʮʫ ʪʨʯʘˁʘ, ʠʟʛʣʝʜʘ ʜʘ ʥʝʤʘ ʫʪʠʮʘʿʘ ʥʘ ʩʨʯʘʥʠ ʨʘʩʪ ʢʦʜ 

ʬʠʟʠʦʣʦʰʢʦʛ ʩʪʠʤʫʣʫʩʘ.  

             ʇʦʩʪʦʿʝ ʠ ʩʪʫʜʠʿʝ ʫ ʢʦʿʠʤʘ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʤʠʰʝʚʠ ʠ ʧʘʮʦʚʠ ʞʝʥʩʢʦʛ ʧʦʣʘ, ʥʘʢʦʥ 

ʜʫʞʝ ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ, ʠʤʘʿʫ ʚʝ˂ʫ ʩʨʯʘʥʫ ʤʘʩʫ ʫ ʦʜʥʦʩʫ ʥʘ ʤʫʰʢʝ ʿʝʜʠʥʢʝ. ʊʘʢʦʹʝ 

ʿʝ ʫʦʯʝʥʦ ʜʘ ʩʝ ʘʢʪʠʚʠʨʘʿʫ ʠ ʨʘʟʣʠʯʠʪʠ ʩʠʛʥʘʣʥʠ ʧʫʪʝʚʠ.  

             ʋ ʦʙʿʘʚˀʝʥʦʿ ʩʪʫʜʠʿʠ Konhilas-ʘ ʠ ʩʘʨ. (2004. ʛʦʜʠʥʝ) (153, 154) ʪʨʝʥʠʥʛʦʤ 

ʤʠʰʝʚʘ (ʪʨʯʘˁʝ) ʠʟʘʟʚʘʣʠ ʩʫ ʭʠʧʝʨʪʨʦʬʠʿʫ ʩʨʮʘ ʫ ʦʙʘ ʧʦʣʘ, ʘʣʠ ʿʝ ʙʠʣʘ ʠʟʨʘʞʝʥʠʿʘ ʢʦʜ 

ʞʝʥʢʠ. ʋ ʩʨʯʘʥʦʤ ʤʠʰʠ˂ʫ ʿʝ ʙʠʣʘ ʧʨʘ˂ʝʥʘ ʘʢʪʠʚʥʦʩʪ ʉʘʄʂ, MEF-2 (myocite enhancer 

factor-2), MAPK, GSK-3ɓ, ʬʦʩʬʦʨʠʣʘʮʠʿʘ Akt (aktina). ɸʢʪʠʚʥʦʩʪ ʉʘʄʂ 

(Ca/Calmodulin-dependent protein kinasa) ʿʝ ʙʠʣʘ ʧʦʚʝ˂ʘʥʘ ʚʝ˂ ʥʘʢʦʥ ʩʝʜʘʤ ʜʘʥʘ ʠ ʪʦ 

ʟʥʘʪʥʦ ʚʠʰʝ ʢʦʜ ʞʝʥʢʠ. ʅʘʢʦʥ ʪʨʠ ʥʝʜʝˀʝ ʪʨʝʥʠʥʛʘ ʚʨʝʜʥʦʩʪʠ ʉʘʄʂ-ʘ, ʢʦʜ ʦʙʘ ʧʦʣʘ 

ʩʫ ʩʝ ʥʦʨʤʘʣʠʟʦʚʘʣʝ, ʘʣʠ GSK-3ɓ (glycogen synthase kinase-3ɓ) ʩʝ ʟʘʪʠʤ ʧʦʚʝ˂ʘʣʘ ʩʘʤʦ 

ʢʦʜ ʞʝʥʢʠ.  

             ʋ ʧʨʦʮʝʩ ʩʨʯʘʥʝ ʘʜʘʧʪʘʮʠʿʝ ʥʘ ʪʨʝʥʠʥʛ ʫʢˀʫʯʝʥ ʿʝ GSK-3ɓ ʢʘʦ ʥʝʛʘʪʠʚʥʠ 

ʨʝʛʫʣʘʪʦʨ ʭʠʧʝʨʪʨʦʬʠʿʝ ʤʠʦʢʘʨʜʘ. ʊʦʢʦʤ ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ Akt ʠʟʘʟʠʚʘ 

ʬʦʩʬʦʨʠʣʘʮʠʿʫ GSK-3ɓ, ʠʥʘʢʪʠʚʠʰʝ ʛʘ, ʯʠʤʝ ʩʝ ʠʩʧʦˀʘʚʘ ʧʨʦʭʠʧʝʨʪʨʦʬʠʯʥʠ ʝʬʝʢʘʪ 

ʥʘ ʤʠʦʢʘʨʜ. ʋ ʝʢʩʧʝʨʠʤʝʥʪʫ ʿʝ ʫʦʯʝʥʦ, ʜʘ ʥʘʢʦʥ 21 ʜʘʥ ʪʨʝʥʠʥʛʘ (cage-wheel) phospho-

GSK-3ɓ ʿʝ ʧʦʚʠʰʝʥ ʩʘʤʦ ʫ ʤʠʦʢʘʨʜʫ ʞʝʥʩʢʠʭ ʤʠʰʝʚʘ ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʣʥʫ 

ʨʘʟʣʠʯʠʪʦʩʪ ʩʠʛʥʘʣʥʠʭ ʤʝʭʘʥʠʟʘʤʘ ʢʦʿʠ ʩʝ ʘʢʪʠʚʠʨʘʿʫ. ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʨʝʟʫʣʪʘʪʘ ʩʝ 
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ʧʨʝʜʧʦʩʪʘʚʠʣʦ ʜʘ ʿʝ ʉʘʄʂ ʙʠʪʘʥ ʟʘ ʠʥʜʫʢʮʠʿʫ ʭʠʧʝʨʪʨʦʬʠʿʝ ʩʨʮʘ ʘʣʠ ʟʘ ʦʜʨʞʘʚʘˁʝ 

ʭʠʧʝʨʪʨʦʬʠʿʝ ʿʝ ʙʠʪʥʘ GSK-3ɓ.  

             ʋ ʨʘʥʠʿʝ ʧʫʙʣʠʢʦʚʘʥʠʤ ʨʘʜʦʚʠʤʘ ʫʦʯʝʥʘ ʿʝ ʧʦʚʝʟʘʥʦʩʪ ʧʦʚʝ˂ʘʥʝ ʘʢʪʠʚʥʦʩʪʠ 

ʄɸʈʂ (mitogen activated protein kinasa) ʠ ʭʠʧʝʨʪʨʦʬʠʿʝ ʩʨʮʘ ʠʟʘʟʚʘʥʝ ʪʨʝʥʠʥʛʦʤ ʢʦʜ 

ʛʣʦʜʘʨʘ (155, 156). ʀʥʪʝʨʝʩʘʥʪʥʦ ʟʘʧʘʞʘˁʝ ʿʝ ʜʘ ʥʘʢʦʥ ʪʨʝʥʠʥʛʘ ʪʨʯʘˁʝʤ ʥʘ ʪʨʝʜʤʠʣ 

ʪʨʘʮʠ, ʜʦʣʘʟʠ ʜʦ ʚʝ˂ʝ ʘʢʪʠʚʥʦʩʪʠ ʄɸʈʂ, ʘ ʥʘʢʦʥ ʪʨʝʥʠʥʛʘ ʧʣʠʚʘˁʝʤ ʄɸʈʂ ʫ ʩʨʯʘʥʦʤ 

ʪʢʠʚʫ ʦʩʪʘʿʝ ʫ ʨʝʬʝʨʝʥʪʥʠʤ ʛʨʘʥʠʮʘʤʘ. ɿʘʧʘʞʝʥʘ ʿʝ ʚʝ˂ʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʨʦʪʝʠʥ ʢʠʥʘʟʝ 

ɹ ʫ ʤʠʦʢʘʨʜʫ ʢʦʜ ʞʝʥʢʠ ʤʠʰʝʚʘ ʥʘʢʦʥ ʪʨʝʥʠʥʛʘ, ʧʦʚʝ˂ʘʥʘ ʿʝ ʠ ʘʢʪʠʚʥʘ ʦʜʥ. 

ʬʦʩʬʦʨʠʣʠʩʘʥʘ ʬʦʨʤʘ ɸʢʪ (ʘʢʪʠʥʘ).        

             ʋ ˀʫʜʩʢʦʤ ʤʠʦʢʘʨʜʫ ʿʝ ʫʦʯʝʥʘ ʨʘʟʣʠʢʘ ʫ ʧʨʠʩʫʪʥʦʩʪʠ ʘʢʪʠʚʥʝ ʬʦʨʤʝ ʘʢʪʠʥʘ 

ʥʘʢʦʥ ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ. ʂʦʜ ʤʣʘʜʠʭ, ʬʠʟʠʯʢʠ ʘʢʪʠʚʥʠʭ ʞʝʥʘ ʟʥʘʪʥʦ ʿʝ ʧʦʚʝ˂ʘʥʘ 

ʘʢʪʠʚʥʘ ʬʦʨʤʘ ʘʢʪʠʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʤʫʰʢʘʨʮʝ ʠʩʪʝ ʜʦʙʠ (5 ʧʫʪʘ) ʢʘʦ ʠ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʦʩʪʤʝʥʦʧʘʫʟʘʣʥʝ ʞʝʥʝ (16 ʧʫʪʘ) (6). 

             Camper- Kirby D. ʠ ʩʘʨ. in vitro ʩʫ ʥʘ ʤʠʦʢʘʨʜʥʠʤ ˂ʝʣʠʿʘʤʘ ʧʦʢʘʟʘʣʠ 

ʠʥʪʝʨʘʢʮʠʿʫ ʠʟʤʝʹʫ ʝʩʪʨʦʛʝʥʘ ʠ ʩʠʛʥʘʣʥʠʭ ʧʫʪʝʚʘ ʫʢˀʫʯʝʥʠʭ ʫ ʩʨʯʘʥʫ ʘʜʘʧʪʘʮʠʿʫ 

(157). ʅʘ ʠʟʦʣʦʚʘʥʠʤ ʢʘʨʜʠʦʤʠʦʮʠʪʠʤʘ ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʝʩʪʨʦʛʝʥ ʜʝʣʫʿʝ ʩʪʠʤʫʣʘʪʠʚʥʦ 

ʥʘ ʿʝʜʘʨʥʫ ʣʦʢʘʣʠʟʘʮʠʿʫ ʟʘ ʘʢʪʠʥ. 

             ʋ ʩʪʫʜʠʿʘʤʘ ʥʘ ʢʫʣʪʫʨʠ ʤʠʦʮʠʪʘ ʟʘʧʘʞʝʥʦ ʿʝ ʜʘ ʝʩʪʨʦʛʝʥ ʘʢʪʠʚʠʨʘ Ăthe 

phosphatidyl inositol S kinase ʧʫʪ, ʠ ʠʟʘʟʠʚʘ ʝʢʩʧʨʝʩʠʿʫ ʝʥʜʦʪʝʣʥʦʛ NO (158). ʆʚʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʢʫʣʪʫʨʠ ʤʠʦʮʠʪʘ ʩʝ ʫʟʠʤʘʿʫ ʩʘ ʨʝʟʝʨʚʦʤ ʩ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʢʦʨʠʩʪʝ 

ʤʥʦʛʦ ʚʝ˂ʝ ʜʦʟʝ ʝʩʪʨʦʛʝʥʘ ʦʜ ʬʠʟʠʦʣʦʰʢʠʭ ʚʨʝʜʥʦʩʪʠ, ʪʘʢʦʹʝ ʥʠ ʜʫʞʠʥʘ ʪʨʝʪʤʘʥʘ ʥʝ 

ʦʜʛʦʚʘʨʘ ʬʠʟʠʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ (155). 

            ɿʘʥʠʤˀʠʚʘ ʿʝ ʩʪʫʜʠʿʘ ʢʦʿʫ ʿʝ ʦʙʿʘʚʠʦ OËCounell ʩʘ ʩʘʨ. ʛʜʝ ʩʫ ʨʝʟʫʣʪʘʪʠ ʫʢʘʟʘʣʠ 

ʥʘ ʟʥʘʯʘʿ Ŭ-ʘʜʨʝʥʝʨʛʠʯʢʦʛ ʩʠʩʪʝʤʘ ʫ ʦʜʨʝʹʠʚʘˁʫ ʚʝʣʠʯʠʥʝ ʩʨʮʘ (159). ʆʚʘʿ ʩʠʩʪʝʤ ʿʝ 

ʙʠʪʘʥ ʟʘ Ăʩʧʦʩʦʙʥʦʩʪñ ʩʨʮʘ ʜʘ ʦʜʛʦʚʦʨʠ ʥʘ ʧʘʪʦʣʦʰʢʝ ʠ ʬʠʟʠʦʣʦʰʢʝ ʩʪʠʤʫʣʫʩʝ ʘʣʠ 

ʩʘʤʦ ʢʦʜ ʤʫʞʿʘʢʘ ʤʠʰʝʚʘ. ʆʚʘ ʫʦʯʝʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʧʦʣʦʚʘ ʥʝ ʛʫʙʠ ʩʝ ʥʠ ʥʘʢʦʥ 

ʦʚʘʨʝʢʪʦʤʠʿʝ ʞʝʥʢʠ ʤʠʰʝʚʘ.  

            ʉʚʝ ʦʚʦ ʫʢʘʟʫʿʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʩʪ ʫʣʦʛʝ ʝʩʪʨʦʛʝʥʘ ʠ ʥʘ ʧʦʪʨʝʙʫ ʜʘˀʝʛ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫʣʦʛʝ ʧʦʣʥʠʭ ʭʦʨʤʦʥʘ ʢʦʜ ʬʠʟʠʦʣʦʰʢʝ ʭʠʧʝʨʪʨʦʬʠʿʝ ʩʨʮʘ. ɼʝʦ ʥʘʰʝ 

ʩʪʫʜʠʿʝ ʧʨʘʪʠ˂ʝ ʧʦʣʥʝ ʨʘʟʣʠʢʝ ʧʨʠ ʩʨʯʘʥʦʿ ʘʜʘʧʪʘʮʠʿʠ ʪʦʢʦʤ ʧʣʠʚʘˁʘ, ʘ ʥʦʚʠʥʫ 

ʧʨʝʜʩʪʘʚˀʘ ʧʨʘ˂ʝˁʝ ʦʚʠʭ ʨʘʟʣʠʢʘ ʠ ʥʘʢʦʥ ʧʨʝʩʪʘʥʢʘ ʪʨʝʥʠʥʛʘ. 

                   

1.5 ʆʂʉʀɼɸʊʀɺʅʀ  ʉʊʈɽʉ  ʀ  ʌʀɿʀʏʂɸ  ɸʂʊʀɺʅʆʉʊ 

            ʆʢʩʠʜʘʪʠʚʥʠ ʩʪʨʝʩ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʧʦʚʝ˂ʘʥʝ ʧʨʦʜʫʢʮʠʿʝ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ 

ʠ/ʠʣʠ ʩʤʘˁʝʥʝ ʘʢʪʠʚʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʮʠʦʥʠʭ ʤʝʭʘʥʠʟʘʤʘ ʟʘʰʪʠʪʝ (160). ʆʢʩʠʜʘʪʠʚʥʠ 

ʩʪʨʝʩ ʩʝ ʟʙʦʛ ʪʦʛʘ ʩʤʘʪʨʘ ʚʘʞʥʠʤ ʠʥʜʫʢʪʦʨʦʤ ˂ʝʣʠʿʩʢʠʭ ʦʰʪʝ˂ʝˁʘ ʯʠʿʠ ʰʪʝʪʥʠ ʝʬʝʢʪʠ 

ʜʦʚʦʜʝ ʜʦ ʥʠʟʘ ʧʘʪʦʣʦʰʢʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʩʘ ʥʝʢʘʜʘ ʚʝʦʤʘ ʪʝʰʢʠʤ ʧʦʩʣʝʜʠʮʘʤʘ (161). 

             ʉʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ (ʉʈ) ʩʫ ʤʦʣʝʢʫʣʠ ʠʣʠ ʜʝʣʦʚʠ ʤʦʣʝʢʫʣʘ ʢʦʿʠ ʠʤʘʿʫ ʿʝʜʘʥ 

ʠʣʠ ʚʠʰʝ ʥʝʩʧʘʨʝʥʠʭ ʝʣʝʢʪʨʦʥʘ ʫ ʩʧʦˀʘʰˁʝʤ ʝʣʝʢʪʨʦʥʩʢʦʤ ʦʤʦʪʘʯʫ. ɹʫʜʫ˂ʠ ʜʘ ʩʫ 

ʩʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʥʝʩʪʘʙʠʣʥʠ ʪʝʞʝ ʜʘ ʧʦʩʪʠʛʥʫ ʝʣʝʢʪʨʦʥʩʢʫ ʩʪʘʙʠʣʥʦʩʪ, ʨʝʘʛʫʿʫ ʩʘ 

ʧʨʚʠʤ ʩʫʩʝʜʥʠʤ ʩʪʘʙʠʣʥʠʤ ʤʦʣʝʢʫʣʦʤ, ʫʟʠʤʘʿʫ ʝʣʝʢʪʨʦʥ ʠ ʥʘʩʪʘʿʝ ʥʦʚʠ ʉʈ. ʆʩʥʦʚʥʝ 

ʦʩʦʙʠʥʝ ʦʚʠʭ ʤʦʣʝʢʫʣʘ ʩʫ ʠʟʫʟʝʪʥʦ ʚʝʣʠʢʘ ʨʝʘʢʪʠʚʥʦʩʪ ʠ ʢʨʘʪʘʢ ʧʦʣʫʞʠʚʦʪ (162, 163). 

ʊʦʢʦʤ ʩʚʦʛ ʥʘʩʪʘʿʘˁʘ ʦʥʠ ʧʨʦʣʘʟʝ ʢʨʦʟ ʪʨʠ ʩʪʘʜʠʿʫʤʘ. ʋ ʧʦʯʝʪʥʦʤ ʩʪʘʜʠʿʫʤʫ ʜʦʣʘʟʠ ʜʦ 

ʘʢʮʝʧʪʠʨʘˁʘ ʠʣʠ ʦʜʘʚʘˁʘ ʧʦʿʝʜʠʥʘʯʥʦʛ ʝʣʝʢʪʨʦʥʘ ʜʘ ʙʠ ʫ ʩʣʝʜʝ˂ʝʤ ʩʪʘʜʠʿʫʤʫ ʦʚʘʢʦ 

ʥʘʩʪʘʣʠ ʨʘʜʠʢʘʣʠ ʘʢʪʠʚʠʨʘʣʠ ʦʢʦʣʥʝ ʭʝʤʠʿʩʢʝ ʚʨʩʪʝ ʠ ʪʘʢʦ ʧʨʦʜʫʢʦʚʘʣʠ ʥʦʚʝ 

ʨʘʜʠʢʘʣʝ. ʈʝʘʢʮʠʿʘ ʿʝ ʣʘʥʯʘʥʘ ʠ ʙʨʟʘ ʧʨʠ ʯʝʤʫ  ʩʝ ʟʥʘʪʥʦ ʫʤʥʦʞʠ ʙʨʦʿ ʩʣʦʙʦʜʥʠʭ 

ʨʘʜʠʢʘʣʘ. ʇʦʩʣʝʜʝˁʠ ʩʪʘʜʠʿʫʤ - ʟʘʫʩʪʘʚˀʘˁʘ ʫʤʥʦʞʘʚʘˁʘ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ ʥʘʩʪʘʿʝ 
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ʫʩʣʝʜ ʩʫʜʘʨʘ ʜʚʘ ʩʣʦʙʦʜʥʘ ʨʘʜʠʢʘʣʘ ʠʣʠ ʜʝʿʩʪʚʦʤ ʝʥʟʠʤʩʢʠʭ ʠ ʥʝʝʥʟʠʤʩʢʠʭ 

ʘʥʪʠʦʢʩʠʜʘʥʘʩʘ (164). 

            ʉʨʮʝ, ʢʘʦ Ăʤʠʰʠ˂ʥʘ ʧʫʤʧʘñ, ʤʦʨʘ ʜʘ ʦʙʝʟʙʝʜʠ ʘʢʪʠʚʥʦʿ ʤʫʩʢʫʣʘʪʫʨʠ ʜʦʚʦˀʥʦ  

ʢʠʩʝʦʥʠʢʘ ʠ ʭʨʘʥˀʠʚʠʭ ʤʘʪʝʨʠʿʘ. ʌʟʠʯʢʘ ʘʢʪʠʚʥʦʩʪ ʧʦʿʘʯʘʚʘ ʤʝʪʘʙʦʣʠʯʢʝ ʧʨʦʮʝʩʝ, 

ʧʦʚʝ˂ʘʥʘ ʿʝ ʧʦʪʨʦʰˁʘ ʢʠʩʝʦʥʠʢʘ ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘʥʝ ʧʨʦʜʫʢʮʠʿʝ ʩʣʦʙʦʜʥʠʭ 

ʨʘʜʠʢʘʣʘ ʠ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ (165-169).  

 ʋ ʫʩʣʦʚʠʤʘ ʚʝʣʠʢʝ ʧʨʦʜʫʢʮʠʿʝ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ ʫ ʦʨʛʘʥʠʟʤʫ ʜʦʣʘʟʠ ʜʦ 

ʨʝʘʢʮʠʿʘ ʠʟʤʝʹʫ ʤʦʣʝʢʫʣʘ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ ʩʘ ˂ʝʣʠʿʩʢʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʠʟʘʟʠʚʘʿʫ˂ʠ 

ʦʰʪʝ˂ʝˁʘ. ʉʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʠʟʘʟʠʚʘʿʫ ʦʢʩʠʜʘʪʠʚʥʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʧʨʦʪʝʠʥʘ, ʣʠʧʠʜʘ 

ʠ ʧʦʣʠʥʝʟʘʩʠ˂ʝʥʠʭ ʤʘʩʥʠʭ ʢʠʩʝʣʠʥʘ, ʦʰʪʝ˂ʫʿʫ ʩʪʨʫʢʪʫʨʝ ʠ ʬʫʥʢʮʠʿʝ ʤʥʦʛʦʙʨʦʿʥʠʭ 

ʝʥʟʠʤʘ ʫ ʦʨʛʘʥʠʟʤʫ. ʅʘʚʝʜʝʥʝ ʨʝʘʢʮʠʿʝ ʩʫ ʫ ʦʩʥʦʚʠ ʜʝʛʝʨʘʪʠʚʥʠʭ ʧʨʦʮʝʩʘ, ʩʠʥʜʨʦʤʘ ʠ 

ʤʥʦʛʠʭ ʙʦʣʝʩʪʠ. ʉʤʘʪʨʘ ʩʝ ʜʘ ʦʢʩʠʜʘʪʠʚʥʠ ʩʨʝʩ ʠʟʘʟʠʚʘ ʩʪʘʨʝˁʝ, ʦʩʪʝʦʧʦʨʦʟʫ, ʙʦʣʝʩʪʠ 

ʩʨʮʘ, ʘʢʫʪʥʝ ʠ ʭʨʦʥʠʯʥʝ ʠʥʬʣʘʤʘʪʦʨʥʝ ʙʦʣʝʩʪʠ, ʦʙʦˀʝˁʘ ʥʝʨʚʥʦʛ ʩʠʩʪʝʤʘ, ʢʘʥʮʝʨ.   

             ʉʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʠʤʘʿʫ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʫ ʠʩʭʝʤʠʿʩʢʦʤ ʦʰʪʝ˂ʝˁʫ ʤʠʦʢʘʨʜʘ, 

ʨʝʤʦʜʝʣʠʨʘˁʫ ʩʨʮʘ ʠ ʥʘʩʪʘʥʢʫ ʩʨʯʘʥʝ ʠʥʩʫʬʠʮʠʿʝʥʮʠʿʝ (170-172). ɼʝʿʩʪʚʦ ʉʈ ʥʘ 

ʠʟʦʣʦʚʘʥʠʤ ʢʘʨʜʠʦʤʠʦʮʠʪʠʤʘ ʜʦʚʦʜʠ ʜʦ ˁʠʭʦʚʝ ʘʧʦʧʪʦʟʝ ʠ ʧʦʩʣʝʜʠʯʥʝ ʤʠʦʢʘʨʜʥʝ 

ʬʠʙʨʦʟʝ (173).  ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʉʈ ʧʦʚʝ˂ʘʚʘʿʫ ʘʢʪʠʚʥʦʩʪ ʤʘʪʨʠʢʩ ʤʝʪʘʣʦʧʨʦʪʝʠʥʘʟʘ ʫ 

ʬʠʙʨʦʙʣʘʩʪʠʤʘ ʩʨʮʘ (174, 175) h ʪʦ ʙʠ ʤʦʛʘʦ ʙʠʪʠ ʿʝʜʘʥ ʦʜ ʤʝʭʘʥʠʟʘʤʘ ʨʝʤʦʜʝʣʦʚʘˁʘ 

ʣʝʚʝ ʩʨʯʘʥʝ ʢʦʤʦʨʝ ʠ ʨʘʟʚʦʿʘ ʠʥʩʫʬʠʮʠʿʝʥʮʠʿʝ ʩʨʮʘ (176, 177). ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʚʠʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʉʈ, ʢʦʿʠ ʠʟʘʟʠʚʘʿʫ ʦʰʪʝ˂ʝˁʘ, ʥʠʩʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠʛʨʘʿʫ ʚʠʰʝʩʪʨʫʢʦ 

ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʫ ʤʥʦʛʠʤ ˂ʝʣʠʿʩʢʠʤ ʨʝʘʢʮʠʿʘʤʘ. ʉʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʫʯʝʩʪʚʫʿʫ ʫ 

ʨʝʛʫʣʘʮʠʿʠ ʩʠʛʥʘʣʥʠʭ ʧʫʪʝʚʘ ʫʥʫʪʘʨ ʠ ʤʝʹʫ ˂ʝʣʠʿʘʤʘ. ʀʤʘʿʠ ʫʣʦʛʫ ʭʝʤʦʘʪʨʘʢʪʘʥʘʪʘ, 

ʘʢʪʠʚʠʨʘʿʫ ʣʝʫʢʦʮʠʪʝ, ʫʯʝʩʪʚʫʿʫ ʫ ʬʘʛʦʮʠʪʦʟʠ, ʙʠʪʥʠ ʩʫ ʫ ʦʜʨʞʘʚʘˁʫ, ʧʨʦʤʝʥʠ 

ʧʦʣʦʞʘʿʘ ʠ ʦʙʣʠʢʘ ˂ʝʣʠʿʘ. ʉʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʧʦʤʘʞʫ ˂ʝʣʠʿʠ ʫ ʦʧʦʨʘʚʢʫ ʦʜ ʦʰʪʝ˂ʝˁʘ, 

ʫʢˀʫʯʝʥʠ ʩʫ ʫ ʥʦʨʤʘʣʥʦʤ ˂ʝʣʠʿʩʢʦʤ ʨʘʩʪʫ, ʧʨʦʛʨʘʤʠʨʘʥʦʿ ˂ʝʣʠʿʩʢʦʿ ʩʤʨʪʠ (ʘʧʦʧʪʦʟʠ) 

ʠ ˂ʝʣʠʿʩʢʦʤ ʩʪʘʨʝˁʫ (178-181). ɺʘʞʥʠ ʩʫ ʫ ʩʠʥʪʝʟʠ ʝʩʝʥʮʠʿʘʣʥʠʭ ʙʠʦʣʦʰʢʠʭ ʿʝʜʠˁʝˁʘ 

ʠ ʧʨʦʠʟʚʦʜˁʠ ʝʥʝʨʛʠʿʝ, ʜʦʧʨʠʥʦʩʝ ʨʝʛʫʣʘʮʠʿʠ ʚʘʩʢʫʣʘʨʥʦʛ ʪʦʥʫʩʘ, ʦʜʥʦʩʥʦ 

ʚʘʩʢʫʣʘʨʠʟʘʮʠʿʠ ʪʢʠʚʘ.  

            ʀʥʪʨʘʮʝʣʫʣʘʨʥʦ ʩʫʧʝʨʦʢʩʠʜ ʘʥʿʦʥ ʨʘʜʠʢʘʣ ʠʟʘʟʠʚʘ ʦʢʩʠʜʘʮʠʿʫ ʨʠʘʥʦʜʠʥʩʢʠʭ 

ʨʝʮʝʧʪʦʨʘ ʢʦʿʦʤ ʩʝ ʧʦʜʩʪʠʯʝ ʦʩʣʦʙʘʹʘˁʝ Ca
2+

 ʠʟ ʜʝʧʦʘ ʫ ʩʘʨʢʦʧʣʘʟʤʘʪʩʢʦʤ ʨʝʪʠʢʫʣʫʤʫ 

ʩʢʝʣʝʪʥʦ-ʤʠʰʠ˂ʥʠʭ ˂ʝʣʠʿʘ. ʆʚʠʤ ʧʫʪʝʤ ʩʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʤʦʜʫʣʠʰʫ ʩʥʘʛʫ ʚʦˀʥʠʭ 

ʤʠʰʠ˂ʥʠʭ ʢʦʥʪʨʘʢʮʠʿʘ (182). ʌʘʛʦʮʠʪʫʿʫ˂ʝ ˂ʝʣʠʿʝ ʪʘʢʦʹʝ ʧʨʦʠʟʚʦʜʝ ʿʘʢʝ ʦʢʩʠʜʘʥʩʝ, 

ʛʝʥʝʨʠʰʫ˂ʠ ʨʝʘʢʪʠʚʥʝ ʚʨʩʪʝ ʢʦʿʝ ʫʙʠʿʘʿʫ ʧʘʪʦʛʝʥʝ (162, 183). ʇʨʦʠʟʚʦʜˁʘ ʦʚʠʭ 

ʘʛʨʝʩʠʚʥʠʭ ROS ʦʤʦʛʫ˂ʘʚʘʿʫ ʫʥʠʰʪʘʚʘˁʝ ʤʘʪʝʨʠʿʘ ʫʥʝʪʠʭ ʫ ʬʘʛʦʮʠʪʝ (184, 185). 

ʉʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʜʦʧʨʠʥʝʩʝ ʣʠʟʠʨʘˁʫ ʙʘʢʪʝʨʠʿʩʢʠʭ ˂ʝʣʠʿʘ ʫ ʨʦʢʫ ʦʜ 30 ʜʦ 60 

ʤʠʥʫʪʘ ʫʟ ʚʝʣʠʢʠ ʫʪʨʦʰʘʢ ʢʠʩʝʦʥʠʢʘ (178, 186-189).  

             ʅʝʦʩʧʦʨʥʦ ʿʝ ʜʘ ʩʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʧʦʤʘʞʫ ʘʜʘʧʪʘʮʠʿʫ ʠ ʦʧʦʨʘʚʘʢ ʪʢʠʚʘ ʧʦʩʣʝ 

ʦʰʪʝ˂ʝˁʘ ʥʘ ʚʠʰʝ ʥʘʯʠʥʘ. ʉʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʧʦʜʩʪʠʯʫ ʦʰʪʝ˂ʝʥʝ ˂ʝʣʠʿʝ ʜʘ ʫʹʫ ʫ 

ʧʨʦʛʨʘʤʠʨʘʥʫ ˂ʝʣʠʿʩʢʫ ʩʤʨʪ - ʘʧʦʧʪʦʟʫ (190, 191). ʊʘʢʦʹʝ ʠʥʜʫʢʫʿʫ ʧʨʠʚʣʘʯʝˁʝ 

ʣʝʫʢʦʮʠʪʘ ʫ ʦʰʪʝ˂ʝʥʦ ʪʢʠʚʦ, ʘʢʪʠʚʠʨʘʿʫ ʠʭ, ʠ ʢʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʦʧʠʩʘʥʦ, ʟʥʘʯʘʿʥʦ 

ʫʯʝʩʪʚʫʿʫ ʫ ˁʠʭʦʚʦʿ ʬʘʛʦʮʠʪʥʦʿ ʫʣʦʟʠ (192). ʅʘ ʪʘʿ ʥʘʯʠʥ, ʩʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ 

ʧʦʪʧʦʤʘʞʫ ʫʢʣʘˁʘˁʝ ʦʰʪʝ˂ʝʥʠʭ ˂ʝʣʠʿʘ ʠʟ ʪʢʠʚʘ ʠ ʫʙʨʟʘʚʘʿʫ ˁʠʭʦʚ ʦʧʦʨʘʚʘʢ. ʊʘʢʦʹʝ 

ʧʦʜʩʪʠʯʫ ʩʠʥʪʝʟʫ ʙʠʦʣʦʰʢʠ ʘʢʪʠʚʥʠʭ ʿʝʜʠˁʝˁʘ (ʥʧʨ. NO, ʢʘʦ ʚʘʟʦʜʠʣʘʪʘʪʦʨʥʦʛ ʠ 

ʘʥʛʠʦʛʝʥʦʛ ʪʨʘʥʩʤʠʪʝʨʘ) ʢʦʿʠ ʩʫ ʫʢˀʫʯʝʥʠ ʫ ʦʧʦʨʘʚʢ ʪʢʠʚʘ (36, 193). 

            ʉʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʦʙʫʭʚʘʪʘʿʫ ʨʝʘʢʪʠʚʥʝ ʢʠʩʝʦʥʠʯʢʝ ʚʨʩʪʝ (ROS) ʠ ʨʝʘʢʪʠʚʥʝ 

ʘʟʦʪʥʝ ʚʨʩʪʝ (RNS) (194-196). 

             ʄʝʹʫ ʨʝʘʢʪʠʚʥʠʤ ʢʠʩʝʦʥʠʯʥʠʤ ʚʨʩʪʘʤʘ, ʫ ʙʠʦʣʦʰʢʦʤ ʩʤʠʩʣʫ, ʧʦʩʝʙʥʦ ʩʫ 

ʟʥʘʯʘʿʥʝ ʩʣʝʜʝ˂ʝ ʚʨʩʪʝ ʨʝʘʢʪʠʚʥʠʭ ʿʝʜʠˁʝˁʘ ʢʠʩʝʦʥʠʢʘ (197):      

- O2
Åð

   - ʩʫʧʝʨʦʢʩʠʜ ʠʣʠ ʩʫʧʝʨʦʢʩʠʜʥʠ ʘʥʿʦʥʩʢʠ ʨʘʜʠʢʘʣ 

http://sr.wikipedia.org/wiki/%D0%88%D0%B5%D0%B4%D0%B8%D1%9A%D0%B5%D1%9A%D0%B5
http://sr.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%B5%D0%BE%D0%BD%D0%B8%D0%BA
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- ¶
OH    - ʭʠʜʨʦʢʩʠʣʥʠ ʨʘʜʠʢʘʣ 

- HO2
¶  

 - ʭʠʜʨʦʧʝʨʦʢʩʠʜ ʨʘʜʠʢʘʣ 

- RO2
¶   

 - ʧʝʨʦʢʩʠʣʥʠ-ʨʘʜʠʢʘʣ 

- RO
¶
     - ʘʣʦʢʩʠʣʥʠ ʨʘʜʠʢʘʣ 

ʅʝʨʘʜʠʢʘʣʩʢʠ ʦʙʣʠʮʠ ʢʠʩʝʦʥʠʢʘ: 

- ROOH - ʦʨʛʘʥʩʢʠ ʭʠʜʨʦʧʝʨʦʢʩʠʜ 

- H2O2    - ʚʦʜʦʥʠʢ-ʧʝʨʦʢʩʠʜ 

- HOC1  - ʭʠʧʦʭʣʦʨʥʘ ʢʠʩʝʣʠʥʘ 

- 1
O2       - ʩʠʥʛʣʝʪʥʠ ʢʠʩʝʦʥʠʢ 

-  O3       - ʦʟʦʥ 

 

             O2
Åð

   ʥʘʩʪʘʿʝ ʫʛʣʘʚʥʦʤ ʫ ʤʠʪʦʭʦʥʜʨʠʿʘʤʘ ʠʟ ʤʦʣʝʢʫʣʘ ʢʠʩʝʦʥʠʢʘ ʿʝʜʥʠʤ 

ʝʣʝʢʪʨʦʥʦʤ ʫʢˀʫʯʫʿʫ˂ʠ NADH-ʜʝʭʠʜʨʦʛʝʥʘʟʫ ʠ ʫʙʠʭʠʥʦʥ-Q-ʮʠʪʦʭʨʦʤ B ʢʦʤʧʣʝʢʩ.
                                                 

                                    
O2 + 1e

-
­ ʆ2

¶ - 

             
ʅʘʩʪʘʦ ʆ2

¶- 
ʩʧʦʥʪʘʥʦ ʜʠʩʤʫʪʫʿʝ ʜʦ H2O2 ʠ O2, ʠʣʠ ʿʝ ʨʝʘʢʮʠʿʘ ʝʬʠʢʘʩʥʦ 

ʢʘʪʘʣʠʟʦʚʘʥʘ ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʦʤ MnSOD. ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʠʟʤʝʹʫ 1-3% ʝʣʝʢʪʨʦʥʘ ʫ 

ʝʣʝʢʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʦʤ ʣʘʥʮʫ ʜʦʣʘʟʠ ʜʦ ʆ2 ʠ ʪʘʢʦ ʬʦʨʤʠʨʘʿʫ ʆ2
¶-
 ʫʤʝʩʪʦ ʜʘ ʨʝʜʫʢʫʿʫ 

ʆ2 ʜʦ H2O. ʊʘʢʦʹʝ ʥʘʩʪʘʿʝ ʠ ʧʨʠ ʘʫʪʦʦʢʩʠʜʘʮʠʿʠ ʬʣʘʚʠʥʘ, ʧʪʝʨʠʥʘ, ʢʘʪʝʭʦʣʘʤʠʥʘ, ʢʘʦ ʠ 

ʜʝʣʦʚʘˁʝʤ ʩʧʦˀʘʰˁʠʭ ʘʛʝʥʘʩʘ ʢʘʦ ʰʪʦ ʿʝ ʟʨʘʯʝˁʝ ʠ ʜʝʣʦʚʘˁʝʤ ʮʠʪʦʩʪʘʪʠʢʘ. ʄʦʞʝ 

ʥʘʩʪʘʪʠ ʠ ʦʢʩʠʜʘʮʠʿʦʤ ʭʝʤʦʛʣʦʙʠʥʘ ʠ ʤʠʦʛʣʦʙʠʥʘ ʫ ʤʝʪʭʝʤʦʛʣʦʙʠʥ ʠ ʤʝʪʤʠʦʛʣʦʙʠʥ. 
 

                        Hb(Fe
2+

) + O2 ­ met (Fe
3+

) Mb + ʆ2
¶ - 

  

             ʋ ʬʠʟʠʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ ʆ2
¶-
 ʥʝ ʠʟʘʟʠʚʘ ʪʦʢʩʠʯʥʝ ʝʬʝʢʪʝ ʿʝʨ ʛʘ ʝʥʟʠʤ 

ʩʫʧʝʨʦʢʩʠʜ-ʜʠʩʤʫʪʘʟʘ ʪʨʘʥʩʬʦʨʤʠʰʝ ʫ ʤʘˁʝ ʘʢʪʠʚʘʥ ʚʦʜʦʥʠʢ ʧʝʨʦʢʩʠʜ (198-201).  

            ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʩʫʧʝʨʦʢʩʠʜ ʘʥʿʦʥ ʨʘʜʠʢʘʣʘ, H2O2 ʥʠʿʝ ʫ ʧʨʘʚʦʤ 

ʩʤʠʩʣʫ ʨʝʯʠ ʩʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣ ʿʝʨ ʥʝʤʘ ʥʝʩʧʘʨʝʥʠʭ ʝʣʝʢʪʨʦʥʘ. H2O2 ʩʝ ʬʦʨʤʠʨʘ 

ʥʘʿʯʝʰ˂ʝ ʢʨʦʟ ʩʣʝʜʝ˂ʫ ʨʝʘʢʮʠʿʫ (202-206).  

                   

                               ʆ2
¶-
+2H

+      SOD
­   H2O2+ʆ2 

             ɻʣʘʚʥʦ ʤʝʩʪʦ ʩʚʘʨʘˁʘ ʚʦʜʦʥʠʢ ʧʝʨʦʢʩʠʜʘ ʨʝʜʫʢʮʠʿʦʤ ʙʨʦʿʥʠʭ ʦʢʩʠʜʘʟʘ ʫ 

˂ʝʣʠʿʘʤʘ ʩʫ ʧʝʨʦʢʩʠʟʦʤʠ. ʊʦʢʩʠʯʥʦʩʪ ʚʦʜʦʥʠʢ ʧʝʨʦʢʩʠʜʘ ʫ ʧʝʨʦʢʩʠʟʦʤʠʤʘ ʩʧʨʝʯʝʥʘ ʿʝ 

ʜʝʿʩʪʚʦʤ ʢʘʪʘʣʘʟʝ ʢʦʿʘ ʛʘ ʨʘʟʣʘʞʝ ʜʦ ʚʦʜʝ ʠ ʢʠʩʝʦʥʠʢʘ. ʄʦʞʝ ʜʘ ʥʘʩʪʘʥʝ ʠ ʫ 

ʤʠʪʦʭʦʥʜʨʠʿʘʤʘ, ʤʠʢʨʦʟʦʤʠʤʘ ʠ ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʤ ʨʝʪʠʢʫʣʫʤʫ. ʀʘʢʦ ʩʝ ʥʝ ʤʦʞʝ 

ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʩʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣ ʠ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʩʪʘʙʠʣʥʠʿʠ ʠʥʪʝʨʤʝʜʠʿʝʨʥʠ 

ʧʨʦʜʫʢʪ ʨʝʜʫʢʮʠʿʝ ʢʠʩʝʦʥʠʢʘ, H2O2 ʠʩʢʘʟʫʿʝ ʙʨʦʿʥʝ ʪʦʢʩʠʯʥʝ ʝʬʝʢʪʝ. ɼʦʚʦʜʠ ʜʦ 

ʦʢʩʠʜʘʮʠʿʝ ʩʫʣʬʭʠʜʨʠʣʥʠʭ ʛʨʫʧʘ ʧʨʦʪʝʠʥʘ, ʠʥʠʮʠʨʘ ʣʠʧʠʜʥʫ ʧʝʨʦʢʩʠʜʘʮʠʿʫ, ʩʘ ʿʦʥʠʤʘ 

ʤʝʪʘʣʘ ʜʦʚʦʜʠ ʜʦ ʩʪʚʘʨʘˁʘ ʠʟʫʟʝʪʥʦ ʨʝʘʢʪʠʚʥʦʛ ʭʠʜʨʦʢʩʠʣ ʨʘʜʠʢʘʣʘ (207-209).  

              ʍʠʜʨʦʢʩʠʣ ʨʘʜʠʢʘʣ ʿʝ ʥʘʿʨʝʘʢʪʠʚʥʠʿʠ ʨʘʜʠʢʘʣ, ʠʥʪʝʨʤʝʜʠʿʘʨʥʠ ʿʝ ʧʨʦʜʫʢʪ 

ʧʘʨʮʠʿʘʣʥʝ ʨʝʜʫʢʮʠʿʝ ʢʠʩʝʦʥʠʢʘ (210, 211).  

                    

                       O2 + 3e
- 
+ 3H ­ 

Å
OH 

http://sr.wikipedia.org/wiki/Vodonik-peroksid
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ʈʝʜʦʢʩ ʩʪʘˁʝ ʫ ˂ʝʣʠʿʠ ʟʘʚʠʩʠ ʦʜ ʨʝʜʦʢʩ ʧʘʨʘ Fe2
+
 ʠ Cu

+
 ʠ ʦʜʨʞʘʚʘ ʩʝ ʫ ʦʢʚʠʨʫ ʚʝʦʤʘ 

ʩʪʨʦʛʠʭ ʬʠʟʠʦʣʦʰʢʠʭ ʛʨʘʥʠʮʘ. ʋ ʫʩʣʦʚʠʤʘ ʩʪʨʝʩʘ ʧʦʜ ʜʝʿʩʪʚʦʤ ʆ2
¶- 
ʜʦʣʘʟʠ ʜʦ 

ʦʩʣʦʙʘʹʘˁʘ Fe2
+ 
ʠʟ ʤʦʣʝʢʫʣʘ ʫ ʢʦʿʠʤʘ ʩʝ ʥʘʣʘʟʠ. ʆʩʣʦʙʦʹʝʥʦ Fe2

+
 ʤʦʞʝ ʨʝʘʛʦʚʘʪʠ ʩʘ 

H2O2 ʫ ʪʟʚ. Fenton-oʚoj ʨʝʘʢʮʠʿʠ, ʧʨʠ ʯʝʤʫ ʩʝ ʩʪʚʘʨʘ ÅOH. 

  

                   Fe2
+
 +H2O2ŸFe3

+
 + ÅOH+OH

ī
  

 

 ʆʩʠʤ ʪʦʛʘ O2
.- 
ʤʦʞʝ ʨʝʘʛʦʚʘʪʠ ʩʘ H2O2 ʫ ʪʟʚ. HaberïWeiss-oʚoj ʨʝʘʢʮʠʿʠ 

  

                   ʆ2
¶ -

 +H2O2ŸO2 + 
Å
OH+OH

ī
 

 

ʠ ʪʘʢʦʹʝ ʛʝʥʝʨʠʩʘʪʠ ʭʠʜʨʦʢʩʠʣ ʨʘʜʠʢʘʣ, ʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ Fenton-oʚoʤ ʨʝʘʢʮʠʿʦʤ 

ʚʨʰʠʪʠ ʨʝʜʫʢʮʠʿʫ Fe3
+
 ʜʘʿʫ˂ʠ O2. 

 

                   Fe3
+
 +O2

Åī
 ŸFe2

+
 +O2 

 

             ʍʠʜʨʦʢʩʠʣ ʨʘʜʠʢʘʣ ʦʰʪʝ˂ʫʿʝ ʤʠʪʦʭʦʥʜʨʠʿʩʢʫ ʤʝʤʙʨʘʥʫ, DNK, ʤʝʤʙʨʘʥʫ 

˂ʝʣʠʿʘ ʠ ʠʟʘʟʠʚʘ ʣʠʧʠʜʥʫ ʧʝʨʦʢʩʠʜʘʮʠʿʫ. ʆʚʝ ʧʨʦʤʝʥʝ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʠʨʝʚʝʨʟʠʙʠʣʥʦʛ 

ʦʰʪʝ˂ʝˁʘ ˂ʝʣʠʿʝ (212). 

  

1.5.1.1 ɸʟʦʪ ʤʦʥʦʢʩʠʜ (
¶
NO)  

               

             ɱʝʜʘʥ ʦʜ ʥʘʿʧʦʟʥʘʪʠʿʠʭ RNS ʿʝ ʘʟʦʪ ʤʦʥʦʢʩʠʜ. ʅʘʩʪʘʿʝ ʫ ʛʦʪʦʚʦ ʩʚʠʤ ˂ʝʣʠʿʘʤʘ 

ʦʢʩʠʜʘʮʠʿʦʤ ʃ-ʘʨʛʠʥʠʥʘ ʫ ʧʨʠʩʫʩʪʚʫ ʘʟʦʪʤʦʥʦʢʩʠʜ ʩʠʥʪʘʟʝ (213).   

            ʆʚʘʿ ʤʦʣʝʢʫʣ ʿʝ ʟʥʘʯʘʿʘʥ ʨʝʛʫʣʘʪʦʨ ʠ ʤʝʜʠʿʘʪʦʨ ʙʨʦʿʥʠʭ ʧʨʦʮʝʩʘ ʫ ʥʝʨʚʥʦʤ, 

ʠʤʫʥʦʤ ʠ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʦʤ ʩʠʩʪʝʤʫ (214-217). ʋʯʝʩʪʚʫʿʝ ʫ ʨʝʛʫʣʠʩʘˁʫ 

ʚʘʟʦʜʠʣʘʪʘʮʠʿʝ ʢʨʚʥʠʭ ʩʫʜʦʚʘ, ʫʪʠʯʝ ʥʘ ʚʘʩʢʫʣʘʨʥʠ ʧʝʨʤʝʘʙʠʣʠʪʝʪ. ɸʟʦʪ ʤʦʥʦʢʩʠʜ ʿʝ 

ʫʢˀʫʯʝʥ ʫ ʠʥʭʠʙʠʮʠʿʫ ʘʜʭʝʟʠʿʝ ʠ ʘʛʨʝʛʘʮʠʿʝ ʪʨʦʤʙʦʮʠʪʘ, ʪʘʢʦʹʝ ʫʯʝʩʪʚʫʿʝ ʠ ʫ 

ʨʝʛʫʣʘʮʠʿʠ ʘʥʛʠʦʛʝʥʝʟʝ (218). 
¶
NO ʿʝ ʥʝʫʨʦʪʨʘʥʩʤʠʪʝʨ, ʘ ʫ ʠʤʫʥʦʤ ʩʠʩʪʝʤʫ ʤʦʜʫʣʠʨʘ  

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪ ʤʘʢʨʦʬʘʛʘ. ʂˀʫʯʥʠ ʿʝ ʨʝʛʫʣʘʪʦʨ ʬʫʥʢʮʠʿʝ ʠ ʙʨʦʿʘ ʤʠʪʦʭʦʥʜʨʠʿʘ ʢʦʿʠ 

ʫʢˀʫʯʫʿʝ ʩʠʥʪʝʟʫ ʥʦʚʠʭ, ʬʫʥʢʮʠʦʥʘʣʥʦ ʘʢʪʠʚʥʠʭ ʤʠʪʦʭʦʥʜʨʠʿʘ. 
                   ¶

NO ʫ ʝʢʩʪʨʘʮʝʣʫʣʘʨʥʦʿ ʩʨʝʜʠʥʠ ʨʝʘʛʫʿʝ ʩʘ O2 ʠ H2O ʠ ʬʦʨʤʠʨʘ ʥʠʪʨʠʪ (NO2
-
) ʠ 

ʥʠʪʨʘʪ (NO3
-
) ʘʥʿʦʥʝ. ʈeaʢʮʠʿʦʤ 

¶
NO ʠ ʆ2

¶-
 ʥʘʩʪʘʿʝ ʧʝʨʦʢʩʠʥʠʪʨʠʪ, ʠʟʫʟʝʪʥʦ ʨʝʘʢʪʠʚʘʥ 

ʩʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣ. ʆʚʘ ʨʝʘʢʮʠʿʘ ʩʝ ʩʤʘʪʨʘ ʟʘ ʥʘʿʙʨʞʫ ʨʝʘʢʮʠʿʫ ʫ ʙʠʦʣʦʛʠʿʠ (202). 

            ʃʠʧʠʜʥʘ ʧʝʨʦʢʩʠʜʘʮʠʿʘ ʿʝ ʥʘʿʠʟʨʘʞʝʥʠʿʠ ʥʝʛʘʪʠʚʥʠ ʬʝʥʦʤʝʥ ʜʝʣʦʚʘˁʘ 

ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ ʠ ʧʨʝʜʩʪʘʚˀʘ ʘʫʪʦʢʘʪʘʣʠʪʠʯʢʠ, ʧʨʦʛʨʝʩʠʚʥʠ ʠ ʠʨʝʚʝʨʟʠʙʠʣʥʠ 

ʧʨʦʮʝʩ. ʇʦʜʨʘʟʫʤʝʚʘ ʦʢʩʠʜʘʮʠʿʫ ʥʝʟʘʩʠ˂ʝʥʠʭ ʤʘʩʥʠʭ ʢʠʩʝʣʠʥʘ ʫ ˂ʝʣʠʿʩʢʠʤ 

ʤʝʤʙʨʘʥʘʤʘ ʧʨʠ ʯʝʤʫ ʥʘʩʪʘʿʫ ʥʦʚʠ ʨʘʜʠʢʘʣʠ ʢʦʿʠ  ʥʘʩʪʘʚˀʘʿʫ ʣʘʥʯʘʥʫ ʨʝʘʢʮʠʿʫ 

ʘʫʪʦʦʢʩʠʜʘʮʠʿʝ. ʆʚʘʿ ʧʨʦʮʝʩ ʨʝʟʫʣʪʠʨʘ ʦʰʪʝ˂ʝˁʝʤ ʩʪʨʫʢʪʫʨʝ ʠ ʬʫʥʢʮʠʿʝ ˂ʝʣʠʿʩʢʝ 

ʤʝʤʙʨʘʥʝ (162, 219, 220). ʇʨʦʮʝʩ ʣʠʧʠʜʥʝ ʧʝʨʦʢʩʠʜʘʮʠʿʝ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ ʙʨ. 5. 

ɸ-  ʉʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ (ʥʧʨ. ʭʠʜʨʦʢʩʠʣʥʠ ʨʘʜʠʢʘʣ ʟʘʧʦʯʠˁʝ ʣʠʧʠʜʥʫ  ʧʝʨʦʢʩʠʜʘʮʠʿʫ 

ʦʜʫʟʠʤʘˁʝʤ ʚʦʜʦʥʠʢʦʚʦʛ ʿʦʥʘ ʧʦʣʠʥʝʟʘʩʠ˂ʝʥʠʤ ʤʘʩʥʠʤ  ʢʠʩʝʣʠʥʘʤʘ (LH) ʰʪʦ 

ʨʝʟʫʣʪʠʨʘ ʩʪʚʘʨʘˁʝʤ ʣʠʧʠʜʥʦʛ ʨʘʜʠʢʘʣʘ L
.
. 

ɹ -   ʃʘʥʯʘʥʘ ʨʝʘʢʮʠʿʘ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ ʰʠʨʠ ʩʝ ʜʦʜʘʪʢʦʤ ʢʠʩʝʦʥʠʢʘ, ʰʪʦ 

ʨʝʟʫʣʪʠʨʘ ʩʪʚʘʨʘˁʝʤ ʧʝʨʦʢʩʠʣʥʦʛ ʨʘʜʠʢʘʣʘ (LOO
.
) ʠ ʣʠʧʠʜʥʦʛ ʭʠʜʨʦʧʝʨʦʢʩʠʜʘ 

(LOOH). 
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ɺ -      ʇʨʝʫʨʝʹʝˁʝʤ ʿʝʜʥʦʛ ʝʣʝʢʪʨʦʥʘ ʜʦʣʘʟʠ ʜʦ ʨʘʟʛʨʘʜˁʝ ʧʦʣʠʥʝʟʘʩʠ˂ʝʥʠʭ ʤʘʩʥʠʭ 

ʢʠʩʝʣʠʥʘ. ʄʘʣʦʥʜʠʘʣʜʝʭʠʜ, ʿʝʜʘʥ ʦʜ ʥʘʩʪʘʣʠʭ ʩʧʦʿʝʚʘ, ʪʦʧˀʠʚ ʿʝ ʠ ʧʦʿʘʚˀʫʿʝ ʩʝ ʫ 

ʮʠʨʢʫʣʘʮʠʿʠ.  

 

ɻ -      ʃʘʥʯʘʥʘ ʨʝʘʢʮʠʿʘ ʤʦʞʝ ʙʠʪʠ ʧʨʝʢʠʥʫʪʘ ʘʥʪʠʦʢʩʠʜʘʥʩʠʤʘ (ʥʧʨ.  ʚʠʪʘʤʠʥʦʤ ɽ 

ʢʦʿʠ ʜʦʥʠʨʘ ʿʝʜʘʥ ʝʣʝʢʪʨʦʥ ʫ ʜʚʘ ʩʫʩʝʜʥʘ ʢʦʨʘʢʘ, ʩʪʚʘʨʘʿʫ˂ʠ ʩʪʘʙʠʣʥʦ ʦʢʩʠʜʠʨʘʥʦ 

ʿʝʜʠˁʝˁʝ. 

 
                                   ʉʣʠʢʘ ʙʨ 5. ʃʠʧʠʜʥʘ ʧʝʨʦʢʩʠʜʘʮʠʿʘ 

 

1.6   ʂʆʄʇʆʅɽʅʊɽ ɸʅʊʀʆʂʉʀɼɸʎʀʆʅɽ ʆɼɹʈɸʅɽ     

             ʈʝʘʢʪʠʚʥʝ ʚʨʩʪʝ ʢʦʿʝ ʥʘʩʪʘʿʫ ʢʘʦ ʜʝʦ ʤʝʪʘʙʦʣʠʯʢʠʭ ʧʨʦʮʝʩʘ ʫ ʦʨʛʘʥʠʟʤʫ 

ʥʝʫʪʨʘʣʠʰʫ ʩʝ ʩʠʩʪʝʤʦʤ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʦʜʙʨʘʥʝ. ʋ ʥʦʨʤʘʣʥʠʤ ʬʠʟʠʦʣʦʰʢʠʤ 

ʫʩʣʦʚʠʤʘ, ʧʨʦʠʟʚʦʜˁʘ ROS ʠ RNS ʿʝ ʫ ʨʘʚʥʦʪʝʞʠ ʩʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʤ ʩʠʩʪʝʤʦʤ. ʊʦ 

ʦʤʦʛʫ˂ʘʚʘ ʪʝʣʫ ʜʘ ʦʜʨʞʠ ʨʘʚʥʦʪʝʞʝʥʠ ʨʝʜʦʢʩ ʩʪʘʪʫʩ (221, 222). ɸʥʪʠʦʢʩʠʜʘʪʠʚʥʠ 

ʩʠʩʪʝʤ ʠʤʘ ʫʣʦʛʫ ʜʘ ʠʥʘʢʪʠʚʠʰʝ ROS ʠ RNS ʠʣʠ ʜʘ ʧʨʝʢʠʜʘ ʨʝʘʢʮʠʿʝ ʫ ʢʦʿʠʤʘ ʦʥʠ 

ʥʘʩʪʘʿʫ.  

 

1.6.1.1 ʉʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʘ (SOD) 

            ʉʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʘ ʿʝ ʝʥʟʠʤ ʢʦʿʠ ʫʙʨʟʘʚʘ ʨʘʟʛʨʘʜˁʫ O2
Åī

  ʜʦ ʤʦʣʝʢʫʣʩʢʦʛ 

ʢʠʩʝʦʥʠʢʘ ʠ ʤʘˁʝ ʨʝʘʢʪʠʚʥʝ ʚʨʩʪʝ ʚʦʜʦʥʠʢ ʧʝʨʦʢʩʠʜʘ (223). 

 

                                               2O2
Åī

 + 2H+ SODŸH2O2 + O2 
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             ʂʦʜ ˀʫʜʠ ʧʦʩʪʦʿʝ ʪʨʠ ʬʦʨʤʝ SOD: ʮʠʪʦʧʣʘʟʤʘʪʠʯʥʘ CuZn-SOD, 

ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʘ Mn-SOD ʠ ʝʢʩʪʨʘʮʝʣʫʣʘʨʥʘ SOD (224, 225). CuZn-SOD ʿʝ ʝʥʟʠʤ ʢʦʿʠ 

ʩʝ ʩʘʩʪʦʿʠ ʦʜ 2 ʩʫʙʿʝʜʠʥʠʮʝ. ʉʚʘʢʘ ʩʫʙʿʝʜʠʥʠʮʘ ʩʘʜʨʞʠ ʫ ʘʢʪʠʚʥʦʤ ʤʝʩʪʫ ʤʝʪʘʣʥʫ 

ʛʨʫʧʫ ʢʦʿʫ ʯʠʥʝ ʿʦʥʠ Cu ʠ Zn. Mn-SOD je jeʜʘʥ ʦʜ ʥʘʿʝʬʠʢʘʩʥʠʿʠʭ ʝʥʟʠʤʘ ʢʦʿʠ ʠʤʘ 

ʘʥʪʠʪʫʤʦʨʩʢʫ ʘʢʪʠʚʥʦʩʪ. ɽʢʩʪʨʘʮʝʣʫʣʘʨʥʘ SOD ʠʤʘ ʚʠʩʦʢʠ ʘʬʠʥʠʪʝʪ ʟʘ ʦʜʨʝʹʝʥʝ 

ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʝ. ʆʥʘ ʫ ʪʢʠʚʠʤʘ ʩʠʩʘʨʘ ʫʛʣʘʚʥʦʤ ʩʣʫʞʠ ʜʘ ʢʦʦʨʜʠʥʠʨʘ ʮʠʪʦʢʠʥʝ, ʘ 

ʥʝ ʢʘʦ ʦʜʛʦʚʦʨ ʧʦʿʝʜʠʥʠʭ ˂ʝʣʠʿʘ ʥʘ ʦʢʩʠʜʘʮʠʿʫ (225). 

 

1.6.1.2  ʂʘʪʘʣʘʟʘ  (CAT)  

 

             ʈʘʟʛʨʘʜˁʘ H2O2 ʜʦ ʚʦʜʝ ʠ ʢʠʩʝʦʥʠʢʘ ʫ ˂ʝʣʠʿʘʤʘ ʩʝ ʦʩʪʚʘʨʫʿʝ ʧʨʝʢʦ ʢʘʪʘʣʘʟʝ ʢʦʿʘ 

ʿʝ ʩʤʝʰʪʝʥʘ ʫ ʤʠʪʦʭʦʥʜʨʠʿʘʤʘ ʠ ʧʝʨʦʢʩʠʟʦʤʠʤʘ ʫ ʩʚʠʤ ʪʢʠʚʠʤʘ ʩʠʩʘʨʘ (226). ʄʦʞʝ ʩʝ 

ʥʘ˂ʠ ʠ ʩʣʦʙʦʜʥʘ ʫ ʮʠʪʦʩʦʣʫ ʨʝʪʠʢʫʣʦʮʠʪʘ ʠ ʟʨʝʣʠʭ ʝʨʠʪʨʦʮʠʪʘ.   

                                              

                                                2H2O2 CATŸ 2H2O + O2 

             ʂʘʪʘʣʘʟʘ ʿʝ ʝʥʟʠʤ ʢʦʿʠ ʨʘʟʛʨʘʹʫʿʝ H2O2  ʢojʠ ʿʝ ʥʘʩʪʘʦ ʧʨʠʣʠʢʦʤ ʜʠʩʤʫʪʘʮʠʿʝ 

O2
Å- 
ʠʣʠ ʫ ʨʝʘʢʮʠʿʘʤʘ ʢʦʿʝ ʢʘʪʘʣʠʟʫʿʝ ʢʩʘʥʪʠʥ ʦʢʩʠʜʘʟʘ. ʂʘʪʘʣʘʟʘ ʨʘʟʣʘʞʝ H2O2 ʜʦ ʚʦʜʝ 

ʠ ʢʠʩʝʦʥʠʢʘ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʧʝʨʦʢʩʠʜʘʟʘ ʢʦʿʝ ʥʝʫʪʨʘʣʠʰʫ H2O2 ʪʘʢʦ ʰʪʦ ʧʦʤʦ˂ʫ ˁʝʛʘ 

ʦʢʩʠʜʫʿʫ ʜʨʫʛʠ ʩʫʧʩʪʨʘʪ (226).  

 

 

 

 

1.6.1.3    ɻʣʫʪʘʪʠʦʥ ʧʝʨʦʢʩʠʜʘʟʘ  (GSH-Px) 

 

             ʆʚʘʿ ʝʥʟʠʤ ʠʤʘ ʧʨʠʤʘʨʥʫ ʫʣʦʛʫ ʫ ʥʝʫʪʨʘʣʠʩʘˁʫ ʅ2ʆ2 ʠ ʩʧʨʝʯʘʚʘˁʫ ʅ2ʆ2-

ʟʘʚʠʩʥʦʛ ʩʪʚʘʨʘˁʘ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ. ʋʯʝʩʪʚʫʿʝ ʫ ʦʜʨʞʘˁʫ ʪʠʦʣ ʛʨʫʧʘ ʧʨʦʪʝʠʥʘ  ʫ 

ʨʝʜʫʢʦʚʘʥʦʤ ʩʪʘˁʫ ʠ ʫ ʢʦˁʫʛʘʮʠʿʠ ʩʘ ʢʩʝʥʦʙʠʦʪʠʮʠʤʘ ʢʦʿʘ ʿʝ ʧʦʩʨʝʜʦʚʘʥʘ ʛʣʫʪʘʪʠʦʥ-S 

ʪʨʘʥʩʬʝʨʘʟʦʤ (GST). ʅʘʢʦʥ ʫʯʝʰ˂ʘ ʫ ʦʢʩʠʜʦ-ʨʝʜʫʢʮʠʦʥʠʤ ʨʝʘʢʮʠʿʘʤʘ, ʨʝʜʫʢʦʚʘʥʠ 

ʛʣʫʪʘʪʠʦʥ ʩʝ ʨʝʛʝʥʝʨʠʰʝ ʠʟ ʦʢʩʠʜʦʚʘʥʝ ʬʦʨʤʝ ʜʝʿʩʪʚʦʤ ʛʣʫʪʘʪʠʦʥ ʨʝʜʫʢʪʘʟʝ (GR) 

(ʩʣʠʢʘ ʙʨ. 6). ʄʝʪʘʙʦʣʠʟʘʤ ʛʣʫʪʘʪʠʦʥʘ ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʤʝʭʘʥʠʟʘʤʘ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʦʜʙʨʘʥʝ (225). ʇʦʩʪʦʿʝ 2 ʬʦʨʤʝ GSH-Px ʦʜ ʢʦʿʠʭ ʿʝ ʿʝʜʥʘ Se ʟʘʚʠʩʥʘ 

(ʮʠʪʦʧʣʘʟʤʘʪʠʯʥʘ ʠ ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʘ) a ʜʨʫʛʘ Se ʥʝʟʘʚʠʩʥʘ ʠ ʧʨʠʧʘʜʘ ʬʘʤʠʣʠʿʠ 

ʝʥʟʠʤʘ ʛʣʫʪʘʪʠʦʥ-S-ʪʨʘʥʩʬʝʨʘʟʥʝ ʘʢʪʠʚʥʦʩʪʠ. ʆʚʝ ʜʚʝ ʬʦʨʤʝ ʝʥʟʠʤʘ ʩʝ ʨʘʟʣʠʢʫʿʫ ʧʦ 

ʙʨʦʿʫ ʩʫʙʿʝʜʠʥʠʮʘ, ʧʨʠʨʦʜʠ ʚʝʟʠʚʘˁʘ Sʝ ʫ ʘʢʪʠʚʥʦʤ ʤʝʩʪʫ, ʠ ˁʠʭʦʚʠʭ ʢʘʪʘʣʠʪʠʯʢʠʭ 

ʤʝʭʘʥʠʟʘʤʘ. ʂʦʜ ˀʫʜʠ ʧʦʩʪʦʿʝ 4 ʨʘʟʣʠʯʠʪʝ Sʝ-ʟʘʚʠʩʥʝ ʛʣʫʪʘʪʠʦʥ ʧʝʨʦʢʩʠʜʘʟʝ (225, 

226).  

             ʇʦʟʥʘʪʦ ʿʝ ʜʘ GSH-Px ʜʘʿʫ 2 ʝʣʝʢʪʨʦʥʘ ʟʘ ʨʝʜʫʢʮʠʿʫ ʧʝʨʦʢʩʠʜʘ ʠ ʬʦʨʤʠʨʘʿʫ 

ʩʝʣʝʥ-ʭʠʜʨʦʢʩʠʜ (Se-OH). ɸʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʩʚʠʭ ʩʝʣʝʥʦ-ʝʥʟʠʤʘ ʿʝ ʜʘ 

ʝʣʠʤʠʥʠʰʫ ʧʝʨʦʢʩʠʜʝ ʢʘʦ ʧʦʪʝʥʮʠʿʘʣʥʝ ʩʫʧʩʪʨʘʪʝ ʟʘ Fenton-oʚʫ ʨʝʘʢʮʠʿʫ (227, 228). 

 



38 

 

                            
    ʆʢʩʠʜʘʪʠʚʥʘ ʦʰʪʝ˂ʝˁʘ ʣʠʧʠʜʘ, ʧʨʦʪʝʠʥʘ, DNK 

 

          ʉʣʠʢʘ ʙʨ. 6. ʉʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʠ ʧʫʪʝʚʠ ˁʠʭʦʚʝ ʤʝʹʫʩʦʙʥʝ ʢʦʥʚʝʨʟʠʿʝ 

 

 ʇʦʨʝʜ ʝʥʟʠʤʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ ʘʥʪʠʦʢʩʠʜʘʮʠʦʥʦʛ ʦʜʙʨʘʤʝʙʝʥʦʛ ʩʠʩʪʝʤʘ ʫ 

ʦʛʨʘʥʠʟʤʫ ʧʦʩʪʦʿʠ ʯʠʪʘʚ ʥʠʟ ʝʣʝʤʝʥʘʪʘ ʟʘʰʪʠʪʝ ʢʦʿʠ ʥʝ ʧʨʠʧʘʜʘʿʫ ʝʥʟʠʤʠʤʘ ʘʣʠ ʩʫ 

ʩʥʘʞʥʠ ʠ ʠʟʫʟʝʪʥʦ ʫʩʧʝʰʥʠ ʘʥʪʠʦʢʩʠʜʘʥʩʠ (ʚʠʪʘʤʠʥʠ (229-232), ʘʤʠʥʦʢʠʩʝʣʠʥʝ (233), 

ʭʦʨʤʦʥʠ (234, 235), ʤʝʪʘʙʦʣʠʪʠ (236) ʠʪʜ.). ʀʧʘʢ, ʢʘʢʦ ʦʥʠ ʥʠʩʫ ʧʨʝʜʤʝʪ ʦʚʦʛ 

ʠʩʪʨʘʞʠʚʘˁʘ ʥʝ˂ʝ ʩʝ ʜʘˀʝ ʨʘʟʤʘʪʨʘʪʠ.  

 ʅʘ ʢʨʘʿʫ ʚʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʪʦʢʦʤ ʛʦʜʠʥʘ ʜʦʰʣʦ ʜʦ ʨʘʟʚʦʿʘ ʚʝʣʠʢʦʛ 

ʙʨʦʿʘ ʪʝʭʥʠʢʘ, ʤʝʪʦʜʘ ʠ ʙʠʦʤʘʨʢʝʨʘ ʟʘ ʧʨʦʮʝʥʫ ʨʝʜʦʢʩ ʠʣʠ ʦʢʩʠʜʘʮʠʦʥʦʛ ʩʪʘʪʫʩʘ 

ʦʨʛʘʥʠʟʤʘ (237, 238). ʄʝʹʫ ˁʠʤʘ ʿʝ ʫ ʥʘʰʠʤ ʫʩʣʦʚʠʤʘ ʥʘʿʧʦʛʦʜʥʠʿʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʩʢʠ ʤʝʪʦʜ, ʠʘʢʦ ʩʚʘʢʘ ʤʝʪʦʜʘ ʠʤʘ ʧʨʝʜʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʢʝ, ʧʨʝ ʩʚʝʛʘ 

ʫ ʧʦʛʣʝʜʫ ʧʨʝʮʠʟʥʦʩʪʠ, ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʩʝʥʟʠʪʠʚʥʦʩʪʠ (239-241). 

 

 

1.7 ɽʌɽʂɸʊ ʌʀɿʀʏʂɽ ɸʂɿʀɺʅʆʉʊʀ ʅɸ ʆʂʉʀɼɸʊʀɺʅʀ ʉʊʈɽʉ ʀ 
ɸʅʊʀʆʂʉʀɼɸʊʀɺʅʋ ɿɸʐʊʀʊʋ 

             ʊʦʢʦʤ ʠʥʪʝʥʟʠʚʥʦʛ ʚʝʞʙʘˁʘ, ʫʢʫʧʥʘ ʧʦʪʨʦʰˁʘ ʢʠʩʝʦʥʠʢʘ ʤʦʞʝ ʜʘ ʧʦʨʘʩʪʝ ʜʦ 

20 ʧʫʪʘ (242). ʇʦʪʨʦʰˁʘ ʢʠʩʝʦʥʠʢʘ ʫ ʘʢʪʠʚʥʠʤ ʤʠʰʠ˂ʠʤʘ ʤʦʞʝ ʙʠʪʠ ʠ ʜʦ 100 ʧʫʪʘ 

ʚʝ˂ʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʪʨʦʰˁʫ ʫ ʩʪʘˁʫ ʤʠʨʦʚʘˁʘ (64). ʆʢʦ 95-98% ʫʢʫʧʥʝ ʧʦʪʨʦʰˁʝ 

ʢʠʩʝʦʥʠʢʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ATP-a,  2-5% ʢʠʩʝʦʥʠʢʘ ʤʦʞʝ ʙʠʪʠ ʨʝʜʫʢʦʚʘʥʦ ʠ 

ʜʦʚʝʩʪʠ ʜʦ ʩʪʚʘʨʘˁʘ ROS (243). ɼʫʛ ʧʝʨʠʦʜ ʠʥʪʝʨʝʩʦʚʘˁʝ ʿʝ ʙʠʣʦ ʫʩʤʝʨʝʥʦ ʫʛʣʘʚʥʦʤ 

ʟʥʘʯʘʿʫ ʧʦʚʝ˂ʘʥʦʛ ʜʦʪʦʢʘ ʢʠʩʝʦʥʠʢʘ ʫ ʤʠʰʠ˂ʝ ʠ  ʩʠʩʪʝʤʝ ʢʦʿʠ ʩʫ ʫʢˀʫʯʝʥʠ ʫ ʬʠʟʠʯʢʫ 

ʘʢʪʠʚʥʦʩʪ. Davies ʠ ʩʘʨ. 1982. ʛʦʜʠʥʝ ʩʫ ʧʨʚʠ ʫʢʘʟʘʣʠ ʜʘ ʩʝ ʦʢʩʠʜʘʮʠʦʥʠ ʩʪʨʝʩ ʤʦʞʝ 

ʧʦʿʘʚʠʪʠ ʪʦʢʦʤ ʬʠʟʠʯʢʦʛ ʥʘʧʦʨʘ (64). ɺʝʣʠʢʠ ʙʨʦʿ ʩʪʫʜʠʿʘ ʿʝ ʧʦʢʘʟʘʦ ʜʘ ʚʝʞʙʘˁʝ ʤʦʞʝ 

ʜʦʚʝʩʪʠ ʜʦ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ ʘʣʠ ʨʝʜʦʚʥʘ ʬʠʟʠʯʢʘ ʘʢʪʠʚʥʦʩʪ ʩʘ ʧʦʚʠʰʝʥʠʤ ʥʠʚʦʦʤ 

ʧʨʦʦʢʩʠʜʘʥʘʩʘ ʚʦʜʠ ʫʩʭʦʜʥʦʿ ʨʝʛʫʣʘʮʠʿʠ ʝʥʜʦʛʝʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʢʦʜ 

ʩʧʦʨʪʠʩʪʘ (226). 

             ʇʦʚʝʟʘʥʦʩʪ ʠʟʤʝʹʫ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ ʠ ʚʝʞʙʘˁʘ ʪʝʤʘ ʿʝ ʥʘʫʯʥʦ-

ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʘʜʦʚʘ ʚʝ˂ ʚʠʰʝ ʦʜ 3 ʜʝʮʝʥʠʿʝ.  

             ʂʦʜ ʚʨʭʫʥʩʢʠʭ ʩʧʦʨʪʠʩʪʘ ʿʝ ʧʦʚʝ˂ʘʥʘ ʧʨʦʜʫʢʮʠʿʘ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ ʢʠʩʝʦʥʠʢʘ ʠ 

ʘʟʦʪʘ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʪʠʧ ʝʥʝʨʛʝʪʩʢʦʛ ʟʘʭʪʝʚʘ ʩʧʦʨʪʘ. ʂʦʜ ʘʝʨʦʙʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʥʠʩʢʦʛ 

ʠʥʪʝʥʟʠʪʝʪʘ ʩʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʥʝ ʜʦʚʦʜʝ ʜʦ ʦʰʪʝ˂ʝˁʘ ʪʢʠʚʘ ʟʘʪʦ ʰʪʦ ʩʝ ʥʝ 

ʥʘʜʤʘʰʫʿʝ ʢʘʧʘʮʠʪʝʪ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʟʘʰʪʠʪʝ ʦʨʛʘʥʠʟʤʘ (71, 239).  

             ʂʦʜ ʚʨʭʫʥʩʢʠʭ ʩʧʦʨʪʠʩʪʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʘʥʘʝʨʦʙʥʠʤ ʪʠʧʦʤ ʩʧʦʨʪʘ ʪʘʢʦʹʝ ʿʝ 

ʫʦʯʝʥʘ ʧʦʿʘʚʘ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ ʥʘʢʦʥ ʠʥʪʝʥʟʠʚʥʠʭ ʬʠʟʠʯʢʠʭ ʘʢʪʠʚʥʦʩʪʠ. 
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ʇʦʚʝʟʘʥʦʩʪ ʘʥʘʝʨʦʙʥʝ ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ ʥʠʿʝ ʜʦʚʦˀʥʦ 

ʠʟʫʯʝʥʘ (244-249). 

             ɺʝʞʙʘˁʝ ʿʝ ʧʨʠʭʚʘ˂ʝʥʦ ʢʘʦ ʠʟʚʘʥʨʝʜʘʥʠ ʤʦʜʝʣ ʟʘ ʠʟʫʯʘʚʘˁʝ ʜʠʥʘʤʠʯʢʦʛ 

ʙʘʣʘʥʩʘ ʦʢʩʠʜʘʪʠʚʥʠʭ ʧʨʦʤʝʥʘ ʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʦʜʙʨʘʥʝ ʫ ʙʠʦʣʦʰʢʠʤ ʩʠʩʪʝʤʠʤʘ  

ʢʘʢʦ ʥʘ ʘʥʠʤʘʣʥʦʤ ʤʦʜʝʣʫ ʪʘʢʦ ʠ ʢʦʜ ˀʫʜʠ.         

             ʇʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʝ ʩʝ ʤʦʞʝ ʫʦʯʠʪʠ ʥʝʚʝʨʦʚʘʪʥʘ ʝʢʩʧʘʥʟʠʿʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʩʧʨʦʚʝʜʝʥʠʭ ʨʘʜʠ ʧʨʦʮʝʥʝ ʧʦʚʝʟʘʥʦʩʪʠ ʧʨʦʤʝʥʘ ʨʝʜʦʢʩ ʨʘʚʥʦʪʝʞʝ ʠ ʦʢʩʠʜʘʪʠʚʥʦʛ 

ʩʪʨʝʩʘ (250-257). ʋ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʥʘ ʘʥʠʤʘʣʥʦʤ ʤʦʜʝʣʫ ʫʛʣʘʚʥʦʤ ʩʝ ʩʧʨʦʚʦʜʠ 

ʘʝʨʦʙʥʠ ʪʨʝʥʠʥʛ - ʪʨʯʘˁʝ ʠ ʧʣʠʚʘˁʝ. ʀʩʧʠʪʠʚʘˁʘ ʥʘ ʘʥʠʤʘʣʥʦʤ ʤʦʜʝʣʫ ʠʤʘʿʫ 

ʦʜʨʝʹʝʥʝ ʧʨʝʜʥʦʩʪʠ, ʤʦʛʫ˂ʝ ʿʝ ʦʜʨʝʹʠʚʘˁʝ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʘʪʫʩʘ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʦʨʛʘʥʠʤʘ ʥʘʢʦʥ ʞʨʪʚʦʚʘˁʘ. ʊʘʢʦʹʝ ʿʝ ʤʦʛʫ˂ʝ ʠʟʦʣʦʚʘʪʠ ʩʨʮʝ, ʧʝʨʬʫʥʜʦʚʘʪʠ ʧʦ 

Langendorf-ʫ ʠ ʦʜʨʝʹʠʚʘʪʠ ʦʢʩʠʜʘʪʠʚʥʠ ʩʪʘʪʫʩ ʫ ʢʦʨʦʥʘʨʥʦʤ ʚʝʥʩʢʦʤ ʝʬʣʫʝʥʪʫ ʢʘʦ ʠ ʫ 

ʩʨʯʘʥʦʤ ʤʠʰʠ˂ʫ (258-260). 

             Jiankang Liu ʿʝ ʩʧʨʦʚʝʦ ʘʢʫʪʥʠ ʠ ʭʨʦʥʠʯʥʠ ʪʨʝʥʠʥʛ ʪʨʯʘˁʘ ʧʘʮʦʚʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ 

ʫʢʘʟʘʣʠ ʜʘ ʤʦʟʘʢ, ʿʝʪʨʘ, ʩʨʮʝ ʠ ʧʦʧʨʝʯʥʦ-ʧʨʫʛʘʩʪʠ ʤʠʰʠ˂ʠ ʨʘʟʣʠʯʠʪʦ ʨʝʘʛʫʿʫ ʥʘ 

ʬʠʟʠʯʢʫ ʘʢʪʠʚʥʦʩʪ ʫ ʧʦʛʣʝʜʫ ʧʘʨʘʤʝʪʘʨʘ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ. ʅʘʢʦʥ ʘʢʫʪʥʝ ʬʠʟʠʯʢʝ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʚʝ˂ʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ MDA ʨʝʛʠʩʪʨʦʚʘʥʘ ʿʝ ʩʘʤʦ ʫ ʿʝʪʨʠ. ʍʨʦʥʠʯʥʘ 

ʬʠʟʠʯʢʘ ʘʢʪʠʚʥʦʩʪ ʜʦʚʝʣʘ ʿʝ ʜʦ ʩʥʠʞʝˁʘ MDA ʫ ʤʦʟʛʫ ʘʣʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʫ ʩʨʯʘʥʦʤ 

ʤʠʰʠ˂ʫ. ʐʪʦ ʩʝ ʪʠʯʝ ʧʘʨʘʤʝʪʘʨʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʟʘʰʪʠʪʝ  ʫʦʯʝʥʦ ʿʝ ʜʘ ʩʝ ʘʢʪʠʚʥʦʩʪ 

GSH ʧʦʚʝ˂ʘʚʘ ʫ ʩʨʯʘʥʦʤ ʤʠʰʠ˂ʫ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʜʨʫʛʠʭ ʦʨʛʘʥʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʫʢʘʟʘʣʠ ʜʘ 

ʭʨʦʥʠʯʥʘ ʘʢʪʠʚʥʦʩʪ  ʜʦʚʦʜʠ ʜʦ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ ʘʣʠ ʜʘ ʠʥʜʫʢʫʿʝ ʘʢʪʠʚʥʦʩʪ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʝʥʟʠʤʘ ʢʦʿʠ ʩʫ ʙʠʪʥʠ ʟʘ ʩʧʨʝʯʚʘˁʝ ʧʦʩʣʝʜʠʮʘ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ 

(261). 

             ʄʥʦʛʦ ʿʝ ʥʝʧʦʟʥʘʥʠʮʘ ʿʦʰ ʫʚʝʢ ʚʝʟʘʥʦ ʟʘ ʬʠʟʠʯʢʫ ʘʢʪʠʚʥʦʩʪ ʠ ʦʢʩʠʜʘʪʠʚʥʠ 

ʩʪʨʝʩ. ʄʘʣʦ ʿʝ ʩʪʫʜʠʿʘ ʢʦʿʝ ʩʫ ʠʟʫʯʘʚʘʣʝ ʨʘʟʣʠʢʫ ʫ ʦʢʩʠʜʘʪʠʚʥʦʤ ʩʪʨʝʩʫ ʠʟʤʝʹʫ 

ʩʧʦʨʪʠʩʪʢʠˁʘ ʠ ʩʧʦʨʪʠʩʪʘ. ʋ ʩʧʨʦʚʝʜʝʥʠʤ ʩʪʫʜʠʿʘʤʘ ʧʨʦʫʯʘʚʘʥ ʿʝ ʦʢʩʠʜʘʪʠʚʥʠ ʩʪʨʝʩ ʠ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʩʪʘʪʫʩ ʪʦʢʦʤ ʚʝʞʙʘˁʘ ʫʛʣʘʚʥʦʤ ʢʦʜ ʤʫʰʢʘʨʘʮʘ, ʘ ʫ ʤʘˁʝʤ ʙʨʦʿʫ ʢʦʜ 

ʞʝʥʘ (262-264). ʅʝʢʝ ʦʜ ʜʦʩʘʜʘʰˁʠʭ ʩʪʫʜʠʿʘ ʫʢʘʟʫʿʫ ʥʘ ʯʠˁʝʥʠʮʫ ʜʘ  ʝʩʪʨʦʛʝʥ ʤʦʞʝ 

ʠʤʘʪʠ ʟʘʰʪʠʪʥʫ ʬʫʥʢʮʠʿʫ ʧʨʦʪʠʚ ROS ʪʦʢʦʤ ʚʝʞʙʘˁʘ ʢʦʜ ʞʝʥʘ.  

             ʋ ʿʝʜʥʦʤ ʦʜ ʨʘʥʠʿʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʩʫ ʠʩʧʠʪʠʚʘʥ ʨʝʜʦʢʩ ʩʪʘʪʫʩ ʢʦʜ 

ʦʜʙʦʿʢʘʰʠʮa ʠ ʦʜʙʦʿʢʘʰʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʫʢʘʟʘʣʠ ʜʘ ʬʠʟʠʯʢʘ ʘʢʪʠʚʥʦʩʪ ʢʦʜ 

ʩʧʦʨʪʠʩʪʢʠˁʘ ʜʦʚʦʜʠ ʜʦ ʚʠʰʝʛ ʥʠʚʦʘ ʧʘʨʘʤʝʪʘʨʘ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ (265). 

             ɼʦʩʘʜʘʰˁʝ ʩʪʫʜʠʿʝ ʤʥʦʛʦ ʤʘˁʝ ʩʫ ʠʟʫʯʘʚʘʣʝ ʩʨʯʘʥʝ ʘʜʘʧʪʘʮʠʿʝ ʥʘʢʦʥ 

ʧʨʝʩʪʘʥʢʘ ʪʨʝʥʠʥʛʘ. Tʘʢʦʹʝ ʿʝ ʤʘʣʦ ʩʪʫʜʠʿʘ ʢʦʿʝ ʩʝ ʙʘʚʝ ʨʘʟʣʠʢʘʤʘ ʫ ʨʝʜʦʢʩ ʩʪʘʪʫʩʫ  

ʥʘʢʦʥ ʧʨʝʩʪʘʥʢʘ ʪʨʝʥʠʥʛʘ ʢʦʜ ʿʝʜʠʥʢʠ ʨʘʟʣʠʯʠʪʦʛ ʧʦʣʘ.               

             ʉʚʝ ʥʘʚʝʜʝʥʝ ʩʪʫʜʠʿʝ  ʠ ʯʠˁʝʥʠʮʝ ʫʢʘʟʫʿʫ ʥʘ ʢʦʤʧʣʝʢʩʥʦʩʪ ʠ ʥʝʦʧʭʦʜʥʦʩʪ 

ʜʘˀʝʛ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʚʝʟʘʥʦʩʪʠ ʬʠʟʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʘʨʘʤʝʪʘʨʘ ʦʢʩʠʜʘʪʠʚʥʦʛ 

ʩʪʨʝʩʘ ʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʟʘʰʪʠʪʝ. 
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2.1      ʎʠˀʝʚʠ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ü ʇʨʦʮʝʥʘ ʘʜʘʧʪʘʮʠʦʥʠʭ ʤʦʨʬʦʣʦʰʢʠʭ ʧʨʦʤʝʥʘ ʩʨʯʘʥʦʛ ʤʠʰʠ˂ʘ ʢʦʜ ʧʘʮʦʚʘ ʦʙʘ 

ʧʦʣʘ ʥʘʢʦʥ ʧʣʠʚʘˁʘ.  

ü ʇʨʦʮʝʥʘ ʨʝʛʨʝʩʠʿʝ ʘʜʘʧʪʘʮʠʦʥʠʭ ʤʦʨʬʦʣʦʰʢʠʭ ʧʨʦʤʝʥʘ ʩʨʯʘʥʦʛ ʤʠʰʠ˂ʘ  ʢʦʜ 

ʧʘʮʦʚʘ ʦʙʘ ʧʦʣʘ ʥʘʢʦʥ ʤʠʨʦʚʘˁʘ ʪʿ. ʫ ʧʝʨʠʦʜʫ ʫ ʢʦʤʝ ʧʘʮʦʚʠ ʥʝ ʧʣʠʚʘʿʫ. 

(ʆʜʨʝʹʠʚʘˁʝ ʤʦʨʬʦʣʦʰʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʨʮʘ: ʤʝʨʝˁʝ ʪʝʣʝʩʥʝ ʪʝʞʠʥʝ, ʤʘʩʝ 

ʩʨʮʘ, ʦʜʥʦʩʘ ʤʘʩʝ ʩʨʮʘ/ʪʝʣʝʩʥʘ ʪʝʞʠʥʘ ʥʘʢʦʥ ʪʨʝʥʠʥʛʘ ʠ ʧʝʨʠʦʜʘ ʤʠʨʦʚʘˁʘ ʦʜ 

ʜʚʝ ʠ ʯʝʪʠʨʠ ʥʝʜʝˀʝ)  

ü  ʆʜʨʝ́ʠʚʘˁʝ ʢʘʨʜʠʦʜʠʥʘʤʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ ʢʦʨʦʥʘʨʥʦʛ ʧʨʦʪʦʢʘ ʫ ʩʨʮʫ ʥʘʢʦʥ 

ʪʨʝʥʠʥʛʘ ʠ ʥʘʢʦʥ ʤʠʨʦʚʘˁʘ ʢʦʜ ʧʘʮʦʚʘ ʦʙʘ ʧʦʣʘ.  

ü ʀʩʧʠʪʠʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʦʢʩʠʜʘʮʠʦʥʦʛ ʩʪʨʝʩʘ ʫ ʢʦʨʦʥʘʨʥʦʤ ʚʝʥʩʢʦʤ ʝʬʣʫʝʥʪʫ 
ʥʘʢʦʥ ʪʨʝʥʠʥʛʘ ʠ ʥʘʢʦʥ ʧʝʨʠʦʜʘ ʤʠʨʦʚʘˁʘ. 

ü ʆʜʨʝʹʠʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʦʢʩʠʜʘʮʠʦʥʦʛ ʩʪʨʝʩʘ ʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʟʘʰʪʠʪʝ  ʫ   

ʩʠʩʪʝʤʩʢʦʿ ʮʠʨʢʫʣʘʮʠʿʠ ʥʘʢʦʥ ʪʨʝʥʠʥʛʘ, ʥʘʢʦʥ ʧʨʝʢʠʜʘ ʪʨʝʥʠʥʛʘ ʦʜ ʜʚʝ ʠ 

ʯʝʪʠʨʠ ʥʝʜʝˀʝ ʢʦʜ ʧʘʮʦʚʘ ʦʙʘ ʧʦʣʘ.  

 

 

2.2      ʍʠʧʦʪʝʟʝ ʩʪʫʜʠʿʝ 

 

Ç ʆʯʝʢʫʿʝ ʩʝ ʜʘ ʪʨʝʥʠʥʛ ʧʣʠʚʘˁʘ ʠʟʘʟʘʟʦʚʝ ʘʜʘʧʪʘʮʠʦʥʝ ʤʦʨʬʦʣʦʰʢʝ ʧʨʦʤʝʥʝ 

ʩʨʯʘʥʦʛ ʤʠʰʠ˂ʘ ʟʘ ʢʦʿʝ ˂ʝ ʩʝ ʫʪʚʨʜʠʪʠ ʜʘ ʣʠ ʦʜʛʦʚʦʨʘʿʫ ʭʠʧʝʨʪʨʦʬʠʿʠ. 

Ç  ɸʜʘʧʪʘʮʠʦʥʝ ʤʦʨʬʦʣʦʰʢʝ ʧʨʦʤʝʥʝ ʤʠʦʢʘʨʜʘ ˂ʝ ʙʠʪʠ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ 

ʬʫʥʢʮʠʥʘʣʥʠʤ ʧʨʦʤʝʥʘʤʘ ʩʨʮʘ. 

Ç ʇʦʤʝʥʫʪʝ ʧʨʦʤʝʥʝ ˂ʝ ʙʠʪʠ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʧʨʦʤʝʥʘʤʘ ʥʠʚʦʘ ʦʢʩʠʜʘʪʠʚʥʠʭ 
ʧʘʨʘʤʝʪʘʨʘ ʫ ʢʦʨʦʥʘʨʥʦʤ ʝʬʣʫʝʥʪʫ ʧʘʮʦʚʘ. 

Ç ʋ ʩʠʩʪʝʤʩʢʦʿ ʮʠʨʢʫʣʘʮʠʿʠ ʜʦ˂ʠ ˂ʝ ʜʦ ʧʨʦʤʝʥʘ ʥʠʚʦʘ ʦʢʩʠʜʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ 
ʝʥʟʠʤʘ ʝʥʜʦʛʝʥʝ ɸʆɿ.  

Ç ʉʘ ʧʨʝʩʪʘʥʢʦʤ ʪʨʝʥʠʥʛʘ ʢʘʨʜʠʦʜʠʥʘʤʩʢʝ ʠ ʧʨʦʤʝʥʝ ʨʝʜʦʢʩ ʨʘʚʥʦʪʝʞʝ ˂ʝ ʩʝ 
ʚʨʘʪʠʪʠ ʥʘ ʙʘʟʘʣʥʝ ʚʨʝʜʥʦʩʪʠ. 

Ç ɸʜʘʧʪʘʮʠʦʥʝ ʧʨʦʤʝʥʝ ʤʠʦʢʘʨʜʘ ˂ʝ ʙʠʪʠ ʠʟʨʘʞʝʥʠʿʝ ʢʦʜ ʞʝʥʢʠ ʧʘʮʦʚʘ. 

Ç ɽʬʝʢʪʠ ʪʨʝʥʠʥʛʘ ˂ʝ ʠʤʘʪʠ ʧʦʣʥʦ-ʩʧʝʮʠʬʠʯʥʠ ʢʘʨʘʢʪʝʨ.  
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3.1        ɺʈʉʊɸ ʉʊʋɼʀɱɽ 

          ʉʧʨʦʚʝʜʝʥʘ ʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʩʪʫʜʠʿʘ ʧʨʠ ʯʝʤʫ ʿʝ ʧʨʚʠ ʜʝʦ ʦʙʘʚˀʝʥ in vivo ʥʘ 

ʞʠʚʦʪʠˁʘʤʘ, ʘ ʜʨʫʛʠ ʜʝʦ ʥʘ ʤʘʪʝʨʠʿʘʣʫ ʘʥʠʤʘʣʥʦʛ ʧʦʨʝʢʣʘ ex vivo. ɽʢʩʧʝʨʠʤʝʪʥʠ ʫ 

ʦʢʚʠʨʫ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʠʟʚʝʜʝʥʠ ʥʘ ʀʥʩʪʠʪʫʪ ʟʘ ʌʠʟʠʦʣʦʛʠʿʫ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʟʘ 

ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʫ ʬʠʟʠʦʣʦʛʠʿʫ. ʊʦʢʦʤ ʩʚʠʭ ʧʦʩʪʫʧʘʢʘ ʨʫʢʦʚʘˁʘ ʩʘ ʧʘʮʦʚʠʤʘ ʯʣʘʥʦʚʠ 

ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʪʠʤʘ ʩʫ ʩʝ ʧʨʠʜʨʞʘʚʘʣʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʜʦʤʘ˂ʠʭ ʠ ʠʥʦʩʪʨʘʥʠʭ 

ʟʚʘʥʠʯʥʠʭ ʥʘʯʝʣʘ ʢʦʿʘ ʨʝʛʫʣʠʰʫ ʧʦʩʪʫʧʘˁʝ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʞʠʚʦʪʠˁʘʤʘ. ʇʨʝ 

ʠʟʚʦʹʝˁʘ ʩʪʫʜʠʿʝ ʿʝ ʜʦʙʠʿʝʥʘ ʩʘʛʣʘʩʥʦʩʪ ʥʘʜʣʝʞʥʦʛ ɽʪʠʯʢʦʛ ʦʜʙʦʨʘ. 

3.2.     ʄʝʪʦʜ ʨʝʪʨʦʛʨʘʜʥʝ ʧʝʨʬʫʟʠʿʝ ʠʟʦʣʦʚʘʥʦʛ ʩʨʮʘ ʧʦ ʃʘʥʛʝʥʜʦʨʬ-ʫ  

           ʈʘʜʠ ʧʨʦʮʝʥʝ ʬʫʥʢʮʠʿʝ ʩʨʮʘ ʧʘʮʦʚʘ ʠ ʨʝʘʢʪʠʚʥʦʩʪʠ ʢʦʨʦʥʘʨʥʝ ʚʘʩʢʫʣʘʪʫʨʝ ʫ 

ʩʪʫʜʠʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʤʝʪʦʜ ʨʝʪʨʦʛʨʘʜʥʝ ʧʝʨʬʫʟʠʿʝ ʠʟʦʣʦʚʘʥʦʛ ʩʨʮʘ ʧʦ ʃʘʥʛʝʥʜʦʨʬ-ʫ 

(266).                

            Langendorff ʘʧʘʨʘʪ ʤʘʨʢʝ LF-01 F-P Perfusion systems for isolated, small 

mammalian hearts according to Langendorff, Experimetria LTD Budapest, Hungary  ʩʝ 

ʩʘʩʪʦʿʠ ʦʜ (ʩʣʠʢʘ ʙʨ. 7): 

 

- ʉʠʩʪʝʤʘ ʮʝʚʠ, ʩʘ ʧʨʠʤʘʨʥʠʤ ʩʪʫʙʦʤ ʿʝʜʥʝ ʜʫʧʣʝ ʮʝʚʠ ʫ ʢʦʿʦʿ ʩʝ ʧʦʩʪʠʞʝ 
ʞʝˀʝʥʠ ʧʝʨʬʫʟʠʦʥʠ ʧʨʠʪʠʩʘʢ, ʢʘʦ ʠ ʧʦʤʦ˂ʥʦʛ ʩʠʩʪʝʤʘ ʮʝʚʠ ʟʘ ʛʘʩʠʬʠʢʘʮʠʿʫ 

ʨʘʩʪʚʦʨʘ, ʢʘʦ ʠ Watter-Jacketa-a ʢʦʿʠ ʫʢʣʘˁʘ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʦʩʪʦʨʠʿʝ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʪʚʦʨʘ ʠ ʪʠʤʝ ʧʨʠʙʣʠʞʘʚʘ ʪʝʤʧʝʨʘʪʫʨʫ ʦʧʪʠʤʘʣʥʦʿ. 

- ʈʝʟʝʨʚʦʘʨ ʟʘ ʧʝʨʬʫʟʠʦʥʠ ʨʘʩʪʚʦʨ ʟʘ ʧʝʨʬʫʟʠʿʫ, ʚʦʣʫʤʝʥʘ 4 L, 

- ɹʦʮʝ ʟʘ ʛʘʩʠʨʘˁʝ ʬʠʟʠʦʣʦʰʢʦʛ ʨʘʩʪʚʦʨʘ ʢʦʿʠ ʩʘʜʨʞʠ ʩʤʝʰʫ ʛʘʩʦʚʘ ʫ ʦʜʥʦʩʫ 

ʆ2:Cʆ2=95%:5%, ʠ ʢʦʿʠ ʦʩʪʚʘʨʫʿʝ ʬʠʟʠʦʣʦʰʢʠ ʧʘʨʮʠʿʘʣʥʠ ʧʨʠʪʠʩʘʢ ʦʚʠʭ ʛʘʩʦʚʘ 

ʫ ʧʝʨʬʫʟʠʦʥʦʤ ʤʝʜʠʿʫ. ʀʩʪʦʚʨʝʤʝʥʦ ʠ ʥʝʛʘʪʠʚʥʠʤ ʧʨʠʪʠʩʢʦʤ ʦʜʝʹʫʿʝ ʩʤʝʨ ʪʦʢʘ 

ʬʠʟʠʦʣʦʰʢʦʛ ʨʘʩʪʚʦʨʘ. 

- ɺʦʜʝʥʦʛ ʢʫʧʘʪʠʣʘ ʛʜʝ ʩʝ ʧʦʩʪʠʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʬʠʟʠʦʣʦʰʢʦʛ ʨʘʩʪʚʦʨʘ ʦʜ 37
ʦ
ʉ 

- ʀʥʬʫʟʠʦʥʝ ʧʫʤʧʝ (ʟʘ ʘʧʣʠʢʘʮʠʿʫ ʧʦ ʧʦʪʨʝʙʠ ʨʘʟʣʠʯʠʪʠʭ ʘʛʝʥʘʩʘ) ʫ ʘʦʨʪʥʫ 

ʢʘʥʠʣʫ, 

- ɽʣʝʢʪʨʦʩʪʠʤʫʣʘʪʦʨʘ ʢʦʿʠʤ ʩʝ ʧʦʩʪʠʞʝ ʢʦʥʩʪʘʥʪʘʥ Ăpacingñ ʠʟʦʣʦʚʘʥʦʛ ʩʨʮʘ  ʠ 

ʪʠʤʝ ʦʤʦʛʫ˂ʘʚʘ ˁʝʛʦʚ ʨʝʛʫʣʘʨʥʠʿʠ ʠ ʜʫʞʠ ʨʘʜ. 

- ʂʦʤʧʿʫʪʝʨʩʢʝ ʿʝʜʠʥʠʮʝ ʩʘ ʧʨʦʛʨʘʤʦʤ ʟʘ ʧʨʘ˂ʝˁʝ ʧʘʨʘʤʝʪʘʨʘ ʨʘʜʘ ʩʨʮʘ. 

- ʉʝʥʟʦʨʘ ʧʨʝʢʦ ʢʦʿʠʭ ʩʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʥʘʚʝʜʝʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʧʨʠʢʫʧˀʘʿʫ ʠʟ 

ʩʨʮʘ. 
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ʉʣʠʢʘ ʙʨ. 7. ʄʦʜʠʬʠʢʦʚʘʥʠ ʘʧʘʨʘʪ ʧʦ Langendorff-ʫ (LF-11-LF01 F-P, Perfusion systems 

for isolated, small mammalian hearts according to Langendorff, Experimetria LTD Budapest, 

Hungary) 

 

3.3       ɽʂʉʇɽʈʀʄɽʅʊɸʃʅʀ ʇʈʆʊʆʂʆʃ 

 ʋ ʠʩʪʨʘʞʠʚʘˁʫ ʩʫ ʙʠʣʠ ʫʢˀʫʯʝʥʠ Wistar albino ʩʦʿ ʧʘʮʦʚʠ ʞʝʥʩʢʦʛ ʠ ʤʫʰʢʦʛ 

ʧʦʣʘ, ʩʪʘʨʦʩʥʝ ʜʦʙʠ 2 ʤʝʩʝʮʘ ʠ ʪʝʞʠʥʝ 200Ñ20 g. ʇʘʮʦʚʠ ʩʫ ʥʘʙʘʚˀʘʥʠ ʩʘ ʬʘʨʤʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʞʠʚʦʪʠˁʘ ɺʦʿʥʦʤʝʜʠʮʠʥʩʢʝ ʘʢʘʜʝʤʠʿʝ (ɺʄɸ), ʈʝʧʫʙʣʠʢʘ ʉʨʙʠʿʘ. ʋ 

ʧʝʨʠʦʜʫ ʘʜʘʧʪʘʮʠʿʝ ʢʦʿʠ ʿʝ ʪʨʘʿʘʦ 7 ʜʘʥʘ ʞʠʚʦʪʠˁʝ ʩʫ ʯʫʚʘʥʝ ʫ ʤʝʪʘʣʥʠʤ ʢʘʚʝʟʠʤʘ, 

ʩʪʘʥʜʘʨʜʥʠʭ ʜʠʤʝʥʟʠʿʘ. ʋ ʧʨʦʩʪʦʨʠʿʠ ʫ ʢʦʿʦʿ ʩʫ ʙʠʣʠ ʩʤʝʰʪʝʥʠ ʢʘʚʝʟʠ, ʟʦʦʭʝʤʠʿʩʢʠ ʠ 

ʤʠʢʨʦʢʣʠʤʘʪʩʠ ʫʩʣʦʚʠ ʫ ʧʦʪʧʫʥʦʩʪʠ ʩʫ ʦʜʛʦʚʘʨʘʣʠ ʧʨʝʜʚʠʹʝʥʠʤ ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʥʠʤ 

ʩʪʘʥʜʘʨʜʠʤʘ ʟʘ ʯʫʚʘˁʝ ʛʣʦʜʘʨʘ ʫ ʚʠʚʘʨʠʿʫʤʠʤʘ. ʇʘʮʦʚʠ ʩʫ ʙʠʣʠ ʩʚʨʩʪʘʥʠ ʫ ʯʝʪʠʨʠ (4) 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʛʨʫʧʝ, ʢʦʥʪʨʦʣʥʘ ʛʨʫʧʘ ʞʝʥʩʢʦʛ ʠ ʢʦʥʪʨʦʣʥʘ ʛʨʫʧʘ ʤʫʰʢʦʛ ʧʦʣʘ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʛʨʫʧʘ - Ăʧʣʠʚʘʯʠ ʤʫʰʢʦʛ ʧʦʣʘñ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʛʨʫʧʘ - Ăʧʣʠʚʘʯʠ 

ʞʝʥʩʢʦʛ ʧʦʣʘñ. 
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       ʉʣʠʢʘ ʙʨ. 8. ʆʨʠʛʠʥʘʣʥʘ ʬʦʪʦʛʨʘʬʠʿʘ ʩʧʫʰʪʘˁʘ ʧʘʮʦʚʘ ʫ ʙʘʟʝʥ 

 

ʊʨʝʥʠʥʛ ʧʣʠʚʘˁʘ (ʩʣʠʢʝ ʙʨ. 8 ʠ 9) ʿʝ ʩʧʨʦʚʝʜʝʥ ʫ ʩʧʝʮʠʿʘʣʥʦ ʢʦʥʩʪʨʫʠʩʘʥʦʤ 

ʙʘʟʝʥʫ ʟʘ ʧʦʪʨʝʙʝ ʦʚʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ. ɹʘʟʝʥ ʿʝ ʥʘʧʨʘʚˀʝʥ ʦʜ ʩʪʘʢʣʘ ʜʝʙˀʠʥʝ 10 mm, 

ʜʠʤʝʥʟʠʿʘ 100 ʭ 75 ʭ 60 cm, ʟʘʧʨʝʤʠʥʝ 450 lit . ɹʘʟʝʥ ʩʝ ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ ʧʫʥʠʦ ʜʦ 

ʜʫʙʠʥʝ ʦʜ 60 cm ʪʘʢʦ ʜʘ ʟʘʧʨʝʤʠʥʘ ʚʦʜʝ ʫ ʢʦʿʦʿ ʩʫ ʧʠʚʘʣʠ ʧʘʮʦʚʠ ʠʟʥʦʩʠʣʘ ʿʝ 360 lit . 

ɹʘʟʝʥ ʿʝ ʥʘ ʧʦʯʝʪʢʫ ʧʫˁʝʥ ʪʦʧʣʦʤ ʚʦʜʦʤ, ʘ ʩʪʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ 32-34
ʦ
ʉ ʿʝ 

ʦʜʨʞʘʚʘʥʘ ʟʘʰʪʠ˂ʝʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʛʨʝʿʘʯʝʤ ʟʘ ʘʢʚʘʨʠʿʫʤ. ʄʝʨʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʿʝ 

ʚʨʰʝʥʦ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʪʝʨʤʦʤʝʪʨʦʤ. ʋ ʙʘʟʝʥ ʿʝ ʩʪʘʚˀʘʥʦ ʠʩʪʦʚʨʝʤʝʥʦ ʜʦ 10 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʞʠʚʦʪʠˁʘ ʰʪʦ ʿʝ ʙʠʪʥʦ ʟʘ ʤʝʹʫʩʦʙʥʦ ʧʦʜʩʪʠʮʘˁʝ ʞʠʚʦʪʠˁʘ ʜʘ 

ʧʣʠʚʘʿʫ. ɼʘ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʧʣʫʪʘˁʝ ʞʠʚʦʪʠˁʘ ʠ ʜʘ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʦ ʜʘ ʧʘʮʦʚʠ ʩʚʝ 

ʚʨʝʤʝ ʧʣʠʚʘʿʫ ʫʛʨʘʹʝʥʘ ʿʝ Danfos ʮʠʨʢʫʣʘʮʠʦʥʘ (ʧʨʦʪʦʯʥʘ) ʧʫʤʧʘ ʢʦʿʘ ʜʦʚʦʜʠ ʜʦ 

ʚʝʨʪʠʢʘʣʥʦʛ ʩʪʨʫʿʘˁʘ (ʪʟʚ. ʚʨʪʣʦʞʝˁʘ) ʚʦʜʝ ʫ ʙʘʟʝʥʫ. ʆʚʦ ʿʝ ʫʨʘʹʝʥʦ ʜʘ ʙʠ ʩʝ ʧʘʮʦʚʠ 

ʧʦʜʩʪʠʮʘʣʠ ʥʘ ʧʣʠʚʘˁʝ. ʇʨʦʪʦʢʦʣ ʩʧʨʦʚʝʜʝʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʩʪʫʜʠʿʝ ʧʨʠʢʘʟʘʥ ʿʝ ʫ 

ʪʘʙʝʣʠ 2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʞʠʚʦʪʠˁʝ ʩʫ ʙʠʣʝ ʩʚʨʩʪʘʥʝ ʫ 12 ʧʦʜʛʨʫʧʘ ʢʦʿʝ ʩʫ ʫ 

ʨʘʟʣʠʯʠʪʦ ʚʨʝʤʝ ʞʨʪʚʦʚʘʥʝ, ʥʘʿʤʘˁʠ ʫʢʫʧʘʥ ʙʨʦʿ ʞʠʚʦʪʠˁʘ je ʙʠʦ 60 (12 x 5). 

ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʠ ʤʦʛʫ˂ʥʦʩʪ ʠʩʢˀʫʯʝˁʘ ʧʦʿʝʜʠʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʞʠʚʦʪʠˁʘ ʠʟ 

ʟʘʚʨʰʥʝ ʘʥʘʣʠʟʝ, ʫʢʫʧʘʥ ʙʨʦʿ ʧʦʪʨʝʙʥʠʭ ʞʠʚʦʪʠˁʘ ʦʜʨʝʹʝʥ ʿʝ ʥʘ ʥʘʿʤʘˁʝ 72 ʧʘʮʦʚʘ. 



46 

 

 
               ʉʣʠʢʘ ʙʨ. 9. ʆʨʠʛʠʥʘʣʥʘ ʬʦʪʦʛʨʘʬʠʿʘ ʪʦʢʦʤ ʩʝʩʠʿʝ ʧʣʠʚʘˁʘ 

 

ʊʘʙʝʣʘ 2. ʇʨʦʪʦʢʦʣ ʧʦ ʢʦʤʝ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʧʣʠʚʘˁʝ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʛʨʫʧʘʤʘ. 

ʅʝʜʝˀʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ 

ʌʘʟʘ 

ɽʢʩʧʝʨʠʤʝʥʪʘ 

ʊʨʘʿʘˁʝ 

ʊʨʝʥʠʥʛʘ 

ʊʨʝʥʘʞʥʦ 

ʦʧʪʝʨʝ˂ʝˁʝ 

ɹʨʦʿ 

ʪʨʝʥʠʥʛʘ 

ɼʥʝʚʥʦ 

ɾʨʪʦʚʘˁʝ 

ɾʠʚʦʪʠˁʘ 

1 
ɸʜʘʧʪʘʮʠʿʘ 

ɱʝʜʥʘ ʥʝʜʝˀʘ 
5-15min 

ʜʦ60 min 
- 1 

 

2 
ʊʨʝʥʠʥʛ 

1ʥʝʜʝˀʘ 
60min  1 

 

3 
ʊʨʝʥʠʥʛ2 ʥʝʜ 

60min  1 
 

4 ʊʨʝʥʠʥʛ 3ʥʝʜ 60min  1  

5 ʊʨʝʥʠʥʛ 4ʥʝʜ 60min  1  

6 
ʊʨʝʥʠʥʛ 5ʥʝʜ 

60min  1 
 

7 ʊʨʝʥʠʥʛ 6 ʥʝʜ 60min  1  

8 ʊʨʝʥʠʥʛ 7ʥʝʜ 60min  1  

9 
ʊʨʝʥʠʥʛ 8 ʥʝʜ 

60min  1 
ɾ1 

ɾʨʪʚʦʚʘˁʝ 

10 

ʇʨʝʢʠʜ 

ʧʣʠʚʘˁʘ 

 2 ʥʝʜʝˀʝ 

-  - 

ɾ2 

11 

ʇʨʝʢʠʜ 

ʧʣʠʚʘˁʘ 

 4 ʥʝʜʝˀʝ 

-  - 

ɾ3 
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ʇʘʮʦʚʠ ʠʟ ʢʦʥʪʨʦʣʥʠʭ ʛʨʫʧʘ ʩʫ  ʙʦʨʘʚʠʣʠ ʫ ʙʝʟʝʥʫ 5 ʭ ʩʝʜʤʠʯʥʦ ʫ ʪʨʘʿʘˁʫ ʦʜ 

300 ʩʝʢʫʥʜʠ ʢʘʢʦ ʙʠ ʩʝ ʠʟʿʝʜʥʘʯʠʣʠ ʩʘ ʛʨʫʧʘʤʘ ʢʦʿʠ ʧʣʠʚʘʿʫ ʫ ʧʦʛʣʝʜʫ ʠʥʜʫʢʮʠʿʝ 

ʩʪʨʝʩʘ ʦʜ ʚʦʜʝ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʛʨʫʧʝ ʩʫ ʪʦʢʦʤ 8 ʥʝʜʝˀʘ ʙʠʣʝ ʧʦʜʚʨʛʥʫʪʝ ʪʨʝʥʠʥʛʫ 

ʧʣʠʚʘˁʘ 5 ʜʘʥʘ ʫ ʥʝʜʝˀʠ. ʇʨʚʝ ʥʝʜʝˀʝ ʝʢʩʧʝʨʠʤʝʥʪʘ ʙʠʣʘ ʿʝ ʠʟʚʨʰʝʥʘ ʘʜʘʧʪʘʮʠʿʘ ʥʘ 

ʚʦʜʫ ʠ ʪʨʝʥʠʥʛ, ʧʦʩʪʝʧʝʥʠʤ ʧʦʚʝ˂ʘˁʝʤ ʚʨʝʤʝʥʘ ʧʣʠʚʘˁʘ ʦʜ 5 ʜʦ 15 ʤʠʥʫʪʘ ʩʚʘʢʦʛ 

ʜʘʥʘ, ʥʘ ʢʨʘʿʫ ʥʝʜʝˀʝ ʧʣʠʚʘʣʠ ʩʫ 60 ʤʠʥʫʪʘ. ʇʦʪʦʤ ʿʝ ʫʩʣʝʜʠʣʦ 8 ʪʨʝʥʘʞʥʠʭ ʥʝʜʝˀʘ ʠ 

4  ʥʝʜʝˀʝ ʧʘʫʟʝ ʦʜ ʧʣʠʚʘˁʘ.  

ɾʨʪʚʦʚʘˁʝ ʧʘʮʦʚʘ (ʧʦ 6 ʞʠʚʦʪʠˁʘ ʠʟ ʩʚʘʢʝ ʛʨʫʧʝ) ʿʝ ʚʨʰʝʥʦ ʫ 3 ʬʘʟʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘ: ʥʘʢʦʥ 8 ʥʝʜʝˀʘ ʪʨʝʥʠʥʛʘ, ʥʘʢʦʥ 2 ʠ ʥʘʢʦʥ 4 ʥʝʜʝˀʝ ʙʝʟ ʪʨʝʥʠʥʛʘ. 

ʅʘʢʦʥ ʦʩʘʤ ʥʝʜʝˀʘ ʪʨʝʥʠʥʛʘ ʧʣʠʚʘˁʘ ʞʨʪʚʦʚʘʥʝ ʩʫ ʯʝʪʠʨʠ ʧʦʜʛʨʫʧʝ: ʧʦʜʛʨʫʧʘ 

ʧʣʠʚʘʯʘ ʤʫʞʿʘʢʘ ʊʄ, ʧʦʜʛʨʫʧʘ ʧʣʠʚʘʯʘ ʞʝʥʢʝ ʊɾ, ʢʦʥʪʨʦʣʥʘ ʧʦʜʛʨʫʧʘ ʤʫʞʿʘʢʘ ʂʄ16 

(16 ʥʝʜʝˀʘ ʩʪʘʨʦʩʪʠ) ʠ ʢʦʥʪʨʦʣʥʘ ʧʦʜʛʨʫʧʘ ʞʝʥʢʠ ʂɾ16. ʉʣʝʜʝ˂ʝ ʞʨʪʚʦʚʘˁʝ ʿʝ ʙʠʣʦ 

ʥʘʢʦʥ ʜʚʝ ʥʝʜʝˀʝ ʧʨʝʩʪʘʥʢʘ (ʇ) ʪʨʝʥʠʥʛʘ: ʧʦʜʛʨʫʧʘ ʤʫʞʿʘʢʘ ʇʄ2, ʧʦʜʛʨʫʧʘ ʞʝʥʢʠ 

ʇɾ2, ʢʦʥʪʨʦʣʥʘ ʧʦʜʛʨʫʧʘ ʤʫʞʿʘʢʘ ʂʄ18 (18 ʥʝʜʝˀʘ ʩʪʘʨʦʩʪʠ), ʢʦʥʪʨʦʣʥʘ ʛʨʫʧʘ ʞʝʥʢʠ 

ʂɾ18. ʉʣʝʜʝ˂ʝ ʞʨʪʚʦʚʘˁʝ ʿʝ ʦʙʘʚˀʝʥʦ ʥʘʢʦʥ 4 ʥʝʜʝˀʝ ʦʜ ʧʨʝʩʪʘʥʢʘ ʪʨʝʥʠʥʛʘ: 

ʧʦʜʛʨʫʧʘ ʤʫʞʿʘʢʘ ʇʄ4, ʧʦʜʛʨʫʧʘ ʞʝʥʢʠ ʇɾ4 ʠ ʢʦʥʪʨʦʣʥʘ ʧʦʜʛʨʫʧʘ ʤʫʞʿʘʢʘ ʂʄ20 (20 

ʥʝʜʝˀʘ ʩʪʘʨʦʩʪʠ), ʢʦʥʪʨʦʣʥʘ ʧʦʜʛʨʫʧʘ ʞʝʥʢʠ ʂɾ20. 

ɾʨʪʚʦʚʘˁʝ ʞʠʚʦʪʠˁʘ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʜʝʢʘʧʠʪʘʮʠʿʦʤ 32 ʩʘʪʘ ʥʘʢʦʥ ʪʨʝʥʠʥʛʘ 

ʧʣʠʚʘˁʘ. ʉʨʮʝ ʿʝ ʧʦʪʦʤ ʠʟʦʣʦʚʘʥʦ ʠʟ ʧʘʮʦʚʘ ʧʨʝʩʝʮʘˁʝʤ ʛʣʘʚʥʠʭ ʢʨʚʥʠʭ ʩʫʜʦʚʘ ʙʘʟʝ ʠ 

ʧʦʩʣʝ ʧʨʝʧʘʨʘʮʠʿʝ ʦʨʛʘʥʘ ʧʨʝʢʦ ʘʦʨʪʝ ʚʝʟʘʥʦ ʢʦʥʮʝʤ ʟʘ ʃʘʥʛʝʥʜʦʨʬ ʘʧʘʨʘʪ ʟʘ 

ʨʝʪʨʦʛʨʘʜʥʫ ʧʝʨʬʫʟʠʿʫ (ʩʣʠʢʘ ʙʨ. 10). ʅʘʢʦʥ ʜʝʩʪʨʫʢʮʠʿʝ ʤʠʪʨʘʣʥʦʛ ʟʘʣʠʩʢʘ ʩʝʥʟʦʨ ʿʝ 

ʫʙʘʯʝʥ ʫ ʣʝʚʫ ʢʦʤʦʨʫ ʢʘʢʦ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʣʦ ʜʠʨʝʢʪʥʦ ʤʝʨʝˁʝ ʧʦʢʘʟʘʪʝˀʘ ʬʫʥʢʮʠʿʝ 

ʩʨʮʘ (ʢʘʨʜʠʦʜʠʥʘʤʩʢʠ ʧʘʨʘʤʝʪʨʠ) (267):  

 

1. dʨ/dt max ï ʄaximum rate of left ventricular pressure development ï ʤʘʢʩʠʤʘʣʥʠ ʦʧʩʝʛ 

ʤʝˁʘˁʘ ʧʨʠʪʠʩʢʘ ʣʝʚʝ ʢʦʤʦʨʝ ʪʦʢʦʤ ʩʠʩʪʦʣʝ 

2. dp/dt min ï ʄinimum rate of left ventricular pressure development - ʤʠʥʠʤʘʣʥʠ ʦʧʩʝʛ 

ʤʝˁʘˁʘ ʧʨʠʪʠʩʢʘ ʣʝʚʝ ʢʦʤʦʨʝ ʪʦʢʦʤ ʜʠʿʘʩʪʦʣʝ 

3. SLVP ï systolic blood pressure - ʩʠʩʪʦʣʥʠ ʧʨʠʪʠʩʘʢ ʫ ʣʝʚʦʿ ʢʦʤʦʨʠ  

4. DLVP ï diastolic blood pressure - ʜʠʿʘʩʪʦʣʥʠ ʧʨʠʪʠʩʘʢ ʫ ʣʝʚʦʿ ʢʦʤʦʨʠ  

5. HR ï heart rate ï ʬʨʝʢʚʝʥʮʘ ʩʨʯʘʥʦʛ ʨʘʜʘ 

              ʂʦʨʦʥʘʨʥʠ ʧʨʦʪʦʢ (CF) ʿʝ ʤʝʨʝʥ ʬʣʦʫʤʝʪʨʠʿʩʢʠ ʪʦʢʦʤ ʯʠʪʘʚʦʛ ʧʝʨʠʦʜʘ 

ʪʨʘʿʘˁʘ ʧʝʨʬʫʟʠʿʝ ʩʨʮʘ.             

 ʀʟʦʣʦʚʘʥʘ ʩʨʮʘ ʩʫ ʧʝʨʬʫʥʜʦʚʘʥʘ ʧʨʠ ʧʨʦʤʝʥʠ ʚʨʝʜʥʦʩʪʠ ʢʦʨʦʥʘʨʥʦʛ 

ʧʝʨʬʫʟʠʦʥʦʛ ʧʨʠʪʠʩʢʘ (CPP) oʜ 40 ï 120 cmH2O. 



48 

 

 
               ʉʣʠʢʘ ʙʨ. 10. ʆʨʠʛʠʥʘʣʥʘ ʬʦʪʦʛʨʘʬʠʿʘ ʧʝʨʬʫʟʠʿʝ ʠʟʦʣʦʚʘʥʦʛ ʩʨʮʘ 

 

3.4.       ʄɽʈɽɳɽ ʄɸʈʂɽʈɸ ʆʂʉʀɼɸʊʀɺʅʆɻ ʉʊʈɽʉɸ 

 ɹʠʦʤʘʨʢʝʨʠ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ ʩʫ ʦʜʨʝʹʠʚʘʥʠ ʠʟ ʫʟʦʨʘʢʘ ʢʨʚʠ ʢʦʿʘ ʿʝ 

ʧʨʠʢʫʧˀʘʥʘ ʠʩʢʨʚʘʨʝˁʝʤ ʥʘʢʦʥ ʜʝʢʘʧʠʪʘʮʠʿʝ. ʇʦʪʦʤ ʿʝ ʩʧʨʦʚʦʹʝʥ ʧʦʩʪʫʧʘʢ 

ʩʝʧʘʨʘʮʠʿʝ ʧʣʘʟʤʝ ʠ ʝʨʠʪʨʦʮʠʪʘ, ʜʘ ʙʠ ʩʝ ʥʘ ʢʨʘʿʫ ʝʨʠʪʨʦʮʠʪʠ ʣʠʟʠʨʘʣʠ ʠ ʪʘʢʦ 

ʫʥʫʪʘʨ˂ʝʣʠʿʩʢʠ ʝʥʟʠʤʠ ʦʩʣʦʙʦʜʠʣʠ ʟʘ ʤʝʨʝˁʝ.  

 ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʠʟ ʫʟʦʨʘʢʘ ʧʣʘʟʤʝ ʩʫ ʦʜʨʝʹʠʚʘʥʠ ʧʨʦ-ʦʢʩʠʜʘʪʠʚʥʠ ʤʘʨʢʝʨʠ: 

1. ʠʥʜʝʢʩ ʣʠʧʠʜʥʝ ʧʝʨʦʢʩʠʜʘʮʠʿʝ ʤʝʨʝʥ ʫ ʬʦʨʤʠ TBARS (268),  

2. ʘʟʦʪ ʤʦʥʦʢʩʠʜ ʫ ʦʙʣʠʢʫ ʥʠʪʨʠʪʘ - NO2
-
 (269),  

3. ʩʫʧʝʨʦʢʩʠʜ ʘʥʿʦʥ ʨʘʜʠʢʘʣ - O2
-
 (270) ʠ  

4. ʚʦʜʦʥʠʢ ʧʝʨʦʢʩʠʜ - H2O2 (271) 

 ʀʟ ʣʠʟʘʪʘ ʝʨʠʪʨʦʮʠʪʘ ʩʫ ʦʜʨʝʹʠʚʘʥʠ ʝʥʟʠʤʠ ʘʥʪʠʦʢʩʠʜʘʮʠʦʥʝ ʟʘʰʪʠʪʝ: 

1. ʩʫʧʝʨʦʢʩʠʜ ʜʠʟʤʫʪʘʟʘ ï SOD (272),  

2. ʢʘʪʘʣʘʪʘ ï CAʊ (273) ʠ  

3. ʨʝʜʫʢʦʚʘʥʠ ʛʣʫʪʘʪʠʦʥ ï GSH (274)).  

 ʆʩʠʤ ʪʦʛʘ, ʧʦʤʝʥʫʪʠ ʧʨʦ-ʦʢʩʠʜʘʥʩʠ ʩʫ ʦʜʨʝʹʠʚʘʥʠ ʠ ʠʟ ʫʟʦʨʘʢʘ ʢʦʨʦʥʘʨʥʦʛ 

ʚʝʥʩʢʦʛ ʝʬʣʫʝʥʪʘ ʧʨʠ ʩʚʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʉʈʈ-ʘ. 

ʉʚʠ ʧʦʤʝʥʫʪʠ ʙʠʦʤʘʨʢʝʨʠ ʩʫ ʦʜʨʝʹʠʚʘʥʠ ʢʦʨʠʰ˂ʝˁʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʩʢʝ 

ʤʝʪʦʜʝ ʥʘ ʘʧʘʨʘʪʫ ʤʘʨʢʝ Shimatzu UV-1800, Jaʧʘʥ.  
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3.5          ʉʊɸʊʀʉʊʀʏʂɸ ɸʅɸʃʀɿɸ ʈɽɿʋʃʊɸʊɸ 

 

                ʉʪʘʪʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʨʝʟʫʣʪʘʪʘ, ʜʦʙʠʿʝʥʠʭ ʥʘʢʦʥ ʟʘʚʨʰʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ 

ʩʧʨʦʚʝʜʝʥʘ ʿʝ ʧʦʤʦ˂ʫ ʩʪʘʪʠʩʪʠʯʢʦʛ ʧʨʦʛʨʘʤʘ SPSS ʚʝʨʟʠʿʘ 20.0. ɼʠʩʪʨʠʙʫʮʠʿʘ ʧʦʜʘʪʘʢʘ 

ʿʝ ʧʨʦʚʝʨʘʚʘʥʘ ʧʦʤʦ˂ʫ ShapiroïWilkʪʝʩʪʘ. ɿʘ ʧʦʜʘʪʢʝ ʢʦʿʠ ʩʫ ʧʨʘʪʠʣʠ ʥʦʨʤʘʣʥʫ 

ʨʘʩʧʦʜʝʣʫ ʢʦʨʠʰ˂ʝʥʘ ʿʝ one-way ANOVA ʪʝʩʪ ʩʘ Tukeyôs post hoc ʪʝʩʪʦʤ ʟʘ 

ʚʠʰʝʩʪʨʫʢʘ ʧʦʨʝʹʝˁʘ. ɿʘ ʧʦʜʘʪʢʝ ʢʦʿʠ ʥʠʩʫ ʧʨʘʪʠʣʠ ʥʦʨʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ ʢʦʨʠʰ˂ʝʥ ʿʝ 

Kruskall Wallis ʪʝʩʪ. ʉʪʘʪʠʩʪʠʯʢʘ ʟʥʘʯʘʿʥʦʩʪ *p<0,05 ʩʤʘʪʨʘʣʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʥʦʤ ʠ **p<0,01 ʚʠʩʦʢʦ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦʤ. ɺʨʝʜʥʦʩʪʠ ʩʫ ʠʟʨʘʞʝʥʝ ʢʘʦ 

ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ (Mean) ʠ ʩʪʘʥʜʘʨʜʥʘ ʛʨʝʰʢʘ (Sɽ). 
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IV  

ʈɽɿʋʃʊɸʊʀ 
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4.1.   ʄʆʈʌʆʄɽʊʈʀɱʉʂɽ ʂɸʈɸʂʊɽʈʀʉʊʀʂɽ ʇɸʎʆɺɸ 

 

ʊʘʙʝʣʘ 1. ʊʝʣʝʩʥʘ ʤʘʩʘ, ʤʘʩʘ ʩʨʮʘ ʢʘʦ ʠ ˁʠʭʦʚ ʦʜʥʦʩ (XÑSE; ʊʄ - ʪʝʣʝʩʥʘ ʤʘʩʘ, ʄʉ ï 

ʤʘʩʘ ʩʨʮʘ, ʄʉ/ʊʄ - ʦʜʥʦʩ ʤʘʩʝ ʩʨʮʘ ʠ ʪʝʣʝʩʥʝ ʤʘʩʝ ʧʘʮʦʚʘ) 

 

 

 

 

 

 

 

 

 

 

 

ɻʨʫʧʘ ʂʘʢʪʝʨʠʩʪʠʢʘ 

 ʊʝʣʝʩʥʘ ʤʘʩʘ (g) ʄʘʩʘ ʩʨʮʘ (mg) ʄʉ/ʊʄ (mg/g) 

ʂʄ16 335.00Ñ7.44 1489.56Ñ78.52 4.45Ñ0.054 

ʂɾ16 330.00Ñ8.56 1466.66Ñ91.89 4.44Ñ0.027 

ʂʄ18 355.99Ñ9.80 1524.21Ñ88.2 4.28Ñ0.046 

ʂɾ18 368.33Ñ14.70 1566.66Ñ33.33 4.26Ñ0.044 

ʂʄ20 375.25Ñ8.18 1574.20Ñ87.22 4.19Ñ0.029 

ʂɾ20 378.56Ñ7.18 1598.11Ñ71.42 4.23Ñ0.058 

ʊʄ 319.56Ñ14.2 1327.35Ñ54.25 4.16Ñ0.025 

ʊɾ 321.66Ñ16.2 1333.33Ñ84.32 4.15Ñ0.033 

ʇʊʄ2 365.24 Ñ8.8 1526.24 Ñ78.2 4.18Ñ0.022 

ʇʊɾ2 377.55Ñ4.9 1532.55Ñ65.3 4.07Ñ0.036 

ʇʊʄ4 370.12Ñ 8.9 1553.12Ñ79.6 4.20Ñ0.035 

ʇʊɾ4 369.22Ñ 7.89 1547.22Ñ81.4 4.19Ñ0.056 
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ɻʨʘʬʠʢʦʥ 1. ʊʝʣʝʩʥʘ ʤʘʩʘ ʧʘʮʦʚʘ ʫ ʪʨʝʥʫʪʢʫ ʞʨʪʚʦʚʘˁʘ (XÑSE) 

 

 (ʂ16 ï ʢʦʥʪʨʦʣʝ ʞʨʪʚʦʚʘʥʝ ʥʘʢʦʥ 16 ʥʝʜʝˀʘ ʩʪʘʨʦʩʪʠ,  ʊ- ʞʠʚʦʪʠˁʝ ʞʨʪʚʦʚʘʥʝ ʥʘʢʦʥ 

8 ʥʝʜʝˀʘ ʪʨʝʥʠʥʛʘ,  ʂ18 ï ʢʦʥʪʨʦʣʝ ʞʨʪʚʦʚʘʥʝ ʥʘʢʦʥ 18 ʥʝʜʝˀʘ ʩʪʘʨʦʩʪʠ, ʇʊ2- ʧʨʝʢʠʜ 

ʪʨʝʥʠʥʛʘ ʦʜ 2 ʥʝʜʝˀʝ, ʂ20 ï ʢʦʥʪʨʦʣʝ ʞʨʪʚʦʚʘʥʝ ʥʘʢʦʥ 20 ʥʝʜʝˀʘ ʩʪʘʨʦʩʪʠ, ʇʊ4- 

ʧʨʝʢʠʜ ʪʨʝʥʠʥʛʘ ʦʜ 4 ʥʝʜʝˀʝ).                                             

 

ʊʘʙʝʣʘ 2. ɿʥʘʯʘʿʥʦʩʪ ʩʪʘʪʠʩʪʠʯʢʝ ʨʘʟʣʠʢʝ ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʪʝʣʝʩʥʝ ʤʘʩʝ ʫ ʪʨʝʥʫʪʢʫ 

ʞʨʪʚʦʚʘˁʘ (XÑSE; ʊʄ - ʪʝʣʝʩʥʘ ʤʘʩʘ, ʇʊ2- ʧʨʝʢʠʜ ʪʨʝʥʠʥʛʘ ʦʜ 2 ʥʝʜʝˀʝ, ʇʊ4- ʧʨʝʢʠʜ 

ʪʨʝʥʠʥʛʘ ʦʜ 4 ʥʝʜʝˀʝ) 

ʊʝʣʝʩʥʘ  

ʤʘʩʘ
 K16vs T K18vs ʇʊ2 K20vs ʇʊ4 Tvs ʇʊ2 Tvs ʇʊ4 ʇʊ2vs ʇʊ4 

ʄʫʞʿʘʮʠ p<0.05 p>0.05 p>0.05 p<0.05 p<0.05 p>0.05 

ɾʝʥʢʝ p<0.05 p>0.05 p>0.05 p<0.05 p<0.05 p>0.05 

            

             ʂʦʜ ʛʨʫʧʝ ʊʄ ʿʝ ʫʦʯʝʥʘ ʩʠʛʥʠʬʠʢʘʥʪʥʦ ʥʠʞʘ ʪʝʣʝʩʥʘ ʤʘʩʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʛʨʫʧʘʤʘ ʂʄ16, ʇTʄ2 ʠ ʇTʄ4. ʊʘʢʦʹʝ ʠ ʢʦʜ ʛʨʫʧʘ ʊɾ ʿʝ ʫʦʯʝʥʘ ʠʩʪʘ ʟʥʘʯʘʿʥʦʩʪ ʫ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʛʨʫʧʘʤʘ ʂɾ16, ʇTɾ2 ʠ ʇTɾ4.  
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ɻʨʘʬʠʢʦʥ 2. ʄʘʩʘ ʩʨʮʘ ʫ ʪʨʝʥʫʪʢʫ ʞʨʪʚʦʚʘˁʘ (XÑSE) 

 

 (ʂ16 ï ʢʦʥʪʨʦʣʝ ʞʨʪʚʦʚʘʥʝ ʥʘʢʦʥ 16 ʥʝʜʝˀʘ ʩʪʘʨʦʩʪʠ,  ʊ- ʞʠʚʦʪʠˁʝ ʞʨʪʚʦʚʘʥʝ ʥʘʢʦʥ 

8 ʥʝʜʝˀʘ ʪʨʝʥʠʥʛʘ,  ʂ18 ï ʢʦʥʪʨʦʣʝ ʞʨʪʚʦʚʘʥʝ ʥʘʢʦʥ 18 ʥʝʜʝˀʘ ʩʪʘʨʦʩʪʠ, ʇʊ2- ʧʨʝʢʠʜ 

ʪʨʝʥʠʥʛʘ ʦʜ 2 ʥʝʜʝˀʝ, ʂ20 ï ʢʦʥʪʨʦʣʝ ʞʨʪʚʦʚʘʥʝ ʥʘʢʦʥ 20 ʥʝʜʝˀʘ ʩʪʘʨʦʩʪʠ, ʇʊ4- 

ʧʨʝʢʠʜ ʪʨʝʥʠʥʛʘ ʦʜ 4 ʥʝʜʝˀʝ). 

ʊʘʙʝʣʘ 3. ɿʥʘʯʘʿʥʦʩʪ ʩʪʘʪʠʩʪʠʯʢʝ ʨʘʟʣʠʢʝ ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʤʘʩʝ ʩʨʮʘ ʫ ʪʨʝʥʫʪʢʫ 

ʞʨʪʚʦʚʘˁʘ (XÑSE) 

ʄʘʩʘ 

ʩʨʮʘ
 K16 vs T K18 vs ʇʊ2 K20 vs ʇʊ4 T vs ʇʊ2 T vs ʇʊ4 ʇʊ2 vs ʇʊ4 

ʄʫʞʿʘʮʠ p<0.05 p>0.05 p>0.05 p<0.05 p<0.05 p>0.05 

ɾʝʥʢʝ p<0.05 p>0.05 p>0.05 p<0.05 p<0.05 p>0.05 

             Tʨʝʥʠʥʛ ʦʜ 8 ʥʝʜʝˀʘ ʜʦʚʝʦ ʿʝ ʜʦ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦʛ ʧʘʜʘ ʤʘʩʝ ʩʨʮʘ ʠ ʢʦʜ 

ʤʫʞʿʘʢʘ ʠ ʞʝʥʢʠ ʫ ʦʜʥʦʩʫ ʥʘ ʂʄ16 ʠ ʂɾ16. ʊʘʢʦʹʝ ʩʫ ʛʨʫʧʝ ʊʄ ʠ ʊɾ ʠʤʘʣʝ ʟʥʘʯʘʿʥʦ 

ʥʠʞʝ ʚʨʝʜʥʦʩʪʠ ʤʘʩʝ ʩʨʮʘ ʫ ʦʜʥʦʩʫ ʥʘ ʛʨʫʧʝ ʤʫʞʿʘʢʘ ʠ ʞʝʥʢʠ ʢʦʿʝ ʩʫ ʜʚʝ ʠ ʯʝʪʠʨʠ 

ʥʝʜʝˀʝ ʧʘʫʟʠʨʘʣʝ ʦʜ ʪʨʝʥʠʥʛʘ (ʇʊ2 ʠ ʇʊ4). 
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ɻʨʘʬʠʢʦʥ 3. ʄʉ/ʊʄ ʧʘʮʦʚʘ ʫ ʪʨʝʥʫʪʢʫ ʞʨʪʚʦʚʘˁʘ (XÑSE)  

 

(ʂ16 ï ʢʦʥʪʨʦʣʝ ʞʨʪʚʦʚʘʥʝ ʥʘʢʦʥ 16 ʥʝʜʝˀʘ ʩʪʘʨʦʩʪʠ,  ʊ- ʞʠʚʦʪʠˁʝ ʞʨʪʚʦʚʘʥʝ ʥʘʢʦʥ 8 

ʥʝʜʝˀʘ ʪʨʝʥʠʥʛʘ,  ʂ18 ï ʢʦʥʪʨʦʣʝ ʞʨʪʚʦʚʘʥʝ ʥʘʢʦʥ 18 ʥʝʜʝˀʘ ʩʪʘʨʦʩʪʠ, ʇʊ2- ʧʨʝʢʠʜ 

ʪʨʝʥʠʥʛʘ ʦʜ 2 ʥʝʜʝˀʝ, ʂ20 ï ʢʦʥʪʨʦʣʝ ʞʨʪʚʦʚʘʥʝ ʥʘʢʦʥ 20 ʥʝʜʝˀʘ ʩʪʘʨʦʩʪʠ, ʇʊ4- 

ʧʨʝʢʠʜ ʪʨʝʥʠʥʛʘ ʦʜ 4 ʥʝʜʝˀʝ ). 

ʊʘʙʝʣʘ 4. ɿʥʘʯʘʿʥʦʩʪ ʩʪʘʪʠʩʪʠʯʢʝ ʨʘʟʣʠʢʝ ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʄʉ/ʊʄ ʫ ʪʨʝʥʫʪʢʫ 

ʞʨʪʚʦʚʘˁʘ (XÑSE) 

  ʄʉ/ʊʄ
 

K16 vs T K18 vs ʇʊ2 K20 vs ʇʊ4 T vs ʇʊ2 T vs ʇʊ4 ʇʊ2 vs ʇʊ4 

ʄʫʞʿʘʮʠ p<0.05 p<0.05 p>0.05 p>0.05 p<0.05 p>0.05 

ɾʝʥʢʝ p<0.05 p<0.05 p>0.05 p<0.05 p<0.05 p<0.05 

 

             ʀʥʜʝʢʩ ʭʠʧʝʨʪʨʦʬʠʿʝ ʩʨʮʘ (ʦʜʥʦʩ ʄʉ/ʊʄ) ʙʠʦ ʿʝ ʩʠʛʥʠʬʠʢʘʪʥʦ ʤʘˁʠ ʫ ʛʨʫʧʠ 

ʊʄ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʛʨʫʧʘʤʘ ʂʄ16 ʠ ʇʄ4. ɻʨʫʧʘ ʊɾ ʿʝ ʠʤʘʣʘ ʟʥʘʯʘʿʥʦ ʥʠʞʠ ʦʜʥʦʩ 

ʄʉ/ʊʄ ʫ ʦʜʥʦʩʫ ʥʘ ʂɾ16, ʇɾ4.  Oʜʥʦʩ ʄʉ/ʊʄ ʙʠʦ ʿʝ ʩʪʘʪʠʩʪʠʯʢʠ ʚʝ˂ʠ ʫ ʛʨʫʧʠ ʊɾ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʛʨʫʧʦʤ ʇɾ2. ʅʘʚʝʜʝʥʠ ʠʥʜʝʢʩ ʙʠʦ ʿʝ ʚʠʰʠ ʫ ʛʨʫʧʠ ʇɾ4 ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʛʨʫʧʦʤ ʇɾ2.        
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4.2   ʂɸʈɼʀʆɼʀʅɸʄʉʂʀ  ʇɸʈɸʄɽʊʈʀ 

4.2.1 ʇʦʨʝʹʝˁʝ ʛʨʫʧʘ ʢʦʿʝ ʩʫ ʧʣʠʚʘʣʝ ʩʘ ʢʦʥʪʨʦʣʥʠʤ ʛʨʫʧʘʤʘ ʩʪʘʨʦʩʪʠ  

          16 ʥʝʜʝˀʘ (ʤʫʞʿʘʮʠ ʠ ʞʝʥʢʝ) 

             4.2.1.1  ʄʘʢʩʠʤʘʣʥʘ ʩʪʦʧʘ ʧʨʦʤʝʥʝ ʧʨʠʪʠʩʢʘ ʫ ʣʝʚʦʿ ʢʦʤʦʨʠ ʠʟʦʣʦʚʘʥʠʭ 

ʩʨʮʘ ʧʘʮʦʚʘ 

 

 

 

ɻʨʘʬʠʢʦʥ 4. ɺʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʝ ʩʪʦʧʝ ʧʨʦʤʝʥʝ ʧʨʠʪʠʩʢʘ (XÑSE)  

 

 

ʊʘʙʝʣʘ 5. ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʤʘʢʩʠʤʘʣʥʝ ʩʪʦʧʝ ʧʨʦʤʝʥʝ 

ʧʨʠʪʠʩʢʘ ʫ ʣʝʚʦʿ ʢʦʤʦʨʠ ʠʟʤʝʹʫ ʛʨʫʧʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʜʥʦʩʪʠʤʘ CPP 

dp/dt max TM vs KM16 Tɾ vs ʂɾ16  

80 cmH2O p<0.05 p<0.05 

100 cmH2O p<0.05 p<0.05 

120 cmH2O p<0.05 p<0.05 

 

             ɻʨʫʧʝ ʊʄ ʠ ʊɾ ʩʫ ʠʤʘʣʝ ʩʠʛʥʠʬʠʢʘʥʪʥʦ ʤʘˁʠ dp/dt max ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʢʦʥʪʨʦʣʥʠʤ ʛʨʫʧʘʤʘ ʩʪʘʨʦʩʪʠ 16 ʥʝʜʝˀʘ ʧʨʠ ʚʨʝʜʥʦʩʪʠʤʘ ʉʈʈ ʦʜ 80, 100 ʠ 120 cmH2O. 
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4.2.1.2  Mʠʥʠʤʘʣʥʘ ʩʪʦʧʘ ʧʨʦʤʝʥʝ ʧʨʠʪʠʩʢʘ ʫ ʣʝʚʦʿ ʢʦʤʦʨʠ ʠʟʦʣʦʚʘʥʠʭ 

ʩʨʮʘ ʧʘʮʦʚʘ     

 

  

 

ɻʨʘʬʠʢʦʥ 5. ɺʨʝʜʥʦʩʪʠ ʤʠʥʠʤʘʣʥe ʩʪʦʧe ʧʨʦʤʝʥʝ ʧʨʠʪʠʩʢʘ (XÑSE) 

ʊʘʙʝʣʘ 6. ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʤʠʥʠʤʘʣʥe ʩʪʦʧe ʧʨʦʤʝʥʝ 

ʧʨʠʪʠʩʢʘ ʫ ʣʝʚʦʿ ʢʦʤʦʨʠ ʠʟʤʝʹʫ ʛʨʫʧʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʜʥʦʩʪʠʤʘ CPP 

dp/dt min TM vs KM16 Tɾ vs ʂɾ16  

80 cmH2O p<0.05 p<0.05 

100 cmH2O p<0.05 p<0.05 

120 cmH2O p<0.05 p<0.05 

 

             ɺʨʝʜʥʦʩʪʠ dp/dt min ʙʠʣʝ ʩʫ ʩʠʛʥʠʬʠʢʘʥʪʥʦ ʤʘˁʝ ʫ ʊʄ ʠ ʊɾ ʛʨʫʧʘʤʘ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʂʄ16 ʠ ʂɾ16 ʧʨʠ ʚʨʝʜʥʦʩʪʠʤʘ ʢʦʨʦʥʘʨʥʦʛ ʧʝʨʬʫʟʠʦʥʦʛ ʧʨʠʪʠʩʢʘ 80, 100 

ʠ 120 cmH2O. 
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4.2.1.3   ʉʠʩʪʦʣʥʠ ʧʨʠʪʠʩʘʢ ʣʝʚʝ ʢʦʤʦʨʝ ʠʟʦʣʦʚʘʥʠʭ ʩʨʮʘ ʧʘʮʦʚʘ  

 

   

 

ɻʨʘʬʠʢʦʥ 6. ɺʨʝʜʥʦʩʪʠ ʩʠʩʪʦʣʥʦʛ ʧʨʠʪʠʩʢʘ (XÑSE) 

 

ʊʘʙʝʣʘ 7. ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʩʠʩʪʦʣʥʦʛ ʧʨʠʪʠʩʢʘ ʫ ʣʝʚʦʿ 

ʢʦʤʦʨʠ ʠʟʤʝʹʫ ʛʨʫʧʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʜʥʦʩʪʠʤʘ CPP 

SLVP TM vs KM16 Tɾ vs ʂɾ16  

80 cmH2O p<0.05 p<0.05 

100 cmH2O p<0.05 p<0.05 

120 cmH2O p<0.05 p<0.05 

 

             ɻʨʫʧʝ ʊʄ ʠ ʊɾ ʩʫ ʠʤʘʣʝ ʥʠʞʝ ʚʨʝʜʥʦʩʪʠ SLVP ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʂʄ16 ʠ ʂɾ16 

ʛʨʫʧʘʤ (ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʩʫ ʧʨʠ ʚʨʝʜʥʦʩʪʠʤʘ ʉʈʈ oʜ 80, 100 ʠ 120 cmH2O).  
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               4.2.1.4   ɼʠʿʘʩʪʦʣʥʠ ʧʨʠʪʠʩʘʢ ʣʝʚʝ ʢʦʤʦʨʝ ʠʟʦʣʦʚʘʥʠʭ ʩʨʮʘ ʧʘʮʦʚʘ     

         

   

ɻʨʘʬʠʢʦʥ 7.  ɺʨʝʜʥʦʩʪʠ ʜʠʿʘʩʪʦʣʥʦʛ ʧʨʠʪʠʩʢʘ (XÑSE) 

 

            ʇʨʘ˂ʝˁʝʤ DLVP ʥʠʿʝ ʨʝʛʠʩʪʨʦʚʘʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʊʄ ʠ 

ʂʄ16 ʢʘʦ ʥʠ ʠ ʠʟʤʝʹʫ ʊɾ ʠ ʂɾ16. 

4.2.1.5  ʉʨʯʘʥʘ ʬʨʝʢʚʝʥʮʘ ʠʟʦʣʦʚʘʥʠʭ ʩʨʮʘ ʧʘʮʦʚʘ  

            

 

ɻʨʘʬʠʢʦʥ 8. ɺʨʝʜʥʦʩʪʠ ʩʨʯʘʥʝ ʬʨʝʢʚʝʥʮʝ (XÑSE) 
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ʊʘʙʝʣʘ 8. ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʩʨʯʘʥʝ ʬʨʝʥʢʚʝʥʮʝ ʠʟʤʝʹʫ 

ʛʨʫʧʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʜʥʦʩʪʠʤʘ CPP 

HR TM vs KM16 

40 cmH2O p<0.05 

120 cmH2O p<0.05 

              ɺʨʝʜʥʦʩʪʠ ʩʨʯʘʥʝ ʬʨʝʢʚʝʥʮʝ ʩʫ ʙʠʣʝ ʟʥʘʯʘʿʥʦ ʥʠʞʝ ʢʦʜ ʛʨʫʧʝ ʊʄ ʫ ʧʦʨʝʹʝˁʫ 

ʩʘ ʢʦʥʪʨʦʣʥʦʤ ʛʨʫʧʦʤ ʂʄ16 ʧʨʠ ʚʨʝʜʥʦʩʪʠʤʘ ʉʈʈ 40 ʠ 120 cmH2O. ʅʠʞʝ ʚʨʝʜʥʦʩʪʠ 

ʩʨʯʘʥʝ ʬʨʝʢʚʝʥʮʠʿʝ ʩʫ ʨʝʛʠʩʪʨʦʚʘʥʝ ʠ ʢʦʜ ʞʝʥʢʠ ʥʘʢʦʥ ʪʨʝʥʠʥʛʘ, ʘʣʠ ʙʝʟ ʟʥʘʯʘʿʥʝ 

ʨʘʟʣʠʢʝ. 

 

4.2.1.6  ʂʦʨʦʥʘʨʥʠ ʧʨʦʪʦʢ ʠʟʦʣʦʚʘʥʠʭ ʩʨʮʘ ʧʘʮʦʚʘ             

 

ɻʨʘʬʠʢʦʥ 9.  ɺʨʝʜʥʦʩʪʠ ʢʦʨʦʥʘʨʥʦʛ ʧʨʦʪʦʢʘ (XÑSE)   

 

ʊʘʙʝʣʘ 9. ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʢʦʨʦʥʘʨʥʦʛ ʧʨʦʪʦʢʘ ʠʟʤʝʹʫ 

ʛʨʫʧʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʜʥʦʩʪʠʤʘ CPP 

CF TM vs KM16 

60 cmH2O p<0.05 

80 cmH2O p<0.05 

100 cmH2O p<0.05 

120 cmH2O p<0.05 

              

             CF ʿʝ ʙʠʦ ʩʠʛʥʠʬʠʢʘʥʪʥʦ ʥʠʞʠ ʫ ʊʄ ʛʨʫʧʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʂʄ16 ʛʨʫʧʦʤ ʧʨʠ 

ʚʨʝʜʥʦʩʪʠʤʘ ʉʈʈ ʦʜ 60, 80, 100 ʠ 120 cmH2O.ʋ ʛʨʫʧʠ ʊɾ ʩʫ ʙʠʣʝ ʪʘʢʦʹʝ ʥʠʞʝ 

ʚʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʂɾ16 ʘʣʠ ʙʝʟ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ.  
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4.2.2  ʇʦʨʝʹʝˁʝ ʛʨʫʧʘ ʢʦʿʝ ʩʫ ʜʚʝ ʥʝʜʝˀʝ ʧʘʫʟʠʨʘʣʝ ʥʘʢʦʥ ʪʨʝʥʠʥʛʘ ʩʘ         

ʢʦʥʪʨʦʣʥʠʤ ʛʨʫʧʘʤʘ ʩʪʘʨʦʩʪʠ 18 ʥʝʜʝˀʘ (ʤʫʞʿʘʮʠ ʠ ʞʝʥʢʝ) 

 

4.2.2.1  ʄʘʢʩʠʤʘʣʥʘ ʩʪʦʧʘ ʧʨʦʤʝʥʝ ʧʨʠʪʠʩʢʘ ʫ ʣʝʚʦʿ ʢʦʤʦʨʠ ʠʟʦʣʦʚʘʥʠʭ  

ʩʨʮʘ  ʧʘʮʦʚʘ 

 

 

ɻʨʘʬʠʢʦʥ 10. ɺʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʝ ʩʪʦʧʝ ʧʨʦʤʝʥʝ ʧʨʠʪʠʩʢʘ (XÑSE) 

 

ʊʘʙʝʣʘ 10. ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʤʘʢʩʠʤʘʣʥʝ ʩʪʦʧʝ ʧʨʦʤʝʥʝ 

ʧʨʠʪʠʩʢʘ ʫ ʣʝʚʦʿ ʢʦʤʦʨʠ ʠʟʤʝʹʫ ʛʨʫʧʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʜʥʦʩʪʠʤʘ CPP 

dp/dt max ʇɾ2 vs ʂɾ18  

80 cmH2O p<0.05 

100 cmH2O p<0.05 

120 cmH2O p<0.05 

 

             ɻʨʫʧʘ ʇɾ2 ʿʝ ʠʤʘʣʘ ʩʠʛʥʠʬʠʢʘʪʥʦ ʤʘˁʠ dp/dt max ʫ ʦʜʥʦʩʫ ʥʘ ʂɾ18 ʛʨʫʧʫ 

ʧʨʠ ʉʈʈ ʦʜ 80, 100 ʠ 120 cmH2O. ɻʨʫʧʘ ʇʄ2 ʿʝ ʠʤʘʣʘ ʥʠʞʝ ʚʨʝʜʥʦʩʪʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʂʄ18, ʨʘʟʣʠʢʘ ʥʠʿʝ ʙʠʣʘ ʟʥʘʯʘʿʥʘ. 
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4.2.2.2  ʄʠʥʠʤʘʣʥʘ ʩʪʦʧʘ ʧʨʦʤʝʥʝ ʧʨʠʪʠʩʢʘ ʫ ʣʝʚʦʿ ʢʦʤʦʨʠ ʠʟʦʣʦʚʘʥʠʭ  

             ʩʨʮʘ ʧʘʮʦʚʘ 
 

   

 ɻʨʘʬʠʢʦʥ 11. ɺʨʝʜʥʦʩʪʠ ʤʠʥʠʤʘʣʥʝ ʩʪʦʧʝ ʧʨʦʤʝʥʝ ʧʨʠʪʠʩʢʘ (XÑSE) 

 

ʊʘʙʝʣʘ 11. ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʤʠʥʠʤʘʣʥʝ ʩʪʦʧʝ ʧʨʦʤʝʥʝ 

ʧʨʠʪʠʩʢʘ ʫ ʣʝʚʦʿ ʢʦʤʦʨʠ ʠʟʤʝʹʫ ʛʨʫʧʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʜʥʦʩʪʠʤʘ CPP 

dp/dt min ʇɾ2 vs ʂɾ18  

80 cmH2O p<0.05 

100 cmH2O p<0.05 

120 cmH2O p<0.05 

 

           dp/dt min ʿʝ ʙʠʦ ʩʠʛʥʠʬʠʢʘʥʪʥʦ ʤʘˁʠ ʫ ʛʨʫʧʠ ʇɾ2 ʫ ʦʜʥʦʩʫ ʥʘ  ʂɾ18 ʛʨʫʧʫ ʧʨʠ 

ʚʨʝʜʥʦʩʪʠʤʘ ʉʈʈ ʦʜ 80, 100 ʠ 120 cmH2O, ʪʘʢʦʹʝ ʩʫ ʙʠʣʝ ʥʠʞʝ ʠ ʫ ʇʄ2 ʧʨʠ ʧʦʨʝʹʝˁʫ 

ʩʘ ʂʄ18 ʘʣʠ ʙʝʟ ʩʪʘʪʠʩʪʠʯʢʝ ʟʥʘʯʘʿʥʦʩʪʠ. 
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4.2.2.3  ʉʠʩʪʦʣʥʠ ʧʨʠʪʠʩʘʢ ʣʝʚʝ ʢʦʤʦʨʝ ʠʟʦʣʦʚʘʥʠʭ ʩʨʮʘ ʧʘʮʦʚʘ 

 

   

ɻʨʘʬʠʢʦʥ 12. ɺʨʝʜʥʦʩʪʠ ʩʠʩʪʦʣʥʦʛ ʧʨʠʪʠʩʢʘ ʫ ʣʝʚʦʿ ʢʦʤʦʨʠ (XÑSE) 

ʊʘʙʝʣʘ 12. ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʩʠʩʪʦʣʥʦʛ ʧʨʠʪʠʩʢʘ ʫ ʣʝʚʦʿ 

ʢʦʤʦʨʠ ʠʟʤʝʹʫ ʛʨʫʧʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʜʥʦʩʪʠʤʘ CPP 

SLVP ʇM2 vs KM18 ʇɾ2 vs ʂɾ18  

40 cmH2O p<0.05 p<0.05 

60 cmH2O p<0.05 p<0.05 

80 cmH2O p<0.05 p<0.05 

100 cmH2O p<0.05 p<0.05 

120 cmH2O p<0.05 p<0.05 

 

 

             ɻʨʫʧʝ ʤʫʞʿʘʢʘ ʠ ʞʝʥʢʠ ʢʦʿʝ ʩʫ ʜʚʝ ʥʝʜʝˀʝ ʧʨʝʢʠʥʫʣʝ ʪʨʝʥʠʥʛ (ʇʄ2 ʠ ʇɾ2)  

ʠʤʘʣʝ ʩʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʥʠʞʝ ʚʨʝʜʥʦʩʪʠ SLVP ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʂʄ18 ʠ ʂɾ18 

ʛʨʫʧʘʤʘ  ʧʨʠ ʩʚʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʉʈʈ.  
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4.2.2.4  ɼʠʿʘʩʪʦʣʥʠ ʧʨʠʪʠʩʘʢ ʣʝʚʝ ʢʦʤʦʨʝ ʠʟʦʣʦʚʘʥʠʭ ʩʨʮʘ ʧʘʮʦʚʘ  

 

 

ɻʨʘʬʠʢʦʥ 13. ɺʨʝʜʥʦʩʪʠ ʜʠʿʘʩʪʦʣʥʦʛ ʧʨʠʪʠʩʢʘ ʫ ʣʝʚʦʿ ʢʦʤʦʨʠ (XÑSE) 

 

ʊʘʙʝʣʘ 13. ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʜʠʿʘʩʪʦʣʥʦʛ ʧʨʠʪʠʩʢʘ ʫ ʣʝʚʦʿ 

ʢʦʤʦʨʠ ʠʟʤʝʹʫ ʛʨʫʧʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʜʥʦʩʪʠʤʘ CPP 

DLVP ʇM2 vs KM18 ʇɾ2 vs ʂɾ18  

60 cmH2O p<0.05 p<0.05 

80 cmH2O p<0.05 p<0.05 

100 cmH2O p<0.05 p<0.05 

120 cmH2O p<0.05 p<0.05 

              

             ɻʨʫʧʝ ʇʄ2 ʠ ʇɾ2 ʩʫ ʠʤʘʣʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʚʠʰʝ ʚʨʝʜʥʦʩʪʠ DLVP ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʛʨʫʧʘʤ ʂʄ18 ʠ ʂɾ18 ʧʨʠ ʚʨʝʜʥʦʩʪʠʤʘ ʉʈʈ ʦʜ 60, 80, 100 ʠ 120 cmH2O.  
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4.2.2.5  ʉʨʯʘʥʘ ʬʨʝʢʚʝʥʮʘ ʠʟʦʣʦʚʘʥʠʭ ʩʨʮʘ ʧʘʮʦʚʘ  

 

 

 

ɻʨʘʬʠʢʦʥ 14. ɺʨʝʜʥʦʩʪʠ ʩʨʯʘʥʝ ʬʨʝʢʚʝʥʮʝ (XÑSE) 

 

             ɺʨʝʜʥʦʩʪʠ ʩʨʯʘʥʝ ʬʨʝʢʚʝʥʮʝ ʩʝ ʥʠʩʫ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʝ ʧʨʠʣʠʢʦʤ ʧʦʨʝʹʝˁʘ 

ʇʄ2 ʠ ʂʄ18 ʠ ʧʨʠ ʧʦʨʝʹʝˁʫ ʛʨʫʧʘ ʇɾ2 ʠ ʂɾ18. 

 

4.2.2.6  ʂʦʨʦʥʘʨʥʠ ʧʨʦʪʦʢ ʠʟʦʣʦʚʘʥʠʭ ʩʨʮʘ ʧʘʮʦʚʘ             

       

 

ɻʨʘʬʠʢʦʥ 15. ɺʨʝʜʥʦʩʪʠ ʢʦʨʦʥʘʨʥʦʛ ʧʨʦʪʦʢʘ (XÑSE) 

 

 

 

 


























































































