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Abstract 

The uniaxial compression of cylindrical samples of potatoes was investigated. A typical form of a complete 

stress-strain diagram is an S-shaped curve. The curvature of the diagram became the more, the more flabbiness the 

potato was. It is noted that the samples were destroyed at an angle of 45 Á to the load axis as a brittle material with 

a significant deformation of fracture close to 0.3. The material showed non-linear elasticity only up to a stress of 

0.1 MPa, after which the deformation became inelastic. In this regard, it was concluded that the use of the term 

ñYoung's modulusò to the most significant part of the material deformation in the diagram is inapplicable. It is 

proposed to consider the ratio of stress to strain of any zone diagram as a modulus of rigidity of materials with 

cellular structure and denoted by Z. It should be used in the design formulas for the processes and equipment for 

processing plant and animal raw materials. 

 

Keywords: potato, sample, compression, stress-strain diagram, relaxation, fracture, brittle, rigidity modulus. 

 

INTRODUCT ION 

Raw of plant and animal origin are supplied for 

primary processing in the form of hard materials with 

cellular structure. In the calculation of processes and 

equipment its mechanical processing stress and strain 

(relative deformation) parameters should be used simi-

lar to those they are defined and entered into the design 

formulas for structural materials. This applies fully to 

potatoes, a significant part of which is ground on the 

production lines of potato starch. The purpose of this 

study was to refine the relationship between stresses 

and strain under conditions of uniaxial compression of 

cylindrical samples cut from potato tubers. Such studies 

obtain data of the material, i.e. flesh, not form of the 

tuber. The study of physicomechanical properties of 

food products with cellular structure (plant and animal 

products) was the subject of numerous modern publica-

tions, including bibliography reviews [1-4]. Young's 

modulus, Poisson's ratio, stress-strain characteristics 

under the assumption of elastic deformation up to de-

struction are determined there. There are publications 

on changes in the properties of potato tubers or similar 

properties of other vegetables and fruits, depending on 

the storage period and temperature [5]. 

The test is performed using simple physical sam-

ple models. As a result graphs are obtained, called dia-

grams, in stress-strain coordinates (ů-Ů). The diagrams 

show the points of characteristic qualitative changes in 

the parameters used for technological equipment de-

sign. The most relevant points are the values of ultimate 

stress (ůU), the elastic and inelastic zones, residual 

strain after destruction (ŮP), Young's modulus (E) of 

material for the Hooke's formula ů = ɽŮ. Young's mod-

ulus reflects a constant coefficient, characterizing only 

the elastic properties of the material. Therefore, it can 

be defined and used only to describe the elastic part of 

the diagram [6]. It should be noted that both elastic and 

inelastic strain zones can be linear or nonlinear. Some 

publications include diagrams of destruction of samples 

from potato tubers or fruit, which the authors could 

consider linear up to destruction [1, 5, 7, 8]. This result 

is due to the fact those the diagrams close to linear, re-

late to samples of fresh and hard tubers or fruits. Flabby 

samples of fruits and vegetables from the very begin-

ning of loading show a non-linear S-shaped diagram 

between stress and strain. For materials with nonlinear 

elasticity, the Young's modulus is often determined by 

the linear interpolation of the elastic zone of the dia-

gram.  

Diagramms of plant materials indicate the occur-

rence of residual, i.e. inelastic deformations, starting at 

low stresses. Therefore, the definition and application 

of the term ñYoung's modulusò throughout most of the 

diagram requires discussion. 

MATERIALS AND METHOD S 

Researches were carried out on a mechanical type 

installation for testing specimens of various kinds for 

tension and compression. It provided an opportunity to 

stop the loading for required period of time, which al-

lowed to consider the loading to be static. Studies of the 

ʨhysico-mechanical properties of potato cultivar 

ñLorkhò were carried with tubers of varying flabbiness 

from fresh rigid to flabby. Based on the results of the 

experiments, we plotted stress-strain diagrams. Our pri-

mary experiments with cylindrical samples cut from 

potato tubers confirmed the presence of relaxation ef-

fect [9]. Therefore, further studies were carried out with 

measurement of stress-strain parameters under interme-

diating stop-exposure period of 30 seconds. By the end 

of this period, the stresses decreased by 4-12%, and 
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then their decline slowed down significantly. Cylindri-

cal samples had a ratio between the length and diameter 

of the sample equal to l0/ d0=25/14=1.79 and did not 

lose buckling in the compression tests. Samples of such 

size ratio had a number of advantages. It increased the 

deformation of the sample, reduced the unevenness of 

stresses in the middle part of the sample, where the de-

struction occurred the most often, and clearly demon-

strated the destruction type.  

RESULTS AND DISCUSSION 

A series of experiments revealed a number of im-

portant features. The general form of compression dia-

grams for hard (fresh) tubers was linear. The stress-

strain diagram of flabby tubers becomes S-shaped. This 

feature is confirmed by other researchers publications 

[10, 11]. The samples of flabby tubers are intensively 

deformed in the initial section to up the stress ůå0.1 

MPa, after which the slope angle of the diagram line 

increases sharply. The flesh of samples becomes more 

rigid. Potato samples of any degree of flaccidity were 

destroyed as a brittle body with formation of a flat sur-

face inclined to the compression line at an angle close 

to 45 Á (Fig. 1), where the maximum shear stresses are. 

The residual strain was value about ắrå0.3 after total 

destruction. Such significant residual strain of total de-

struction of fruit and vegetable samples were also noted 

by other researchers [1].  

 
Fig.1. A typical photo showing the brittle destruction 

of a sample cut from a potato tuber. 

 

The next stage of the study was aimed at identify-

ing the strain type (elastic and inelastic) during inter-

mediate full unloading and the next directly after it a 

new loading. The most obvious occurrence of inelastic 

strain is the residual strain after subsequent intermedi-

ate full unloading of the sample. The number of inter-

mediate unloadings in the sample from one to three. 

Each subsequent unloading was began with a higher 

stress. With an increase in the number of unloads, the 

compression diagram acquires an explicit smaller slope 

of the line in the stress zone close to the ultimate 

strength (ůU), concluding its general S-shaped form. 

Fig.2 shows a characteristic diagram of the longi-

tudinal compression of flabby potato sample with two 

intermediate unloading to zero and subsequent new 

loading. The sample showed considerable residual 

strains of OH and OM at the end the intermediate un-

loadings of CH and KM, started with stresses ů>0.1 

MPa. Residual strains are not detected when unloading 

at a stress ů<0.1 MPa. This indicates elastic nature of 

the strains at the beginning of the loading. 

 
Fig. 2. A typical compression stress-strain diagram of a potato sample with two intermediate unloadings: ů ï 

stress (MPa); Ů ï dimensionless relative deformation (strain), (d/l); 1 - initial zone of the diagram; 2 and 3 - the 

curves of the first intermediate unloading (CH) and the subsequent new load (HK); 4 and 5 - curves of the sec-

ond intermediate unloading (KM) and subsequent new load (MP); 6-9 - linearized curves BC, CH, MC and AP; 

Ŭ6-Ŭ9 - slope angles of straight lines 6-9; the points marked with letters show characteristic coordinates of the 

diagram. 
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Thus, up to the stress ů=0,1 MPa, the elastic strain 

OB occurs mainly by stretching the sample cells mate-

rial under increasing pressure of intracellular liquid. 

After exceeding the stress level 0.1 MPa, intermediate 

unloading shows presence of residual strain ŮH and ŮM, 

even with rectilinear diagram, like in article [7]. Resid-

ual strain after unloading indicate inelastic strain in the 

sample, while elastic strain continue to grow. Under in-

crease in stresses, the sample first becomes stiffer and 

the diagram steeply rises (curve BC). Then, the rigidity 

of the sample begins to decrease, as indicated by the 

more gentle curve JK and upper slightly sloping curve 

NP right up to fracture at ůU, concluding its general S-

shaped form. 

The curves of intermediate unloadings CDH and 

KLM (lines 2 and 4) almost coincide the subsequent 

loadings HDJ and MLN (sections of lines 3 and 5), 

which illustrates their elastic character, although non-

linear. Therefore, the tangents of the slope lines 7 and 

8 (tgŬ7å tgŬ8) can formally correspond to definition of 

Young's modulus, but only for the line zone CK in the 

diagram. The angles of inclination lines 6 or 9, reflect 

the influence of not only elastic, but also inelastic com-

ponent in the full strain. Therefore, the tangents of their 

angles (tgŬ6 ʠ tgŬ9) cannot be called Young's modulus. 

They correspond to the name of the stress-strain modu-

lus of rigidity Z, which takes into account both elastic-

ity and inelastic strains. Note that in publications on 

vegetable and animal raw materials (fruit, vegetables, 

meat) it is called Young's modulus or Young's condi-

tional modulus. The rigidity module Zi = tgŬi is a coef-

ficient in the formula ůi = ZiŮ. The modulus Z6 = tgŬ6 

refers only to the zone BC, Z9=tgŬ9 is the averag for 

the whole AP diagram. Thus, the strain of a potato tuber 

sample at compressive stresses below 0.1 MPa occurs 

as elastic nonlinear of the cellular structure strain. After 

exceeding this stress, inelastic strains occur and gradu-

ally increase to large values. The sample fractures by 

the type of brittle material. 

CONCLUSIONS 

Uniaxial compression of samples cut from potato 

tubers with a ratio of length to diameter of 1.5-2 gives 

more information about the physic-mechanical proper-

ties and the brittle fracture of their flesh. 

Potato samples show relaxation properties in the 

tests. Therefore, it is advisable to conduct study with 

multiplay periodic short-term stops during loading of 

the sample.  

The sample compression diagram is S-shaped. 

Hard (fresh) tubers give a diagram close to linear. The 

flabbier tuber is, the greater is its strain at the initial 

zone, and the diagram becomes more curved.  

Elastic deformations occur in the sample at the in-

itial stage of loading within a stress range below to 0.1 

MPa. Inelastic component is added to them at a higher 

stress. Most of the diagram includes inelastic strain. 

Therefore, use of the term "Young's modulus" (ɽ), 

which is an elasticity modulus, is incorrect in the zone 

of inelastic strain, more correct named the rigidity mod-

ulus (Z). For this zone, is the rigidity modulus Z is more 

relevant. Due to brittle nature of plant material flesh, 

the Z modulus is variable for different zones of the di-

agram, which distinguishes it from ductile materials. 

The rigidity modulus Zi = tgŬi, which is the coefficient 

in the formula ůi = ZiŮ, corresponds to those parts of 

the diagram that include the total (elastic and inelastic) 

strains. It should be used in the calculation formulas of 

processes and equipment for processing raw materials 

of plant origin. 
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Abstract 

The article analyzes the issues of modeling the modes of operation of the cleaning module of a vacuum-

grading and drying machine, taking into account the factors of processed raw materials in the production of potato 

products. The main reasons for the decline in the quality of sorting potato products are considered. 

 

Keywords: potato, starch, sorting, vacuum, technology, modeling, sorting, drying, machine. 

 

Introduction 

Under the conditions of the Udmurt Republic, po-

tatoes are one of the main food and feed crops. The con-

stant growth of its consumption requires an increase in 

production, development of new crop varieties with 

high feed and nutritional value [2], improvement of cul-

tivation technologies and subsequent post-harvest pro-

cessing, [1]. 

In the quality of the technical and economic coef-

ficients are often used indicators of quantitative de-

pendence between the costs of resources and output. 

For their calculation, production functions that express 

the relationship between the production results and the 

corresponding costs are successfully applied, [3]. They 

allow you to calculate the cost coefficients, efficiency 

and interchangeability factors, develop parameters and 

predict the level of results of the processing industry. 

The purpose of the work - is to consider the main 

causes of contamination of the working surface of the 

sorting drum; to simulate the modes of operation of the 

cleaning module; to identify the relationship between 

the modes of operation of the machine and the starch 

content in the processed potatoes, as well as other fac-

tors affecting the contamination of the working surface 

of the sorting drum; suggest solutions to this problem. 

To obtain high-quality small-sized semi-finished 

products, it is necessary in the production process to 

carry out the operation of sorting the product by size in 

order to continue processing in the optimal mode and 

obtain a quality product. In this case, it will be neces-

sary to change the process line [3], since the heap sort-

ing occurs at atmospheric pressure (constant contact of 

oxygen from the air with the cut surface of vegetables); 

for this, cutting of vegetable raw materials and sorting 

of this pile should be carried out in a discharged envi-

ronment. 

The following tasks will be solved: 

Å exclusion of the contact of cut potatoes with air; 

after cutting, a pile of potatoes enters the sorting ma-

chine; 

Å compactness and small-sized installation, as well 

as mechanization and automation of the process, which 

leads to a reduction in total costs; 

Å potatoes will not be subjected to heat treatment, 

also during freeze-drying the temperature of the pota-

toes decreases; 

Å production line will be reduced, the need for pro-

duction space. 

The workflow of sorting of any type is based on 

sifting through the separation holes of particles whose 

size is smaller than the size of the holes. Therefore, the 

study begins with the study of the dimensional charac-

teristics of the particles to be divided into fractions in 

the process of technological processing. 

Obtaining a product that is uniform in size, shape, 

color and degree of maturity allows the use of econom-

ical modes of heat treatment, prevents cooking and en-

sures rational management of the process. 

In addition to standard cubes, small particles 

(trimmings) are formed, the number of which varies de-

pending on the size and shape of the material. The pres-

ence of scraps leads to a decrease in the quality of the 

finished product, as small particles begin to boil soft 

beforehand, or burn during frying. In this regard, the 

process of production of quick-frozen potatoes requires 

the process of cutting off the cut from the standard cut 

particles. The value by which sorting is performed 

should be controlled in the separation process with a 

simple, reliable and high-performance device; propor-

tionally and uniquely reflect the size of the product; 

have a large range of variation and be universal, that is 

suitable for particles of different shapes and sizes. 

In the process of sorting, a heap of product is con-

tinuously circulating, rising along concentric circular 

paths and rolling down parallel layers in a cascade 

downwards. This sorting mode is called cascade (figure 

1a). 

With a slight increase in the frequency of rotation 

of the drum, the cubes of the product along circular tra-

jectories rise higher and higher, but the operating mode 

may still remain cascade. When, finally, the cubes rise 

to a known, even greater height, determined by the fre-

quency of rotation of the drum, they will descend from 

circular trajectories and, like bodies thrown at an angle 

to the horizon, along a parabolic trajectory will fall like 

a waterfall back into circular trajectories. This sorting 

mode is called waterfall (Figure 1b), [6]. 
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 ʘ)     b) 

Figure 1 - Cascade and waterfall types 

 

The position of the column on the circular path is 

determined by the separation angle Ŭ, with the formed 

radius of the sorting drum passing through the center of 

the column, with the vertical diameter of the drum. 

This condition is satisfied if the installation param-

eters are correctly selected. The number of separation 

sorting holes depends on the diameter of the drum. The 

width of the separating gaps is dictated by the particle 

size, therefore, the size of the lumen should be smaller 

than the specified sizes, and at the same time there was 

the possibility of sorting the columns of both 7 * 7 and 

13 * 13 mm, Figure 2 shows the possible variants mod-

eled using the Compass CAD system, it is taken into 

account that a wire of a certain diameter is used in the 

form of a thread, the size of which affects the size of 

the sorting slot, [4]. 

5    ,    5    

1    3    

6    1    3    

5    ,    5    
1    2    ,    5    5    

1    2    

1    4    6    ,    4    3    
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1    4    ,    5    
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ʘ    )    

ʙ    )    

ʚ    )    

 
Figure 2 - Possible options for the width of the separation gap  

a - 7.0 mm pitch, b - 7.5 mm pitch, c - 8.0 mm pitch. 

 

From the analysis it can be seen that with a drum 

diameter of 0.350 m the most acceptable option: a pitch 

is 7.0 mm, a thread diameter is 2.0 mm, a lumen width 

is 5.0 mm, for 7 * 7 posts, and for 13 * 13 mm, while 

taking into account the error in the manufacture, sag-

ging threads and the relative displacement of the 

threads relative to each other. 

 

 
Figure 3 - Visualization of the sorting process, according to calculated points 
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Screw threads will provide lifting and moving par-

ticles inside the drum. The curvature (elevation angle 

of the helix ɔ) can be adjusted by special grooves made 

in one of the discs, thereby reducing or increasing the 

screening time for a pile of potatoes, [5]. 

Thus, the main causes of contamination of the 

working surface of the yarn sorting drum are: 

Å the cut, obtained after cutting the potato, in the 

process of sorting clogs the free space between the 

threads; 

Å starch, which sticks to the yarn during the sorting 

of potato products, due to its adhesive ability; 

Å freezing of potato cuttings on working threads 

during vacuum processing. 

The main varieties received for processing in Ud-

murtia are the middle early - Nevsky (standard), Svi-

tanok Kiev, Lukyanovsky, Elizabeth; middle-end - 

Lugovskoy (standard), Lorch, Pace, Olympus, Niku-

linsky, Chaika. 

They have three forms of tubers: round, round-

oval and oval. Measurements related to the analysis of 

the composition and properties of the product (mixture) 

are based on the use of dependencies between the com-

position of the analyzed product (or concentrations of 

its components) and the values characterizing its phys-

ical or physicochemical parameters: 

ʋi=fi (C1,C2,é, Cn), (1) 

Where: ʋi - is the measured parameter of the ana-

lyzed product (mixture); 

C1, C2, ..., Cn - is the concentration of compo-

nents (or the amount of the product); 

n - is the total number of components contained in 

the analyzed product. 

One of the effective ways to implement a multipa-

rameter computational method for analyzing the com-

position of complex mixtures is the use of a special ap-

paratus of the theory of probability, [7]. In this case, 

finding a regression equation characterizing the quality 

of the product being analyzed can be reduced to finding 

dependencies between a single generalizing qualitative 

indicator and individual qualitative integral or selective 

parameters depending on the content of the components 

of the analyzed product (mixture). 

Thus, finding a generalized quality indicator of the 

analyzed product (mixture) can be reduced to measur-

ing a small number of integral parameters and solving 

the found regression equation characterizing the rela-

tionship between these parameters and the quality of 

the analyzed product (mixture). 

According to the technical conditions, the trim-

mings should not be more than 5 ... 8% of the total, so 

the sorting operation is one of the most important. The 

main indicators characterizing the sorting process are 

the sorting accuracy r, productivity and damageability. 

Experience and model show [8] that there is a zone of 

optimal values of the above parameters, at which a suf-

ficiently high sorting accuracy is achieved, high spe-

cific productivity, and particle damage is relatively 

small. 

The productivity of the sorting surface under the 

condition of continuous and uniform operation of the 

machine can be approximately determined by the gen-

eral equation for machines of continuous transport, [9]. 

With increased specific productivity, particles go 

along the sorting surface in more than one layer and the 

probability of particles passing through the working 

holes is low. Damage is reduced due to the reduced 

likelihood of particles meeting with elements of the 

sorting surface. To obtain high quality screening, it is 

necessary to strive to ensure that the particles are lo-

cated on the sorting surface with a height of one ele-

mentary layer. In this case, the sorting surface will work 

under optimal loading conditions. 

In order to improve the quality of products, the pa-

rameters and modes of the proposed sorting device are 

justified. The sorting device consists of a drum formed 

by disks, on the circumference of which the threads are 

pulled, rotated by an electric motor and mounted on a 

frame (Figure 5).  

 

 
Figure 5 - Scheme of the vacuum screening machine: 

 

1,3,10 - shut-off and controlled valve; 2.4 - pumps 

for water and air; 5 - vacuum gauge; 6 - vacuum pipe-

line; 7 - leak detector; 8.9, 19 - rotary lock; 11 - drain 

line with overflow neck; 12 - desublimator; 13 - mass 

spectrometer; 14 - vacuum gauge; 15 - pressure switch; 

16 - water ring vacuum pump; 17 - vacuum sorting 
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chamber; 18 - spray nozzle manifold ultrasonic water 

and air cleaning. 

The drum, rotating in the supports fixed on the 

frame, sorts through the gaps between the threads the 

incoming sliced potato particles from the loading tray 

into cuttings and standard-sized cubes moved by the 

conveyors of cuttings and standard blocks. The cali-

brating surface divides the pile into two fractions - 

ñpassageò and ñdescentò, trimmings and non-standard 

particles pass through the holes, standard ones leave the 

surface (parallel separation). 

The use of this design solves the following tech-

nical problems: 

Å the coefficient of sorting accuracy increases with 

a relatively short drum length, since the shape of the 

sorting holes is slit-shaped, and they are located along 

the direction of movement of the components of the pile 

of particles, which ensures rapid sifting of the cuttings; 

Å line productivity increases, the quality of the fi-

nal product improves. 

These advantages are achieved by the fact that the 

device for sorting is made in the form of a cylindrical 

drum mounted at an angle to the horizontal plane. In 

addition to the location of the drum, there is another so-

lution to the problem of contamination of the filaments 

- the installation of high ï pressure water nozzles, [10]. 

This design is preferred due to: 

V - simplicity and reliability of the design; 

V - the rotary mechanism of the injectors allows 

you to adjust the direction of the water flow; 

V high pressure makes it possible to quickly 

clean the threads (in contrast to the mechanical cleaning 

option) and saves water; 

V wide spray angle eliminates the possibility of 

ineffective cleaning of the threads. 

Conclusions, results, discussion 

The operation of the equipment in the complex 

should include: 

V Continuous operation of the entire line and 

each piece of equipment separately. 

V A small number of attendants. 

V A systematic approach to quality control, pro-

duction hygiene, and maintenance of each piece of 

equipment in the complex. 

V Manufacturability of equipment. 

The use of a complex scheme of using equipment 

requires the development and creation of machines of 

complex action (MCD) on the example of a vacuum-

sorting and drying machine, with automated control be-

ing carried out, monotonous manual labor is mini-

mized, and overall productivity is increased. The use of 

MCD in the production of potato products according to 

a complex scheme will ensure the smallest losses, 

which contributes, with sufficient availability of raw 

materials, to a more intensive increase in the production 

of a range of food products from potatoes. 
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Abstract 
The article discusses the technology of cultivation of Sudanese grass for harvesting hay and green fodder in 

the dry steppe zone of the Republic of Buryatia. The dependencies of Sudan grass productivity on varieties and 
seeding rates were established. 
ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ ʜʣʷ ʟʘʛʦʪʦʚʢʠ ʩʝʥʘ ʠ ʟʝʣʸʥʳʭ 

ʢʦʨʤʦʚ ʚ ʩʫʭʦʩʪʝʧʥʦʡ ʟʦʥʝ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʫʜʘʥʩʢʦʡ 
ʪʨʘʚʳ ʦʪ ʩʦʨʪʦʚ ʠ ʥʦʨʤ ʚʳʩʝʚʘ. 

 
Keywords: Sudan grass, photosynthesis indicators, variety, seeding rate, fodder productivity. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʜʘʥʩʢʘʷ ʪʨʘʚʘ, ʧʦʢʘʟʘʪʝʣʠ ʬʦʪʦʩʠʥʪʝʟʘ, ʩʦʨʪ, ʥʦʨʤʘ ʚʳʩʝʚʘ, ʢʦʨʤʦʚʘʷ ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʴ. 
 
ɺʚʝʜʝʥʠʝ 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʫʩʧʝʰʥʘʷ ʠʥ-

ʪʨʦʜʫʢʮʠʷ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ (Sorghum drummondii 
Hack. ex Beetle) ʚ ʥʦʚʳʝ ʨʘʡʦʥʳ ʚʦʟʜʝʣʳʚʘʥʠʷ. 
ʆʙʫʩʣʦʚʣʝʥʦ ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 
ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʢʫʣʴʪʫʨʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʚʦʟʜʝʣʳ-
ʚʘʪʴ ʝʸ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ, ʥʦ ʠ ʚʳʩʦʢʠʤʠ ʢʦʨʤʦ-
ʚʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ [1, ʩ. 5]. ʉʫʜʘʥʩʢʘʷ ʪʨʘʚʘ ʟʘ-
ʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʦʜʥʦʣʝʪʥʠʭ ʟʣʘʢʦʚʳʭ 
ʪʨʘʚ ʧʦ ʧʠʪʘʪʝʣʴʥʦʩʪʠ ʢʦʨʤʘ ʠ ʩʝʥʘ [2, ʩ. 492]. 
ʀʩʧʳʪʘʥʠʝ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ ʚ ɿʘʙʘʡʢʘʣʴʝ ʧʨʦ-

ʠʟʚʦʜʠʣʦʩʴ ʠ ʨʘʥʝʝ: ʚ 40-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚ ʏʠ-
ʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʚ 60-70-ʭ ʛʛ., ʢʘʢ ʚ ʏʠʪʠʥʩʢʦʡ ʦʙ-
ʣʘʩʪʠ, ʪʘʢ ʠ ʚ ɹʫʨʷʪʠʠ [3, ʩ. 28]. ʕʪʠ ʨʘʙʦʪʳ ʥʝ ʧʨʠ-
ʚʝʣʠ ʢ ʚʥʝʜʨʝʥʠʶ ʢʫʣʴʪʫʨʳ ʚ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʦ 
ʨʝʛʠʦʥʘ. ʏʘʱʝ ʚʩʝʛʦ ʥʝʫʜʘʯʫ ʪʦʛʦ ʧʝʨʠʦʜʘ ʩʚʷʟʳ-
ʚʘʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʨʪʦʚ ʶʞʥʦʛʦ ʧʨʦʠʩʭʦʞ-
ʜʝʥʠʷ, ʛʝʥʦʪʠʧʠʯʝʩʢʠ ʥʝ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʫʩʣʦʚʠʡ 
ʨʝʛʠʦʥʘ. ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʩʦʨʪʦʚ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ 
ʩʝʚʝʨʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʠʭ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʠʝ ʚ ʥʦʚʳʭ ʨʝʛʠʦʥʘʭ ʚʦʟʜʝʣʳʚʘʥʠʷ, ʘ ʪʘʢʞʝ 
ʟʘʤʝʪʥʦʝ ʫʩʠʣʝʥʠʝ ʘʨʠʜʥʦʩʪʠ ʢʣʠʤʘʪʘ ɿʘʙʘʡʢʘʣʴʷ, 
ʩʜʝʣʘʣʦ ʥʝʦʙʭʦʜʠʤʳʤ ʠʥʪʨʦʜʫʢʮʠʶ ʵʪʦʡ ʢʫʣʴʪʫʨʳ 
ʚ ʨʝʛʠʦʥʝ. ʇʨʦʚʝʜʝʥʳ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʦʨʪʦ-
ʠʩʧʳʪʘʥʠʶ ʠ ʨʘʟʨʘʙʦʪʢʝ ʘʜʘʧʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 
ʚʦʟʜʝʣʳʚʘʥʠʷ ʚ ɿʘʧʘʜʥʦʤ ʠ ɺʦʩʪʦʯʥʦʤ ɿʘʙʘʡʢʘʣʴʝ 
[4, ʩ. 15]. ɼʘʣʴʥʝʡʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʫʜʘʥʩʢʦʡ 
ʪʨʘʚʳ ʚ ɿʘʙʘʡʢʘʣʴʝ ʩʚʷʟʘʥʦ ʩ ʠʟʫʯʝʥʠʝʤ ʦʩʦʙʝʥʥʦ-
ʩʪʝʡ ʝʝ ʙʠʦʣʦʛʠʠ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʦʚʳʤ ʘʛʨʦʢʣʠ-
ʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘ-
ʥʠʷ ʫʨʦʞʘʷ, ʷʚʣʷʝʪʩʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴ-
ʥʦʩʪʴ ʢʫʣʴʪʫʨʳ [5, ʩ. 45].  
ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴ-
ʥʦʩʪʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʩʦʨʪʦʚ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ.  
ʎʝʣʴ ʨʘʙʦʪʳ: ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʥʝʢʦʪʦ-

ʨʳʭ ʩʦʨʪʦʚ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʨʤ 
ʚʳʩʝʚʘ ʚ ʩʫʭʦʩʪʝʧʥʦʡ ʟʦʥʝ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ 
(ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ). 
ʋʩʣʦʚʠʷ, ʦʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ɸʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ɹʫʨʷʪʠʠ (ɿʘʧʘʜ-

ʥʦʝ ɿʘʙʘʡʢʘʣʴʝ) ʙʝʟ ʩʦʤʥʝʥʠʷ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʩʘ-
ʤʳʤʠ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʫʜʘʥ-
ʩʢʦʡ ʪʨʘʚʳ ʚ ʈʦʩʩʠʠ. ʂʣʠʤʘʪ ɿʘʙʘʡʢʘʣʴʷ ʭʘʨʘʢʪʝ-
ʨʠʟʫʝʪʩʷ ʢʘʢ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 
ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ (200-300 ʤʤ) ʠ 
ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʠʩʧʘʨʷʝʤʦʩʪʠ ʚʣʘʛʠ, ʟʥʘʯʠʪʝʣʴʥʦ 
ʧʨʝʚʳʰʘʶʱʠʤ ʠʭ ʢʦʣʠʯʝʩʪʚʦ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʚʳ-
ʩʦʢʫʶ ʩʪʝʧʝʥʴ ʘʨʠʜʥʦʩʪʠ ʢʣʠʤʘʪʘ. ʅʘʠʙʦʣʝʝ ʦʙʝʩ-
ʧʝʯʝʥʘ ʪʝʨʤʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʶʞʥʘʷ ʧʦʜʟʦʥʘ 
ʩʫʭʦʩʪʝʧʥʦʡ ʟʦʥʳ ɹʫʨʷʪʠʠ ï ʟʘ ʧʝʨʠʦʜ ʩ ʪʝʤʧʝʨʘ-
ʪʫʨʦʡ ʚʳʰʝ 10Üʉ ʦʥʠ ʨʘʚʥʳ 1900-2000Üʉ. ɿʜʝʩʴ ʩʘ-
ʤʳʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʙʝʟʤʦʨʦʟʥʳʡ ʧʝʨʠʦʜ ï 100-
116 ʜʥʝʡ, ʥʦ ʩʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ 
ʚʩʝʛʦ 230-250 ʤʤ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʧʦʜʟʦʥʳ ʧʨʝʦʙʣʘ-
ʜʘʶʪ ʢʘʰʪʘʥʦʚʳʝ ʠ ʪʝʤʥʦ-ʢʘʰʪʘʥʦʚʳʝ ʧʦʯʚʳ ʧʝʩ-
ʯʘʥʦʛʦ ʠ ʣʝʛʢʦ-ʩʫʛʣʠʥʠʩʪʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 
ʩʦʩʪʘʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ 1-3%, ʩ ʚʳʩʦʢʦʡ ʚʦ-
ʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʝʡ 
ʩʧʦʩʦʙʥʦʩʪʴʶ [6, ʩ. 15]. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʬʦʨʤʝ ʧʦʣʝʚʳʭ ʦʧʳʪʦʚ ʧʨʦʚʦ-
ʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʩʫʭʦʩʪʝʧʥʦʡ ʟʦʥʳ ɹʫʨʷʪʠʠ, ʥʘ 
ʦʧʳʪʥʦʤ ʫʯʘʩʪʢʝ ʉʪʘʥʮʠʠ ʧʦ ʪʨʘʚʘʤ. 
ʇʦʯʚʘ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʢʘʰʪʘʥʦʚʘʷ ʤʫʯʥʠ-

ʩʪʦ-ʢʘʨʙʦʥʘʪʥʘʷ, ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 
ʣʝʛʢʠʡ ʩʫʛʣʠʥʦʢ. ɺ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫ-
ʤʫʩʘ 1,3%. ʉʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʘʟʦʪʘ 0,15%. ʇʨʝ-
ʦʙʣʘʜʘʶʪ ʧʨʦʮʝʩʩʳ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʛʫʤʘʪʥʦ-
ʬʫʣʴʚʘʪʥʳʡ ʪʠʧ ʛʫʤʫʩʘ [7, ʩ. 22]. ʈʝʘʢʮʠʷ ʧʦʯʚʝʥ-
ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʣʠʟʢʘ ʢ ʥʝʡʪʨʘʣʴʥʦʡ ʨʅ 6,8, ʩ ʧʝʨʝ-
ʭʦʜʦʤ ʚ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʢ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʠ 
ʱʝʣʦʯʥʦʡ. ʉʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʬʦʩʬʦʨʘ 
11,5ï12,7 ʤʛ, ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ 13,0ï14,8 ʤʛ ʥʘ 100 
ʛ ʧʦʯʚʳ (ʧʦ ʏʠʨʠʢʦʚʫ).  
ʉʫʤʤʘ ʦʩʘʜʢʦʚ ʚ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ (2000-

2002 ʛʛ.) ʟʘ ʤʘʡ ï ʩʝʥʪʷʙʨʴ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 157,3 ʜʦ 
283,5 ʤʤ. ʉʫʤʤʘ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 858-
915Áʉ, ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ (ʧʦ ʉʝʣʷ-
ʥʠʥʦʚʫ) 0,67-1,21. 
ʇʨʝʜʰʝʩʪʚʝʥʥʠʢ ï ̫ ʨʦʚʘʷ ʧʰʝʥʠʮʘ. ʌʦʥ ʫʜʦʙ-

ʨʝʥʠʡ N40P40.  
ɿʘʢʣʘʜʢʫ ʦʧʳʪʦʚ, ʫʯʝʪʳ ʠ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʠʟ-

ʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʘʤ ɺʅʀʀ ʢʦʨʤʦʚ ʠʤ. ɺ.ʈ. ɺʠʣʴ-
ʷʤʩʘ [8, ʩ. 198]. ʄʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ 
ʫʯʸʪʦʚ ʠ ʥʘʙʣʶʜʝʥʠʡ ʜʝʣʘʣʠ ʤʝʪʦʜʘʤʠ ʜʠʩʧʝʨʩʠ-
ʦʥʥʦʛʦ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʠʟʣʦʞʝʥʠʠ 
ɹ.ɸ. ɼʦʩʧʝʭʦʚʘ [9, ʩ. 410] ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤ 
Cor23, D1maxi ʠ D2maxi ʠʟ ʧʘʢʝʪʘ Snedecor. ʆʧʨʝ-
ʜʝʣʝʥʠʝ ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʦʜʦʤ 

ʚʳʩʝʯʝʢ, ʯʠʩʪʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʬʦ-
ʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʧʦ ɸ.ɸ. ʅʠʯʠʧʦʨʦ-
ʚʠʯʫ. 
ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 
ʈʘʟʤʝʨ ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʩʪʝʥʠʡ, ʪʘʢ ʢʘʢ ʵʪʦʪ ʧʦʢʘ-
ʟʘʪʝʣʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪ ʩʫʤʤʘʨʥʫʶ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ [10, ʩ. 5-28]. ʅʘʰʠ 
ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʣʠʩʪʦʚʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʫ ʚʩʝʭ ʩʦʨʪʦʚ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ ʧʨʦʠʩʭʦ-
ʜʠʣʦ ʥʝʨʘʚʥʦʤʝʨʥʦ (ʪʘʙʣ. 1). ɽʸ ʥʘʠʙʦʣʴʰʠʝ ʧʨʠ-
ʨʦʩʪʳ ʥʘʙʣʶʜʘʣʠʩʴ ʦʪ ʚʩʭʦʜʦʚ ʜʦ ʬʘʟʳ ʢʫʱʝʥʠʷ 
ʨʘʩʪʝʥʠʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʥʠ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʣʠʩʴ, 
ʥʦ ʥʘʨʘʩʪʘʥʠʝ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʤʝʯʘʣʦʩʴ ʜʦ 
ʫʙʦʨʢʠ ʢʫʣʴʪʫʨʳ ʥʘ ʢʦʨʤ ʚ ʬʘʟʝ ʚʳʤʝʪʳʚʘʥʠʷ. ɺ 
ʮʝʣʦʤ ʦʥʘ ʙʳʣʘ ʥʘʠʙʦʣʴʰʝʡ ʧʨʠ ʚʩʝʭ 3 ʥʦʨʤʘʭ ʚʳ-
ʩʝʚʘ ʫ ʩʨʝʜʥʝʩʧʝʣʦʛʦ ʩʦʨʪʘ ʂʘʤʳʰʠʥʩʢʘʷ 51. ʕʪʦ 
ʦʙʲʷʩʥʷʝʪʩʷ, ʚʝʨʦʷʪʥʦ, ʝʛʦ ʧʦʚʳʰʝʥʥʳʤ ʢʦʵʬʬʠ-
ʮʠʝʥʪʦʤ ʢʫʱʝʥʠʷ. ʇʨʦʠʩʭʦʜʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝ-
ʣʠʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ ʧʨʠ ʟʘ-
ʛʫʱʝʥʠʠ ʧʦʩʝʚʘ ʜʦ 1,5 ʠ 2,0 ʤʣʥ. ʰʪ. /ʛʘ. ʇʨʠ ʫʚʝ-
ʣʠʯʝʥʠʠ ʥʦʨʤʳ ʚʳʩʝʚʘ ʜʦ 1,5 ʤʣʥ. ʰʪ./ʛʘ ʚ ʩʨʝʜʥʝʤ 
ʟʘ 3 ʛʦʜʘ ʦʥ ʚʦʟʨʦʩ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ, ʥʘ 29,9
44,6%, ʘ ʜʦ 2,0 ʤʣʥ. ʰʪ./ʛʘ ï ʥʘ 41,0-110,1%, ʩʦʦʪ-
ʚʝʪʩʪʚʝʥʥʦ. ʇʣʦʱʘʜʴ ʣʠʩʪʴʝʚ ʙʳʣʘ ʥʘʠʙʦʣʴʰʝʡ ʧʝ-
ʨʝʜ ʫʙʦʨʢʦʡ ʫ ʩʦʨʪʘ ʂʘʤʳʰʠʥʩʢʘʷ 51 ʩ ʥʦʨʤʦʡ ʚʳ-
ʩʝʚʘ 2,0 ʤʣʥ. ʰʪ./ʛʘ. ɺ ʦʧʳʪʝ ʚʳʷʚʣʝʥʘ ʩʣʘʙʘʷ ʧʦʣʦ-
ʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʦʡ 
ʧʣʦʱʘʜʴʶ ʣʠʩʪʴʝʚ ʠ ʫʨʦʞʘʝʤ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ï r = 
0,170Ñ0,55. 

 

ʊʘʙʣʠʮʘ 1 

 ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ (ʚ ʩʨ. ʟʘ 3 ʛʦʜʘ) 

ʉʦʨʪ 
ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʣʠʩʪʴʝʚ, ʪʳʩ. ʤ2/ʛʘ 

ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ, ʪʳʩ. ʤ2 Ĭ 

ʜʥʝʡ/ʛʘ 

ʏʠʩʪʘʷ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ, 

ʛ/ʤ2 ʚ ʩʫʪʢʠ 

ʅʦʨʤʘ ʚʳʩʝʚʘ 1,0 ʤʣʥ. ʰʪ./ʛʘ 

ʉʝʚʝʨʷʥʢʘ (ʩʪʘʥʜʘʨʪ) 25,2 514 9,4 

ʃʠʨʘ 25,5 515 8,9 

ʂʘʤʳʰʠʥʩʢʘʷ 51 30,5 722 8,1 

ʉʘʤʘʨʷʥʢʘ 24,0 474 9,3 

ʖʙʠʣʝʡʥʘʷ 20 27,0 603 8,7 

ʅʦʚʦʩʠʙʠʨʩʢʘʷ 84 27,0 594 8,2 

ʊʫʨʘʥ 2 26,0 573 8,6 

ʊʘʰʝʙʠʥʩʢʘʷ 24,3 526 7,9 

ʅʦʨʤʘ ʚʳʩʝʚʘ 1,5 ʤʣʥ. ʰʪ./ʛʘ 

ʉʝʚʝʨʷʥʢʘ (ʩʪʘʥʜʘʨʪ) 32,6 666 8,4 

ʃʠʨʘ 33,2 673 9,2 

ʂʘʤʳʰʠʥʩʢʘʷ 51 39,5 865 8,0 

ʉʘʤʘʨʷʥʢʘ 31,1 674 7,8 

ʖʙʠʣʝʡʥʘʷ 20 35,1 796 7,6 

ʅʦʚʦʩʠʙʠʨʩʢʘʷ 84 35,3 776 7,4 

ʊʫʨʘʥ 2 34,0 751 7,8 

ʊʘʰʝʙʠʥʩʢʘʷ 31,8 636 8,1 

ʅʦʨʤʘ ʚʳʩʝʚʘ 2,0 ʤʣʥ. ʰʪ./ʛʘ 

ʉʝʚʝʨʷʥʢʘ (ʩʪʘʥʜʘʨʪ) 36,0 735 8,1 

ʃʠʨʘ 36,5 718 8,4 

ʂʘʤʳʰʠʥʩʢʘʷ 51 43,6 936 7,9 

ʉʘʤʘʨʷʥʢʘ 34,8 692 7,6 

ʖʙʠʣʝʡʥʘʷ 20 38,6 860 7,4 

ʅʦʚʦʩʠʙʠʨʩʢʘʷ 84 39,4 864 7,3 

ʊʫʨʘʥ 2 38,6 850 7,7 

ʊʘʰʝʙʠʥʩʢʘʷ 35,0 660 8,1 
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ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ (ʌʇ) ʚ ʧʦʩʝ-

ʚʘʭ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʨʴʠʨʦʚʘʣʠ ʢʘʢ 

ʧʦ ʛʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʧʨʠ ʨʘʟʥʳʭ ʥʦʨʤʘʭ 

ʚʳʩʝʚʘ. ʉʦ ʩʛʫʱʝʥʠʝʤ ʧʦʩʝʚʦʚ ʌʇ ʚʩʝʭ ʩʦʨʪʦʚ ʩʫ-

ʜʘʥʩʢʦʡ ʪʨʘʚʳ ʪʘʢʞʝ ʧʦʚʳʰʘʣʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝ-

ʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʝʥʠʡ ʥʘ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ. ʆʜ-

ʥʘʢʦ ʚ ʩʚʷʟʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʠʭ ʢʫ-

ʩʪʠʩʪʦʩʪʠ ʜʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʟʨʘʩʪʘʣʠ ʥʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʦʚʳʰʝʥʠʶ ʥʦʨʤʳ ʚʳʩʝʚʘ. ɺ 

ʩʨʝʜʥʝʤ ʟʘ 3 ʛʦʜʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʥʦʨʤʳ ʚʳʩʝʚʘ ʩ 

1,0 ʜʦ 1,5 ʤʣʥ. ʰʪ./ ʛʘ ʌʇ ʫʚʝʣʠʯʠʣʩʷ ʦʪ 11,8% ʫ 

ʩʦʨʪʘ ʉʘʤʘʨʷʥʢʘ ʜʦ 30,6% ï ʫ ʩʦʨʪʦʚ ʃʠʨʘ ʠ ʅʦʚʦ-

ʩʠʙʠʨʩʢʘʷ 84. ɼʘʣʴʥʝʡʰʝʝ ʩʛʫʱʝʥʠʝ ʧʦʩʝʚʘ ʜʦ 2,0 

ʤʣʥ. ʰʪ./ ʛʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ï ʚʩʝʛʦ ʥʘ 2,6

15,0%. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʦ ʩʛʫʱʝʥʠʝʤ ʧʦʩʝʚʘ 

ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ ʪʝʤʧʳ ʥʘʨʘʩʪʘʥʠʷ ʝʝ ʬʦʪʦʩʠʥʪʝ-

ʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʥʠʞʘʶʪʩʷ ʫ ʚʩʝʭ ʩʦʨʪʦʚ. 

ʇʨʠ ʵʪʦʤ ʩʦʨʪ ʂʘʤʳʰʠʥʩʢʘʷ 51 ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝ-

ʧʝʥʠ ʫʚʝʣʠʯʠʣ ʌʇ ʨʘʩʪʝʥʠʡ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʥʦʨʤʳ 

ʚʳʩʝʚʘ  ʚ ʩʨʝʜʥʝʤ 722 936 ʪʳʩ. ʤ2 Ĭ ʜʥʝʡ / ʛʘ. ʕʪʦ 

ʧʨʦʠʟʦʰʣʦ ʟʘ ʩʯʝʪ ʝʛʦ ʚʳʩʦʢʦʡ ʢʫʩʪʠʩʪʦʩʪʠ ʠ ʙʦʣʴ-

ʰʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʝʛʝʪʘʮʠʠ ʜʦ ʫʙʦʨʦʯʥʦʡ 

ʩʧʝʣʦʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʥʦʨʤʳ ʚʳʩʝʚʘ ʩʝʤʷʥ ʩʫʜʘʥ-

ʩʢʦʡ ʪʨʘʚʳ ʩ 1,0 ʜʦ 1,5 2,0 ʤʣʥ. ʰʪ./ʛʘ ʧʦʚʳʩʠʣʦ ʛʫ-

ʩʪʦʪʫ ʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ, ʠ ʚ ʮʝʣʦʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝ-

ʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʦʩʝʚʦʚ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

ʤʝʞʜʫ ʌʇ ʠ ʫʨʦʞʘʝʤ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ï r = 

0,317Ñ0,75, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʨʝʜʥʝʡ ʟʘʚʠʩʠ-

ʤʦʩʪʠ. 

 ɼʣʷ ʫʯʝʪʘ ʥʘʢʦʧʣʝʥʠʷ ʩʫʭʦʡ ʤʘʩʩʳ ʝʜʠʥʠʮʝʡ 

ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʢʘʟʘʪʝʣʴ 

ʯʠʩʪʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ (ʏʇʌ). ʏʇʌ 

ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢ-

ʪʦʨʦʚ, ʢʘʢ ʨʝʛʫʣʠʨʫʝʤʳʭ, ʪʘʢ ʠ ʥʝ ʨʝʛʫʣʠʨʫʝʤʳʭ. 

ʀʟ ʨʝʛʫʣʠʨʫʝʤʳʭ ʬʘʢʪʦʨʦʚ ʚ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʟʘʤʝʯʝʥʦ ʚʣʠʷʥʠʝ ʩʦʨʪʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʫʩʧʝʰ-

ʥʦʡ ʘʜʘʧʪʘʮʠʠ ʢ ʪʝʤ ʠʣʠ ʠʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʦʣʦʛʠ-

ʯʝʩʢʦʡ ʩʨʝʜʳ. ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʚʳ-

ʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʏʇʌ ʦʪʤʝʯʝʥʳ ʫ ʚʩʝʭ ʩʦʨʪʦʚ ʩʫ-

ʜʘʥʩʢʦʡ ʪʨʘʚʳ ï ʚ ʩʨʝʜʥʝʤ ʟʘ 3 ʛʦʜʘ ʦʪ 7,3 ʜʦ 9,4 

ʛ/ʤ2 ʚ ʩʫʪʢʠ. ʉʨʝʜʠ ʩʦʨʪʦʚ ʚʳʜʝʣʷʣʠʩʴ ʉʝʚʝʨʷʥʢʘ ʠ 

ʃʠʨʘ. ɺ ʮʝʣʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʏʇʌ ʧʦʩʝ-

ʚʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʭ ʩʛʫʱʝʥʠʝʤ ï ʩ 7,9-9,4 ʜʦ 

7,3 8,4 ʛ/ʤ2 ʚ ʩʫʪʢʠ. ɺʳʷʚʣʝʥʘ ʩʠʣʴʥʘʷ ʧʦʣʦʞʠʪʝʣʴ-

ʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʏʇʌ ʫʨʦʞʘʝʤ ʟʝʣʝʥʦʡ 

ʤʘʩʩʳ ï r = 0,803.  

ɺ ʩʨʝʜʥʝʤ ʟʘ 3 ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʘʤʳʡ ʚʳʩʦ-

ʢʠʡ ʫʨʦʞʘʡ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʩʬʦʨʤʠʨʦʚʘʣ ʩʦʨʪ ʩʫ-

ʜʘʥʩʢʦʡ ʪʨʘʚʳ ʂʘʤʳʰʠʥʩʢʘʷ 51 ʧʨʠ ʥʦʨʤʝ ʚʳʩʝʚʘ 

2,0 ʤʣʥ. ʰʪ./ʛʘ ï 15,8 ʪ /ʛʘ (ʨʠʩ. 1).  

 
ʈʠʩ. 1 ï ʋʨʦʞʘʡ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ ʧʦ ʩʦʨʪʘʤ ʠ ʥʦʨʤʘʤ 

ʚʳʩʝʚʘ, ʪ/ʛʘ 

ʉʨʝʜʥʷʷ ʫʨʦʞʘʡʥʦʩʪʴ ʩʦʨʪʦʚ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ 

ʧʦ ʬʘʢʪʦʨʫ ɸ (ʩʦʨʪ) ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʫ ʂʘʤʳ-

ʰʠʥʩʢʦʡ 51, ʥʠʞʥʝʝ ʚʩʝʛʦ ï ʫ ʩʦʨʪʘ ʊʘʰʝʙʠʥʩʢʘʷ. 

ʇʦ ʬʘʢʪʦʨʫ ɺ (ʥʦʨʤʘ ʚʳʩʝʚʘ) ʟʘʤʝʪʥʦʝ ʧʨʝʠʤʫʱʝ-

ʩʪʚʦ ʥʦʨʤʳ ʚʳʩʝʚʘ 1,5 ʤʣʥ. ʰʪ./ʛʘ, ʘ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʡ ʥʦʨʤʳ ʚʳʩʝʚʘ 2,0 ʤʣʥ. ʰʪ./ʛʘ 

ʥʘ 5%-ʥʦʤ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʥʝ 

ʜʦʩʪʦʚʝʨʥʦ (ʅʉʈ05 = 0,5 ʪ/ʛʘ). 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ ʚ ɿʘʙʘʡʢʘʣʴʝ 

ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʙʩʦʣʶʪʥʦ-ʩʫ-

ʭʦʛʦ ʚʝʱʝʩʪʚʘ (ɸʉɺ) ʚ ʬʘʟʝ ʚʳʤʝʪʳʚʘʥʠʷ. ɺ ʥʘʰʠʭ 

ʦʧʳʪʘʭ ʦʥʦ ʩʦʩʪʘʚʠʣʦ ʚ ʩʨʝʜʥʝʤ ʟʘ 3 ʛʦʜʘ 39,5

48,1%, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ ʠ ʥʦʨʤʳ ʚʳʩʝʚʘ ʩʝ-

ʤʷʥ. ʕʪʦ, ʚʝʨʦʷʪʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʥʠʢʘʶʱʠʤ 

ʙʦʣʴʰʠʤ ʚʦʜʥʳʤ ʜʝʬʠʮʠʪʦʤ ʚ ʪʢʘʥʷʭ ʨʘʩʪʝʥʠʡ ʚ 

ʟʘʩʫʰʣʠʚʳʭ ʫʩʣʦʚʠʷʭ ʠʭ ʧʨʦʠʟʨʘʩʪʘʥʠʷ.  

ʉʫʜʷ ʧʦ ʩʨʝʜʥʠʤ ʜʘʥʥʳʤ ʟʘ 3 ʛʦʜʘ ʦʩʦʙʳʡ ʠʥ-

ʪʝʨʝʩ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʩʫʭʦʩʪʝʧʥʳʭ ʟʦʥʘʭ ɿʘʙʘʡ-

ʢʘʣʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʟʜʥʝʩʧʝʣʳʡ 

ʩʦʨʪ ʂʘʤʳʰʠʥʩʢʘʷ 51. ʆʥ ʧʨʝʚʟʦʰʝʣ ʩʦʨʪ ʉʝʚʝ-

ʨʷʥʢʘ ʧʦ ʚʳʭʦʜʫ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʩ 1 ʛʘ ʚ ʩʨʝʜʥʝʤ 

ʥʘ 24,3%. ɺʳʩʦʢʠʡ ʚʳʭʦʜ ɸʉɺ ʪʘʢʞʝ ʦʪʤʝʯʝʥ ʫ 
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ʉʝʚʝʨʷʥʢʘ(ʩʪʘʥʜʘʨ

ʪ)
ʃʠʨʘ

ʂʘʤʳʰʠʥʩʢʘʷ 51

ʉʘʤʘʨʷʥʢʘ

ʖʙʠʣʝʡʥʘʷ 20

ʅʦʚʦʩʠʙʠʨʩʢʘʷ 84

ʊʫʨʘʥ 2



Norwegian Journal of development of the International Science No 26/2019 13 

ʩʦʨʪʦʚ ʖʙʠʣʝʡʥʘʷ 20 ʠ ʊʫʨʘʥ 2. ʄʝʥʝʝ ʘʜʘʧʪʠʨʦ-

ʚʘʥʥʳʤʠ ʢ ʫʩʣʦʚʠʷʤ ʩʫʭʦʩʪʝʧʥʦʡ ʟʦʥʳ ɹʫʨʷʪʠʠ 

ʦʢʘʟʘʣʠʩʴ ʩʦʨʪʘ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ ʉʘʤʘʨʷʥʢʘ ʠ ʊʘ-

ʰʝʙʠʥʩʢʘʷ, ʦʥʠ ʫʩʪʫʧʠʣʠ ʩʪʘʥʜʘʨʪʫ ʥʘ 7,5 13,5%. 

(ʪʘʙʣ. 2).  

ʊʘʙʣʠʮʘ 2  

ʋʨʦʞʘʡ ɸʉɺ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ (ʚ ʩʨ. ʟʘ 3 ʛʦʜʘ), ʪ/ʛʘ 

ʌʘʢʪʦʨ ɸ 
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1,0 ʤʣʥ. ʰʪ./ʛʘ 4,0 4,1 5,0 3,7 4,5 4,1 4,2 3,7 4,2 

1,5 ʤʣʥ. ʰʪ./ʛʘ 5,0 4,9 6,2 4,6 5,4 5,0 5,2 4,4 5,1 

2,0 ʤʣʥ. ʰʪ./ʛʘ 5,2 5,1 6,3 4,5 5,0 5,3 5,6 4,7 5,2 

ɺ ʩʨ ʧʦ ʬʘʢʪʦʨʫ ɺ 4,7 4,7 5,8 4,3 5,0 4,8 5,0 4,3  

ʅʉʈ05 ʜʣʷ ʬʘʢʪʦʨʘ ɸ ï 0,29, ʬʘʢʪʦʨʘ ɺ ï 0,30,  

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ɸɺ ï 0,28 

ʌʘʢʪʦʨ ɸ ï ʩʦʨʪ, ʬʘʢʪʦʨ ɺ ï ʥʦʨʤʘ ʚʳʩʝʚʘ. 

ʇʦ ʠʪʦʛʘʤ ʪʨʝʭʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚ-

ʣʝʥʦ, ʯʪʦ ʚ ʩʫʭʦʩʪʝʧʥʦʡ ʟʦʥʝ ɹʫʨʷʪʠʠ ʥʘʠʙʦʣʝʝ ʚʳ-

ʩʦʢʠʡ ʫʨʦʞʘʡ ɸʉɺ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʨʠ ʥʦʨʤʝ ʚʳʩʝʚʘ 1,5 ʤʣʥ./ʛʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʚʳʷʚ-

ʣʝʥʦ ʚʦʟʨʘʩʪʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʪʝʠʥʘ ʩ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʥʦʨʤʳ ʚʳʩʝʚʘ ʩ 1,0 ʜʦ 1,5 ʤʣʥ. ʚʩʭʦʞʠʭ ʩʝʤʷʥ 

ʥʘ 1 ʛʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ ʙʦʣʴʰʠʭ ʨʘʟʣʠʯʠʡ 

ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʥʝ ʙʳʣʦ. ɺ ʬʘʟʝ ʚʳʤʝʪʳʚʘʥʠʷ 

ʦʥʦ ʩʦʩʪʘʚʠʣʦ 12,5-14,3%, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʨʤʳ 

ʚʳʩʝʚʘ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘ-

ʥʠʝ ʧʨʦʪʝʠʥʘ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ ʚ 

ɿʘʙʘʡʢʘʣʴʝ. ɺʦʟʤʦʞʥʦ, ʦʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʘʢʞʝ ʚʥʝ-

ʩʝʥʠʝʤ ʧʦʜ ʧʦʩʝʚ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝ-

ʥʠʡ. ʉʦʜʝʨʞʘʥʠʝ ʚ ʩʫʭʦʤ ʚʝʱʝʩʪʚʝ ʩʳʨʦʡ ʢʣʝʪ-

ʯʘʪʢʠ ʤʘʣʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʝʝ ʥʦʨʤʳ 

ʚʳʩʝʚʘ. ɿʜʝʩʴ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʨʦʷʚʠʣʠʩʴ ʩʦʨ-

ʪʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɼʦʣʷ ʢʣʝʪʯʘʪʢʠ ʚ ʩʫʭʦʤ ʚʝʱʝ-

ʩʪʚʝ ʙʳʣʘ ʥʠʞʝ ʫ ʩʦʨʪʦʚ ʂʘʤʳʰʠʥʩʢʘʷ 51 ʠ ʅʦʚʦ-

ʩʠʙʠʨʩʢʘʷ 84. ʉʦʨʪ ʂʘʤʳʰʠʥʩʢʘʷ 51 ʪʘʢʞʝ ʦʪʣʠʯʘ-

ʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʠʨʘ  ʜʦ 3,5%. 

ʇʦ ʜʘʥʥʳʤ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʨʘʩʪʠʪʝʣʴ-

ʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʠʭ ʧʠʪʘʪʝʣʴʥʦʩʪʠ 

ʚ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮʘʭ ʧʦ ʤʝʪʦʜʠʢʝ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʇ.ɻ.ɻʨʠʛʦʨʴʝʚʳʤ, ɸ.ɺ.ɻʘʨʠʩʪ, ɺ.ʄ.ʉʦʢʦʣʢʦʚʳʤ ʠ 

ʜʨ. [11, ʩ. 45]. 

ʅʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ (ʢ. ʝʜ.) ʩ 

1 ʛʝʢʪʘʨʘ ʧʦʣʫʯʝʥ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʩʫʜʘʥʩʢʦʡ 

ʪʨʘʚʳ ʩʦʨʪʘ ʂʘʤʳʰʠʥʩʢʘʷ 51. ʇʨʠ ʚʩʝʭ ʩʨʦʢʘʭ ʧʦ-

ʩʝʚʘ ʦʥ ʜʦʩʪʦʚʝʨʥʦ ʧʨʝʚʳʩʠʣ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʫ ʜʨʫ-

ʛʠʭ ʩʦʨʪʦʚ. ʅʘʠʤʝʥʴʰʠʡ ʚʳʭʦʜ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʛʫʩʪʦʪʳ ʧʦʩʝʚʘ, ʙʳʣ ʫ ʩʦʨʪʘ ʊʘʰʝ-

ʙʠʥʩʢʘʷ. ɺ ʩʨʝʜʥʝʤ ʧʦ ʬʘʢʪʦʨʫ ɸ (ʥʦʨʤʘ ʚʳʩʝʚʘ) 

ʠʤʝʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʦʨʤʳ ʚʳ-

ʩʝʚʘ 1,5 ʤʣʥ. ʰʪ./ʛʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1,0 ʤʣʥ./ʛʘ, ʠ 

ʥʝʩʫʱʝʩʪʚʝʥʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ 1,5 ʠ 2,0 ʤʣʥ./ʛʘ 

(ʪʘʙʣ. 3). ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʣʫʯʰʠʤ ʧʦ ʚʳ-

ʭʦʜʫ ʢ. ʝʜ. ʷʚʣʷʝʪʩʷ ʚʦʟʜʝʣʳʚʘʥʠʝ ʩʦʨʪʘ ʂʘʤʳʰʠʥ-

ʩʢʘʷ 51 ʩ ʥʦʨʤʘʤʠ ʚʳʩʝʚʘ 1,5 ʠ 2,0 ʤʣʥ. ʚʩʭʦʞʠʭ ʩʝ-

ʤʷʥ ʥʘ ʛʝʢʪʘʨ.  

ɺʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʦʩʝʚʦʚ 

ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʷʚʣʷʝʪʩʷ ʩʙʦʨ ʧʝʨʝʚʘʨʠʤʦʛʦ 

ʧʨʦʪʝʠʥʘ (ʇ.ʇ.) ʩ 1 ʛʝʢʪʘʨʘ. ʉʨʝʜʥʠʡ ʩʙʦʨ ʇ.ʇ. ʚ 

ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʦʟʨʘʩʪʘʣ ʩ 333-482 ʢʛ/ʛʘ ʧʨʠ 

ʥʦʨʤʝ ʚʳʩʝʚʘ 1,0 ʤʣʥ./ʛʘ ʜʦ 427-602 ʢʛ/ʛʘ ʧʨʠ 1,5 

ʤʣʥ./ʛʘ ʠ 451-624 ʪ/ʛʘ. 

ʊʘʙʣʠʮʘ 3  

ɺʳʭʦʜ ʢ. ʝʜ. ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ (ʚ ʩʨ. ʟʘ 3 ʛʦʜʘ), ʪ/ʛʘ 

ʌʘʢʪʦʨ ɸ 
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1,0 ʤʣʥ. ʰʪ./ʛʘ 3,14 3,33 4,28 2,91 3,57 3,35 3,42 2,90 3,36 

1,5 ʤʣʥ. ʰʪ./ʛʘ 4,00 4,14 5,30 3,68 4,43 4,28 4,34 3,49 4,21 

2,0 ʤʣʥ. ʰʪ./ʛʘ 4,24 4,31 5,45 3,66 4,25 4,58 4,79 3,87 4,41 

ɺ ʩʨ ʧʦ ʬʘʢʪʦʨʫ ɺ 3,79 3,93 5,01 3,42 4,08 4,07 4,18 3,42  

ʅʉʈ05 ʜʣʷ ʬʘʢʪʦʨʘ ɸ ï 0,24, ʬʘʢʪʦʨʘ ɺ ï 0,28,  

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ɸɺ ï 0,29 

ʌʘʢʪʦʨ ɸ ï ʩʦʨʪ, ʬʘʢʪʦʨ ɺ ï ʥʦʨʤʘ ʚʳʩʝʚʘ. 

ʆʥ ʙʳʣ ʥʘʠʙʦʣʴʰʠʤ ʫ ʩʦʨʪʘ ʂʘʤʳʰʠʥʩʢʘʷ 51 

ʩ ʥʦʨʤʘʤʠ ʚʳʩʝʚʘ 1,5 ʠ 2,0 ʤʣʥ./ʛʘ ï 602 ʠ 624 ʢʛ/ʛʘ 

(ʪʘʙʣ. 4). 
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ɺʳʭʦʜ ʇ.ʇ. ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ (ʚ ʩʨ. ʟʘ 3 ʛʦʜʘ), ʢʛ/ʛʘ 

ʌʘʢʪʦʨ ɸ 

 

 

ʌʘʢʪʦʨ ɺ ʉ
ʝ
ʚ
ʝ
ʨ
ʷ
ʥ
ʢ
ʘ

 

(
ʩ
ʪ
ʘ
ʥ
ʜ
ʘ
ʨ
ʪ
)

 

ʃ
ʠ
ʨ
ʘ

 

ʂ
ʘ
ʤ
ʳ
ʰ
ʠ
ʥ
-

ʩ
ʢ
ʘ
ʷ
 
5
1

 

ʉ
ʘ
ʤ
ʘ
-

ʨ
ʷ
ʥ
ʢ
ʘ

 

ʖ
ʙ
ʠ
ʣ
ʝ
ʡ
-

ʥ
ʘ
ʷ

 2
0 

ʅ
ʦ
ʚ
ʦ
ʩ
ʠ
-

ʙ
ʠ
ʨ
ʩ
ʢ
ʘ
ʷ

 

8
4 

ʊ
ʫ
ʨ
ʘ
ʥ

 2
 

ʊ
ʘ
ʰ
ʝ
ʙ
ʠ
ʥ
-

ʩ
ʢ
ʘ
ʷ

 

ɺ
 
ʩ
ʨ
.
 
ʧ
ʦ
 

ʬ
ʘ
ʢ
ʪ
ʦ
ʨ
ʫ

 ɸ
 

1,0 ʤʣʥ. ʰʪ./ʛʘ 371 385 482 333 425 393 400 351 393 

1,5 ʤʣʥ. ʰʪ./ʛʘ 443 484 602 435 517 489 507 427 488 

2,0 ʤʣʥ. ʰʪ./ʛʘ 514 509 624 451 532 538 563 469 525 

ɺ ʩʨ ʧʦ ʬʘʢʪʦʨʫ ɺ 443 459 569 406 491 473 490 416  

ʅʉʈ 05 ʜʣʷ ʬʘʢʪʦʨʘ ɸ ï 40, ʬʘʢʪʦʨʘ ɺ ï 32,  

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ɸɺ ï 0,39 

ʌʘʢʪʦʨ ɸ ï ʩʦʨʪ, ʬʘʢʪʦʨ ɺ ï ʥʦʨʤʘ ʚʳʩʝʚʘ. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʝʨʝʚʘʨʠʤʦʛʦ ʧʨʦʪʝʠʥʘ ʚ 

ʩʫʭʦʡ ʤʘʩʩʝ ʨʘʩʪʝʥʠʡ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 9,5 ʜʦ 10,4%. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ 1 ʢ. ʝʜ. ʚʘʨʴʠʨʦʚʘʣʘ 

ʧʦ ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʘ ʦʪ 111 ʜʦ 123 ʛ. 

ʉʦʜʝʨʞʘʥʠʝ ʚʘʣʦʚʦʡ ʵʥʝʨʛʠʠ (ɺʕ) ʚ 1 ʢʛ ɸʉɺ 

ʚʘʨʴʠʨʦʚʘʣʦ ʧʦ ʩʦʨʪʘʤ ʧʨʠ ʥʦʨʤʝ ʚʳʩʝʚʘ 1,0 ʤʣʥ. 

ʰʪ./ʛʘ ʦʪ 1,71 ʜʦ 1,86 ʄɼʞ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʦʨʤʳ 

ʚʳʩʝʚʘ ʜʦ 1,5 ʤʣʥ./ʛʘ ʥʝ ʦʪʤʝʯʝʥʦ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ɸʉɺ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ 

ɺʕ. ʆʥʘ ʩʦʩʪʘʚʠʣʘ ʦʪ 1,73 ʜʦ 1,87 ʄɼʞ/ʢʛ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʥʦʨʤʳ ʚʳʩʝʚʘ 

ʜʦ 2,0 ʤʣʥ./ʛʘ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʝʝ ʩʦʜʝʨʞʘʥʠʷ ï ʜʦ 1,67 1,78 ʄɼʞ/ʢʛ. ʇʦʜʦʙʥʳʭ 

ʜʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʥʘʤʠ ʥʝ ʦʙʥʘ-

ʨʫʞʝʥʦ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʷʚʣʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʩʥʠʞʝ-

ʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚ ʨʘʩʪʝʥʠʷʭ ʩʳʨʦʛʦ ʧʨʦʪʝʠʥʘ. ɺ 

ʥʘʰʠʭ ʦʧʳʪʘʭ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʦʨʤʳ ʚʳʩʝʚʘ ʜʦ 2,0 

ʤʣʥ./ʛʘ ʩʥʠʞʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʢʫʱʝʥʠʷ, ʘ ʧʨʝʦʙ-

ʣʘʜʘʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʩʝʚʘ ʛʣʘʚʥʳʭ ʩʪʝʙʣʝʡ ʧʨʠʚʦ-

ʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʜʦʣʠ ʣʠʩʪʴʝʚ ʚ ʫʨʦʞʘʝ.  

ɺʳʭʦʜ ɺʕ ʩʦʩʪʘʚʠʣ ʧʨʠ ʥʦʨʤʝ ʚʳʩʝʚʘ 1,0 

ʤʣʥ./ʛʘ ʦʪ 6401 ʫ ʩʦʨʪʘ ʉʘʤʘʨʷʥʢʘ ʜʦ 8900 ʄɼʞ/ʛʘ 

ʫ ʩʦʨʪʘ ʂʘʤʳʰʠʥʩʢʘʷ 51. ʋʚʝʣʠʯʝʥʠʝ ʥʦʨʤʳ ʚʳ-

ʩʝʚʘ ʜʦ 1,5 ʤʣʥ./ʛʘ ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʚʳʭʦʜʘ 

ɺʕ ʫ ʩʦʨʪʘ ʉʝʚʝʨʷʥʢʘ ʥʘ 25,0, ʃʠʨʘ ï 20, ʂʘʤʳʰʠʥ-

ʩʢʘʷ 52 ï 24,6, ʉʘʤʘʨʷʥʢʘ ï 28,6, ʖʙʠʣʝʡʥʘʷ 20 ï 

22, ʅʦʚʦʩʠʙʠʨʩʢʘʷ 84 ï 23,3, ʊʫʨʘʥ 2 ï 24,5, ʊʘʰʝ-

ʙʠʥʩʢʘʷ ï ʥʘ 19,5%. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʥʦʨʤʳ 

ʚʳʩʝʚʘ ʜʦ 2,0 ʤʣʥ. ʰʪ./ʛʘ ʧʦ-ʨʘʟʥʦʤʫ ʧʦʚʣʠʷʣʦ ʥʘ 

ʚʳʭʦʜ ɺʕ. ʋ ʯʘʩʪʠ ʩʦʨʪʦʚ ʧʨʦʠʟʦʰʣʦ ʝʛʦ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ: ʉʝʚʝʨʷʥʢʘ  ʥʘ 1,0%, ʅʦʚʦʩʠ-

ʙʠʨʩʢʘʷ 84 ï 2,3, ʊʫʨʘʥ 2 ï 2,8, ʊʘʰʝʙʠʥʩʢʘʷ ï 2,7%. 

ʋ ʜʨʫʛʠʭ ʩʦʨʪʦʚ ʦʪʤʝʯʝʥʦ ʝʛʦ ʩʥʠʞʝʥʠʝ: ʂʘʤʳ-

ʰʠʥʩʢʘʷ 51 ï ʥʘ 1,8%, ʃʠʨʘ ï 2,1, ʖʙʠʣʝʡʥʘʷ 20 ï 

6,2, ʉʘʤʘʨʷʥʢʘ ï ʥʘ 6,4%. 

ʅʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ɺʕ ʚ ʦʧʳʪʘʭ ʙʳʣ ʫ ʩʦʨʪʘ 

ʂʘʤʳʰʠʥʩʢʘʷ 51 ʧʨʠ ʥʦʨʤʝ ʚʳʩʝʚʘ 1,5 ʤʣʥ. ʚʩʭʦ-

ʞʠʭ ʩʝʤʷʥ ʥʘ ʛʝʢʪʘʨ  11098 ʄɼʞ/ʛʘ. 
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THE TIME HAS COME TO REVIVE AND DEVELOP THE CLASSICS: HIERARCHICAL 

THERMODYNAMICS AND LIFE  

 

Gladyshev G. 

Doctor of chemical sciences,  

Professor Principal scientist N. N. Semenov  

Institute of Chemical Physics Russian Academy of Sciences, 

Department of Design, Russian Academy of Arts, Moscow 

 

ʇʈʀʐʃʆ ɺʈɽʄʗ ɺʆɿʈʆɾɼɸʊʔ ʀ ʈɸɿɺʀɺɸʊʔ ʂʃɸʉʉʀʂʋ: ʀɽʈɸʈʍʀʏɽʉʂɸʗ 

ʊɽʈʄʆɼʀʅɸʄʀʂɸ ʀ ɾʀɿʅʔ 

 

ɻʣʘʜʳʰʝʚ ɻ.ʇ. 

ɼʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ. ʅ.ʉʝʤʝʥʦʚʘ 

ʈʦʩʩʠʡʩʢʘʷ ɸʢʘʜʝʤʠʷ ʥʘʫʢ, 

ʆʪʜʝʣʝʥʠʝ ʜʠʟʘʡʥʘ, ʈʦʩʩʠʡʩʢʘʷ ɸʢʘʜʝʤʠʷ ʍʫʜʦʞʝʩʪʚ,ʄʦʩʢʚʘ 

 

Abstracts  

The history of thermodynamics is replete with errors and misunderstandings. The revival and development 

of the classics is extremely necessary in order to understand the origin of life and its evolution from the standpoint 

of a rigorous thermodynamic theory. The thermodynamic hierarchical theory of the author, created on the basis of 

the extended thermodynamics of JW Gibbs, allows revealing the causes of the origin of life, the direction of its 

evolution and aging of living beings. It is argued that hierarchical thermodynamics is the physical foundation of 

extended Darwinism. 

ɸʥʥʦʪʘʮʠʷ 

ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠʟʦʙʠʣʫʝʪ ʦʰʠʙʢʘʤʠ ʠ ʥʝʜʦʨʘʟʫʤʝʥʠʷʤʠ. ɺʦʟʨʦʞʜʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ 

ʢʣʘʩʩʠʢʠ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʩ ʧʦʟʠʮʠʠ ʩʪʨʦʛʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʦʥʷʪʴ ʧʨʠʯʠʥʫ ʟʘ-

ʨʦʞʜʝʥʠʷ ʞʠʟʥʠ ʠ ʝʝ ʵʚʦʣʶʮʠʶ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʘʚʪʦʨʘ, ʩʦʟʜʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 

ʨʘʩʰʠʨʝʥʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ɼʞ. ʋ. ɻʠʙʙʩʘ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʞʠʟʥʠ, ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʴ ʝʝ ʵʚʦʣʶʮʠʠ ʠ ʩʪʘʨʝʥʠʷ ʞʠʚʳʭ ʩʫʱʝʩʪʚ. ʋʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʷʚʣʷ-

ʝʪʩʷ ʬʠʟʠʯʝʩʢʠʤ ʬʫʥʜʘʤʝʥʪʦʤ ʨʘʩʰʠʨʝʥʥʦʛʦ ɼʘʨʚʠʥʠʟʤʘ. 

 

Keywords: thermodynamics, non-equilibrium thermodynamics, hierarchical thermodynamics, second law of 

thermodynamics, entropy, Gibbs free energy, law of temporal hierarchies, principle of substance stability , errors 

in thermodynamics, life, origin of life, abiogenesis, biological evolution, Darwinism, aging. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʨʤʦʜʠʥʘʤʠʢʘ, ʥʝʨʘʚʥʦʚʝʩʥʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ, ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ, 

ʚʪʦʨʦʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʵʥʪʨʦʧʠʷ, ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ, ʟʘʢʦʥ ʚʨʝʤʝʥʥʳʭ ʠʝʨʘʨʭʠʡ, ʧʨʠʥʮʠʧ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʘ, ʦʰʠʙʢʠ ʚ ʪʝʨʤʦʜʠʥʘʤʠʢʝ, ʞʠʟʥʴ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʞʠʟʥʠ, ʘʙʠʦʛʝʥʝʟ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʵʚʦʣʶʮʠʷ, ɼʘʨʚʠʥʠʟʤ, ʩʪʘʨʝʥʠʝ .  

 

ʕʧʠʛʨʘʬʳ 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʦʩʥʦʚ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠ-

ʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʞʠʟʥʠ, ʝʝ ʵʚʦ-

ʣʶʮʠʠ ʠ ʩʪʘʨʝʥʠʠ ʞʠʚʳʭ ʩʫʱʝʩʪʚ ʘʚʪʦʨ ʦʨʠʝʥʪʠ-

ʨʦʚʘʣʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʪʨʫʜʳ ʢʣʘʩʩʠʢʦʚ, ʦʪʜʝʣʴ-

ʥʳʝ ʚʳʩʢʘʟʳʚʘʥʠʷ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ ʚ 

ʢʘʯʝʩʪʚʝ ʵʧʠʛʨʘʬʦʚ.  

 

 ñThe simplicity - the only ground on which it is 

possible to erect a building of generalizationsò  

Henri Poincare 

 

ñé The true and only goal of science is to reveal 

unity rather than mechanism.ò 

Henri Poincare 

 

 ñIf you canôt make a physical model of it, you 

donôt understand it well enough.ò 

James Maxwell 

 

ñOne of the principal objects of theoretical re-

search in any department of knowledge is to find the 

point of view from which the subject appears in its 

greatest simplicity.ò 

J. Willard Gibbs 

 

ñA mathematician may say anything he pleases ð 

but a physicist must be a least partially sane.ò 

J. Willard Gibbs 
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ñThe properties of living things are the outcome of 

their chemical and physical composition and configu-

ration.ò 

Thomas Hunt Morgan 

 

ñThermodynamics is the only physical theory of 

universal content which I am convinced will never be 

overthrown, within the framework of applicability of its 

basic concepts.ò  

 Albert Einstein 

 

ɺʝʩʴʤʘ ʧʘʛʫʙʥʳʤʠ ʜʣʷ ʥʘʫʢʠ ʷʚʣʷʶʪʩʷ ñʫʪʦ-

ʧʠʠ ʤʝʯʪʘʪʝʣʴʥʦʩʪʠ, ʞʝʣʘʶʱʠʭ ʧʦʩʪʠʯʴ ʚʩʝ ʦʜʥʠʤ 

ʧʦʨʳʚʦʤ ʤʳʩʣʠ ". 

ɼʤʠʪʨʠʡ ʄʝʥʜʝʣʝʝʚ 

 

 ñɺ ʤʠʨʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʥʠʯʝʛʦ, ʚ ʯʝʤ ʥʝ ʙʳʣ 

ʙʳ ʚʠʜʝʥ ʩʤʳʩʣ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʤʘʢʩʠʤʫʤʘ ʠʣʠ ʤʠ-

ʥʠʤʫʤʘò. 

ʃʝʦʥʘʨʜ ʕʡʣʝʨ 

 

çɽʩʣʠ ʢʦʛʜʘ-ʣʠʙʦ ʙʫʜʝʪ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʞʠʟʥʴ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʥʘ ʟʝʤʣʝ, ʞʠʟʥʝʥʥʳʝ ʷʚʣʝ-

ʥʠʷ ʧʦʜʧʘʜʫʪ ʧʦʜ ʥʝʢʠʡ ʦʙʱʠʡ ʟʘʢʦʥ ʧʨʠʨʦʜʳè.  

ʏʘʨʣʴʟ ɼʘʨʚʠʥ 

 

ñɺʩʝ ʚ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʪʚʝʨʜʳʭ 

ʟʘʢʦʥʦʚ".  

ʏʘʨʣʴʟ ɼʘʨʚʠʥ 

 

ñHierarchical thermodynamics in accordance with 

the laws of nature creates and optimizes forms and 

functions of living systems in their habitat. This opti-

mization is connected with the search for minimums of 

specific Gibbs free energy formation of dynamic struc-

tures of all hierarchies.ò 

 Author 

 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʜʣʷ 

ʦʩʦʟʥʘʥʠʷ ʷʚʣʝʥʠʷ ʞʠʟʥʠ ʧʨʠʚʣʝʢʘʣʘ ʠʩʩʣʝʜʦʚʘʪʝ-

ʣʝʡ, ʧʨʘʢʪʠʯʝʩʢʠ, ʩʨʘʟʫ ʧʦʩʣʝ ʟʘʨʦʞʜʝʥʠʷ ʵʪʦʡ ʦʙ-

ʣʘʩʪʠ ʟʥʘʥʠʷ. ʆʜʥʘʢʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʧʳʪʢʠ 

ʧʨʠʤʝʥʠʪʴ ʢʣʘʩʩʠʯʝʩʢʫʶ ʪʝʨʤʦʜʠʥʘʤʠʢʫ ʜʣʷ ʦʙʲ-

ʷʩʥʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʞʠʟʥʠ ʠ ʝʝ ʵʚʦʣʶʮʠʠ ʚ ʪʦʪ 

ʧʝʨʠʦʜ ʦʢʘʟʘʣʠʩʴ ʙʝʟʫʩʧʝʰʥʳʤʠ. ʍʦʪʷ ʦʪʜʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʙʥʘʜʝʞʠʚʘʶʱʠʤʠ. 

ɺ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 20-ʛʦ ʚʝʢʘ ʧʦʷʚʠʣʦʩʴ ʤʥʦʛʦ 

ʨʘʙʦʪ, ʘʚʪʦʨʳ ʢʦʪʦʨʳʭ ʧʨʝʜʣʘʛʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʵʥʪʨʦʧʠʶ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʵʚʦʣʶ-

ʮʠʠ ɺʩʝʣʝʥʥʦʡ, ʚʢʣʶʯʘʷ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʵʚʦʣʶ-

ʮʠʶ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʜʝʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʩʚʷ-

ʟʘʥʳ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʃ.ɹʦʣʴʮʤʘʥʘ ʦ ʙʦʨʴʙʝ ʞʠ-

ʚʳʭ ʩʫʱʝʩʪʚ ʟʘ ʵʥʪʨʦʧʠʶ, ʢʦʪʦʨʫʶ ʦʥ 

ʨʘʩʩʤʘʪʨʠʚʘʣ ʢʘʢ ʥʝʢʫʶ çʥʝʛʵʥʪʨʦʧʠʶè - ʬʫʥʢ-

ʮʠʶ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʵʥʪʨʦʧʠʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʵʪʦʪ ʚʟʛʣʷʜ ʙʳʣ ʧʦʜʜʝʨʞʘʥ ʕ.ʐʨʝʜʠʥʛʝʨʦʤ, 

ʀ.ʇʨʠʛʦʞʠʥʳʤ ʠ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ. ʆʜʥʘʢʦ ʥʘʜʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʕ.ʐʨʝʜʠʥʛʝʨ ʚ ʧʨʠʤʝʯʘʥʠʠ ʢ ʧʦʩʣʝʜ-

ʥʝʤʫ ʠʟʜʘʥʠʶ ʢʥʠʛʠ çʏʪʦ ʪʘʢʦʝ ʞʠʟʥʴè ʦʪʤʝʪʠʣ, 

ʯʪʦ ʝʤʫ ʙʳ ʩʣʝʜʦʚʘʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʙʠʦ-

ʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ. 

ʇʦʷʚʠʣʠʩʴ ʪʳʩʷʯʠ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʫʢʘʟʘʥʥʳʤ ʠ ʧʦʜʦʙʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ. ʄʥʦʛʠʝ 

ʘʚʪʦʨʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʩʣʦʞʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʬʘʢʪʠʯʝʩʢʠ, ʥʝ 

ʟʥʘʣʠ ʦʩʥʦʚ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ɺʦʣʥʘ ʬʘʥʪʘʟʠʠ ʟʘ-

ʭʣʝʩʪʥʫʣʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʥʘʫʢʫ ʦ ʞʠʟʥʠ, ʟʘ-

ʪʦʨʤʦʟʠʚ ʨʘʟʚʠʪʠʝ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʯʝʤ ʥʘ ʩʪʦʣʝʪʠʝ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʩʦʜʝʨʞʘʣʠ ʦʰʠʙʢʠ ʠ 

ʥʝʜʦʨʘʟʫʤʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʝʝ ʧʨʠ-

ʣʦʞʝʥʠʡ. ʄʥʦʛʠʝ ʩʪʘʪʴʠ ʠ ʢʥʠʛʠ ʠʟʦʙʠʣʦʚʘʣʠ 

(ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʥʘʰʝ ʚʨʝʤʷ) ʥʝʜʦʧʫʩʪʠʤʳʤʠ ʦʰʠʙ-

ʢʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦʙ ʵʥʪʨʦʧʠʠ. 

ʕʥʪʨʦʧʠʷ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʩʦʩʪʦʷʥʠʷ ʩʠ-

ʩʪʝʤʳ, ʪ.ʝ. ʬʫʥʢʮʠʝʡ ʠʤʝʶʱʠʡ ʧʦʣʥʳʡ (ʪʦʯʥʳʡ) 

ʜʠʬʬʝʨʝʥʮʠʘʣ [1-8]. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʬʫʥʢʮʠʷʭ ʩʦ-

ʩʪʦʷʥʠʷ ʚʚʝʣ ʈʫʜʦʣʴʬ ʂʣʘʫʟʠʫʩ. 

ɺʝʣʠʯʠʥʦʡ ʵʥʪʨʦʧʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠ-

ʟʦʚʘʥʘ ʣʶʙʘʷ ʩʠʩʪʝʤʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʂʨʦʤʝ ʪʦʛʦ ʩ ʧʨʠ-

ʝʤʣʝʤʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʩʠʩʪʝʤʳ ʙʣʠʟʢʠʝ ʢ ʩʦʩʪʦ-

ʷʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʪʘʢʞʝ ʧʨʠ-

ʥʷʪʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʝʣʠʯʠʥʦʡ ʵʥʪʨʦʧʠʠ, ʢʘʢ ʠ 

ʜʨʫʛʠʤʠ ʬʫʥʢʮʠʷʤʠ ʩʦʩʪʦʷʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʯʠ-

ʪʘʶʪ, ʯʪʦ ʢʘʢ ʠ ʜʣʷ ʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤ, ʵʥʪʨʦʧʠʷ 

ʠʤʝʝʪ ʨʝʘʣʴʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʚʪʦʨʳʤ ʥʘʯʘʣʦʤ ʪʝʨʤʦʜʠʥʘ-

ʤʠʢʠ ʵʥʪʨʦʧʠʷ ʜʦʣʞʥʘ ʚʦʟʨʘʩʪʘʪʴ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʝ, ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʠ ʦʙʲʝʤ ʢʦʪʦʨʦʡ ʧʦ-

ʩʪʦʷʥʥʳ ʠ ʚ ʢʦʪʦʨʦʡ (ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ) ʤʦʞʝʪ ʩʦʚʝʨ-

ʰʘʪʴʩʷ ʪʦʣʴʢʦ ʨʘʙʦʪʘ ʨʘʩʰʠʨʝʥʠʷ. ʊʘʢʦʝ ʩʪʨʝʤʣʝ-

ʥʠʝ ʵʥʪʨʦʧʠʠ ʢ ʤʘʢʩʠʤʫʤʫ ʷʚʣʷʝʪʩʷ ʩʘʤʦʧʨʦʠʟ-

ʚʦʣʴʥʳʤ. ʇʨʠʤʝʨʦʤ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 

ʩʠʩʪʝʤʘ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. ʉʠʩʪʝʤʳ ʪʠʧʘ ʨʘʟʙʘʚʣʝʥ-

ʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʧʦʜʦʙʥʳʝ 

ʩʠʩʪʝʤʳ [6] . 

ɺ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʦʙʳʯʥʦ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 

ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʩʦʚʝʨʰʘʝʪʩʷ ʪʦʣʴʢʦ ʨʘʙʦʪʘ ʨʘʩ-

ʰʠʨʝʥʠʠ, ʧʨʦʩʪʳʤʠ. ʉʣʦʞʥʳʤʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʩʦ-

ʚʝʨʰʘʶʪʩʷ ʜʨʫʛʠʝ ʚʠʜʳ ʨʘʙʦʪ, ʢʨʦʤʝ ʨʘʙʦʪʳ ʨʘʩ-

ʰʠʨʝʥʠʷ [5]. 

ɾʠʚʳʝ ʩʠʩʪʝʤʳ ʠ ʦʙʲʝʢʪʳ, ʥʘʧʨʠʤʝʨ ʦʨʛʘ-

ʥʠʟʤʳ, ʥʝ ʷʚʣʷʶʪʩʷ ʫʢʘʟʘʥʥʳʤʠ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʇʦʵʪʦʤʫ, ʝʩʣʠ ʜʘʞʝ ʦʥʠ ʷʚʣʷʶʪʩʷ ʢʚʘ-

ʟʠʟʘʢʨʳʪʳʤʠ, ʠʟʫʯʘʪʴ ʠʭ ʩ ʧʦʟʠʮʠʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴ-

ʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʥʝ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʦʛʦ 

ʩʤʳʩʣʘ. ʕʥʪʨʦʧʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʞʝʪ, ʢʘʢ ʚʦʟʨʘʩ-

ʪʘʪʴ, ʪʘʢ ʠ ʫʤʝʥʴʰʘʪʩʷ [8]. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʩ ʧʦʟʠʮʠʠ ʢʣʘʩʩʠʯʝʩʢʦʡ 

(ʨʘʚʥʦʚʝʩʥʦʡ ʠʣʠ ʙʣʠʟʢʦʡ ʢ ʨʘʚʥʦʚʝʩʠʶ - ʢʚʘʟʠʨʘʚ-

ʥʦʚʝʩʥʦʡ) ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʠʣʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʦʤ ʵʥʪʨʦʧʠʠ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ, ʥʝ ʧʨʝʜ-

ʩʢʘʟʫʝʤʳ ʠ ʣʠʰʝʥʳ ʷʩʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. 

ʉ ʧʦʟʠʮʠʠ ʩʪʨʦʛʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ (ʨʘʚʥʦʚʝʩ-

ʥʦʡ ʠ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ) ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʷ ʃ. ɹʦʣʴʮʤʘʥʘ, ʕ. ʐʨʝʜʠʥʛʝʨʘ, ʀ.ʇʨʠʛʦʞʠʥʘ 

ʦ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʥʪʨʦʧʠʠ, ʢʘʢ ʠ ʨʦʩʪʝ ʥʝʛʵʥʪʨʦʧʠʠ, 

ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʪʦʣʴʢʦ ʠʩʪʦ-

ʨʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʚʢʣʶʯʘʷ ʘʚʪʦʨʘ ʥʘʩʪʦʷʱʝʡ 

ʩʪʘʪʴʠ, ʫʧʦʤʠʥʘʷ ʨʘʙʦʪʳ, ʢʘʩʘʶʱʠʝʩʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʵʥʪʨʦʧʠʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʦʙʳʯʥʦ 
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ʥʝ ʧʠʩʘʣʠ ʦʙ ʠʭ ʩʦʤʥʠʪʝʣʴʥʦʩʪʠ ʩ ʧʦʟʠʮʠʠ ʩʪʨʦʛʦʡ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ʇʨʠʯʠʥʘ ʵʪʦʤʫ ʯʘʩʪʦ ʙʳʣʘ ʩʚʷʟʘʥʘ 

ʩ ʞʝʩʪʢʠʤ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝʤ: ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʙʳʣʦ 

ʧʫʙʣʠʢʦʚʘʪʴ ʨʘʙʦʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʛʘʪʠʚʥʳʝ 

ʚʟʛʣʷʜʳ ʥʘ ʧʨʠʟʥʘʥʥʳʝ ʤʦʜʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ 

ʥʘʫʢʝ. 

ʀʩʪʦʢʠ ʥʝʜʦʨʘʟʫʤʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʥʪʨʦ-

ʧʠʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʳ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʠʟʫ-

ʯʝʥʠʝʤ ʪʨʫʜʦʚ ʢʣʘʩʩʠʢʦʚ ʠ ʥʝʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʦʤ 

ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

ʊʝʨʤʠʥ ʵʥʪʨʦʧʠʷ ʚʚʝʣ ʈʫʜʦʣʴʬ ʂʣʘʫʟʠʫʩ. 

ʉʚʦʝ çʤʦʜʝʣʴʥʦʝè ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʠʨʝ (ɺʩʝʣʝʥ-

ʥʦʡ) ʦʥ ʧʨʝʜʩʪʘʚʠʣ ʚ ʚʠʜʝ ʚʳʩʢʘʟʳʚʘʥʠʷ: çʕʥʝʨʛʠʷ 

ʤʠʨʘ ʧʦʩʪʦʷʥʥʘ. ʕʥʪʨʦʧʠʷ ʤʠʨʘ ʩʪʨʝʤʠʪʴʩʷ ʢ ʤʘʢ-

ʩʠʤʫʤʫè. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦ ʚʳʩʢʘʟʳʚʘʥʠʝ ɼʞ. ʋ. 

ɻʠʙʙʩ ʚʳʙʨʘʣ ʚ ʢʘʯʝʩʪʚʝ ʵʧʠʛʨʘʬʘ ʢ ʟʥʘʤʝʥʠʪʦʡ ʨʘ-

ʙʦʪʝ çʆ ʨʘʚʥʦʚʝʩʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚè. ʋʧʦ-

ʤʷʥʫʪʳʝ ʫʯʝʥʳʝ ʩʜʝʣʘʣʠ ʧʨʠʚʝʜʝʥʥʦʝ ʚʳʩʢʘʟʳʚʘ-

ʥʠʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʚʦʝʡ ʤʦʜʝʣʠ ɺʩʝʣʝʥʥʦʡ. ʕʪʘ 

ʤʦʜʝʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʩʪʦʡ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠ-

ʩʪʝʤʝ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʪ.ʝ. ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʠ ʦʙʲʝʤ ʢʦʪʦ-

ʨʦʡ ʧʦʩʪʦʷʥʥʳ ʠ ʚ ʢʦʪʦʨʦʡ ʩʦʚʝʨʰʘʝʪʩʷ ʪʦʣʴʢʦ ʨʘ-

ʙʦʪʘ ʨʘʩʰʠʨʝʥʠʷ. 

ʕʥʪʨʦʧʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʪʦʣʴʢʦ ʚʦʟʨʘʩ-

ʪʘʪʴ! 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʧʦʜʦʙ-

ʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʙʳ ʨʝʘʣʴʥʦʡ 

ɺʩʝʣʝʥʥʦʡ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʙʳ ʧʨʠʥʷʪʴ ʥʝʜʦʢʘʟʫ-

ʝʤʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚʩʝ ʚʠʜʳ ʵʥʝʨʛʠʠ 

ʨʝʘʣʴʥʦʡ ɺʩʝʣʝʥʥʦʡ ʧʝʨʝʡʜʫʪ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ. 

ʊʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʢ ʪʦʤʫ ʞʝ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʥʝʨʝʘʣʴʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ, ɺʩʝʣʝʥʥʘʷ ʤʦʛʣʘ 

ʙʳ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ çʤʦʜʝʣʴʥʫʶ ʩʠʩʪʝʤʫè ʂʣʘʫʟʠʫʩʘ 

ï ɻʠʙʙʩʘ. ʆʜʥʘʢʦ ʥʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʠʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʫʪʚʝʨʞʜʝ-

ʥʠʝ ʥʘ ʩʠʩʪʝʤʳ ʜʨʫʛʠʭ ʪʠʧʦʚ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʤʝ-

ʩʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʤʝʞʜʫ ʯʘ-

ʩʪʠʮʘʤʠ (ʤʦʣʝʢʫʣʘʤʠ ʠʣʠ ʦʙʲʝʢʪʘʤʠ ʜʨʫʛʠʭ 

ʠʝʨʘʨʭʠʡ) ʠ ʢʦʪʦʨʳʝ (ʩʠʩʪʝʤʳ) ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʇʦʜʦʙʥʳʭ ʦʰʠʙʦʢ ʥʝ ʠʟʙʝ-

ʞʘʣʠ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʠʤʝʥʠʪʳʝ ʫʯʝʥʳʝ, ʥʝ ʷʚʣʷ-

ʶʱʠʝʩʷ ʧʨʦʬʝʩʩʠʦʥʘʣʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙ-

ʣʘʩʪʷʭ ʟʥʘʥʠʷ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʥʝʚʦʦʙʨʘʟʠʤʦʡ ʧʫʪʘ-

ʥʠʮʝ ʠ ʟʘʪʦʨʤʦʟʠʣʦ ʙʦʣʝʝ ʯʝʤ ʥʘ ʩʪʦʣʝʪʠʝ ʨʘʟʚʠʪʠʝ 

ʥʘʫʢʠ. ʇʦʷʚʠʣʠʩʴ ʪʳʩʷʯʠ ʧʫʙʣʠʢʘʮʠʡ ʚ ʥʘʫʯʥʳʭ 

ʞʫʨʥʘʣʘʭ ʠ ʧʦʧʫʣʷʨʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʩʦʜʝʨʞʘʱʠʝ 

ʦʪʤʝʯʝʥʥʳʝ ʥʝʜʦʨʘʟʫʤʝʥʠʷ. ʂ ʵʪʠʤ ʥʝʜʦʨʘʟʫʤʝ-

ʥʠʷʤ ʧʨʠʙʘʚʠʣʠʩʴ ʥʝʢʦʨʨʝʢʪʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʥʝʛʦʵʥʪʨʦʧʠʠ ʠ çʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʚ ʞʠ-

ʚʦʤ ʤʠʨʝè. 

ʇʦʩʣʝ ʦʪʢʨʳʪʠʷ ʘʚʪʦʨʦʤ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʟʘ-

ʢʦʥʘ ʚʨʝʤʝʥʥʳʭ (temporal) ʠʝʨʘʨʭʠʡ ʩʪʘʣʦ ʚʦʟʤʦʞ-

ʥʳʤ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʜʣʷ ʥʝʟʘʚʠʩʠʤʦʛʦ 

ʠʟʫʯʝʥʠʷ ʵʚʦʣʶʮʠʦʥʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʘ ʚʩʝʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʫʨʦʚʥʷʭ ʞʠʚʦʛʦ ʤʠʨʘ. ɿʘʢʦʥ ʚʨʝʤʝʥ-

ʥʳʭ ʠʝʨʘʨʭʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʨʷʜʦʚ ʩʠʣʴʥʳʭ ʥʝʨʘʚʝʥʩʪʚ (ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ 

ʪʨʠʘʜ ʅ. ʅ. ɹʦʛʦʣʶʙʦʚʘ, ʩʪ. [9]) ʩʨʝʜʥʠʭ ʚʨʝʤʝʥ 

ʞʠʟʥʠ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦ-

ʛʠʯʝʩʢʠʭ ʚʠʜʦʚ ʞʠʚʦʛʦ ʤʠʨʘ. 

ʂʘʞʜʳʡ ʚʠʜ ʦʨʛʘʥʠʟʤʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʚʦʠʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʨʷʜʦʤ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘ-

ʢʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ: 

t j << t j+1 (1) 

ɿʜʝʩʴ t j ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʞʠʟʥʠ ʩʪʨʫʢʪʫʨʳ j 

ʥʠʟʰʝʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, t j+1 ï ʩʨʝʜʥʝʝ 

ʚʨʝʤʷ ʞʠʟʥʠ ʩʪʨʫʢʪʫʨʳ (j+1) ʚʳʩʰʝʛʦ ʠʝʨʘʨʭʠʯʝ-

ʩʢʦʛʦ ʫʨʦʚʥʷ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʩʥʦʚʥʳʝ ʠʝʨʘʨ-

ʭʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ ʦʨʛʘʥʠʟʤʦʚ, ʪʦ 

ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ:  

é << t m << t im << t organelle << t cell << t organisms 

<< t pop << t soc << é (2) 

ɿʜʝʩʴ t ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʞʠʟʥʠ çʩʚʦʙʦʜʥʳʭè 

ʤʦʣʝʢʫʣ ʤʝʪʘʙʦʣʠʪʦʚ (m); ʚʳʜʝʣʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ çʩʚʦʙʦʜʥʳʭè ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ 

(im); ʦʨʛʘʥʝʣʣ (organelle); ʢʣʝʪʦʢ (cell); ʦʨʛʘʥʠʟʤʦʚ 

(org); ʧʦʧʫʣʷʮʠʡ (pop); ʩʦʦʙʱʝʩʪʚ (soc ). 

ʆʙʤʝʥ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʦʨʛʘʥʠʟʤʘʭ ʠ 

ʚʳʩʰʠʭ ʠʝʨʘʨʭʠʷʭ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʨʷʜʘ (1). ʉʪʨʫʢʪʫʨʳ ʥʠʟʰʠʭ ʠʝʨʘʨʭʠʡ, ʥʘʧʨʠʤʝʨ 

ʢʣʝʪʢʠ ʚ ʦʨʛʘʥʠʟʤʝ, ʞʠʚʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʩʪʨʫʢʪʫʨʳ ʚʳʩʰʝʡ ʠʝʨʘʨʭʠ ï ʩʦʙʩʪʚʝʥʥʦ ʩʘʤʦʛʦ 

ʦʨʛʘʥʠʟʤʘ. ʈʘʟʫʤʝʝʪʩʷ, ʯʪʦ ʙʝʟ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ 

ʞʠʟʥʴ, ʢʘʢ ʤʳ ʝʝ ʟʥʘʝʤ, ʥʝ ʤʦʛʣʘ ʙʳ ʩʫʱʝʩʪʚʦʚʘʪʴ.  

ʆʧʠʨʘʷʩʴ ʥʘ ʟʘʢʦʥ ʚʨʝʤʝʥʥʳʭ ʠʝʨʘʨʭʠʡ, ʘʚʪʦʨ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʞʠʟʥʠ ʠ ʝʝ ʵʚʦʣʶʮʠʷ ʠ 

ʩʪʘʨʝʥʠʝ ʞʠʚʳʭ ʩʫʱʝʩʪʚ ʣʝʛʢʦ ʦʙʲʷʩʥʠʤʳ ʩ ʧʦʟʠ-

ʮʠʠ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʙʣʠʟʢʠʭ ʢ ʨʘʚ-

ʥʦʚʝʩʠʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ. ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʩʦ-

ʟʜʘʥʘ ʥʘ ʧʨʦʯʥʦʤ ʬʫʥʜʘʤʝʥʪʝ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ï ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʈʫʜʦʣʴʬʘ 

ʂʣʘʫʟʠʫʩʘ, ɼʞ. ʋ. ɻʠʙʙʩʘ ʠ ʜʨʫʛʠʭ ʪʚʦʨʮʦʚ.  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʦʛʘʱʝʥʠʝ ʞʠʚʳʭ ʩʫ-

ʱʝʩʪʚ ʵʥʝʨʛʦʝʤʢʠʤ ʭʠʤʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʚ ʭʦʜʝ 

ʵʚʦʣʶʮʠʠ ʠ ʩʪʘʨʝʥʠʷ ʞʠʚʳʭ ʩʫʱʝʩʪʚ ʩʚʷʟʘʥʦ ʩʦ 

ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʤʠʥʠʤʫʤʫ ʫʜʝʣʴʥʦʡ ʩʚʦʙʦʜʥʦʡ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʪʨʫʢʪʫʨ ʦʨʛʘʥʠʟʤʦʚ ʵʪʠʭ ʞʠʚʳʭ ʩʫʱʝʩʪʚ. 

ʊʘʢ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʥʪʦʛʝʥʝʟʘ (ʘ 

ʪʘʢʞʝ ʬʠʣʦʛʝʥʝʟʘ ʠ ʵʚʦʣʶʮʠʠ ʚ ʮʝʣʦʤ) ʫʜʝʣʴʥʘʷ 

ʬʫʥʢʮʠʷ ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ iïr ʭ ʩʫʧʨʘʤʦʣʝʢʫ-

ʣʷʨʥʳʭ (ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ, im) ʩʪʨʫʢʪʫʨ ʪʢʘʥʝʡ 

ʦʨʛʘʥʠʟʤʘ, 
im
iG

~
ʩʪʨʝʤʠʪʩʷ ʢ ʤʠʥʠʤʫʤʫ. ʕʪʦ 

ʩʪʨʝʤʣʝʥʠʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝ-

ʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ, ʥʘʙʣʶʜʘʶʱʝ-

ʝʩʷ ʚ ʭʦʜʝ ʝʝ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ. ʋʢʘʟʘʥʥʦʝ 

ʩʪʨʝʤʣʝʥʠʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʚʳʨʘʞʝʥʠʷ: 

ñ 
µ

µ
=

V

dxdydzzyx
m

G

V

i
iG

im
m

0

),,(

~1~
min (3) 

ʛʜʝ V ï ʦʙʲʝʤ ʩʦʙʩʪʚʝʥʥʦ ʩʘʤʦʡ (ʠʩʩʣʝʜʫʝʤʦʡ) 

ʩʠʩʪʝʤʳ, m ï ʤʘʩʩʘ ʚʳʜʝʣʷʝʤʳʭ ʤʠʢʨʦʦʙʲʝʤʦʚ; x, 

y, z ïʢʦʦʨʜʠʥʘʪʳ; ʩʠʤʚʦʣ ç-è ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʝʣʠ-

ʯʠʥʘ 
im
iG

~
ʷʚʣʷʝʪʩʷ ʫʜʝʣʴʥʦʡ (ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʤʘʢ-

ʨʦʦʙʲʝʤʫ); ʩʠʤʚʦʣ ç~è ʧʦʜʯʝʨʢʠʚʘʝʪ ʛʝʪʝʨʦʛʝʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʩʠʩʪʝʤʳ. ʅʠʞʥʠʡ ʠʥʜʝʢʩ i ʦʪʥʦʩʠʪʩʷ ʢ ʩʠ-

ʩʪʝʤʘʤ ʨʘʟʣʠʯʥʦʛʦ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʩʪʘʚʘ, 



18 Norwegian Journal of development of the International Science No 26/2019 

ʢʦʪʦʨʳʡ (ʩʦʩʪʘʚ) ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʝʪʩʷ. ʕʪʦ ʠʟʤʝʥʝ-

ʥʠʝ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʠʟʤʝʥʝʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʩʠʩʪʝʤʳ ʚʦ ʚʨʝʤʝʥʠ.  

ʈʦʩʪ ʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʦʨʛʘʥʠʟʤʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʧʨʠʥʮʠʧʘ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʘ [10-14], ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: çDuring the 

formation or self-assembly of the most thermodynami-

cally stable structures at the highest hierarchical level 

(j), e.g., the supramolecular level, Nature, in accord-

ance with the second law, spontaneously uses predom-

inantly the least thermodynamically stable structures 

available from a given local part of the biological sys-

tem, belonging to a lower level, i.e., the molecular level 

(j-1), and incorporates these unstable structures into the 

next higher level, i.e. the supramolecular level (j) è. ɸʚ-

ʪʦʨ ʪʝʦʨʠʠ ʧʦʣʘʛʘʝʪ [7, 8, 14], ʯʪʦ ʧʨʠʥʮʠʧ ʩʪʘʙʠʣʴ-

ʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʠʤʝʝʪ ʧʨʦʩʪʦʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʬʠʟʠ-

ʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʩ ʧʦʟʠʮʠʠ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ. ʅʘʧʨʠʤʝʨ, ʯʝʤ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʝ ʤʦʣʝ-

ʢʫʣʳ ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʘʪʦʤʦʚ, ʪʝʤ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʤʦʣʝʢʫʣ. ʀ ʥʘʦʙʦ-

ʨʦʪ: ʩʪʘʙʠʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʦʙʨʘʟʫʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʩʪʘʙʠʣʴʥʳʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʜʘʥ ʦʪʚʝʪ ʥʘ ʦʩʥʦʚʥʦʡ ʚʦ-

ʧʨʦʩ: çʢʘʢʦʚʘ ʧʨʠʯʠʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʩʪʨʝʤʣʝʥʠʷ ʞʠ-

ʚʳʭ ʩʫʱʝʩʪʚ ʫʜʘʣʷʪʴʩʷ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ?è. ɺʩʝ ʩʦʤʥʝʥʠʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚʪʦʨʦʛʦ ʥʘʯʘʣʘ ʪʝʨ-

ʤʦʜʠʥʘʤʠʢʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʠʩʯʝʟʣʠ. 

ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʷʚʠʣʘʩʴ ʢʣʶ-

ʯʦʤ ʢ ʦʩʦʟʥʘʥʠʶ ʷʚʣʝʥʠʷ ʞʠʟʥʠ. ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʠ 

ɼʘʨʚʠʥʠʟʤ ʩʪʘʣʠ ʩʦʚʤʝʩʪʠʤʳ [15]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘ-

ʤʠʢʘ ʷʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʝʦʨʠʝʡ, ʢʦʪʦʨʘʷ ʠʟʫʯʘʝʪ ʩʣʦʞʥʳʝ ʛʝʪʝʨʦʛʝʥʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʦʪʢʨʳʪʳʝ ʩʠʩʪʝʤʳ, ʦʙʤʝʥʠʚʘʶʱʠʝʩʷ ʩʦ ʩʨʝ-

ʜʦʡ ʚʝʱʝʩʪʚʦʤ ʠ ʵʥʝʨʛʠʝʡ. ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʪʝʨʤʦ-

ʜʠʥʘʤʠʢʘ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʢʦʡ ʩʠʩʪʝʤ, ʙʣʠʟ-

ʢʠʭ ʢ ʩʦʩʪʦʷʥʠʶ ʨʘʚʥʦʚʝʩʠʷ, ʢʦʛʜʘ ʬʫʥʢʮʠʠ ʩʦʩʪʦ-

ʷʥʠʷ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʠʤʝʶʪ ʨʝʘʣʴʥʳʡ 

ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ. ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ 

ʷʚʣʷʝʪʩʷ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠ-

ʥʘʤʠʢʦʡ. 

ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ, ʥʘʟʳʚʘʝʤʘʷ 

ʪʘʢʞʝ ʤʘʢʨʦʪʝʨʤʦʜʠʥʘʤʠʢʦʡ ʠʣʠ ʩʪʨʫʢʪʫʨʥʦʡ ʪʝʨ-

ʤʦʜʠʥʘʤʠʢʦʡ, ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʝ 

ʩʠʩʪʝʤʳ ʚ ʜʣʠʪʝʣʴʥʦʡ ʰʢʘʣʝ ʚʨʝʤʝʥʠ ʢʘʢ ʦʪʢʨʳʪʳʝ 

ʜʣʷ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʝʡ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝ-

ʜʦʡ. ʆʜʥʘʢʦ ʚ ʢʦʨʦʪʢʠʭ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ (ʥʘ ʢʦ-

ʨʦʪʢʠʭ ʚʨʝʤʝʥʘʭ), ʚ ʤʘʣʳʭ ʦʢʥʘʭ ʵʚʦʣʶʮʠʠ, ʢʦʛʜʘ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʧʦʜʩʠʩʪʝʤʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʬʠʟʠʯʝʩʢʠʭ ʪʝʨʤʦʩʪʘʪʘʭ, ʦʥʠ (ʧʦʜʩʠ-

ʩʪʝʤʳ) ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʟʘ-

ʢʨʳʪʳʝ (ʢʚʘʟʠʟʘʢʨʳʪʳʝ), ʢ ʢʦʪʦʨʳʤ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʧʨʠʤʝʥʠʤ ʢʣʘʩʩʠʯʝʩʢʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʠʡ ʘʥʘʣʠʟ. 

ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʧʨʠʥʮʠʧ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝ-

ʨʠʟʫʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ 

ʠʝʨʘʨʭʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʞʠʚʦʡ ʤʘʪʝʨʠʠ. ʉʦ-

ʛʣʘʩʥʦ ʪʝʦʨʠʠ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʷʚʣʷ-

ʝʪʩʷ ʬʠʟʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʨʘʩʰʠʨʝʥʥʦʛʦ ʜʘʨʚʠ-

ʥʠʟʤʘ [15]. ʂʦʥʮʝʧʮʠʷ ʨʘʩʰʠʨʝʥʥʦʛʦ ɼʘʨʚʠʥʠʟʤʘ 

ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʨʠʥʮʠʧ çʚʘʨʠʘʮʠʠ ʠ ʩʝʣʝʢʮʠʠè 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʩʚʦʝ ʜʝʡʩʪʚʠʝ ʥʝ ʪʦʣʴʢʦ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʵʚʦʣʶʮʠʶ (ʚ ʢʣʘʩʩʠʯʝ-

ʩʢʦʤ ʧʦʥʠʤʘʥʠʠ), ʥʦ ʠ ʥʘ ʭʠʤʠʯʝʩʢʫʶ ʵʚʦʣʶʮʠʶ ʠ 

ʚʩʝ ʥʦʦʩʬʝʨʥʳʝ ʩʪʘʜʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ. 

ɼʣʷ ʦʩʦʟʥʘʥʠʷ ʫʢʘʟʘʥʥʦʡ ʨʘʩʰʠʨʝʥʥʦʡ ʪʝʦʨʠʠ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦʙʱʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ɻʠʙ-

ʙʩʘ ð ʦʙʦʙʱʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʟʘ-

ʢʦʥʦʚ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ 

ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʨʠ-

ʨʦʜʘ ʩʪʨʝʤʠʪʴʩʷ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘ 

ʚʩʝʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ [16]. ʇʨʠ ʵʪʦʤ ʩ ʧʦʟʠ-

ʮʠʠ ʧʨʠʥʮʠʧʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʙʳʣ ʦʙʲʷʩ-

ʥʝʥ ʬʘʢʪ ʦʙʦʛʘʱʝʥʠʷ ʘʟʦʪʦʤ ʠ ʬʦʩʬʦʨʦʤ ʙʠʦʪʢʘ-

ʥʝʡ ʞʠʚʳʭ ʩʫʱʝʩʪʚ ʚ ʭʦʜʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶ-

ʮʠʠ.  

ʕʚʦʣʶʮʠʷ ʞʠʚʳʭ ʩʠʩʪʝʤ ʧʨʦʪʝʢʘʝʪ ʢʘʢ ʩʘʤʦ-

ʧʨʦʠʟʚʦʣʴʥʳʡ ʧʨʦʮʝʩʩ ʩʦʛʣʘʩʥʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʥʘ ʬʦʥʝ ʥʝʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʭ ʠʟ-

ʤʝʥʝʥʠʡ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ, ʠʥʠʮʠʠʨʫʝʤʳʭ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʦʡ [8, 17]. ʅʘʧʨʘʚʣʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʚʪʦʨʦʛʦ 

ʟʘʢʦʥʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʳʭ ʵʪʘʧʘʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʥʘ ʧʣʘ-

ʥʝʪʝ. ʆʜʥʘʢʦ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʵʚʦʣʶʮʠʠ ʨʝʚʦ-

ʣʶʮʠʦʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʢʘʟʳʚʘ-

ʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʫʱʝʩʪʚʝʥʥʳʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʬʦʨʤ ʞʠʚʳʭ ʩʫ-

ʱʝʩʪʚ - ʥʦʚʳʭ ʚʠʜʦʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. 

ɽʩʣʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ 

ʥʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʵʚʦʣʶʮʠʠ, ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝ-

ʧʨʝʜʩʢʘʟʫʝʤʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ-ʪʦ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʩʢʘʟʫʝʤʳʤ, ʘ ʯʪʦ-ʪʦ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʜʩʢʘʟʫʝ-

ʤʳʤ ʚ ʵʚʦʣʶʮʠʠ.  

ʅʘ ʈʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʧʠʨʘʣʴ ʵʚʦʣʶʮʠʠ, ʢʦ-

ʪʦʨʘʷ ʦʪʦʙʨʘʞʘʝʪ ʧʫʪʴ ʨʘʟʚʠʪʠʷ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ 

ʚʦ ʚʨʝʤʝʥʠ. ʆʙʳʯʥʦ ʩʯʠʪʘʶʪ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʭʠʤʠ-

ʯʝʩʢʠʭ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ 

ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʩʧʠʨʘʣʠ, ʢʦʪʦʨʘʷ 

ʩʭʝʤʘʪʠʯʥʦ ʦʪʦʙʨʘʞʘʝʪ ʥʘʧʨʘʚʣʝʥʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ 

ʩʚʦʡʩʪʚ ʫ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʉʧʠʨʘʣʴ, ʠʟʦʙʨʘ-

ʞʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1, ʦʪʨʘʞʘʝʪ ʨʘʟʚʠʪʠʝ ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʞʠʚʳʭ ʩʫʱʝʩʪʚ, ʢʦʪʦʨʦʝ ʚʦʩ-

ʧʨʠʥʠʤʘʝʪʩʷ ʥʘʤʠ ʢʘʢ ʵʪʘʧ ʵʚʦʣʶʮʠʠ ɿʝʤʣʠ.  

ʀʥʬʦʨʤʘʮʠʷ ʦ ʜʦʩʪʠʞʝʥʠʷʭ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʠʟʚʝʩʪʥʳʭ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʦʪʢʨʳʪʦʛʦ ʜʦʩʪʫʧʘ ʠ 

ʩʘʡʪʝ RG . 
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ʈʠʩ. 1. ʉʧʠʨʘʣʴ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʦʪʨʘʞʘʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥ-

ʥʦʩʪʴ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ. 

 

Credit: U.S. Geological Survey Department of the 

Interior/USGS U.S. Geological Survey/photo by Jane 

Doe 

ʇʨʠʤʝʯʘʥʠʝ 

ʅʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ 

ʩʪʨʦʛʦʡ ʪʦʯʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʤʝ-

ʪʘʙʦʣʠʪʦʚ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʦʯʥʦʤʫ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʶ ʦ ʤʝʭʘʥʠʟʤʝ ʜʝʡʩʪʚʠʷ ʧʨʠʥʮʠʧʘ ʩʪʘ-

ʙʠʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʘ. ʊʘʢ, ʘʚʪʦʨ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ, 

ʠʩʧʦʣʴʟʫʷ ʦʙʱʝʧʨʠʥʷʪʫʶ ʪʝʨʤʠʥʦʣʦʛʠʶ ɸ. ʃʠʧ-

ʤʘʥʥʘ, ʥʝʧʨʘʚʠʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣ ʥʘʧʨʘʚʣʝʥ-

ʥʦʩʪʴ ʮʠʢʣʘ ɸʊʌ ʧʨʠ ʦʙʤʝʥʝ ʚʝʱʝʩʪʚ. ɺ ʧʦʩʣʝʜʫ-

ʶʱʝʡ ʨʘʙʦʪʝ [18] ʵʪʘ ʦʰʠʙʢʘ ʙʳʣʘ ʠʩʧʨʘʚʣʝʥʘ: ʨʝ-

ʢʦʤʝʥʜʫʝʪʩʷ ʨʘʟʣʠʯʘʪʴ ʧʦʥʷʪʠʝ çʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʦ 

ɸ. ʃʠʧʤʘʥʥʫè ʦʪ, ʠʤʝʶʱʝʛʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ 

ʩʤʳʩʣ, ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʥʷʪʠʷ çʵʥʝʨʛʦʝʤʢʦʩʪʠè, ʢʦ-

ʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʠʝʨʘʨʭʠʯʝ-

ʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʝ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʛʣʫʙʦʢʦ ʙʣʘʛʦʜʘʨʝʥ ʧʨʦʬʝʩʩʦʨʘʤ ɺ.ɺ. 

ʉʳʯʝʚʫ, ʅ.ʅ.ɹʦʛʦʣʶʙʦʚʫ, ʤʣ., ɸʢʘʝʚʫ ɸ.ɸ. ʠ C.ɸ. 
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Abstract 

In this article the conditions for the incorporation of 5-fluorouracil and folic acid into chitosan-alginate mi-

croparticles were selected and the release of drugs in a medium simulating the acidity of the gastrointestinal tract 

was investigated. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʦʜʦʙʨʘʥʳ ʫʩʣʦʚʠʷ ʚʢʣʶʯʝʥʠʷ 5-ʬʪʦʨʫʨʘʮʠʣʘ ʠ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʭʠʪʦʟʘʥ-ʘʣʴʛʠʥʘʪʥʳʝ 

ʤʠʢʨʦʯʘʩʪʠʮʳ ʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʩʨʝʜʝ, ʤʦʜʝʣʠʨʫʶʱʝʡ ʢʠʩʣʦʪ-

ʥʦʩʪʴ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ. 
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ʥʠʷʤʠ, ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʝʤʳʤ ʩʧʦʩʦʙʦʤ ʣʝʯʝʥʠʷ ʧʘʮʠʝʥʪʦʚ ʩ ʦʥʢʦʣʦ-

ʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʷʚʣʷʝʪʩʷ ʭʠʤʠʦʪʝʨʘʧʠʷ, 

ʧʨʠʥʮʠʧ ʢʦʪʦʨʦʡ ʦʩʥʦʚʘʥ ʥʘ ʚʚʝʜʝʥʠʠ ʚ ʦʨʛʘʥʠʟʤ 

ʩʠʣʴʥʦʜʝʡʩʪʚʫʶʱʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʢʦʪʦʨʳʝ ʫʥʠʯʪʦʞʘʶʪ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ ʠʣʠ ʠʥʛʠʙʠ-

ʨʫʶʪ ʠʭ ʨʘʟʚʠʪʠʝ. 

ɺ ʦʙʱʝʡ ʩʪʘʪʠʩʪʠʢʝ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘ-

ʥʠʡ ʢʦʣʦʨʝʢʪʘʣʴʥʳʡ ʨʘʢ, ʠʣʠ ʨʘʢ ʪʦʣʩʪʦʡ ʢʠʰʢʠ ʟʘ-

ʥʠʤʘʝʪ 4-ʝ ʤʝʩʪʦ ʩʨʝʜʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʳʷʚʣʷʝʤʳʭ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ. ɽʞʝʛʦʜʥʦ ʨʘʢ ʪʦʣʩʪʦʡ 

ʢʠʰʢʠ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʫ 1 ʤʣʥ ʯʝʣʦʚʝʢ, 

ʩʤʝʨʪʥʦʩʪʴ ʦʪ ʜʘʥʥʦʛʦ ʚʠʜʘ ʨʘʢʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

50%, ʧʨʠʯʝʤ, ʧʨʠʤʝʨʥʦ ʚ 70% ʩʣʫʯʘʝʚ ʦʧʫʭʦʣʴ ʚʦʟ-

ʥʠʢʘʝʪ ʚ ʦʙʦʜʦʯʥʦʡ ʢʠʰʢʝ, ʚ 30% ʩʣʫʯʘʝʚ - ʚ ʧʨʷ-

ʤʦʡ ʢʠʰʢʝ [1]. ʆʩʦʙʝʥʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʙʦʣʝ-

ʚʘʝʤʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʉʐɸ, ɽʚʨʦʧʝ ʠ ʈʦʩʩʠʠ [2]. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝ-

ʚʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʧʨʠ ʜʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʜʦ ʥʘʩʪʦ-

ʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʶʪʩʷ ʬʪʦʨʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʠ-

ʤʠʜʠʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʬʪʦʨʫʨʘʮʠʣ. ʄʝʭʘʥʠʟʤ ʜʝʡ-

ʩʪʚʠʷ ʬʪʦʨʫʨʘʮʠʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʦʢʘʜʝ ʬʝʨʤʝʥʪʘ ʪʠʤʠʜʠʣʘʪ-

ʩʠʥʪʘʟʳ, ʢʦʪʦʨʳʡ ʣʠʤʠʪʠʨʫʝʪ ʨʝʘʢʮʠʶ ʩʠʥʪʝʟʘ ʧʠ-

ʨʠʤʠʜʠʥʦʚʳʭ ʦʩʥʦʚʘʥʠʡ. ʇʨʝʧʘʨʘʪ ʚʚʦʜʠʪʩʷ ʚʥʫʪ-

ʨʠʚʝʥʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʚʤʝʩʪʥʦ ʩ ʬʦʣʠʥʘʪʦʤ ʢʘʣʴ-

ʮʠʷ - ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʦʡ. 

ʌʦʣʠʥʘʪ ʢʘʣʴʮʠʷ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʬʪʦʨʫʨʘʮʠʣʘ ʢ ʪʠʤʠʜʝʣʘʪʩʠʥʪʘʟʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʣʫʯʰʠʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʘ ɼʅʂ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʤʙʠʥʘʮʠʷ ʵʪʠʭ ʧʨʝ-

ʧʘʨʘʪʦʚ ʚ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʤ ʧʝʨʠʦʜʝ ʫ ʙʦʣʴʥʳʭ 

ʢʦʣʦʨʝʢʪʘʣʴʥʳʤ ʨʘʢʦʤ 2-ʦʡ ʠ 3-ʝʡ ʩʪʘʜʠʡ ʫʣʫʯ-

ʰʘʝʪ ʙʝʟʨʝʮʠʜʠʚʥʫʶ ʠ ʦʙʱʫʶ ʚʳʞʠʚʘʝʤʦʩʪʴ [3]. 

ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʦʨʘʣʴʥʦʝʝ ʚʚʝʜʝʥʠʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. 

ʆʜʥʘʢʦ ʧʝʨʦʨʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ 5-ʬʪʦʨʫʨʘʮʠʣʘ 

ʚʳʟʳʚʘʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʦʙʦʯ-

ʥʳʝ ʵʬʬʝʢʪʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʝʧʘʨʘʪ 5ïʬʪʦʨʫʨʘ-

ʮʠʣʘ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʝ ʩʣʠʟʠʩʪʦʡ ʥʘ 

ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ. ɸʥʪʘ-

ʛʦʥʠʩʪʳ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʫʤʝʥʴ-

ʰʝʥʠʝ ʯʠʩʣʘ ʤʠʪʦʟʦʚ ʚ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʠ 

ʩʥʠʞʘʪʴ ʩʪʝʧʝʥʴ ʘʙʩʦʨʙʮʠʠ ʢʩʠʣʦʟʳ ʠ ʜʨʫʛʠʭ ʥʫʪ-

ʨʠʝʥʪʦʚ. ʇʝʨʦʨʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ 5-ʬʪʦʨʫʨʘʮʠʣʘ 

ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʠʮʠʪʫ ʜʠʧʝʧʪʠʜʘʟ [4]. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʣʝʢʘʨʩʪʚʝʥ-

ʥʳʭ ʩʨʝʜʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʭʠʤʠʦ-

ʪʝʨʘʧʠʠ, ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʘʜʨʝʩʥʦʡ ʜʦ-

ʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠ-

ʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʥʘ 

ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ; ʧʦʚʳʩʠʪʴ ʣʦʢʘʣʴ-

ʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʮʝʣʝʚʳʭ ʢʣʝʪʢʘʭ, ʯʪʦ ʜʘʸʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʩʦʢʨʘʪʠʪʴ ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ ʜʦʟʫ ʣʝʢʘʨ-

ʩʪʚʘ ʠ ʢʨʘʪʥʦʩʪʴ ʝʛʦ ʚʚʝʜʝʥʠʷ. ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʣʝ-

ʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʥʦʩʠʪʝʣʷʭ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʘʢ-

ʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʚʦʟʜʝʡʩʪʚʦ-

ʚʘʪʴ ʥʘ ʧʦʨʘʞʝʥʥʳʝ ʫʯʘʩʪʢʠ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʤʥʦʞʝ-

ʩʪʚʦ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ. ʊʘʢʞʝ ʝʱʝ ʦʜʥʠʤ ʧʨʝʠʤʫ-

ʱʝʩʪʚʦʤ ʩʠʩʪʝʤ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʣʦʥʛʠʨʦʚʘʥ-

ʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠ-

ʩʪʝʤ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢ-

ʪʠʚʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʣʝʯʝʥʠʷ ʨʘʢʦʚʦʡ ʦʧʫʭʦʣʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʘʢ-

ʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʧʦʣʠʤʝʨʳ, ʣʠʧʦʩʦʤʳ, ʤʘʛʥʠʪʥʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ, ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʜʝʥʜʨʠʤʝʨʳ 

ʠ ʜʨ. [5-8]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʪʦʟʘʥ-ʘʣʴʛʠʥʘʪʥʳʭ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʯʘʩʪʠʮ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʜʦ-

ʩʪʘʚʢʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʥʢʦʣʦʛʠʠ. 

ʅʘʥʦʯʘʩʪʠʮʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʘʙʠʣʠʟʘʮʠʶ ʠʥʢʘʧ-

ʩʫʣʠʨʦʚʘʥʥʦʛʦ ʚ ʥʠʭ ʧʨʝʧʘʨʘʪʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʠ-

ʥʠʤʠʟʠʨʫʶʪ ʝʛʦ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘ-

ʥʠʟʤ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʧʨʝʧʘʨʘʪ ʩ ʧʨʦ-

ʣʦʥʛʠʨʦʚʘʥʥʳʤ ʜʝʡʩʪʚʠʝʤ [9]. 

ɺ ʦʙʟʦʨʝ [10] ʙʳʣʦ ʩʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʩʧʨʦʚʦʮʠ-

ʨʦʚʘʥʦ ʩʚʦʙʦʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʥ-

ʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʭʠʪʦʟʘʥʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦ-

ʣʝʟʥʳʤʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʢʘ 

ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ.ʇʨʦʪʠʚʦʨʘʢʦʚʳʝ ʩʚʦʡʩʪʚʘ ʭʠ-

ʪʠʥʘ, ʭʠʪʦʟʘʥʘ ʠ ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ ʭʠʪʦʟʘʥʘ ʩʪʘʣʠ ʪʝ-

ʤʦʡ ʦʜʥʦʡ ʠʟ ʥʝʜʘʚʥʠʭ ʥʘʫʯʥʳʭ ɺ ʨʘʙʦʪʝ [11] ʭʠ-

ʪʠʥ ʠ ʦʣʠʛʦʩʘʭʘʨʠʜʳ ʭʠʪʦʟʘʥʘ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠ 

ʢʘʢ ʜʦʙʘʚʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʙʦʨʴʙʝ ʩ ʨʘʢʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷ-

ʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʭʠʪʦʟʘʥ-ʘʣʴʛʠʥʘʪʥʳʭ ʤʠʢʨʦʯʘʩʪʠʮ, 

ʥʘʛʨʫʞʝʥʥʳʭ 5-ʬʪʦʨʫʨʘʮʠʣʦʤ ʠ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦ-

ʪʦʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ ʩʦ ʩʪʝʧʝʥʴʶ ʜʠʘʮʝʪʠ-

ʣʠʨʦʚʘʥʠʷ ʥʝ ʤʝʥʝʝ 75% ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 30 

ʢɼʘ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ Sigma-Aldrich; ʭʠʪʦ-

ʟʘʥ ʥʠʟʢʦʡ ʚʷʟʢʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ 

ALDRICH Chemistry ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 800 

ʢɼʘ, ʨʘʩʪʚʦʨ 5-ʬʪʦʨʫʨʘʮʠʣʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 50 

ʤʛ/ʤʣ ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ 

çʅʦʚʦʩʠʙʭʠʤʬʘʨʤè, ʬʦʣʠʝʚʫʶ ʢʠʩʣʦʪʫ ʩ ʩʦʜʝʨʞʘ-

ʥʠʝʤ ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʝ ʤʝʥʝʝ 95% ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʢʦʤʧʘʥʠʠ ʆɸʆ çʄʘʨʙʠʦʬʘʨʤè. 

ʂʦʥʮʝʥʪʨʘʮʠʠ 5-ʬʪʦʨʫʨʘʮʠʣʘ ʠ ʬʦʣʠʝʚʦʡ ʢʠʩ-

ʣʦʪʳ ʚ ʨʘʩʪʚʦʨʘʭ ʦʧʨʝʜʝʣʷʣʠ, ʠʟʤʝʨʷʷ ʧʦʛʣʦʱʝʥʠʝ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ 265 ʠ 365 ʥʤ. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʥʘʛʨʫʞʝʥʥʳʭ ʤʠʢʨʦʯʘʩʪʠʮ 

ʢ 117,5 ʩʤ3 0,063%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ 

ʩ ʚʥʝʩʝʥʥʳʤ ʚ ʥʝʛʦ ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ (ʬʪʦ-

ʨʫʨʘʮʠʣʦʤ ʠʣʠ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʦʡ), ʧʦ ʢʘʧʣʷʤ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠ 7,5 ʩʤ3 18ʤʄ ʨʘʩʪʚʦʨʘ 

ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʦ ʢʘʧ-

ʣʷʤ ʜʦʙʘʚʣʷʣʠ 25 ʩʤ3 0,070%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʠʪʦ-

ʟʘʥʘ. ʄʠʢʨʦʯʘʩʪʠʮʳ ʦʪʜʝʣʷʣʠ ʦʪ ʥʘʜʦʩʘʜʦʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʧʫʪʝʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʥʘ ʮʝʥʪʨʠʬʫʛʝ 

çEppendorf AG 22331è ʩʦ ʩʢʦʨʦʩʪʴʶ 11000 ʦʙ/ʤʠʥ 

ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ɺʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʨʝʘʛʝʥʪʦʚ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʨʘʥʝʝ ʠ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʠʪʴ ʤʠʢʨʦʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʚ 800-1000 ʥʤ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʧʝʨʦʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ 

[12]. ɼʟʝʪʘ-ʧʦʪʝʥʮʠʘʣ ʭʠʪʦʟʘʥ-ʘʣʴʛʠʥʘʪʥʳʭ ʤʠʢʨʦ-

ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʝʪ 30Ñ3 ʤɺ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʪʩʫʪʩʪʚʠʠ ʘʛʨʝʛʘʮʠʠ [13]. 

http://www.mdpi.com/1660-3397/13/4/2158/htm#B83-marinedrugs-13-02158
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ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʢ 0,3 ʛ 

ʤʠʢʨʦʯʘʩʪʠʮ ʜʦʙʘʚʣʷʣʠ 3 ʩʤ3 ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ 

ʪʨʝʙʫʝʤʳʤ ʟʥʘʯʝʥʠʝʤ ʨʅ ʩʨʝʜʳ, ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʝ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʝʨʝʤʝʰʠʚʘʷ. ʇʦ ʠʩʪʝʯʝʥʠʠ 

ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ ʤʠʢʨʦʯʘʩʪʠʮʳ ʦʪʜʝʣʷʣʠ ʦʪ 

ʥʘʜʦʩʘʜʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʫʪʝʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ 

ʥʘ ʮʝʥʪʨʠʬʫʛʝ çEppendorf AG 22331è ʩʦ ʩʢʦʨʦʩʪʴʶ 

11000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʢ 

0,3 ʛ ʤʠʢʨʦʯʘʩʪʠʮ ʜʦʙʘʚʣʷʣʠ 3 ʩʤ3 ʙʫʬʝʨʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʩ ʪʨʝʙʫʝʤʳʤ ʟʥʘʯʝʥʠʝʤ ʨʅ ʩʨʝʜʳ, ʠʥʢʫʙʠʨʦ-

ʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʝʨʝʤʝʰʠʚʘʷ. ʇʦ ʦʢʦʥ-

ʯʘʥʠʠ ʠʥʢʫʙʘʮʠʠ ʤʠʢʨʦʯʘʩʪʠʮʳ ʦʪʜʝʣʷʣʠ ʦʪ ʥʘʜʦ-

ʩʘʜʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʥʘ ʮʝʥ-

ʪʨʠʬʫʛʝ çEppendorf AG 22331è ʩʦ ʩʢʦʨʦʩʪʴʶ 11000 

ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ʂ ʧʦʣʫʯʝʥʥʳʤ ʤʠʢʨʦ-

ʯʘʩʪʠʮʘʤ ʜʦʙʘʚʣʷʣʠ ʩʣʝʜʫʶʱʠʡ ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ 

ʠ ʧʨʦʚʦʜʠʣʠ ʦʧʝʨʘʮʠʠ, ʘʥʘʣʦʛʠʯʥʳʝ ʚʳʰʝʦʧʠʩʘʥ-

ʥʳʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʣʠ ʸʤʢʦʩʪʴ 

ʭʠʪʦʟʘʥ-ʘʣʴʛʠʥʘʪʥʳʭ ʤʠʢʨʦʯʘʩʪʠʮ ʦʪʜʝʣʴʥʦ ʧʦ 5-

ʬʪʦʨʫʨʘʮʠʣʫ ʠ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʝ, ʚʘʨʴʠʨʫʷ ʠʭ 

ʥʘʯʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʠʥʪʝʨ-

ʚʘʣʘʭ 0,01-0,17 ʤʛ/ʤʣ ʠ 0,027-0,267 ʤʛ/ʤʣ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʚ ʘʜʨʝʩʥʫʶ ʩʠʩʪʝʤʫ ʜʦʩʪʘʚʢʠ ʦʮʝʥʠ-

ʚʘʣʠ ʧʦ ʠʭ ʦʩʪʘʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʧʦ-

ʩʣʝ ʦʪʜʝʣʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

 
ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 1 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʚʢʣʶʯʝʥʠʷ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ (ʘ) ʠ ʬʪʦʨʫʨʘʮʠʣʘ (ʙ) ʚ ʭʠʪʦʟʘʥ-ʘʣʴʛʠ-

ʥʘʪʥʳʝ ʤʠʢʨʦʯʘʩʪʠʮʳ ʦʪ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ. 

 

ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥ-

ʪʨʘʮʠʝʡ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʪʝ-

ʧʝʥʴ ʚʢʣʶʯʝʥʠʷ ʙʦʣʝʝ 95%, ʷʚʣʷʝʪʩʷ 0,03 ʤʛ/ʩʤ3, ʘ 

ʜʣʷ 5-ʬʪʦʨʫʨʘʮʠʣʘ ʘʥʘʣʦʛʠʯʥʘʷ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚ-

ʣʷʝʪ 0,015 ʤʛ/ ʩʤ3. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʩʪʝʧʝʥʴ ʚʢʣʶʯʝʥʠʷ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʨʝʚʳʰʝʥʠʝʤ ʸʤʢʦʩʪʠ ʭʠʪʦʟʘʥ-ʘʣʴʛʠʥʘʪʥʳʭ ʤʠʢ-

ʨʦʯʘʩʪʠʮ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʚʢʣʶʯʝʥʠʷ 5-ʬʪʦ-

ʨʫʨʘʮʠʣʘ ʠ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʬʠʟʠʦ-

ʣʦʛʠʯʝʩʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʧʨʠ ʤʦʥʦʪʝʨʘʧʠʠ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʣʝ-

ʯʝʥʠʠ ʨʘʢʦʚʦʡ ʦʧʫʭʦʣʠ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʘʜ-

ʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ ʠ 5-ʬʪʦʨʫʨʘ-

ʮʠʣʘ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʭʠʪʦʟʘʥ-ʘʣʴʛʠʥʘʪʥʳʝ ʤʠʢʨʦʯʘ-

ʩʪʠʮʳ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʚ ʢʘʢʦʤ ʦʪʜʝʣʝ ʞʝ-

ʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ ʙʫʜʫʪ ʚʳʩʚʦʙʦʞʜʘʪʴʩʷ 

ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʦʮʝʥʠʪʴ ʧʦʣʥʦʪʫ ʚʳʩʚʦ-

ʙʦʞʜʝʥʠʷ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʟʫʯʝʥʠʶ 

ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʠʟ ʭʠʪʦʟʘʥ-ʘʣʴʛʠʥʘʪʥʳʭ ʤʠʢʨʦʯʘʩʪʠʮ ʤʦ-

ʜʝʣʠʨʦʚʘʣʠ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʡ ʪʨʘʢʪ ʯʝʣʦʚʝʢʘ, 

ʠʩʧʦʣʴʟʫʷ ʨʘʩʪʚʦʨʳ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ (ʨʅ 1,2) ʠ 

ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʨʅ 4,2; 5,6; 6,0; 
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7,2, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʣʠʯʥʳʤ ʦʪʜʝʣʘʤ ʞʝʣʫ-

ʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ ʯʝʣʦʚʝʢʘ [14]. ɺʳʩʚʦʙʦʞ-

ʜʝʥʠʝ 5-ʬʪʦʨʫʨʘʮʠʣʘ ʠ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ ʠʟ ʤʠʢ-

ʨʦʯʘʩʪʠʮ ʠʟʫʯʘʣʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʠ ʧʘʨʘʣʣʝʣʴ-

ʥʦʤ ʨʝʞʠʤʘʭ ʩʦʛʣʘʩʥʦ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʝ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʝ-

ʧʝʥʝʡ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 5-ʬʪʦʨʫʨʘʮʠʣʘ ʠ ʬʦʣʠʝʚʦʡ 

ʢʠʩʣʦʪʳ ʦʪ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ ʚ ʙʫ-

ʬʝʨʥʳʭ ʨʘʩʪʚʦʨʘʭ ʫʢʘʟʘʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ pH 4,2 ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 

5-60 ʤʠʥʫʪ ʠʥʢʫʙʘʮʠʠ ʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ ʚʳʩʚʦʙʦʞ-

ʜʘʝʪʩʷ ʠʟ ʤʠʢʨʦʯʘʩʪʠʮ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 20%, ʘ ʬʪʦ-

ʨʫʨʘʮʠʣ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 5%. ɺ ʢʠʩʣʦʡ ʩʨʝʜʝ ʞʝ-

ʣʫʜʢʘ ʩʪʝʧʝʥʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 10-20%, ʧʨʠʯʝʤ ʩʪʝʧʝʥʴ ʚʳ-

ʩʚʦʙʦʞʜʝʥʠʷ ʬʪʦʨʫʨʘʮʠʣʘ ʤʝʥʴʰʝ, ʯʝʤ ʬʦʣʠʝʚʦʡ 

ʢʠʩʣʦʪʳ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʥʠʞʝʥʠʝ ʦʪʨʠ-

ʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʬʪʦʨʫʨʘʮʠʣʘ ʥʘ ʩʣʠʟʠʩʪʫʶ 

ʞʝʣʫʜʢʘ. 

 
ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 2 ï ʇʨʦʬʠʣʴ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ (ʘ) ʠ ʬʪʦʨʫʨʘʮʠʣʘ (ʙ) ʠʟ ʭʠʪʦ-

ʟʘʥ-ʘʣʴʛʠʥʘʪʥʳʭ ʤʠʢʨʦʯʘʩʪʠʮ  

 

ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʪʝʧʝʥʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 

ʦʙʦʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʩʦʩʪʘʚʠʣʦ 95-100% ʠ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ pH 7,0, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝ-

ʥʠʶ ʢʠʩʣʦʪʥʦʩʪʠ ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ ɾʂʊ ʯʝʣʦ-

ʚʝʢʘ, ʛʜʝ ʠ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʠʭ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʚʩʘʩʳʚʘʥʠʝ. 

ʇʦʩʪʨʦʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʚʳ-

ʩʚʦʙʦʞʜʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʥʝ-

ʩʝʥʠʝ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʨʮʠʠ ʥʘʛʨʫʞʝʥʥʳʭ ʣʝʢʘʨ-

ʩʪʚʝʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʤʠʢʨʦʯʘʩʪʠʮ ʚ ʙʫʬʝʨʥʳʝ 

ʨʘʩʪʚʦʨʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʨʅ ʩʨʝʜʳ ʩ ʮʝ-

ʣʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʭʦʞʜʝʥʠʷ ʥʦʩʠ-

ʪʝʣʷ ʯʝʨʝʟ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʡ ʪʨʘʢʪ ʯʝʣʦʚʝʢʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥ-

ʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʢ 5-

ʬʪʦʨʫʨʘʮʠʣ, ʪʘʢ ʠ ʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ pH 6,2 ʠ 

7,0, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʠʩʣʦʪʥʦʩʪʠ ʪʦʥʢʦʛʦ ʢʠʰʝʯ-

ʥʠʢʘ ʯʝʣʦʚʝʢʘ, ʦʪʢʫʜʘ ʜʘʣʝʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʨʝʜ-

ʩʪʚʘ ʚʩʘʩʳʚʘʶʪʩʷ ʚ ʢʨʦʚʴ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʘʥ-

ʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʳ-

ʩʚʦʙʦʞʜʝʥʠʷ. 
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ʘ) 

  
ʙ) 

ʈʠʩʫʥʦʢ 3 ï ʇʨʦʬʠʣʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ (ʘ) ʠ ʬʪʦʨʫʨʘʮʠʣʘ (ʙ) ʠʟ 

ʭʠʪʦʟʘʥ-ʘʣʴʛʠʥʪʘʥʳʭ ʤʠʢʨʦʯʘʩʪʠʮ  

 

ɺʳʚʦʜʳ: 

1. ʆʧʨʝʜʝʣʝʥʘ ʩʪʝʧʝʥʴ ʚʢʣʶʯʝʥʠʷ 5-ʬʪʦʨʫʨʘ-

ʮʠʣʘ ʠ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʭʠʪʦʟʘʥ-ʘʣʴʛʠʥʘʪʥʳʝ 

ʤʠʢʨʦʯʘʩʪʠʮʳ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʜʦʟʳ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʚʢʣʶʯʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥ-

ʥʳʭ ʩʨʝʜʩʪʚ ʚ ʤʠʢʨʦʯʘʩʪʠʮʳ, ʨʘʚʥʘʷ 95-98%, ʩʦ-

ʩʪʘʚʣʷʝʪ ʜʣʷ 5-ʬʪʦʨʫʨʘʮʠʣʘ 0,023 ʤʛ/ʤʛ, ʘ ʜʣʷ ʬʦ-

ʣʠʝʚʦʡ ʢʠʩʣʦʪʳ ï 0,045 ʤʛ/ʤʛ. ʀʩʩʣʝʜʦʚʘʥʳ ʧʘʨʘʣ-

ʣʝʣʴʥʳʡ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʨʦʬʠʣʠ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ 5-ʬʪʦʨʫʨʘʮʠʣʘ ʠ ʬʦʣʠʝʚʦʡ ʢʠʩ-

ʣʦʪʳ ʠʟ ʭʠʪʦʟʘʥ-ʘʣʴʛʠʥʘʪʥʳʭ ʤʠʢʨʦʯʘʩʪʠʮ ʚ ʨʅ 

ʩʨʝʜʝ ɾʂʊ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʳʩʚʦ-

ʙʦʞʜʝʥʠʝ ʦʙʦʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (95%) 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʨʅ 7,0, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʠʩʣʦʪ-

ʥʦʩʪʠ ʦʪʜʝʣʘ ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ, ʤʠʥʠʤʫʤ (5-17%) 

ʥʘʭʦʜʠʪʩʷ ʧʨʠ ʨʅ 4,2. 
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Abstract 

This paper presents a study of sulbactam degradation by Advanced oxidation processes. It was investigated 

the efficiency of usage O3/UV for removal of sulbactam with different concentrations 200 mg/l and 20 mg/l at 

different values ʨʅ in the range of 3 - 12. It was found that in an alkaline environment, the oxidation process takes 

place much faster, maximum deletion is observed at ʨʅ 8,87. The reduction of the COD was 100% -through the 

method: UV/O3, and about 80% of the UV for 2 hours of oxidative action. The sulbactam degradation mechanism 

in the alkaline and an acidic medium is proposed. 

 

Keywords: wastewater, antibiotics, sulbactam, ɸʆʈs, water treatment  

 

1. Introduction  

Among all pharmaceuticals that can cause envi-

ronmental pollution through antibiotics take an im-

portant place because of their getting into sewage as a 

result of incomplete assimilation by organisms. The 

presence of antibiotics in the aquatic environment is in-

creasing concern around the world due to their toxic ef-

fects on hydrobionts, incomplete expansion and subse-

quent entry into water supply systems. So, studies con-

ducted in Ukraine [1] showed that drinking water 

supplied to the population remains trace concentrations 

of pharmaceuticals, including antibiotics, sex hor-

mones, sedative and anticonvulsants, painkillers, as 

well as many others that are given only on doctors pre-

scription. 

There are varied ways of getting such pharmaceu-

ticals into the water. In particular, due to the fact that 

people take medications, some part of them are digested 

by the human organism, and those part that have not 

been digested (this is approximately 70% of the con-

sumed medications) excreted naturally, without chang-

ing its chemical composition and accordingly falls into 

the sewage systems. Wastewater, are undergoing tradi-

tional cleaning and re-enter the rivers or lakes, from 

where the resources of drinking water are replenished. 

There are varied ways of getting such pharmaceu-

ticals into the water. In particular, due to the fact that 

people take medications, some part of them are digested 

by the human organism, and those part that have not 

been digested (this is approximately 70% of the con-

sumed medications) excreted naturally, without chang-

ing its chemical composition and accordingly falls into 

the sewage systems. Wastewater, are undergoing tradi-

tional cleaning and re-enter the rivers or lakes, from 

where the resources of drinking water are replenished. 

The existing household-wastewater treatment sys-

tem is not able to remove pharmaceuticals from the wa-

ter. In addition, experts have found that adding chlorine 

and its compounds to the wastewater, as a standard pro-

cedure for water purification, on the contrary, increases 

the toxicity of certain medicinal products contained in 

water [1]. 

The effectiveness of methods for neutralizing 

pharmaceuticals (biodegradation, coagulation, sedi-

mentation) is often low, and the accumulation of these 

compounds in the environment leads to the destruction 

of microflora and fauna, and the presence their back-

ground concentrations in water make the evolution of 

antibiotic-resistant bacteria in the environment [2]. 

Among the methods used to purify wastewater 

from organic pollutants, including antibiotics, should 

be prefered the methods of the group AOPs: ozonation 

in combination with other oxidants or irradiation, usage 



Norwegian Journal of development of the International Science No 26/2019 27 

of the Fenton/photo-fenton reagent, photolysis, semi-

conductor photocatalysis, electrochemical processes. It 

is believed that AOPs contribute to the degradation or 

mineralization of organic pollutants, in particular, anti-

biotics. 

Sufficiently common pollutants of household and 

pharmaceutical wastewater are antibiotics of the ɓ-lac-

tam number. It was found that the degradation of the ɓ-

lactam ring by ozonation was highly effective in (COD 

removal> 50%), but with a low degree of mineraliza-

tion (~ 20%) [3,4]. It was discovered, however, it is cer-

tainly not explained ambiguous influence of the pH me-

dium on the process, the mechanism of ozone decom-

position into free radicals and increasing the speed of 

mass transfer. In particular, it was noted that the accu-

mulation of carboxylic acids in the destruction process 

leads to an undesirable decrease in the pH of the pro-

cess.  

It is expected that to make process of destroying 

sulfanilamides more effective is possible by combina-

tion ozonation with photocatalytic degradation using 

hydroxyl radicals (HOÅ), generated in the reaction me-

dium. In source [5], was specified that at the initial 

stage of photocatalytic process proceed a reduction of 

toxicity and a significant increase of ability of sulfani-

lides solutions to biological decomposition. 

Many papers present the results of experiments on 

photocatalytic degradation of antibiotics in the pres-

ence of TiO2 as a catalyst. In the past few years, scien-

tists have put some effort to increase the surface area of 

TiO2 by dispersing TiO2 nanoparticles on a large sur-

face area of materials [6].  

It is also known that the effectiveness of antibiot-

ics degradation in the wastewater, especially sulfona-

mides, can be significantly higher with the usage of Fe 

(III) salts, as a photocatalyst (eg, FeCl3 [5]) than with 

the presence of TiO2 only. Simultaneous using of a 

mixture of TiO2 and FeCl3 leads to an increase in the 

efficiency of the photocatalytic system through syner-

gistic effects. In these solutions, the Fe3+ ions are par-

tially hydrolyzed and, as a result, photosensitive 

Fe(OH)2+ are formed. After absorption of UV light by 

these ions, the hydroxyl radical is faster formed in so-

lutions [5]. 

At the same time, taking into account the available 

scientific information, it can be stated that there are al-

most no data concerning the theoretical and experi-

mental basis of oxidative degradation in the waste wa-

ters of substances with ɓ-lactam structures.  

The ɓ -lactamine series of antibiotics include sub-

classes of penicillins, cephalosporins, carbapenems and 

monobactam. The similarity of the chemical structure 

determines the same mechanism of action of all ɓ-lac-

tams (a violation of the synthesis of the cell wall of bac-

teria), as well as cross-allergy to them in some patients.  

Sulbactam is a semi-synthetic penicillinic bellon, 

which belongs to the ɓ-lactam antibiotic of the penicil-

lin series (Figure 1). 

 

 
Figure 1 ïThe structure of sulbactam 

 

Penicillins, cephalosporins and monoblots are sen-

sitive to the hydrolysis of specific enzymes - ɓ-

lactamase, which is produced by a number of bacteria. 

Carbapenems have significantly higher resistance to ɓ-

lactamase. Considering, the high clinical efficacy and 

low toxicity, ɓ-lactam antibiotics form the basis of an-

timicrobial chemotherapy at the present stage, occupy-

ing a leading position in the treatment of most infec-

tions. ɓ-lactam antibiotics are the most widespread 

class of antimicrobial medicals for the treatment of in-

fections. 

Given the significant toxicity present in sulbactam 

wastewater, there is an urgent need to investigate the 

destructive processes of sulbactam in aqueous solu-

tions. 

Although AOPs processes are effective in the min-

eralization of various organic substances [7-8], how-

ever, there is no certainty that sulbactam can be com-

pletely mineralized through these processes.  

The purpose of this research is to study the condi-

tions and regularities of the sulbactam degradation pro-

cess and changes of its antibacterial activity using the 

UV/ʆ3 process.  

2. Materials and methods 

Investigation of the processes of extracting sulb-

actam from aqueous solutions was carried out on model 

waters with substrate concentrations: S-m 0,2 and 0,02 

g/l. The antibiotic Sulbactamum (C8H11NO5S) (Figure 

1) was obtained from a pharmaceutical plant in sterile 

packaging.  

For the destruction process of sulbactam, was used 

a laboratory installation, the scheme of which is shown 

in Figure 2. It consists of a tank 1, pump 2 (TYP 2500 

NH, Diaphragm booster pump., 50 Hz) with a flow rate 

of 10 to 100 cm3/min and a UV lamp 3, placed in a 

stainless steel chamber (model UVGERMISIDAL 254 

POWER, 6 Watts), ozonator 4 (GL-3189, ozone con-

centration 0.5 g/year). The system is cyclical, water 

from the reservoir is fed through the UV camera and 

the ozone chamber, than returne to the reservoir with 

the constant speed. 

Experiments were carried out in laboratory using 

a plant to determine the effect of UV and ʆ3 in the pro-

cess of antibiotics degradation at different pH values of 

water. In the research were used samples of model wa-

ter with different values ʨʅ 6,47, 8,87 and 2,92.  

Analysis of model water samples for residual or-

ganic content was carried out at regular intervals (10 
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min) using a sterile pipette 6. Determination of the re-

sidual sulbactam concentration was carried out on a 

UV-5800PC spectrophotometer at different wave-

lengths (223 and 254 nm) using a quartz cell. 

 

 
Figure 2 ï Scheme of laboratory installation 

 

3. Result and discussion 

The study of the model water purification process 

was carried out using various AOPs methods, in differ-

ent combinations of oxidants, such as ʆ3 and ʅ2ʆ2 with 

UV radiation and without changing the pH of the me-

dium in the range of 3 to 12.  

Investigated the efficiency of degradation of S-m 

(200 mg/l) for the change of COD by different combi-

nations of AOPs. Reducing the concentration of or-

ganic matter is observed using only irradiation and 

combination of UV+ ʅ2ʆ2+ʆ3, UV+ʆ3 with a duration 

of the process for more than 120 minutes. A combina-

tion of O3/UV reduces the concentration of organic 

matter by 39%, which occurs by recombination of func-

tional groups in the S-m structure. Typically, the oxida-

tive degradation of simple organic pollutants can lead 

to the decomposition of the structure and ultimately to 

mineralization. However, the complete mineralization 

of most antibiotics is often difficult to achieve due to 

their structural complexity and stability. The reduction 

of the COD was 100% -through the method: UV/O3, 

and about 80% of the UV for 2 hours of oxidative ac-

tion. The low degree of mineralization in other cases is 

probably due to the formation of stable intermediate 

products [9]. 

At the concentration of S-m 20 mg/l observed a 

different picture than the 200 mg/l partial reduction 

ABS showed a combination of UV+ ʅ2ʆ2 and UV+ʆ3, 

but ABS initial substances was not completely removed 

during 120 minutes. The efficacy of other combina-

tions, as with higher concentrations, was not observed. 

The combination of O3/UV and UV+ʅ2ʆ2 achieves the 

best of all possible combinations of ABS reduction, but 

the degree of removal is only 25-29%. 

The reduction of the COD with decreasing absorp-

tion peak intensity for the UV+ʅ2ʆ2 oxidation system 

was not observed, 75% for UV+ʆ3, about 60% for 

UV+ʅ2ʆ2+ʆ3 and 50% for O3 for 2 hours of oxidative 

destruction (Figure 4). 

 

 
Figure 3 ï Efficiency of mineralization S-m (20 mg/l) with different combinations of AOPs 

 

From the results obtained above, the best removal 

of S-m is observed with the use of the combination of 

UV + O3. 

It was investigated the influence of pH on the ef-

ficiency of removing S-m (200 mg/l). It is established 

that in an acidic environment the removal of organic 
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pollutant from waste water is reduced. In alkaline ï the 

process of oxidation is much faster. t was found that the 

maximum possible purification of Sulbactam water is 

observed at alkaline pH of the medium and is 39%. 

Probable mechanisms of destruction of sulbactam 

are shown in Figures 5 and 6. 

 
Figure 4 ï Degradation of sulbactam in alkaline medium 

 
Figure 5 ï Degradation of sulbactam in acidic medium 

 

Investigated the influence of impurities on miner-

alization efficiency of sulbactam with usage of various 

model environments for preparation of model water, 

exactly distilled water and tap water. The efficiency of 

destruction of sulbactam is higher in a model solution 

prepared on tap water (Fig. 7). The presence in the 

model solution of iron compounds contributes to de-

struction of sulbactam due to the formation of addi-

tional OHÅ under the action of radiation, since the iron 

compound has a catalytic action.  
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Figure 6 ï Influence of environment on mineralization efficiency of organic component 

 

It was investigated the removal of a contaminant 

in alkaline medium at low initial concentrations of 20 

mg/l. The best removal takes place 1 hour after the start 

of cleaning, then the cleaning efficiency is reduced. 

This can be explained by the fact that at low concentra-

tions of sulbactam in an aqueous solution, the disclo-

sure of lactam cycles and the formation of new poly-

meric compounds may take place (Fig. 8). 

 
Figure 7 ï Dependence of COD with time in different environments 

 

Conclusions 

Based on the classical approaches to the regulari-

ties of the oxidation processes of organic substances, 

we proposed mechanisms for the destruction of sulbac-

tam in alkaline and acidic media. 

The combination of ozone and ultraviolet radia-

tion can be effectively used to remove lactam antibiot-

ics from the water. The destruction processes of antibi-

otics are better to run in alkaline environment and there-

fore to clean the actual wastewater is recommended to 

maintain the pH of purified water at 8 ... 8.5.  

Since maximum excretion of sulbactam is only 

39%, it is suggested to use doses of ozone greater than 

0.5 g/year to improve the purification process. 
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ɻʣʘʜʳʰʝʚ ɻ.ʇ. 

ɼʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ. ʅ.ʉʝʤʝʥʦʚʘ 

ʈʦʩʩʠʡʩʢʘʷ ɸʢʘʜʝʤʠʷ ʥʘʫʢ, 

ʆʪʜʝʣʝʥʠʝ ʜʠʟʘʡʥʘ, ʈʦʩʩʠʡʩʢʘʷ ɸʢʘʜʝʤʠʷ ʍʫʜʦʞʝʩʪʚ 

ʄʦʩʢʚʘ 

 

Abstract  

Comparison of the standard free Gibbs energy of the formation of thermodynamically identical molecules 

and their fragments to the close chemical composition in physiological conditions allows determining with a good 

approximation the directional change in the stability of these molecules and fragments in the evolution and aging 

of living beings. This approach, based on the principle of substance stability, confirms the thermodynamic direc-

tion of the chemical and supramolecular composition changes in chemical and biological evolution. The paper 

presents quantitative estimates confirming the thermodynamic direction of nitrogen enrichment of organisms in 

their evolutionary development and the epigenetic processes of methylation of nucleic acids, and also discusses 

the possibility of the presence of geroprotective properties in some atmospheric gases, for example, in molecular 

hydrogen. 

ɸʥʥʦʪʘʮʠʷ 

ʉʨʘʚʥʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʙʣʠʟʢʠʭ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʪʝʨ-

ʤʦʜʠʥʘʤʠʯʝʩʢʠ ʦʜʥʦʪʠʧʥʳʭ ʤʦʣʝʢʫʣ ʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʟʚʦʣʷʝʪ ʩ ʥʝʢʠʤ 

ʧʨʠʙʣʠʞʝʥʠʝʤ ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʪʠʭ ʤʦʣʝʢʫʣ ʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʵʚʦʣʶ-

ʮʠʠ ʠ ʩʪʘʨʝʥʠʠ ʞʠʚʳʭ ʩʫʱʝʩʪʚ. ʋʢʘʟʘʥʥʳʡ ʧʦʜʭʦʜ, ʦʧʠʨʘʶʱʠʡʩʷ ʥʘ ʧʨʠʥʮʠʧ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʘ, 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʚ ʭʠʤʠʯʝʩʢʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ, ʧʦʜʪʚʝʨ-

ʞʜʘʶʱʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʦʙʦʛʘʱʝʥʠʷ ʘʟʦʪʦʤ ʦʨʛʘʥʠʟʤʦʚ ʚ ʵʚʦʣʶʮʠʦʥʥʦʤ ʠʭ ʨʘʟʚʠ-

ʪʠʠ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʣʠʯʠʷ ʛʝʨʦʧʨʦʪʝʢʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʫ ʥʝʢʦʪʦʨʳʭ ʛʘʟʦʚ ʘʪʤʦʩʬʝʨʳ, ʥʘʧʨʠʤʝʨ ʫ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʩʝʨʦʚʦ-

ʜʦʨʦʜʘ.  

 

Keywords: hierarchical thermodynamics, the origin of life, the principle of substance stability, biological 

evolution, epigenetics, aging  
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ʕʧʠʛʨʘʬ 

 ñOne of the principal objects of theoretical research in any department of knowledge is to find the point of 

view from which the subject appears in its greatest simplicity.ò  

ɼʞ.ʋ. ɻʠʙʙʩ [1] 

 

ɺʝʜʝʥʠʝ 

ʍʠʤʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʦʙʣʘʩʪʷʭ 

ʚʩʝʣʝʥʥʦʡ, ʛʜʝ ʩ ʧʦʟʠʮʠʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʚʦʟʤʦʞʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʧʨʝʚʨʘʱʝʥʠʝ ʤʦʣʝʢʫʣ. ʍʠʤʠʯʝ-

ʩʢʘʷ ʵʚʦʣʶʮʠʷ ʧʣʘʚʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 
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ʵʚʦʣʶʮʠʶ ʚ ʢʦʩʤʦʩʝ ʠ ʥʘ ʥʝʙʝʩʥʳʭ ʪʝʣʘʭ ʚ ʦʙʣʘ-

ʩʪʷʭ, ʚ ʢʦʪʦʨʳʭ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʨʘʟʨʝʰʘʝʪ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʝ ʞʠʟʥʠ, ʢʦʪʦʨʘʷ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʩʦʛʣʘʩʥʦ 

ʦʙʱʠʤ ʟʘʢʦʥʘʤ ʧʨʠʨʦʜʳ [2, 3]. ɺʦʟʥʠʢʥʦʚʝʥʠʝ 

ʞʠʟʥʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʩʫʧʨʘʤʦ-

ʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʠʭ ʨʘʟʚʠʪʠʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʡʩʪʚʠʷ ʧʨʠʥʮʠʧʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʘ, ʢʦʪʦ-

ʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʦʪʙʦʨ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴ-

ʥʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʦʜʝʨʞʘʱʠʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʩʪʘʙʠʣʴʥʳʝ ʭʠ-

ʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʞʠʟʥʠ ʠ ʝʝ ʵʚʦ-

ʣʶʮʠʷ ʧʨʦʪʝʢʘʶʪ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʣʦʞʥʳʭ 

ʢʚʘʟʠʟʘʢʨʳʪʳʭ ʙʣʠʟʢʠʭ ʢ ʨʘʚʥʦʚʝʩʠʶ ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʚʪʦʨʳʤ ʥʘʯʘʣʦʤ, 

ʥʘ ʬʦʥʝ ʥʝʧʨʦʠʟʚʦʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʪʠʭ ʩʠʩʪʝ-

ʤʘʭ, ʠʥʠʮʠʠʨʫʝʤʳʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʀʟʤʝʥʝ-

ʥʠʝ ʫʜʝʣʴʥʦʡ ʬʫʥʢʮʠʠ ɻʠʙʙʩʘ ʞʠʚʳʭ ʩʠʩʪʝʤ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʥʳʤ ʦʙʦʙʱʝʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʥʘʯʘʣ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ï ʨʘʩʰʠ-

ʨʝʥʥʳʤ ʦʙʦʙʱʝʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ɻʠʙʙʩʘ, ʫʯʠʪʳʚʘ-

ʶʱʠʤ ʚʩʝ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʝ ʠ ʥʝʩʘʤʦʧʨʦʠʟʚʦʣʴ-

ʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ. 

ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʷʚ-

ʣʝʥʠʝ ʞʠʟʥʠ, ʩʦʟʜʘʥʘ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʨ-

ʤʦʜʠʥʘʤʠʢʠ ʠ ʝʝ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʥʦʚʦʡ ʚʝʪʚʴʶ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ, ʪ.ʝ. 

ʙʣʠʟʢʦʡ ʢ ʨʘʚʥʦʚʝʩʠʶ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠ-

ʢʦʡ ʩʣʦʞʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʫʯʠʪʳʚʘ-

ʶʱʝʡ ʚʩʝ ʚʠʜʳ ʨʘʙʦʪ, ʩʦʚʝʨʰʘʝʤʳʭ ʩʠʩʪʝʤʦʡ ʠ ʝʝ 

ʦʢʨʫʞʝʥʠʝʤ. 

ɼʣʷ ʪʦʯʥʳʭ ʦʮʝʥʦʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʙʠʦʣʦʛʠ-

ʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʘʙʩʦʣʶʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ (ʠʣʠ 

ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʭ ʚʝʣʠʯʠʥ). ʆʜʥʘʢʦ ʵʪʠ ʚʝʣʠʯʠʥʳ 

ʥʝʠʟʚʝʩʪʥʳ. ɼʘʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʜʝʣʘʪʴ ʪʦʯʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʚʦʣʶ-

ʮʠʦʥʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ï ʩʠʩʪʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦ-

ʩʪʘʚʘ. ʆʜʥʘʢʦ ʝʩʣʠ ʩʯʠʪʘʪʴ ʦʩʥʦʚʥʳʝ çʵʣʝʤʝʥʪʳ 

ʞʠʟʥʠè ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʦʜʥʦʪʠʧʥʳʤʠ, ʚʦʟ-

ʤʦʞʥʦ ʜʝʣʘʪʴ ʛʨʫʙʳʝ ʧʨʠʙʣʠʞʝʥʥʳʝ ʩʦʧʦʩʪʘʚʣʝ-

ʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʝʜʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ï 

ʢʠʨʧʠʯʠʢʦʚ ʞʠʟʥʠ ʠ ʨʘʟʣʠʯʥʳʭ ʙʠʦʤʦʣʝʢʫʣ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ 

ʪʦʣʴʢʦ ʦ ʥʝʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦ-

ʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʵʚʦ-

ʣʶʮʠʠ. ʕʪʫ ʪʝʥʜʝʥʮʠʶ, ʢʦʪʦʨʘʷ ʚʦʧʣʦʱʘʝʪʩʷ ʚ 

ʫʪʚʝʨʞʜʝʥʠʠ, ʯʪʦ çʧʨʠʨʦʜʘ ʠʱʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘ ʚʩʝʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭè 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ 

ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʭ ʩʠʩʪʝʤ. ɺ 

ʨʘʙʦʪʘʭ ʘʚʪʦʨʘ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʩʦʧʦ-

ʩʪʘʚʣʝʥʠʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʟʫʤʥʦʩʪʴ ʪʘʢʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʚʦʜʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʞʠʟʥʠ, ʝʝ ʵʚʦʣʶʮʠʠ ʠ ʩʪʘʨʝʥʠʷ ʞʠ-

ʚʳʭ ʩʫʱʝʩʪʚ. 

ʇʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʚ ʥʘʫʢʘʭ ʦ ʞʠʟʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʷʜʝ ʥʝʜʘʚʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘ-

ʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʩʩʳʣʢʠ ʥʘ ʦʩʥʦʚʦʧʦʣʘʛʘʶ-

ʱʠʝ ʨʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [4-10]. ʇʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝ-

ʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʞʠʟʥʠ, ʝʝ ʵʚʦʣʶʮʠʠ ʠ ʩʪʘʨʝʥʠʷ ʞʠ-

ʚʳʭ ʩʫʱʝʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʷʭ ʘʚʪʦʨʘ ʠ 

ʦʙʱʠʭ ʵʥʮʠʢʣʦʧʝʜʠʷʭ, ʘ ʪʘʢʞʝ ʥʘ ʩʘʡʪʘʭ ʧʦʧʫʣʷʨ-

ʥʦʡ ʵʥʮʠʢʣʦʧʝʜʠʠ ï ʎʠʢʣʦʧʝʜʠʠ [10] (ʩʤ. ʇʨʠʣʦ-

ʞʝʥʠʝ). 

ʆ ʜʝʡʩʪʚʠʠ ʧʨʠʥʮʠʧʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʘ 

ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ  

ɼʣʷ ʦʙʱʝʡ ʢʘʨʪʠʥʳ ʧʦʟʥʘʥʠʷ ʤʠʨʘ ʥʫʞʝʥ ʤʝ-

ʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʦʩʪʦʪʝ ʠ ʠʟʫʯʝʥʠʠ ʦʜʥʦʪʠʧ-

ʥʳʭ ʦʙʲʝʢʪʦʚ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ 

ʧʨʠʨʦʜʳ, ʦʧʠʨʘʶʱʠʡʩʷ ʥʘ ʧʨʠʥʮʠʧ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʚʝʱʝʩʪʚʘ. ɺ ʦʩʥʦʚʝ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ 

ʢ ʞʠʚʦʤʫ ʤʠʨʫ ʣʝʞʠʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʝʨʤʦʜʠʥʘ-

ʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ ʩʫʧʨʘʤʦ-

ʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʦʙʲʝʢʪʦʚ ʚʳʩʰʠʭ ʠʝʨʘʨʭʠʡ. 

ʇʨʠʥʮʠʧ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʠ ʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʲ-

ʝʢʪʦʚ ʨʘʟʣʠʯʥʳʭ ʠʝʨʘʨʭʠʡ, ʥʘʧʨʠʤʝʨ, ʩʪʘʙʠʣʴʥʦ-

ʩʪʠ ʤʦʣʝʢʫʣ ʠ ʠʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʦʙ-

ʨʘʟʦʚʘʥʥʳʭ ʵʪʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. ʆʜʥʘʢʦ 

ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʝ ʠʟ-

ʚʝʩʪʥʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʫʧʦʤʷʥʫʪʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʦʞʥʦ ʜʝʣʘʪʴ ʪʦʣʴʢʦ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚ-

ʣʝʥʠʷ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʫʢʘ-

ʟʘʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʢʦʛʜʘ ʠʭ ʩʦʩʪʘʚʳ ʦʪʣʠʯʘʶʪʩʷ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʦ ʠ ʠʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʜʥʦʪʠʧʥʳʤʠ. ʉʦ-

ʧʦʩʪʘʚʣʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʘʢʠʭ ʦʜʥʦʪʠʧʥʳʭ 

ʩʠʩʪʝʤ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʧʨʘʚʠʣʘ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʠ ʩʫʧʨʘʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

ʧʨʠ ʠʭ ʦʙʦʛʘʱʝʥʠʠ ʘʟʦʪʦʤ ʠ ʢʠʩʣʦʨʦʜʦʤ, ʘ ʪʘʢʞʝ 

ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʩʪʨʝʤʣʝʥʠʠ ʧʨʠʨʦʜʳ ʢ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘ ʚʩʝʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ 

ʫʨʦʚʥʷʶ ʞʠʚʦʡ ʤʘʪʝʨʠʠ. ʊʘʢ, ʙʳʣʦ ʩʬʦʨʤʫʣʠʨʦ-

ʚʘʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʨʘʚʠʣʦ: çʆʙʦʛʘʱʝʥʠʝ ʚʝʱʝʩʪʚʘ 

ʘʪʦʤʘʤʠ ʘʟʦʪʘ (ʧʨʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʤ ʩʦʭʨʘʥʝʥʠʠ 

ʩʦʦʪʥʦʰʝʥʠʷ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʵʪʦʤ ʚʝʱʝʩʪʚʝ) 

ʦʙʳʯʥʦ ʩʥʠʞʘʝʪ ʝʛʦ ʭʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʪʦ-

ʛʜʘ ʢʘʢ ʦʙʦʛʘʱʝʥʠʝ ʚʝʱʝʩʪʚʘ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ 

(ʧʨʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʤ ʩʦʭʨʘʥʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʵʪʦʤ ʚʝʱʝʩʪʚʝ) ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ 

ʭʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ [5].  

ʇʨʦʩʪʳʝ ʤʦʜʝʣʠ 

ɼʣʷ ʥʘʛʣʷʜʥʦʡ ʦʮʝʥʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʙʩʫʞ-

ʜʘʝʤʦʛʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʘʚʠʣʘ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʧʨʠʤʝʨ ʚʣʠʷʥʠʝ ʘʪʦʤʦʚ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ ʥʘ ʪʝʨ-

ʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʝʢʦʛʦ ʤʦʣʝʢʫʣʷʨ-

ʥʦʛʦ ʨʝʧʝʨʘ - ʤʝʪʘʥʘ, ʢʦʛʜʘ ʦʜʠʥ ʠʟ ʘʪʦʤʦʚ ʚʦʜʦ-

ʨʦʜʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʟʘʤʝʱʘʝʪʩʷ ʛʨʫʧʧʠʨʦʚʢʘʤʠ 

-NH2 ʠ -OH. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʚʦʙʦʜ-

ʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚ, ʧʨʘʢʪʠ-

ʯʝʩʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʦʜʥʦʪʠʧʥʳʭ ʚʝʱʝʩʪʚ. ʅʠʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʢʘʟʘʥʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʪʘʥʜʘʨʪ-

ʥʳʭ ʵʥʝʨʛʠʡ ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʚʝʱʝʩʪʚ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ȹfG'Á) 

[MetaCys], ʢʦʪʦʨʦʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʝʣʠʯʠʥʘʤʠ ʠʭ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʤ: 

CH3NH2 CH4 CH3OH 

ȹfG'Á = 70.25 

kcal/mol 

ȹfG'Á = 32.77 

kcal/mol 

ȹfG'Á = -0.84 

kcal/mol 
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ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʪʘʥʘ (-CH3 ʛʨʫʧʧʳ), 

ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʝʪʠʣʘʤʠʥʘ ʤʘʣʘ, ʪʦʛʜʘ 

ʢʘʢ ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʝʪʘʥʦʣʘ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʚʳʩʦʢʘ.  

ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ, ʢʦʛʜʘ 

ʚ ʢʘʯʝʩʪʚʝ ʨʝʧʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʪʘʥ (-C2H5 ʛʨʫʧʧʘ):  

C2H5NH3
+

 C2H6 C2H5OH 

ȹfG'Á = 73.58 

kcal/mol 

ȹfG'Á = 

57.46 

kcal/mol 

ȹfG'Á = 18.19 

kcal/mol 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʠʜʥʦ, ʯʪʦ ʵʪʠʣʘʤʠʥ ʚ ʬʠʟʠʦ-

ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (C2H5NH3
+) ʩʨʘʚʥʠʪʝʣʴʥʦ ʭʠ-

ʤʠʯʝʩʢʠ ʤʝʥʝʝ ʩʪʘʙʠʣʝʥ ʵʪʘʥʘ, ʪʦʛʜʘ ʢʘʢ ʤʝʪʘʥʦʣ 

ʙʦʣʝʝ ʩʪʘʙʠʣʝʥ, ʯʝʤ ʵʪʘʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʙʩʫʞʜʘʝʤʳʤ ʧʨʘʚʠʣʦʤ. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʪʩʪʫʧʣʝʥʠʝ ʦʪ ʵʪʦʛʦ ʧʨʘ-

ʚʠʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ (ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʧʨʠʨʦʜʝ) ʘʟʦʪʩʦʜʝʨ-

ʞʘʱʠʭ ʛʨʫʧʧʠʨʦʚʦʢ [11]. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʪʘʙʣʠʮ ʨʘʙʦʪʳ [11] ʧʦʢʘʟʳʚʘʝʪ, 

ʢʘʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʛʨʫʧʧʳ ʘʪʦʤʦʚ ʠʤʝʶʪ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʝ ʚʢʣʘʜʳ ʩʪʘʥʜʘʨʪʥʦʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ 

ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɺ ʩʦʦʪ-

ʚʝʪʩʪʚʠʝ ʩ ʧʨʠʥʮʠʧʦʤ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʵʪʠ 

ʛʨʫʧʧʠʨʦʚʢʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʦʣʞʥʳ ʥʘʢʘʧʣʠ-

ʚʘʪʴʩʷ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʚ ʚɻʦʣʶʮʠʠ. ʆʜʥʘʢʦ ʩʦ-

ʦʪʥʦʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʚ ʞʠʚʳʭ ʦʙʲʝʢ-

ʪʘʭ ʜʦʣʞʥʘ ʥʝʩʢʦʣʴʢʦ ʤʝʥʷʪʴʩʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯ-

ʥʳʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʧʨʠʙʣʠʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʤʝʪʦʜʘ [11] ʠ ʩʜʝʣʘʥʥʳʭ ʘʚʪʦʨʦʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʧʨʠʙʣʠʞʝʥʠʷ, ʦʪʤʝʯʝʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʭʦʜʝ ʵʚʦʣʶʮʠʠ. 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʟʜʘʝʪʩʷ ʚʧʝʯʘʪʣʝʥʠʝ, 

ʯʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʝʪʘʙʦʣʠʪʦʚ ʩʦʜʝʨʞʘʱʠʭ ʦʩʥʦʚ-

ʥʳʝ çʵʣʝʤʝʥʪʳ ʞʠʟʥʠè ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʵʚʦʣʶʮʠʠ 

ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ ʵʪʠʭ ʵʣʝ-

ʤʝʥʪʦʚ ʚ ʥʝʩʢʦʣʴʢʦ ʚʘʨʴʠʨʫʶʱʝʤʩʷ ʨʷʜʫ: H, N, P, 

C, S, O.  

ɺ ʮʝʣʦʤ ʧʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨ-

ʞʜʘʶʪ ʨʘʥʝʝ ʩʜʝʣʘʥʥʳʝ ʚʳʚʦʜʳ, ʯʪʦ ʚ ʵʚʦʣʶʮʠʠ ʠ 

ʧʨʠ ʩʪʘʨʝʥʠʠ ʞʠʚʳʭ ʩʫʱʝʩʪʚ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ 

ʙʠʦʤʘʩʩʳ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʦʛʘʱʘʶʪʩʷ 

ʘʟʦʪʦʤ ʠ ʦʙʝʜʥʷʶʪʩʷ ʚʦʜʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ 

ʧʨʠʥʮʠʧʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʘ. 

ʕʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʆ ʥʘʧʨʘʚʣʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ-

ʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝ-

ʥʠʷʭ ʪʘʢʞʝ ʤʦʞʥʦ ʩʫʜʠʪʴ ʥʘ ʧʨʠʤʝʨʝ ʤʝʪʠʣʠʨʦʚʘ-

ʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ. ɺ ʵʪʠʭ ʩʣʫ-

ʯʘʷʭ ʨʝʯʴ ʠʜʝʪ ʦ ʩʨʘʚʥʝʥʠʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ 

ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʪʠʧʥʳʭ, ʙʣʠʟʢʠʭ ʧʦ ʩʦ-

ʩʪʘʚʫ ʬʨʘʛʤʝʥʪʦʚ ʤʦʣʝʢʫʣ. ʊʘʢʦʝ ʩʨʘʚʥʝʥʠʝ ʩ ʭʦʨʦ-

ʰʠʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʜʦʣʞʥʦ ʩʦʛʣʘʩʦʚʳʚʘʪʴʩʷ ʩ ʩʦ-

ʧʦʩʪʘʚʣʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʳʭ ʩʪʨʫʢʪʫʨ. ʊʘʢ, ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʮʠʪʦʟʠʥʘ ʚ 

ʮʝʧʠ ɼʅʂ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʨʘʛ-

ʤʝʥʪʘ 5-ʤʝʪʠʣʮʠʪʦʟʠʥʘ: 

 

 
 

ʕʪʦ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʥʮʠʧʦʤ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʘ. ʆʥʦ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʭ ʩʫʧʨʘʤʦʣʝ-

ʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʚʢʣʶʯʘʶʱʠʭ ʬʨʘʛʤʝʥʪʳ 5-ʤʝ-

ʪʠʣʮʠʪʦʟʠʥʘ, ʢʦʪʦʨʳʝ ʭʠʤʠʯʝʩʢʠ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳ, 

ʥʝʞʝʣʠ ʬʨʘʛʤʝʥʪʳ ʮʠʪʦʟʠʥʘ. ʄʝʪʠʣʠʨʦʚʘʥʠʝ 

ʦʩʪʘʪʢʦʚ ʮʠʪʦʟʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ çʤʦʣʯʘ-

ʱʠʭè ʠʣʠ çʩʧʷʱʠʭè ʛʝʥʦʚ, ʯʪʦ, ʧʦ ʤʥʝʥʠʶ ʨʷʜʘ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʝʡ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʢʫ ʠ ʜʨʫʛʠʤ ʜʠʩ-

ʬʫʥʢʮʠʷʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ [12, 13]. ʀʟ-

ʚʝʩʪʥʳ ʫʪʚʝʨʞʜʝʥʠʷ, ʯʪʦ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʤʦʞʝʪ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʘʢ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʦʩʪʘʥʦʚʢʦʡ ʛʝʥʦʚ, ʚʳʟʳʚʘʶʱʠʝ ʦʧʫʭʦʣʠ [14]. ʇʨʦ-

ʪʠʚʦʨʝʯʠʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʣʝʛʢʦ ʦʙʲʷʩʥʠʪʴ ʝʩʣʠ ʧʨʠ-

ʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ 

ʨʘʢʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʥʘʨʫʰʝ-

ʥʠʡ ʤʝʪʘʙʦʣʠʟʤʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘ-

ʱʝʥʠʷʭ ʧʨʠʥʮʠʧ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʨʘʙʦʪʘʝʪ! 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʭʠʤʠʯʝʩʢʠ ʥʝʩʪʘʙʠʣʴʥʳʡ ʦʩʪʘʪʦʢ 

ʮʠʪʦʟʠʥʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʝʱʝ ʙʦʣʝ ʭʠʤʠʯʝʩʢʠ ʥʝ-

ʩʪʘʙʠʣʴʥʳʡ ʦʩʪʘʪʦʢ 5-ʤʝʪʠʣʮʠʪʦʟʠʥʘ, ʢʦʪʦʨʳʡ 

ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʪʘ-

ʙʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʚʦʡʥʦʡ ʩʧʠʨʘʣʠ ɼʅʂ:  

Cytosine 

C4H5N3O 

111.1 Daltons 

ȹfG'Á = 19.91 kcal/mol  [Latendresse13] 

 

 
 

5-methylcytosine 

C5H7N3O 

125.13 Daltons 

ȹfG'Á = 38.82 kcal/mol  [Latendresse13] 
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ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʤʝʜʣʝʥʠʷ ʩʪʘʨʝʥʠʷ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʤʝʪʠʣʠʨʦʚʘ-

ʥʠʷ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ. 

ʆʧʠʩʘʥʦ ʤʥʦʛʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʜʥʘʢʦ ʤʥʦʛʦʝ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ. 

ʅʘʧʨʠʤʝʨ, ʜʦʩʪʦʚʝʨʥʦ ʥʝʠʟʚʝʩʪʥʦ, ʤʦʛʫʪ ʣʠ ʛʘʟʳ ï 

ʢʦʤʧʦʥʝʥʪʳ ʘʪʤʦʩʬʝʨʳ ʚʣʠʷʪʴ ʥʘ ʵʪʠ ʠ ʜʨʫʛʠʝ ʧʦ-

ʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʝʚʨʘʱʝʥʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 

ʚʦʟʤʦʞʥʦʤʫ ʦʤʦʣʦʞʝʥʠʶ ʦʨʛʘʥʠʟʤʦʚ. ʉ ʧʦʟʠʮʠʠ 

ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʫʤʝʨʝʥʥʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʘʪʤʦʩʬʝʨʘ ʦʙʠʪʘ-

ʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʛʝʨʦʧʨʦʪʝʢʪʦʨʥʦʝ 

ʜʝʡʩʪʚʠʝ. ɽʱʝ ʚ 60-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʥʘʩʳ-

ʱʝʥʥʘʷ ʚʦʜʦʨʦʜʦʤ ʚʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʗʧʦʥʠʠ 

ʜʣʷ ʧʠʪʴʷ ʠ ʧʨʠ ʢʫʧʘʥʠʠ [15]. ʇʦʟʞʝ ʘʚʪʦʨ ʩ ʧʦʟʠ-

ʮʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʩʪʘʨʝʥʠʷ ʧʨʝʜʣʘ-

ʛʘʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʡ ʛʘʟʦʦʙʨʘʟʥʳʡ ʚʦ-

ʜʦʨʦʜ ʚ ʢʘʯʝʩʪʚʘ ʛʝʨʦʧʨʦʪʝʢʪʦʨʘ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ çʚʦʜʦʨʦʜʥʘʷ ʚʦʜʘè, ʘ ʪʘʢʞʝ 

ʩʝʨʦʚʦʜʦʨʦʜ [16, 17] ʧʨʦʜʣʝʚʘʶʪ ʟʜʦʨʦʚʫʶ ʞʠʟʥʴ, 

ʭʦʪʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

ʦʪʩʫʪʩʪʚʫʶʪ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʝʨʦʧʨʦʪʝʢʪʦʨ-

ʥʳʝ ʩʚʦʡʩʪʚʘ ʘʪʤʦʩʬʝʨʳ ʜʦʣʞʥʳ ʧʨʦʷʚʣʷʪʴʩʷ ʧʨʠ 

ʥʠʟʢʦʤ (ʦʧʪʠʤʘʣʴʥʦʤ) ʩʦʜʝʨʞʘʥʠʠ ʚ ʥʝʡ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʳʭ ʛʘʟʦʚ, ʢʦʛʜʘ ʦʨʛʘʥʠʟʤʳ ʤʦʛʫʪ ʘʜʦʧʪʠʨʦ-

ʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʳ, ʢʦʪʦʨʘʷ 

ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʧʝʨʚʠʯʥʦʡ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʟʝʤʣʠ. ʉʨʘʚʥʠ-

ʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʘʟʦʚ ï ʚʦʩʩʪʘʥʦʚʠʪʝ-

ʣʝʡ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʛʫʙʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʞʠʚʫ-

ʱʠʝ ʚ ʥʘʰʝ ʚʨʝʤʷ ʦʨʛʘʥʠʟʤʳ.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʘʥʜʘʨʪʥʘʷ ʩʚʦʙʦʜ-

ʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʥʝʢʦʪʦʨʳʭ ʥʝʩʪʘʙʠʣʴʥʳʭ ʚ ʬʠʟʠʦʣʦʛʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʷʭ ʛʘʟʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ, ʩ ʧʦ-

ʣʦʞʝʥʠʝʤ ʚʳʩʢʘʟʘʥʥʦʤ ʚ ʨʘʙʦʪʝ [5], ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʧʨʦʷʚʣʷʶʪ ʛʝʨʦʧʨʦʪʝʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ. ʉʜʝʣʘʥʥʳʝ 

ʟʘʢʣʶʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥʳ ʥʘ ʞʠʚʦʪʥʳʭ. 

ʆʜʥʘʢʦ ʧʨʝʜʩʢʘʟʘʪʴ, ʚʦʟʤʦʞʥʫʶ ʩʨʘʚʥʠʪʝʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʚʝʱʝʩʪʚ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʷʚʣʷ-

ʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʱʝʛʦʩʷ 

ʩʦʩʪʘʚʘ ʠ ʥʝ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʦʜʥʦʪʠʧʥʳʤʠ.  

ʊʘʙʣʠʮʘ 1. 

ʉʪʘʥʜʘʨʪʥʘʷ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝʢʦʪʦʨʳʭ ʛʘʟʦʚ 

(Standard Gibbs Free Energy of Formation, ȹfG'Á ; MetaCyc, Latendresse13). 

Name Chemical Formula Molecular Weight, Daltons ȹfG'Á , kcal/mol 

Hydrogen H2 2.016 24.75 

Oxygen O2 31.999 3.92 

Nitrogen N2 28.013 4.5 

Ammonia NH3 17.03 11.85 

Hydrogen sulfide H2S 34.076 13.88 

Methane CH4 16.043 32.77 

ʇʨʠʩʫʪʩʪʚʠʝ ʵʪʠʭ ʛʘʟʦʚ ʜʝʣʘʝʪ ʘʪʤʦʩʬʝʨʫ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ. 

ʀʥʪʝʨʝʩʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʘʢʪʠʚ-

ʥʳʤ ʛʘʟʦʤ ʘʪʤʦʩʬʝʨʳ ʷʚʣʷʝʪʩʷ ʦʢʠʩʴ ʘʟʦʪʘ, NO, 

ʭʦʪʷ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨ-

ʛʠʷ ɻʠʙʙʩʘ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʘ (ȹfG'Á = -

54,5 kcal/mol). ʆʜʥʘʢʦ ʦʢʠʩʴ ʘʟʦʪʘ, NO ʚ ʬʠʟʠʦʣʦ-

ʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚʩʝ ʞʝ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʘ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʜʚʫʦʢʠʩʴʶ ʘʟʦʪʘ, NO2 , ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʪʦ-

ʨʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ȹfG'Á = -65,9 

kcal/mol. ʇʦʜʦʙʥʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʝ-

ʨʝʭʦʜʝ ʦʪ NO ʢ NO2 ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʠʭ ʛʘʟʦʚ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. 

ʆʜʥʘʢʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚʝʣʠʯʠʥʳ ȹG 0 
298 ʧʦʣʦʞʠ-

ʪʝʣʴʥʳ [18]. 

ɽʱʝ ʨʘʟ ʦʪʤʝʪʠʤ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʩʦʧʦʩʪʘʚ-

ʣʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʘʟʦʚ ʘʪʤʦʩʬʝʨʳ ʷʚʣʷʶʪʩʷ 

ʚʝʩʴʤʘ ʢʘʯʝʩʪʚʝʥʥʳʤʠ, ʆʜʥʘʢʦ ʦʥʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫ-

ʯʘʷʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʝʥʜʝʥʮʠʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʚ ʦʪʢʨʳʪʳʭ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʭ ʩʠʩʪʝ-

ʤʘʭ. 

ʆʜʥʠʤ ʠʟ ʝʱʝ ʥʝ ʫʧʦʤʠʥʘʝʤʳʭ ʨʘʥʝʝ ʬʘʢʪʦʚ 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʪʝʦʨʠʶ ʩʪʘ-

ʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʘʙʣʶʜʝʥʠʷ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʩʪʘʨʝʶ-

ʱʠʭ ʢʣʝʪʦʢ ʦʤʦʣʘʞʠʚʘʝʪ ʦʨʛʘʥʠʟʤʳ. ʕʪʦ ʫʪʚʝʨ-

ʞʜʝʥʠʝ ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʘʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʥʘ 

ʢʨʳʩʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʪ ʠʥʪʝʥʩʠʚʥʳʡ ʧʦ-

ʠʩʢ ʩʝʥʦʣʠʪʠʢʦʚ ï ʣʝʢʘʨʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʪʝʥ-

ʮʠʘʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʩʝʥʝʩʮʝʥʪʥʳʝ ʢʣʝʪʢʠ, ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʳʚʘʶʪ ʩ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʩʪʘʨʝ-

ʥʠʷ [19]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʢʘʯʝʩʪʚʝʥʥʘʷ 

ʦʮʝʥʢʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʝʪʘʙʦ-

ʣʠʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʙʣʠʟʢʠʭ ʧʦ 

ʩʦʩʪʘʚʫ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʜʥʦʪʠʧ-

ʥʳʤʠ.  

ʅʘ ʧʨʦʩʪʳʭ ʧʨʠʤʝʨʘʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʜʝʡʩʪʚʝʥʥʦʩʪʴ ʧʨʠʥʮʠʧʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʘ, 

ʢʦʪʦʨʳʡ ʦʙʲʷʩʥʷʝʪ ʵʚʦʣʶʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦʤ, ʛʝʥʝʪʠʯʝʩʢʦʤ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʤ 

ʫʨʦʚʥʷʭ. ɺʳʩʢʘʟʘʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʚʣʠʷʥʠʠ ʭʠ-

ʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʘʪʤʦʩʬʝʨʳ ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʦʨʛʘʥʠʟʤʦʚ. ʆʪʤʝʯʝʥʦ, ʯʪʦ 

ʫʜʘʣʝʥʠʝ ʩʪʘʨʝʶʱʠʭ ʢʣʝʪʦʢ ʠ ʦʨʛʘʥʠʟʤʦʚ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʠʭ ʦʤʦʣʦʞʝʥʠʶ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʨʤʦʜʠ-

ʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ ʩʪʘʨʝʥʠʷ.  

P. S. ʅʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʘ-

ʙʦʪʘʭ ɻ.ʇ.ɻʣʘʜʳʰʝʚʘ ʚ ʦʙʣʘʩʪʠ ʵʚʦʣʶʮʠʦʥʥʦʡ ʪʝʨ-

ʤʦʜʠʥʘʤʠʢʠ ʥʘ ʭʦʨʦʰʝʤ ʘʥʛʣʠʡʩʢʦʤ (ʘʤʝʨʠʢʘʥ-

ʩʢʦʤ) ʷʟʳʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʜʝʩʷʪʢʘʭ ʩʪʘʪʝʡ ʚ ʵʥ-

ʮʠʢʣʦʧʝʜʠʠ EoHT ʘʤʝʨʠʢʘʥʩʢʠʤ ʠʥʞʝʥʝʨʦʤ Libb 

Thims [20]. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ Libb Thims, ʩʣʝ-

ʜʫʷ ʩʪʘʨʦʡ ʪʨʘʜʠʮʠʠ, ʥʘʟʳʚʘʝʪ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ 

çHuman moleculeè. ʕʪʦ ʞʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʫʢʘʟʘʥ-

ʥʳʡ ʘʚʪʦʨ ʠʩʧʦʣʴʟʫʝʪ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʨʫʛʠʤ 
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ʤʘʢʨʦʪʝʣʘʤ ʠ ʦʙʲʝʢʪʘʤ. ʆʜʥʘʢʦ ʪʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʝ, ʢʘʢ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʚʨʝ-

ʤʝʥʥʦʡ ʥʘʫʢʝ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ 

ʚʩʝ ʤʦʛʣʦ ʙʳ ʩʪʘʪʴ ʥʘ ʩʚʦʠ ʤʝʩʪʘ, ʝʩʣʠ ʪʝʨʤʠʥ 

çHuman moleculeè ʟʘʤʝʥʠʪʴ ʥʘ óHuman çmoleculeèô, 

ʛʜʝ ʪʝʨʤʠʥ çʤʦʣʝʢʫʣʘè ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʝʨʝʥʦʩʥʦʤ, 

ʠʥʦʩʢʘʟʘʪʝʣʴʥʦʤ, ʤʝʪʘʬʦʨʠʯʝʩʢʦʤ ʩʤʳʩʣʝ. 

ʇʨʠʣʦʞʝʥʠʝ 

ʅʝʢʦʪʦʨʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʝ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʞʠʟʥʠ, ʝʝ ʵʚʦʣʶʮʠʠ ʠ ʩʪʘʨʝʥʠʷ ʞʠʚʳʭ ʩʫʱʝʩʪʚ 

[10]. 

ɿʘʢʦʥ ʚʨʝʤʝʥʥʳʭ ʠʝʨʘʨʭʠʡ (the law of 

temporal hierarchies) ð ʦʙʱʠʡ ʟʘʢʦʥ ʧʨʠʨʦʜʳ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʵʤʧʠʨʠʯʝʩʢʠ, ʫʪʚʝʨʞʜʘʶʱʠʡ, ʯʪʦ 

ʚʨʝʤʝʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʦʙʲʝʢʪʦʚ ʞʠʚʦʛʦ ʤʠʨʘ ʷʚʣʷʶʪʩʷ ʥʝʩʦʠʟʤʝʨʠʤʳʤʠ 

ʠ ʦʙʨʘʟʫʶʪ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʨʷʜʳ ʩʠʣʴʥʳʭ ʥʝʨʘ-

ʚʝʥʩʪʚ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʩʝ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʪʨʫʢ-

ʪʫʨʳ ʞʠʚʦʛʦ ʤʠʨʘ ʩʦʧʦʜʯʠʥʝʥʦ (ʠʝʨʘʨʭʠʯʝʩʢʠ) 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʦʙʣʘʜʘʶʪ ʠʝʨʘʨʭʠʝʡ 

ʭʘʨʘʢʪʝʨʥʳʭ ʚʨʝʤʝʥ ʞʠʟʥʠ.  

ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ (the hierar-

chical thermodynamics) ð ʩʦʚʨʝʤʝʥʥʘʷ ʪʝʨʤʦʜʠ-

ʥʘʤʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ï ʚʝʪʚʴ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠ-

ʥʘʤʠʢʠ, ʢʦʪʦʨʘʷ ʠʟʫʯʘʝʪ ʩʣʦʞʥʳʝ ʛʝʪʝʨʦʛʝʥʥʳʝ ʭʠ-

ʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʦʪʢʨʳʪʳʝ ʩʠʩʪʝʤʳ, ʦʙʤʝʥʠʚʘʶʱʠʝʩʷ ʩʦ ʩʨʝʜʦʡ ʚʝ-

ʱʝʩʪʚʦʤ ʠ ʵʥʝʨʛʠʝʡ. ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘ-

ʤʠʢʘ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʢʦʡ ʩʠʩʪʝʤ, ʙʣʠʟʢʠʭ ʢ 

ʩʦʩʪʦʷʥʠʶ ʨʘʚʥʦʚʝʩʠʷ, ʢʦʛʜʘ ʬʫʥʢʮʠʠ ʩʦʩʪʦʷʥʠʷ 

ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʠʤʝʶʪ ʨʝʘʣʴʥʳʡ ʬʠʟʠ-

ʯʝʩʢʠʡ ʩʤʳʩʣ. ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʷʚʣʷ-

ʝʪʩʷ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘ-

ʤʠʢʦʡ, ʩʦʟʜʘʥʥʦʡ ʥʘ ʬʫʥʜʘʤʝʥʪʝ ʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨ-

ʤʦʜʠʥʘʤʠʢʠ ɼʞ. ʋ. ɻʠʙʙʩʘ. ʆʩʥʦʚʳ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ɻ.ʇ. ɻʣʘʜʳʰʝʚʳʤ 

ʚ 1977 ʛʦʜʫ. 

ʇʨʠʥʮʠʧ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʘ (the 

principle of substance stability) ʠʣʠ ʧʨʠʥʮʠʧ ʦʙʨʘʪ-

ʥʳʭ ʩʚʷʟʝʡ ʚ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʦʧʠʩʳ-

ʚʘʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʚʩʝʤʠ ʩʤʝʞ-

ʥʳʤʠ ʠʝʨʘʨʭʠʷʤʠ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʤʘʪʝʨʠʠ. ʇʨʠʥ-

ʮʠʧ ʚʧʝʨʚʳʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥ  

ɻ.ʇ. ɻʣʘʜʳʰʝʚʳʤ ʚ 1977 ʛʦʜʫ. ʊʝʨʤʦʜʠʥʘ-

ʤʠʢʘ ʩʪʘʨʝʥʠʷ ʞʠʚʳʭ ʩʫʱʝʩʪʚ (ʠʣʠ ʪʝʨʤʦʜʠʥʘ-

ʤʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʩʪʘʨʝʥʠʷ) ʠʟʫʯʘʝʪ ʷʚʣʝʥʠʝ ʩʪʘ-

ʨʝʥʠʷ ʦʙʲʝʢʪʦʚ ʞʠʚʦʛʦ ʤʠʨʘ ʩ ʧʦʟʠʮʠʠ ʠʝʨʘʨʭʠʯʝ-

ʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʦʨʠʷ 

ʩʪʘʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʦʙʱʝʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʪʝʦʨʠʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʞʠʟʥʠ, ʝʝ ʵʚʦʣʶʮʠʠ ʠ 

ʩʪʘʨʝʥʠʷ. 

ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʞʠʟʥʠ ʚʳ-

ʷʚʣʷʝʪ ʜʚʠʞʫʱʫʶ ʩʠʣʫ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʵʚʦʣʶ-

ʮʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʭʠʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʚ ʙʠʦʣʦʛʠ-

ʯʝʩʢʫʶ ʵʚʦʣʶʮʠʶ. ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʦʪʚʝʯʘʝʪ ʥʘ ʚʦ-

ʧʨʦʩ: çʧʦʯʝʤʫ  

ʚʦʟʥʠʢʘʝʪ ʞʠʟʥʴ?è 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʵʚʦ-

ʣʶʮʠʦʥʥʦʡ ʩʧʠʨʘʣʠ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʜʝʡ, ʩʚʷʟʳ-

ʚʘʶʱʠʭ ʵʚʦʣʶʮʠʶ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʫ. ʉʧʠʨʘʣʴ ʵʚʦ-

ʣʶʮʠʠ ʦʪʦʙʨʘʞʘʝʪ ʧʫʪʴ ʨʘʟʚʠʪʠʷ ʧʨʠʨʦʜʥʳʭ ʩʠ-

ʩʪʝʤ ʚʦ ʚʨʝʤʝʥʠ. ʆʙʳʯʥʦ ʩʯʠʪʘʶʪ, ʯʪʦ ʵʚʦʣʶʮʠʷ 

ʭʠʤʠʯʝʩʢʠʭ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫ-

ʛʠʭ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʩʧʠʨʘʣʠ, ʢʦ-

ʪʦʨʘʷ ʩʭʝʤʘʪʠʯʥʦ ʦʪʦʙʨʘʞʘʝʪ ʥʘʧʨʘʚʣʝʥʥʳʝ ʮʠʢʣʠ-

ʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʧʦʷʚʣʝʥʠʝʤ 

ʥʦʚʳʭ ʩʚʦʡʩʪʚ ʫ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ.  
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Abstract 

The article is devoted to the study of the influence of synthesis conditions on the structure of aqueous solutions 

of lithium silicates of varying chemical composition, obtained on the basis of silica gel and solutions of lithium 

hydroxide. In this work, the optimal conditions for the synthesis of lithium silicate solutions were determined and 

the primary explanations of the processes leading to a change in the structure of the solution were given. 
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ʚʠʯʥʳʝ ʦʙʲʷʩʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʘ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʪʚʦʨʠʤʳʝ ʩʠʣʠʢʘʪʳ ʣʠʪʠʷ; ʨʘʩʪʚʦʨʠʤʳʝ ʣʠʪʠʝʚʳʝ ʩʪʸʢʣʘ; ʩʠʥʪʝʟ ʨʘʩʪʚʦʨʠʤʳʭ 

ʩʠʣʠʢʘʪʦʚ ʣʠʪʠʷ; ʣʠʪʠʝʚʳʝ ʞʠʜʢʠʝ ʩʪʸʢʣʘ; ʩʪʨʫʢʪʫʨʘ ʨʘʩʪʚʦʨʦʚ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʠʪʠʝʚʳʝ ʞʠʜʢʠʝ ʩʪʸʢʣʘ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦ 

ʚʩʤy ʤʠʨʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʠʟʫ-

ʯʝʥʳ.  

ʃʠʪʠʝʚʳʝ ʞʠʜʢʠʝ ʩʪʸʢʣʘ ʷʚʣʷʶʪʩʷ ʚʷʞʫʱʠʤ 

ʚʝʱʝʩʪʚʦʤ ʚ ʨʘʟʣʠʯʥʳʭ ʟʘʱʠʪʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥ-

ʥʳʭ ʧʦʢʨʳʪʠʷʭ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤʠ ʦʪ-

ʣʠʯʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʩʪʝʢʣʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

LiOH ï SiO2 ï H2O: ʚʳʩʦʢʘʷ ʪʝʨʤʦʫʩʪʦʡʯʠʚʦʩʪʴ (ʜʦ 

900 ʦʉ), ʢʦʨʨʦʟʠʦʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʦʯʝʥʴ ʭʦʨʦ-

ʰʘʷ ʘʜʛʝʟʠʷ ʢ ʤʝʪʘʣʣʘʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ 

ʙʝʟ ʛʨʫʥʪʦʚʦʯʥʦʛʦ ʩʣʦʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʜʠʘʮʠʦʥ-

ʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʬʠʟʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉʦʚʦʢʫʧ-

ʥʦʩʪʴ ʚʩʝʭ ʵʪʠʭ ʩʚʦʡʩʪʚ, ʜʝʣʘʝʪ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩ-

ʥʦʚʝ ʣʠʪʠʝʚʳʭ ʞʠʜʢʠʭ ʩʪʸʢʦʣ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʳʤʠ 

ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ï ʘʚ-

ʪʦʤʦʙʠʣʝ-, ʩʘʤʦʣʝʪʦ-, ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʠ, ʚ ʢʦʩʤʠʯʝ-

ʩʢʦʡ ʠ ʚʦʝʥʥʦʡ ʦʪʨʘʩʣʷʭ. 

ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʙʝʟʚʦʜʥʳʭ ʩʠʣʠʢʘʪʦʚ ʣʠʪʠʷ 

ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʩʠʣʠʢʘʪʦʚ ʥʘʪʨʠʷ ʠ ʢʘ-

ʣʠʷ, ʩʦʩʪʦʠʪ ʚ ʠʭ ʥʝʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ. ʇʨʠ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʦʜʦʡ ʦʥʠ ʨʘʟʣʘʛʘʶʪʩʷ. ʕʪʦ ʜʝʣʘʝʪ 

ʥʝʚʦʟʤʦʞʥʳʤ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʪʘ-

ʸʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʚʘʨʠʘʥʪ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʢʨʝʤʥʝʟʸʤʘ ʩ ʨʘʩʪʚʦʨʦʤ ʣʠʪʠʝʚʦʡ ʱʸ-

ʣʦʯʠ, ʦʜʥʘʢʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʨʫʛʦʝ ʠʥ-

ʪʝʨʝʩʥʦʝ ʷʚʣʝʥʠʷ ʩʚʦʡʩʪʚʝʥʥʦʝ ʪʦʣʴʢʦ ʩʠʩʪʝʤʝ 

LiOH ï SiO2 ï H2O, ʘ ʠʤʝʥʥʦ ʦʙʨʘʪʥʘʷ ʧʦ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʷʤʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʱʝʣʦʯʠ ʩ ʢʨʝʤʥʝʟʝʤʦʤ ʚʳʧʘʜʘʝʪ ʪʚʸʨʜʘʷ 

ʘʤʦʨʬʥʘʷ ʬʘʟʘ, ʩʣʦʞʝʥʥʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʤʝ-

ʪʘʩʠʣʠʢʘʪʘ ʣʠʪʠʷ, ʢʦʪʦʨʳʡ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʧʦʩʦʙʝʥ 

ʢ ʛʠʜʨʦʣʠʟʫ, ʩ ʧʦʚʪʦʨʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʢʨʝʤʥʝʛʝʣʷ 

ʠ ʛʠʜʨʦʢʩʠʜʘ ʣʠʪʠʷ [1, 2].  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝ-

ʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ ʣʠʪʠʝʚʦʛʦ ʞʠʜʢʦʛʦ 

ʩʪʝʢʣʘ ʠ ʝʛʦ ʘʥʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ Li 2O/SiO2, ʜʦʣʝ ʩʠʣʠʢʘʪʦʚ ʠ ʠʩʭʦʜ-

ʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʱʝʣʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʩʠʥʪʝʟʘ ʥʘʤʠ ʙʳʣ ʚʳʙʨʘʥ 

ʨʝʘʢʪʠʚʥʳʡ ʛʝʣʴ ʢʨʝʤʥʝʚʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʡ 

ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʠ ʨʘʩʪʚʦʨʳ ʛʠʜʨʦʢʩʠʜʘ 

ʣʠʪʠʷ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʝʨʠʚʘ-

ʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʪʝʭʠʦ-

ʤʝʪʨʠʷ ʩʦʝʜʠʥʝʥʠʷ ð SiO2Ā0,58H2O. ʉʘʤ ʩʠʥʪʝʟ 

ʧʨʦʠʩʭʦʜʠʣ ʧʦ ʦʜʥʦʩʪʘʜʠʡʥʦʤʫ ʩʧʦʩʦʙʫ, ʧʨʠ ʘʪʤʦ-

ʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 70 ï 75 ʦʉ ʚ ʪʝʯʝ-

ʥʠʠ 8-ʤʠ ʯʘʩʦʚ, ʩ ʦʪʙʦʨʦʤ ʧʨʦʙ ʢʘʞʜʳʝ 2 ʯʘʩʘ. ʋʚʝ-

ʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʝʨʭ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʠʚʦ-

ʜʠʪ ʢ ʚʳʧʘʜʝʥʠʶ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʜʘʣʴʥʝʡʰʝʤʫ ʩʠʥʪʝʟʫ. 

ɼʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʠʣʠʢʘʪʦʚ ʣʠ-

ʪʠʷ ʦʧʨʝʜʝʣʷʣʠ ʩʠʣʠʢʘʪʥʳʡ ʤʦʜʫʣʴ, ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʩʠʣʠʢʘʪʘ, ʧʣʦʪʥʦʩʪʴ ʠ ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʳʭ ʘʥʠʦʥʦʚ (ʂʂɸ) ʧʦ ʩʪʝʧʝʥʠ ʠʭ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʠ 

ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʘ. ʆʩʥʦʚʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʠʦʥ-

ʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜʥʳʭ ʩʠʣʠʢʘʪʦʚ ʣʠʪʠʷ ʙʳʣ ʤʝʪʦʜ 

ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʣʠʙ-

ʜʘʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʧʠʨʘʶʱʝʛʦʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩ-

ʪʚʦʨʘ ʞʝʣʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢʨʝʤʥʝʤʦʣʠʙʜʝʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʤʦ-

ʥʦʤʝʨʥʳʭ ʘʥʠʦʥʦʚ [SiO4]4- ʩ ʤʦʣʠʙʜʝʥʦʚʦʡ ʢʠʩʣʦ-

ʪʦʡ [3 ï 5]. ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʪʝʧʝʥʴ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʢʨʝʤʥʝ-ʢʠʩʣʦʨʦʜʥʳʭ ʘʥʠʦʥʦʚ 

(ʂʂɸ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʢʦʨʦʩʪʠ ʠʭ ʧʦʣʥʦʡ ʜʝʧʦʣʠ-

ʤʝʨʠʟʘʮʠʠ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ʂʠʥʝʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝ-

ʥʠʷ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʦʧʠ-

ʩʘʥʳ [4 - 8], ʘ ʩʘʤʦ ʧʦʩʪʨʦʝʥʠʝ ʤʘʩʩ-ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʝʤʥʝ-ʢʠʩʣʦʨʦʜʥʳʭ ʘʥʠʦʥʦʚ 

(ʄʄʈ ʂʂɸ) ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦ-

ʛʨʘʤʤʳ çSIKIMè ʦʧʠʨʘʶʱʝʡʩʷ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʥʘ 

ʫʨʘʚʥʝʥʠʝ ɺʠʢʢʝʨʘ-ʍʸʙʙʝʣʷ.  

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʨʘʙʦʪʳ ʙʳʣʦ ʚʳʷʚʣʝʥʠʝ ʚʣʠʷ-

ʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ LiOH ʥʘ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʘ. ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ, ʥʘʤʠ 

ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʘʪʨʠʮʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʢʦʦʨʜʠʥʘ-

ʪʘʭ çʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʪʥʦʰʝʥʠʝ Li 2O/SiO2 ï ʧʣʦʪ-

ʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ LiOHè. ɺ ʭʦʜʝ ʩʠʥʪʝʟʦʚ 

ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʝʩʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʯʸʪʢʦ ʦʯʝʨʯʝʥʥʘʷ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʛʦ ʩʠʥʪʝʟʘ ï 

ʢʦʛʜʘ ʚʝʩʴ ʢʨʝʤʥʝʟʸʤ ʨʘʩʪʚʦʨʷʝʪʩʷ ʠ ʦʙʣʘʩʪʴ ʥʝ-

ʫʩʪʦʡʯʠʚʦʛʦ ʩʠʥʪʝʟʘ ï ʢʦʛʜʘ ʨʝʘʢʮʠʷ ʠʜʸʪ ʩʣʠʰʢʦʤ 

ʤʝʜʣʝʥʥʦ, ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʵʪʠʭ ʦʙʣʘʩʪʝʡ 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.  

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʭʦʜʝ ʦʭʣʘʞʜʝʥʠʷ ʩʠ-

ʩʪʝʤʳ ʧʦʩʣʝ ʚʘʨʢʠ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʚʦʙʦʜʥʦʡ 

ʚʦʜʳ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʣʴʚʘʪʥʳʭ 

ʦʙʦʣʦʯʝʢ ʚʦʢʨʫʛ ʂʂɸ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʣ-

ʥʦʤʫ ʛʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ (ʵʪʘ ʦʙʣʘʩʪʴ ʦʪʩʝʯʝʥʘ ʥʘ 

ʨʠʩ. 1), ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʝʜʦʧʫʩʪʠʤʦ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʟʫʣʴʪʘʪʳ, ʦʪʥʦʩʷʱʠ-

ʝʩʷ ʢ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ (ʨʠʩ. 1).  
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ʈʠʩʫʥʦʢ 1. ʆʙʣʘʩʪʴ ʩʠʥʪʝʟʦʚ ʚ ʢʦʦʨʜʠʥʘʪʘʭ çʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʪʥʦʰʝʥʠʝ Li2O/SiO2 ï ʧʣʦʪʥʦʩʪʴ ʠʩʭʦʜ-

ʥʦʛʦ ʨʘʩʪʚʦʨʘ LiOHè 

 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʂɸ ʜʣʷ ʩʦ-

ʩʪʘʚʦʚ, ʣʝʞʘʱʠʭ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʙʳʣʠ ʚʟʷʪʳ ʪʦʯʢʠ ʢʦʥʮʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ 

ʠ ʤʦʤʝʥʪʘ ʚʳʢʣʶʯʝʥʠʷ ʧʝʨʝʤʝʰʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡ-

ʩʪʚʘ; ʠ ʪʦʯʢʠ ʧʦʣʥʦʛʦ ʦʩʪʳʚʘʥʠʷ ʠ ʦʪʩʪʘʠʚʘʥʠʷ, ʪ.ʝ. 

ʯʝʨʝʟ 12 ʯʘʩʦʚ ʧʦʩʣʝ ʢʦʥʮʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳ-

ʜʝʨʞʢʠ. ʉʦʩʪʘʚʳ, ʣʝʞʘʱʠʝ ʚʳʰʝ ʛʨʘʥʠʮʳ ʛʝʣʠʨʦ-

ʚʘʥʠʷ, ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʪ.ʢ. ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʟ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ ʦʥʠ ʨʘʟʙʘʚʣʷʣʠʩʴ ʚʦʜʦʡ, ʯʪʦ 

ʠʩʢʘʟʠʣʦ ʧʦʣʠʤʝʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʚʦʨʦʚ. 

ʅʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3 ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʢʣʘʜʳʚʘ-

ʶʪʩʷ ʟʥʘʯʝʥʠʷ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʦʪ ʩʪʝʧʝʥʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʬʨʘʢʮʠʡ ʂʂɸ, ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ï 

ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʡ ʬʨʘʢʮʠʠ ʧʦ ʤʘʩʩʝ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʜ ʩʪʦʣʙʮʘʤʠ, ʜʣʷ ʫʜʦʙʩʪʚʘ, 

ʧʨʠʚʝʜʝʥʘ ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʜʘʥʥʦʡ ʬʨʘʢ-

ʮʠʠ. 

 

 
ʈʠʩ.2  

ʇʦʣʠʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʠʣʠʢʘʪʦʚ ʣʠʪʠʷ ʥʘ ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʠʷ ʩʠʥʪʝʟʘ.  

ʇʣʦʪʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ LiOH ï 1,023 ʛ/ʩʤ3: ʘ ï ʦʪʥʦʰʝʥʠʝ SiO2/Li2O ï 4;  ʙ ï ʦʪʥʦʰʝʥʠʝ 

SiO2/Li2O ï 5; ʇʣʦʪʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ LiOH ï 1,043 ʛ/ʩʤ3: ʚ ï ʦʪʥʦʰʝʥʠʝ SiO2/Li2O ï 4; ʛ ï ʦʪʥʦ-

ʰʝʥʠʝ SiO2/Li2O ï 5; ʇʣʦʪʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ LiOH ï 1,065 ʛ/ʩʤ3: ʜ ï ʦʪʥʦʰʝʥʠʝ SiO2/Li2O ï 4; ʝ 

ï ʦʪʥʦʰʝʥʠʝ SiO2/Li2O ï 5; ʞ ï ʦʪʥʦʰʝʥʠʝ SiO2/Li2O ï 6; ʇʣʦʪʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ LiOH ï 1,084 

ʛ/ʩʤ3: ʟ ï ʦʪʥʦʰʝʥʠʝ SiO2/Li2O ï 4; ʠ ï ʦʪʥʦʰʝʥʠʝ SiO2/Li2O ï 5 
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ɸʥʘʣʠʟ ʛʠʩʪʦʛʨʘʤʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʂɸ ʧʦʟʚʦ-

ʣʠʣ ʚʳʷʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʪʝʥʜʝʥʮʠʠ: ʦʙʱʝʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʩʘʤʦʡ ʚʳʩʦʢʦʧʦʣʠʤʝʨʥʦʡ ʬʨʘʢʮʠʠ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʤʝʥʷʝʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʧʨʝʜʝʣʝ 55 ï 75 

%, ʥʦ ʩʤʝʱʝʥʦ ʚ ʦʩʥʦʚʥʦʤ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʟʥʘ-

ʯʝʥʠʡ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

SiO2/Li 2O (ʩʠʣʠʢʘʪʥʦʛʦ ʤʦʜʫʣʷ) ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ 

SiO2 ʝʸ ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʟʜʝ, 

ʫʜʚʘʠʚʘʝʪʩʷ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʣʠʰʴ ʩʘʤʳʝ 

ʨʘʟʙʘʚʣʝʥʥʳʝ ʩʦʩʪʘʚʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʨʘʩ-

ʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʣʠʪʠʷ ʩ ʧʣʦʪʥʦʩʪʴʶ 1,023 ʛ/ʩʤ3. 

ʉʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ çʦʣʠʛʦʤʝʨʥʦʡè ʩʦʩʪʘʚʣʷ-

ʶʱʝʡ, ʩ ʜʣʠʥʦʡ ʮʝʧʠ 5 ï 30 ʝʜʠʥʠʮ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʤʦʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ SiO2/Li 2O, ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ, ʦʜʥʘʢʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʦʩʠʪ ʭʘʨʘʢʪʝʨ çʜʠʩʧʨʦ-

ʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷè ʠ ʥʘʧʨʘʚʣʝʥ ʙʦʣʴʰʝ ʥʘ ʫʚʝʣʠʯʝ-

ʥʠʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʬʨʘʢʮʠʠ, ʘ ʥʝ ʥʘ ʝʸ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʳʡ ʨʦʩʪ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦ-

ʨʦʚ, ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʞʠʜʘʝʤʦ ʚʦʟʨʘʩʪʘʝʪ, 

ʦʜʥʘʢʦ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʩ ʙʣʠʟʢʦʡ ʧʣʦʪʥʦ-

ʩʪʴʶ ʟʘʤʝʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʨʦʩʪʘ ʩʪʝ-

ʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʚʩʸ ʞʝ 

ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʩʠʣʠʢʘʪʥʦʛʦ ʤʦʜʫʣʷ, ʘ ʥʝ 

ʜʦʣʠ ʩʠʣʠʢʘʪʦʚ ʚ ʥʠʭ. 

ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʥʪʝʟʘ ʷʚ-

ʣʝʥʠʝ çʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷè ʧʨʦʷʚʣʷʝʪʩʷ ʝʱʸ 

ʩʠʣʴʥʝʝ (ʨʠʩ. 3). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʟʷʪ ʩʦʩʪʘʚ ʩ 

ʤʦʣʴʥʳʤ ʦʪʥʦʰʝʥʠʝʤ SiO2/Li 2O = 6, ʧʦʣʫʯʝʥʥʦʛʦ 

ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʚʦʨʘ LiOH ʩ ʧʣʦʪʥʦʩʪʴʶ 1,065 ʛ/ʩʤ3. 

ʇʦʜʦʙʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʚʩʝʭ ʧʨʦ-

ʯʠʭ ʩʦʩʪʘʚʦʚ. 

 

 
ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩ-ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʝʤʥʝ-ʢʠʩʣʦʨʦʜʥʳʭ ʘʥʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ 

ʩʠʣʠʢʘʪʘ ʣʠʪʠʷ ʩ ʤʦʣʴʥʳʤ ʦʪʥʦʰʝʥʠʝʤ SiO2/Li2O = 6, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʚʦʨʘ LiOH ʩ ʧʣʦʪʥʦ-

ʩʪʴʶ 1,065 ʛ/ʩʤ3. 

ʘ ï 2 ʯʘʩʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ; ʙ ï 4 ʯʘʩʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ; ʚ ï 6 ʯʘʩʦʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʚʳʜʝʨʞʢʠ; ʛ ï 8 ʯʘʩʦʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ; ʜ ï 12 ʯʘʩʦʚ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʩʠʥʪʝʟʘ. 

 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʪʦʷʥʥʦʝ ʩʤʝʱʝʥʠʝ çʦʣʠʛʦʤʝʨʥʦʡè ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ʇʨʠʯʸʤ ʧʨʦʠʩʭʦʜʠʪ ʠʤʝʥʥʦ ʦʙʤʝʥ ʤʝʞʜʫ ʬʨʘʢʮʠ-

ʷʤʠ, ʘ ʥʝ ʠʭ ʧʨʷʤʦʝ ʩʣʠʷʥʠʝ. ʇʨʦʮʝʩʩ ʠʜʸʪ ʩʪʫʧʝʥ-

ʯʘʪʦ, ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʘʩʩʠʚʥʳʭ ʩʪʨʫʢʪʫʨ, ʩ ʧʦ-

ʩʣʝʜʫʶʱʝʡ ʠʭ ʧʝʨʝʩʪʨʦʡʢʦʡ ʠ ʯʘʩʪʠʯʥʳʤ ʨʘʟʨʫʰʝ-

ʥʠʝʤ. ʅʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʨʘʩʪʚʦʨ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʚ ʧʝʨʚʳʝ 4 ʯʘʩʘ ʩʠʥʪʝʟʘ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʪʚʸʨ-

ʜʦʛʦ ʢʨʝʤʥʝʟʸʤʘ ʚ ʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ. ʉʣʝʜʫʝʪ ʦʪ-

ʤʝʪʠʪʴ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʤʘʣʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʥʪʝʟʘ ʚ 

ʨʘʩʪʚʦʨʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚʳʩʦʢʦʧʦʣʠʤʝʨʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʠ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʝʭʦʜ ʢʨʝʤʥʝʟʝʤʘ ʚ ʨʘʩʪʚʦʨ 

ʠʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʤʠ ʙʣʦʢʘʤʠ. ɼʘʣʝʝ, ʧʨʦʠʩ-

ʭʦʜʠʪ ʠʤʝʥʥʦ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ [SiO4]4- 

ʘʥʠʦʥʦʚ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʪʝʥʜʝʥ-

ʮʠʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʤʘʩʩʳ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʩʠʥʪʝʟʘ ʠ ʚʳʜʝʨʞʠʚʘ-

ʥʠʷ ʨʘʩʪʚʦʨʘ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʩʚʷʟʘʥ ʩ ʩʘʤʦʫʧʦ-

ʨʷʜʦʯʠʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʧʦʩʣʝ ʩʥʷʪʠʷ ʠʥʪʝʥʩʠʚ-

ʥʳʭ ʩʜʚʠʛʦʚʳʭ ʥʘʛʨʫʟʦʢ, ʚʳʟʚʘʥʥʳʭ ʧʝʨʝʤʝʰʠʚʘ-

ʥʠʝʤ ʠ ʩʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʨʘʢʮʠʡ ʩʥʠʞʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʟʘ ʩʯʝʪ. 

ʇʨʠ ʵʪʦʤ ʩʘʤ ʨʘʩʪʚʦʨ ʩʠʣʴʥʦ ʦʧʘʣʠʩʮʠʨʫʝʪ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʘʛʘʪʴ ʝʛʦ ʤʠʮʝʣʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʦ ʵʪʦ 

ʫʪʚʝʨʞʜʝʥʠʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʳ ʦʙ-

ʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʩʠʥʪʝʟʘ ʞʠʜ-

ʢʠʭ ʣʠʪʠʝʚʳʭ ʩʪʝʢʦʣ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʦʩʥʦʚʝ ʛʝʣʷ 

ʢʨʝʤʥʝʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʨʢʠ 70 ï 75 
ʦʉ. ʋʩʪʘʥʦʚʣʝʥʳ ʩʘʤʳʝ ʦʙʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʥʠʦʥ-

ʥʦʛʦ ʩʪʨʦʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʩʠʣʠʢʘʪʦʚ ʣʠʪʠʷ ʦʪ ʫʩʣʦ-

ʚʠʡ ʠʭ ʧʦʣʫʯʝʥʠʷ ʠ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʢʘ ʠʟ-

ʤʝʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʝʤʥʝ-ʢʠʩʣʦʨʦʜʥʳʭ ʘʥʠʦ-

ʥʦʚ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ. ʅʦʤʝʨ ʧʨʦʝʢʪʘ 001-

2018. 
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Abstract 

The aim of the study was to study the dynamics of changes in the state of cognitive function on the FAB scale 

in patients after surgery using general anesthesia on the background of neuroprotective therapy. The dynamics of 

changes in the state of cognitive function in patients after surgery using general anesthesia on the background of 

neuroprotective therapy were examined in 126 patients. Patients on the background of standard postoperative ther-

apy added neuroprotective drug according to the scheme. 

In patients of young and middle age, the dynamics of recovery and improvement of the state of cognitive 

function were observed on the background of neuroprotective therapy more quickly for 7 days. During the month, 

the improvement in patients of middle age was stored for 7 days for up to 30 days, and in patients of young and 

old age it improved further. The resulting changes in cognitive function against the background of neuroprotective 

therapy, according to the results of this test, are possibly related to the age-related features of the plasticity of 

cognitive function and the depletion of compensatory abilities.  

 

Keywords: anesthesia, cognitive function, neurology, general anesthesia. 

 

Postoperative cognitive dysfunction is an emerg-

ing cognitive disorder that develops early and persists 

in the late postoperative period. Clinically, this condi-

tion manifests itself in the form of memory impairment, 

impaired concentration of attention, and impairment of 

other higher functions of the cerebral cortex [1]. 

In clinical studies, it was found that when using 

general anesthesia, there are changes in brain perfusion, 

intracranial hypertension, other disorders of the brain, 

as a consequence of the use of drugs for anesthesia. 

Such actions may cause further the occurrence of vari-

ous and varying degrees of violations of higher brain 

function. So, in the early postoperative period, cogni-

tive dysfunction is determined in approximately 30% of 

surgical interventions performed using general anesthe-

sia, and continues to be observed for three months in 

10% of patients [2-10]. 

In general, cognitive dysfunction is associated 

with the integrative activity of the brain. The most sub-

tle and important functions and the main ones, which 

help to carry out the rational awareness of the world, 

are understood as cognitive functions [2]. 

Knowledge of the question of the mechanisms of 

theories is important in the development and improve-

ment of general anesthesia schemes, determining the 

doses and ratios of drugs to achieve a minimum toxic 

effect. This is also achieved by obtaining knowledge on 

the effects of general anesthesia, taking into account 

cellular molecular mechanisms. Based on this, the au-

thors developed a biochemical theory [11]. 

In the pathogenesis of the occurrence of cognitive 

dysfunction, in the postoperative period, the main fac-

tors of general anesthesia are distinguished: metabolic, 

hemorheological, hypoxic, toxic. 

The aim of the study was to study the dynamics of 

changes in the state of cognitive function on the FAB 

scale in patients after surgery using general anesthesia 

on the background of neuroprotective therapy. 

The study was conducted in the surgical depart-

ments of various profiles on the basis of the Kharkiv 

City Clinical Hospital of Emergency and Emergency 

Medical Care. prof. A.I. Meshchaninov. All patients 

underwent standard intravenous premedication. Sur-

gery was performed under conditions of general multi-

component anesthesia with artificial ventilation of the 
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lungs using propofol and fentanyl, sodium thiopental 

and fentanyl. 

The dynamics of changes in the state of cognitive 

function in patients after surgery using general anesthe-

sia on the background of neuroprotective therapy were 

examined in 126 patients. 

Patients on the background of standard postopera-

tive therapy added neuroprotective drug according to 

the scheme. 

The duration of the operation is 89.6 Ñ 31.2, age 

from 18 to 80 years. 

Group 1 (n = 43) - young patients (18-44 years); 

mean age 32.3 Ñ 2.4 years, 24 people, 19 women. 

Group 2 (n = 41) - patients of middle age (44-60 

years); mean age 48.7 Ñ 6.1 years, 19 men, 22 women. 

Group 3 (n = 42) - elderly patients (60-80 years); 

mean age 73.1 Ñ 6.1 years, 20 men, 22 women. 

 Before the operation, the state of cognitive func-

tion according to the test on the FAB scale was 16.6 Ñ 

0.7 points, and had a strong inverse relationship with 

the age of the patients. Patients in group 1 were 17.5 Ñ 

0.3, in patients of group 2, 17.3 Ñ 0.6, and patients in 

group 3, 15.1 Ñ 1.4. 

In the course of the study, against the background 

of treatment with neuroprotective drugs, changes in 

cognitive function were obtained, which depended on 

the age of the patient and the period after the operation. 

For 1 day in patients of all groups after surgery, 

the test score on the FAB scale was 11.6% lower than 

the maximum possible value of this test and 4.2% lower 

than the value of this test in the period before the oper-

ation. 

The test score on the FAB scale also differed in all 

groups of patients for 1 day. 

In patients of group 1, on a day after surgery, the 

test score on the FAB scale was 5.0% lower than the 

maximum possible value for this test and 2.2% lower 

than the value for this test in the period before the op-

eration in patients of this group. 

In patients of group 2 on day 1 after surgery, the 

test score on the FAB scale was 6.1% lower than the 

maximum possible value for this test and 2.3% lower 

than the value for this test in the period before the op-

eration in patients of this group. 

In patients of group 3 on day 1 after surgery, the 

test score on the FAB scale was 23.8% lower than the 

maximum possible value for this test and 9.2% lower 

than the value for this test in the period before the op-

eration in patients of this group. 

On the 7th day in patients of all groups after sur-

gery, the test score on the FAB scale was 8.3% lower 

than the maximum possible value of this test and 0.6% 

lower than the value of this test in the period before the 

operation. 

The test score on the FAB scale also differed in all 

groups of patients on the 7th day. On the 7th day of the 

study, the state of cognitive function in patients im-

proved relative to the state on day 1, and in patients of 

groups 1 and 3 improved. 

In patients of group 1 on day 7 after surgery, the 

test score on the FAB scale was 2.2% lower than the 

maximum possible value for this test and 0.5% higher 

than the value for this test in the period before the op-

eration in patients of this group. 

In patients of group 2 on day 7 after surgery, the 

test score on the FAB scale was 4.4% lower than the 

maximum possible value for this test and 0.5% lower 

than the value for this test in the period before the op-

eration in patients of this group. 

In patients of group 3 on day 7 after surgery, the 

test score on the FAB scale was 18.8% lower than the 

maximum possible value for this test and 3.3% lower 

than the value for this test in the period before the op-

eration in patients of this group. 

A month later, in patients of all groups after sur-

gery, the test score on the FAB scale was 6.1% lower 

than the maximum possible value of this test and 1.8% 

higher than the value of this test in the period before the 

operation. 

 The test score on the FAB scale also differed in 

all groups of patients after 1 month. After a month of 

research, the state of cognitive function in patients with 

tests on the FAB scale was significantly improved, and 

in patients of groups 1 and 3, it became better compared 

to the values before the operation in patients of these 

groups. 

In patients of group 1, three months after surgery, 

the test score on the FAB scale was 0.5% lower than 

the maximum possible value for this test and 2.2% 

higher than the value for this test in the period before 

the operation in patients of this group. 

In patients of group 2, three months after surgery, 

the test score on the FAB scale was 4.4% lower than 

the maximum possible value for this test and 0.5% 

lower than the value for this test in the period before the 

operation in patients of this group. 

In patients of group 3, three months after surgery, 

the test score on the FAB scale was 12.7% lower than 

the maximum possible value for this test and 3.9% 

higher than the value for this test in the period before 

the operation in patients of this group. 

On day 1 of the study, on the background of neu-

roprotective therapy, there is a strong inverse correla-

tion between the degree of reduction in the FAB value 

and patient age: -0.94. The trends of correlation de-

pendence are observed on the 7th day and one month 

after the operation: - 0.96 and - 0.99, respectively. 

Thus, on day 1 after surgery, the results of the 

FAB test values deteriorated from the values to the op-

eration, more significant in patients of group 3 (9.2% 

of the level to the operation). Within 7 days, the condi-

tion of the FAB test indicators was significantly im-

proved (3.3% of the values before the operation). A less 

significant decrease in the FAB test values on day 1 was 

observed in patients of the 1st group (5.0% of the val-

ues before the operation). On day 7, a statistically sig-

nificant increase in the rate of this test is more than the 

values of this test from the values for the operation in 

group 1 by 2.2%. On the 30th day of the study, the re-

liable value of the index was better in patients of the 1st 

group by 2.2% more than the values for the operation. 

And in patients of group 2, the improvement in the in-

dex for 7 days after surgery was kept for 30 days. 
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Indicators of the FAB test after surgery on the 

background of neuroprotective therapy from the high-

est possible result in all study periods had a propor-

tional dependence on age for 1 day (5.0%, 6.10%, 

23.8%), for 7 days (2.2% , 4.4%, 18.8%), after 1 month 

(0.5%, 4.4%, 12.7%, respectively). 

In patients of young and middle age, the dynamics 

of recovery and improvement of the state of cognitive 

function were observed on the background of neuropro-

tective therapy more quickly for 7 days. During the 

month, the improvement in patients of middle age was 

stored for 7 days for up to 30 days, and in patients of 

young and old age it improved further. The resulting 

changes in cognitive function against the background 

of neuroprotective therapy, according to the results of 

this test, are possibly related to the age-related features 

of the plasticity of cognitive function and the depletion 

of compensatory abilities. 
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Abstract 

Presents results of a study of ACTH, cortisol, TSH, free T3 and T4 in the cerebrospinal fluid and blood serum 

of 66 patients with acute bacterial meningitis caused by the meningococcus and pneumococcus. The dependence 

between the studied parameters and the severity, outcome, etiology of the disease. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ɸʂʊɻ, ʢʦʨʪʠʟʦʣʘ, ʊʊɻ, ʩʚʦʙʦʜʥʳʭ ʊ3 ʠ ʊ4 ʚ ʮʝ-

ʨʝʙʨʦʩʧʠʥʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 66 ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ, ʚʳ-

ʟʚʘʥʥʳʤʠ ʤʝʥʠʥʛʦʢʦʢʢʦʤ ʠ ʧʥʝʚʤʦʢʦʢʢʦʤ. ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʠʟʫʯʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ 

ʩʪʝʧʝʥʴʶ ʪʷʞʝʩʪʠ, ʠʩʭʦʜʦʤ, ʵʪʠʦʣʦʛʠʝʡ ʙʦʣʝʟʥʠ. 

 

Keywords: acute bacterial meningitis, meningococcus, pneumococcus, cerebrospinal fluid, serum, hor-

mones. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʪʨʳʝ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʤʝʥʠʥʛʠʪʳ, ʤʝʥʠʥʛʦʢʦʢʢ, ʧʥʝʚʤʦʢʦʢʢ, ʮʝʨʝʙʨʦʩʧʠʥʘʣʴʥʘʷ 

ʞʠʜʢʦʩʪʴ, ʩʳʚʦʨʦʪʢʘ ʢʨʦʚʠ, ʛʦʨʤʦʥʳ.  

 

ʀʥʬʝʢʮʠʦʥʥʳʝ ʧʦʨʘʞʝʥʠʷ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʩʪʨʳʤ ʠʣʠ ʚʥʝʟʘʧʥʳʤ ʥʘʯʘʣʦʤ, 

ʨʘʟʚʠʪʠʝʤ ʪʷʞʝʣʳʭ ʦʩʣʦʞʥʝʥʠʡ, ʚʳʩʦʢʦʡ ʣʝʪʘʣʴ-

ʥʦʩʪʴʶ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ 

ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ. ʏʘ-

ʩʪʳʤʠ ʢʣʠʥʠʯʝʩʢʠʤʠ ʬʦʨʤʘʤʠ ʥʝʡʨʦʠʥʬʝʢʮʠʡ ʫ 

ʚʟʨʦʩʣʳʭ ʷʚʣʷʶʪʩʷ ʤʝʥʠʥʛʠʪʳ ʠ ʤʝʥʠʥʛʦʵʮʝʬʘ-

ʣʠʪʳ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʵʪʠʦʣʦʛʠʠ, ʪʝʯʝʥʠʝ ʠ ʠʩʭʦʜ ʢʦ-

ʪʦʨʳʭ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʦʩʪʦʷʥʠʷ ʛʫʤʦʨʘʣʴ-

ʥʦʛʦ ʠ ʢʣʝʪʦʯʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʥʦ ʠ ʦʪ ʨʝʘʢʪʠʚʥʦ-

ʩʪʠ ʦʨʛʘʥʠʟʤʘ, ʨʘʟʚʠʪʠʷ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʨʝʘʢʮʠʡ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʘʢʪʠʚʘʮʠʠ ʩʠʩʪʝʤ ʛʠʧʦʪʘʣʘʤʫʩ ï ʛʠʧʦ-

ʬʠʟ ï ʢʦʨʘ ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʠ ʛʠʧʦʪʘʣʘʤʫʩïʛʠʧʦʬʠʟï

ʱʠʪʦʚʠʜʥʘʷ ʞʝʣʝʟʘ. ʇʦ ʜʘʥʥʳʤ ɻ. ʉʝʣʴʝ (1979 ʨ.), 

ʩʪʨʝʩʩʦʚʳʝ ʩʪʠʤʫʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʬʝʢʮʠʦʥʥʘʷ ʙʦ-

ʣʝʟʥʴ, ʚʳʟʳʚʘʝʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʘʢʪʠʚʘʮʠʶ ʠʤʝʥʥʦ 

ʛʠʧʦʬʠʟʘʨʥʦ-ʥʘʜʧʦʯʝʯʥʠʢʦʚʦʡ ʠ ʛʠʧʦʬʠʟʘʨʥʦ-ʪʠ-

ʨʝʦʠʜʥʦʡ ʩʠʩʪʝʤ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʛʠʧʝʨʧʨʦ-

ʜʫʢʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʦʨʤʦʥʦʚ [1-6] ʠ ʤʦʞʝʪ 

ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ. 

ɻʨʦʟʥʳʤ ʦʩʣʦʞʥʝʥʠʝʤ ʦʩʪʨʦʛʦ ʙʘʢʪʝʨʠʘʣʴ-

ʥʦʛʦ ʤʝʥʠʥʛʠʪʘ ʷʚʣʷʝʪʩʷ ʦʪʝʢ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

(ʆɻʄ), ʢʦʪʦʨʳʡ, ʧʦ ʜʘʥʥʳʤ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠ-

ʢʦʚ, ʚʦʟʥʠʢʘʝʪ ʚ (33ï40) % ʩʣʫʯʘʝʚ ʙʦʣʝʟʥʠ, ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʭʫʜʰʘʝʪ ʧʨʦʛʥʦʟ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠ-

ʯʠʥʦʡ ʩʤʝʨʪʠ [7 ʅ: 29, 57, 81, 92, 122, 133, 195, 202, 

339]. ɺ ʧʘʪʦʛʝʥʝʟʝ ʆɻʄ ʥʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʶʪ ʪʦʢʩʠʯʝʩʢʠʡ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪʳ, 

ʢʦʛʜʘ ʪʦʢʩʠʯʝʩʢʦʝ ʧʦʨʘʞʝʥʠʝ ʩʦʩʫʜʦʚ ʤʦʟʛʘ, ʥʘʨʫ-

ʰʝʥʠʷ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ, ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʧʨʠʚʦʜʷʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʝʤʘʪʦʵʥ-

ʮʝʬʘʣʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ, ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʤʦʟʛʦʚʦʛʦ ʢʨʦʚʦʪʦʢʘ ʠ ʚʳʨʘʞʝʥʥʦʡ ʛʠʧʦʢʩʠʠ ʤʦʟʛʘ 

[8 ʅ: 81, 199]. ɺʳʨʘʞʝʥʥʦʩʪʴ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʝ-

ʤʘʣʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʛʦʨʤʦʥʘʤʠ 

ʩʪʨʝʩʩʘ. 

ʅʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʝʥ ʬʘʢʪ, ʯʪʦ ʢʦʨʪʠʟʦʣ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴ ʨʝʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʢ ʢ ʜʨʫʛʠʤ ʛʦʨʤʦʥʘʤ ʠ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʘʤ [9], ʘ ʯʨʝʟʤʝʨʥʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʠʣʠ ʜʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʡ ʢʦʨʪʠʟʦʣʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦ-

ʩʣʝʜʩʪʚʠʷʤ ʥʘ ʪʢʘʥʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʦʩʦʙʝʥʥʦ 

ʛʠʧʧʦʢʘʤʧʘ ʠ ʢʦʨʫ ʣʦʙʥʦʡ ʜʦʣʠ, ʛʜʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʦʨʪʠʢʦʠʜʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʦ [10, 

11]. ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʨʪʠʟʦʣ ʩʥʠʞʘʝʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ 

ʥʝʡʨʦʥʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʦʢʩʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ 

ʦʙʤʝʥʘ, ʧʨʠ ʛʠʧʦʢʩʠʠ, ʠʰʝʤʠʠ [12]. ɼʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʪ ʫʨʦʚʥʷ ʛʦʨʤʦʥʦʚ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʟʘʚʠʩʠʪ 

ʥʦʨʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʩʝʭ ʩʠʩʪʝʤ ʦʨʛʘ-

ʥʠʟʤʘ, ʦʪʚʝʪ ʥʘ ʜʝʡʩʪʚʠʝ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʥʬʝʢʮʠʷʤ [13, 14]. ɼʘʥʥʳʝ ʣʠʪʝʨʘ-

ʪʫʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʟʤʝʥʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʠʧʦʬʠʟʘʨʥʦ-ʪʠʨʝʦʠʜʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ, ʠʥʬʝʢʮʠʦʥʥʳʭ, 

ʪʨʘʚʤʘʪʠʯʝʩʢʠʭ ʠ ʥʝʦʧʣʘʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʢʘʢʦʡ ʙʳ ʪʦ ʥʠ ʙʳʣʦ ʧʘʪʦʣʦʛʠʠ ʱʠʪʦ-

ʚʠʜʥʦʡ ʞʝʣʝʟʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʠʝ ʠʟʤʝʥʝ-

ʥʠʷ ʦʙʲʝʜʠʥʷʶʪ ʪʝʨʤʠʥʦʤ çʩʠʥʜʨʦʤ ʵʫʪʠʨʝʦʠʜʥʦʡ 

ʧʘʪʦʣʦʛʠʠè [15]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʥʝʪʠʨʝʦʠʜʥʦʤ 

ʟʘʙʦʣʝʚʘʥʠʠ ʭʘʨʘʢʪʝʨ ʥʘʨʫʰʝʥʠʡ ʩʦ ʩʪʦʨʦʥʳ ʪʠ-

ʨʝʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ, ʢʦʪʦʨʳʝ ʚ ʜʠʥʘʤʠʢʝ ʧʨʦʛʨʝʩ-

ʩʠʨʫʶʪ, ʟʘʚʠʩʠʪ ʥʝ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʵʪʠʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʘ ʦʪ ʪʷʞʝʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʢʣʠʥʠʯʝʩʢʦʡ ʠ ʣʘ-

ʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʦʩʪʨʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʤʝ-

ʥʠʥʛʠʪʦʚ, ʦʜʥʘʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ ʩʦ-

ʦʙɦʝʥʠʷ ʦ ʣʘʙʦʨʘʪʦʨʥʳʭ ʢʨʠʪʝʨʠʷʭ ʪʷʞʝʩʪʠ ʠ 

ʨʘʥʥʝʛʦ ʧʨʦʛʥʦʟʘ ʪʝʯʝʥʠʷ ʙʦʣʝʟʥʠ, ʦʩʥʦʚʘʥʥʳʝ ʚ 

ʦʩʥʦʚʥʦʤ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ ʠʣʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ, ʤʝ-

ʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ 

ʨʠʩʢʠ ʨʘʟʣʠʯʥʳʭ ʮʝʨʝʙʨʘʣʴʥʳʭ ʠ ʵʢʩʪʨʘʮʝʨʝʙʨʘʣʴ-

ʥʳʭ ʦʩʣʦʞʥʝʥʠʡ, ʘʮʠʢʣʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ, ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʣʝʪʘʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠʨʫʶʪ ʫ 

ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ, 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʨʘʥ-

ʥʝʤʫ ʧʨʦʛʥʦʟʫ ʪʝʯʝʥʠʷ ʠ ʠʩʭʦʜʘ ʙʦʣʝʟʥʠ, ʦʮʝʥʢʠ ʝʝ 

ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ, ʘ ʪʘʢʞʝ ʢ ʧʨʦʚʝʜʝʥʠʶ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʤʝʞʜʫ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴ-

ʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʨʘʟʣʠʯʥʦʡ ʵʪʠʦʣʦʛʠʠ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʮʝʣʴʶ ʥʘʰʝʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʘ ʦʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ʘʜʨʝʥʦʢʦʨʪʠ-

ʢʦʪʨʦʧʥʦʛʦ ʛʦʨʤʦʥʘ (ɸʂʊɻ), ʪʠʨʝʦʪʨʦʧʥʦʛʦ ʛʦʨ-

ʤʦʥʘ (ʊʊɻ), ʢʦʨʪʠʟʦʣʘ, ʩʚʦʙʦʜʥʦʛʦ ʪʠʨʦʢʩʠʥʘ (ʊ3) 

ʠ ʩʚʦʙʦʜʥʦʛʦ ʪʨʠʡʦʜʪʠʨʦʥʠʥʘ (ʊ4) ʚ ʮʝʨʝʙʨʦʩʧʠ-

ʥʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ (ʎʉɾ) ʠ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʙʦʣʴ-

ʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ, ʠʩʭʦʜʘ ʠ ʵʪʠʦʣʦʛʠʠ 

ʙʦʣʝʟʥʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʇʦʜ ʥʘʙʣʶʜʝʥʠʝʤ 

ʥʘʭʦʜʠʣʦʩʴ 66 ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ 

ʤʝʥʠʥʛʠʪʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʤʫʞʯʠʥ ʙʳʣʦ 32 (48,5 %), 

ʞʝʥʱʠʥ ï 34 (51,5 %). ʉʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʙʦʣʴʥʳʭ ʩʦ-

ʩʪʘʚʠʣ 44,73Ñ1,65 ʣʝʪ. ɼʠʘʛʥʦʟ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʠ-

ʥʠʢʦ-ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʝʨʝʙʨʦʩʧʠ-

ʥʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ (ʎʉɾ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʥʝʡʪʨʦʬʠʣʴʥʳʡ ʮʠʪʦʟ, ʢʦʪʦʨʳʡ ʢʦʣʝʙʘʣʩʷ ʦʪ 
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98 ʜʦ 19440 ʢʣʝʪʦʢ ʚ 1 ʤʢʣ. ʉʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʪʷʞʝ-

ʩʪʠ ʙʦʣʝʟʥʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʘ ʚ 26 (39,4 %), ʪʷʞʝʣʘʷ 

ʩʪʝʧʝʥʴ ʪʷʞʝʩʪʠ ï ʫ 40 (60,6 %) ʙʦʣʴʥʳʭ. ʅʘ ʦʩʥʦ-

ʚʘʥʠʠ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠ-

ʯʝʩʢʦʛʦ (ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ) ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʎʉɾ ʫ 33 (50 %) ʧʘʮʠʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝ-

ʥʠʥʛʦʢʦʢʢʦʚʦʡ, ʚ 33 (50 %) ï ʧʥʝʚʤʦʢʦʢʢʦʚʦʡ 

ʵʪʠʦʣʦʛʠʠ ʤʝʥʠʥʛʠʪʘ. ʋ 5 (15,15 %) ʙʦʣʴʥʳʭ ʦʩʪ-

ʨʳʡ ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʤʝʥʠʥʛʠʪ ʧʥʝʚʤʦʢʦʢʢʦʚʦʡ 

ʵʪʠʦʣʦʛʠʠ ʟʘʢʦʥʯʠʣʩʷ ʣʝʪʘʣʴʥʦ, ʘ ʩʦʩʪʦʷʥʠʝ ʦʮʝ-

ʥʝʥʦ ʢʘʢ ʢʨʘʡʥʝ ʪʷʞʝʣʦʝ. 

ʉʦʜʝʨʞʘʥʠʝ ɸʂʊɻ ʚ ʎʉɾ ʠ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʠʤʤʫʥʦʬʝʨ-

ʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪ-ʩʠʩʪʝʤʳ ʬʠʨʤʳ 

çBIOMERICAè (ʉʐɸ), ʩʦʜʝʨʞʘʥʠʝ ʢʦʨʪʠʟʦʣʘ, 

ʊʊɻ, ʊ3, ʊ4 ï ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʠʤʤʫʥʦʬʝʨ-

ʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪ-ʩʠʩʪʝʤʳ ʬʠʨʤʳ 

çXEMAè (ʈʦʩʩʠʷ) ʫ ʚʩʝʭ ʙʦʣʴʥʳʭ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ 

ʚ ʩʪʘʮʠʦʥʘʨ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʤʝʪʦʜʦʤ ʚʘʨʠʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʢʨʠʪʝʨʠʷ t ʉʪʴʶʜʝʥʪʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝ-

ʣʷʮʠʠ r, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʤʘʣʳʭ ʚʳʙʦʨʦʢ, ʢʨʠʪʝʨʠʷ 

ʩʦʛʣʘʩʠʷ ɢ2 ʇʠʨʩʦʥʘ. ɻʨʫʧʧʫ ʩʨʘʚʥʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 

15 ʙʦʣʴʥʳʭ ʩ ʜʠʘʛʥʦʟʦʤ ʦʩʪʨʘʷ ʨʝʩʧʠʨʘʪʦʨʥʘʷ ʚʠ-

ʨʫʩʥʘʷ ʠʥʬʝʢʮʠʷ ʠ ʷʚʣʝʥʠʷʤʠ ʤʝʥʠʥʛʠʟʤʘ, ʢʦʥ-

ʪʨʦʣʴʥʫʶ ï 30 ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʋ ʙʦʣʴʥʳʭ ʦʩʪ-

ʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʚʳʷʚʣʝʥʦ ʧʦ-

ʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʎʉɾ ɸʂʊɻ (32,83Ñ2,04 

ʧʛ/ʤʣ, ʨ<0,01), ʢʦʨʪʠʟʦʣʘ (100,51Ñ4,82 ʥʤʦʣʴ/ʣ; 

ʨ<0,001), ʊʊɻ (4,25Ñ0,19 ʤʄɽ/ʣ; ʨ<0,001), ʊ3 

(15,91Ñ0,27 ʧʤʦʣʴ/ʣ, ʨ<0,001), ʊ4 (46,47Ñ1,8 

ʧʤʦʣʴ/ʣ, ʨ< 0,001), ʪʦ ʝʩʪʴ ʚʩʝʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦ-

ʨʳʝ ʠʟʫʯʘʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʦʡ ʩʨʘʚʥʝʥʠʷ. 

ɺʳʨʘʞʝʥʥʦʩʪʴ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʩʦ ʩʪʦʨʦʥʦʳ ɸʂʊɻ, 

ʊ3 ʠ ʊ4 ʦʪʣʠʯʘʣʘʩʴ ʫ ʙʦʣʴʥʳʭ ʩʦ ʩʨʝʜʥʝʡ ʠ ʪʷʞʝʣʦʡ 

ʩʪʝʧʝʥʴʶ ʪʷʞʝʩʪʠ ʙʦʣʝʟʥʠ, ʪʦ ʝʩʪʴ ʫ ʣʠʮ ʙʝʟ ʆɻʄ 

ʠ ʪʝʭ, ʫ ʢʦʛʦ ʦʩʪʨʳʡ ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʤʝʥʠʥʛʠʪ 

ʦʩʣʦʞʥʠʣʩʷ ʆɻʄ (ʪʘʙʣ. 1), ʘ ʩʦ ʩʪʦʨʦʥʳ ʊ3 ʠ ʊ4 ï 

ʟʘʚʠʩʝʣʘ ʦʪ ʵʪʠʦʣʦʛʠʠ ʦʩʪʨʦʛʦ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʤʝ-

ʥʠʥʛʠʪʘ (ʪʘʙʣ. 2). ʊʘʢ, ʫ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠ-

ʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ 

ʚʳʷʚʣʝʥʦ ʧʦʚʳʰʝʥʠʝ ʚ ʎʉɾ ʩʦʜʝʨʞʘʥʠʷ ʢʦʨʪʠ-

ʟʦʣʘ (ʨ<0,05), ʊʊɻ (ʨ<0,02), ʊ3, ʠ ʊ4 (ʨ<0,001). ʉʦ-

ʜʝʨʞʘʥʠʝ ɸʂʊɻ ʚ ʎʉɾ ʧʘʮʠʝʥʪʦʚ ʵʪʦʡ ʛʨʫʧʧʳ ʥʝ 

ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʨ>0,05). 

ʋ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠ-

ʪʘʤʠ ʪʷʞʝʣʦʡ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʷʚ-

ʣʝʥʠʷʤʠ ʆɻʄ, ʧʦʚʳʰʝʥʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʚʩʝ ʠʩʩʣʝ-

ʜʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʨʠʯʝʤ ʩʦʜʝʨʞʘʥʠʝ ɸʂʊɻ 

(ʨ<0,001), ʊ3 (ʨ<0,01) ʊ4 (ʨ<0,001) ʚ ʎʉɾ ʙʦʣʴʥʳʭ 

ʩ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʪʷʞʝʣʦʡ 

ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʙʳʣʦ ʚʳʰʝ, ʯʝʤ ʫ ʙʦʣʴʥʳʭ ʦʩʪ-

ʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʩʨʝʜʥʝʡ ʩʪʝ-

ʧʝʥʠ ʪʷʞʝʩʪʠ. 

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ɸʂʊɻ, ʢʦʨʪʠʟʦʣʘ, ʊʊɻ, ʊ3 ʠ ʊ4 ʚ ʎʉɾ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠ-

ʪʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʙʦʣʝʟʥʠ, ʄÑm 

ʇʦʢʘʟʘʪʝʣʴ 
ʉʪʝʧʝʥʴ ʪʷʞʝʩʪʠ ɻʨʫʧʧʘ ʩʨʘʚʥʝʥʠʷ 

(n = 25) 
ʨ 

ʉʨʝʜʥʷʷ (n = 26) ʊʷʞʝʣʘʷ (n = 40) 

ɸʂʊɻ, ʧʛ/ʤʣ 17,56 Ñ 2,19 37,36 Ñ 2,39 19,02 Ñ 1,26 

ʨ1 > 0,05 

ʨ2 < 0,001 

ʨ3 < 0,001 

ʂʦʨʪʠʟʦʣ, ʥʤʦʣʴ/ʣ 88,18 Ñ 8,8 104,01 Ñ 5,89 64,75 Ñ 5,96 

ʨ1 < 0,05 

ʨ2 < 0,001 

ʨ3 > 0,05 

ʊʊɻ, ʤʄɽ/ʣ 3,82 Ñ 0,33 4,43 Ñ 0,24 2,85 Ñ 0,18 

ʨ1 < 0,02 

ʨ2 < 0,001 

ʨ3 > 0,05 

ʊ3, ʧʤʦʣʴ/ʣ 14,76 Ñ 0,44 16,27 Ñ 0,33 12,69 Ñ 0,19 

ʨ1 < 0,001 

ʨ2 < 0,001 

ʨ3 < 0,01 

ʊ4, ʧʤʦʣʴ/ʣ 34,53 Ñ 1,48 50,28 Ñ 2,28 21,31 Ñ 0,41 

ʨ1 < 0,001 

ʨ2 < 0,001 

ʨ3 < 0,001 

ʇʨʠʤʝʯʘʥʠʝ. ʇʨʠ ʥʘʣʠʯʠʠ ʜʦʩʪʦʚʝʨʥʦʡ ʨʘʟ-

ʥʠʮʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ: ʨ1 ï ʫ ʙʦʣʴʥʳʭ 

ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʪʷ-

ʞʝʩʪʠ ʠ ʛʨʫʧʧʦʡ ʩʨʘʚʥʝʥʠʷ; ʨ2 ï ʫ ʙʦʣʴʥʳʭ ʦʩʪ-

ʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʪʷʞʝʣʦʡ ʩʪʝ-

ʧʝʥʠ ʪʷʞʝʩʪʠ ʠ ʛʨʫʧʧʦʡ ʩʨʘʚʥʝʥʠʷ; ʨ3 ï ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ ʙʦʣʴʥʳʭ. 

ʉʦʜʝʨʞʘʥʠʝ ɸʂʊɻ, ʢʦʨʪʠʟʦʣʘ, ʊʊɻ, ʊ3 ʠ ʊ4 ʚ 

ʎʉɾ ʙʦʣʴʥʳʭ ʩ ʤʝʥʠʥʛʠʪʘʤʠ ʢʘʢ ʤʝʥʠʥʛʦʢʦʢʢʦ-

ʚʦʡ, ʪʘʢ ʠ ʧʥʝʚʤʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦʛʠʠ ʙʳʣ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʧʦʚʳʰʝʥ (ʨ<0,001). ʉʦʜʝʨʞʘʥʠʝ ʊ3 ʚ ʎʉɾ 

ʙʦʣʴʥʳʭ ʤʝʥʠʥʛʠʪʘʤʠ ʧʥʝʚʤʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦʛʠʠ 

ʙʳʣ ʚʳʰʝ, ʯʝʤ ʫ ʙʦʣʴʥʳʭ ʤʝʥʠʥʛʠʪʘʤʠ ʤʝʥʠʥ-

ʛʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦʛʠʠ (ʨ<0,001), ʘ ʊ4 ï ʥʘʦʙʦʨʦʪ 

(ʨ<0,01). ʆʩʪʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʨʘʟ-

ʥʠʮʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʠʦʣʦʛʠʠ ʦʩʪʨʦʛʦ ʙʘʢʪʝʨʠ-

ʘʣʴʥʦʛʦ ʤʝʥʠʥʛʠʪʘ (ʨ>0,05). 
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ʊʘʙʣʠʮʘ 2 

ʉʦʜʝʨʞʘʥʠʝ ɸʂʊɻ, ʢʦʨʪʠʟʦʣʘ, ʊʊɻ, ʊ3 ʠ ʊ4 ʚ ʎʉɾ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠ-

ʪʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʵʪʠʦʣʦʛʠʠ, ʄÑm 

ʇʦʢʘʟʘʪʝʣʴ 

ʆʩʪʨʳʡ ʙʘʢʪʝʨʠʘʣʴʥʳʡ 

ʤʝʥʠʥʛʠʪ ʤʝʥʠʥʛʦʢʦʢ-

ʢʦʚʦʡ ʵʪʠʦʣʦʛʠʠ 

 (n = 33) 

ʆʩʪʨʳʡ ʙʘʢʪʝʨʠʘʣʴ-

ʥʳʡ ʤʝʥʠʥʛʠʪ ʧʥʝʚ-

ʤʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦ-

ʛʠʠ 

 (n = 33) 

ɻʨʫʧʧʘ ʩʨʘʚʥʝ-

ʥʠʷ (n = 25) 
ʨ 

ɸʂʊɻ, ʧʛ/ʤʣ 35,82 Ñ 3,08 29,61 Ñ 2,6 19,02 Ñ 1,26 

ʨ1 < 0,001 

ʨ2 < 0,001 

ʨ3 > 0,05 

ʂʦʨʪʠʟʦʣ, 

ʥʤʦʣʴ/ʣ 
95,96 Ñ 5,35 105,41 Ñ 8,13 64,75 Ñ 5,96 

ʨ1 < 0,001 

ʨ2 < 0,001 

ʨ3 > 0,05 

ʊʊɻ, ʤʄɽ/ʣ 4,26 Ñ 0,28 4,25 Ñ 0,26 2,85 Ñ 0,18 

ʨ1 < 0,001 

ʨ2 < 0,001 

ʨ3 > 0,05 

ʊ3, ʧʤʦʣʴ/ʣ 14,67 Ñ 0,35 17,25 Ñ 0,27 12,69 Ñ 0,19 

ʨ1 < 0,001 

ʨ2 < 0,001 

ʨ3 < 0,001 

ʊ4, ʧʤʦʣʴ/ʣ 51,13 Ñ 2,76 41,45 Ñ 2,02 21,31 Ñ 0,41 

ʨ1 < 0,001 

ʨ2 < 0,001 

ʨ3 < 0,01 

ʇʨʠʤʝʯʘʥʠʝ: ʨ1 ï ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʙʦʣʴʥʳʤʠ 

ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʤʝʥʠʥ-

ʛʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦʛʠʠ ʠ ʢʦʥʪʨʦʣʝʤ; ʨ2 ï ʨʘʟʣʠʯʠʝ 

ʤʝʞʜʫ ʙʦʣʴʥʳʤʠ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥ-

ʛʠʪʘʤʠ ʧʥʝʚʤʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦʛʠʠ ʠ ʢʦʥʪʨʦʣʝʤ; ʨ3 

ï ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢ-

ʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʎʉɾ ʫ ʙʦʣʴʥʳʭ ʧʥʝʚʤʦʢʦʢʢʦʚʳʤʠ ʤʝʥʠʥʛʠ-

ʪʘʤʠ ʩʨʝʜʥʝʡ ʠ ʪʷʞʝʣʦʡ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʠ ʫ ʙʦʣʴ-

ʥʳʭ ʦʩʪʨʳʤʠ ʤʝʥʠʥʛʦʢʦʢʢʦʚʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ 

ʩʨʝʜʥʝʡ ʠ ʪʷʞʝʣʦʡ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʚʳʷʚʠʣ ʩʥʠʞʝ-

ʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ɸʂʊɻ ʚ ʎʉɾ ʙʦʣʴʥʳʭ ʧʥʝʚʤʦʢʦʢ-

ʢʦʚʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ 

(14,75Ñ1,25 ʧʛ/ʤʣ, ʨ<0,02), ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʣʠʯʠʡ 

ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʨʪʠʟʦʣʘ, ʊʊɻ ʠ ʊ3 ʚ ʎʉɾ 

ʙʦʣʴʥʳʭ ʧʥʝʚʤʦʢʦʢʢʦʚʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ (ʨ>0,05), ʦʪʩʫʪʩʪʚʠʝ ʨʘʟ-

ʣʠʯʠʡ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʨʪʠʟʦʣʘ ʚ ʎʉɾ ʙʦʣʴ-

ʥʳʭ ʤʝʥʠʥʛʦʢʦʢʢʦʚʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʙʦʣʝʟʥʠ (ʨ>0,05). 

ʋ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʙʦʣʴʥʳʭ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʚʳ-

ʰʝʥʠʝ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʩʦʜʝʨʞʘʥʠʷ ʢʦʨʪʠʟʦʣʘ ʠ 

ʊ3 (ʨ<0,001). ʉʦʜʝʨʞʘʥʠʝ ɸʂʊɻ, ʊʊɻ ʠ ʊ4 ʚ ʩʳʚʦ-

ʨʦʪʢʝ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝ-

ʥʠʥʛʠʪʘʤʠ ʥʝ ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

(ʨ>0,05). ʉʦʜʝʨʞʘʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴ-

ʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʪʷʞʝ-

ʩʪʠ ʙʦʣʝʟʥʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 3 

ʉʦʜʝʨʞʘʥʠʝ ɸʂʊɻ, ʢʦʨʪʠʟʦʣʘ, ʊʊɻ, ʊ3 ʠ ʊ4 ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝ-

ʥʠʥʛʠʪʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʙʦʣʝʟʥʠ, ʄÑm 

ʇʦʢʘʟʘʪʝʣʴ 

ʉʪʝʧʝʥʴ ʪʷʞʝʩʪʠ ʂʦʥʪʨʦʣʴʥʘʷ 

ʛʨʫʧʧʘ 

(n = 30) 

ʨ ʉʨʝʜʥʷʷ 

(n = 26) 

ʊʷʞʝʣʘʷ 

(n = 40) 

ɸʂʊɻ, ʧʛ/ʤʣ 18,61 Ñ 1,92 17,4 Ñ 2,98 16,94 Ñ 1,0 

ʨ1 > 0,05 

ʨ2 > 0,05 

ʨ3 > 0,05 

ʂʦʨʪʠʟʦʣ, ʥʤʦʣʴ/ʣ 310,41 Ñ 57,23 317,03 Ñ 32,25 162,92 Ñ 13,37 

ʨ1 < 0,02 

ʨ2 < 0,001 

ʨ3 > 0,05 

ʊʊɻ, ʤʄɽ/ʣ 2,69 Ñ0,62 2,24 Ñ 0,22 1,81 Ñ 0,18 

ʨ1 > 0,05 

ʨ2 > 0,05 

ʨ3 > 0,05 

ʊ3, ʧʤʦʣʴ/ʣ 1,71 Ñ 0,27 2,01 Ñ 0,22 1,33 Ñ 0,14 

ʨ1 > 0,05 

ʨ2 < 0,01 

ʨ3 > 0,05 

ʊ4, ʧʤʦʣʴ/ʣ 12,74 Ñ 0,51 12,43 Ñ 0,85 14,45 Ñ 0,79 

ʨ1 > 0,05 

ʨ2 > 0,05 

ʨ3 > 0,05 
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ʇʨʠʤʝʯʘʥʠʝ. ʇʨʠ ʥʘʣʠʯʠʠ ʜʦʩʪʦʚʝʨʥʦʡ ʨʘʟ-

ʥʠʮʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ: ʨ1 ï ʫ ʙʦʣʴʥʳʭ 

ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʪʷ-

ʞʝʩʪʠ ʠ ʛʨʫʧʧʦʡ ʩʨʘʚʥʝʥʠʷ; ʨ2 ï ʫ ʙʦʣʴʥʳʭ ʦʩʪ-

ʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʪʷʞʝʣʦʡ ʩʪʝ-

ʧʝʥʠ ʪʷʞʝʩʪʠ ʠ ʛʨʫʧʧʦʡ ʩʨʘʚʥʝʥʠʷ; ʨ3 ï ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ ʙʦʣʴʥʳʭ. 

ʇʦʚʳʰʝʥʥʳʤ ʢʘʢ ʫ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠ-

ʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʩʨʝʜʥʝʪʷʞʝʣʦʛʦ ʪʝʯʝʥʠʷ, 

ʪʘʢ ʠ ʫ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥ-

ʛʠʪʘʤʠ ʪʷʞʝʣʦʛʦ ʪʝʯʝʥʠʷ, ʦʩʣʦʞʥʝʥʥʳʤʠ ʆɻʄ ʦʢʘ-

ʟʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʢʦʨʪʠʟʦʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥ-

ʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʦʜʥʘʢʦ ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʦʛʦ ʧʦʢʘ-

ʟʘʪʝʣʷ ʦʪ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʙʦʣʝʟʥʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ 

(ʨ>0,05). ʉʦʜʝʨʞʘʥʠʝ ʊ3 ʙʳʣʦ ʧʦʚʳʰʝʥʦ ʪʦʣʴʢʦ ʫ 

ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ, 

ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʆɻʄ 

(ʨ<0,01). ʈʘʟʣʠʯʠʡ ʩʦ ʩʪʦʨʦʥʳ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʤʝʞʜʫ ʢʦʥʪʨʦʣʝʤ ʠ ʛʨʫʧʧʦʡ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢ-

ʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʩʨʝʜʥʝʪʷʞʝʣʦʛʦ ʪʝʯʝ-

ʥʠʷ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ 

ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʩʨʝʜʥʝʪʷʞʝʣʦʛʦ ʠ 

ʪʷʞʝʣʦʛʦ ʪʝʯʝʥʠʷ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ (ʨ> 0,05). 

ʆʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ 

ʢʦʨʪʠʟʦʣʘ ʠ ʊ3 ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʙʳʣʠ ʧʦʚʳʰʝʥ-

ʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʥʝʟʘʚʠ-

ʩʠʤʦ ʦʪ ʵʪʠʦʣʦʛʠʠ ʦʩʪʨʦʛʦ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʤʝʥʠʥ-

ʛʠʪʘ (ʪʘʙʣ. 4).  

ʊʘʙʣʠʮʘ 4 

ʉʦʜʝʨʞʘʥʠʝ ɸʂʊɻ, ʢʦʨʪʠʟʦʣʘ, ʊ3 ʠ ʊ4 ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥ-

ʛʠʪʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʠʦʣʦʛʠʠ, ʄÑm 

ʇʦʢʘʟʘʪʝʣʴ 

ʆʩʪʨʳʡ ʙʘʢʪʝʨʠʘʣʴ-

ʥʳʡ ʤʝʥʠʥʛʠʪ ʤʝ-

ʥʠʥʛʦʢʦʢʢʦʚʦʡ ʵʪʠʦ-

ʣʦʛʠʠ 

(n = 33) 

ʆʩʪʨʳʡ ʙʘʢʪʝʨʠʘʣʴ-

ʥʳʡ ʤʝʥʠʥʛʠʪ ʧʥʝʚ-

ʤʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦ-

ʛʠʠ 

(n = 33) 

ʂʦʥʪʨʦʣʴʥʘʷ 

ʛʨʫʧʧʘ 

(n = 30) 

ʨ 

ɸʂʊɻ, ʧʛ/ʤʣ 19,48 Ñ 1,52 12,83 Ñ 1,36 16,94 Ñ 1,0 

ʨ1 > 0,05 

ʨ2 < 0,02 

ʨ3 < 0,01 

ʂʦʨʪʠʟʦʣ, 

ʥʤʦʣʴ/ʣ 
326,59 Ñ 46,61 377,47 Ñ 59,67 162,92 Ñ 13,37 

ʨ1 < 0,01 

ʨ2 < 0,01 

ʨ3 > 0,05 

ʊʊɻ, ʤʄʆ/ʣ 2,28 Ñ0,28 2,26 Ñ 0,33 1,81 Ñ 0,18 

ʨ1 > 0,05 

ʨ2 > 0,05 

ʨ3 > 0,05 

ʊ3, ʧʤʦʣʴ/ʣ 2,18 Ñ 0,22 2,51 Ñ 0,37 1,33 Ñ 0,14 

ʨ1 < 0,01 

ʨ2 < 0,01 

ʨ3 > 0,05 

ʊ4, ʧʤʦʣʴ/ʣ 13,98 Ñ 0,69 14,22 Ñ 1,23 14,45 Ñ 0,79 

ʨ1 > 0,05 

ʨ2 > 0,05 

ʨ3 > 0,05 

ʇʨʠʤʝʯʘʥʠʝ: ʨ1 ï ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʙʦʣʴʥʳʤʠ 

ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʤʝʥʠʥ-

ʛʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦʛʠʠ ʠ ʢʦʥʪʨʦʣʝʤ; ʨ2 ï ʨʘʟʣʠʯʠʝ 

ʤʝʞʜʫ ʙʦʣʴʥʳʤʠ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥ-

ʛʠʪʘʤʠ ʧʥʝʚʤʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦʛʠʠ ʠ ʢʦʥʪʨʦʣʝʤ; ʨ3 

ï ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢ-

ʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ. 

ʉʦʜʝʨʞʘʥʠʝ ɸʂʊɻ ʠ ʊʊɻ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ 

ʤʝʥʠʥʛʦʢʦʢʢʦʚʦʡ ʠ ʧʥʝʚʤʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦʛʠʠ 

ʩʨʝʜʥʝʡ ʠ ʪʷʞʝʣʦʡ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʥʝ ʦʪʣʠʯʘʣʦʩʴ 

ʦʪ ʟʥʘʯʝʥʠʡ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ (ʨ>0,05). ɺʤʝʩʪʝ 

ʩ ʪʝʤ, ʫ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥ-

ʛʠʪʘʤʠ ʧʥʝʚʤʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦʛʠʠ ʢʨʘʡʥʝ ʪʷʞʝʣʦʡ 

ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʩ ʣʝʪʘʣʴʥʳʤ ʠʩʭʦʜʦʤ ʩʦʜʝʨʞʘʥʠʝ 

ɸʂʊɻ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʢʦʣʝʙʘʣʦʩʴ ʦʪ 2,43 ʜʦ 7,81 

ʧʛ/ʤʣ ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣʦ 5,11Ñ1,09 ʧʛ/ʤʣ, ʯʪʦ 

ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ 

(ʨ<0,001), ʠ ʥʠʞʝ, ʯʝʤ ʫ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠ-

ʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʧʥʝʚʤʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦʛʠʠ 

ʩʨʝʜʥʝʡ ʠ ʪʷʞʝʣʦʡ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ (ʨ<0,001), ʘ ʩʦ-

ʜʝʨʞʘʥʠʝ ʢʦʨʪʠʟʦʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʣʦ ʟʥʘʯʝ-

ʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʠ 

ʛʨʫʧʧʘʭ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥ-

ʛʠʪʘʤʠ ʧʥʝʚʤʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦʛʠʠ ʩʨʝʜʥʝʡ ʠ ʪʷʞʝ-

ʣʦʡ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ (ʨ<0,001) ʠ ʩʦʩʪʘʚʠʣʦ 

663,92Ñ27,95 ʥʤʦʣʴ/ʣ ʧʨʠ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʦʪ 

575,64 ʥʤʦʣʴ/ʣ ʜʦ 712,56 ʥʤʦʣʴ/ʣ. 

ʋ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠ-

ʪʘʤʠ ʢʘʢ ʤʝʥʠʥʛʦʢʦʢʢʦʚʦʡ, ʪʘʢ ʠ ʧʥʝʚʤʦʢʦʢʢʦʚʦʡ 

ʵʪʠʦʣʦʛʠʠ ʩʦʜʝʨʞʘʥʠʝ ʊʊɻ ʠ ʊ4 ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʥʝ ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (ʨ>0,05). 

ʉʦʜʝʨʞʘʥʠʝ ɸʂʊɻ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʙʦʣʴʥʳʭ 

ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʤʝʥʠʥ-

ʛʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦʛʠʠ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʥʦʨʤʘʣʴ-

ʥʳʭ ʟʥʘʯʝʥʠʡ, ʘ ʚ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝ-

ʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʧʥʝʚʤʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦ-

ʛʠʠ ï ʙʣr ʩʥʠʞʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ 

ʛʨʫʧʧʦʡ (ʨ<0,02) ʠ ʛʨʫʧʧʦʡ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢ-

ʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʤʝʥʠʥʛʦʢʦʢʢʦʚʦʡ ʵʪʠʦ-

ʣʦʛʠʠ (ʨ<0,01). 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʩʦʛʣʘʩʠʷ ɢ2 ʇʠʨʩʦʥʘ 

ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ 

ɸʂʊɻ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʨʘʚʥʦ 

ʠʣʠ ʧʨʝʚʳʰʘʝʪ 21 ʧʛ/ʤʣ, ʯʘʱʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʙʦʣʴ-

ʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʤʝ-

ʥʠʥʛʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʴ-

ʥʳʤʠ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ 

ʧʥʝʚʤʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦʛʠʠ (ɢ2 = 5,65; ʨ < 0,02). 
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ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ 

ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʥʘʙʣʶʜʘʣʩʷ ʛʦʨʤʦ-

ʥʘʣʴʥʳʡ ʜʠʩʙʘʣʣʘʥʩ ʚ ʚʠʜʝ ʧʦʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ɸʂʊɻ(ʨ<0,01), ʊʊɻ (ʨ<0,001), ʢʦʨʪʠʟʦʣʘ (ʨ<0,001), 

ʊ3 (ʨ<0,001), ʊ4 (ʨ<0,001) ʚ ʎʉɾ ʠ ʢʦʨʪʠʟʦʣʘ ʠ ʊ3 

(ʨ < 0,001) ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ. 

ʉʦʜʝʨʞʘʥʠʝ ɸʂʊɻ (ʨ<0,001) ʊ3 ʠ ʊ4 (ʨ<0,02) ʚ 

ʎʉɾ ʟʘʚʠʩʝʣʦ ʦʪ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʙʦʣʝʟʥʠ ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ ʥʘʣʠʯʠʷ ʆɻʄ. ʋ ʧʘʮʠʝʥ-

ʪʦʚ ʩ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ, 

ʦʩʣʦʞʥʠʚʰʠʤʠʩʷ ʆɻʄ ʩʦʜʝʨʞʘʥʠʝ ɸʂʊɻ 

(ʨ<0,001), ʊ3 (ʨ<0,01), ʊ4 (ʨ<0,001) ʚ ʎʉɾ ʙʳʣʦ 

ʚʳʰʝ, ʯʝʤ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʥʝʦʩʣʦʞʥʝʥʥʳʤʠ ʦʩʪʨʳʤʠ 

ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ. ʋ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ 

ʧʥʝʚʤʦʢʦʢʢʦʚʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʎʉɾ ʊ3 ʙʳʣʦ ʚʳʰʝ (ʨ<0,001), ʘ ʊ4 ï ʥʠʞʝ (ʨ<0,01), 

ʯʝʤ ʫ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʤʝʥʠʥʛʦʢʦʢʢʦʚʳʤʠ ʤʝʥʠʥ-

ʛʠʪʘʤʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ɸʂʊɻ ʚ ʩʳʚʦ-

ʨʦʪʢʝ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝ-

ʥʠʥʛʠʪʘʤʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʩʪʠ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʤʝʞʜʫ ʤʝʥʠʥʛʠʪʦʤ 

ʤʝʥʠʥʛʦʢʦʢʢʦʚʦʡ ʠ ʧʥʝʚʤʦʢʦʢʢʦʚʦʡ ʵʪʠʦʣʦʛʠʠ 

(ʨ<0,02), ʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘ-

ʥʠʷ ʢʦʨʪʠʟʦʣʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʦʩʪʨʳʤʠ 

ʧʥʝʚʤʦʢʦʢʢʦʚʳʤʠ ʤʝʥʠʥʛʠʪʘʤʠ ï ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʠʩʭʦʜ ʙʦʣʝʟʥʠ.  
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Abstract 
The objectives of the study is investigation of the peculiarities of the violation of radical lipid oxidation and 

the antioxidant defense system in patients with mandibular fractures and to identify their role in the development 

of post-traumatic inflammatory complications. It has been established that the decisive importance in the patho-

genesis of osteal abscess and post-traumatic osteomyelitis is the enhancement of the processes of free radical lipid 

oxidation and the weakening of enzymatic antioxidant protection.  

ɸʥʥʦʪʘʮʠʷ 
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʨʫʰʝʥʠʷ ʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʠ ʩʠʩʪʝʤʳ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʫ ʙʦʣʴʥʳʭ ʩ ʧʝʨʝʣʦʤʘʤʠ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ ʠ ʚʳʷʚʣʝʥʠʝ ʠʭ ʨʦʣʠ ʚ ʨʘʟʚʠʪʠʠ ʧʦʩʪ-

ʪʨʘʚʤʘʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʧʘ-

ʪʦʛʝʥʝʟʝ ʥʘʛʥʦʝʥʠʷ ʢʦʩʪʥʦʡ ʨʘʥʳ ʠ ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʦʛʦ ʦʩʪʝʦʤʠʝʣʠʪʘ ʠʤʝʝʪ ʫʩʠʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʚʦʙʦʜ-

ʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʠ ʦʩʣʘʙʣʝʥʠʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ. 

 

Keywords: lipid peroxygenation, inflammatory complications, antioxidant defense system, mandibular frac-

ture 
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ʇʨʦʙʣʝʤʘ ʠʥʬʝʢʮʠʦʥʥʦ-ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʪʨʘʚʤʘʭ ʯʝʣʶʩʪʥʦ-ʣʠʮʝʚʦʡ ʦʙʣʘ-

ʩʪʠ ʥʝ ʪʝʨʷʝʪ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ 

ʟʥʘʯʠʤʦʩʪʴ ʜʘʞʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʜʠʥʘ-

ʤʠʯʝʩʢʠ ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʶʱʠ-

ʤʠʩʷ ʭʠʨʫʨʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʆʙʱʝʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʪʘʢʠʝ ʦʩʣʦʞʥʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʧʦʟʜʥʝʤ ʦʙʨʘʱʝʥʠʠ 

ʧʦʩʪʨʘʜʘʚʰʠʭ ʚ ʣʝʯʝʙʥʳʝ ʫʯʨʝʞʜʝʥʠʷ, ʥʘ ʬʦʥʝ ʜʠ-

ʘʛʥʦʩʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʠ ʥʝʧʨʘʚʠʣʴʥʦ ʠʟʙʨʘʥʥʦʡ 

ʣʝʯʝʙʥʦʡ ʪʘʢʪʠʢʠ [1, c. 32]. 

ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʚʦʩʧʘʣʠ-

ʪʝʣʴʥʳʭ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʧʝʨʝʣʦʤʘʭ ʥʠʞʥʝʡ ʯʝʣʶ-

ʩʪʠ (ʇʅʏ) ʩʚʷʟʘʥ ʩ ʰʠʨʦʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʚʟʘʠʤʦʟʘ-

ʚʠʩʠʤʳʭ ʬʘʢʪʦʨʦʚ: ʧʝʨʩʠʩʪʝʥʮʠʝʡ ʚ ʦʙʣʘʩʪʴ ʧʝʨʝ-

ʣʦʤʘ ʫʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʦʡ ʠ ʧʘʪʦʛʝʥʥʦʡ 




