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ABSTRACT 

 

 

Popytailenko D.V. Biologically inert compositions modified with esters of 

carboxylic acids 3 Qualification research paper with manuscript rights. 

Thesis for a PhD degree in specialty 161 Chemical Technologies and Engineering 

(field of knowledge 16 Chemical and Bioengineering). 3 Ukrainian State University of 

Science and Technologies, Dnipro, 2025. 

The dissertation paper is aimed at studying the effect of biologically inert fuel 

compositions modified with carboxylic acid esters on polymeric materials and combating 

microbiological damage. 

Fatty acids esters (FAE) attract attention worldwide due to their environmental 

friendliness, renewability and the possibility of their use as additives to traditional diesel 

fuel. There are many technologies - from laboratory to industrial scale - using a variety of 

raw materials and catalysts. 

The energy crisis in Ukraine can be solved only under the conditions of rational use 

of all energy sources and the search for alternative ones. The main advantages and 

disadvantages are analyzed. The physicochemical characteristics of FAE obtained by 

effective methods are compared. Recommendations are given for partial separation of the 

natural fuel crisis through biofuel production. 

Currently, the most common type of alternative fuels for diesel engines are fatty 

acids methyl esters (FAME), which support the alcoholysis of vegetable oils triglycerides  

from vegetable raw materials. FAME are actively used abroad, in particular in the European 

Union countries. 

When adding FAME to petroleum diesel fuel, the speed and complete 

decomposition of petroleum diesel fuel are increased several times, after microorganisms 

offer fatty acids as an energy source. Fatty acid esters emit 80% less hydrocarbons and 50% 

less toxic particles with exhaust gases, are characterized by renewability, biodegradability, 

non-toxicity and environmental friendliness. 

The use of FAME and mixed fuels is limited due to poor low-temperature 



characteristics. In its pure form, FAME is considered chemically stable, but during storage, 

transportation and disposal it decomposes due to moisture absorption, microbial damage 

and other contaminants. Since FAME is characterized by increased hygroscopicity, this 

affects its operational properties. 

The adaptation of alternative fuels to existing engines is complicated by the fact that 

they are made of materials compatible with petroleum fuels and may not be stable in other 

environments. In the case of using FAME, the engine can undergo a small modification (or 

alternative components are introduced into the mineral fuel in an amount that does not 

critically affect the operational properties). FAME consists of extremely unstable free fatty 

acids, mono-, di- and triglycerides, esters and residual methanol, which have a great impact 

on the degradation of polymeric materials. Almost all materials used in engines are 

susceptible to the influence of microorganisms, therefore an important task is to study the 

microbiological stability of materials and develop methods for their protection. 

The introduction proves the relevance of the dissertation work, indicates the 

connection of this work with scientific programs, plans, topics of the TFP and PM 

Department, summarizes the object, subject, goal and objectives of the study, substantiates 

the novelty and practical significance of the results obtained, highlights the personal 

contribution of the applicant and approbation of the results of the dissertation work. 

The first section provides a critical analysis of research on the topic of the 

dissertation work, The current state of the use of fatty acids methyl esters is described, the 

main properties of fuels for diesel engines are given and the comparative characteristics of 

alternative and mineral diesel fuels are given, the problems associated with the 

hygroscopicity of fatty acid methyl esters and their susceptibility to microbiological 

damage are highlighted. Existing methods for determining microbiological contamination 

are analyzed, their main advantages, disadvantages and limits of use are determined. The 

impact of fatty acid methyl esters on polymer materials of the fuel system is considered. 

The second section describes the objects of the study, provides methods for 

analyzing test samples, describes the methods for conducting each stage of the experiment. 

Based on a combination of existing methods for determining microbiological damage, an 

improved method for qualitative and quantitative determination of the degree of 



microbiological (bacterial and mycological) damage to fuels has been developed. The third 

section considers the degradation process of alternative fuels of plant origin (rapeseed and 

sunflower) under the influence of microorganisms. Quantitative and qualitative 

characteristics of microbiological damage to traditional and alternative diesel fuels have 

been established. Diesel fuel and methyl esters of fatty acids from sunflower oil are 

characterized by an average degree of mycological damage (1389 CFU/l and 5278 CFU/l, 

respectively), while alternative fuel based on rapeseed oil is characterized by strong 

mycological contamination (21667 CFU/l). Microorganisms that are the most active 

destroyers of fuels and engine materials were identified. Bacteria of the genus 

Pseudomonas were found in all the studied fuel samples, which are capable of using 

hydrocarbons as energy. Fungi of the genera C1adosporium Resinae and Aspergillus were 

identified in FAME based on sunflower and rapeseed oils. The effect of the proposed 

biocidal additive on the inhibition of the growth of microorganisms was studied. Based on 

the results obtained, a numerical method was developed to determine the effective 

concentration of the additive for mixed fuels with different concentrations of FAME. It was 

determined that in the range of FAME concentrations of 0..30%, the effective concentration 

of the additive based on the bottom residue of the rectification of butyl alcohols is 5..8% 

for FAME from sunflower oil and 2..8% for FAME from rapeseed oil. 

The fourth section investigates changes in the mechanical (tensile strength) and 

sorption-diffusion properties of polymer materials upon contact with mixed fuels of 

different compositions. When interacting with oil-gasoline-resistant rubber with rapeseed 

oil-based FAME, a decrease in tensile strength is observed from 9.96 MPa to 9.39 MPa. 

The properties of polymer materials of grades BNK-26, polyurethane, polychloroprene, 

and polyurea are compared. It was found that polyurethane (decrease in conditional tensile 

strength after 10 days becomes 67%) and polyurea (47%) are subjected to the strongest 

destructive effect due to contact with mixed fuel, while BNK-26 butadiene-nitrile rubber 

(9%) almost did not change its strength characteristics. 

Kinetic equations for predicting the behavior of polymeric materials in contact with 

mixed fuel at different temperatures were obtained. The features of the kinetic patterns of 

swelling of polymeric materials of different chemical structure in mixed diesel fuel were 



studied. It was established that for any temperature conditions the process proceeds in two 

stages - active (first 3 days) and slow (3..30 days). The resistance to swelling at the 

operating temperature of a diesel engine falls in the series BNK-26 4 polychloroprene 4 

polyurea 4 polyurethane (the rate constant of the first stage of swelling is 0.0294, 0.0615, 

0.0731, 0.0771 h-1, respectively). This pattern is preserved for the second stage of swelling 

(the rate constants are 0.0082 h-1 for BNK-26 and 0.0171 h-1 for polychloroprene, while the 

polyurea and polyurethane samples are destroyed during the first 96 and 72 hours, 

respectively). 

The effect of fatty acid esters and a biocidal additive in the composition of mixed 

diesel fuel on the stability of polymeric materials was determined, taking into account their 

structure and temperature factor. 

It was determined that the polymeric material based on BNK-26 rubber, which is 

characterized by the maximum solubility parameter (22,54 (MJ/m3)1/2), is the most stable 

in relation to fuel compositions containing methyl esters of fatty acids. A hypothesis is put 

forward regarding the dependence of the oil resistance of polymeric materials on their 

solubility parameter and the difference between it and the solubility parameter of fuel 

compositions. 

The fifth section substantiates the feasibility of using the developed methodology 

for quality control of mixed fuels for microbiological contamination. A fuel composition 

with improved resistance to microbiological damage is proposed, consisting of FAME 

(5..30%), diesel fuel (62..94%) and a biocidal additive (1..8%). A basic technological 

scheme of unit for the production of mixed fuel with a biocidal additive is proposed. A 

feasibility study was comlited and it was found that the production of mixed diesel fuel 

based on fatty acid methyl esters and plant-based components is economically feasible and 

attractive for investment. The calculations showed the profitability of the project 

(profitability index = 9.37 UAH), quick payback, and significant profit with a rational 

choice of raw materials. 

Keywords: additive, biocide, diesel fuel, engine, fatty acid methyl esters,  

microbiological damage, polymeric parts  
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?0;82>, >A:V;P:8 9>3> <>;5:C;8 ;53H5 @>7:;040RBPAS <V:@>>@30=V7<0<8. �@V< 



B>3>, 71V;PH5==S 28:>@8AB0==S ?@8A04>:, 28I0 3V3@>A:>?VG=VABP B0 2V4ACB=VABP 

6>@AB:>3> >1A;C3>2C20==S @575@2C0@V2 4;S 715@V30==S AB2>@RRBP =5>1EV4=V C<>28 

4;S H284:>3> @>728B:C <V:@>1=>W ?>?C;SFVW [52].  

 V:@>1V>;>3VG=5 @C9=C20==S  ��� 2 >A=>2=><C <0є >:8A=R20;P=C B0 

3V4@>;VB8G=C ?@8@>4C B0 70;560BP 2V4 28EV4=>W A8@>28=8 4;S 28@>1=8FB20  ���. 

"A=>2=V D0:B>@8: ?@8@>40 68@=8E :8A;>B, S:V ?@8ACB=V C A8@>28=V B0 ABC?5=P 

=5=0A8G5=>ABV A:;04=8E 5DV@V2, I> 2E>4SBP 4> 9>3> A:;04C [53].  ���, >B@8<0=V 7 

@>A;8==8E >;V9, <0RBP 1V;PH 28A>:89 2<VAB =5=0A8G5=8E 68@=8E :8A;>B, 3>;>2=8< 

G8=>< >;5W=>2>W (C18:1), ;V=>;52>W (C18:2) V ;V=>;5=>2>W :8A;>B (C18:3). �0=V 

?@>4C:B8 =5 BV;P:8 2?;820RBP =0 2;0AB82>ABV 0;PB5@=0B82=>3> ?0;820, 0 9 

S2;SRBPAS 03@5A82=8<8 ?> 2V4=>H5==R 4> :>=AB@C:FV9=8E <0B5@V0;V2 B0 

AB2>@RRBP ?@>1;5<8 ?V4 G0A @>1>B8 4283C=0 [54].  

#@>1;5<0 <V:@>1V>;>3VG=>3> C@065==S ?0;820 B0 <0B5@V0;V2 ?0;82=8E 

A8AB5<, I> 5:A?;C0BCRBPAS 2 @V7=8E :;V<0B8G=8E C<>20E 4 >A>1;82> C 7>=0E 7 

?V428I5=>R 2>;>3VABR, 4 є =04728G09=> 0:BC0;P=>R [ 55 ]. �0 >FV=:0<8 

4>A;V4=8:V2, 10:B5@VW B0 3@818 AB0=>2;SBP ?>=04 ?>;>28=C 2AVE 1V>;>3VG=8E 

CH:>465=P ?0;82=8E A8AB5<. �@818 (7>:@5<0 ?;VA=S2V B0 4@V646>?>4V1=V D>@<8) 

?>H8@5=V 2 ґ@C=BV, 2>4V, 0B<>AD5@=><C ?>2VB@V B0 =0 @V7=><0=VB=8E ?>25@E=SE, I> 

?>;53HCє WE ?@>=8:=5==S 2 ?0;82=5 A5@54>28I5[56].  

%B0B8AB8G=V 40=V A2V4G0BP, I> 7=0G=0 G0AB8=0 28?04:V2 453@040FVW <0B5@V0;V2 

V B5E=VG=>3> >1;04=0==S ?>2’S70=0 A0<5 7 <V:@>1V>;>3VG=>R 0:B82=VABR. 

 V:@>>@30=V7<8 284V;SRBP ?@>4C:B8 <5B01>;V7<C 4 B0:V S: CO¢, H¢S, NH£, SO£, 

N¢O¥ B0 V=HV A?>;C:8 4 S:V 740B=V V=VFVR20B8 01> ?@8A:>@R20B8 :>@>7V9=V ?@>F5A8, 

>A>1;82> 2 C<>20E ?V428I5=>W 2>;>3>ABV B0 >1<565=>3> 4>ABC?C :8A=R[57]. 

' @57C;PB0BV @>728B:C <V:@>>@30=V7<V2 C ?0;82=><C A5@54>28IV 28=8:0є 

=87:0 ?@>1;5<, I> =530B82=> 2?;820RBP S: =0 S:VABP ?0;820, B0: V =0 AB0= 

<0B5@V0;V2 ?0;82=8E A8AB5<. �>:@5<0, A?>AB5@V30єBPAS ?V428I5==S :8A;>B=>ABV, 

7<V=0 DV78:>-EV<VG=8E 2;0AB82>AB59 ?0;820 4 7@>AB0==S :V=5<0B8G=>W 2’S7:>ABV, 

?>:07=8:0 70;><;5==S, 7<VI5==S pH, 71V;PH5==S 2<VABC D0:B8G=8E A<>; B>I>. 

+0AB> DV:ACєBPAS ?>S20 >A04C, :0;0<CB=>ABV B0 E0@0:B5@=>3> =5?@8є<=>3> 70?0EC 



[57]. "4=>G0A=> 2V41C20єBPAS =0:>?8G5==S >A04C =0 2=CB@VH=VE ?>25@E=SE 

?0;82=8E A8AB5<, I> A?@8Sє WE=P><C 70A<VG5==R B0 7=865==R 5D5:B82=>ABV 

@>1>B8.  V:@>1V>;>3VG=0 0:B82=VABP ?@872>48BP 4> C@065==S ;0:>D0@1>28E 

?>:@8BBV2 (=01CE0==S, @>7B@VA:C20==S, 2B@0B0 04357VW) V ?>;V<5@=8E <0B5@V0;V2. 

�>;>=VW <V:@>A:>?VG=8E 3@81V2, S:V >A5;SRBPAS =0 ?>;V<5@0E V 35@<5B8:0E, 

A?@8SRBP V=B5=A8DV:0FVW :>=45=A0FVW 2>4S=>W ?0@8, I> 4>40B:>2> ?>3V@HCє 

<5E0=VG=V B0 4V5;5:B@8G=V 2;0AB82>ABV F8E <0B5@V0;V2 [58]. 

�0;56=> 2V4 E0@0:B5@C 7<V=, <V:@>1V>;>3VG=5 C@065==S :;0A8DV:CєBPAS =0 420 

B8?8: 

#5@H89 B8? 4 72>@>B=5 C@065==S. #VA;S CAC=5==S <V:@>>@30=V7<V2 V 

2V4:;045=P 2;0AB82>ABV <0B5@V0;V2 01> ?0;820 2V4=>2;RRBPAS 4> ?>G0B:>28E 

7=0G5=P. 

�@C389 B8? 4 =572>@>B=5 C@065==S. � FP><C 28?04:C <V:@>1V>;>3VG=0 

453@040FVS ?@872>48BP 4> B@820;>3> 7=865==S <VF=>ABV ?>;V<5@=8E <0B5@V0;V2, 

@C9=C20==S ;0:>D0@1>28E ?>:@8BBV2, CB2>@5==S 45D5:BV2 <5B0;V2 V A?;02V2, 0 B0:>6 

ACBBє2>W 7<V=8 DV78G=8E E0@0:B5@8AB8: ?0;82=>-<0AB8;P=8E <0B5@V0;V2 [ 59 ].  

'G0ABP <V:@>>@30=V7<V2 <>65 ?@8A:>@R20B8 H284:VABP @C9=C20==S 

:>=AB@C:FV9=8E <0B5@V0;V2 4> 45ASB8 @07V2. 

�V4:;045==S, I> CB2>@RRBPAS 2=0A;V4>: 68BBє4VS;P=>ABV <V:@>>@30=V7<V2, 

701@C4=5==S ?>25@E>=P <0B5@V0;V2 V 7<V=0 WE=VE DV78:>-EV<VG=8E 2;0AB82>AB59 

7C<>2;RRBP =5>1EV4=VABP 71V;PH5==S 28B@0B =0 B5E=VG=5 >1A;C3>2C20==S 

>1;04=0==S 4 7>:@5<0 =0 >G8I5==S, @5<>=B, 70<V=C >:@5<8E 2C7;V2 V 45B0;59[60]. 

�030B> 4>A;V465=P ?>2V4><;S;8 ?@> =0S2=VABP A:;04=>3> <V:@>1=>3> 

@V7=><0=VBBS 2 AC<VH528E 4875;P=8E ?0;820E. $V7=V 2848 <V:@>>@30=V7<V2 

2?;820RBP =0 @V7=V 3@C?8 <0B5@V0;V2 [61,62]. 

!0 AP>3>4=VH=V9 45=P V45=B8DV:>20=> 1;87P:> 200 284V2 <V:@>>@30=V7<V2, 

7>:@5<0 ?@54AB02=8:V2 ?>=04 30 @>48=, S:V 740B=V 28:>@8AB>2C20B8 2C3;52>4=V 

?0;82 (C B><C G8A;V 4875;P=5 ?0;82>, 15=78=, 30A B>I>) S: є48=5 465@5;> 2C3;5FR 

B0 5=5@3VW 4;S A2>3> <5B01>;V7<C [63, 64]. �;S @>728B:C <V:@>>@30=V7<V2 =5>1EV4=V: 



?V428I5=0 B5<?5@0BC@0 (20-35°%), =0S2=VABP 2>48 (2V4 0,01%) V ?>682=8E @5G>28= 

2 ?0;82V [54]). 

'AV <V:@>>@30=V7<8, 740B=V 270є<>4VSB8 7 ?0;82=8<8 A5@54>28I0<8, C<>2=> 

?>4V;SRBPAS =0 B@8 3@C?8: 

• �:B82=V 45AB@C:B>@8 4 <V:@>>@30=V7<8, S:V 0:B82=> @>ABCBP C ?0;82V B0 

5D5:B82=> 28:>@8AB>2CRBP 2C3;52>4=V S: 465@5;> 5=5@3VW. 

• #>B5=FV9=V 45AB@C:B>@8 4 HB0<8 7 ?><V@=>R 0:B82=VABR @>ABC, S:V <>6CBP 

040?BC20B8AS 4> ?0;82=>3> A5@54>28I0. 

• +0AB:>2> 040?B>20=V 01> 28?04:>2V <V:@><VF5B8 4 >@30=V7<8, I> ?@0:B8G=> 

=5 @>ABCBP C ?0;82V B0 =5 28:>@8AB>2CRBP 2C3;52>4=V S: >A=>2=5 465@5;> 

5=5@3VW [65]. 

�84>289 A:;04 B0 45AB@C:B82=V 2;0AB82>ABV <V:@>>@30=V7<V2 ACBBє2> 

20@VRRBPAS 70;56=> 2V4 B8?C <0B5@V0;C, :>=AB@C:B82=>-B5E=>;>3VG=8E 

>A>1;82>AB59 ?0;82=>W A8AB5<8 B0 :;V<0B8G=>W 7>=8 5:A?;C0B0FVW. &0:, 

?@54AB02=8:8 3@81V2 @>4V2 Aspergillus, Penicillium, Trichoderma, Fusarium, 

Alternaria, 0 B0:>6 10:B5@VW @>4C Bacillus 740B=V 28:;8:0B8 1V>45AB@C:FVR H8@>:>3> 

A?5:B@0 <0B5@V0;V2. ' B>9 65 G0A 1030B> <V:@>>@30=V7<V2 ?@>S2;SRBP 45AB@C:B82=C 

0:B82=VABP ;8H5 I>4> >:@5<8E 284V2 <0B5@V0;V2 [66]. 

�3V4=> 7V AB0B8AB8G=8<8 40=8<8, ?>=04 50% 28?04:V2 <V:@>1V>;>3VG=>3> 

@C9=C20==S >;82 V <0AB8; 7C<>2;5=V 4VS;P=VABR 3@81V2 @>4V2 Aspergillus, 

Penicillium, Fusarium B0 Scopulariopsis.  V:@>1V>;>3VG=5 C@065==S ?>;V<5@=8E B0 

;0:>D0@1>28E <0B5@V0;V2 =09G0ABVH5 28:;8:0RBP 3@818 @>4V2 Penicillium, 

Stemphylium, Chaetomium, Trichoderma [57]. 

 V:@>A:>?VG=V ?;VA=52V 3@818 740B=V ?>A8;R20B8 :>@>7VR <5B0;528E 

:>=AB@C:FV9, @>72820RG8AP 2 ?0;82V. �8S2;5=> 2848 <V:@>A:>?VG=8E 3@81V2, I> 

?V4A8;RRBP :>@>7VR 0;R<V=VR V 0;R<V=Vє28E A?;02V2, ;0BC=V, AB0;V. 

%5@54 <V:@>>@30=V7<V2, I> A?@8G8=SRBP 1V>;>3VG=5 C@065==S ?0;82, 

4><V=CRBP ?@54AB02=8:8 10:B5@V9 @>4V2 Pseudomonas, Micrococcus, Mycobacterium, 

0 B0:>6 <V:@>A:>?VG=V 3@818 @>4V2 Cladosporium, Aspergillus, Penicillium, Alternaria 

B0 V=H8E. !091V;PH ?>H8@5=8<8 :>=B0<V=0=B0<8 =0DB>?@>4C:BV2 є 10:B5@VS 



Pseudomonas aeruginosa V 3@81 Cladosporium resinae, 2V4><89 S: «30A>289 3@81» 

7024S:8 A2>W9 740B=>ABV 0:B82=> @>72820B8AS 2 02V0FV9=><C ?0;82V. [67]. 

«�0A>289 3@81» (Cladosporium resinae) є >4=8< V7 =09G0ABVH5 28S2;5=8E 

<V:@>>@30=V7<V2 C 4875;P=8E ?0;82=8E A5@54>28I0E. �>3> A?>@8 <>6CBP B@820;89 

G0A 70;8H0B8AS 2 ?0A82=><C AB0=V, >GV:CRG8 A?@8SB;828E C<>2 4;S ?@>@>AB0==S 

[57 ]. *59 3@81 @>AB5 ?5@5206=> =0 <56V D07 «?0;82>32>40», V 4;S ?>G0B:C 

0:B82=>3> @>728B:C 9><C 4>AB0B=P> ;8H5 =57=0G=>W :V;P:>ABV 2>;>38. %?>@8 

Cladosporium resinae <0RBP @>7<V@8, <5=HV 70 ?>@8 ?0;82=8E DV;PB@V2, B><C 

728G09=0 DV;PB@0FVS =5 70157?5GCє 5D5:B82=>3> >G8I5==S ?0;820 2V4 =8E. 

#V4 G0A @>ABC 3@81 D>@<Cє 4>23V 2>;>:=8ABV AB@C:BC@8, I> CB2>@RRBP 

IV;P=89 72828AB89 H0@ 4 <VF5;V9. *59 <VF5;V9 >12>;V:0є :@0?;V 2>48, CB@8<CRG8 

WE C A5@54>28IV ?0;820, 0 7024S:8 A2>є<C <5B01>;V7<C 3@81 ?@>4C:Cє 4>40B:>2C 

:V;P:VABP 2>;>38, ?V4B@8<CRG8 F8< 2;0A=5 7@>AB0==S [68]. 

' ?>@V2=S==V 7 V=H8<8 3@810<8, Cladosporium resinae A8=B57Cє 7=0G=> 1V;PH5 

1V><0A8, I> ACBBє2> ?V428ICє @878: 70:C?>@:8 ?0;82=8E DV;PB@V2, ?>@CH5==S 

@>1>B8 =0A>AV2 B0 7030;P=>W 453@040FVW ?0;82=>W A8AB5<8. 

 V:@>1V>;>3VG=5 701@C4=5==S ?0;820 7C<>2;5=5 ?@>F5A0<8 D5@<5=B0B82=>3> 

>:8A;5==S 2C3;52>4=V2, C @57C;PB0BV G>3> CB2>@RRBPAS >@30=VG=V :8A;>B8 7 

?>25@E=52>-0:B82=8<8 2;0AB82>ABS<8. *V A?>;C:8 A?@8SRBP 5<C;P3C20==R 2>48 C 

?0;82V, ?>3V@HCRG8 9>3> AB01V;P=VABP. 

,284:VABP V 3;818=0 1V>45AB@C:FVW ?0;820 70;560BP 2V4 2C3;52>4=52>3> 

A:;04C: ;V=V9=V 0;:0=8 (=-?0@0DV=8) @>7I5?;RRBPAS 7=0G=> H284H5, =V6 

@>730;C65=V V7><5@8, S:V є <5=H 4>ABC?=8<8 4;S D5@<5=B0B82=8E A8AB5< 

<V:@>>@30=V7<V2 [64]. 

!-0;:0=8 <5=H 1V>AB01V;P=>ABV, =V6 V=HV D>@<8 2C3;52>4=V, >B65, ?0;820, I> 

<VABSBP 7451V;PH>3> ?0@0DV=>2V 2C3;52>4=V, @C9=CRBPAS <V:@>>@30=V7<0<8 H284H5 

=V6 ?0;820, S:V A:;040RBPAS 7 1V;PH>W :V;P:>ABV 0@><0B8G=8E 7'є4=0=P[54]. 

#@>F5A @>7:;040==S 0;VD0B8G=8E A?>;C: ?>G8=0єBPAS 70 4>?><>3>R 

D5@<5=BV2 <>=>>:A835=078 V 4V>:A835=078. #>G0B:>289 ?@>F5A @>7:;040==S 



2V41C20єBPAS 2 05@>1=8E C<>20E H;SE>< >:8A=5==S 2C3;52>4=V2. *59 ?@>F5A 

?5@5B2>@Rє 0;VD0B8G=V A?>;C:8 2 ?5@28==89 V 2B>@8==89 A?8@B [69].  

�0@065==S ?0;820 <>65 2V41C20B8AS ?V4 G0A B@0=A?>@BC20==S, 715@V30==S, 0 

B0:>6 ?@8 @CG=><C >G8I5==V ?0;82=8E A8AB5<. ' B0:8E 28?04:0E A?>@8 

<V:@>>@30=V7<V2 70;8H0RBPAS 2 ?0A82=><C AB0=V ?@>BS3>< B@820;>3> G0AC, 

>GV:CRG8 A?@8SB;828E C<>2 4;S 0:B820FVW. 

' ?@>F5AV 5:A?;C0B0FVW ?0;82> <>65 >4=>G0A=> :>=B0<V=C20B8AS S: 

<V:@><VF5B0<8, B0: V 10:B5@VS<8. #@>B5, =572060RG8 =0 4><V=CRGC 45AB@C:B82=C 

740B=VABP <V:@><VF5BV2, WE=S ?@8ACB=VABP =5@V4:> <0A:CєBPAS G5@57 H284H5 

7@>AB0==S 10:B5@V0;P=8E ?>?C;SFV9, S:V 709<0RBP ?@>2V4=C ?>78FVR 2 <V:@>1=><C 

A?V2B>20@8AB2V =0 @0==VE 5B0?0E 70@065==S. 

$50:FVS <V:@>>@30=V7<V2 =0 B5<?5@0BC@=V :>;820==S 70;568BP 2V4 WE 

DV7V>;>3>-1V>EV<VG=8E >A>1;82>AB59. !0?@8:;04, Cladosporium resinae («30A>289 

3@81») 70;8H0єBPAS 68BBє740B=8< 70 B5<?5@0BC@8 4> 330 °C. �>3> 0:B82=5 

7@>AB0==S ?@8?8=SєBPAS 70 B5<?5@0BC@8 1;87P:> +50 °C, 0 70 +60 °C 2V41C20єBPAS 

703815;P =5 ;8H5 <VF5;VR, 0 9 A?>@ [65]. 

 V:@><VF5B8 740B=V 2V4=>2;R20B8 2535B0B82=89 @VAB =02VBP ?VA;S <5E0=VG=>3> 

?>H:>465==S <VF5;VR. #>4V; <VF5;VS =0 D@03<5=B8 A?@8Sє ?>40;PH><C 

?>H8@5==R 3@81V2 C ?0;82=V9 A8AB5<V, I> 7=0G=> CA:;04=Rє ?@>F5A8 A0=0FVW B0 

>G8I5==S. 

�;S 70?>1V30==S <V:@>1V>;>3VG=><C C@065==R ?0;820 B0 ?0;82=8E A8AB5< 

=5>1EV4=> 4>B@8<C20B8AP :><?;5:AC ?@>DV;0:B8G=8E 70E>4V2, S:V 2:;RG0RBP: 

1. �0157?5G5==S =0;56=8E C<>2 715@V30==S ?0;820, 7>:@5<0 :>=B@>;P 70 

35@<5B8G=VABR @575@2C0@V2 B0 70?>1V30==S :>=B0:BC 7 0B<>AD5@=>R 2>;>3>R. 

2. %2>єG0A=5 2840;5==S 2>48 7 4>==>W G0AB8=8 ?0;82=8E 10:V2 V @575@2C0@V2, 0 

B0:>6 @53C;S@=5 >ACHC20==S ?0;820. 

3. #>2=89 V @53C;S@=89 7;82 2V4AB>R 7 10:V2, V7 ?>40;PH8< 287=0G5==S< 

E0@0:B5@C B0 @V2=S 701@C4=5==S. 

4. �8:>@8AB0==S 1V>F84=8E ?@8A04>:, I> ?@83=VGCRBP @>728B>: 

<V:@>>@30=V7<V2 C ?0;82V. 



5. �0AB>AC20==S 5D5:B82=>W A8AB5<8 DV;PB@0FVW 2V4?>2V4=> 4> 28<>3 

=>@<0B82=8E 4>:C<5=BV2, I> 70157?5GCє 7040=C ABC?V=P G8AB>B8 ?0;820. 

6. $53C;S@=89 :>=B@>;P AB0=C DV;PB@V2: ?5@52V@:0 =0S2=>ABV B0 ?@8@>48 

701@C4=5=P =0 DV;PB@CRG8E 5;5<5=B0E, WE A2>єG0A=0 ?@><82:0 01> 70<V=0. 

7. #5@V>48G=5 >G8I5==S B5E=>;>3VG=>3> >1;04=0==S, I> 28:>@8AB>2CєBPAS 4;S 

715@V30==S B0 B@0=A?>@BC20==S ?0;820. 

8. �57V=D5:FVS ?0;82=8E 10:V2 V7 70AB>AC20==S< EV<VG=8E @5G>28=, I> <0RBP 

0=B8<V:@>1=C 4VR 4 7>:@5<0, @>7G8=V2 3V?>E;>@8BC =0B@VR, E;>@35:A848=C, 

>@30=VG=8E A?>;C:. 

9. #@>4C2:0 ?0;82=>W A8AB5<8 30@SG8< ?>2VB@S<, =03@VB8< 4> B5<?5@0BC@8 

1;87P:> 70 °C, I> 7=8ICє 1V;PHVABP D>@< <V:@>>@30=V7<V2. 

10. "1@>1:0 C;PB@0DV>;5B>28< ('() 28?@><V=R20==S< 70 4>?><>3>R 

A?5FV0;P=8E ;0<? 4;S A0=0FVW 2=CB@VH=VE ?>25@E>=P ?0;82=8E A8AB5< [64,65]. 

'=0A;V4>: ?@>F5AV2 040?B0FVW 4> =>28E AC1AB@0BV2 C ?0;82=><C A5@54>28IV 

<>6CBP 7’S2;SB8AS =>2V HB0<8 <V:@>>@30=V7<V2.  V:@><VF5B8 740B=V =5 ;8H5 
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• <V:@>A:>? <�V>;0<= %-11; 

• A:;S=V H?0B5;V; 

• 0;R<V=Vє20 D>;P30, AB5@8;P=0 20B0; 

• ?0?5@>2V ABV:5@8 B0 <0@:5@ 4;S <0@:C20==S; 

• ?5@30<5=B=89 ?0?V@. 

�B0?8 5:A?5@8<5=BC: 

1. �07>2V ?@83>BC20==S, AB5@8;V70FVS >1;04=0==S B0 <0B5@V0;V2. 

2. �87=0G5==S ABC?5=S 1V>;>3VG=>3> 701@C4=5==S. 

3. "FV=:0 2?;82C 1V>F84=>W ?@8A04:8. 

 



2.2.1 �07>2V ?@83>BC20==S B0 AB5@8;V70FVS 

!0 ?>G0B:>2><C 5B0?V 5:A?5@8<5=BC 74V9A=R20;>AS ?>?5@54=є >1AB565==S 

?0;820. #VA;S 28B@8<C20==S 7@07:V2 ?@>BS3>< 1 3>48=8 ?@>2>482AS 2V7C0;P=89 

>3;S4 =0 =0S2=VABP 4><VH>: 2>48 B0 B25@48E G0AB8=>:. ' @07V 28S2;5==S AB>@>==VE 

2:;RG5=P ?0;82> ?V44020;8 >G8I5==R B0 7=52>4=5==R. #VA;S FP>3> ?@>2>48;>AS 

@5B5;P=5 ?5@5<VHC20==S 7@07:V2 4;S 70157?5G5==S @V2=><V@=>3> @>7?>4V;C 

<V:@>>@30=V7<V2 C A5@54>28IV. 

#V43>B>2:0 ;01>@0B>@=>3> V=AB@C<5=B0@VR 74V9A=R20;0AP 2V4?>2V4=> 4> 

7030;P=>?@89=SB8E <5B>48: B5@<VG=>W B0 EV<VG=>W AB5@8;V70FVW. %:;S=89 

;01>@0B>@=89 ?>AC4 (F8;V=4@8, ?;SH:8, ?V?5B:8 B>I>) 703>@B0;8 2 ?5@30<5=B=89 

?0?V@, 4;S 70:@8BBS >B2>@V2 ?V?5B>: 28:>@8AB0=> 20BS=V ?@>1:8. #0?5@>2V DV;PB@8 

703>@B0;8AS V=482V4C0;P=V ?5@30<5=B=V :>=25@B8. '?0:>20=V :><?>=5=B8 

?V44020;8AS ?@>60@R20==R 2 ACH8;P=V9 H0DV 70 B5<?5@0BC@8 180±5 °C. �;S 

70157?5G5==S ?>2=>W AB5@8;V70FVW G0A ?@>60@R20==S AB0=>282 2 3>48=8.  5B0;525 

?@8;044S (IV?FV, H?0B5;V B>I>) AB5@8;V7C20;8 H;SE>< 70=C@5==S ?>2=>3> 

70=C@5==S @>1>G8E G0AB8= 2 A:;S=:C 7 5B8;>28< A?8@B><. #5@54 28:>@8AB0==S< 

V=AB@C<5=B8 >1@>1;S;8 ?>;C<’S< A?8@B>2>3> ?0;P=8:0 4;S 70157?5G5==S 
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2.2.2.1 #@83>BC20==S A5@54>28I0 

�;S :C;PB82C20==S <V:@>>@30=V7<V2 1C;> 28:>@8AB0=> A5@54>28I5, S:5 

3>BC20;8 H;SE>< ACA?5=4C20==S 60 3 ACE>W ?>682=>W AC<VHV, S:0 A:;040єBPAS V7 

3;R:>78, 030@C B0 ?5?B>=C C 1 ;VB@V 48AB8;P>20=>W 2>48. "B@8<0=C ACA?5=7VR 

=03@V20;8 4> CB2>@5==S >4=>@V4=>W ?@>7>@>W @V48=8. 

%5@54>28I5 ?V44020;8 @>7?;02;5==R 70 B5<?5@0BC@8 70°C, I> 4>72>;S;> 

7=8IB8B 2AV 2535B0B82=V :;VB8=8 <V:@>>@30=V7<V2, ?VA;S G>3> @>7;820;8 C 
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<V:@>>@30=V7<V2 220602AS 4V0?07>= pH=5,4±0,2. ' @07V 2V4E8;5==S 2V4 FP>3> 

4V0?07>=C 7=0G5==S pH :>@83C20;8 H;SE>< 4>4020==S 1   @>7G8=C A>;S=>W :8A;>B8 

01> 10% @>7G8=C NaOH 4> 4>AS3=5==S =5>1EV4=>3> @V2=S. �;S ?@83=VG5==S 

?@>@>AB0==S A?>@ F8:; =03@V2C B0 >E>;>465==S ?>2B>@R20;8 B@8GV 7 V=B5@20;>< 2 
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#VA;S >AB0==P>3> =03@V20==S =0 ?>25@E=R A5@54>28I0 AB5@8;P=8<8 I8?FS<8 
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B5<?5@0BC@8 25°C±2°C ?@>BS3>< 7 4V1. � <5B>R C=8:=5==S ?>2B>@=>3> 701@C4=5==S 

A5@54>28I0 3@81:>28<8 A?>@0<8 7 ?>2VB@S, G0H:8 715@V30;8AS 70:@8B8<8, I> 

70157?5GC20;> 4>40B:>289 70E8AB 2V4 :>=B0<V=0FVW ?V4 G0A V=:C10FVW. 

 

2.2.2.3 #V4@0EC=>: :V;P:>ABV :>;>=V9 CB2>@RRG8E 5;5<5=BV2 

#@>BS3>< CAP>3> V=:C10FV9=>3> ?5@V>4C, 0 B0:>6 ?VA;S 9>3> 7025@H5==S, 
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• �0:B5@V>;>3VG=5 701@C4=5==S >FV=R20;>AS G5@57 48 3>48= V=:C10FVW. 
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:V;P:VABP :>;>=V9 B0 >1G8A;R20;8 A5@54=є 0@8D<5B8G=5 7=0G5==S 70 =0ABC?=>R 

D>@<C;>R [125]: ý = �∗1000�  .     (2.2) 

45 a 3 A5@54=S :V;P:VABP :>;>=V9 2 G0H:0E, 

V 3 >1’є< ?0;820, =0=5A5=89 =0 030@, <;. 

�;S ?V428I5==S B>G=>ABV 287=0G5==S :V;P:>ABV �'� 70 @57C;PB0B 1@0;>AS 

A5@54=є 7=0G5==S V7 B@P>E ?0@0;5;P=8E 4>A;V4V2. &>G=VABP <5B>48:8 70;568BP 2V4 

:V;P:>ABV :>;>=V9, I> CB2>@RRBPAS =0 G0HFV 7 IV;P=8< 6828;P=8< A5@54>28I5<. 

&>G=VABP  <>6=0 2:07C20B8 70 4>?><>3>R 95% 4>2V@G>3> V=B5@20;C. *V <56V 



287=0G0RBP 4V0?07>=, 2 S:><C, 7 9<>2V@=VABR 95%, 7=0E>48BPAS :V;P:VABP :>;>=V9. 

$>7?>4V; >@30=V7<V2 C 7@07:C ?0;820 є 28?04:>28< B0 2V4?>2V40є A5@VW #C0AA>=0. 

 

2.2.2.4 �45=B8DV:0FVS B0 <>@D>;>3VG=0 E0@0:B5@8AB8:0 <V:@>>@30=V7<V2 

$V4 V ?@54AB02=8: 10:B5@V0;P=8E V7>;SBV2  287=0G02AS >FV=:>R <>@D>;>3VG=>-

:C;PBC@0;P=8E E0@0:B5@8AB8: (7010@2;5==S 70 �@0<><, D>@<0 V @>7<V@ :;VB8=, 

@5;PєD). �;S 287=0G5==S <>@D>;>3VG=8E >A>1;82>AB59 B0 ?@83>BC20==S ?@5?0@0BV2 

7@07:8 :C;PB82C20;8 =0 IV;P=8E 6828;P=8E A5@54>28I0E.  

�;S @V7=8E :;0AV2 <V:@>>@30=V7<V2 28:>@8AB>2C20;8AS A?5FV0;P=V ?>682=V 

A5@54>28I0. %01C@> 030@ 7 3;R:>7>R 3 4;S 287=0G5==S >4=>:;VB8==8E B0 

<VF5;S;P=8E 3@81V2. �30@ +0?5:0-�>:A0 7 3;R:>7>R 28:>@8AB>2C2AS 4;S 

:C;PB82C20==S 3@81V2 B0 4@V646V2. "A>1;82VABR 40=>3> ?>682=>3> A5@54>28I0 є 

?>2V;P=89 @>AB <V:@>>@30=V7<V2, 7024S:8 G><C 7@CG=> A?>AB5@V30B8 70 ?@>F5A>< 

@>728B:C :C;PBC@8, B0 V7>;R20B8 >:@5<V :>;>=VW. 

�;S ?>?5@54=P>W :;0A8DV:0FVW B0 28S2;5==S E0@0:B5@=8E D>@< @>ABC :>;>=V9 

<V:@>>@30=V7<V2 G0H:8 #5B@V ?VA;S 7025@H5==S V=:C10FV9=>3> ?5@V>4C >3;S40;8 

2V7C0;P=> 70 4>?><>3>R ;C?8. !040;V G0H:8 ?5@525@B0;8 4>3>@8 4=>< V >3;S40;8 

?V4 <V:@>A:>?>< ?@8 =525;8:><C 71V;PH5==V B0 72C65=V9 4V0D@03<V 4;S ?>:@0I5==S 

:>=B@0AB=>ABV. 

"?8A :>;>=V9 74V9A=R20;8 7 28:>@8AB0==S< :>;P>@>2>W H:0;8, DV:ACRG8: 

• ?V3<5=B0FVR :>;>=V9 B0 7<V=C :>;P>@C =02:>;8H=P>3> 030@C; 

• <>@D>;>3VG=V >7=0:8 4 D>@<C, :@09, ?V4=SBBS, ?@>7>@VABP, 1;8A:; 

• @>7<V@8 :>;>=V9, 0 B0:>6 A?5F8DVG=V >A>1;82>ABV, ?@8B0<0==V ?52=8< @>40< 

10:B5@V9 G8 3@81V2.[126]. 

�;S <V:@>A:>?VG=>W V45=B8DV:0FVW <V:@>>@30=V7<V2 70 4>?><>3>R AB5@8;P=>3> 

H?0B5;S 01> 10:B5@V>;>3VG=>W ?5B;V 2V418@0;8 =525;8:C :V;P:VABP 1V><0B5@V0;C 7 

=091V;PH>W E0@0:B5@=>W :>;>=VW B0 @V2=><V@=> @>7?>4V;S;8 ?> AB5@8;P=><C 

?@54<5B=><C A:;C. "B@8<0=V <07:8 DV:AC20;8 H;SE>< >15@56=>3> ?@>2545==S 
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2535B0B82=8E D>@< 157 @C9=C20==S :;VB8==>W AB@C:BC@8. �0;V <07:8 4>A;V46C20;8 



70 7030;P=>?@89=SB8<8 <5B>48:0<8 V<V<5@AV9=>3> <V:@>A:>?C20==S V7 

70AB>AC20==S< >1’є:B820 7 V<5@AV9=>R >;82>R. 

�@0<-?>78B82=8E V �@0<-=530B82=8E 10:B5@V9 70AB>A>2C20;8 <5B>4 

D0@1C20==S 70 �@0<><.  5B>48:0 ?5@5410G0є 28:>@8AB0==S 42>E D0@1=8:V2 4 

>A=>2=>3> B0 4>40B:>2>3>. ' @57C;PB0BV D0@1C20==S �@0<-?>78B82=V 10:B5@VW 

=01C20;8 DV>;5B>2>3> :>;P>@C 2=0A;V4>: CB@8<0==S >A=>2=>3> :@8AB0;2V>;5B>2>3> 

10@2=8:0 2 B>2AB><C H0@V ?5?B84>3;V:0=C; �@0<-=530B82=V 10:B5@VW =01C20;8 

G5@2>=>3> 01> @>652>3> :>;P>@C 2=0A;V4>: 7=510@2;5==S ?@8 >1@>1FV A?8@B>< V 

?>2B>@=>3> 70D0@1C20==S 4>40B:>28< 10@2=8:>< (A0D@0=V=><)  [127]. 

�@818 (?;VA=S2V B0 4@V646V) 1C;8 V45=B8DV:>20=V =0 >A=>2V <>@D>;>3VG=8E 

E0@0:B5@8AB8: WE :>;>=V9, 0 B0:>6 >A>1;82>AB59 1C4>28 <VF5;VR, ?><VB=8E 

?V4<V:@>A:>?><. �;S FP>3> 28:>@8AB>2C20;8 <5B>48:C ?>AV2=>3> :C;PB82C20==S =0 

IV;P=><C 030@87>20=><C A5@54>28IV B0 ?>40;PH5 <V:@>A:>?VG=5 4>A;V465==S, S:5 

2:;RG0;> >?8A B0:8E E0@0:B5@8AB8:: @>7<V@ B0 D>@<0 :>;>=V9, :>;V@ V ?V3<5=B0FVS, 

AB@C:BC@0 (3;045=P:0, 7<>@H:C20B0, ?CH8AB0 B>I>), @5;PєD B0 :@09 :>;>=VW. "FV=:C 

@5;PєDC ?>25@E=V B0 :>=BC@V2 :>;>=V9 ?@>2>48;8 70 4>?><>3>R ;C?8. �>;>=VW, S:V 

2V4@V7=S;8AS E>G0 1 >4=VєR <>@D>;>3VG=>R >7=0:>R, :;0A8DV:C20;8 S: 

?@54AB02=8:V2 @V7=8E B8?V2. �;S ?V4B25@465==S @>4>2>W B0 284>2>3> =0;56=>ABV 

3@81V2 28:>@8AB>2C20;8 <V:>;>3VG=89 0B;0A  [128]. 
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?0;820. 
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1V>F84=>W ?@8A04:8: 1%, 3%, 5%, 7% B0 10%. �>=B@>;P=8< 20@V0=B>< A;C3C20;> 
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H?0B5;S. %<C6:8 V7 7@07:0<8 ?><VI0;8 2 G0H:8 #5B@V B0  V=:C1C20;8 

<V:@>>@30=V7<8 ?@>BS3>< 7 4V1 70 B5<?5@0BC@8 25°C±2°C 2 70E8I5=><C 2V4 A>=FS 

<VAFV. �>65= 4>A;V4 ?@>2>48;8 C B@P>E ?>2B>@5==SE 4;S 70157?5G5==S AB0B8AB8G=>W 

4>AB>2V@=>ABV B0 2V4B2>@R20=>ABV @57C;PB0BV2. 

'?@>4>26 V=:C10FV9=>3> ?5@V>4C, 0 B0:>6 ?> 9>3> 7025@H5==R 74V9A=R20;8 

2V7C0;P=C >FV=:C ABC?5=S <V:@>1V>;>3VG=>3> C@065==S 7 <5B>R 0=0;V7C H284:>ABV 

@>ABC :>;>=V9, ABC?5=PS ?>:@8BBS ?>25@E=V :>;>=VS<8, IV;P=>ABV V <>@D>;>3VG=8E 

E0@0:B5@8AB8: @>ABC. 

#VA;S A5<845==>W V=:C10FVW @>18;8 28A=>2:8 I>4> 5D5:B82=>ABV 4VW 1V>F84=>W 

?@8A04:8 4;S :>6=>3> B8?C ?0;820 B0 :>=F5=B@0FVW. 

�@V< B>3>, 4;S >FV=:8 4>23>B@820;>W ABV9:>ABV 4> <V:@>1V>;>3VG=>3> C@065==S, 

4>A;V4=V 7@07:8 ?0;820 715@V30;8 ?@>BS3>< B@P>E <VASFV2 C AB0=40@B=8E C<>20E. 

#VA;S FP>3> ?@>2>48;8 0=0;V7 ?@>7>@>ABV 7@07:V2 B0 ?5@52V@S;8 =0S2=VABP >A04C, I> 

B0:>6 28ABC?0;8 S: =5?@S<V :@8B5@VW 5D5:B82=>ABV 1V>F84=>3> 70E8ABC. 

%B0B8AB8G=0 >1@>1:0 @57C;PB0BV2 5:A?5@8<5=BV2 7 287=0G5==S ABC?5==S 

<V:@>1V>;>3VG=>3> 7C1@C4=5==S AC<VH528E ?0;82 B0 @>7@>1:0 G8A5;P=>3> <5B>4C 

287=0G5==S <V=V<0;P=> =5>1EV4=>W :;>=F5=B@0FVW 1V>F84C ?@>2>48;0AS <5B>4>< 

@53@5AV9=>3> 0=0;V7C 70 4>?><>3>R ?0:5BC STATISTICA 10.0[129].  

 



2.3  5B>48:8 >FV=R20==S 2?;82C =0 ?>;V<5@=V <0B5@V0;8  

"FV=R20==S 2?;82C AC<VH528E ?0;82 =0 ?>;V<5@=V <0B5@V0;8 I>4> 71V;PH5==S 

>1’є<C, 7<V=8 <0A8 B0 <VF=>ABV <0B5@V0;V2 ?VA;S :>=B0:BC 7 ?0;82>< 74V9A=R20;8 

2V4?>2V4=> 4> �%&' ISO 1817:2019 [130]. 

 

2.3.1  VF=VABP ?@8 @>7BS3C20==V 

#@>2>48;>AS 287=0G5==S 2?;82C AC<VH52>3> 4875;P=>3> ?0;82> 7 4>102:>R 

30%  ��� 7 A>=SH=8:>2>W >;VW =0 7<V=C C<>2=>W <VF=>ABV ?@8 @>7BS3C20==V 

?>;V<5@=8E <0B5@V0;V2 ?@>BS3>< 10 B0 30 4V1 � @>1>BV 28:>@8AB>2C20;8AS ?>;V<5@=V 

<0B5@V0;8 =0 >A=>2V: ?>;VC@5B0=C, ?>;VA5G>28=8, �!�-26 B0 ?>;VE;>@?@5=C. �;S 

28?@>1C20==S 1C;> 283>B>2;5=> 7@07:8 ?>;V<5@=8E <0B5@V0;V2 C D>@<V 

42>AB>@>==VE ;>?0B>:. #V43>B>2;5=V 7@07:8 28B@8<C20;8AS 2 є<=>ABSE 7 ?0;82>< 70 

B5<?5@0BC@8 25 º%. 

�C;> 4>A;V465==> 2?;82 28EV4=>W A8@>28=8  ��� =0 ABC?V=P =01@S:0==S 

?>;V<5@=>3> <0B5@V0;C . � @>1>BV 28:>@8AB>2C20;8AS =0ABC?=V 4>A;V4=V 7@07:8: 

4875;P=5 ?0;82> (�#),  ��� 7 A>=SH=8:>2>W >;VW ( ���-1),  ��� 7 @V?0:>2>W 

>;VW ( ���-2) B0 AC<VH52V ?0;820 7 15% 4>102:>R 40=8E  ��� 

�C;> ?@>2545=> 4>A;V465==S 2?;82C  ��� B0 AC<VH528E ?0;82 =0 7<V=C 

C<>2=>W <VF=>ABV ?@8 @>7BS3C20==V ?>;V<5@=>3> <0B5@V0;C. �;S ?@>2545==S 

4>A;V465=P 28:>@8AB>2C202AS >;82>15=7>ABV9:89 ?>;V<5@=89 <0B5@V0; =0 >A=>2V 

1CB04Vє=-=VB@8;P=>3> :0CGC:C. 

�;S 28?@>1C20==S =0 <VF=VABP 1C;> 283>B>2;5=> 7@07:8 ?>;V<5@=8E <0B5@V0;V2 

C D>@<V 42>AB>@>==VE ;>?0B>:. #V43>B>2;5=V 7@07:8 28B@8<C20;8AS 2 ?@>1V@:0E 7 

?0;820<8 70 B5<?5@0BC@8 25º% ?@>BS3>< 10 4=V2. #@>2>48;>AS 5 ?0@0;5;P=8E 

28?@>1C20=P B0 287=0G0;>AS A5@54=є 7=0G5==S.  

 

2.3.2 !01@S:0==S 

�87=0G0;8 ABV9:VABP ?>;V<5@=8E <0B5@V0;V2 2 =5=0?@C65=><C AB0=V 4> 4VW 

@V4:8E 03@5A82=8E A5@54>28I, 4> S:8E 2V4=>ASBPAS ?0;820, I> <VABSBP 4>40B:>2> 

<5B8;>2V 5AB5@8 68@=8E :8A;>B. �;S 287=0G5==S 7<V=8 <0A8 7@07:8 4>A;V4=8E 



?>;V<5@=8E <0B5@V0;V2 1C;8 283>B>2;5=V 7 2C;:0=V7>20=8E ?;0AB8= B>2I8=>R 2,0 

<< B0 <0;8 ?;>IC 4,0 A<2. !0206:8 7@07:V2 28:>=C20;8 =0 B>@AV>==8E 2030E 7 

B>G=VABR 28<V@C 1 <3 (ISO 1817- 2016). 

�;S 28?@>1C20=P 1C;8 ?V43>B>2;5=V 7@07:8 ?>;V<5@=8E <0B5@V0;V2 C 283;S4V 

:204@0BV2 7 4>268=>R AB>@>=8 20 << V B>2I8=>R 2±0,2 <<, =0 :>6=><C 7@07:C 1C;0 

?@>AB02;5=0 V45=B8DV:0FV9=0 <VB:0. #V43>B>2;5=V 7@07:8 ?><VI0;8 2 35@<5B8G=V 

AB0:0=8 (4;S 70?>1V30==S ?>B@0?;S==S ?>2VB@S), S:V 1C;8 =0?>2=5=V AC<VH528< 

?0;82>< B0 28B@8<C20;8 ?@>BS3>< 30 4V1 70 B5<?5@0BC@ 25 B0 120±2°%.   

+5@57 :>6=V 12-24 3>48=8 7@07:8 ?>;V<5@=8E <0B5@V0;V2 289<0;8 7 ?0;820, 

H284:> 2840;S;8 =04;8H>: ?0;820 7 ?>25@E=V 70 4>?><>3>R 1577>;P=>3> 

?0?5@>2>3> DV;PB@0, >4@07C ?VA;S 7206C20;8 =0 0=0;VB8G=8E 2030E ANG-200C 7 

B>G=VABR 4> 0,0002 3 B0 ?>25@B0;8 2 35@<5B8G=V AB0:0=8 4;S ?>40;PH>3> 

4>A;V465==S. 

%BC?V=P =01@S:0==S >FV=R20;8 70 D>@<C;>R [100]: � = ÿ22ÿ1ÿ1 · 100%      (2.3) 

45 α 3 ABC?V=P =01@S:0==S, % <0A.; 

m13 ?>G0B:>20 <0A0 7@07:0, 3; 

m23 <0A0 7@07:0 ?VA;S =01@S:0==S, 3. 

�>A;V465==S ?@>2>48;8 70 B5<?5@0BC@8 25 B0 120 º%, S:0 AB01V;V7C20;0AP 

B5@<>AB0B><. �8A>:5 7=0G5==S B5<?5@0BC@8 B0 B@820;VABP 4>A;V465==S >1C<>2;5=V 

=5>1EV4=VABR 287=0G5==S ?>254V=:8 ?>;V<5@=8E <0B5@V0;V2 ?@8 :>=B0:BV 7 

AC<VH528< ?0;82>< 70 C<>2, 6>@AB:VH8E 70 728G09=V C<>28 @>1>B8 4283C=0 (28EV4 

7 ;04C A8AB5<8 >E>;>465==S B>I>). 

#@>F5A =01@S:0==S [131]?>;V<5@=8E <0B5@V0;V2, S:89 7 ?>78FVW D>@<0;P=>W 

:V=5B8:8 2V4?>2V40є ?5@H><C ?>@S4:C @50:FVW, 4>1@5 >?8ACєBPAS =0ABC?=8< 

@V2=S==S<:  ý�ý� = � · (�ÿ�� 2 ��)      (2.4) 

45 ý�ý� 3 H284:VABP =01@S:0==S, 3>4.-1; 

 k 3 :>=AB0=B0 H284:>ABV ?@>F5AC, 3>4.-1; 



�ÿ�� 3 ABC?V=P =01@S:0==S ?>;V<5@=>3> <0B5@V0;C 2 :V=FV 5:A?5@8<5=BC, %; �� 3 ABC?V=P =01@S:0==S ?>;V<5@=>3> <0B5@V0;C 2 40=89 ?5@V>4 G0AC, %. 

%?8@0RG8AP =0 @V2=S==S (2.4), 7=0E>48;8 :>=AB0=BC H824:>ABV 70 =0ABC?=8< 

@V2=S==S<: � = 1� ln ( ��������2��)      (2.5) 

45 τ 3 B@820;VABP ?@>F5AC, 3>4. 

�;S E0@0:B5@8AB8:8 H284:>ABV @50:FV9 ?5@H>3> ?>@S4:C ?>@S4 7 :>=AB0=B>R 

H284:>ABV :>@8ABC20;8AP 4>40B:>2>R 25;8G8=>R - ?5@V>4>< =0?V2?5@5B2>@5==S. 

*S 25;8G8=0 2V4?>2V40є A?V22V4=>H5==R ��������2�� = 2, >B65, 2V4?>2V4=> 4> @V2=S==S 
(2.5) >B@8<Cє<>: �1/2 = þĀ 2ý       (2.6) 

(>@<C;0 (2.6) 4>72>;Sє 287=0G8B8 G0A, 70 S:89 ?>;V<5@=89 <0B5@V0; =01@S:0є 

=0 50% 2V4 <0:A8<0;P=> <>6;82>3> ABC?5=S. 

�;S ?@>3=>7C20==S H284:>ABV =01@S:0==S ?>;V<5@=8E <0B5@V0;V2 70 1C4P-S:>W 

B5<?5@0BC@8 1C;0 70AB>A>20=0 :V=5B8G=0 <>45;P, 70A=>20=0 =0 @V2=S=V �@@5=VCA0 

[132]:  � = � · � 2ý�·�      (2.7) 

45 � 3 ?5@545:A?>=5=FV9=89 <=>6=8:; 

� 3 5=5@3VS 0:B820FVW ?@>F5AC, �6/<>;P; 

R 3 C=V25@A0;P=0 307>20 AB0;0, �6/(<>;P*�); 

& 3 B5<?5@0BC@0, �. 

�=5@3VR 0:B820FVW � 287=0G0;8 70 @57C;PB0B0<8 42>E A5@V9 4>A;V4V2 70 @V7=>W 

B5<?5@0BC@8 7 70AB>AC20==S< =0ABC?=>3> @V2=S==S [133]: ý = 2�·(ln ý22ln ý1)�1212�221 ,      (2.8) 

45 �2 B0 �1 3 :>=AB0=B8 H284:>ABV ?@>F5AC =01@S:0==S, 3>4.-1, 70 B5<?5@0BC@8 &2 B0 &1, 2V4?>2V4=> 120 B0 25°% (393 B0 298�). 
  



$"���� 3. ���!�+�!!/  ��$"��"�"��+!"�" ���$'�!�!!/ 

%' �,��"�" �����Ь!"�" #����� 

 

 

3.1 $57C;PB0B8 287=0G5==S ABC?5=S <V:@>1V>;>3VG=>3> 701@C4=5==S 

%BC?V=P <V:@>1V>;>3VG=>3> 701@C4=5==S 1C;> 287=0G5=> 4;S 7@07:V2  ���, 

283>B>2;5=8E V7 A>=SH=8:>2>W B0 @V?0:>2>W >;VW, 0 B0:>6 4;S 7@07:V2 <V=5@0;P=>3> 

�#. 

�;S :>6=>3> B8?C ?0;820 ?@>2>48;8 B@8 ?0@0;5;P=V ?>AV28 7@07:V2 =0 IV;P=5 

6828;P=5 A5@54>28I5, 28:>@8AB>2CRG8 @V7=V >1’є<8: 0,15 <;, 0,20 <; B0 0,24 <; 

2V4?>2V4=>. �81V@ B0:8E >1’є<V2 74V9A=R202AS 5:A?5@8<5=B0;P=> H;SE>< 

?>?5@54=P>W A5@VW ?>AV2V2, I> 4>72>;8;> 287=0G8B8 >?B8<0;P=89 4V0?07>= 

V=>:C;SFVW, ?@8 S:><C :>;>=VW 4>1@5 @>7@V7=SRBPAS, =5 7;820RBPAS <V6 A>1>R V 

<>6CBP 1CB8 B>G=> ?V4@0E>20=V. 

*59 ?V4EV4 402 7<>3C C=8:=CB8 =04<V@=>3> 01> =54>AB0B=P>3> 70AV2C G0H>: 

#5B@V, I> >A>1;82> 206;82> 4;S :>@5:B=>3> 287=0G5==S �'� B0 ?>40;PH>3> 

@>7@0EC=:C ABC?5=S 701@C4=5==S 7 28A>:>R B>G=VABR. � @>7@0EC=:0E 2@0E>2C20;8 

;8H5 BV G0H:8 #5B@V, S:V <VAB8;8 =5 <5=H5 20 B0 =5 1V;PH5 300 :>;>=V9 

<V:@>>@30=V7<V2. �5@E=S <560 >1C<>2;5=0 <>6;82VABR @>7@V7=SB8 =5>71@>є=8< 

>:>< >:@5<V :>;>=VW.  

$57C;PB0B8 4>A;V465==S ABC?5=S 10:B5@V>;>3VG=>3> B0 <V:>;>3VG=>3> C@065==S 

:>6=>3> 7@07:0 ?0;820 ?@54AB02;5=V =0 @8AC=:0E 3.1 B0 3.2. 

� @57C;PB0BV2, =02545=8E =0 @8AC=:0E, 284=>, I> �# B0  ��� =0 >A=>2V 

A>=SH=8:>2>W >;VW E0@0:B5@87CRBPAS A5@54=V< ABC?5=5< 701@C4=5==S 3@81:>28<8 

A?>@0<8 B0 A8;P=5 701@C4=5==S 10:B5@VS<8. �>4=>G0A,  ��� =0 >A=>2V @V?0:>2>W 

>;VW E0@0:B5@87CRBPAS A8;P=8< 701@C4=5==S< 10:B5@VS<8 B0 A?>@0<8 3@81V2.  

%;V4 707=0G8B8, I> 7030;P=>?@89=SB8E <56 I>4> 25;8G8=8 <V:@>1V>;>3VG=>3> 

701@C4=5==S <>B>@=8E ?0;82 =5 VA=Cє. �V;P:VABP �'� 70;568BP 2V4 =87:8 G8==8:V2, 

0;5 є >@Vє=B>2=V <56V ?><V@=>3> V A8;P=>3> <V:@>1V>;>3VG=>3> 701@C4=5==S. 

#><V@=5 701@C4=5==S 2V4 4000 4> 20 000 �'�/;, A8;P=5 701@C4=5==S 1V;PH5 20 000 



�'�/;. �0=V <56V ?@87=0G5=V 4;S 702G0A=>W 2:07V2:8 B5 I>, I> C ?0;82V 2V41C20єBPAS 

@VAB <V:@>>@30=V7<V2. 

 

$8AC=>: 3.1 3 %BC?V=P 701@C4=5==S 10:B5@VS<8 @V7=8E 284V2 ?0;820 

 

$8AC=>: 3.2 3 %BC?V=P <V:>;>3VG=>3> 701@C4=5==S @V7=8E 284V2 ?0;820 
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/: ?@028;>, 4;S B>3>, I>1 ?>G0;8AS 5:A?;C0B0FV9=V ?@>1;5<8 01> 1C2 

=530B82=89 2?;82 =0 ?@840B=VABP ?0;820 4;S 28:>@8AB0==S, ?>B@V1=V 28IV @V2=V 

701@C4=5==S, 0;5 ?@8 28:>@8AB0==V  ��� 40=V ?@>1;5<8 AB>SBP 3>AB@> V <>6CBP 

28:;8:0B8 A5@9>7=V ?@>1;5<8. 

 

3.2 $57C;PB0B8 V45=B8DV:0FVW V7>;SBV2 <V:@>>@30=V7<V2  

(>B>7=V<:8 2V4>1@060RBP 48=0<V:C @>728B:C <V:@>>@30=V7<V2 2 7@07:0E 

?0;820 ?@>BS3>< V=:C10FV9=>3> ?5@V>4C =02545=V =0 @8AC=:0E 3.3.-3.5. 

 

$8AC=>: 3.3 3 �<V=0 ABC?5=S <V:@>1V>;>3VG=>3> 701@C4=5==S  �# 2 @50;P=><C 

G0AV 

 

 

 

 

 



$8AC=>: 3.4 3 �<V=0 ABC?5=S <V:@>1V>;>3VG=>3> 701@C4=5==S  ��� V7 %!" 2 

@50;P=><C G0AV 

$8AC=>: 3.5 3 �<V=0 ABC?5=S <V:@>1V>;>3VG=>3> 701@C4=5==S  ��� V7 $" 2 

@50;P=><C G0AV 



(>B>7=V<:8 7>2=VH=P>3> 283;S4C V7>;P>20=8E 10:B5@V0;P=8E :C;PBC@, 

28S2;5=8E C @V7=8E 7@07:0E ?0;820, =02545=> =0 @8AC=:C 3.6, 0 WE <>@D>;>3VG=0 

E0@0:B5@8AB8:0 C7030;P=5=0 C B01;8FV 3.1. 

 

$8AC=>: 3.6 3 �>2=VH=V9 283;S4 10:B5@V0;P=8E V7>;SBV2, 284V;5=8E 7 @V7=8E 

284V2 ?0;820 

�0:B5@VW @>4C Pseudom>nas 740B=V @>7:;040B8 2C3;52>4V 4;S 2C3;5FR 

=5>1EV4=>3> 4;S WE 68BBє4VS;P=>ABV.  �> >A=>2=8E :C;PBC@0;P=8E B0 <>@D>;>3VG=8E 

>A>1;82>AB59 40=>3> @>4C 2V4=>ASBPAS: >:@C3;0 D>@<0, 1;V489 :>;V@ B0 28?C:;0 

?>25@E=S. 

  



&01;8FS 3.1 3 "?8A <>@D>;>3VW 10:B5@V0;P=8E V7>;SBV2 

 

�=0;V7 @8AC=:C 3.6 A2V4G8BP ?@> B5, I> C 2AVE 4>A;V46C20=8E 7@07:0E =0S2=V 

10:B5@V9 @>4C Pseudomonas. *V <V:@>>@30=V7<8 =5 G8=SBP ACBBє2>3> 2?;82C =0 

>A=>2=V 5:A?;C0B0FV9=V ?>:07=8:8 �#, 7>:@5<0 =5 28:;8:0RBP 7=0G=>3> 

?>3V@H5==S 9>3> DV78:>-EV<VG=8E ?0@0<5B@V2 C :>@>B:>AB@>:>2V9 ?5@A?5:B82V.  

$8AC=>: 3.7 V;RAB@Cє 7>2=VH=V9 283;S4 CAVE 3@81:>28E V7>;SBV2, 

V45=B8DV:>20=8E C ?@>F5AV 4>A;V465==S, 0 WE <>@D>;>3VG=V E0@0:B5@8AB8:8 

A8AB5<0B87>20=> 2 B01;8FV 3.2. 

' ?@>F5AV 4>A;V465==S 2V47=0G5=> @V7=><0=VB=5 7010@2;5==S :>;>=V9 3@81V2, 

I> C 1V;PH>ABV 28?04:V2 1C;> 284>A?5F8DVG=8< V AB0;> 4>40B:>2>R >7=0:>R 4;S 

V45=B8DV:0FVW. �V4?>2V4=V 40=V C7030;P=5=> 2 B01;8FV 3.2. 

№ 
(>@<0 

:>;>=VW 

$>7<V@ 

:>;>=VW 
#>25@E=S :>;>=VW �010@2;5==S $V4 B0 ?@54AB02=8: 

1 ":@C3;0 
 0;5=P:V 

(1-2<<) 
�>@18AB0 %2VB;>-@>6520 

Pseudomonas 

chlororaphis 

2 
!5@53C-

;S@=0 

�5;8:V 

(4-6 <<) 

�>@18AB0 7 

?V4=SB8< F5=B@>< 
�8<>==0 Pseudomonas Putida 

3 ":@C3;0  0;5=P:V 
�  ?V4=SB8< 

F5=B@>< 
�8<>==0 Micrococcus luteus 

4 ":@C3;0 
 0;5=P:V 

 
#;0A:0 

#@>7>@0, 

:0;0<CB=0 
Alcaligenaceae 

5 ":@C3;0 �5;8:V �C?>;>?>4V1=0 �@5<>20 Klebsiella aerogenes 

6 ":@C3;0 
%5@54=V 

(2-4 <<) 
"?C:;0 

+5@2>=C20B>-

@>6520 
Serratia marcescens 



 

 

$8AC=>: 3.7 3 �>2=VH=V9 283;S4 3@81:>28E V7>;SBV2, 284V;5=8E 7 @V7=8E 284V2 

?0;820  



&01;8FS 3.2 3 "?8A <>@D>;>3VW 3@81=8E V7>;SBV2 

№  
#>25@E=S 

:>;>=VW 
�010@2;5==S 

(>@<0 :@0W2 $V4 B0 

?@54AB02=8: 

1, 9 
%VBG0B0, 

3>@18AB0 
�V;C20B5 !5GVB:89 

Aspergíllus 

c0ndidus 

2, 5 

)28;SAB0, 7 

>?C:;8< 

F5=B@>< 

%2VB;> 6>2B85  7 

:>@8G=528<8 

2:@0?;5==S<8 B0 1V;8< 

>1V4:>< 

)28;SAB89  

Aspergillus 

baeticus 

 

3, 7 

� ?V4=SB8< 

F5=B@><, 

E28;SABVABP 

2V4 F5=B@C 

+>@=5 A =0?V2?@>7>@8< 

1V;89 :@0є< 
$V2=89 Aspergillus niger 

4 
!5>4=>-

7=0G=0 
!0?V2?@>7>@5, B5<=>-AV@5 )28;SAB89  Rhizopus sp 

6, 

10 

� ?V4=SBBS< 

C F5=B@V 

&5<=>-75;5=5 7V A2VB;8< 

:@0є< 
)28;SAB89 

Cladosporium 

Resinae 

8 ,>@AB:0 
%V@>-1;0:8B=5 7 1V;8< 

>1V4:>< 
$V2=89 

PenicVllium 

commúne 

�C;> 2AB0=>2;5=>, I> 45S:V ?@54AB02=8:8 ?;VA=S28E 3@81V2 28S2;S;8AS 

>48=8G=> C ?52=8E 7@07:0E ?0;820, 2>4=>G0A, V=HV 2848 <V:@><VF5BV2 28S2;S;8AS C 

42>E V 1V;PH5 7@07:0E, I> <>65 A2V4G8B8 ?@> WE 28IC 040?B82=VABP 4> ?0;82=>3> 

A5@54>28I0 01> H8@H89 A?5:B@ 45AB@C:B82=>W 0:B82=>ABV. 

 �>:@5<0 C 7@07:0E  ��� 7 A>=SH=8:>2>W >;VW B0  ��� 7 @V?0:>2>W >;VW  1C;> 

28S2;5=> 3@81 Cladosporium resinae. '  ��� 7 @V?0:C B0:>6 V45=B8DV:>20=> 

?@54AB02=8:V2 @>4C Aspergillus.  

*V @>48 3@81V2 2V4><V A2>єR 28A>:>R 45AB@C:B82=>R 740B=VABR, >A:V;P:8 

A?@8G8=SRBP 1V>453@040FVR ?0;820, 0 B0:>6 ?>H:>465==S :>=AB@C:FV9=8E 

<0B5@V0;V2 ?0;82=>W A8AB5<8 9 5;5<5=BV2 4283C=0 2=0A;V4>: CB2>@5==S :8A;>B, 

A;87>28E ?;V2>: B0 1V><0A8. 



"A>1;82> 206;82> ?V4:@5A;8B8, I> 3@818 @>4C Aspergillus =5 ;8H5 @C9=CRBP 

B5E=VG=V A8AB5<8, 0 9 <>6CBP 1CB8 ?0B>35==8<8 4;S ;R48=8, 28:;8:0RG8 0;5@3VG=V 

@50:FVW, I> @>18BP WE ?@8ACB=VABP C ?0;82=8E A8AB5<0E ?>B5=FV9=> =5157?5G=>R =5 

BV;P:8 4;S B5E=V:8, 0;5 9 4;S >1A;C3>2CRG>3> ?5@A>=0;C. 

 

3.3 $57C;PB0B8 287=0G5==S 2?;82C 4>4020==S 1V>F84=>W ?@8A04:8 

$0=VH5 ?@>2545=V 4>A;V465==S 7 28:>@8AB0==S< ��$�% 2 S:>ABV 

=87P:>B5<?5@0BC@=>3> :><?>=5=B0 [134] ?>:070;8, I> 9>3> 4>4020==S 4> �# C 

:V;P:>ABV (0,01-0,1% >1.) =5 ?>3V@HCє >A=>2=V 5:A?;C0B0FV9=V ?>:07=8:8 

>AB0==P>3>. �8E>4SG8 V7 FP>3>, =0ABC?=8< 5B0?>< 4>A;V465==S AB0;0 ?5@52V@:0 

1V>F84=>W 5D5:B82=>ABV ��$�%. 

!0 @8AC=:C 3.8 ?@54AB02;5=> 7@07:8 ?0;P=>3> ?VA;S B@820;>3> 715@V30==S C 

G8AB><C 283;S4V B0 V7 4>4020==S< ��$�%. %BC?V=P <V:@>1V>;>3VG=>3> 701@C4=5==S 

@V7=8E 284V2 ?0;P=>3> 7 4>4020==S< @V7=>W :V;P:>ABV ��$�% ?VA;S 7 4V1 

V=:C10FV9=>3> ?5@V>4C =02545=> =0 @8AC=:0E 3.933.11. %<C6:8 №№ I, II, III, IV, V 

2V4?>2V40RBP 7@07:0<, I> <VABSBP ��$�% C :>=F5=B@0FVSE 1, 3, 5, 7 B0 10% >1. 

2V4?>2V4=>. 

 

$8AC=>: 3.8 3 �@07>:  ��� ?VA;S B@820;>3> 715@V30==S: 157 4>4020==S ��$�% 

(;V2>@CG) B0 7 9>3> 4>4020==S< (?@02>@CG). 



 

$8AC=>: 3.9 3 �?;82 ��$�% =0 <V:@>1V>;>3VG=5 701@C4=5==S  ��� V7 %!". 

 

$8AC=>: 3.10 3 �?;82 ��$�% =0 <V:@>1V>;>3VG=5 701@C4=5==S  ��� V7 $". 

 

$8AC=>: 3.11 3 �?;82 ��$�% =0 <V:@>1V>;>3VG=5 701@C4=5==S �# 

 



/: 284=> 7 @8AC=:V2 3.9-3.11 B0 B01;8FV 3.3 2 1V;PH>ABV 28?04:V2 ?@8A04:0 

?>2=VABR ?@84CHC20;0 7@>AB0==S <V:@><VF5BV2 3@81V2 B0 10:B5@V9 ?@8 <V=V<0;P=V9 

:>=F5=B@0FVW 7 % <0A. "FV=:0 1V>F84=>W 4VW ?@8A04:8 =02545=0 2 B01;8FV 3.3. 

 

&01;8FS 3.3 3 "1@>1:0 @57C;PB0BV2 28?@>1C20==S ?@8A04:8 

�V;P:VABP 4>40=>3> ��$�%, % 
!0S2=VABP <V:@>1V>;>3VG=>3> C@065==S 
�#  ��� 7%!"  ��� 7 $" 

0 B0: B0: B0: 
1 B0: B0: B0: 
3 B0: B0: B0: 
5 =V B0: B0: 
7 =V =V =V 

10 =V =V =V 
�D5:B82=VABP H8@>:>3> A?5:B@C 1V>F84V2 I>4> ?@83=VG5==S 7@>AB0==S @V7=8E 

284V2 10:B5@V9 1C;> >?8A0=> C AB0BBSE [135,136]. #>?5@54=V 4>A;V465==S ?>:070;0, 

I> =87:0 ?0@0<5B@V2 <>65 2?;820B8 =0 5D5:B82=VABP @V4:8E 1V>F84V2, B0:8E S: G0A 

:>=B0:BC, :>=F5=B@0FVS B0 B5<?5@0BC@0 [137, 138]. /: ?@028;>, :V;P:VABP 1V>F84C, 

I> 70AB>A>2CєBPAS, ?V4B@8<CєBPAS =0 <V=V<0;P=><C @V2=V, I>1 7=878B8 20@BVABP 

:><?>78FVW B0 <V=V<V7C20B8 9>3> 2?;82 =0 =02:>;8H=є A5@54>28I5 [ 139 ]. � 

@57C;PB0BV, 5D5:B82=0 :>=F5=B@0FVS 1V>F84C 2 A8AB5<V <>65 1CB8 =86G>R 70 

=5>1EV4=C, V, >B65, 10:B5@V0;P=V B0 3@81=V :>;>=VW 707=0RBP 2?;82C AC1V=3V1VB>@=8E 

:>=F5=B@0FV9 1V>F84V2 [140]. 

' FP><C 4>A;V465==V 282G5=> 2?;82 1V>F84C =0 >A=>2V ��$�% =0 @>728B>: 

3@81=8E V7>;SBV2 C AC<VH52><C ?0;82V 7 28:>@8AB0==S< H8@>:>3> 4V0?07>=C 

:>=F5=B@0FV9 1V>F84C. 

#@>2545=> A5@VR 4>A;V4V2, =0?@02;5=8E =0 287=0G5==S :V;P:>ABV �'� 3@81V2 2 

7@07:0E AC<VH528E ?0;82, S:V <VABSBP 2V4 0 4> 30 % >1.  ��� B0 2V4 0 4> 10 % >1. 

��$�%. �=:C10FV9=89 ?5@V>4 AB0=>282 7 4=V2 2 >?B8<0;P=8E C<>20E 4;S 7@>AB0==S 

<V:@>>@30=V7<V2 (25°C). $8AC=:8 3.12, 3.13, >B@8<0=V 70 4>?><>3>R ?0:5BC 

STATISTICA 10.0, V;RAB@CRBP V=3V1CRG89 5D5:B 4>4020==S ��$�% =0 ?@>F5A 

CB2>@5==S =>28E :>;>=V9 <V:@>>@30=V7<V2 2 7@07:0E AC<VH52>3> ?0;820, S:5 <VAB8BP 

 ��� V7 A>=SH=8:>2>W B0 @V?0:>2>W >;VW 2V4?>2V4=>. 



&>G:0<8 =0 4V03@0<0E ?>7=0G5=V 7=0G5==S �'� <V:@>>@30=V7<V2, >B@8<0=V 

5:A?5@8<5=B0;P=8< H;SE><, :>;P>@>28<8 A<C30<8 3 @57C;PB0B8 0?@>:A8<0FVW 

@57C;PB0BV2 5:A?5@8<5=BC 70 4>?><>3>R 21C4>20=>3> 2 ?0:5B STATISTICA 10.0 

@53@5AV9=>3> 0=0;V7C. $57C;PB0B8 ?>:07CRBP, I> ��$�% 5D5:B82=89 ?@>B8 2AVE 

284V2 10:B5@V9 V 3@81V2, I> <5H:0RBP C AC<VH52><C ?0;82V, ?@8 FP><C V=3V1CRG89 

5D5:B 71V;PHCєBPAS 7V 71V;PH5==S< :>=F5=B@0FVW 1V>F84C 2 4V0?07>=V 2V4 1 4> 7%. 

�0 4>?><>3>R @53@5AV9=>3> 0=0;V7C B0:>6 282545=V 0?@>:A8<0FV9=V @V2=S==S 

=0 >A=>2V ?>;V=><V2 ,5DD5 4@C3>3> ?>@S4:C, S:V 287=0G0RBP 70;56=VABP ABC?5=S 

<V:>;>3VG=>3> 701@C4=5==S ?0;820 2V4 :V;P:>ABV 4>40=>3> ��$�% B0  ��� 7 %!" 

(3.1) B0  ��� 7 $" (3.2). 

$8AC=>: 3.12 3 �0;56=VABP ABC?5=S <V:>;>3VG=>3> 701@C4=5==S AC<VH528E ?0;82 

2V4 :V;P:>ABV 4>40=8E  ��� 7 %!" B0 ��$�%  



 

$8AC=>: 3.13 3 �0;56=VABP ABC?5=S <V:>;>3VG=>3> 701@C4=5==S AC<VH528E 

?0;82 2V4 :V;P:>ABV 4>40=8E  ��� 7 $" B0 ��$�% 

 ý ⋅ 103 = 2,7043 + 0,0933 ⋅ �М��К 2 0,7967 ⋅ �К�$Б% 2 0,0006 ⋅ �М��К2 220,009 ⋅ �М��К ⋅ �К�$Б% + 0,0532 ⋅ �К�$Б%2;     (3.1) ý ⋅ 103 = 3,2015 + 0,5908 ⋅ �М��К 2 1,5782 ⋅ �К�$Б% 2 0,0002 ⋅ �М��К2 220,0722 ⋅ �М��К ⋅ �К�$Б% + 0,1397 ⋅ �К�$Б%2;     (3.2) 

�5   3 ABC?V=P <V:>;>3VG=>3> 701@C4=5==S, �'�/;; �М��К 3 2<VAB  ��� 2 ?0;82V, % >1; �К�$Б% 3 2<VAB ��$�% 2 ?0;82V, % >1. 

"FV=:0 045:20B=>ABV >B@8<0=8E @V2=S=P ?@>2545=0 70 4>?><>3>R 287=0G5==S 

:>5DVFVє=B0 ?0@=>W :>@5;SFVW <V6 5:A?5@8<5=B0;P=8<8 B0 @>7@0EC=:>28<8 

7=0G5==S<8 <V:>;>3VG=>3> 701@C4=5==S 7@07:V2 ?0;820. &0:, 4;S @V2=S==S (3.1) 

:>5DVFVє=B :>@5;SFVW R2 AB0=>28BP 0,9662, 4;S @V2=S==S (3.2) 3 0,9451. 

"A:V;P:8 70 @57C;PB0B0<8 >FV=:8 :>5DVFVє=BV2 :>@5;SFVW <>6=0 22060B8 

@V2=S==S (3.1) B0 (3.2) 045:20B=8<8, =0ABC?=8< 5B0?>< AB0;> WE @>72’S70==S 7 <5B>R 



287=0G5==S 70;56=>ABV <V6 2<VAB><  ��� B0 =5>1EV4=>R :V;P:VABR 4>4020==S 

��$�% 4;S 5D5:B82=>3> ?@83=VG5==S @>728B:C <V:@>>@30=V7<V2 C ?0;82V. 

/: 284=> 7 @8AC=:V2 3.12-3.13, :@82>;V=V9=V ?>25@E=V, S:V 2V4?>2V40RBP 

@V2=S==S< (3.1) B0 (3.2) ?5@5B8=0RBP ?;>I8=C, S:0 E0@0:B5@87CєBPAS 2V4ACB=VABR 

701@C4=5==S. �;S B>G>:, S:V =0;560BP :@82V9 ?5@5B8=C 40=8E ?>25@E>=P, A?@0254;82V 

@V2=S==S (3.4) B0 (3.5) 4;S  ��� 7 %!" B0  ��� 7 $" 2V4?>2V4=>: 2,7043 + 0,0933 ⋅ �М��К 2 0,7967 ⋅ �К�$Б% 2 0,0006 ⋅ �М��К2 220,009 ⋅ �М��К ⋅ �К�$Б% + 0,0532 ⋅ �К�$Б%2=0;      (3.4) 3,2015 + 0,5908 ⋅ �М��К 2 1,5782 ⋅ �К�$Б% 2 0,0002 ⋅ �М��К2 220,0722 ⋅ �М��К ⋅ �К�$Б% + 0,1397 ⋅ �К�$Б%2 = 0     (3.5) 

�;S A?@>I5==S ?@>3=>7C20==S :V;P:>ABV ��$�%, =5>1EV4=>W 4;S ?@83=VG5==S 

7@>AB0==S <V:@>>@30=V7<V2 @V2=S==S (3.4) B0 (3.5) 1C;8 @>72’S70=V 4;S  �М��К = 0. .30 % >б. , >B@8<0=V @57C;PB0B8 ?>2B>@=> 0?@>:A8<>20=V (@8AC=>: 3.14, 
3.15).  

 

1 3 @57C;PB0B8 @>7@0EC=:C 70 @V2=S==S< (3.4), 2 3 0?@>:A8<0FVS >B@8<0=8E 

@57C;PB0BV2 

$8AC=>: 3.14 3 �?@>:A8<0FVS @V2=S==S (3.4) 



 

1 3 @57C;PB0B8 @>7@0EC=:C 70 @V2=S==S< (3.5), 2 3 0?@>:A8<0FVS >B@8<0=8E 

@57C;PB0BV2 

$8AC=>: 3.15 3 �?@>:A8<0FVS @V2=S==S (3.5) 

/: 284=> 7 @8AC=:V2, @V2=S==S B@5BP>3> ?>@S4:C, S:V >B@8<0=V ?@8 ?>2B>@=V9 

0?@>:A8<0FVW @57C;PB0BV2 @>72’S70==S (3.4) B0 (3.5), <0RBP :>5DVFVє=B8 :>@5;SFVW 

28I5 70 0,995, >B65, ?>2B>@=0 0?@>:A8<0FVS =5 ?@8725;0 4> ACBBє2>3> 71V;PH5==S 

?>E81:8 287=0G5==S =5>1EV4=>W :V;P:>ABV ��$�%. 

� 7030;P=><C 283;S4V @V2=S==S, S:5 4>72>;Sє @>7@0EC20B8 :V;P:VABP 1V>F84=>W 

?@8A04:8, <0є =0ABC?=89 283;S4: �К�$Б% = ÿ ⋅ �М��К3 + Ā ⋅ �М��К2 + ā ⋅ �М��К + d  (3.6) 

�>5DVFVє=B8 a, b, c B0 d 70;560BP 2V4 ?@8@>48  ���. &0:, 4;S  ��� 7 %!" 

a=8·10-5; b=-0,0077; c=0,2345; d=5,1576; 4;S  ��� 7 $" a=0,0003; b=-0,0214; 

c=0,5781; d=2,5818. 

$>7@>1;5=0 <0B5<0B8G=0 <>45;P <>65 1CB8 G8A5;P=8< <5B>4><, 70 4>?><>3>R 

S:>3> <>6=0 @50;VAB8G=> @>7@0EC20B8 =5>1EV4=C :V;P:VABP 1V>F84C 70 C<>28, I> 

2V4><0 :>=F5=B@0FVS  ���. 

&0:8< G8=><, ?@8A04:C =0 >A=>2V ��$�% 4>FV;P=> 28:>@8AB>2C20B8 2 ?@>F5AV 

:><?0C=4C20==S AC<VH528E ?0;82 7 28A>:8< 2<VAB><  ���. �2060RG8 =0 



AE8;P=VABP AC<VH528E  ��� 4> =0S2=>ABV <V:@>1V>;>3VG=>3> 701@C4=5==S, 4;S 9>3> 

?@>DV;0:B8:8 2 C<>20E @575@2C0@C @5:><5=4>20=> ?@>2>48B8 @S4 70E>4V2: 

1. #5@V>48G=> 7;820B8 2V4ABV9 7 ?0;82=8E @575@2C0@V2.  

2. �V418@0B8 7@07:8 ?0;820 7 :>6=>W =>2>W ?0@BVW 4;S 287=0G5==S ABC?5=S 

<V:@>1V>;>3VG=>3> 701@C4=5==S B0 V45=B8DV:0FVW ?>B5=FV9=8E 45AB@C:B>@V2, 2 

70;56=>ABV 2V4 2<VABC B0 ?@8@>48  ��� 287=0G8B8 :V;P:VABP 4>40=>3> ��$�%. 

3. $07 =0 <VASFP ?@>2>48B8 2V7C0;P=89 >3;S4 ?0;82=8E @575@2C0@V2 7 

DV:AC20==S< 7<V=8 :>;P>@C B0 ?@>7>@>ABV ?0;820, =0S2=>ABV @>7H0@C20==S, ?;V2>:, 

A;87C B0 >A04C.  

4.  � @07V 28S2;5==S =530B82=8E 7<V= 7>2=VH=P>3> 284C ?0;820, 0 B0:>6 ?@8 

B@0=A?>@BC20==V B0 7<V=V :;V<0B8G=8E C<>2 ?5@52V@SB8 =0S2=VABP <V:@>1V>;>3VG=>3> 

701@C4=5==S B0 :>@83C20B8 2<VAB ��$�%. 

5. #@>2>48B8 ?>2B>@=V 28?@>1C20==S ?0;820 =0 =0S2=VABP C@065==S @07 =0 

B@8 <VASFV ?@8 4>23>B@820;><C 715@V30==V.  



$"���� 4. �#��� #����!�) �" #"��*�� !� #"�� �$!� 

 �&�$���� 

 

 

4.1 $0=6C20==S ?0;82=8E :><?>78FV9 70 03@5A82=VABR 2V4=>A=> ?>;V<5@=8E 

<0B5@V0;V2 

#5@H8< 5B0?>< 4>A;V465==S 2?;82C AC<VH528E ?0;82 =0 ?>;V<5@=V 45B0;V 

?0;82=>W A8AB5<8 AB0;> 287=0G5==S 284C  ���, S:89 =09A8;P=VH5 2?;820є =0 

?>;V<5@=V <0B5@V0;8. �;S FP>3> ?@>2545=> 287=0G5==S <VF=>ABV ?@8 @>7BS3C20==V 

=0 @>7@82 7@07:V2 3C<8 7-3825 ?VA;S ?@>A>GC20==S @V7=8<8 2840<8 ?0;820 ?@>BS3>< 

10 4=V2 70 B5<?5@0BC@8 25°%. $57C;PB0B8 4>A;V465==S ABV9:>ABV A8@>W 3C<8 7-3825 

2 @V7=8E 2840E ?0;82 =02545=V =0 @8AC=:C 4.1.  

� E>4V 4>A;V465==S ABV9:>ABV ?>;V<5@=8E <0B5@V0;V2 A?>AB5@V30;>AS 

@C9=C20==S 7@07:V2. /: 284=> 7 @8AC=:C 4.1 =09<5=H0 C<>2=0 <VF=VABP ?@8 

@>7BS3C20==V 1C;0 70DV:A>20=0 ?@8 ?@>A>GC20==V ?>;V<5@=>3> <0B5@V0;C 7@07:>< 

 ��� 7 @V?0:>2>W >;VW (9,39  #0). #@8 28?@>1C20==V 2 A5@54>28IV <V=5@0;P=>3> 

4875;P=>3> ?0;820 ?>:07=8:8 7@07:0 <0965 =5 7<V=R20;8AS (9,94  #0). �>4020==S 

 ��� 2 4875;P=5 ?0;82> ?@872>48;> 4> 1V;PH>3> ?@>A>GC20==S B0 ?@8H284H5==S 

@C9=C20==S 7@07:V2 ?>;V<5@=8E <0B5@V0;V2.  

 

$8AC=>: 4.1 3 '<>2=0 <VF=VABP ?@8 @>7BS3C20==V ?>;V<5@=8E <0B5@V0;V2 2  

@V7=8E 2840E ?0;82,  #0 
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!0ABC?=8< 5B0?>< 4>A;V465==S AB0;> 287=0G5==S ABC?5=S =01@S:0==S 7@07:0 

?>;V<5@=>3> <0B5@V0;C 2 =02545=8E 28I5 ?0;820E. �:A?5@8<5=B ?@>2>482AS 2 

AB0B8G=8E C<>20E 70 ?>ABV9=>W B5<?5@0BC@8. $57C;PB0B8 28?@>1C20=P =02545=V =0 

@8AC=:C 4.2. 

  

$8AC=>: 4.2 3 %BC?V=P =01@S==S ?>;V<5@=>3> <0B5@V0;C 2 @V7=8E ?0;820E 70 

B5<?5@0BC@8 25°% ?@>BS3>< 10 4=V2 

  

 0A0 7@07:V2 71V;PHCєBPAS 7 G0A>< 70=C@5==S.  0:A8<0;P=5 =01CE0==S 

2V41C20єBPAS H284:> =0 @0==V9 AB04VW 70=C@5==S (G5@57 72 3>48=8). *5 <>65 1CB8 

?>2’S70=5 7 ?@>=8:=5==S< ?0;820 <V6 <0:@><>;5:C;0<8 ?>;V<5@=8E <0B5@V0;V2. 

 0A>25 =01@S:0==S ?>2’S70=5 B0:>6 7 @>7G8=5==S< @>7G8==8E :><?>=5=BV2 2 

?>;V<5@=8E <0B5@V0;0E, B0:8E S: ?;0AB8DV:0B>@8, AB01V;V70B>@8 01> 4>102:8. 

#@8@VAB 2038 ?>;V<5@=8E <0B5@V0;V2 :>;8202AS 2V4 7,53 % (�#) 4> 13,98% 

( ��� 7 %!"). &0:>6 2 E>4V 28?@>1C20=P DV:AC20;8AS 45D>@<0FVW B0 7<V=8 

35><5B@8G=8E @>7<V@V2 7@07:C. &0:89 28A>:89 ABC?V=P =01@S:0==S ?>;V<5@=>3> 

<0B5@V0;C A;V4 2@0E>2C20B8 ?5@54 70<V=>R 4875;P=>3> ?0;820 =0 AC<VH52V ?0;820 7 

 ���. &0:>6 A;V4 707=0G8B8, I> 40=89 7@07>: ?>;V<5@=>3> <0B5@V0;C  =5 є ABV9:8< 

4> 03@5A82=>W 4VW  ��� B0 AC<VH528E ?0;82 7 9>3> 4>4020==S<.  
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!09<5=H8< 2?;82>< =0 <VF=VABP 7@07:0 ?>;V<5@=>3> <0B5@V0;C ?@8 

@>7BS3C20==V E0@0:B5@87CєBPAS 7@07>: AC<VH52>3> ?0;820 7 4>4020==S<  ��� V7 

A>=SH=8:>2>W >;VW (9,9  #0 2 ?>@V2=S==V 7 9,96  #0 4;S =5?@>A>G5=>3> 

?>;V<5@=>3> <0B5@V0;C), ?@>B5, 40=0 ?0;82=0 :><?>78FVS E0@0:B5@87CєBPAS 

=09A8;P=VH8< 2?;82>< =0 =01@S:0==S ?>;V<5@=>3> <0B5@V0;C.  

&@048FV9=> 4;S 28@>1=8BF20  ��� 28:>@8AB>2CєBPAS @V?0:>20 >;VS, 0;5 2 

':@0W=V =0S2=0 25;8:0 :V;P:VABP A>=SH=8:>2>W >;VW, G0AB8=C 2V4 S:>W A:;040є 

B5E=VG=0 >;VS. �0=0 >;VS =5 ?@840B=0 4;S 283>B>2;=5==S V=H>W FV;P>2>W ?@>4C:FVW, 

B><C WW @0FV>=0;P=> 28:>@8AB>2C20B8 2 S:>ABV A8@>28=8 4;S 283>B>2;5==S  ��� 

&><C, 4;S ?>40;PH8E 4>A;V465=P 1C;> >1@0=>   ��� 7 B5E=VG=>W A>=SH=8:>2>W 

>;VW. 

 

4.2 #V41V@ >?B8<0;P=8E ?>;V<5@=8E :><?>78FV9 

�;0A8G=V 3C<>2>B5E=VG=V 28@>18 S:V 28:>@8AB>2CRBPAS 2 ?0;82=V9 A8AB5<V 

02B><>1V;S 283>B>2;SRBAS 7 >;82>15=7>ABV9:8E 5;0AB><5@V2 ABV9:8E 2 =5?>;S@=8E 

A5@54>28I0E (<V=5@0;P=5 4875;P=5 ?0;82>). #@8 4>102FV ?>;S@=8E  ��� 

=5>1EV4=> ?5@52V@8B8 ABV9:VABP 40=8E 5;0AB><5@V2 4> AC<VH52>3> 4875;P=>3> 

?0;820.   �;S 4>A;V465==S 1C;8 281@0=V :><?>78FV9=V <0B5@V0;8 =0 >A=>2V @V7=8E 

?>;V<5@V2 S:V 28:>@8AB>2CRBPAS 2 ?0;82=V9 A8AB5<V B0 4283C=V, 0 B0:>6 

?5@?5:B82=V, 4;S <091CB=P>3> 28:>@8AB0==S ?@8 @>1>BV 7 AC<VH528<8 ?0;820<8 7 

?V428I5=8< 2<VAB><  ���. �!�-26 B0 ?>;VE;>@>?@5= 28:>@8AB>2CRBPAS 4;S 

283>B>2;5==S H;0=3V2 B0 CIV;P=R20GV2, ?>;VC@5B0= 3 4;S H;0=3V2. #>;VA5G>28=0 

28:>@8AB>2CєBPAS 4;S 70E8ABC ?0;82>?@>2>4V2.  

�;S ?>40;PH8E 28?@>1C20=P 28:>@8AB>2C20;>AS AC<VH525 4875;P=5 ?0;82>, 

S:5 A:;040єBPAS 7 <V=5@0;P=>3> 4875;P=>3> ?0;820 (�#) B0  ��� V7 A>=SH=8:>2>W 

>;VW. �81V@ 40=>3> AC<VH52>3> 4875;P=>3> ?0;820 >1C<>2;5=89 @57C;PB0B0<8 

?>?5@54=VE 4>A;V465=P [141, 142], S:V ?>:070;8, I> 28:>@8AB0==S 40=>W :><?>78FVW 

?@82>48BP 4> =09<5=H>W 2B@0B8 <VF=>ABV B0 =09<5=H>3> 71V;PH5==S <0A>2>3> 

=01@S:0==S ?>;V<5@=8E <0B5@V0;V2. �;S 1V;PH>W =0>G=>ABV >B@8<0=8E @57C;PB0BV2 

2<VAB  ��� 71V;PH5=89 4> 30% >1. 



$57C;PB0B8 4>A;V465==S ABV9:>ABV ?>;V<5@=8E <0B5@V0;V2 2 >B@8<0=V9 ?0;82=V9 

:><?>78FVW =02545=V =0 @8AC=:C 4.3. 

� @8AC=:C 284=>, I> CAV 7@07:8 ?VA;S 28B@8<C20==S 2 AC<VH52><C ?0;82V, S:5 

<VAB8BP 30%  ���, 28S28;8 B5=45=FVR 4> 7=865==S C<>2=>W <VF=>ABV ?@8 

@>7BS3C20==V. !091V;PH ABV9:8< 4> 2?;82C AC<VH52>3> ?0;820 28S282AS 7@07>: 

?>;V<5@=>3> <0B5@V0;C =0 >A=>2V �!�-26, =09<5=H ABV9:8< - ?>;VC@5B0= (7=865==S 

C<>2=>W <VF=>ABV ?@8 @>7BS3C20==V ?VA;S 10 4=V2 28?@>1C20==S 9% B0 67% 

2V4?>2V4=>, ?VA;S 30 4=V2 9,3% B0 70 % 2V4?>2V4=>). &5=45=FVS 4> A?>2V;P=5==S 

7<5=H5==S C<>2=>W <VF=>ABV =0 @>7@82 B0:>6 є 7030;P=>R 4;S 2AVE 7@07:V2 

?>;V<5@=8E <0B5@V0;V2. $57C;PB0B8 ?>:070;8 =5AC<VA=VABP ?>;V<5@=8E <0B5@V0;V2 B0 

 ���, I> A?@8G8=8;> 7=0G=C 2B@0BC 5;0AB><5@=8E 2;0AB82>AB59 V 2B@0BC 

DV:ACRG>W 740B=>ABV. 

 

1 3 #>;VC@5B0= 4> 70=C@5==S; 2 3 #>;VC@5B0=. +0A 70=C@5==S 10 4V1 ;  

3 3 #>;VC@5B0=. +0A 70=C@5==S 30 4V1; 4 3 #>;VA5G>28=0 4> 70=C@5==S;  

5 3 #>;VA5G>28=0. +0A 70=C@5==S 10 4V1; 6 3 #>;VA5G>28=0. +0A 70=C@5==S 30 4V1;  

7 3 �!�-26 4> 70=C@5==S; 8 3 �!�-26. +0A 70=C@5==S 10 4V1; 9 3 �!�-26. +0A 

70=C@5==S 30 4V1; 10 3 #>;VE;>@?@5=4> 70=C@5==S; 11 3 #>;VE;>@?@5=. +0A 

70=C@5==S  10 4V1; 12 3 #>;VE;>@?@5=.+0A 70=C@5==S 30 4V1 

$8AC=>: 4.3 3 '<>2=0 <VF=VABP ?@8 @>7BS3C20==V ?>;V<5@=8E <0B5@V0;V2 2 

AC<VH52><C 4875;P=><C ?0;82V 7 4>4020==S< 30% >1.  ���,  #0 
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&0:C ?>254V=:C ?>;V<5@=8E <0B5@V0;V2 <>6=0 ?>SA=8B8 @C9=C20==S< 1V;PH>W 

G0AB:8 <V6<>;5:C;S@=8E 7H82>: ?@>BS3>< 10 4=V2, ?@8 FP><C ?>G0B:>20 :V;P:VABP 

B0:8E 7H82>: 7<5=HCєBPAS 2 @S4C ?>;VC@8B0=-?>;VA5G>28=0-?>;VE;>@>?@5=-(�!�-

26), ?@> I> A2V4G8BP ?>G0B:>25 7=0G5==S C<>2=>W <VF=>ABV =0 @>7@82 40=8E 

?>;V<5@=8E <0B5@V0;V2.  5B8;>2V 5AB5@8 68@=8E :8A;>B ;53H5 ?>3;8=0RBPAS 

?>;V<5@=8<8 <0B5@V0;0<8, S:V <0RBP ?>4V1=C ?>;S@=VABP. 

)0@0:B5@8AB8:0 70?@>?>=>20=>3> AC<VH52>3> 4875;P=>3> ?0;820 =02545=0 2 

B01;8FV 4.1 (7=0G5==S 2AVE ?>:07=8:V2 287=0G5=V 73V4=> <5B>48:, =02545=8E 2 

B01;8FV 2.1).  

 

&01;8FS 4.1 3 (V78:>-EV<VG=V E0@0:B5@8AB8:8 4875;P=>3> ?0;820,  ��� B0 

4>A;V46C20=>3> AC<VH52>3> 4875;P=>3> ?0;820 

#>:07=8: �=0G5==S 
�#  ��� %C<VH525 4875;P=5 

?0;82>  
70%�#+30% ��� 

�CAB8=0 70 20°%, :3/<3 827 899 849 

�V=5<0B8G=0 2’S7:VABP 70 20°%, 
<<2/A 2,9 5,4 3,3 

*5B0=>25 G8A;> 51 53 52 

&5<?5@0BC@0 A?0;0EC 2 70:@8B><C 
B83;V, °% 62 154 121 

�@0=8G=0 B5<?5@0BC@0 
DV;PB@0FVW, °% -8 -1 -5 

�<VAB AV@:8, ppm. 350 0 245 

 

#5@H8< 5B0?>< 4>A;V465==S AB0;> 287=0G5==S :V=5B8G=8E ?0@0<5B@V2 

=01@S:0==S ?>;V<5@=8E <0B5@V0;V2 70 B5<?5@0BC@8 25º%, I> 2V4?>2V40є @568<C 

?@>AB>R 4283C=0. $57C;PB0B8 287=0G5==S ABC?5=S =01@S:0==S =02545=V =0 @8AC=:C 

4.4. 

/: 284=> 7 @8AC=:C 4.4, ABC?V=P =01@S:0==S 7@07:V2 71V;PHCєBPAS 2 @S4C �!�-

26 3 ?>;VE;>@>?@5= 3 ?>;VA5G>28=0 3 ?>;VC@5B0=, I> ?>2=VABR 71V30єBPAS V7 

7<5=H5==S< <VF=>ABV 7@07:V2 ?@8 @>7BS3C20==V [142]. &0:>6 A;V4 707=0G8B8, I> 

=091V;PH0 7<V=0 ABC?5=S =01@S:0==S A?>AB5@V30єBPAS ?@>BS3>< ?5@H8E 72 3>48=, 



?VA;S G>3> ?@>F5A ACBBє2> A?>2V;P=RєBPAS. �7 >B@8<0=8E @57C;PB0BV2 <>6=0 7@>18B8 

28A=>2>:, I> 1V;PH0 G0AB8=0 <V6<>;5:C;S@=8E 7H82>:, S:V ?@8ACB=V 2 ?>;V<5@=8E 

<0B5@V0;0E, @C9=CєBPAS ?@>BS3>< ?5@H8E 72 3>48= :>=B0:BC V7 AC<VH528< ?0;82><, 

I> B0:>6 :>@5;Rє V7 1V;PH ACBBє28< 7<5=H5==S< <VF=>ABV ?@8 @>7BS3C20==V 2 

?>G0B:>289 ?5@V>4 5:A?5@8<5=BC. !0 >A=>2V >B@8<0=8E @57C;PB0BV2 4>FV;P=> 

@>73;S40B8 ?@>F5A =01@S:0==S S: 42>AB04V9=89, S:89 A:;040єBPAS 7 0:B82=>W (?5@HV 

72 3>48=8) B0 ?>2V;P=>W AB04VW (72-720 3>48=). 

 

 

$8AC=>: 4.4 3 �V=5B8G=V :@82V =01@S:0==S ?>;V<5@=8E <0B5@V0;V2 2 

AC<VH52><C ?0;82V 70 B5<?5@0BC@8 25°% 

 



�;S 287=0G5==S :>=AB0=B H284:>ABV >1>E AB04V9 =01@S:0==S ?>;V<5@=8E 

<0B5@V0;V2 28:>@8AB0=> @V2=S==S (2.4), S:5 ?VA;S ;>30@8D<C20==S ?@89=S;> 

=0ABC?=89 284: ln ( ��������2��) = ��     (4.1) 

$57C;PB0B8 5:A?5@8<5=B0;P=8E :V=5B8G=8E 4>A;V465=P =01@S:0==S 7@07:V2 

?>;V<5@=8E <0B5@V0;V2 2 70;56=>ABV 2V4 B@820;>ABV :>=B0:BC20==S 7 AC<VH528< 

?0;82>< >1@>1;S;8 70 D>@<C;>R (4.1) V ?@54AB028;8 WE 3@0DVG=> (@8AC=:8 4.5, 4.6) 

4;S @>7@0EC=:C :>=AB0=B8 H284:>ABV =01@S:0==S.  

 

$8AC=>: 4.5 3 �87=0G5==S :>=AB0=B8 H284:>ABV ?5@H>W AB04VW =01@S:0==S 

?>;V<5@=8E <0B5@V0;V2 70 B5<?5@0BC@8 25°% 



 

$8AC=>: 4.6 3 �87=0G5==S :>=AB0=B8 H284:>ABV 4@C3>W AB04VW =01@S:0==S 

?>;V<5@=8E <0B5@V0;V2 70 B5<?5@0BC@8 25°% 

�@0DVG=0 70;56=VABP ln ( ��������2��)  2V4  4;S @V2=S==S (4.1) =01;865=0 4> 

;V=V9=>W, I> є >A=>2=8< :@8B5@Vє<, S:89 ?V4B25@46Cє ?5@H89 ?>@S4>: :V=5B8:8 

=01@S:0==S. $>7@0E>20=V 7=0G5==S :>=AB0=B8 H284:>ABV =01@S:0==S ?>;V<5@=8E 

<0B5@V0;V2 ?@54AB02;5=V 2 B01;8FV 4.2. #>E81:0 ?@8 287=0G5==V :>=AB0=B H284:>ABV 

@>7@0E>20=0 70 D>@<C;>R: �� = �√�221Ā22      (4.2) 

45 k 3 :>=AB0=B0 H284:>ABV =01@S:0==S, 3>4.31; ā2 3 :>5DVFVє=B ?0@=>W :>@5;SFVW; 

n 3 :V;P:VABP 28<V@R20=P. 

!0ABC?=8< :@>:>< AB0;> 287=0G5==S :V=5B8G=8E ?0@0<5B@V2 =01@S:0==S 

?>;V<5@=8E <0B5@V0;V2 70 B5<?5@0BC@8 120º% 3 B0:0 B5<?5@0BC@0 є 28I>R 70 @>1>GV 

C<>28 ?0;82=>W A8AB5<8 4283C=0 2=CB@VH=P>3> 73>@S==S. $57C;PB0B8 287=0G5==S 

ABC?5=S =01@S:0==S =02545=V =0 @8AC=:C 4.7. 

 



&01;8FS 4.2 3 �>=AB0=B8 H284:>ABV =01@S:0==S ?>;V<5@=8E <0B5@V0;V2 2 

AC<VH52><C ?0;82V 70 B5<?5@0BC@8 25°%   

�@07>: 

?>;V<5@=8E 

<0B5@V0;V2 

�>=AB0=B0 H284:>ABV 

?5@H>W AB04VW 

=01@S:0==S k1, 3>4.31 

τ1/2, 

3>4. 

�>=AB0=B0 H284:>ABV 

4@C3>W AB04VW 

=01@S:0==S k2, 3>4.31 

τ1/2, 

3>4. 

#>;VE;>@>?5= 0,0366±0,0054 18,9 0,0050±0,0006 138,6 

#>;VC@5B0= 0,0385±0,0066 18,0 0,0065±0,0004 106,6 

#>;VA5G>28=0 0,0276±0,0019 25,1 0,0059±0,0005 117,5 

�!�-26   0,0263±0,0029 26,3 0,0049±0,0006 141,5 

 

/: V 2 ?>?5@54=V9 A5@VW 4>A;V4V2 H284:VABP =01@S:0==S CAVE 7@07:V2 1C;0 

=091V;PH>R 2 ?5@HV  3>48=8 5:A?5@8<5=BC (72), 0;5 A;V4 707=0G8B8, I> 70 

B5<?5@0BC@8 25°% 2?>40;PH><C A?>AB5@V30;>AS ?>2V;P=5 7@>AB0==S ABC?5=S 

=01@S:0==S, 0 70 B5<?5@0BC@8 120°% F59 ?>:07=8: <0965 =5 7<V=R202AS 4;S 7@07:V2 

?>;VE;>@>?@5=C B0 �!�-26  . �>4=>G0A @5HB0 7@07:V2 70 ?V428I5=>W B5<?5@0BC@8 

1C;0 ?>2=VABR 7@C9=>20=0 ?@>BS3>< 72 (?>;VC@5B0=), 01> 96 3>48= (?>;VA5G>28=0). 

&0:V @57C;PB0B8 ?V4B25@46CRBP 3V?>B57C, I> ?@>BS3>< ?5@H8E 72 3>48= 

2V41C20єBPAS 5D5:B82=5 ?@>=8:=5==S ?0;820 2 ?>;V<5@=89 <0B5@V0;, 0 71V;PH5==S 

ABC?5=S =01@S:0==S 7 ?V428I5==S< B5<?5@0BC@8 A2V4G8BP ?@> 5=4>B5@<VG=VABP 

FP>3> ?@>F5AC. 

�>=AB0=B8 H284:>ABV =01@S:0==S 70 B5<?5@0BC@8 120°% @>7@0E>20=> 73V4=> 

40=8E @8AC=:V2 4.8 B0 4.9 B0 ?@54AB02;5=V 2 B01;8FV 4.3. �;S 7@07:V2 ?>;VC@5B0=C B0 

?>;VA5G>28=8 @>7@0E>20=V :>=AB0=B8 H284:>ABV =01@S:0==S ;8H5 70 ?5@H>R 

AB04VєR. 



 

$8AC=>: 4.7 3 �V=5B8G=V :@82V =01@S:0==S ?>;V<5@=8E <0B5@V0;V2 2 

AC<VH52><C ?0;82V 70 B5<?5@0BC@8 120°% 

 

!0 >A=>2V >B@8<0=8E 2 >1>E A5@VSE 4>A;V4V2 @57C;PB0BV2 70 D>@<C;0<8 (4.1-4.2) 

@>7@0E>20=> =0ABC?=V :V=5B8G=V ?0@0<5B@8 ?@>F5AC =01@S:0==S ?>;V<5@=8E 

<0B5@V0;V2: 5=5@3VS 0:B820FVW B0 ?5@545:A?>=5=FV9=89 <=>6=8:. $57C;PB0B8 

@>7@0EC=:V2 4;S 7@07:V2 �!�-26 B0 ?>;VE;>@>?@5=C =02545=> 2 B01;8FV 4.4, 

2AB0=>28B8 :V=5B8G=V ?0@0<5B@8 =01@S:0==S 4;S ?>;VC@5B0=C B0 ?>;VA5G>28=8 4;S 
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#>;VE;>@>?5= 0,0615±0,0060 11,3 0,0171±0,0014 40,5 

#>;VC@5B0= 0,0731±0,0117 9,5 - - 

#>;VA5G>28=0 0,0771±0,0051 9,0 - - 

�!�-26   0,0294±0,0021 23,6 0,0082±0,0008 84,5 
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�@07>: 

?>;V<5@=8E 

<0B5@V0;V2 T1, � T2, � k1, 3>4.-1 k2, 3>4.-1 Ea, �6/<>;P �, 3>4.-1 

�!�-26   298 393 0,0263 0,0294 1142,04 0,0417 

#>;VE;>@>?@5= 298 393 0,0366 0,0615 5319,29 0,3133 

#>;VC@5B0= 298 393 0,0385 0,0731 6571,56 0,5463 

#>;VA5G>28=0 298 393 0,0276 0,0771 10529,00 1,9314 

�@C30 (?>2V;P=0) AB04VS ?@>F5AC =01@S:0==S  

�!�-26   298 393 0,0049 0,0082 5277,37 0,0412 

#>;VE;>@>?@5= 298 393 0,005 0,0171 7532,68 0,1715 
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AB04VW (4.4) B0 ?>;VE;>@>?@5=C ?5@H>W AB04VW (4.5) B0 4@C3>W AB04VW (4.6), ?>;VA5G>28=8 

B0 ?>;VC@5B0=C ?5@H>W AB04VW (4.7, 4.8): � = 0,0417�21142,048,314�      (4.3) � = 0,0412�25277,378,314�      (4.4) 



� = 0,3133�25319,298,314�      (4.5) � = 0,1715�27532,688,314�      (4.6) � = 1,9314�210529,008,314�      (4.7) � = 0,5463�26571,568,314�      (4.8) 
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!01@S:0==S 4 F5 DV78:>-EV<VG=89 ?@>F5A, I> ?>;S30є 2 ?>3;8=0==V 
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"1<565=5 =01@S:0==S E0@0:B5@87CєBPAS 4>AS3=5==S< AB0=C @V2=>2038, ?@8 S:><C 

?>40;PH5 ?>3;8=0==S @>7G8==8:0 ?@8?8=SєBPAS. 

' 28?04:C =5>1<565=>3> =01@S:0==S ?@>F5A <>65 ?@8725AB8 4> ?>2=>3> 

@>7G8=5==S ?>;V<5@C, 70 S:>3> 9>3> AB@C:BC@0 457V=B53@Cє. 

' 28?04:C V7 �!�-26 B0 ?>;VE;>@>?@5=>< =01@S:0==S 70 1C4P-S:>W B5<?5@0BC@8 

є >1<565=8<, >B65, <>6=0 7@>18B8 28A=>2>:, I> ?@8@>40 ?@>F5AC 107CєBPAS =0 

A8;0E �0=-45@-�00;PA0, B>1B> =0 ?@8BS3=5==V DC=:FV>=0;P=8E 3@C?, S:V <0RBP 

?@>B8;56=V G0AB:>2V 70@S48 (V;RAB@0FVS B0:>3> <5E0=V7<C =02545=0 =0 @8AC=:C 

4.11) � ?@>F5AV =01@S:0==S 2V41C20єBPAS ?@>=8:=5==S @>7G8==8:0 2 ?>;V<5@, 

2=0A;V4>: G>3> @C9=CєBPAS B@5B8==0 AB@C:BC@0 >AB0==P>3>, ?@8 FP><C EV<VG=>W 

270є<>4VW =5 2V41C20єBPAS. 
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!86G0 ABC?V=P =01@S:0==S �!�-26 C ?>@V2=S==V V7 ?>;VE;>@>?@5=>< 

?>SA=RєBPAS =87P:8< 2<VAB>< ?>;S@87>20=8E DC=:FV>=0;P=8E 3@C? -C≡N, 740B=8E 

4> CB2>@5==S 5;5:B@>AB0B8G=8E 72’S7:V2 V7 <>;5:C;0<8  ���, 2 B>9 G0A S: 

?>;VE;>@>?@5= <0є 1V;PH89 2<VAB 72’S7:V2 %=%, ?>;S@87>20=8E 70 @0EC=>: 

5;5:B@>=530B82=8E 0B><V2 E;>@C. 
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?>;S@=8E 3@C? %=" B0 N-H, 28A>:89 ABC?V=P =01@S:0==S <>65 ?>SA=R20B8AS 

CB2>@5==S< 2>4=528E 72’S7:V2 <V6 <>;5:C;0<8 ?>;V<5@=>3> <0B5@V0;C B0  ���, 

S:V є VAB>B=> A8;P=VH8<8, =V6 A8;8 �0=-45@-�00;PA0. �@V< B>3>, 7024S:8 ?>4V1=8< 

72’S7:0< <>65 CB2>@R20B8AS B5@<>48=0<VG=> 283V4=89, 0 >B65, AB01V;P=89 

H5AB8G;5==89 F8:;, ?VA;S G>3>, 70 C<>2 ?V428I5==S B5<?5@0BC@8 (0 >B65 V 5=B@>?VW 

A8AB5<8) <>65 2V41C20B8AS ?@>F5A ?5@55B5@8DV:0FVW (@8AC=>: 4.12), I>, 2 A2>R 

G5@3C, ?>SA=Rє ?5@5EV4 2V4 >1=565=>3> =01@S:0==S 4> =5>1<565=>3> 2 A5@VW 

4>A;V4V2 70 B5<?5@0BC@8 120°% B0 @C9=C20==S 7@07:V2 ?>;VA5G>28=8 B0 ?>;VC@5B0=C. 
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@0=> G8 ?V7=> 4>AS30єBPAS <0:A8<0;P=5 7=0G5==S ABC?5=S =01@S:0==S V 

2AB0=>2;RєBPAS @V2=>206=89 AB0=. � B0:><C 28?04:C 4;S 287=0G5==S 70;56=>ABV 

3@0=8G=>3> ABC?5=S =01@S:0==S 2V4 B5<?5@0BC@8 A?@0254;825 @V2=S==S [143]:  �ÿ�� = �0 · �2���·�       (4.9) 

45 �ÿ�� 3 3@0=8G=89 ABC?V=P =01@S:0==S, % <0A.; �0 3 ?5@545:A?>=5=FV9=89 <=>6=8:; 

Δ! 3 B5?;>B0 7<VHC20==S ?>;V<5@C B0 @>7G8==8:0 (?0;820), �6/<>;P; 

R 3 C=V25@A0;P=0 307>20 AB0;0, �6/(<>;P*�); 

& 3 B5<?5@0BC@0, �. 

&5?;>BC 7<VHC20==S Δ! 287=0G0;8 70 @57C;PB0B0<8 42>E A5@V9 4>A;V4V2 70 

@V7=>W B5<?5@0BC@8 7 70AB>AC20==S< @V2=S==S, 0=0;>3VG=>3> 4> @V2=S==S (2.8): 

 



�ÿ = 2�·(ln ���� ,22ln ���� ,1)�1212�221 ,    (4.10) 

45 ln �ÿ�� ,2  B0 ln �ÿ�� ,1  3 3@0=8G=V ABC?5=V =01@S:0==S, % <0A., 70 

B5<?5@0BC@8 &2 B0 &1, 2V4?>2V4=> 120 B0 25°% (393 B0 298�). 
,;SE>< ?V4AB02;5==S 2 @V2=S==S (4.9) 42>E :>=:@5B=8E 7=0G5=P B5<?5@0BC@8 

>B@8<0=> =0ABC?=5 A?V22V4=>H5==S: 

���� ,2���� ,1 = þ2���·�2þ2���·�1,     (4.11) 

�2V4:8 >B@8<0=> @V2=S==S 4;S ?@>3=>7C20==S 3@0=8G=>3> ABC?5=S =01@S:0==S 

70 1C4P-S:>W B5<?5@0BC@8: �ÿ�� ,3 = �ÿ·(�32�1)�·�3·�1 ,    (4.12) 

�;S ?@>3=>7C20==S 4>FV;P=>ABV 28:>@8AB0==S 2 @50;P=8E C<>20E 45B0;59 V7 

�!�-26 B0 ?>;VE;>@>?@5=C 70 D>@<C;0<8 (4.9-4.12) @>7@0E>20=> 3@0=8G=C ABC?V=P 

=01@S:0==S 2:070=8E ?>;V<5@=8E <0B5@V0;V2 70 B5<?5@0BC@8, =01;865=>W 4> 

@50;P=8E C<>2 @>1>B8 ?0;82=>W A8AB5<8. � S:>ABV @>1>G>W B5<?5@0BC@8 >1@0=> 

B5<?5@0BC@C 80°% [144]. $57C;PB0B8 @>7@0EC=:C =02545=V 2 B01;8FV 4.5. 

 

&01;8FS 4.5 3 #@>3=>7>20=89 3@0=8G=89 ABC?V=P =01@S:0==S ?>;V<5@=8E 

<0B5@V0;V2 70 B5<?5@0BC@8 80°% 

�@07>: �ÿ, �6/<>;P �ÿ�� , % <0A. 
�!�-26 13737,6 18,82 

#>;VE;>@>?@5= 6612,6 47,32 
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<0B5@V0;V2 2 AC<VH52><C ?0;82V, 4875;P=><C ?0;82V B0 <5B8;>28E 5AB5@0E 68@=8E 

:8A;>B V7 A>=SH=8:>2>W >;VW  2 G8AB><C 283;S4V 70 B5<?5@0BC@8 80°% =02545=V =0 

@8AC=:C 4.13. �>40B:>2> 287=0G5=> ABC?V=P =01@S:0==S ?>;V<5@=8E <0B5@V0;V2 2 

?0;82=V9 :><?>78FVW, S:0 <VAB8BP 7% ��$�%. 
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(�#), <5B8;>28E 5AB5@0E 68@=8E :8A;>B V7 A>=SH=8:>2>W >;VW ( ���), AC<VH52><C 
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?0;82>< 1C2 =57=0G=8< (4,4% 4;S �!�-26 B0 12,3% 4;S ?>;VE;>@>?@5=C) B0 <0965 

=5 7<V=R20;0AS ?VA;S ?5@H8E 48 3>48=. �>4=>G0A, ABC?V=P =01@S:0==S ?@8 :>=B0:BV 

7  ��� ?>ABV9=> 7@>AB02 ?@>BS3>< 2AP>3> G0AC 4>A;V465==S B0 4>AS302 39,3% 4;S 

�!�-26 B0 81,0% 4;S ?>;VE;>@>?@5=C.  >6=0 7@>18B8 28A=>2>:, I> ?>;V<5@=89 

<0B5@V0; =0 >A=>2V ?>;VE;>@>?@5=C =5 @5:><5=4>20=> 28:>@8AB>2C20B8 2 

A5@54>28IV G8AB8E  ��� G5@57 =87P:C ABV9:VABP.  
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2V4?>2V4=>, I> 7=0G=> 28I5 70 ABC?V=P =01@S:0==S 2 4875;P=><C ?0;82V, ?@>B5 =0 

2V4<V=C 2V4 @57C;PB0BV2 >B@8<0=8E ?@8 28:>@8AB0==V G8AB>3>  ���, 40=89 ABC?V=P 

=01@S:0==S <>6=0 22060B8 3@0=8G=8<, >A:V;P:8 ?@>BS3>< >AB0==VE 408 (�!�-26) 

B0 552 (?>;VE;>@>?@5=) 3>48= 2V= <0965 =5 7<V=R20;0AP. 

�@0=8G=0 ABC?V=P =01@S:0==S �!�-26 B0 ?>;VE;>@>?@5=C 2 :><?>78FVW 

AC<VH52>3> ?0;820 V7 ��$�% AB0=>2;SBP 20,9 B0 52,7 % 2V4?>2V4=>, I> 3>2>@8BP ?@> 

=57=0G=89 =530B82=89 2?;82 ��$�% =0 2:070=V 7@07:8 ?>;V<5@=8E <0B5@V0;V2. *5 

<>65 1CB8 ?>2’S70=5 V7 AB@C:BC@=>-3@C?>28< A:;04>< ��$�%, <>;5:C;8 S:>3> 

<VABSBP ?>;S@=V 3@C?8, 2V4ACB=V 2 <>;5:C;0E :><?>=5=BV2 4875;P=>3> ?0;820. 

�:B82=VABP DV78G=>-03@5A82=8E A5@54>28I ?> 2V4=>H5==R 4> ?>;V<5@=8E 

<0B5@V0;V2 287=0G0єBPAS 7=0G5==S<8 ?0@0<5B@V2 @>7G8==>ABV ?>;V<5@C V A5@54>28I0 

(?0;82=>W :><?>78FVW) [145]. 

�;S 287=0G5==S 4>40B:>28E 70:>=><V@=>AB59 ?>254V=:8 ?>;V<5@=8E <0B5@V0;V2 

2 AC<VH528E ?0;820E 287=0G5=> ?0@0<5B@8 @>7G8==>ABV 7@07:V2 �!�-26, 

?>;VE;>@>?@5=C, ?>;VA5G>28=8 B0 ?>;VC@5B0=C B0 ?>@V2=S=> V7 ?0@0<5B@0<8 

@>7G8==>ABV AC<VH52>3> ?0;820. 

�;S @>7@0EC=:C ?0@0<5B@0 @>7G8==>ABV 28:>@8AB0=> <5B>4 %<>;;0 [ 146 ], 

28E>4SG8 V7 AC<0@=>W 5=5@3VW 270є<>4VW CAVE 0B><V2 V 3@C? [147]: � = √∑ ��∙ý�       (4.9) 

45 ∑ þ�  3 AC<0@=0 5=5@3VS 270є<>4VW CAVE 0B><V2 B0 3@C?,  �6/<>;P; 
    d 3 3CAB8=0 @5G>28=8, :3/<3; 

      3 ?>;5:C@S;=0 <0A0 @5G>28=8, :3/<>;P. 

"@Vє=B>2=89 2<VAB AB@C:BC@=8E 3@C? :>6=>3> B8?C 4;S 4875;P=>3> ?0;820 

287=0G5=89 =0 >A=>2V (482. B01;8FR 2.1), 4;S  ��� B0 ?>;V<5@=8E <0B5@V0;V2 3 =0 

>A=>2V V=D>@<0FVW ?@> WE EV<VG=C 1C4>2C. �;S @>7@0EC=:C ?0@0<5B@0 @>7G8==>ABV 

AC<VH52>3> ?0;820 A:>@8AB0;8AS ?@028;>< 048B82=>ABV [148]. 

$57C;PB0B8 @>7@0EC=:C ?0@0<5B@0 @>7G8==>ABV =02545=V 2 B01;8FV 4.6. 
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�!�-26 22,54 
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70% �# + 30%  ��� 16,54 

93 % (70% �# + 30%  ���) +  
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?>:07=8:V2 5D5:B82=>ABV 28@>1=8FB20 AC<VH52>3> ?0;820 =0 VA=CRG8E 

=0DB>?5@5@>1=8E ?V4?8@є<AB20E, 0 A0<5: G8AB>W ?@82545=>W 20@B>ABV 3 NPV, 

2=CB@VH=P>W =>@<8 4>EV4=>ABV 3 IRR, 48A:>=B>20=8>3> ?5@V>4C >:C?=>ABV 3 DPP, 

V=45:A ?@81CB:>2>ABV 3 PI. 



$>7@0EC=>: G8AB>W ?@82545=>W 20@B>ABV ?@>2545=> 70 D>@<C;>R [159]: þÿ� = ∑ ÿ��(1+�)� 2 Ā���=1      (5.1) 

�5 CFt 4 3@>H>289 ?>BV: C t @>FV, 3@=; 

r 4 AB02:0 48A:>=BC20==S, 22,4%; 

T4 B@820;VABP ?@>є:BC, 10 @>:V2; 

#>G0B:>2V V=25AB8FV9=V 28B@0B8 287=0G5=> 7 20@B>ABV >1;04=0==S 4;S 

28@>1=8FB20 AC<VH52>3> 4875;P=>3> ?0;820, S:5 =5>1EV4=> 2AB0=>28B8 V7 

4>4020==S< 20@B>ABV <>=B06C, S:0 ?@89=SB0 =0 @V2=V 20% 20@B>ABV >1;04=0==S. 

�3V4=> B01;8FV 5.4. 20@BVABP >1;04=0==S 4>@V2=Rє 2041700 3@=, >B65 

�%=2041700*1,2=2450040 3@=. 

�=0G5==S @VG=>3> ?@81CB:C 2 :>6=><C @>FV @>7@0E>20=> 70 D>@<C;>R [160]: �þ� = (ÿ� 2 Ā�) × Ā     (5.2) 

�5 Q 3 @VG=89 >1AS3 28@>1=8FB20 AC<VH52>3> ?0;820, B/@V:; 

Pr 3 FV=0 AC<VH52>3> ?0;820, 3@=/B; 

Ik 3 28B@0B8 =0 28@>1=8FB2> AC<VH52>3> ?0;820 (9>3> A>1V20@BVABP), 3@=/B. 

�3V4=> B01;8FP 5.3, 5.4 Q=836,67 B/@V:, Pr=49095,07 3@=/B, Ik=46757,21 3@=/B. 

"A:V;P:8 73V4=> [ 161 ] =0 AC<VH525 ?0;82> @>7?>2AR46CєBPAS 7=865=0 

2V4=>A=> �# AB02:0 0:F87=>3> ?>40B:C =0 ?0;P=5 (250,75 B0 359 є2@>/1000; 

2V4?>2V4=>), 7=0G5==S Ik 7=865=> =0 @V7=8FR AB02>: 0:F87=>3> ?>40B:C O7 

@>7@0EC=:C A5@54=P>:20@B0;P=>3> :C@AC є2@> @V2=>3> 43,873@= [162]: Ā� = 46757,21 2 (359,00 2 250,75) ∗ 43,87 = 42008,293@=/B 
&0:8< G8=><: �þ� = (49095,07 2 42008,29) × 836,67 = 5929303 г@=/@ік 

�0 4>?CI5==S, I> ?@81CB>: 1C45 AB01V;P=8< :>6=>3> @>:C, 7=0G5==S ∑ ÿ��(1+�)���=1  7 @V2=S==S (5.1) @>7@0E>20=> S: B5?5@VH=R 20@BVABP 0=CWB5BC PV A 70 

=0ABC?=>R D>@<C;>R [163]: ÿ� � = �þ� × 12(1+�)2��      (5.3) ÿ� � = 5929303 × 12(1+0,224)2100,224 = 20514151 3@=/@V: 



+8AB0 ?@82545=0 20@BVABP A:;040є: þÿ� = 20514151 2 2450040 = 20514151 г@=/@ік 

"A:V;P:8 NPV >0, ?@>є:B 5:>=><VG=> 283V4=89 70 40=8E C<>2. %;V4 707=0G8B8, 

I> NPV <>65 7<5=HC20B8AS 2 @07V 71V;PH5==S FV=8 A8@>28=8 4;S 28@>1=8FB20 

AC<VH52>3> ?0;820. �0;56=VABP G8AB>W ?@82545=>W 20@B>ABV 28@>1=8FB20 2V4 7<V=8 

20@B>ABV A8@>28=8 =02545=0 =0 @8AC=:C 5.2. $>7@0EC=:8 ?@>2545=V 73V4=> D>@<C; 

(5.1) 3 (5.3). 

 

$8AC=>: 5.2 3 �0;56=VABP G8AB>W ?@82545=>W 20@B>ABV 28@>1=8FB20 AC<VH52>3> 

?0;820 2V4 7<V=8 20@B>ABV A8@>28=8 

�<V=0 20@B>ABV 28@>1=8FB0 2?;820є =0 G8ABC ?@82545=C 20@BVABP. &>G:0 

157718B:>2=>ABV A:;040є +10 % 2V4 107>2>3> @V2=S.  /:I> A>1V20@BVABP 283>B>2;5==S 

AC<VH52>3> 4875;P=>3> ?0;820 ?V428I8BPAS 1V;PH5 =V6 =0 15% 28@>1=8FB2> AB0=5 

718B:>28<, >A:V;P:8 ;V=VS ?5@5B8=0є 2VAP NPV=0).  

�=45:A @5=B01V;P=>ABV V=25AB8FV9 ($�) @>7@0E>20=> 70 =0ABC?=>R D>@<C;>R 

[159]: ÿĀ = ∑ �þ�(1+�)���=1Āÿ      (5.4) 

�@0E>2CRG8 D>@<C;C (5.3) >B@8<0=>: 
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$І = �� �Āÿ        (5.5) 

$І = 205141512450040 = 9,37
"A:V;P:8 $� >1, V=25AB8FVS 283V4=0 70 40=8E C<>2. !0 :>6=C 2:;045=C 1 3@= 702>4 

>B@8<Cє 9,37 3@= B5?5@VH=P>W 20@B>ABV ?@81CB:C. 

$� 7<5=HCєBPAS ?@8 71V;PH5==V 20@B>ABV A8@>28=8 B0 AB02:8 48A:>=BC20==S. 

#@8 4>AS3=5==V :@8B8G=>W <56V ($�=1) 28@>1=8FB2> AB0=5 718B:>28<. �<V=0 $� 4;S 

@V7=8E 7=0G5=P AB02:8 48A:>=BC20==S 2 72;56=>ABV 2V4 20@B>ABV A8@>28=8 =02545=> 

=0 @8AC=:C 5.3. 

 

 

$8AC=>: 5.3 3 �@0DV: 7<V=8 V=45:AC @5=B015;P=>ABV ($�) 2 70;56=>ABV 2V4 28B@0B 

V AB02:8 48A:>=BC20==S 

 

�06;828< ?0@0<5B@>< 5:>=><VG=>W 5D5:B82=>ABV є @>7@0EC=>: 2=CB@VH=P>W 

=>@<8 4>EV4=>ABV (IRR) ?@>є:BC. IRR 4 F5 B0:0 AB02:0 48A:>=BC20==S r, ?@8 S:V9 

NPV ?@>є:BC 4>@V2=Rє =C;R [159]. 0 = ∑ ÿ��(1+Ā��)� 2 Ā�&�=1     (5.6) 
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r=30% r=22,4% r=15%  560 283V4=>ABV



�>;8 I>@VG=89 3@>H>289 ?>BV: ?>ABV9=89, IRR 4C65 1;87P:89 4> BVєW AB02:8 

r, S:0 704>2>;P=Sє: Ā� = �þ × 12(1+�)2��     (5.7) 

#VA;S ?V4AB0=>2:8 G8A;>28E 7=0G5=P ?>G0B:>28E V=25AB8FV9, @VG=>3> ?@81CB:C 

B0 G0AC >B@8<0=>: 2450040 = 5929303 × 1 2 (1 + Āāā)210Āāā  

 5B>4>< ?V41>@C >B8<0=>, I> 2:070=0 @V2=VABP 28:>=CєBPAS 70 IRR ≈ 242%.  

&0:>6 1C;> @>7@0E>20=> 48A:>=B>20=89 ?5@V>4 >:C?=>ABV (DPP) 3 F5 G0A, 70 

S:89 AC<0 48A:>=B>20=8E 3@>H>28E ?>B>:V2 ?>:@8є ?>G0B:>2V V=25AB8FVW. DPP 

@>7@0E>2CєBPAS S: AB@>: 4> <><5=B0 28:>=0==S =0ABC?=>W @V2=>ABV [159]: ∑ ÿ��(1+�)� = Ā�Ā���=1      (5.8) 

$>7@0EC=>: ?@>2545=> 4;S 3@>H>2>3> ?>B>:C :>6=>3> @>:C: ÿ�� = ÿ��21 + ÿ��(1+�)�    (5.9) 

$57C;PB0B8 @>7@0EC=:C ?@54AB02;5=V 3@0DVG=> =0 @8AC=:C 5.4. 

 

$8AC=>: 5.4 3 �@0DV: >:C?=>ABV 28@>1=8FB20 AC<VH52>3> ?0;820 2 G0AV. 
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/: 284=> 7 @8AC=:C, 265 =0 1 @>FV 28:>=CєBPAS 40=0 @V2=VABP, V=25AB8FVW 

?>2=VABR ?>:@820RBPAS 48A:>=B>20=8< ?@81CB:><.  

 

�;S ?V428I5==S 4>AB>2V@=>ABV 28A=>2:C I>4> 4>FV;P=>ABV 2?@>20465==S 

70?@>?>=>20=>W CAB0=>2:8 ?@>2545=> @>7@0EC=>: A5=A8B82=>ABV PI 4> 7<V=8 FV=8 =0 

�# G8  ���. $>7@0EC=>: ?@>2545=> 70 D>@<C;0<8 (5.2, 5.3, 5.5), @57C;PB0B 

=02545=89 2 B01;8FV 5.6. 

 

&01;8FS 5.6 3 %5=A8B82=VABP V=45:A0 @5=B015;P=>ABV 2 70;56=>ABV 2V4 FV=8 

>A=>2=8E :><?>=5=BV2 AC<VH52>3> ?0;820. 

�<V=0 ->@VG=89 ?@81CB>: (CF), 3@= PI, % �8A=>2>: 

�07>289 5929303 9,37 �83V4=> 

+20%  ��� 4232536 6,69  5=H 283V4=> 

220%  ��� 7626070 12,06 �83V4=> 

+20% �# -67854 <1 �18B>: 

220% �# 11926460 38,74 �C65 283V4=> 
 

!02VBP 70 =5A?@8SB;828E C<>2 (+20% 4> FV=8  ���) ?@>є:B 70;8H0єBPAS 

?@81CB:>28< (PI = 6,69%). ' :@0I8E C<>20E (7=865==S FV=8  ��� 01> FV=8 �#) 

5D5:B82=VABP 7=0G=> 7@>AB0є. Є48=8< @878:>20=8< AF5=0@Vє<, 70 S:>3> 

28@>1=8FB2> AB0є 718B:>28<, є ?V428I5==S FV=8 �# =0 20%. !0 >A=>2V =02545=>3> 

28I5 <>6=0 7@>18B8 28A=>2>: ?@> 4>FV;P=VABP @50;V70FVW CAB0=>2:8 

:><?0C=4C20==S 70 @>7@>1;5=>R AE5<>R, >A:V;P:8 ?@>5:B <0є 28A>:89 @V25=P 

?@81CB:>2>ABV C 1V;PH>ABV @50;VAB8G=8E AF5=0@VW2 B0 ABV9:89 4> ?V428I5==S 

20@B>ABV A8@>28=8 ( ���). 

!5 <5=H 206;828< 5:>=><VG=8< 0A?5:B>< 2?@>20465==S 28@>1=8FB20 

AC<VH52>3> 4875;P=>3> ?0;820 є 5:>;>3VG=0 5D5:B82=VABP. 

#@8 28:>@8AB0==S 1 ;VB@C <V=5@0;P=>3> 4875;P=>3> ?0;820 2 0B<>AD5@C 

28:840єBPAS 2,68 :3 %"2, 2>4=>G0A, ?@8 28:>@8AB0==V  ��� ≈  0,3-0,5 :3 %"2 



(72060RG8 =0 25;8:C @V7=8FR <V6 @V2=5< 28:84V2 %"2 4;S @V7=8E 284V2 ?0;820, 2 

@>7@0EC=:0E @V25=P 28:84V2 ?@8 28:>@8AB0==V  ��� 3V?>B5B8G=> ?@89<0єBPAS 70 

=C;P).  
#@>4C:B82=VABP 28@>1=8FB20 ≈3900; AC<VH52>3> ?0;820 =0 4>1C (?@8 A5@54=V9 

3CAB8=V @V2=V9 0,85 :3/;) = 978900 ;/ @V: (251 @>1>G89 45=P).  

#@8 28:>@8AB0==V G8AB>3> 4875;P=>3> ?0;820 28:848 %"2 A:;0;8 18: 

978900 ;/@V:×2,68 :3 CO2=2623452 :3 CO2/@V: 

#@8 28:>@8AB0==V AC<VH52>3> ?0;820 A:;040є: 

978900 ;×0,63×2,68 :3 CO2=1652775 :3 CO2/@V: 

"B65, @VG=0 5:>=><VS 28:84V2 CO2 A:;040є = 2623452-1652775= 970677 :3 

CO2/@V:. 

&0:>6 7=865==S 28:84V2 ;5B:8E >@30=VG=8E A?>;C: =0 30-40% C ?>@V2=S==V 7 

4875;P=8< ?0;82><. �<5=H5==S 70;56=>ABV 2V4 28:>?=8E ?0;82, G5@57 4>4020==S 

4>102>: 7 2V4=>2;R20;P=8E 465@5;.  

 >6=0 7@>18B8 28A=>2>:, I> 28@>1=8FB2> AC<VH52>3> 4875;P=>3> ?0;820 є 

1V;PH 5:>;>3VG=> 5D5:B82=8<. *5 4>72>;Sє >B@8<C20B8 ?V;P38 B0 AC1AC4VW 70 

«75;5=V» B5E=>;>3VW G5@57 45@602=V ?@>3@0<C ?V4B@8<:8 0;PB5@=0B82=8E 284V2 

?0;82.  >6=0 >B@8<0B8 G0AB:>2C :><?5=A0FVR 20@B>ABV >1;04=0==S (4> 30-40%). 

"B65, 20@BVABP  ��� B0 3>B>2>3> AC<VH52>3> ?0;820 2V4@V7=SєBPAS 2 

70;56=>ABV 2V4 A8@>28=8, 0;5 2 1C4P-S:><C @07V =5A5 70 A>1>R 5:>=><VG=C 

4>FV;P=VABP.  

#@8 283>B>2;5==V  ��� 157?>A5@54=P>W =0 AV;PAP:>3>A?>40@AP:8E >1’є:B0E 7 

28:>@8AB0==S< 2 S:>ABV A8@>28=8 68@>2<VA=8E 2V4E>4V2 B0 28:>@8AB0==S  4;S 

28@>1=8G8E ?>B@51 20@BVABP  ��� <>65 1CB8 7=865=0 B0, S: =0A;V4>:, 1V;PH 

203><89 5:>=><VG=8< 5D5:B.  



��%!"��� 

 

� 48A5@B0FV9=V9 @>1>BV 1C;> 28@VH5=> 0:BC0;P=C =0C:>2>-B5E=VG=C 7040GC, 

I> E0@0:B5@87CєBPAS =0C:>2>R =>287=>R B0 <0є ?@0:B8G=5 7=0G5==S V ?>;S30є C 

@>7@>1FV 1V>;>3VG=> V=5@B=>W, <>48DV:>20=>W 5AB5@0<8 :0@1>=>28E :8A;>B, ?0;82=>W 

:><?>78FVW, S:0 =5 74V9A=Rє @C9=V2=>3> 2?;82C =0 :>=AB@C:FV9=V ?>;V<5@=V 

<0B5@V0;8. 

#@>2545=V B5>@5B8G=V V 5:A?5@8<5=B0;P=V 4>A;V465==S 4>72>;SRBP 

AD>@<C;R20B8 =0ABC?=V 28A=>2:8: 

1.  '?5@H5 @>7@>1;5=0 AC<VH520 4875;P=0 ?0;82=0 :><?>78FVS 7 

4>4020==S< 30% <5B8;>28E 5AB5@V2 :0@1>2>=8E :8A;>B B0 1V>F84=>W 4>102:8.  

�0?@>?>=>20=> 2 S:>ABV 1V>F84=>W ?@8A04:8 :C1>2V 70;8H:8 @5:B8DV:0FVW 

1CB8;>28E A?8@BV2, 287=0G5=> WW 5D5:B82=VABP B0 5:A?5@8<5=B0;P=>-@>7@0EC=:>28< 

<5B>4>< >13@C=B>20=V <V=V<0;P=V 5D5:B82=V 70AB>AC20==V 2 ?0;820E V7 2<VAB>< 

<5B8;>28E 5AB5@V2 68@=8E :8A;>B 0..30 % >1: 4;S ?0;820 V7 4>4020==S< <5B8;>28E 

5AB5@V2 68@=8E :8A;>B V7 A>=SH=8:>2>W >;VW <V=V<0;P=V 5D5:B82=V :>=F5=B@0FVW 

1V>F84=>W ?@8A04:8 AB0=>2;SBP 5..7,5% >1., 4;S ?0;820 V7 4>4020==S< <5B8;>28E 

5AB5@V2 68@=8E :8A;>B V7 @V?0:>2>W >;VW  3 2,7..8% >1. 

2. '?5@H5 @>7@>1;5=> <5B>48:C :V;P:VA=>3> 287=0G5==S ABC?5=S 

<V:@>1V>;>3VG=>3> C@065==S AC<VH528E ?0;82, S:0 ґ@C=BCєBPAS =0 :><1V=0FV9 

VA=CRG8E <5B>4V2 28S2;5==S <V:@>1V>;>3VG=>3> C@065==S ?0;82. �8:>@8AB0==S 

:C;PB82C20==S =0 IV;P=8E ?>682=8E A5@54>28I0E C G0H:0E #5B@V 70157?5GCє 

<>6;82VABP 28S2;5==S <V:@>>@30=V7<V2, ?@8ACB=VE =0 DV;PB@0E, =02VBP C B0:8E 

:>=F5=B@0FVSE, S:V =5<>6;82> V45=B8DV:C20B8 28:;RG=> 3@02V<5B@8G=8< 

A?>A>1><. �>40B:>25 70AB>AC20==S ?0?5@>28E DV;PB@V2 ?V428ICє B>G=VABP 

<V:@>A:>?VG=>3> 0=0;V7C, 4>72>;SRG8 7<5=H8B8 ?>E81:C, ?>2’S70=C 7 

=5@V2=><V@=8< @>7?>4V;>< <V:@>1=8E :;VB8= C 7@07:0E ?0;820. 

3. �87=0G5==> ABC?V=P <V:@>1V>;>3VG=>3> C@065==S @V7=8E 7@07:V2 

<>B>@=8E ?0;82. �84V;5==V, >E0@0:B5@87>20=V B0 V45=B8DV:>20=V <V:@>>@30=V7<8, 

S:V 7=0E>48;8AS 2 ?0;82V. %5@54 =8E 284V;5=V 0:B82=V 45AB@C:B>@8 ?0;82 B0 



:>=AB@C:FV9=8E <0B5@V0;V2: 3@818 Cladosporium Resinae B0 Aspergillius, 0 B0:>6 

10:B5@VW Pseudomonas. � @S4C 4875;P=5 ?0;82> 3 <5B8;>2V 5AB5@8 68@=8E :8A;>B V7 

A>=SH=8:>2>W >;VW 3 <5B8;>2V 5AB5@8 68@=8E :8A;>B V7 @V?0:>2>W >;VW 2AB0=>2;5=> 

70:>=><V@=VABP 4> 71V;PH5==S ABC?5=S S: 10:B5@V>;>3VG=>3>, B0: V <V:>;>3VG=>3> 

701@C4=5==S: 4;S 2:070=>3> @S4C ABC?V=P 10:B5@V>;>3VG=>3> 701@C4=5==S  AB0=>28BP 

173333, 264445 B0 518333 �'�/;, <V:>;>3VG=>3> 701@C4=5==S 3  1389, 5278 B0 21667 

�'�/; 2V4?>2V4=>.   

4. �AB0=>2;5=> :V=5B8G=V 70:>=><V@=>ABV =01@S:0==S ?>;V<5@=8E 

<0B5@V0;V2 @V7=>W EV<VG=>W 1C4>28, I> 70AB>A>2CRBPAS 2 ?0;82=8E A8AB5<0E, 2 

AC<VH52><C 4875;P=><C ?0;82V V 287=0G5=>, I> 40=89 ?@>F5A ?5@51V30є 2 42V AB04VW 

S: 70 B5<?5@0BC@8 25 °% (=01;865=V9 4> @568<C ?@>AB>R),  B0: V ?@8 120 °% 

(=01;865=> 4> @>1>B8 4875;P=>3> 4283C=0 2 ?>70HB0B=8E C<>20E): ?5@H0 3 0:B82=0 

AB04VS, 4@C30 4 ?>2V;P=0 AB04VS ?@>F5AC. �’SA>20=> 70;56=VABP 7<V=8 5=5@3VW 

0:B820FVW ?@>F5AC =01@S:0==S ?>;V<5@=8E <0B5@V0;V2 2V4 EV<VG=>W 1C4>28 

?>;V<5@=>W <0B@8FV V ?>:070=>, I> 7=0G5==S 5=5@3VW 0:B820FVW 4;S 2AVE 7@07:V2 

?>;V<5@=8E <0B5@V0;V2 =V25;RєBPAS 7=0G5==S<8 ?5@545:A?>=5=FV9=>3> <=>6=8:0 

�, S:89 E0@0:B5@87Cє 7030;P=C :V;P:VABP 7VB:=5=P <>;5:C; ?>;V<5@=8E <0B5@V0;V2 V7 

<>;5:C;0<8 @>7G8==8:0 2 70;56=>ABV 2V4 IV;P=>ABV B0 AB@C:BC@8 B@828<V@=>W AVB:8.  

5. �0?@>?>=>20=> ?V4EV4 4> 281>@C ?>;V<5@=8E <0B5@V0;V2, ABV9:8E 4> 

2?;82C 5AB5@V2 68@=8E :8A;>B, S:89 107CєBPAS =0 ?>@V2=S==V  A?>@V4=5==>ABV 
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