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ABSTRACT 

Sokolova T.I., Improvement of the biotechnology of food waste processing in the 

hotel and restaurant complex. - Qualifying scientific work on the rights of the 

manuscript. 

Dissertation for the degree of Doctor of Philosophy in the field of knowledge 18 ¬ 

«Production and Technology», speciality 183 Environmental Protection Technologies - 

Lviv Polytechnic National University, Lviv, 2025 

The dissertation is devoted to the theoretical and experimental substantiation of the 

improvement of biotechnology for the processing of food waste in the hotel and restaurant 

complex by varying the parameters of the anaerobic degradation process to optimise and 

obtain the main valuable product - biogas, and the secondary product - compost, using 

biochar from waste coffee grounds as an additive. 

The current state of the waste management sector and the possibilities of processing 

food waste from the hotel and restaurant complex into secondary products in Ukraine and 

the world are analysed. The author emphasises the expediency of using biotechnology in 

hotel and restaurant complexes, which are one of the significant producers of food waste 

that cannot be properly processed and is most often disposed of in landfills, which carries 

an anthropogenic burden on the environment through the process of decay of organic matter 

and the release of harmful substances into the air, soil and groundwater. Environmental 

protection technologies cover a significant part of waste treatment and disposal, which is a 

huge niche that needs to be improved to create a better environmental situation in the 

country. Given the low level of public awareness of solid waste sorting at home and the 

inability to track this process, it is much easier and more efficient to work with hospitality 

businesses that are accountable for environmental protection, namely waste generation and 

disposal. Sorting and processing food waste is relevant not only in the environmental sector, 

but also in the energy and economic sectors, as the anaerobic degradation process produces 

biogas and a secondary product called vermicompost, the former used alongside natural gas 

in the EU to generate heat and electricity, and the latter for agricultural land. The symbiosis 

of biotechnology and business is very promising for the country's development in a new 

paradigm, namely, the preservation of the environment, which suffers too much from human 



activity.  Therefore, the development and implementation of biotechnologies for processing 

food waste into valuable secondary products in the hotel and restaurant industry is rational 

and saves resources, which is important for the sustainability of enterprises, the economy 

and the preservation of environmental components from uncontrolled pollution. 

The processes of obtaining biochar from waste coffee grounds by thermal and 

microwave pyrolysis (irradiation) were investigated, the influence of the production method 

on the biopolymer and granular composition, structural characteristics, sorption, acid-base 

and ion-exchange properties of raw materials and biochar was analysed. Differential 

infrared spectroscopy and comprehensive thermal analysis of raw materials and biochar 

were also carried out. 

It was found that the biochar samples obtained by microwave pyrolysis have similar 

and/or improved performance compared to traditional thermal pyrolysis (composition, 

structural characteristics, sorption, acid-base and ion exchange properties), but the 

production cost is significantly reduced due to the use of microwave ovens that do not 

require significant electricity consumption.  

The processes of anaerobic digestion of food waste from a hotel and restaurant 

complex with the use of biochar from spent coffee grounds obtained by thermal and 

microwave pyrolysis as an additive were investigated, improved and optimised. It has been 

determined that in the preparation of a mixture for anaerobic degradation from cow manure, 

food waste and biochar, methane makes up 80% of the biogas obtained, which is analogous 

to natural gas and can be used to meet the energy needs of the enterprise.  

Technological and vector diagrams of production processes for the production of 

biochar from waste coffee grounds and anaerobic digestion of food waste from the hotel and 

restaurant complex into biogas have been developed. On the basis of the obtained results, 

the economic efficiency of the project for implementation at the enterprise with additional 

profitability from waste processing and biofuel production is calculated. 

Keywords: biotechnology, anaerobic degradation, food waste, organic waste, biogas, 

biochar, spent coffee grounds, mesophilic regime, thermophilic regime.  
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=59B@0;P=V A5@54>28I0. �V>B5E=>;>3VW 1;87P:V 4> 1V>;>3VG=8E A8AB5<, 

?@8@>4=8E :><?;5:AV2 B0 DC=:FV>=C20==R 6828E >@30=V7<V2, 7024S:8 

107C20==R =0 ?@8=F8?0E ?5@5B2>@5==S 9 ?5@5<VI5==S 5=5@3VW B0 <0B5@V0;V2. � 

G>3> <>6=0 7@>18B8 28A=>2>:, I> 1V>B5E=>;>3VW 2V4?>2V40RBP 70:>=C 

5:>;>3VG=>W @V2=>2038 B0 ABV9:>ABV 5:>A8AB5<.  

!0?@8:;04, ?@>F5A :><?>ABC20==S є =091V;PH 28:>@8AB>2C20=8< 

<5B>4><, S:89 ?>;S30є 2 ?5@5B2>@5==V >@30=VG=8E @5G>28= (;8ABS, E0@G>2V 



2V4E>48 B>I>) C FV==5 4>1@82> (1V>3C<CA), S:89 ?>:@0ICє ?>:07=8:8 �@C=BC, 

FR B5E=>;>3VR 28:>@8AB>2CRBP 4;S 1V>@5<54V0FVW �@C=BV2, I> 1C;8 

701@C4=5==V <5B0;0<8 B0 @V7=8<8 >@30=VG=8<8 @5G>28=0<8 [22]. �024S:8 

28A>:V9 B5<?5@0BC@V ?@>F5AC (40370 °C), I> 4>AS30єBPAS H;SE>< 05@0FVW 

(>:8A;5==S >@30=VG=8E @5G>28= B0 28?0@>2C20==S =04;8H:>2>W 2>;>38 7 

AC1AB@0BV2), 1V;PHVABP ?0B>35=V2 7=8ICєBPAS [23, 24]. �0:B5@V0;P=V :C;PBC@8 

(Corynebacterium, Staphylococcus, Micrococcus, Acinetobacter, Arthrobacter V 

Alcaligenes) V 3@818 (Fusarium, 3@818 1V;>W 3=8;V, Penicillium) 15@CBP CG0ABP 2 

?@>F5A0E :><?>ABC20==S 4;S ?5@5B2>@5==S D5=>;P=8E A?>;C: 2 1V>3C<CA [22]. 

�8:>@8AB0==S >B@8<0=>3>, 7024S:8 ?5@5@>1FV E0@G>28E 2V4E>4V2, :><?>ABC 2 

AV;PAP:>3>A?>40@AP:8E FV;SE =5A5 2 A>1V @S4 ?>78B82=8E <><5=BV2 B0:8E S:: 

?>:@0I5==S AB@C:BC@8 �@C=BC, ?V428I5==S WW 2>;>3><VAB:>ABV, 71030G5==S 

:>@8A=8<8 @5G>28=0<8 2 ;53:>70A2>R20=V9 D>@<V, 71V;PH5==S >B@8<0=>3> 

2@>60R. #@8 28:>@8AB0==R 1 B ?V4AB8;:>2>3> 3=>R, 2=5A5=>3> C �@C=B, 

70157?5GCє C @V: 28:>@8AB0==S ?@8@VAB 2@>60R 75@=>28E 3 10-12 :3, :0@B>?;V 3 

100-120 :3, ?@8 FP><C 1 B 1V>3C<CAC 70157?5GCє ?@8102:C 2@>60R 75@=>28E C 

100-200 :3, :0@B>?;V 3 1600-1800 :3, >2>GV2 3 2000 :3. #VA;S4VS 2=5A5==S 

1V>3C<CAC 2V4GC20єBPAS ?@>BS3>< 5-7 @>:V2. !V45@;0=48 (24%), �A?0=VS (33%) 

B0 (@0=FVS (14%), 4>AS3;8 7=0G=8E CA?VEV2 C :><?>ABC20==V G0AB8=8 A2>WE 

7030;P=8E 2V4E>4V2, ?V4B25@46CRG8 5D5:B82=VABP 28:>@8AB0==S FVєW 

1V>B5E=>;>3VW [24]. �><?>AB <>6=0 28:>@8AB>2C20B8 =5 ;8H5 4;S ?>:@0I5==S 

�@C=BV2, 0, =0?@8:;04, 2 S:>ABV 1V>A>@15=BC 4;S 2840;5==S Fe 3+ , Cu 2+ , Ni 2+ , 

Pb 2+ V Zn 2+  B0 V=H8E <>45;P=8E @>7G8=V2 7 ?>G0B:>28< pH 2,24 [25]. 

-5 >4=VєR 7 1V>B5E=>;>3VW є 25@<8:><?>ABC20==S 4 F5 =0?@S<>: 

28A>:>5D5:B82=>W B0 5:>;>3VG=>W ?5@5@>1:8 E0@G>28E 2V4E>4V2 H;SE>< 

?5@5B2>@5==S WE C :><?>AB V7 28:>@8AB0==S< 4>I>2>3> G5@2’S:0. 

�5@<8:><?>ABC20==S є 4>2>;V ?5@A?5:B82=8< B0 ?@>3@5A82=8< C 

28:>@8AB0==V =0 107V 3>B5;P=>-@5AB>@0==8E :><?;5:AV2 4;S 7<5=H5==S 

=0:>?8G5=8E E0@G>28E 2V4E>4V2 B0 WE =0;56=>W ?5@5@>1:8. �V>3C<CA 01> 

25@<8:><?>AB 3 F5 >@30=VG=5 ?0;82>, S:5 >B@8<0=> H;SE>< ?5@5@>1:8 



>@30=VG=8E 2V4E>4V2 AV;PAP:>3> 3>A?>40@AB20 7 28:>@8AB0==S< 4>I>28E 

G5@2’S:V2 B0 <V:@>>@30=V7<V2. #@>E>4SG8 G5@57 H;C=:>289 B@0:B G5@2’S:V2, 

@>A;8==V @5HB:8, >@30=VG=V 2V4E>48, <V=5@0;P=V @5G>28=8 �@C=BC 

?>4@V1=RRBPAS, 7 =8<8 2V41C20RBPAS 1V>EV<VG=V B@0=AD>@<0FVW: >@30=VG=V 

?>;V<5@=V A?>;C:8 @>7I5?;RRBPAS =0 1V;PH ?@>ABV @5G>28=8, 71030GCRBPAS 

A?>;C:0<8 :0;VR, <03=VR, D>AD>@C B0 D5@<5=B0<8 (:0B0;07>R, C@507>R, 

453V4@>35=07>R). � ?@>F5AV ?5@5B@02;R20==S @>A;8==8E @5HB>: C H;C=:C 

G5@2’S:V2 7<5=HCєBPAS 2<VAB ;53:>- B0 206:>3V4@>;V7>20=8E ?>;VA0E0@84V2 B0 

;V3=V=C. "4=>G0A=> ?@>E>4SBP ?@>F5A8 ?>;V:>=45=A0FVW =87P:><>;5:C;S@=8E 

?@>4C:BV2 @>7?04C >@30=VG=8E @5G>28=, CB2>@RRBPAS <>;5:C;8 3C<V=>28E 

:8A;>B, I> <0RBP 1;87P:C 4> =59B@0;P=>W @50:FVR. #5@5B2>@5=V <V=5@0;P=V 

A>;V AB0RBP ?@8є<=8<8 4;S @>A;8==8E D>@< [26]. �>?@>;VB8, @57C;PB0B 

68BBє4VS;P=>ABV G5@2’S:V2, S2;Sє A>1>R <0B5@V0; 71030G5=89 :>@8A=8<8 

@5G>28=0<8 B0 <V:@>D;>@>R. &>1B> 70 A2>W<8 DV78:>-EV<VG=8<8 

2;0AB82>ABS<8, >B@8<0=89 25@<8:><?>AB <0:A8<0;P=> 1;87P:89 4> 

?@8@>4=>3> �@C=B>2>3> 3C<CAC. �V>3C<CA <VAB8BP 1V>;>3VG=> 0:B82=V @5G>28=8 

(;C<1@8F8=8, I> 28@>1;SRBPAS G5@2’S:0<8, 0C:A8=8, 3V15@5;;V=8 B0 V=HV 

DVB>3>@<>=8), ?@8 FP><C =5 <0є :0=F5@>35==8E, <CB035==8E 01> B5@0B>35==8E 

2;0AB82>AB59. -5 >4=VєR ?5@5203>R, S:0 є >A>1;82> 206;82>R 4;S 3>B5;P=>-

@5AB>@0==>3> :><?;5:AC F5 2V4ACB=VABP  =5?@8є<=>3> 70?0EC. �06;828< 4;S 

?@>F5AC 25@<8:><?>ABC20==S є 4>I>289 G5@2’S:, S:89 28:>@8AB>2CRBP, 9>3> 

284, C<>28 28@>IC20==S, @V25=P 7@>AB0==S ?>?C;SFVW B0 <>6;82VABP 

?5@5@>1;R20B8 E0@G>2V 2V4E>48 [22]. 

�=H8< 284>< :><?>ABC20==S є 28:>@8AB0==S ;8G8=:8 G>@=>W ;528=8 =0 

AB04VW 4>7@V20==S 4;S ?V428I5==S 5D5:B82=>ABV :><?>ABC20==S. $57C;PB0B8 

?>:070;8, I> 4>4020==S ;8G8=>: ?@8A:>@8;> ?@>F5A :><?>ABC20==S, 

4>AS3=C2H8 ?>2=VABR 7@V;>3> :><?>ABC ?@>BS3>< 25 4=V2, 0 ?@8 4>B@8<0=V 

B5<?5@0BC@=>3> @568<C =0 @V2=V 25-30 °C B0 4>AB0B=P><C @V2=V W6V, G0A 

4>7@V20==S A:>@>GCєBPAS 4> 42>E B86=V2. Hermetia illucens є ?5@A?5:B82=8< 

@VH5==S< 4;S ?5@5B2>@5==S )� 2 FV==V ?@>4C:B8, B0:V S: 1V><0A0 :><0E B0 



1V>4>1@820, >4=>G0A=> 7=86CRG8 =530B82=89 2?;82 CB8;V70FVW 2V4E>4V2 =0 

=02:>;8H=є A5@54>28I5, 2>=8 28S2;SRBP 0=B8<V:@>1=V 2;0AB82>ABV, 

28@>1;SRG8 ?5?B848, S:V ?@83=VGCRBP ?0B>35=8, I> I5 1V;PH5 ?>78FV>=Cє WE 

S: @VH5==S 7 =87P:8< @V2=5< @878:C ?@8 ?5@5@>1FV 2V4E>4V2 �8A>:89 2<VAB 

68@C 2 1V><0AV ;8G8=:8 G>@=>W ;528=8 <0є ?>B5=FV9=5 70AB>AC20==S C 

28@>1=8FB2V 1V>4875;S [27]. 

�=05@>1=5 71@>46C20==S є =091V;PH 5D5:B82=8< 1V>B5E=>;>3VG=8< 

<5B>4>< >B@8<0==S 1V>307C B0 2B>@8==>3> ?@>4C:BC 1V>3C<CAC ?V4 G0A ?@>F5AC 

?5@5@>1:8 704;S 28@VH5==S ?8B0=P 5:>;>3VG=>W B0 5=5@35B8G=>W :@878. )0@G>2V 

2V4E>48 7 28A>:>R :>=F5=B@0FVєR 2C3;52>4V2, 1V;:V2 V =87P:8< 2<VAB>< ;V?V4V2 

є A?@8SB;828<8 4;S 28@>1=8FB20 1V>307C G5@57 28A>:C H284:VABP 3V4@>;V7C 

2C3;52>4=V2 V 1V;:V2, H;SE>< 0=05@>1=>3> 71@>46C20==S [28]. �<VAB ;V?V4V2 C 

D@C:B>28E B0 >2>G528E 2V4E>40E 7=0G=> =87P:89, 0;5 28A>:89 C :CE>==8E 

2V4E>40E. �C;> ?><VG5=>, I> 7030;P=89 2<VAB ;V?V4V2 C D@C:B0E B0 >2>G0E 

AB0=>282 11.8% 2V4 7030;P=>3> 2<VABC :CE>==8E 2V4E>4V2 21.6% [29, 30]. �V?V48 

<0RBP 28A>:C 5D5:B82=VABP ?5@5B2>@5==S 4> <5B0=C B0 =87P:89 <V:@>1=89 

:>5DVFVє=B 4>40B:>2>W 20@B>ABV [31]. !5 482;SG8AP =0 ?5@52038 ?5@5@>1:8, 

B5E=VG=V 28<>38 4> D5@<5=B0FVW 4>A8BP 28A>:V, F5 AB>ACєBPAS ?@>F5AC A5?0@0FVW 

E0@G>28E 2V4E>4V2 2V4 =5?@840B=8E 4;S 71@>46C20==S <0B5@V0;V2 (:VAB>G:8, 

A:;>, ?;0AB8:>2V C?0:>2:8 B>I>). 

#V4 G0A ?@>F5AC 0=05@>1=>3> 71@>46C20==S, A;V4 725@=CB8 C203C =0 

@>7<V@ G0AB8=>:, S:89 <0є 157?>A5@54=V9 2?;82 =0 0=05@>1=5 71@>46C20==S B0 

5D5:B82=VABP ?5@5B2>@5==S E0@G>28E 2V4E>4V2 =0 5=5@3VR [32].  �8A>:89 2<VAB 

>;VW 2 E0@G>28E 2V4E>40E 28<030є 1V;PH>3> G0AC 4;S 0=05@>1=>3> 71@>46C20==S 

[33]. �024S:8 28A>:><C 7030;P=><C 2<VABC B25@48E @5G>28= (10330%), 

1030BAB2>< ;5BRG8E B25@48E @5G>28= (~90% S: �$/&$), 2V4 ?><V@=>3> 4> 

28A>:>3> A?V22V4=>H5==S C/N, E0@G>2V 2V4E>48 є E>@>H8< AC1AB@0B>< 4;S 

?5@5B2>@5==S =0 1V>307 [34, 35]. )0@G>2V 2V4E>48 є FV==8E 465@5;>< A8@>28=8 

=5 BV;P:8 4;S 28@>1=8FB20 1V>307C, 7 =8E B0:>6 <>6=0 >B@8<C20B8 1V>4>1@820, 

1V>5B0=>;, 1V>4875;P, >F5B, ?V3<5=B8, <>;>G=C :8A;>BC B0 0=B8>:A840=B8 [36].  



�06;82C @>;P C ?@>F5AV 0=05@>1=>3> 71@>46C20==S 2V4V3@0є 

B5<?5@0BC@=89 @568<. ' B5@<>DV;P=8E C<>20E 4;S A?V;P=>3> ?5@5B@02;5==S 

E0@G>28E 2V4E>4V2, WE 71030GCRBP B5@<>DV;P=8<8 01> B5@<>DV;P=>-

B>;5@0=B=8<8 <V:@>10<8, 2>=8 70157?5GCRBP 453@040FVR >@30=V:8, 

?5@5=5A5==S 2>4=R B0 ?V4B@8<:C AB01V;P=>ABV ?@>F5AC.  ' <57>DV;P=8E C<>20E 

>A=>2=V <5B0=>35=8 2:;RG0RBP Methanosaeta, Methanosarcina, Methanocellus, 

Methanospirillum, Methanolinea, Methanobacterium, Methanobrevibacter, ?@8 

B5@<>DV;P=8E B5<?5@0BC@0E 45S:V A?5F8DVG=V A?V;P=>B8 281V@:>2> 

71030GCRBPAS, =0?@8:;04 Methanosarcina thermophila, Methanothermobacter 

thermophilus [37]. �;S >B@8<0==S <0:A8<0;P=>3> 28E>4C 1V>307C H;SE>< 

0=05@>1=>W 453@040FVW E0@G>28E 2V4E>4V2 4>40RBP B20@8==89 ?>A;V4 (A28=59, 

25;8:>W @>30B>W EC4>18 B0 >25FP), F5 71V;PHCє :V;P:VABP 1V>307C 7024S:8 

<5B0=>B2>@=8< 10:B5@VS< 2 3=>W B20@8= [38]. 

"?B8<0;P=89 B5<?5@0BC@=89 4V0?07>= 4;S 10:B5@V9 70;568BP 2V4 

>@30=V7<C V <>65 1CB8 2V4 =86G5 20 ⁰C 4> ?>=04 80 ⁰C 70;56=> 2V4 B8?C 

>@30=V7<C. �3V4=> 7 ;VB5@0BC@=8<8 465@5;0<8 10:B5@VW ?>4V;SRBP =0 B@8 3@C?8 

2V4?>2V4=> 4> @V7=8E B5<?5@0BC@=>-70;56=8E >?B8<C<V2 0:B82=>ABV. *V B@8 

3@C?8 2V4?>2V40RBP B0:8< 4V0?07>=0< B5<?5@0BC@: 

- ?A8E@>DV;P=89 4V0?07>= B5<?5@0BC@ (< 20 ⁰C) 

- <57>DV;P=89 4V0?07>= B5<?5@0BC@ (20-45 ⁰C) 

- B5@<>DV;P=89 4V0?07>= B5<?5@0BC@ (> 45 ⁰C) 

�V;PHVABP �@C=B>28E V 2>4=8E 10:B5@V9 є <57>DV;P=8<8. &5@<>DV;P=V 

10:B5@VW 7=0E>4SBP >?B8<0;P=C B5<?5@0BC@C ;8H5 28I5 45 ⁰C, B>4V S: 

?A8E@>DV;P=V 10:B5@VW 2V440RBP ?5@5203C B5<?5@0BC@0< =86G5 20 ⁰C.  5B0=>25 

1@>4V==S 2V41C20єBPAS C 2AVE B@P>E 707=0G5=8E 28I5 B5<?5@0BC@=8E 

4V0?07>=0E, ?@8G><C 1V;PHVABP CAVE 2V4><8E <5B0=>28E 10:B5@V9 <0RBP 

>?B8<0;P=C B5<?5@0BC@C 2 <57>DV;P=><C 4V0?07>=V. �?;82 B5<?5@0BC@8 =0 

0:B82=VABP 10:B5@V9-?V4:8A;R20GV2 4>AV <0;> 282G5=>. "4=0: ?@0:B8G=89 

4>A2V4 ?>:0702, I> FV 10:B5@VW =5GCB;82> V 3=CG:> @503CRBP =0 B5<?5@0BC@C 

=02:>;8H=P>3> A5@54>28I0. ' 42>5B0?=><C 5:A?5@8<5=BV 2>=8 ?>:070;8 420 



GVB:8E B5<?5@0BC@=8E >?B8<C<8 =0 AB04VW ?V4:8A;5==S, 7 >4=>3> 1>:C 2 

<57>DV;P=><C 4V0?07>=V ?@8 35 ⁰C, 0 7 V=H>3> 1>:C 2 B5@<>DV;P=><C 4V0?07>=V 

?@8 48-55 ⁰C. #@>B5 4;S @>1>B8 42>AB04V9=8E CAB0=>2>: 7 3V4@>;V7>< V 

?V4:8A;5==S< ?5@5206=> =0 ?5@HV9 AB04VW =5>1EV4=V ?>40;PHV 4>A;V465==S 

B5<?5@0BC@=8E >?B8<C<V2 10:B5@V9-?V4:8A;R20GV2. 

#>@V2=S=> 7 ?V4:8A;R20;P=8<8 10:B5@VS<8, <5B0=>2V 10:B5@VW 7=0G=> 

1V;PH GCB;82V 4> B5<?5@0BC@8. �V;PHVABP CAVE 2V4><8E <5B0=>28E 10:B5@V9 

<0RBP B5<?5@0BC@=89 >?B8<C< C <57>DV;P=><C 4V0?07>=V. �>=8 4>AS30RBP 

<0:A8<0;P=>W <5B01>;VG=>W 0:B82=>ABV ?@8 B5<?5@0BC@0E 2V4 30 4> 40 ⁰C. #@>B5 

265 284V;5=> B5@<>DV;P=V B0 28A>:>B5@<>DV;P=V <5B0=>35=8 (=0?@8:;04, 

Methanobacterium thermoautotrophicum) 7 >?B8<0;P=8<8 B5<?5@0BC@0<8 <V6 

50-55 ⁰C V 65-75 ⁰C. 

' <V@C ?V428I5==S B5<?5@0BC@8 ?V428ICєBPAS B5<?5@0BC@=0 GCB;82VABP 

(>A>1;82> <5B0=>28E 10:B5@V9) 4> B5<?5@0BC@=8E :>;820=P, >A>1;82> S:I> 

2>=8 2V41C20RBPAS =0 :>@>B:89 G0A V B5<?5@0BC@0 ?040є. ' B>9 G0A S: 4>1>2V 

:>;820==S =0 2-3 � =02:>;> A5@54=P>3> 7=0G5==S 2A5 I5 <>6CBP 1CB8 

4>?CAB8<V 2 <57>DV;P=><C 4V0?07>=V, 2>=8 =5 ?>28==V ?5@528IC20B8 1 � 2 

B5@<>DV;P=><C 4V0?07>=V. #>?@8 B5, I> 2 B5@<>DV;P=><C B5<?5@0BC@=><C 

4V0?07>=V 2V41C20єBPAS 1V;PH H284:5, 0 V=>4V 9 ?>A8;5=5 @>7:;040==S 

<0B5@V0;C, 1V;PHVABP 1V>307>28E CAB0=>2>: ?@0FRRBP C <57>DV;P=><C 

B5<?5@0BC@=><C 4V0?07>=V, 70 :V;P:><0 28=SB:0<8. #@8G8=0 FP>3> ?>;S30є 2 

?V428I5=V9 ?>B@51V B5@<>DV;P=8E CAB0=>2>: 2 5=5@3VW ?@>F5AC, I> <>65 

=530B82=> 2?;8=CB8 =0 G8AB89 28EV4 5=5@3VW B0 7030;P=C ?@81CB:>2VABP 

CAB0=>2>:.  #V4AC<>2CRG8, <>6=0 7@>18B8 28A=>2>:, I> B5<?5@0BC@8 

1@>4V==S 2V4 30 4> 32 ⁰C є 4>AB0B=V<8 4;S 4>AS3=5==S <0:A8<0;P=>3> 4V0?07>=C 

28E>4C 307C 70 C<>28, I> G0A ?5@51C20==S AB0=>28BP I>=09<5=H5 20 4=V2. 

"4=0: 4V0?07>=, C S:><C 7=0E>48BPAS >?B8<0;P=0 B5<?5@0BC@0 I>4> 

<0:A8<0;P=>3> 28E>4C G8AB>W 5=5@3VW 01> 7030;P=>W @5=B015;P=>ABV A8AB5<8, 

70;568BP 2V4 V=H8E ?0@0<5B@V2, B0:8E S:, =0?@8:;04, 20@V0=B8 CB8;V70FVW 307C, 

2;0AB82>ABV AC1AB@0BC B>I>. 



#@>F5A 0=05@>1=>3> @>7:;040==S 2V41C20єBPAS 2 G>B8@8 AB04VW, I> 94CBP 

>4=0 70 >4=>R, ?V4 G0A S:8E 28EV4=89 <0B5@V0;, I> @>7:;040єBPAS (2C3;52>48, 

1V;:8 B0 68@8), 157?5@5@2=> ?5@5B2>@RєBPAS =0 <5=HV >48=8FV @V7=8<8 

3@C?0<8 <V:@>>@30=V7<8. �>65= 7 F8E >@30=V7<V2 28:>@8AB>2Cє ?@>4C:B8 

?>?5@54=VE 5B0?V2. &><C, 2 ?@8=F8?V, >@30=V7<8, @>7B0H>20=V 40;V ?> ;0=FR3C 

453@040FVW 0=05@>1=>3> 1V>F5=>7C, =5 70;560BP 2V4 2EV4=>3> AC1AB@0BC [39]. 

#5@H>R AB04VєR @>7:;040==S є 3V4@>;V7, ?V4 G0A FVєW D078 2V41C20єBPAS 

1V>EV<VG=5 @>7I5?;5==S 28A>:><>;5:C;S@=8E ?>;V<5@V2 B0 

=87P:><>;5:C;S@=8E A?>;C: 7 4>4020==S< 2>48. (5@<5=B8 <>6CBP 01> 

284V;SB8 <V:@>>@30=V7<8, 01> 4>4020B8AP 4> ?@>F5AC FV;5A?@S<>20=>. *V 

<V:@>>@30=V7<8 B0:>6 =07820RBPAS 5:7>D5@<5=B0<8, >A:V;P:8 2>=8 

74V9A=RRBP A2>R 4VS;P=VABP ?>70 10:B5@VS<8. �>=8 01> ?>2=VABR 284V;SRBPAS 

2 A5@54>28I5, 01> ?@8;8?0RBP 4> ?>25@E=V :;VB8= 3V4@>;VB8G=8E 10:B5@V9 FVєW 

D078. �V4@>;V7CRG8 10:B5@VW 28@VHCRBP G8 1C45 ?V44020B8AS ?52=89 AC1AB@0B 

0=05@>1=V9 >1@>1FV. �V4@>;V7 є >1<56C20;P=>R AB04VєR 2 @>A;8==V9 

D5@<5=B0FV9=V9 @5G>28=V, 2 S:V9 ?@8ACB=V 1030B> AB@C:BC@=8E @5G>28=, B0:8E 

S: F5;R;>70, 35<VF5;R;>70 B0 ;V3=V=. !0?@8:;04, S:I> AC1AB@0B 68@=89, 

AB04VS<8, I> >1<56CRBP H284:VABP, є 3V4@>;V7 V ?V4:8A;5==S. &><C I> ;8H5 

B>4V, :>;8 D5@<5=B0FV9=V 10:B5@VW @>7:;040RBP ?>;V<5@8 =0 @5G>28=8, S:V 

<>6CBP 1CB8 0B0:>20=V =0ABC?=8<8 @>40<8 10:B5@V9, <>65 2V41CB8AS ?>2=0 

453@040FVS 4> CO2 V CH4. "4=0: ?@>F5A ?@>BV:0є >?B8<0;P=>, ;8H5 S:I> 

H284:VABP 453@040FVW >4=0:>20 =0 2AVE AB04VSE. /:18 3V4@>;V7 A?>2V;P=82AS, 

=04E>465==S ?>682=8E @5G>28= 4;S ?>40;PH8E D07 1C;> 1 >1<565=5 

=04E>465==S< ?@><V6=8E ?@>4C:BV2, B>1B> 28@>1=8FB2> <5B0=C 7<5=H8BPAS 

157 7<V=8 ?@>F5AC. � V=H>3> 1>:C, :>;8 4@C30 V B@5BS D078 A?>2V;P=RRBPAS, 

?@><V6=V ?@>4C:B8 3V4@>;V7C =0:>?8GCRBPAS, B>1B>, 2<VAB CO2 C 1V>307V 7@>AB0є 

(> 30% 70 >1’є<><), :>=F5=B@0FVS :8A;>B8 2 AC1AB@0BV 7@>AB0є, 7=0G5==S pH 

?040є =86G5 7,0 V D5@<5=B5@ ?5@5<8:0єBPAS =0 :8A;>B=5 1@>4V==S [40, 41]. 

�@C3>R AB04VєR є 0F84>35=57, B>1B> D070 ?V4:8A;5==S, ?V4 G0A S:>W 

>B@8<0=V ?@><V6=V ?@>4C:B8 ?VA;S 3V4@>;V7C ?V4 4VєR 0=05@>1=8E 10:B5@V9 



CB2>@RRBPAS =>2V ?@><V6=V ?@>4C:B8 (=87P:><>;5:C;S@=V ;5B:V 68@=V 

:8A;>B8 (0F5B0B, ?@>?V>=0B, 1CB8@0B), 0;P453V48, A?8@B8, :5B>=8, 0<V0:, 

2C3;5:8A;89 307, 2>45=P), I> 28:>@8AB>2CRBPAS 4;S B@5BP>W AB04VW, >4=0: 7 =8E 

BV;P:8 >FB>20 :8A;>B0, 2>45=P (H2) V CO2 <>6CBP 157?>A5@54=P> 

28:>@8AB>2C20B8AS <5B0=>35=0<8 (482. B01;. 1). � ?@>F5AV 0F84>35=57C, S: V 2 

3V4@>;V7V, 15@CBP CG0ABP 1030B> @V7=><0=VB=8E 0=05@>1V2, 7024S:8 FP><C FV D078 

45<>=AB@CRBP 28A>:C B>;5@0=B=VABP 4> :>;820=P =02:>;8H=P>3> A5@54>28I0 

(B5<?5@0BC@0, pH, B>:A8G=V @5G>28=8) [41]. 

&@5BP>R AB04VєR є 0F5B>35=57, ?V4 G0A S:>3> =87P:><>;5:C;S@=V 

>@30=VG=V :8A;>B8 B0 A?8@B8 ?5@5B2>@RRBPAS 2 >FB>2C :8A;>BC (01> WW 

@>7G8=5=C AV;P 4 0F5B0B), 2>45=P V 2C3;5:8A;89 307. �0 =>@<0;P=8E C<>2 (20 

⁰C, pH = 7, CAV :>=F5=B@0FVW AC1AB@0BC = 1 <>;P/;) FV @50:FVW A?>6820RBP 

5=5@3VR, B>1B> 2>=8 27030;V =5 <>6CBP 74V9A=R20B8AS 10:B5@VS<8, >A:V;P:8 W< 

A0<8< ?>B@V1=0 5=5@3VS 4;S @>ABC [42, 43]. �>45=P, I> CB2>@RєBPAS 2 FV9 D07V, 

?V428ICє ?0@FV0;P=89 B8A: 2>4=R, 2V= ?@83=VGCє <5B01>;V7< 0F5B>35==8E 

10:B5@V9. !0 G5B25@BV9 AB04VW <5B0=>35=57V 2>45=P 28B@0G0єBPAS =0 CB2>@5==S 

<5B0=C, B><C FV 420 ?@>F5A8 є 270є<>70;56=8<8 B0 2V41C20RBPAS ?>@CG >48= 7 

>4=8< C A2>є@V4=><C A8<1V>7V 3@C? 70;CG5=8E >@30=V7<V2. #V4 G0A <5B0=>35=57C 

<5B0=>35==V 10:B5@VW ?5@5B2>@RRBP >FB>2C :8A;>BC 9 0F5B0B =0 CH4 V CO2 

(?@81;87=> 70% >1’є<C <5B0=>35=57C). #@81;87=> 27-30% 2V4 <0A8 

<5B0=>35=57C, CO2 V H2, I> CB2>@RRBPAS ?V4 G0A 0F84>35=57C, ?5@5B2>@RRBPAS 

=0 <5B0= V 2>4C (CO2 + 4H2 -> CH4 + 2H2O) 3V4@>35=>B@>D=8<8 

<V:@>>@30=V7<0<8. *5 ?5@5B2>@5==S =07820єBPAS 2V4=>2=8<, 5=5@35B8G=> 

1V;PH 5D5:B82=8< CB2>@5==S< <5B0=C [44].  5B0=>35==V 10:B5@VW є D0EV2FS<8 

7 AC1AB@0BV2, S:V 740B=V ?5@5B2>@R20B8 ;8H5 =525;8:C :V;P:VABP A?>;C:. "4=0: 

<>;5:C;S@=89 2>45=P <>6=0 @>73;S40B8, S: C=V25@A0;P=89 AC1AB@0B 4;S 

<5B0=>35=V2, 0 CO2 <>65 A;C68B8 465@5;>< C V :V=F528< 0:F5?B>@>< 

5;5:B@>=V2.  5B0=>35=0< ?>B@V15= H2 S: 4>=>@ 5;5:B@>=V2 V 2>=8 =5GCB;82V 4> 

28I8E :>=F5=B@0FV9 H2 [39]. 



&01;8FS 1. #5@5B2>@5==S @5G>28= ?V4 G0A 0=05@>1=>W 453@0B0FVW 

(3V4@>;V7, 0F84>35=57, 0F5B>35=57, <5B0=>35=57) 7 ?@8:;040<8 70;CG5=8E 

<V:@>>@30=V7<V2 [39-42] 

%C1AB@0B  V:@>>@30=V7<8 #@>4C:B8 

1 AB04VO: �V4@>;V7 
�C3;52>48  
�V;:8 
�8@8 

Clostridium sp.  

Bacillus sp. 

Pseudomonas sp. 

 >=>A0E0@848  
�<V=>:8A;>B8  
�>@>B:>;0=FR3>2V 
?5?B848 
�>23>;0=FR3>2V 68@=V 
:8A;>B8  
�;VF5@8= 

2 AB04VO: �F84>35=57 
 >=>A0E0@848  
�<V=>:8A;>B8  
�>@>B:>;0=FR3>2V 
?5?B848  
�>23>;0=FR3>2V 68@=V 
:8A;>B8 
�;VF5@8= 

Clostridium sp. 

Bacteroides sp. 

Butyrivibrio sp. 

!87P:><>;5:C;S@=V ;5B:V 
68@=V :8A;>B8 (0F5B0B, 
?@>?V>=0B, 1CB8@0B) 
�;P453V48  
%?8@B8 
�5B>=8 
�<V0:                                      
�C3;5:8A;89 307  
�>45=P 

3 AB04VO: �F5B>35=57 
�5BRGV 68@=V :8A;>B8 
(?@>?V>=0B, 1CB8@0B)  
�;P453V48 
%?8@B8 
�5B>=8 

Clostridium sp. 

Eubacterium sp. 

"FB>20 :8A;>B0,  
�F5B0B 
�C3;5:8A;89 307  
�>45=P 

4 AB04VO:  5B0=>35=57 
�F5B0B  
�>45=P  
�C3;5:8A;89 307 

Methanosarcina sp. 

Methanosaeta sp. 

Methanobacterium 

sp. 

 5B0=  
�C3;5:8A;89 307 

�8@8 <0RBP =0928I89, 0 1V;:8 =09<5=H89 2<VAB <5B0=C. �V;:8 B0:>6 є 

465@5;>< 4;S 28@>1=8FB20 :><?>=5=BV2 1V>307C 07>BC B0 AV@:>2>4=R, I> =040є 

1V>307C =5?@8є<=89 70?0E V :>@>7V9=89 5D5:B. #> 2V4=>H5==R 4> <0A8 

28EV4=>W @5G>28=8 B0 70 AB0=40@B=8E C<>2 B8A:C B0 B5<?5@0BC@8 68@8 



70157?5GCRBP =091V;PH89 ?8B><89 >1’є< 1V>307C (1200-1250 ;/:3), B>4V S: 

2C3;52>48 28@>1;SRBP 790-800 ;/:3, 0 1V;:8 3 1;87P:> 700 ;/:3 ?8B><>3> >1'є<C 

307C [45, 46]. )0@G>2V 2V4E>48 7 28A>:>R :>=F5=B@0FVєR 2C3;52>4V2, 1V;:V2 V 

=87P:8< 2<VAB>< ;V?V4V2 є A?@8SB;828<8 4;S 28@>1=8FB20 <5B0=C (1V>307C) 

G5@57 28A>:C H284:VABP 3V4@>;V7C 2C3;52>4=V2 V 1V;:V2 [47]. �<VAB ;V?V4V2 C 

D@C:B>28E B0 >2>G528E 2V4E>40E 7=0G=> =87P:89, 0;5 28A>:89 C :CE>==8E 

2V4E>40E. �C;> ?><VG5=>, I> 7030;P=89 2<VAB ;V?V4V2 C D@C:B0E B0 >2>G0E 

AB0=>282 11,8% 2V4 7030;P=>3> 2<VABC :CE>==8E 2V4E>4V2 21,6% [48, 49]. �V?V48 

<0RBP 28A>:C 5D5:B82=VABP ?5@5B2>@5==S <5B0=C B0 =87P:89 <V:@>1=89 

:>5DVFVє=B 4>40B:>2>W 20@B>ABV [50]. �;S B>3>, I>1 ?5@5@>18B8 25;8:C 

:V;P:VABP A:;04=8E >@30=VG=8E @5G>28= =5>1EV4=V @V7=><0=VB=V D5@<5=B8 V 

<V:@>>@30=V7<8, =0?@8:;04, 0:B8=>10:B5@VW, 2>=8 <>6CBP =5 BV;P:8 @C9=C20B8 

;V3=V=, V=4C:CRG8 28@>1=8FB2> 3V4@>;078 ;V3=>F5;R;>78, 0;5 B0:>6 

?@8A:>@R20B8 @C9=C20==S F5;R;>78 H;SE>< ?>A8;5==S 0:B82=>ABV F5;R;078 

[51]. 

!0S2=VABP @V7=><0=VB=8E <V:@>>@30=V7<V2 G0AB:>2> 70;568BP 2V4 

AC1AB@0BC, S:89 @>7:;040єBPAS. /:I> F5 =5>1@>1;5=89 <C; 01> ABVG=0 2>40, 

25;8:0 :V;P:VABP 10:B5@V9 7 ?5@H>W B0 4@C3>W D078 22>48BPAS @07>< V7 

AC1AB@0B>< ?V4 G0A 22545==S 2 5:A?;C0B0FVR B0 :>6=>3> @07C, :>;8 AC1AB@0B 

22>48BPAS. � V=H>3> 1>:C, >@30=V7<8 B@5BP>W B0 G5B25@B>W D078 (S: ?@8 

0=05@>1=V9 >1@>1FV >@30=VG=8E 2V4E>4V2) 2V4ACB=V 9 ?>28==V ?@>9B8 ?V4 G0A 

22545==S 2 5:A?;C0B0FVR «�=>:C;SFVR» <>6=0 7<VHC20B8 7 0=05@>1=> 

>1@>1;5=8< AC1AB@0B><. "@30=VG=V @5G>28=8, B0:V S: 2C3;52>48, 1V;:8 01> 

68@8, @>7I5?;RRBPAS ;8H5 4> >@30=VG=8E, 1030B8E 5=5@3VєR ?@><V6=8E 

?@>4C:BV2, B0:8E S: :8A;>B8 B0 A?8@B8. �;S B>3>, I>1 4>AS3B8 ?>2=>3> 

@>7:;040==S F8E @5G>28=, =5>1EV4=> ?@03=CB8 S:><>30 ?>2=VH5 ?5@5B2>@8B8 

WE =0 1V>307 [39]. 

!0 10:B5@VW 2?;820RBP @V7=V ?0@0<5B@8 ?@>F5AC 0=05@>1=>3> 

71@>46C20==S, =0?@8:;04, ?@8 71V;PH5=V :>=F5=B@0FVW AC1AB@0BC (#"! 

(OLRs) 2V41C20;8AP 7<V=8 2 ?>?C;SFVW 0@E59 G5@57 7<VH0=89 0F5B0B/H2 7 



28:>@8AB0==S< <5B0=>35=V2 (Methanosarcinales) 4> AC2>@>3> H2 7 

28:>@8AB0==S< <5B0=>35=V2 (Methanobacteriales), >4=8< 7 3>;>2=8E H;SEV2 

CB2>@5==S <5B0=C є A8=B@>D=5 >:8A;5==S 0F5B0BC @07>< V7 3V4@>35=>B@>D=8< 

<5B0=>35=57>< (SAO-HM) [44, 52]. �06;82C @>;P C ?@>F5AV 0=05@>1=>3> 

71@>46C20==S 2V4V3@0є B5<?5@0BC@=89 @568<, C B5@<>DV;P=8E C<>20E 4;S 

A?V;P=>3> ?5@5B@02;5==S E0@G>28E 2V4E>4V2, WE 71030GCRBP B5@<>DV;P=8<8 01> 

B5@<>DV;P=V B>;5@0=B=V <V:@>18, 2>=8 70157?5GCRBP 453@040FVR >@30=V:8, 

?5@5=5A5==S 2>4=R B0 ?V4B@8<:C AB01V;P=>ABV ?@>F5AC.  ' <57>DV;P=8E C<>20E 

>A=>2=V <5B0=>35=8 2:;RG0RBP Methanosaeta, Methanosarcina, Methanocellus, 

Methanospirillum, Methanolinea, Methanobacterium, Methanobrevibacter, ?@8 

B5@<>DV;P=8E B5<?5@0BC@0E 45S:V A?5F8DVG=V A?V;P=>B8 281V@:>2> 

71030GCRBPAS, =0?@8:;04 Methanosarcina thermophila, Methanothermobacter 

thermophilus [53]. +8A5;P=VABP DC=:FV>=0;P=8E 10:B5@V9 7<V=RєBPAS 70;56=> 

2V4 @S4C ?0@0<5B@V2, B0:8E S:: 7030;P=5 >@30=VG=5 =020=B065==S, G0A 

CB@8<0==S <C;C, A:;04 AC1AB@0BC A?V;P=>3> B@02;5==S, @>1>G0 B5<?5@0BC@0, 

@>74V;5==S :8A;>B=>W B0 <5B0=>35==>W D07. [44, 54-56]. 

#>@V2=RRG8 0=05@>1=>3> 71@>46C20==S 7 :;0A8G=8<8 <5B>40<8 

?5@5@>1:8 01> CB8;V70FVW 2V4E>4V2 (:><?>ABC20==S, A?0;R20==S, 70E>@>=5==S, 

715@565==S =0 2V4:@8B8E 720;8I0E), GVB:> 284=> 5:>=><VG=C 5D5:B82=VABP B0 

0;PB5@=0B82C 265 VA=CRG><C C?@02;V==R <VAP:8<8 >@30=VG=8<8 2V4E>40<8, 

B>1B> ?@8 A:>@>G5==V :V;P:>ABV 2V4E>4V2 28@>1;SєBPAS 1V>307 B0 1V>4>1@82>, I> 

2V4B2>@Rє :>=F5?FVR 2B>@8==>3> 28:>@8AB0==S @5AC@AV2 7 ?5@5B2>@5==S< WE 

=0 1V>5=5@3VR [57, 58]. 

� @S4V 4>A;V465=P 28:>@8AB>2C20;8 @V7=V E0@G>2V 2V4E>48 2 S:>ABV 

AC1AB@0BC 2 @V7=8E A?V22V4=>H5==SE (<'S:>BP B><0BV2, 28=>3@04=C <'S:>BP B0 

>;82:>2C <'S:>BP @07>< 7 3=>є< B20@8=), 2 CAVE 4>A;V40E 4>4020==S ?>A;V4C 

71V;PHC20;> :V;P:VABP >B@8<0=>3> 1V>307C B0 G8< 28I8< 1C2 2<VAB 3=>R, B8< 

H284H5 2V41C20;>AP CB2>@5==S 1V>307C.  (@C:B>2V B0 >2>G52V 2V4E>48 <0RBP 

28A>:C 2>;>3VABP >@30=VG=8E @5G>28=, I> 1V>;>3VG=> @>7:;040RBPAS B0 

28:>@8AB>2CRBP 4;S >B@8<0==S 1V>307C, =0?@8:;04, :0?CABS=V @5HB:8 40RBP 



0.23 <3 <5B0=C 7 1 :3 ;5B:8E B25@48E @5G>28=, =0AV==S B0 H:V@:0 B><0BV2 - 218 

; <5B0=C =0 1 :3, :C:C@C47S=V @5HB:8 - 317 ; <5B0=C =0 1 :3, 0 G09=V @5HB:8 - 

385 <3 =0 1 B>== ;5B:8E @5G>28= [59, 60].  �>A;V465==R 2?;82C ?0@0<5B@V2 

?@>F5AC, AC1AB@0BC, AB>@>==VE D0:B>@V2 =0 >1’є<8 9 A:;04 1V>307C ?@8A2SG5=> 

25;8:C :V;P:VABP @>1VB =0C:>2FV2 7V 2AP>3> A2VBC, CB2>@5==S 1V>307C 1C;> 

2V4B2>@5=> =0 @V7=8E 70 B8?>< CAB0=>2:0E B0 V7 @V7=8< A:;04>< AC1AB@0BC, 

=0?@8:;04, 28@>1;S;8 1V>307 7 D@C:B>28E B0 >2>G528E 2V4E>4V2 

28:>@8AB>2CRG8 V=B53@>20=C A8AB5<C, 45 28@>1=8FB2> 0AB0:A0=B8=C 7 2V4E>4V2 

@>73;S40;>AS, S: AC1AB@0B. #@8 @50;V70FVW FP>3> 4>A;V465==S V=B53@C20;8 

1V>@50:B>@ B0 @50:B>@ 7 2>4>@>ABS<8, CB2>@5=89 2C3;5:8A;89 307 

28:>@8AB>2C20;8 4;S :C;PB82C20==S Haematococcus pluvialis. �8:>@8AB0=V 

2>4>@>ABV 4>1@5 7@>AB0;8 =0 2C3;5:8A;><C 307V 7 1V>307C, 28:>@8AB>2CRG8 

9>3>, S: 465@5;> 2C3;5FR, ?@8 FP><C B0:5 28@>1=8FB2> 1V>307C B0 7@>AB0==S 

2>4>@>AB59 2 V=B53@>20=V9 A8AB5<V 28S28;>AS =01030B> 5:>=><VG=8< B0 

5:>;>3VG=> G8AB8< =V6 ?@8 >:@5<><C 28@>1=8FB2V [61]. 

#@>2>48;8AP 4>A;V465==S C B@8 ?0@0;5;V ?@8 B5<?5@0BC@V (55 0C) 

5B0;>==>W 1V>307>2>W CAB0=>2:8 B@820;VABR 2V4 33 4> 37 4=V2 (70;56=> 2V4 

:V;P:>ABV 28@>1;5=>3> 1V><5B0=C), 7@07:8 AC1AB@0BC, 4835AB0BC B0 >4=>@V4=V 

AC<VHV 718@0;8 7 1V>307>2>W CAB0=>2:8 ?@><8A;>2>3> <0AHB01C, 287=0G5=> 

2<VAB ?VA:C 2 @V7=8E ?>B>:0E AC1AB@0BC 4;S @>7@>1:8 5:A?5@8<5=BC I>4> 

2?;82C 2<VABC ?VA:C =0 5D5:B82=VABP 28@>1=8FB20 1V><5B0=C. #@>2>48;8AP 

0=0;V78: <0:A8<0;P=89 ?>B5=FV0; AC1AB@0BC 4;S CB2>@5==S <5B0=C 2 V450;P=8E 

C<>20E, 0=0;V78 7030;P=>W :V;P:>ABV B25@48E @5G>28=, ;5B:8E B25@48E @5G>28= 

V pH 4;S AC1AB@0BC, 4835AB0BC B0 B5AB>28E 7@07:V2. #@8 V=H8E 4>A;V465==SE 

28S28;8, I> 71V;PHCRG8 G0A CB@8<0==S 7 30 4=V2 4> 50 4=V2 :>=F5=B@0FVS &$ 

?V428I8;0AS 7 43 3/; 4> 56 3/;, H;SE>< 7<5=H5==S �$ B0 71V;PH5==S 28E>4C 

1V>307C 71V;PHCєBPAS ?@>4C:B82=VABP ?@>F5AC, F5 <>6=0 ?>SA=8B8 7<V=>R 

<V:@>1V2 B0 :@0I8< ?@>E>465==S< 5B0?C 3V4@>;V7C [62]. 

":@V<, E0@G>28E 2V4E>4V2 2 S:>ABV AC1AB@0BC G0AB> 28:>@8AB>2CRBP @V7=V 

20@V0FVW >@30=VG=8E 2V4E>4V2, =0?@8:;04, 4>A;V46C20;>AP 0=05@>1=5 



71@>46C20==S ?H5=8G=>W A>;><8 B0 V=H8E  AV;PAP:>3>A?>40@AP:8E 2V4E>4V2 7V 

ABVG=8<8 2>40<8 7 V=B53@0FVєR 1V>5;5:B@>EV<VG=>3> @50:B>@0 ?@8 @V7=8E 

=0?@C30E. $>73;S40;8 =0ABC?=V ?0@0<5B@8: �V4@02;VG=89 G0A CB@8<0==S, 

H284:VABP 7020=B065==S >@30=V:8 B0 =0?@C30 682;5==S, 45 28@>1=8FB2> 

<5B0=C 1C;> <0:A8<0;P=8< (16 349.17 ± 154.14 <;), 1C;> 28:>@8AB0=> 

1V>5;5:B@>EV<VG=89 <5B0=B5=:, I> ?@0FRє ?@8 =0?@C7V 40 mV. $V7=V =0?@C38 

B0:>6 7=0G=> ?V428I8;8 H284:VABP 2840;5==S )%�, S:0 1C;0 =0928I>R 

(175.17 ± 81.39 <; 3-1 ) ?@8 40 mV [63]. 

%:;04 AC1AB@0BC є 28@VH0;P=>R 2V4?@02=>R B>G:>R 4;S 28@>1=8FB20 

1V>307C, >A:V;P:8 2V= 2?;820є =0 ?V4B@8<:C 68BBє4VS;P=>ABV, 7 >4=>3> 1>:C, V 

D>@<C20==S =>2>W :;VB8==>W @5G>28=8 2 >@30=V7<0E (@>728B>: 1V>F5=>7C), 7 

V=H>3>. "A=>2=V >@30=VG=V :><?>=5=B8 AC1AB@0BC, =5>1EV4=V >@30=V7<0<, 

<>6=0 @>74V;8B8 =0 2C3;52>48, 68@8 B0 1V;:8. !0A0<?5@54 WE A;V4 @>73;S40B8 

S: A8@>28=C 4;S 28@>1=8FB20 307C. �@V< >@30=VG=8E @5G>28=, 6828< VAB>B0< 

=5>1EV4=0 B0:>6 25;8:0 :V;P:VABP =5>@30=VG=8E @5G>28= (07>B, D>AD>@, 

:0;PFV9, =0B@V9, :0;V9). �@V< B>3>, 206;8289 710;0=A>20=89 70?0A 

<V:@>5;5<5=BV2 [45]. #>B@510 2 ?>682=8E @5G>28=0E 4;S 0=05@>1=8E 

<V:@>>@30=V7<V2 7=0G=> =86G0, =V6 4;S 05@>1=8E 10:B5@V9, >A:V;P:8 2 

0=05@>1=><C ?@>F5AV CB2>@RєBPAS =01030B> <5=H5 1V><0A8 (?>2’S70=>W 7 

@>7:;045=>R >@30=V:>R). ,284:VABP @>ABC 0=05@>1=8E 10:B5@V9 B0:>6 

?>2V;P=0 [64, 72]. �=05@>1=V 10:B5@VW ?>B@51CRBP 7=0G=> <5=H5 2C3;5FR, =V6 

05@>1=V 10:B5@VW. #V4 G0A 0=05@>1=>W 453@040FVW ;8H5 1-5% <0A8 2C3;5FR 4;S 

CB2>@5==S 1V><0A8 ?5@5B2>@RєBPAS, 0;5 90-95% <0A8 ?5@5B2>@RєBPAS =0 

1V>307. %:;04 AC1AB@0BC 157?>A5@54=P> ?>2’S70=89 7V A:;04>< CB2>@5=8E 

<5B01>;VBV2, B0:, =0?@8:;04, =0 ?@>?>@FVW >A=>2=8E <5B01>;VG=8E ?@>4C:BV2 

?>2=>3> 0=05@>1=>3> >1<V=C (CH4, CO2) VAB>B=> 2?;820є 28EV4=89 AC1AB@0B.   

�;S @50;V70FVW 0=05@>1=>3> 71@>46C20==S 28:>@8AB>2CRBP @V7=V 2848 

1V>@50:B>@V2, 0;5 =5 2AV 2>=8 ?V4E>4SBP 4;S ?52=8E C<>2 4>A;V4V2, =0?@8:;04, 

?@8 70AB>AC20==V �=05@>1=>3> <5<1@0==>3> 1V>@50:B>@0 4;S >1@>1:8 ?>B>:C 

2V4E>4V2 =5 @5:><5=4CєBPAS 28:>@8AB>2C20B8 A8@>28=C 7  =87P:8< 2<VAB>< 



2>;>38 B0 28A>:8< 2<VAB>< B25@4>W @5G>28=8 G5@57 ?@>1;5<8 <0A>>1<V=C B0 

701@C4=5==S <5<1@0=8. %?V;P=5 71@>46C20==S @V7=><0=VB=>W A8@>28=8 

(E0@G>2V 2V4E>48, 2V4?@0FP>20=89 >A04, :02>20 <5;5=0, B20@8==89 3=V9 V 

?>2’S70=89 DV;PB@0B), =0 ?@0:B8FV 28:>@8AB>2CєBPAS ?>ABV9=> ?@8 ?@>F5A0E 

0=05@>1=>3> 71@>46C20==S, 7 28:>@8AB0==S< 0=05@>1=>3> <5<1@0==>3> 

1V>@50:B>@0, I> ?V4B25@46CєBPAS 1V;PH>R ?>BC6=VABR >G8I5==S B0 1V;PH>R 

:V;P:VABR 1V>307C. �=05@>1=5 71@>46C20==S AC1AB@0BV2 7 @V7=8<8 70 2<VAB>< 

7=0G5==S<8 &$ G0ABVH5 28:>@8AB>2CRBP C 4>A;V465==SE 0=05@>1=>3> 

<5<1@0==>3> 1V>@50:B>@0, 7024S:8 :@0I><C C/N V 10;0=AC, @53C;R20==R 

2>;>3>ABV, @>72545==R B>:A8G=8E @5G>28=, 0 B0:>6 1V;PHV9 @V7=><0=VB=>ABV 

<V:@>1=>3> A?V2B>20@8AB20 [55, 65, 66]. �82G0;8AS >1<565==S 2<VABC &$ B0 WE 

2?;82 =0 0=05@>1=C 453@040FVR, 28:>@8AB>2C202H8 �=05@>1=>3> 

<5<1@0==>3> 1V>@50:B>@0 7 28A>:8< 2<VAB>< B25@48E @5G>28= 4;S >1@>1:8 

DV;PB@0BC B25@48E <VAP:8E 2V4E>4V2 ?V4B@8<C20;0AS AB01V;P=0 5D5:B82=VABP 

>G8I5==S, 0 AB01V;P=89 ?>BV: 1C2  287=0G5=89 S: 536 4>1>2>3> =020=B065==S 

AC1AB@0BC =0 >48=8FR ?;>IV @50:B>@0, <0:A8<C<  &$ = 61 3/;) [67]. 

#@8 V=H8E 4>A;V465==SE, 28S28;8, I> 71V;PHCRG8 G0A CB@8<0==S 7 30 

4=V2 4> 50 4=V2 :>=F5=B@0FVS &$ ?V428I8;0AS 7 43 3/; 4> 56 3/;, H;SE>< 

7<5=H5==S �$ B0 71V;PH5==S 28E>4C 1V>307C 71V;PHCєBPAS ?@>4C:B82=VABP 

?@>F5AC, F5 <>6=0 ?>SA=8B8 7<V=>R <V:@>1V2 B0 :@0I8< ?@>E>465==S< 5B0?C 

3V4@>;V7C [55, 68]. 

�;S ?@>F5AC >B@8<0==S 1V>307C >4=8<8 7 :;RG>28E ?0@0<5B@V2 є, 

=0?@8:;04, @V25=P >@30=VG=>3> 7020=B065==S, 3V4@02;VG=89 G0A CB@8<C20==S 

(�+'), 7<VHC20==S B0 pH, 7030;P=89 >@30=VG=89 2C3;5FP (TOC), 7030;P=89 

07>B, @>7<V@ G0AB>:, 7030;P=0 :V;P:VABP B25@48E @5G>28=, E0@0:B5@8AB8:8 

682;5==S, A0<5 G5@57 F5 C 2020 @>FV <>45;R20;8 =09:@0IV C<>28 @>1>B8 

1V>307>2>W CAB0=>2:8 :C?0 4>A;V465=P 1C;0 =0?@02;5=0 4;S ?>:@0I5==S 

V=482V4C0;P=8E C<>2 4;S 28@>1=8FB20 1V>307C ?V4 G0A 0=05@>1=>3> 

71@>46C20==S [69372]. �;S ?@>3=>7C20==S B0 287=0G5==S =09:@0I>W 

:><1V=0FVW ?0@0<5B@V2 28@>1=8FB20 1V>307C 2 @V7=8E <0AHB010E 



28:>@8AB>2CRBP AB0B8AB8G=V ?V4E>48 (<0H8==5 =02G0==S B0 ?@>3=>7=0 

0=0;VB8:0), I> 4>?><030RBP ?@8 4>A;V465==V >?B8<0;P=8E C<>2 0=05@>1=>3> 

71@>46C20==S [73, 74]. 

#@>2>48;8AP 4>A;V465==S C B@8 ?0@0;5;V ?@8 B5<?5@0BC@V (55◦ C) 

5B0;>==>W 1V>307>2>W CAB0=>2:8 B@820;VABR 2V4 33 4> 37 4=V2 (70;56=> 2V4 

:V;P:>ABV 28@>1;5=>3> 1V><5B0=C), 7@07:8 AC1AB@0BC B0 4835AB0BC B0 >4=>@V4=V 

AC<VHV 718@0;8 7 1V>307>2>W CAB0=>2:8 ?@><8A;>2>3> <0AHB01C, 287=0G5=> 

2<VAB ?VA:C 2 @V7=8E ?>B>:0E AC1AB@0BC 4;S @>7@>1:8 5:A?5@8<5=BC I>4> 

2?;82C 2<VABC ?VA:C =0 5D5:B82=VABP 28@>1=8FB20 1V><5B0=C. #@>2>48;8AP 

0=0;V78: <0:A8<0;P=89 ?>B5=FV0; AC1AB@0BC 4;S CB2>@5==S <5B0=C 2 V450;P=8E 

C<>20E, 0=0;V78 7030;P=>W :V;P:>ABV B25@48E @5G>28=, ;5B:8E B25@48E @5G>28= 

V pH 4;S AC1AB@0BC, 4835AB0BC B0 B5AB>28E 7@07:V2. �><?>ABC20==S DV;PB@0BC 

?@872>48;> 4> CB2>@5==S 25;8:>W :V;P:>ABV @>7G8=5=8E A>;59, >@30=VG=8E 

@5G>28=, 0<V0:C, ?0B>35==8E <V:@>>@30=V7<V2 V 206:8E <5B0;V2. !57@V;89 

:><?>AB>20=89 DV;PB@0B <0є :8A;89 pH, 0 7@V;89 DV;PB@0B <0є ;C6=89 pH, 

DV;PB@0B 1C2 7@V;8< DV;PB@0B>< 7V 7=0G5==S< @! 8,54, B>1B> ?V428I5=0 

:V;P:VABP DV;PB@0BC =5 A?@8G8=8;0 :8A;>3> A5@54>28I0 G8 =530B82=>3> 2?;82C 

=0 A8AB5<C, 7=0G5==S @! 2 @50:B>@0E :>;820;>AS <V6 7,93 V 8,24, 0 28<V@R20==S 

@! 4> V ?VA;S 28?@>1C20==S ?>:070;8, I> 7=0G5==S @! ?@>BS3>< ?5@V>4C 

28?@>1C20==S 70;8H0;>AS <0965 AB01V;P=8<. #@8G8=>R 28A>:>3> @! C 4@C3V9 

A5@VW 5:A?5@8<5=BV2 =0 ?>G0B:C 1C2 2V4:;045=89 ?>G0B>: FP>3> B5ABC ?>@V2=S=> 

7 V=H8<8. �2>45==0 V=:C10FVS ?>AV2=>3> <0B5@V0;C ?@8 55◦ % 71V;PH8;0 

7=0G5==S @! [75]. 

&@820;VABP 28?@>1C20=P 4;S >B@8<0==S 1V>307C 2 >4=><C 7 4>A;V465=P 

2V41C20;>AS ?@>BS3>< 42 4=V2, ?VA;S 15 4=S 28@>1=8FB2> 1V>307C =0 4>1C 1C;> 

<5=H5 =V6 5%, =0 FP><C @>18;8 28A=>2:8, I> ?@>F5A 0=05@>1=>W 453@040FVW 

<>6=0 7025@H8B8, 2AV 4>A;V465=V AC<VHV ?>:07C20;8 <0965 >4=0:>2V 7=0G5==S 

CB2>@5==S 1V>307C [76]. #V4 G0A 28?@>1C20=P 2 V=H><C 4>A;V465=V 7 3 ?> 8 45=P, 

1C;> >B@8<0=>  <V6 54 B0 62% CH4 [77]. 



#@8 28:>@8AB0==V 2 S:>ABV AC1AB@0BC A>є2V 2V4E>48, 6><, H:V@:8 ?0?0W, 

25;8:89 :0;30=  B0 A>;><C, A5@54=S H284:VABP 28@>1=8FB20 1V>307C AB0=>28;0 

63,01, 16,28, 54,63, 0,68, 13,94 B0 ;/4>1C-1 , 2V4?>2V4=>, =091V;PH5 1C;> 

CB2>@5=> 1V>307C 70 25 4=V2 3 560,47 <;, 70 15 4=V2 >B@8<0=> 404,24 <; [78, 79]. 

�1V;PH5==R 28@>1=8FB20 1V>307C A?@8Sє 4>4020==S :>@>2’SG>3> 3=>R, 2 

4>A;V4V 7 0?5;PA8=0<8, S1;C:0<8, ?0?0єR B0 B><0B0<8, 2 S:>ABV AC1AB@0BC 2 

A?V22V4=>H5==V 2,2:2,8, ?@>BS3>< 105 4=V2 7 28:>@8AB0==S< 42>ABC?5=52>3> 

=0?V2157?5@5@2=>3> <5B0=B5=:0, ?>:07=8: >?B8<0;P=>3> >@30=VG=>3> 

7020=B065==S :>;8202AS <V6 2,68 B0 2,97 :3 ;5B:8E @5G>28= <-3 d-1 ?>:0702 

28EV4 1V>307C 0,87 <-3 :3-1 �$ 7 2<VAB>< <5B0=C 57,58%  2 A5@54=P><C [80, 41, 

81]. 

�>A;V465==S ?>ABC?>28E 7020=B065=P =0 CAB0=>2FV �'-1 1C;8 

@50;V7>20=V 7 V=H8<8 AC1AB@0B0<8, S:V <VAB8;8 3=V9 �$), 2>4C, A8@89 3;VF5@8=, 

73V4=> 7 WE 4>A;V465==S  A?>AB5@V30;8AS 420 ?V:8, 0 ?VA;S 8 4>18 1@>4V==S 

1V>307C AB01V;V7C20;>AS, B>1B> A?>AB5@V30;0AP @V2=><V@=0 35=5@0FVS [81]. 

":@V< =091V;PH @>7?>2AR465=8E 1V>B5E=>;>3V9, A;V4 2V47=0G8B8 

=09?>?C;S@=VHV 2B>@8==V ?@>4C:B8, S:V 28@>1;5=V V7 E0@G>28E 2V4E>4V2: 

1. �V>307 є >4=8< 7 =09?>H8@5=VH8E 284V2 ?0;820, I> 28@>1;SєBPAS 7 

E0@G>28E 2V4E>4V2, 2V= 15710@2=89, =5<0є 70?0EC B0 3>@8BP A8=V< ?>;C<’S<. 

�V>307 4 F5 2V4=>2;R20=89 307, S:89 <VAB8BP 25;8:C :V;P:VABP <5B0=C (55-65%) 

V 2C3;5:8A;>3> 307C (30-45%) V <5=HC :V;P:VABP AV@:>2>4=R, 0<V0:C, 2>4=R V 

:8A=R, 9>3> 740B=VABP 4> 3>@V==S ?>SA=RєBPAS =0S2=VABR 4>AB0B=P>W :V;P:>ABV 

<5B0=C. "4=0:, 25;8:C @>;P 2 28:>@8AB0==V 1V>307C 2 S:>ABV ?0;820 2V4V3@0є 

2V4A>B>: <5B0=C, S:89 2 =P><C <VAB8BPAS, S:I> 2 1V>307V ?>=04 45% <5B0=C 2V= 

1C45 3>@RG8<, S:I> 2<VAB ?5@528I8BP 80%, B>4V 9>3> <>6=0 28:>@8AB>2C20B8 

=0 ?V4?@8є<AB20E 4;S @V7=8E FV;59. "B@8<0==S <5B0=C 7 E0@G>28E 2V4E>4V2 

2V41C20єBPAS H;SE>< 0=05@>1=>3> 71@>46C20==S 7 28:>@8AB0==S <V:@>1V2, ?V4 

G0A FP>3> ?@>F5AC A:;04=V >@30=VG=V :><?>=5=B8 ?5@5B2>@RRBPAS =0 ?@>ABV 

A:;04>2V 70 C<>28 2V4ACB=>ABV :8A=R. $57C;PB0B>< 0=05@>1=>3> 71@>46C20==S 



є 1V>307, S:89 A:;040єBPAS 7 CH4 B0 CO2, B0:>6 =0S2=V 4><VH:8 C 283;S4V 

=525;8:>W :V;P:>ABV AV@:>2>4=R (H2S), 0<V0:C (NH3) B0 V=H8E 307V2 [6, 82, 83]. 

2. �V>4>1@820  3 F5 A?5F8DVG=V �@C=B>2V <V:@>>@30=V7<8, S:V 2 ?>є4=0==V 

7  A8=B57>20=8<8 =8<8 1V>;>3VG=>-0:B82=8<8 @5G>28=0<8 =0A8GCRBP 

:C;PBC@8 @V7=><0=VB=8<8 EV<VG=8<8 5;5<5=B0<8, I> A?@8Sє AB8<C;SFVW @>ABC 

B0 S:>ABV ?@>4C:BV2, WE <>6=0 >B@8<C20B8 7024S:8 @S4C 1V>B5E=>;>3V9, 

=0?@8:;04, :><?>ABC20==S (FV;P>289 ?@>4C:B) 01> 0=05@>1=5 71@>46C20==S 

(?>1VG=89 ?@>4C:B). !0?@8:;04, 2 >4=><C 7 ?@>2545=8E 4>A;V465=P 7<VHC20;8 

>2>G52V 2V4E>48 7 10:B5@VS<8 Bacillus V Pseudomonas, I> 1C;8 284V;5=V 7 �@C=BC, 

?>BV< 4> ?@83>B>2;5=>3> :><?>ABC 4>4020;8 =0AV==S 75;5=>3> 3@0<0 V 

?@>0=0;V7C20;8 @V7=V ?0@0<5B@8 @>ABC, 7 4>4020==S< <V:@>1=>3> ?>AV2C 

A?>AB5@V30;>AP ?>:@0I5==S @>ABC B0 AB0=C 74>@>2’S Capsicum annuum [6, 37, 

42, 66, 82]. �;S >B@8<0==S 1V>4>1@82 28:>@8AB>2CRBP @V7=V B5E=>;>3VW, 

=091V;PH ?>?C;S@=8<8 є :><?>ABC20==S, 25@<8:><?>ABC20==S 01> >B@8<0==S 

3C<CAC 2 S:>ABV 2B>@8==>W A8@>28=8 2 ?@>F5AV 0=05@>1=>3> 71@>46C20==S. 

3. �V>5B0=>; F5 5:>;>3VG=> G8AB5 ?0;82> 4;S B@0=A?>@B=8E 70A>1V2 B0 

?V4?@8є<AB2, S:5 <0є 2V4=>2;R20;P=89 E0@0:B5@, 9>3> >B@8<0==S 2V41C20єBPAS 

H;SE>< 71@>46C20==S FC:@C 4> A?8@BC. �V>5B0=>; <0є 28A>:5 >:B0=>25 G8A;>, 

7024S:8 G><C =5 1C4CBP ?>H:>465==V 5;5<5=B8 4283C=0, B5<?5@0BC@0 :8?V==S 

A:;040є 78◦C, 0 I5 9>3> 2’S7:VABP 28I0 =V6 C 15=78=C. �8:>@8AB>2CRG8 @V7=V  

AC<VHV A>:V2 (DV=V:V2, 28=>3@04C) 265 >B@8<C20;8 S:VA=89 1V>5B0=>;, B0:>6 

G0AB> 28:>@8AB>2CRBP V=HV D@C:B>2V B0 >2>G52V 2V4E>48 (<0=3>, 10=0=8 B>I>) 

[6, 16]. 

4. �V>4875;P 3 5:>;>3VG=> G8AB5 ?0;P=5, S:5 >B@8<CRBP H;SE>< 

?5@55B5@8DV:0FVW 68@=8E :8A;>B C ?@8ACB=>ABV :0B0;V70B>@0 (;C6=>3> 01> 

:8A;>B=>3>). "4=VєR 7 ?@8G8= 4;S 4>A;V465=P B0 A?@>18 >B@8<0B8 1V>4875;P є 

B5, I> 7=0G=C :V;P:VABP 2C3;5:8A;>3> 307C 28@>1;SRBP B@0=A?>@B=V 70A>18 B0 

?V4?@8є<AB20 28:>@8AB>2CRG8 7030;P=>?@89=SB89 4875;P 28@>1;5=89 7 

=0DB8. �>3> >B@8<0==S 4>AB0B=P> 4>@>35, 0;5 ?@8 28:>@8AB0==V 35B5@>35==>3> 
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«*C::V=V» 2V4E>48 :028 =5 1C;8 @>74V;5=V ?> 2V4A>B:>2><C A?V22V4=>H5==R 

�@01V:8 01> $>1CAB8, B>1B> 28:>@8AB>2C20;8 4;S ?>40;PH>W >1@>1:8 7030;P=C 

<0AC. #5@54 >1@>1:>R ��� ?@><820;8 45V>=V7>20=>R 2>4>R, ?VA;S 

28ACHC20;8 2 ACH8;P=V9 H0DV ?@8 B5<?5@0BC@V 105 °% ?@>BS3>< 24 3>48= V 

715@V30;8 2 35@<5B8G=><C :>=B59=5@V 4> ?>G0B:C B5@<VG=>3> B0 

<V:@>E28;P>2>3> ?V@>;V7C. #V43>B>2;5=0 4> ?V@>;V7C A8@>28=0 =02545=0 =0 @8A. 

2.2.  

 

$8A. 2.2. �V4?@0FP>20=0 :02>20 3CI0 ?V43>B>2;5=0 4> B5@<VG=>3> B0 
<V:@>E28;P>2>3> ?V@>;V7C. 

2.3.2. &5@<VG=89 ?V@>;V7 2V4?@0Fь>20=>W :02>2>W 3CIV. 
#>2V;P=89 ?V@>;V7 F5 >A=>2=89 B5@<>EV<VG=89 <5B>4, S:89 

28:>@8AB>2CєBPAS 4;S >B@8<0==S 1V>G0@C H;SE>< B@820;>3> @>7:;040==S 

1V><0A8 ?@8 28A>:V9 B5<?5@0BC@V (250-600 °C) 7 45DVF8B>< :8A=R  B0 70 =87P:>W 



H284:>ABV =03@V2C, 2@0E>2CRG8 4>A2V4 7 ;VB5@0BC@=8E 465@5;, H;SE>< 20@V0FV9 

B5<?5@0BC@ 1C;> ?V4V1@0=> >?B8<0;P=V C<>28, 0 A0<5 300 B0 500°C. #@8 ?V@>;V7V 

70 B5<?5@0BC@8 28I5 550-600°C 7@07:8 ��� 73>@0;8 4> 7>;8 B0 =5 1C;8 

?@840B=V 4;S ?>40;PH>3> 0=0;V7C.  

#@>F5A ?V@>;V7C ?@>2>482AS 2 B@C1G0ABV9 ?5GV 7 157?5@5@2=>R 

?@>4C2:>R 307>< 07>BC 7V H284:VABR 30 <;/E2 B0 H284:VABR =03@V2C 15°C/E2, 

I> ?@87=0G5=0 4;S 4>A;V465=P 70 @V7=8E 0B<>AD5@ - CO2 B0 N2. �0@VR20==S 

0B<>AD5@ ?@8 ?@>F5AV ?>2V;P=>3> ?V@>;V7C =5 ?@>2>48;8, 1> 7=0G=>3> 2?;82C 

=0 >B@8<0=89 1V>G0@ ?>@V2=S=> 7V 7<VH0=8<8 E0@G>28<8 2V4E>40<8 3 =5 1C;>. 

�@07:8 A8@>28=8 28B@8<C20;8 ?@8 B5<?5@0BC@0E 300°C B0 500°C  ?@>BS3>< 30 

E28;8= 2 0B<>AD5@V 07>BC B0 <0@:C20;8, S: 1V>G0@-300 B0 1V>G0@-500 

2V4?>2V4=>. #@>F5A :0@1>=V70FVW 74V9A=R202AS =0 5:A?5@8<5=B0;P=V9 

;01>@0B>@=V9 CAB0=>2FV, AE5<0 B0 D>B> =02545=V =0 @8A. 2.3 B0 2.4. 

 

$8A. 2.3 - %E5<0 5:A?5@8<5=B0;P=>W CAB0=>2:8 4;S :0@1>=V70FVW :02>2>W 
3CIV B0 0:B820FVW :0@1>=V70BC 

1- ?0B@C1>: 4;S ?V42545==S 07>BC; 2 - ?0B@C1>: 28E>4C AC<VHV 07>B-

2>4S=0 ?0@0; 3 - ?0@>35=5@0B>@; 4 - 5;5:B@>=03@V20G; 5 - @50:B>@; 6 - C?>@=5 

:V;PF5; 7 - @50:FV9=0 A:;S=:0 7 ?5@D>@>20=8< 4=><; 8 - A8@>28=0; 9 - ?0B@C1>: 



28E>4C 307C; 10 - B5@<>?0@0; 11 - ?@8;04 �%-2; 12 - <0=><5B@; 13 - 

307>0=0;V70B>@; 14, 15, 16 - 25=B8;V; 17 - 28B@0B><V@.  

  
$8A. 2.4. 3  �:A?5@8<5=B0;P=0 CAB0=>2:0 4;S ?V@>;V7C 2V4?@0FP>20=>W 

:02>2>W 3CIV. 

!0206:C :02>2>W 3CIV (40 3) 8 ?VA;S ?@><820==S V ACHV==S ?><VI0;8 C 

@50:FV9=C A:;S=:C 7 7 ?5@D>@>20=8< 4=><. �0 70:@8B8E 25=B8;V2 14 V 16 

2V4:@820;8 25=B8;P 15 V ?@>4C20;8 CAB0=>2:C 07>B>< 4;S 2840;5==S ?>2VB@S 7 

@50:B>@0 5. �<8:0;8 5;5:B@8G=89 =03@V20G 4 @50:B>@0 5 V 2AB0=>2;R20;8 

B5<?5@0BC@C ?@>F5AC 70 4>?><>3>R 40BG8:0, 21C4>20=>3> 2 :><?5=A0FV9=89 

A0<>?8A5FP 11. &5<?5@0BC@0 :>=B@>;R20;0AP 70 4>?><>3>R B5@<>?0@8 10. 

'B2>@5=89 307 ?V@>;V7C 0=0;V7C20;8 =0 2<VAB :><?>=5=BV2 70 4>?><>3>R 

307>0=0;V70B>@0 Gasboard 3100R 13. "B@8<0=89 :0@1>=V7>20=89 ?@>4C:B <0є 

AV@89 :>;V@ V 715@V30є A2>R 28EV4=C <>@D>;>3VG=C D>@<C.  

2.3.3  V:@>E28;ь>289 ?V@>;V7 2V4?@0Fь>20=>W :02>2>W 3CIV 
�:>=><VG=0 A:;04>20 ?@>F5AC ?V@>;V7C є 206;828< 5;5<5=B>< 2 

1V>B5E=>;>3VG=8E ?@>F5A0E, 0465 28B@0B8 =0 ?>ABV9=C 01> ?5@V>48G=C 

?V4B@8<:C ?52=>W B5<?5@0BC@8, I> <>65 AS30B8 ?>=04 300°C B0 V=HV 

?0@0<5B@8, AB0=>2;SBP ?5@5H:>4C 4;S ?@><8A;>2>3> D>@<0BC 28:>@8AB0==S 

VA=CRG8E B5E=>;>3V9.  V:@>E28;P>289 ?V@>;V7 є 0;PB5@=0B82>R >A=>2=>3> 

B5@<>EV<VG=>3> <5B>4C, I> <0є A2>W ?5@52038 B0 ?5@A?5:B828 4;S 4>A;V465==S, 



>4=VєR 7 S:8E є 1V;PH0 5:>=><VG=VABP ?>@V2=S=> V7 B@048FV9=8< ?V@>;V7><. 

"B@8<C20B8 1V>G0@ <>6=0 H;SE>< 28:>@8AB0==S ?>1CB>28E <V:@>E28;P>28E 

?5G59 01> <>48DV:>20=8E ?V4 :>=:@5B=V 7040GV B0 70;56=> 2V4 FV;59 >B@8<0==S 

?>1VG=8E ?@>4C:BV2. � 40=><C 4>A;V465=V 28:>@8AB>2C20;8 728G09=C :CE>==C 

<V:@>E28;P>2C ?VG Beko ?>BC6=VABR !�+ 800 �B, 2 S:V9 ?@>BS3>< 15 E28;8= 

2V41C202AS ?V@>;V7 (@8A. 2.5).  

  
$8A. 2.5.  V:@>E28;P>20 ?VG Beko ?>BC6=VABR !�+ 800 �B. 

 0:A8<0;P=0 B5<?5@0BC@0 <V:@>E28;P>2>3> ?V@>;V7C =0 :CE>==V9 ?5GV 

Beko AB0=>28BP 230 °C, ?V43>B>2;5=C A8@>28=C, I> 265 1C;0 ?@><8B0 

45V>=V7>20=>R 2>4>R B0 ?@>ACH5=0, ?><VI0;8 2 :>@?CA @50:B>@0 ?@8 

1060=><C A?V22V4=>H5==V 1V><0A8 4> 2>48 (1:2), 0 ?>BV< ?>AC48=C IV;P=> 

70:@820;8. #>BV< 2AB0=>2;R20;8 7=0G5==S ?0@0<5B@V2 ?@>F5AC ?@>2545==S 

5:A?5@8<5=BC (B5<?5@0BC@0 - 230 °C, G0A 28B@8<:8 3 15 E28;8=), ?VA;S G>3> 

28B@8<C20;8 7@07:8 2 @50:FV9=V9 AC<VHV ?@>BS3>< 2V4?>2V4=>3> G0AC. #VA;S 

7025@H5==S @50:FVW @50:B>@ >E>;>46C20;8 25=B8;SB>@>< 4> :V<=0B=>W 

B5<?5@0BC@8. �V=F5289 2C3;52>4=5289 ?@>4C:B (1V>G0@) :V;P:0 @07V2 

?@><820;8 45V>=V7>20=>R 2>4>R, 0 ?>BV< ACH8;8 2 ACH8;P=V9 H0DV ?@8 105°% 

?@>BS3>< 24 3>48=. "B@8<0=89 1V>G0@ 1C2 <0@:>20=89 <5B>4>< >B@8<0==S, S: 

1V>G0@- ). 

2.3.4 �87=0G5==O 3@0=C;ь>20=>3> B0 1V>?>;V<5@=>3> A:;04C 7@07:V2 
A8@>28=8 B0 1V>G0@C 

�87=0G5==S 3@0=C;><5B@8G=>3> A:;04C 7@07:V2 1V>G0@C є 206;828< 

2@0E>2CRG8, I> 7V1@0=0 A8@>28=0 <0є @V7=V D@0:FVW 2 A2>є<C A:;04V, S:V ?> 



@V7=><C 2?;820RBP =0 @S4 2;0AB82>AB59 >B@8<0=8E 1V>G0@V2. �;S 287=0G5==S 

3@0=C;P>20=>3> A:;04C >B@8<0=8E 1V>G0@V2, ?VA;S ?@>2545==S ?@>F5AC ?V@>;V7C 

2 :C;P:>2><C <;8=V WE ?>4@V1=R20;8, 28:>@8AB>2CRG8 A8B>289 <5B>4, 

?@>AVR20;8 =0 @V7=V D@0:FVW (@>7<V@ >B2>@V2 A8B 0,1 3 2,0 <<) B0 287=0G0;8 203C 

:>6=>W D@0:FVW 7 ?>40;PH>R :;0A8DV:0FVєR G0AB8=>: 70 @>7<V@><, 20@V0FVW A8B 

=02545=V =0 @8A. 2.6.  

 

$8A. 2.6. %8B0 4;S 287=0G5==S 3@0=C;P>20=>3> A:;04C 1V>G0@V2 

�> <0:@><>;5:C;S@=8E A?>;C: 1V>;>3VG=>3> ?>E>465==S, I> 287=0G0;8 

?@>BS3>< 0=0;V7C 2V4=>ASBPAS: 35<VF5;R;>78 (� *), F5;R;>70, 7030;P=89 07>B, 

1V;:>2V @5G>28=8, ;V3=V=, ;V?V48 B0 7>;0. 

�5<VF5;N;>78, F5;N;>70 B0 ;V3=V=: 
�0;56=> 2V4 2V4<V==>AB59 2 =04<>;5:C;S@=V9 AB@C:BC@V (5=5@3VW A8; 

<V6<>;5:C;S@=>W 270є<>4VW) ?>;VA0E0@848 ?>4V;SRBPAS 70 H284:VABR 

3V4@>;VB8G=>W 45AB@C:FVW =0 BV, I> ;53:> 01> 206:> 3V4@>;V7CRBPAS. 

#>;VA0E0@848, I> ;53:> 3V4@>;V7CRBPAS >1@>1;SRBP @>7102;5=8<8 

<V=5@0;P=8<8 :8A;>B0<8, =0?@8:;04 2-5% A>;S=>R :8A;>B>R 70 B5<?5@0BC@8 

?@81;87=> 100°%. #>;VA0E0@848, I> 206:> 3V4@>;V7CRBPAS, 3V4@>;V7CRBP 

:>=F5=B@>20=8<8 <V=5@0;P=8<8 :8A;>B0<8, =0?@8:;04 64-80% AV@G0=>R 

:8A;>B>R, ?@8 =>@<0;P=V9 B5<?5@0BC@V, I> AB0=>28BP ?@81;87=> 20°%, V=H89 

20@V0=B, 3V4@>;V70FVS @>7102;5=8<8 <V=5@0;P=8<8 :8A;>B0<8 ?@8 ?V428I5=V9 

B5<?5@0BC@V - 160-190>%. �5<VF5;R;>78 F5 ?>;VA0E0@848, I> A:;040RBPAS 7 

?5=B>7=8E V 35:A>7=8E ;0=>:, 0  H284:VABP :8A;>B=>3> 3V4@>;V7C 70;568BP 2V4 



WE 1C4>28. �87=0G5==S 1V>?>;V<5@C 35<VF5;R;>78 2V41C20;>AS 70 <5B>48:>R 

?>;VA0E0@84V2, I> ;53:> 3V4@>;V7CRBPAS, 28:>@8AB>2C20;8 4;S >1@>1:8 

1V>G0@V2 E;>@>2>4=52C :8A;>BC <0A>2>R G0AB:>R 2% B0 70 <5B>4 )0354@>=0-

�є=A5=0 (25;8G8=>R  @54C:FVW 740B=>ABV) <=>68;8 =0 :>5DVFVє=B 0,88 [140-142].  

�V4@>;V7CRG8 70;8H>: ?VA;S 2840;5==S � * AV@G0=>R :8A;>B>R 70 

<5B>48:>R 3V4@>;V7C ?>;VA0E0@84V2, I> 206:> 3V4@>;V7CRBPAS - 287=0G0;8 

F5;R;>7C. �0 B5<?5@0BC@8 1000% ?@>BS3>< 5 3>48= >1@>1;S;8 85-2V4A>B:>2>R 

AV@G0=>R :8A;>B>R, 0 C 3V4@>;V70B0E 287=0G0;8 @54C:CRGV @5G>28=8 V <=>68;8 

WE 25;8G8=C =0 :>5DVFVє=B 0,9 [141].  �V3=V= 287=0G0;8, S: 70;8H>: ?VA;S 

3V4@>;V7C F5;R;>78, 0 A0<5 ABC?V=P 45;V3=VDV:0FVW F5;R;>78 G8 =0?V2F5;R;>78 

(?> �0??0, <V6 G8A;>< �0??0 V 2<VAB>< ;V3=V=C VA=Cє <0965 ?@S<>;V=V9=0 

70;56=VABP) E0@0:B5@87CєBPAS :V;P:VABR <V;V;VB@V2 0,1 =. @>7G8=C � nO4, I> 

945 =0 >:8A;5==S ;V3=V=C, S:89 <VAB8BPAS 2 1 3 01A. ACE. 2>;>:=0 ?@>BS3>< 10 

E2 ?@8 B5<?5@0BC@V 25 °% V 28B@0BV ?5@<0=30=0BC 50% 2V4 7040=>3> [143]. #@8 

2V4><><C ?@81;87=><C 2<VABV ;V3=V=C =0206:C F5;R;>78 <>6=0 287=0G8B8 7 

B01;. 2.2.  

&01;8FS 2.2. 3  0A0 =0206:8 01A. ACE. F5;R;>78 (=0?V2F5;R;>78) 4;S 

287=0G5==S ABC?5=S 45;V3=VDV:0FVW ?@8 2V4><><C 2<VABV ;V3=V=C [143]. 

#>3;8=0==S 
?5@<0=30=0BC, 

% 

�V3=V=, 
% 

!0206:0 (3) ?@8 2<VABV ;V3=V=C (%) 
0 1 2 3 4 5 6 7 8 9 

30 

50 

70 

0   2,35 

4,10 

6,20 

1,55 

2,67 

4,10 

1,15 

2,00 

3,05 

0,92 

1,60 

2,45 

0,76 

1,34 

2,00 

0,65 

1,14 

1,73 

0,57 

0,99 

1,50 

050 

0,88 

1,35 

30 

50 

70 

10 0,45 

0,79 

1,20 

0,41 

0,71 

1,09 

0,37 

0,65 

0,99 

0,35 

0,60 

0,92 

0,30 

0,52 

0,85 

0,32 

0,56 

0,85 

0,28 

0,49 

0,74 

0,26 

0,46 

0,70 

0,25 

0,43 

0,66 

0,24 

0,41 

0,62 

30 

50 

70 

20 0,22 

0,39 

0,59 

0,21 

0,37 

0,56 

0,20 

0,35 

0,53 

       

 

�7SBC 7 B>G=VABR 4> 0,0002 3 ?V43>B>2;5=C =0206:C F5;R;>78,  

@>7102;S;8 C 250 <; 48AB8;P>20=>W 2>48 2 <VH0;FV-3V4@>@>71820GV 4> 

7=8:=5==S 3@C4>G>:, C=8:0RG8 @>7@V70==S 2>;>:>=. "B@8<0=C <0AC 



?5@5=>A8;8 C @50:FV9=C A:;S=:C <VAB:VABR 1 ;. #>AC48=C @5B5;P=> 

A?>;VA:C20;8 100 <; 48AB8;P>20=>W 2>48, S:C B0:>6 28;820;8 C @50:FV9=C 

A:;S=:C. #@>1C F5;R;>78 2 A:;S=FV @>7<VHC20;8 <VH0;:>R 4> 7=8:=5==S 

3@C4>G>: <0A8. !5 ?5@5@820RG8 ?5@5<VHC20==S <0A8, 4>;820;8 4> =5W AC<VH, 

I> A:;040єBPAS 7 50 <; 0,1 =. @>7G8=C � nO4 V 50 <; 4 =. @>7G8=C !2SO4, 

?>?5@54=P> 2V4<V@S=8E 2 A:;S=:C. %:;S=:C 7-?V4 AC<VHV A?>;VA:C20;8 50 <; 

48AB8;P>20=>W 2>48, S:C B0:>6 28;820;8 C @50:FV9=C A:;S=:C, 7030;P=89 >1'є< 

@V48=8 2 S:V9 ?>28=5= A:;040B8 B>G=> 500 <;. +5@57 5 E2 V7 <><5=BC 4>4020==S 

@>7G8=C 28<V@R20;8 B5<?5@0BC@C @50:FV9=>W AC<VHV, S:0 7=0E>48;0AS C <560E  

(20 ± 5) °%.   +5@57 10 E2 2V4 ?>G0B:C @50:FVW 2 @50:FV9=C A:;S=:C 4>4020;8 7 

<V@=>3> F8;V=4@0 10 <; 1   @>7G8=C �I 4;S ?@8?8=5==S @50:FVW >:8A;5==S 

;V3=V=C H;SE>< 2V4=>2;5==S ?5@<0=30=0BC  9>48AB8< :0;Vє< 70 @50:FVєR:  

2� nO4 + 10�I + 8!2SO4  = 5I2 + 6�2SO4  + 2 nSO4 + 8!2" (2.1) 

#@>4>26CRG8 ?5@5<VIC20==S, B8B@C20;8 0,2 =. @>7G8=>< Na2S2O3  

2V;P=89 9>4, I> 284V;82AS, 4> A>;><'S=>3> :>;P>@C, ?>BV< 4>4020;8 5...10 

:@0?5;P 0,5%-3> @>7G8=C :@>E<0;R V ?@>4>26C20;8 B8B@C20==S 4> 

7=510@2;5==S AC<VHV. $50:FVS 270є<>4VW 9>4C V7 BV>AC;PD0B>< =0B@VR:   

I2 + 2Na2S2O3 = 2 NaI + Na2S4O6 (2.2) 

#0@0;5;P=> 287=0G0RBP 28B@0BC BV>AC;PD0BC =0B@VR =0 B8B@C20==S 

E>;>AB>W ?@>18.   $>7@0EC=>: ABC?5=V 45;V3=VDV:0FVW F5;R;>78 2V41C20єBPAS 70 

D>@<C;>R: � = V�m  [1+0,013 (25 3 t)] (2.3) 

45  V 3 28B@0B0 0,1 ! @>7G8=C � nO4, <;,  

d - :>5DVFVє=B ?5@5@0EC20==S =0 50% 28B@0B8 <0@30=F52>:8A;>3> :0;VR, 

I> 70;568BP 2V4 V (287=0G0RBP 7 B01;. 2.3);   

m - <0A0 =0206:8 01A. ACE. F5;R;>78, 3;   

t - A5@54=S B5<?5@0BC@0 @50:FV9=>W AC<VHV, °% � = (V1 2 V2)ÿ0,1  
(2.4) 



V1 - >1'є< 0,2 =. @>7G8=C Na2S2O3, 28B@0G5=89 =0 B8B@C20==S E>;>AB>W 

?@>18; 

V2 - >1'є< 0,2 =. @>7G8=C Na2S2O3, 28B@0G5=89 =0 B8B@C20==S 0=0;V7>20=>W 

?@>18 7 =0206:>R F5;R;>78, <;; 

H - =>@<0;P=VABP @>7G8=C Na2S2O3; 

&01;8FS 2.3 3 �=0G5==S ?>?@02:>2>3> :>5DVFVє=B0 d 4> 287=0G5==S 

ABC?5=S 45;V3=VDV:0FVW. 
#>3;8=0==S  
� nO4, <;  

#>3;8=0==S � nO4, <; 
0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 

15 0,958 0,960 0,962 0,964 0,966 0,968 0,970 0,973 0,975 0,977 

20 0,979 0,981 0,983 0,985 0,987 0,989 0,991 0,994 0,996 0,998 

25 1,000 1,002 1,002 1,004 1,006 1,009 1,011 1,015 1,017 1,019 

30 1,022 1,024 1,026 1,028 1,030 1,033 1,035 1,037 1,039 1,042 

#@8 2<VABV ;V3=V=C 2...16% <V6 ABC?5=5< 45;V3=VDV:0FVW F5;R;>78 B0 

2<VAB>< 2 =V9 ;V3=V=C VA=Cє ?@S<>;V=V9=0 70;56=VABP, 7=0RG8 ABC?V=P 

45;V3=VDV:0FVW, <>6=0 ;53:> 287=0G8B8 :V;P:VABP ;V3=V=C C 2>;>:=8AB><C 

=0?V2D01@8:0BV 70 @V2=S==S<8, %: 

4;S AC;PDVB=>W F5;R;>78 � =  E ∙ 0,17%; (2.5) 

 

4;S AC;PD0B=>W F5;R;>78 � =  E ∙ 0,15%; (2.6) 

 

4;S =0?V2F5;R;>78 � =  E ∙ 0,16%, (2.7) 

 

E 3 F5 ABC?V=P 45;V3=VDV:0FVW. 

�030;ь=89 07>B B0 1V;:>2V @5G>28=8: 
 5B>4 �’є;P40;S 28:>@8AB>2CRBP 4;S 287=0G5==S !VB@>35=C 2 

>@30=VG=8E A?>;C:0E [144, 145]. �>A;V46C20=C @5G>28=C @>7:;040RBP 

:8?’SBV==S< 7 :>=F5=B@>20=>R H2SO4 C ?@8ACB=>ABV :0B0;V70B>@0 (HgSO4 01> 

9>3> AC<VHV 7 CuSO4 01> SeO2) V =0B@VR 01> :0;VR AC;PD0BC (4;S ?V428I5==S 

&:8? AC<VHV). �> @>7G8=C 4>40RBP ;C3. #@8 FP><C 284V;SєBPAS NH3, S:89 

2V430=SRBP, ?>3;8=0RBP @>7G8=0<8 AC;PD0B=>W 01> E;>@84=>W :8A;>B. 



�0;8H:8 :8A;>B8 287=0G0RBP B8B@8<5B@8G=>, 0 0<V0: 4 D>B><5B@8G=> (7 

@50:B82>< !5AA;5@0, =V=3V4@8=>< 01> 9>4>D5=>;>28< A8=V<). #@8 287=0G5==V 

!VB@>35=C 70 <5B>4>< �’є;P40;S 2 =VB@>-, =VB@>7>-, 07>-, 3V4@>07>-, 

4V07>A?>;C:0E ?@>1C ?>?5@54=P> 2V4=>2;RRBP 7 28:>@8AB0==S< 2V4=>2=8:V2 

HI, Zn, Na2S2O3 B0 V=.  5B>4 �’є;P40;S <0є ?52=C ?>A;V4>2=VABP: 

?@>1>?V43>B>2:0, <V=5@0;V70FVS, 48AB8;SFVS B0 B8B@C20==S [145]. 

 V=5@0;V70FVS 3><>35=V7>20=>3> 7@07:0 2V41C20єBPAS ?V4 4VєR 

:>=F5=B@>20=>W AV@G0=>W :8A;>B8 2 ?@8ACB=>ABV :0B0;V70B>@0, 2 @57C;PB0BV 

>B@8<CRBP @>7G8=, I> <VAB8BP AC;PD0B 0<>=VR: 

�@07>: + H2SO4 ³ (NH4)2SO4 + CO2 + SO2 + H2O (2.3) 

!0ABC?=89 5B0? 48AB8;SFVS 2V41C20єBPAS C ?@8ACB=>ABV =04;8H:C ;C3C, 

NH4
+ ?5@5B2>@RєBPAS =0 NH3, S:89 <>6=0 2V4>:@5<8B8 2V4 7@07:0 ?5@53>=:>R 

7 ?0@>R: 

(NH4)2SO4 + 2NaOH ³ Na2SO4 + 2H2O + 2NH3 

H3BO3 + NH3 = (NH4 +H2BO3) + H3BO3 

(2.4) 

(2.5) 

�<V0:, :V;P:VA=> ?5@53=0=89 7 ?0@>R, 718@0єBPAS 2 ?>3;8=0RG><C 

@>7G8=V, 0 2<VAB 07>BC 2 7@07:C 287=0G0єBPAS :V;P:VABR ?>3;8=CB>3> 0<V0:C. 

&8B@C20==S ?@>2>4SBP V7 28:>@8AB0==S< :>;P>@>28E V=48:0B>@V2 01> 

?>B5=FV><5B@8G=8< <5B>4><. �A=Cє 420 <5B>48 B8B@C20==S: ?@S<5 

(28:>@8AB>2CRBP 1>@=C :8A;>BC) V 72>@>B=5 (28:>@8AB>2CRBP AV@G0=C V A>;S=C 

:8A;>BC): 

2 (NH4H2BO3) + H2SO4  = (NH4)2SO4 + 2H3BO3 (2.6) 

�V;:>2V @5G>28=8 287=0G0;8 <5B>4>< <=>65==S 7030;P=>3> 07>BC =0 

:>5DVFVє=B 6,00 [146].  

�V?V48: 
�V?V48 287=0G0;8 3@02V<5B@8G=8< <5B>4>< 5:AB@0:FVєR =5?>;S@=8< 

@>7G8==8:><.  5B>4 ?>;S30є 2 5:AB@0:FVW 68@C AC<VHHR E;>@>D>@<C B0 

5B8;>2>3> A?8@BC 7 28:>@8AB0==S< 4V;8;P=>W ;V9:8 4;S ?>40;PH>3> 

287=0G5==S <0A8 ;V?V4V2 ?VA;S 2840;5==S @>7G8==8:0. #5@54 ?>G0B:>< 0=0;V7C, 

1R:A8 <8;8, ACH8;8 2 ACH8;P=V9 H0DV, >E>;>46C20;8 2 5:A8:0B>@V, 0 ?>BV< 



7206C20;8, 40;V 3>BC20;8 AC<VH 4;S 5:AB@0:FVW 2V4V1@02H8 420 >1'є<8 

E;>@>D>@<C B0 7<VHCRG8 7 >4=8< >1'є<>< 5B8;>2>3> A?8@BC. 

�8:>@8AB>2C20;8 CAB0=>2:C 4;S 5:AB@03C20==S 68@C. !0206:C <0A>R 2 3 70 

4>?><>3>R A:;S=>W ?0;8G:8 B0 5 A<3 5B8;>2>3> A?8@BC ?5@5=>A8;8 C 

DV;PB@C20;P=C 4V;8;P=C ;V9:C, 4>4020;8 20 A<3 5:AB@03CRG>W AC<VHV, 

70:@820;8 ;V9:C B0 AB@CHC20;8 ?@>BS3>< 2 E2. #VA;S AB@CHC20==S ;V9:C 

?@8є4=C20;8 4> ?@89<0G0, 2:;RG0;8 2>4>AB@C<8==89 =0A>A V 2V4A<>:BCRBP 

>B@8<0=89 5:AB@0:B 68@C, 5:AB@0:FVR ?>2B>@R20;8 42VGV, 4>;820RG8 4> 

=0206:8 C ;V9FV ?> 15 A<3 5:AB@03CRG>W AC<VHV V AB@CHCRG8 ;V9:C ?@>BS3>< 1 

E2. �0 4>?><>3>R 10 A<3 5:AB@03CRG>W AC<VHV 5:AB@0:B8 7 ?@89<0G0 :V;P:VA=> 

?5@5=>A8;8 2 4V;8;P=C ;V9:C <VAB:VABR 1000 A<3, 4>4020;8 100 

A<3 48AB8;P>20=>W 2>48 B0 3 3 E;>@8AB>3> =0B@C, AB@CHC20;8 ?@>BS3>< 2 E2, 0 

?VA;S @>7?>4V;C H0@V2 =86=V9 E;>@>D>@<5==89 H0@ 7;820;8 C 1R:A. �R:A 7 

>B@8<0=8< 5:AB@0:B>< ?><VI0;8 =0 2>4S=C 10=R V 28?0@>2C20;8 @>7G8==8: 

4> 7=8:=5==S 70?0EC, ?>BV< 1R:A 7 5:AB@0:B>< ACH8;8 2 ACH8;P=V9 H0DV 70 

B5<?5@0BC@8 100  ±  5  °% ?@>BS3>< 10 E2, 0 40;V >E>;>46C20;8 25&30 E2. 2 

5:A8:0B>@V B0 7206C20;8. �;S @>7@0EC=:V2 28:>@8AB>2C20;8 D>@<C;C <0A>2>W 

G0AB:8 68@C Х, 2 %: � = m1m  · 100 (2.8) 

45 m1- <0A0 68@C, 3; 

m - <0A0 =0206:8 ?@>4C:BC, 3. 

�>;0: 
�>;C B0:>6 287=0G0;8 3@02V<5B@8G=8< <5B>4><, I> �@C=BCRBPAS =0 

?@>60@R20==V (>17>;5==V) =0206:8 1V>2C3V;;S V 7206C20==V 7>;P=>3> 70;8H:C. 

�A=Cє 420 20@V0=B8 ?@>60@R20==S 3 ?@8A:>@5=89 B0 ?>2V;P=89, ?5@H89 40є 

<5=H B>G=V @57C;PB0B8, B><C 28:>@8AB>2C20;8 2 @>7@V7V 40=>3> 4>A;V465==S 

?>2V;P=5 >17>;5==S. !0206:8 2 3 ?><VI0;8 2 B83;V B0 ?>G8=0;8 >17>;R20==S 2 

<CD5;P=V9 ?5GV ?@8  :V<=0B=V9 B5<?5@0BC@V ?V4V9<0RG8 B5<?5@0BC@C 4>  250  

°% ?@>BS3>< 30 E2. � =0ABC?=V 30 E2 ?V428IC20;8 B5<?5@0BC@C 4> 500 °%, ?VA;S 



G>3> ?@>BS3>< 60 E2 28B@8<C20;8 ?@8 FV9 B5<?5@0BC@V.  �>;P=VABP 1V>2C3V;;S 

@>7@0E>2C20;8 70 D>@<C;>R:  � = ÿ32ÿ1m2 2ÿ1 · 100 (2.9) 

45, m1 3 <0A0 B83;S, 3; 

m2 3 <0A0 B83;S 7 ?@>1>R, 3; 

m3 3 <0A0 B83;S 7 7>;>R, 3. 

2.3.5. %B@C:BC@=V E0@0:B5@8AB8:8 28EV4=>W A8@>28=8 B0 1V>G0@V2 

%B@C:BC@=V E0@0:B5@8AB8:8 28EV4=>W A8@>28=8 B0 1V>G0@C 287=0G0;8 70 

4>?><>3>R AB0=40@B=>W 20:CC<-A>@1FV9=>W CAB0=>2:8 7 :20@F>2>R ?@C68=>R 

 0:-�5=0 ?@8 B5<?5@0BC@V 25℃ [147]. �8<V@R20==S @V2=V2 @BCBV 28:>=C20;8 

70 4>?><>3>R :0B5B><5B@0 � -8 7 B>G=VABR 0,5%. #V4 G0A 4>A;V4V2, CAB0=>2:C 

C:;040;8 2 :>6CE 7 >@30=VG=>3> A:;0 2 S:><C ?V4B@8<C20;8 B5<?5@0BC@C =0 

@V2=V 25℃ ± 0,2℃ 70 4>?><>3>R A?5FV0;P=> A:>=AB@C9>20=>3> 

B5@<>@53C;SB>@0.  0AC 2>48, I> A>@1C20;0AS, 287=0G0;8 70 D>@<C;>R: Ā = ΔlΔL ∗ M 
(2.10) 

45 ΔL 3 ?>4>265==S :20@F>2>W A?V@0;V 70;56=> 2V4 <0A8 A>@15=BC; Δl 3 

?>4>265==S :20@F>2>W A?V@0;V 70;56=> 2V4 <0A8 A>@10BC;   3 <>;5:C;S@=0 

<0A0 A>@10BC. 

�C2H8 ?5@52545=8< C ;V=V9=C D>@<C, @V2=S==S V7>B5@<8 

?>;V<>;5:C;S@=>W A>@1FVW ��& <0є 284: ÿÿý� (Ā 2 ÿÿ�) = Ā�ÿ ∗ � + � 2 Ā�ÿ ∗ � ÿ
ÿ�  

(2.11) 

45: ÿ� 3 B8A: =0A8G5=>W ?0@8 70 40=>W B5<?5@0BC@8;  ��� 3 2V4=>A=89 B8A: 

?0@8; � 3 ?>25@E=520 :>=F5=B@0FVS A>@10BC; �ÿ 2?>25@E=520 :>=F5=B@0FVS 
A>@10BC ?@8 70?>2=5==V 2AVE 0:B82=8E F5=B@V2; � 2:>=AB0=B0 ��&. 

#8B><C ?>25@E=R 7@07:V2 @>7@0E>2C20;8 70 @V2=S==S< 



�þ� = �ÿ ∗ �� ∗ �0 (2.12) 

45: �� 2G8A;> �2>304@>; �0 2?;>I0 ?>?5@5G=>3> ?5@5@V7C <>;5:C; 
A>@10BC (2>48), 4>@V2=Rє 10,6 �. 

%5@54=V9 5D5:B82=89 @04VCA ?>@ 287=0G0;8 70 @V2=S==S< � = ���ý2 �þ�:    (2.13);    �ÿ�ý 2=89 >1'є< 2>;>38, :>B@89 A>@1CєBPAS. 
2.3.6. %>@1FVO V>=V2 A28=FN B0 V7>B5@<8 04A>@1FVW 

%>@1FVO V>=V2 A28=FN: 
 �>A;V46C20=V 7@07:8 (0,25 3) ?><VI0;8 C @>7G8= 0F5B0BC A28=FR 

:>=F5=B@0FVєR 0,01 <>;P/;, 3V4@><>4C;P 20. ' E>;>AB><C 4>A;V4V 7@07:8 

?><VI0;8 2 48AB8;P>20=C 2>4C. #@5?0@0B8 28B@8<C20;8 2 @>7G8=0E A>;V 

A28=FR ?@>BS3>< 17 3>48= (G0A 2AB0=>2;5==S A>@1FV9=>W @V2=>2038) ?@8 37℃, 

0 ?>BV< C DV;PB@0B0E 2AB0=>2;R20;8 :>=F5=B@0FVR V>=V2 A28=FR 

A?5:B@>D>B><5B@8G=> [148]. �5;8G8=C A>@1FVW A28=FR 287=0G0;8 70 @V7=8F5R 

?>G0B:>2>W B0 70;8H:>2>W :>=F5=B@0FVW V>=V2 A28=FR 2 @>7G8=V. �V0?07>= 

4>268= E28;P A?5:B@>D>B><5B@0 AB0=>28BP 19031100 =< (4;S '(/Vis 

?@8;04V2), B>G=VABP  ±132 =<, A<C30 ?@>?CA:0==S  f3 =< (2C7P:0 A<C30 7<5=HCє 

=0:;040==S A?5:B@V2), 28:>@8AB>2C20;8 :R25B8 1 A<. �>268=0 E28;V AB0=>28;0 

5203530 =< ?@8 4>A;V465=V 7 4-(2-?V@848;07>)@57>@F8= (PAR). 

�7>B5@<8 04A>@1FVW:  

�;S 287=0G5==S V7>B5@< 04A>@1FVW >4=0:>2V =0206:8 1V>G0@V2 (0,1 3) 

?><VI0;8 C @>7G8= 0F5B0BC A28=FR (0,25-2,0 <3/<;). +5@57 2,5 3>48=8 V=:C10FVW 

?@8 ?>ABV9=><C ?5@5<VHC20==V ?@8 20℃ 287=0G0;8 70;8H:>2V :>=F5=B@0FVW 

0F5B0BC A28=FR B0 4;S :>6=>W :>=F5=B@0FVW @>7@0E>2C20;8 :V;P:VABP A>@10BC, 

?>3;8=5=>3> >48=8F5R <0A8 (0,1 3) A>@15=BC, B>1B> ?8B><C є<=VABP A>@15=BC. 

�V;P:VABP 0F5B0BC A28=FR, 04A>@1>20=>3> 1 3 1V>G0@C, @>7@0E>2C20;8 70 

D>@<C;>R: 

�=((%" - %(@V2=.) )∙0)/� (2.14) 



45 %" - 28EV4=0 :>=F5=B@0FVS 0F5B0BC A28=FR, <3/<;; %@V2=. 3 70;8H:>20 

(@V2=>206=0) :>=F5=B@0FVS 0F5B0BC A28=FR, <3/<;; 0 3 >1’є< @>7G8=C 0F5B0BC 

A28=FR, 4>40=89 4> =0206:8 1V>G0@C, <;; � 3 2030 1V>G0@C, 3. 

"B@8<0=V @57C;PB0B8 ?@54AB02;5=V 3@0DVG=> 3 ?> >AV >@48=0B 2V4:;040;8 

?8B><C є<=VABP A>@15=BC (<3/3), 0 ?> >AV 01AF8A 3 2V4?>2V4=V W< 7=0G5==S 

70;8H:>2>W :>=F5=B@0FVW (%@V2=.,<3/<;).  

%B0B8AB8G=0 >1@>1:0 @57C;PB0BV2 5:A?5@8<5=B0;P=8E 4>A;V465=P 

?@>2>48;0AP 7 28:>@8AB0==S< ?@>3@0<=>3> 70157?5G5==S R, Prism B0 Excel.  

2.3.7. �8A;>B=>->A=>2=V B0 V>=>>1<V==V 2;0AB82>ABV 1V>G0@C 
�;S 282G5==S :8A;>B=>->A=>2=8E B0 V>=>>1<V==8E 2;0AB82>AB59 7@07:V2 

1V>G0@C 70AB>A>2C20;8 ?>B5=FV><5B@8G=5 B8B@C20==S 70 <5B>4>< >:@5<8E 

=0206>: [147]. �;S 287=0G5==S :8A;>B=8E V >A=>2=8E DC=:FV>=0;P=8E 3@C? 

A?>G0B:C WE ?@82>48;8 4> D>@<8 2=CB@VH=P>W A>;V. �;S FP>3> ?@5?0@0B8 

1V>G0@C ?>?5@54=P> >1@>1;S;8 2>4>R 4> =59B@0;P=>W @50:FVW, I> ?@872>48;> 

4> 3V4@>;V7C 2V4?>2V4=8E D>@< (:8A;>B=8E B0 >A=>2=8E). �0;V, >B@8<0=V 7@07:8 

1V>G0@C, B8B@C20;8 ;C30<8 4;S 287=0G5==S 3@C? >A=>2=>W ?@8@>48. 

�>==C A8;C @>7G8=V2 ?V4B@8<C20;8 ?>ABV9=>R, 4>40RG8 4> @>7G8=C 

@>7@0E>20=C :V;P:VABP 5;5:B@>;VBC 3 KCl. �5;8G8=0 V>==>W A8;8 ¼ = 1. 

�;S @>7@0EC=:C 25;8G8=8 @� :8A;>B=8E (>A=>2=8E) C3@C?C20=P 

28:>@8AB>2C20;8 @V2=S==S �5=45@A>=0-�5AA5;P10E0 [149]: D� = D�̅̅ ̅̅ + lg �1 2 � 
(2.15) 

45 @� - :>=AB0=B0 :8A;>B=>->A=>2=>W 48A>FV0FVW; @! - 7=0G5==S @! 

2A5@548=V V>=VBC; » 3 ABC?V=P =59B@0;V70FVW @>7G8=C. 

#@8 » = 0.5, B>1B> C 28?04:C 50% =0A8G5==S V>=VBC V>=0<8 @V2=S==S 

?@89<0є 283;S4: D� = D�̅̅ ̅̅ + lgç��+è 2 lgç�è2  
(2.16) 

45 @! - 7=0G5==S FVєW 25;8G8=8 2 @>7G8=V; ç��+è - :>=F5=B@0FVS V>=V2 C 

7>2=VH=P><C @>7G8=V, <5:2/3 #�; ç�è - :>=F5=B@0FVS 0:B82=8E 3@C?, <5:2/3 #�. 



2.3.8 �8D5@5=FV9=0 �+-A?5:B@>A:>?VO 7@07:V2 A8@>28=8 B0 1V>G0@V2 
�+-A?5:B@8 B01;5B>20=8E 7@07:V2 7=V<0;8 =0 ?@8;04V Perkin Elmer FT-IR 

Spectrometer Frontier (4V0?07>= E28;P>28E G8A5; 400-4000 A<-1, @>74V;P=0 

740B=VABP 4 A<-1) ($8A. 2.7). %C<VH 2 A?V22V4=>H5==V 1 <3 @5G>28=8 =0 200 <3 

KBr ?@5AC20;8 ?V4 B8A:>< 7 B/A<2 ?@>BS3>< 30 A.  

 

$8A. 2.7. Perkin Elmer FT-IR Spectrometer Frontier (4V0?07>= E28;P>28E 

G8A5; 400-4000 A<-1, @>74V;P=0 740B=VABP 4 A<-1) 

�=0;V7 7@07:V2 A8@>28=8 B0 1V>G0@V2 <5B>4>< 48D5@5=FV9=>W �+-

A?5:B@>A:>?VW 25;8 70 7=0G5==S< 2V4=>A=>W >?B8G=>W 3CAB8=8, 28:>@8AB>2CRG8 

<5B>4 1078A=>W ;V=VW 9 2=CB@VH=P>3> AB0=40@BC [150, 151]. �078A=0 ;V=VS 

?@>2>48;0AS S: 4>B8G=0 4> <V=V<C<V2 ?>3;8=0==S 2 >1;0ABV 3400&2500 A<-1 V 

1800&700 A<-1, S: 2=CB@VH=V9 AB0=40@B 1@0;8 <0:A8<C< ?>3;8=0==S ?@8 

1425 A<-1, I> 2V4?>2V40є 45D>@<0FV9=8< :>;820==S< %!-3@C?. $>7@0E>20=V 

25;8G8=8 2V4=>A=>W >?B8G=>W IV;P=>ABV 281@0=8E A<C3 ?>3;8=0==S (��"-) 

7=0E>48;8 S: A?V22V4=>H5==S: 

%&

Х

Д
Д

В""Щ =
, 

(2.17) 

45 ДХ 3 >?B8G=0 IV;P=VABP 4>A;V46C20=>W A<C38 ?>3;8=0==S 7 E28;528< 

G8A;>< I;  

Д%& 3 >?B8G=0 IV;P=VABP 2=CB@VH=P>3> AB0=40@BC. 



�5;8G8=C >?B8G=>W IV;P=>ABV >1G8A;R20;8 70 D>@<C;>R: 

ХT

T
Д 0lg=

, 

(2.18) 

45 &0 3 ?@>?CA:0==S 2 % B>G:8 =0 1078A=V9 ;V=VW; 

&Х 3 ?@>?CA:0==S 2 % 2V4?>2V4=>W B>G:8 A?5:B@0.  

�8D5@5=FV9=V A?5:B@8 ?>@V2=S==S 7@07:V2 ?@5?0@0BV2 1C4C20;8 2 

:>>@48=0B0E: 7<V=0 Δ ��"- S: DC=:FVS 2V4 E28;52>3> G8A;0 I. 

%B0B8AB8G=0 >1@>1:0 @57C;PB0BV2 5:A?5@8<5=B0;P=8E 4>A;V465=P 

?@>2>48;0AP 7 28:>@8AB0==S< ?@>3@0<=>3> 70157?5G5==S R, Prism, Excel B0 

ACDLabs 6.0 Professional. 

2.3.9. �><?;5:A=89 B5@<VG=89 0=0;V7 7@07:V2 1V>G0@C B0 A8@>28=8 

�;S >FV=:8 2?;82C B5<?5@0BC@8 =0 B5@<VG=89 @>7:;04 7@07:V2 

28:>@8AB>2C20;8 :><?;5:A=89 B5@<VG=89 0=0;V7, S:89 2:;RG0є 
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2 ?@>F5AV 28@>1;SRBPAS 3078 02B>B@0=A?>@BC, 7<V=0 ;0=4H0DBC 75<5;P B>I>, 

?@8 ?@>F5AV 1C4V2=8FB20 01> @5:>=AB@C:FVW 2V41C20єBPAS ?>@CH5==S �@C=BV2, 

701@C4=5==S ABVG=8<8 2>40<8 B0 V=H8<8 EV<VG=8<8 A?>;C:0<8, CB2>@5==S 

?8;C, HC<C, 2V1@0FVW, 28:848 ?0@=8:>28E 307V2, CB2>@5==S 2V4E>4V2 @V7=8E 

:0B53>@V9 B>I>. �=0;V7CRG8 FV D0:B>@8 =0 =02545=V 10;0=A>2V AE5<8 <>6=0 

7@>18B8 28A=>2>:, I> DC=:FV>=C20==S 3>B5;P=>-@5AB>@0==>3> :><?;5:AC 

G8=8BP 7=0G=89 =530B82=89 2?;82 =0 4>2:V;;S, 0 A0<5 CB2>@5==S< B0 

28:840<8: ?0@8, ?8;C, ABVG=8E 2>4, &�#, E0@G>28E 2V4E>4V2, =0DB>?@>4C:BV2, 

#��, %#�$, ?@>;82=V <0AB8;P=V <0B5@V0;8, ! �"%, CO2, NOx, SO2 B>I>. 

�;S :><?;5:A=>3> 0=0;V7C 2AVE D0:B>@V2, I> 2?;820RBP =0 =02:>;8H=є 

A5@54>28I5 G5@57 DC=:FV>=C20==S �$� =5>1EV4=> V45=B8DV:C20B8 B0 :V;P:VA=> 

287=0G8B8 5:>;>3VG=V 0A?5:B8, S:V 2:;RG0RBP 2EV4=V B0 28EV4=V 40=V, I> 

=02545=> 2 B01;. 3.1. 

&01;8FS 3.1 3 �Ei4=i B0 28Ei4=i e:o;o3iG=i 0c?e:B8 

E:o 3 10;0=c  

�Ei4: �8Ei4: 

− !epCEo<icBP 3 7e<e;P=i 4i;S=:8, 1C4i2;i; 

− Oc=o2=i 28po1=8Gi 70co18 3 28po1=8Ge 

o1;04=0==S, ?epe4020;P=i ?p8cBpoW, 

Bp0=c?opB=i 70co18; 

− O1i3o2i 70co18 3 c8po28=0, <0Bepi0;8, 

=0?i2D01p8:0B8; 

− E=ep3iS 3 cBpC<, <07CB, ?p8po4=89 307; 

− �o40 3 ?8B=0, BeE=iG=0, 4oIo20; 

− #o2iBpS 3 :i;P:icBP i =020=B06e==S. 

− �8Ei4 ?po4C:FiW 3 =0?i2D01p8:0B8, 

3oBo20 ?po4C:FiS; 

− �i4Eo48 3 Fi==i 2i4Eo48, peHB:8, 

i=Hi 2i4Eo48; 

− �84i;e==S Be?;o2oW e=ep3iW; 

− CBo:8 3 :i;P:icBP, =020=B06e==S; 

− �i4?p0FPo20=e ?o2iBpS 3 :i;P:icBP, 

=020=B06e==S; 

− �01pC4=e==S �pC=Bi2. 

 

%E5<C 0=0;V7C 68BBє2>3> F8:;C 3>B5;P=>-@5AB>@0==>3> :><?;5:AC 

=02545=> =0 @8A. 3.5., I> 2:;RG0є oc=o2=i e:o;o3iG=i 0c?e:B8 3>B5;P=>-

pecBop0==o3o 3oc?o40pcB20 =0 4o2:i;;S. �o 2Ei4=8E 0c?e:Bi2 2i4=ocSBPcS 

4o?o<i6=i <0Bepi0;8, e;e:Bpoe=ep3iS, 2o4=i B0 c8po28==i pecCpc8, ?o2iBpS, 



c8=BeB8G=i <8RGi 70co18 B0 ?0;82=o-<0cB8;P=i <0Bepi0;8, 0 =0 28Eo4i 

pecBop0==e ?i4?p8є<cB2o ?o2epB0є C =02:o;8H=є cepe4o28Ie 701pC4=e=i 

cBiG=i 2o48, 28:848 C 0B<ocDep=e ?o2iBpS, &#�, 7o:pe<0 E0pGo2i 2i4Eo48, =040є 

?oc;C38, 0 B0:o6 ic=Cє p878: 28=8:=e==S ?po;82i2, 020pi9, ?o6e6 B0 i=H8E 

=04728G09=8E c8BC0Fi9. �0pBo 2i4<iB8B8, Io ?p8 =040==i ?oc;C3: 

o1c;C3o2C20==S 3ocBe9, :e9Bep8=3, ?po2e4e==S 10=:eBi2 B0 4ocB02;e==S W6i 

70240RBP o?ocepe4:o20=89 2?;82 70:;04o<, Io c?p8G8=Sє =0:o?8Ge==S 

2i4Eo4i2, 28:op8cB0==S o4=op07o2o3o ?ocC4C B0 i=H8E ?0:C20;P=8E <0Bepi0;i2.  

 

$8A. 3.5. %E5<0 0=0;V7C 68BBє2>3> F8:;C 3>B5;P=>-@5AB>@0==>3> 

:><?;5:AC 

3.1.2. "FV=:0 68BBє2>3> F8:;C ?@>4C:FVW 3>B5;ь=>-@5AB>@0==>3> 3>A?>40@AB20 
<5B>4>< @5;520=B=8E B01;8Fь (<0B@8Fь �5>?>;ь40) 

 5B>4 @5;520=B=8E B01;8FP (<0B@8FP �5>?>;P40) 4>72>;Sє >FV=8B8 

>:@5<V 5B0?8 68BBє2>3> F8:;C ?@>4C:FVW 3>B5;P=>-@5AB>@0==>3> :><?;5:AC, 

2?;82 A8@>28=8, 4>?><V6=8E <0B5@V0;V2 B0 B5E=>;>3VG=8E ?@>F5AV2 =0 

=02:>;8H=є A5@54>28I5. � B01;. 3.2. >E0@0:B5@87>20=> 2?;828 =0 :><?>=5=B8 

4>2:V;;S 2V4 28@>1=8FB20 B0 A8@>28=8 3>B5;P=>-@5AB>@0==>3> :><?;5:AC, I> 

2@0E>2Cє ?>2=89 68BBє289 F8:; ?@>4C:FVW.  � B01;8FV 3.3. =02545=V =5  

28@>1=8GV ?@>F5A8. 
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CO2 5 5 0 2 0 0 0 5 0 0 5 0 5 2 3 2 4 2 1 41 C 

CO 5 5 0 2 0 0 2 5 0 0 2 0 5 2 2 2 4 2 1 39 C 

NOX 5 5 0 5 0 0 0 5 0 0 2 0 5 2 2 2 4 2 1 40 C 

SO2 5 5 0 5 0 0 0 5 0 0 5 0 5 2 2 2 2 2 1 41 C 

(Bopop30=iG=i 
c?o;C:8 
/);opop30=iG=i 
c?o;C:8 

2 0 

0 

0 0 0 0 0 0 0 5 5 0 0 0 2 1 0 1 

16 C 

!87P:o<o;e:C;Sp
=i ;e3:o;eBCGi 
op30=iG=i c?o;C:8 

5 2 

2 

0 0 0 0 5 0 0 2 2 2 2 0 2 3 0 1 

28 C 

CH4 2 5 2 2 0 0 0 2 2 0 2 2 2 2 2 2 3 0 1 31 C 

N2O 2 2 0 2 0 0 0 0 0 0 2 0 2 1 0 2 3 0 1 17 C 

�8c;oB8/;C38 0 0 0 2 0 0 0 0 0 0 5 5 0 0 0 2 0 5 1 20 C 

!eop30=iG=i 
peGo28=8 

0 0 
2 

2 2 0 0 0 0 2 5 2 2 1 0 2 0 0 1 
21 C 

�206e=i G0cB8=:8 2 2 2 5 2 2 2 2 0 0 5 2 2 5 0 2 1 2 1 39 C 

�06:i <eB0;8 2 2 5 5 0 0 0 0 0 0 10 2 2 2 0 2 0 1 1 34 C 

�i4?p0FPo20=e 
Be?;o/Eo;o4 

2 5 
0 

2 2 5 2 10 2 2 5 5 5 3 0 2 3 2 1 
58 C 

#0p0 0 0 2 2 2 2 0 5 2 2 2 5 0 2 0 2 3 4 1 36 C 



#po4o26e==S B01;. 3.2 

�o
40
  

�#�5 2 2 0 0 5 5 5 5 0 0 5 2 0 0 0 4 0 2 1 38 C 

)#� 2 2 0 0 5 5 5 5 0 0 5 2 0 0 0 4 0 2 1 38 C 

�8c;oB8/;C38 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 4 0 5 1 14 C 

N(NH3+NH4) 0 5 0 0 0 0 0 0 0 0 5 2 0 0 0 4 0 3 1 20 C 

!iBp0B8 (NO3
-) 5 2 0 0 2 0 0 0 0 0 5 2 0 0 0 4 0 3 1 24 C 

!iBp8B8 (NO2
-) 5 2 0 0 0 0 0 0 0 0 2 0 0 0 0 4 0 3 1 21 C 

Op30=iG=i peGo28=8 5 5 0 0 2 2 2 2 0 0 10 2 0 2 0 4 0 3 1 38 C 

Co;i  2 5 2 0 0 2 2 2 0 0 5 5 0 0 0 4 0 4 1 34 C 

�<i=8 0 0 0 2 0 0 0 5 0 0 2 0 0 0 0 4 0 4 1 18 C 

�i4?p0FPo20=e 
Be?;o/Eo;o4 

0 2 
0 

2 0 2 5 5 0 0 2 5 2 2 0 4 0 4 1 
34 C 

�06:i <eB0;8 2 2 2 2 0 2 0 0 0 2 10 5 5 2 0 4 0 4 1 41 C 

&2ep4i Bi;0 (2o40) 2 2 2 2 2 2 0 0 0 0 5 5 2 2 0 4 0 2 1 31 C 

�p
C=
B8
  

N 2 2 0 0 2 0 0 0 0 0 2 2 0 1 0 4 0 2 0 16 C 

P 2 5 0 0 0 0 0 0 0 0 2 2 0 1 0 3 0 2 0 15 C 

#ecB8F848  10 2 0 0 0 0 0 0 0 0 5 0 0 0 0 3 0 2 0 22 C 

�06:i <eB0;8 5 2 2 5 0 0 0 0 0 0 5 2 5 2 0 3 3 0 0 32 C 

�0;o3e==i peGo28=8 0 0 0 2 5 0 2 0 0 0 5 0 2 0 0 3 2 2 0 23 C 

�i4?p0FPo20=e 
Be?;o/Eo;o4 

2 5 
0 

2 2 5 2 10 2 2 5 5 2 2 0 3 3 2 0 
52 C 

Co;i 2 5 2 0 0 2 2 2 0 0 5 5 2 2 0 3 2 2 0 34 C 

#i43oBo2:0 �pC=BC 10 5 5 5 2 0 0 0 0 0 10 2 5 3 0 3 2 0 0 49 C 

�84o1CBo: c8po28=8 10 5 10 10 0 0 0 0 0 0 5 5 2 0 0 3 0 0 0 50 C 

�i
4E
o4
8 

c?eF8DiG=i 2i4Eo48 10 10 0 5 0 2 2 2 0 5 10 5 5 5 0 5 2 0 2 65 C 

i=epB=i peGo28=8 2 2 2 5 0 0 0 0 0 0 10 0 5 2 0 5 2 0 2 33 C 

3opRGi peGo28=8 5 5 0 10 0 0 0 5 0 2 10 0 5 4 0 5 4 0 2 53 C 

2Bop8==0 c8po28=0 10 10 0 0 2 2 2 2 2 2 10 2 5 4 0 5 2 0 2 58 C 

701pC4=RRGi 2o4C 
peGo28=8 

10 10 
0 

5 5 5 2 2 0 0 10 10 5 5 0 4 4 4 1 
73 C 

oc04 cBiG=8E 2o4 10 5 0 5 0 10 0 2 0 0 10 10 5 5 0 5 2 5 2 71 C 



#po4o26e==S B01;. 3.2 
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e;e:Bpoe=ep3iS 5 10 10 5 5 5 5 5 5 5 5 5 5 2 0 0 2 5 5 89 C 

;e3:o709<8cBi (2 B.G. 
#  ) 

2 2 
0 

10 0 0 0 10 0 2 10 0 10 5 3 3 2 0 1 
60 C 

<eB0;e2i 2 2 2 10 5 5 5 10 2 2 10 5 5 0 3 3 3 0 1 75 C 

=e<eB0;e2i 5 5 5 5 2 2 5 5 10 10 10 5 5 0 3 3 2 0 1 83 C 

2i4=o2;R20=i 5 2 0 2 0 0 0 2 5 2 5 0 5 0 3 3 2 0 1 37 C 

2o40 10 10 10 5 5 10 5 10 2 2 10 10 5 0 3 3 2 5 5 111 � 

I=
H
i 

HC<8 2 5 5 5 2 2 0 2 0 0 5 0 5 0 0 0 4 2 2 41 C 

2i1p0FiW 0 0 2 5 0 0 0 2 0 0 2 0 5 0 0 0 4 1 1 22 C 

i7oBo?8 2 0 0 2 0 2 0 0 0 0 5 0 2 0 0 0 0 0 0 13 C 

28:op8cB0==S c/3 
7e<e;P 

10 10 
5 

5 0 0 0 0 0 0 10 0 5 0 0 0 0 0 0 
45 C 

1C4i2=8FB2o 0 5 2 0 0 0 0 0 0 0 10 0 2 0 0 0 0 0 0 19 C 

<i:poop30=i7<8 10 10 0 0 5 5 5 0 2 2 10 2 0 0 2 2 0 0 0 55 C 

� O 10 10 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 2 24 C 

e;e:Bpo<03=iB=e 
28?po<i=e==S 

2 2 
0 

2 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 
9 C 

P8
78
: 

281CEo=e1e7?eG=i 
peGo28=8 

2 2 
0 

10 0 0 0 10 0 0 10 0 5 0 2 2 4 0 0 
47 C 

;e3:o709<8cBi 
peGo28=8 

2 2 
0 

10 0 0 0 5 0 5 10 0 5 0 2 2 3 0 0 
46 C 

Bo:c8G=i peGo28=8 2 2 0 5 0 0 0 0 0 0 10 0 5 0 2 2 2 0 0 30 C 

peGo28=8, 
701pC4=RRGi 2o4C 

10 10 
0 

10 0 5 0 5 0 0 10 10 5 0 2 2 4 5 1 
79 C 

po7’W40RGi peGo28=8 0 0 0 2 0 0 0 0 0 0 5 5 0 0 2 2 4 5 1 26 C 

o:8c=R20Gi 0 0 0 2 0 0 0 0 0 0 5 5 0 0 2 2 4 5 1 26 C 

=e1e7?eG=i 70p06e==S< 2 10 0 0 0 2 0 0 0 0 10 2 0 0 2 2 4 0 0 34 C 

3078, B8c: 0 0 0 10 0 0 0 10 0 0 5 0 5 0 1 1 4 2 1 39 C 

pe03CRGi 7 H2O 2 0 0 5 0 0 0 0 0 0 5 5 5 0 3 3 1 2 1 42 C 

pe03CRGi 7 :8c;oB0<8 0 0 0 2 0 0 0 0 0 0 2 2 0 0 1 0 1 0 1 9 C 

�i4?o2i4=icBP 237 239 83 210 66 93 62 169 36 49 385 168 180 77 47 168 111 114 63   

OFi=:0 � � C � C C C � C C � � � C C � � � C 
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CO2 5 5 5 2 5 5 4 5 5 3 5 49 C 

CO 2 5 0 5 5 5 4 5 10 2 10 54 C 

NOx 5 2 0 5 2 5 4 5 10 2 10 50 C 

SO2 2 2 0 5 2 2 1 5 5 1 5 30 C 

(Bopo-, E;opop30=iG=i 
c?o;C:8 2 2 0 2 2 0 

0 
0 2 

3 
5 18 C 

! �OC 0 0 0 2 0 0 0 2 5 2 5 16 C 

CH4 2 2 0 2 2 2 3 2 2 1 5 23 C 

N2O 2 0 0 2 0 0 0 0 5 1 5 15 C 

�8c;oB8/;C38 0 0 0 2 0 2 4 0 0 5 2 15 C 

!eop30=iG=i peGo28=8 0 0 0 5 2 0 0 0 2 5 5 19 C 

�206e=i G0cB8=:8 2 2 0 5 5 0 0 2 5 3 5 29 C 

�06:i <eB0;8 5 0 0 2 5 0 0 2 0 1 5 20 C 

�i4?p0FPo20=e Be?;o/Eo;o4 5 2 0 0 5 5 5 2 10 3 5 42 C 

#0p 0 10 0 5 2 10 10 2 10 0 5 54 C 

�o
40

 

�#�5 5 5 2 5 2 10 10 0 0 0 10 49 C 

)#� 5 5 2 5 2 10 10 0 0 0 10 49 C 

�8c;oB0/;C38 2 0 0 5 0 2 4 0 0 5 0 18 C 



#@>4>265==S B01;. 3.3 
N(NH3+,NH4) 5 0 0 5 5 0 0 0 0 0 5 20 C 

NO3 2 0 0 2 2 0 0 0 2 0 5 13 C 

NO2 2 0 0 2 2 0 0 0 2 0 5 13 C 

Op30=iG=i <0Bepi0;8 10 10 2 10 10 5 2 0 0 2 10 61 C 

Co;i 5 5 0 0 2 2 
5 

0 0 
3 

 
5 27 C 

�<i=8 2 2 0 0 2 0 0 0 0 4 2 12 C 

�i4?p0FPo20=e 
Be?;o/Eo;o4 5 10 0 5 5 10 

10 
2 10 

2 
5 64 C 

 �06:i <eB0;8 5 0 0 5 5 0 0 2 0 2 5 24 C 

&2ep4i Bi;0(2o40) 5 5 0 2 5 2 3 2 0 1 5 30 C 

�p
C=
B8

 

N 5 0 0 2 5 2 2 0 0 1 5 22 C 

P 5 0 0 2 5 2 2 0 0 1 2 19 C 

K 5 0 0 2 5 2 2 0 0 0 5 21 C 

#ecB8F848 10 0 2 2 10 0 0 0 0 1 2 27 C 

�06:i <eB0;8 5 2 0 0 2 0 0 0 0 0 5 14 C 

�0;o3e=o2<ic=i <0Bepi0;8 2 5 0 0 2 2 2 2 2 2 5 24 C 

�i4?p0FPo20=e 
Be?;o/Eo;o4 5 10 0 5 5 10 

10 
5 10 

0 
5 65 C 

�8:op8cB0==S �pC=Bi2 10 0 0 0 10 2 2 2 0 0 10 36 C 

�84o1CBo: c8po28=8 10 5 0 0 5 5 5 2 10 0 5 47 C 

!e1e7?eG=i 2i4Eo48 5 2 0 5 5 2 2 5 2 0 10 38 C 

�i
4E
o4
8 

I=epB=i peGo28=8 2 2 0 5 2 0 0 0 2 0 5 18 C 

�0;8H:8 5 5 0 10 5 10 10 0 5 2 10 62 C 

�opRG0 c8po28=0 5 2 0 5 5 2 2 10 10 1 10 52 C 

�Bop8==0 c8po28=0 5 5 0 5 5 10 10 2 0 1 5 48 C 

Oc04 cBiG=8E 2o4 10 10 0 5 10 5 5 5 2 3 5 60 C 

�e3:o709<8cBi peGo28=8 2 5 2 5 2 2 2 10 10 0 10 50 C 

C8
po
28
=0

  eB0;e2i peGo28=8 0 2 0 5 2 2 2 5 0 0 5 23 C 

!e<eB0;e2i peGo28=8 5 2 0 5 2 2 2 2 5 0 5 30 C 

�i4=o2;R20;P=i peGo28=8 5 5 0 5 2 2 2 2 0 0 5 28 C 

�o40 10 10 5 5 10 10 10 5 2 0 5 67 C 



#po4o26e==S B01;. 3.3 
�81CEo=e1e7?eG=i 
peGo28=8 0 5 0 0 2 2 

2 
2 5 2 5 25 C 

P8
78
: 

#o6e6o=e1e7?eG=i 
peGo28=8 2 10 0 5 2 5 

5 
10 10 1 10 60 C 

&o:c8G=i peGo28=8 0 2 0 5 2 2 2 5 2 3 5 28 C 

PeGo28=8 S:i 
701pC4=RRBP 2o4C 5 5 0 5 5 5 

5 
5 2 5 10 52 C 

�opo7i9=i <0Bepi0;8 2 2 0 5 2 0 0 5 0 3 5 23 C 

O:8c=R20Gi 0 0 0 0 2 2 2 2 0 5 2 15 C 

!e1e7?e:0 70p06e==S 5 5 5 5 2 5 5 2 0 0 10 44 C 

�078 ?i4 B8c:o< 2 0 0 2 2 5 5 5 5 5 2 32 C 

Pe0:FiW 7 2o4oR 5 2 0 2 2 0 0 0 0 5 5 21 C 

Pe0:FiW 7 :8c;oB0<8 0 0 0 2 0 0 
0 

0 0 5 2 9 C 

�i4?o2i4=icBP 222 182 30 196 204 180 175 136 174 97 324 
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�=0;V7CRG8 40=V =02545=V 2 B01;. 3.2. B0 3.3. A;V7 707=0G8B8, I> 28@>1=8GV 

B0 =528@>1=8GV ?@>F5A8 AC<0@=> =5ACBP ACBBє289 0=B@>?>35==89 2?;82 =0 

4>2:V;;S, I> >FV=RєBPAS ?> H:0;V � (324 10;8). #V4 =530B82=89 2?;82 

?V4?040RBP 0B<>AD5@=89 B0 2>4=89 10A59=8, �@C=B8. #@8 FP><C =091V;PH89 
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2,00 13,8±0,08 27,6±0,07 
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0,50 2,3±0,02 18,3±0,19 
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>?@><V=5==S. 

&01;8FS 4.7. - ,284:VABP A>@1FVW V>=V2 A28=FR A8@>28=>R B0 1V>G0@0<8 

�@07>: ,284:VABP A>@1FVW, <3/3 E2 
%8@>28=0 0,065±0,0038 
�V>G0@-300 0,085±0,0048 
�V>G0@-500 0,098±0,0024 
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�02>20 3CI0 30 2,8±0,03 11,4±0,03 
60 4,5±0,04 18,3±0,05 
120 6,3±0,01 25,6±0,02 
180 7,4±0,03 29,9±0,08 
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360 7,5±0,03 30,4±0,04 
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60 5,2±0,05 20,8±0,04 
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@V7=8E B8?V2 V>=V7>20=8E 3@C? 1V>G0@C B0 WE=V9 :V;P:VA=89 2=5A>: 2 V=B53@0;P=C 

>1<V==C є<=VABP 1V>G0@C. �V4><>, I> A8;P=V :8A;>B8 <0RBP =87P:V, 0 A8;P=V 

>A=>28 3 28A>:V 7=0G5==S @�. �3V4=> 7 =02545=8<8 40=8<8, 25;8G8=8 @!0 

:8A;>B=8E C3@C?C20=P 1V>G0@C ;560BP 2 V=B5@20;V 7,1&10,7, I> E0@0:B5@87Cє 

WE S: A;01:>:8A;>B=V C3@C?C20==S. �=B53@0;P=V B0 48D5@5=FV9=V :@82V 

?>B5=FV><5B@8G=>3> B8B@C20==S 7@07:V2 =02545=V =0 @8A. 4.5 B0 @8A. 4.6. 

 

$8A. 4.5. �=B53@0;P=V :@82V ?>B5=FV><5B@8G=>3> B8B@C20==S 

0,0

2,0

4,0

6,0

8,0

10,0

0 0,2 0,4 0,6 0,8 1 1,2

@!

<5:2 NaOH/3

��� �V>G0@-300 �V>G0@-500 �V>G0@- )



 

$8A. 4.6. �8D5@5=FV9=V :@82V ?>B5=FV><5B@8G=>3> B8B@C20==S 

�;S ?>@V2=S==S =02545<> B0:V 40=V: @�0 >FB>2>W :8A;>B8 4,76; 

?>;V5;5:B@>;VB8 D5=>;P=V 3V4@>:A8;8 3 @�0 9&10; AC;PD3V4@8;P=0 3@C?0 

F8AB5W=C 3 8,3; 3C0=V4>20 3@C?0 0@3V=V=C 3 12,5. &0:8< G8=><, >G5284=>, I> 

2V4=5A5==S :8A;>B=8E 3@C? 1V>G0@C, S:V >4=>G0A=> 2:;RG0RBP =5 BV;P:8 2AV 

707=0G5=V C ?@8:;04V @5G>28=8, 0 9 V=HV C3@C?C20==S, 2840єBPAS 25;P<8 

A:;04=8<.  >6=0 ;8H5 7 1V;PH>R G0AB:>R 4>?CI5==S 2V4=5AB8 3@C?8 1V>G0@C 

7 =09<5=H8< 7=0G5==S< @�0 (7,1&7,5) 4> :0@1>:A8;V2 70;8H:V2 C@>=>28E 

:8A;>B 2 35<VF5;R;>70E; 7 25;8G8=>R 8 V 28I5 3 4> D5=>;P=8E 3V4@>:A8;V2 V R-

3@C? 45S:8E 0<V=>:8A;>B=8E 70;8H:V2 1V;:0. #@8 FP><C A;V4 4C65 

V=482V4C0;P=> ?V4E>48B8 4> 1V>G0@V2, 283>B>2;5=8E 7 28:>@8AB0==S< @V7=8E 

<5B>4V2. !0?@8:;04, 2 1V>G0@V-300 :8A;>B=V 2;0AB82>ABV 287=0G0RBPAS 

=0S2=VABR @�0 9,6&10,7 3 =09V<>2V@=VH5 D5=>;P=8E 3V4@>:A8;V2. ' A8@>28=V 

?@81;87=> B0:0 A0<0 :V;P:VABP 3@C? V7 1;87P:8< 7=0G5==S< @�0, E>G0 FS 

A8@>28=0 E0@0:B5@87CєBPAS 7=0G=> 1V;PH8< 2<VAB>< :><?>=5=B0 

?>;VD5=>;P=>W ?@8@>48.  

0,0

1,0

0 0,2 0,4 0,6 0,8 1 1,2

@!

<5:2 NaOH/3

��� �V>G0@-300 �V>G0@-500 �V>G0@- )



&01;8FS 4.9. - �8A;>B=V B0 :0BV>=>>1<V==V 2;0AB82>ABV A8@>28=8 B0 

1V>G0@C 

�@07>: �=0G5==S @�0 

�<VAB 

DC=:FV>=0;P=>W 

3@C?8, <5:2/3 

 0:A8<0;P=0 

є<=VABP >1<V=C, 

<5:2/3 

�02>20 3CI0 7,1 0,3 ± 0,3 

1,0  8,0 0,3 ± 0,4 

 9,9 0,7 ± 0,9 

 7,3 0,2 ± 0,3 
0,9 

 9,8 0,7 ± 1,0 

�V>G0@- ) 7,4 0,1 ± 0,2 

1,1  7,9 0,2 ± 0,2 

 9,2 0,9 ± 1,2 

�V>G0@-300 8,4 0,1 ± 0,2 

0,9  9,6 0,2 ± 0,3 

 10,7 0,7 ± 0,9 

�V>G0@-500 7,2 0,2 ± 0,3 

1,2  7,8 0,5 ± 0,7 

 9,4 0,5 ± 0,7 

!86G5, 2 B01;. 4.10., =02>4SBPAS 40=V, I> E0@0:B5@87CRBP 740B=VABP 

1V>G0@C 72’S7C20B8 :0BV>=8 :>=:@5B=8E <5B0;V2 3 :0;PFVR V A28=FR. �81V@ 

?5@H>3> 7 =8E 7C<>2;5=89 B8<, I> 1V>G0@C =09G0ABVH5 ?@8AC46CRBP 

=530B82=89 2?;82 =0 10;0=A :0;PFVR, B><C ?>@V2=S==S 1V>G0@C V A8@>28=8 

(2V4?@0FP>20=>W :02>2>W 3CIV) 70 F8< ?>:07=8:>< 28:;8:0;> >A>1;82C 

70FV:02;5=VABP. �0 25;8G8=>R 72’S7C20==S V>=V2 A28=FR 1V>G0@C <>6=0 40B8 

?>?5@54=R >FV=:C WE=P>W 740B=>ABV 72’S7C20B8 V>=8 206:8E <5B0;V2, ?@8ACB=VE 

2 >@30=VG=8E 2V4E>40E. 

  



&01;8FS 4.10. - )0@0:B5@8AB8:0 2;0AB82>ABV 7@07:V2 72’S7C20B8 V>=8 

:0;PFVR B0 A28=FR 

�@07>: 

%>@1FVS Pb2+ %>@1FVS Ca2+ 

<3/3 
% 28EV4=>W 

<0A8 
<3/3 

% 28EV4=>W 

<0A8 

�02>20 3CI0 8,6±0,02 21,5±0,28 2,0 ± 0,2 32,5 ± 2,8 

�V>G0@- ) 12,8±0,07 34,5±0,41 0,2 ± 0,1 4,0 ± 3,3 

�V>G0@-300 13,3±0,12 35,7±0,06 1,7 ± 0,1 28,2 ± 4,6 

�V>G0@-500 10,9±0,05 29,2±0,17 0,2 ± 0,1 2,4 ± 0,3 

$57C;PB0B8 0=0;V7C ?>:070;8, I> Ca2+ 72’S7CєBPAS 1V>G0@><-500 3V@H5, 

=V6 1V>G0@><-300 V 1V>G0@><, I> >B@8<0=> 7 28:>@8AB0==S< <V:@>E28;P>2>3> 

>?@><V=5==S. �<>2V@=>, F5 ?>2’S70=> 7V 7=0G=> <5=H>R =0S2=VABR 2 1V>G0@V-

500 D5=>;P=8E @5G>28=. 

�2’S7C20==S V>=V2 A28=FR 28I5 9 =5 482;SG8AP =0 B5, I> 70 25;8G8=>R 

2>=> <5=H5 B0:>3> C 1V>G0@C-500, I> ?@87=0G5=5 4;S 282545==S V>=V2 206:8E 

<5B0;V2, ?@8 >FV=FV A>@1FV9=>W 740B=>ABV 1V>G0@C B@510 2@0E>2C20B8 V F59 

D0:B>@. 

�5;8G8=0 0=V>=>>1<V==>W є<=>ABV 1V>G0@C 7=0E>48BPAS 2 4V0?07>=V 

7=0G5=P 0,7&1,2 <5:2/3 (B01;. 4.11.). 

�8:;RG5==S AB0=>28BP 1V>G0@-500, S:89 <0є 4C65 =87P:V 7=0G5==S FP>3> 

?>:07=8:0, I> >1C<>2;5=>, 9<>2V@=>, =57=0G=8< 2<VAB>< 1V;:C 2 7@07:C. 

�V;P:VABP 3@C?, I> B5ABC20;8AS, I> <0RBP 740B=VABP 4> >1<V=C 0=V>=V2, 

:>;820єBPAS 2V4 0,1 (1V>G0@-500) 4> 1,2 (1V>G0@- )). �@C?8 7 =091V;PH8<8 

25;8G8=0<8 7=0G5=P @�0 2 @S4C 1V>G0@0, I> 4>A;V46C20;8AS, 28S2;5=V 2 

1V>G0@V-500 (@� 7,5), 1V>G0@V- ) (@� 3 7,3) V 2 1V>G0@V-300 (@�b 7,0). �=HV 

0=V>=>>1<V==V 3@C?8 <0RBP @�b 2V4 4,9 4> 6,3, I> E0@0:B5@87Cє WE S: 

A;01:>>A=>2=V. 

  



&01;8FS 4.11. - "A=>2=V B0 V>=>>1<V==V 2;0AB82>ABV 1V>G0@C 

�@07>: �=0G5==S @�0 
�<VAB 3@C? 
>A=>2=>W 

?@8@>48, <5:2/3 

 0:A8<0;P=0 
є<=VABP >1<V=C, 

<5:2/3 
�02>20 3CI0 6,0 0,3 ± 0,3 

0,8 
4,9 0,6 ± 0,8 

�V>G0@-300 7,0 0,3 ± 0,4 
0,7 

5,2 0,5 ± 0,7 

�V>G0@-500 7,5 0,1 ± 0,2 0,1 

�V>G0@- ) 7,3 0,4 ± 0,6 

1,2 6,9 0,3 ± 0,4 

6,3 0,5 ± 0,7 

 

� 0=V>=>>1<V==8<8 2;0AB82>ABS<8 1V>G0@C ?>2’S70=0 WE 740B=VABP 

7<5=HC20B8 :8A;>B=VABP A5@54>28I0, 0 A0<5: 71V;PHC20B8 7=0G5==S @! ?V4 G0A 

:>=B0:BC 7 =8<. *R 740B=VABP 1V>G0@C @V7=8E 284V2 V;RAB@CRBP 40=V, I> 

=02545=V =0 @8A. 4.7. B0 4.8. � ;C6=><C A5@54>28IV V>=>>1<V==0 740B=VABP 

1V;PH>ABV 1V>G0@V2 ?@>S2;SєBPAS A8;P=VH5, =V6 2 :8A;>B=><C. �AV 1V>G0@8 

4>AB0B=P> V=B5=A82=> 2?;820RBP =0 25;8G8=C @!; WW <0:A8<0;P=C 7<V=C 

28:;8:0є 1V>G0@- ). 

 

$8A. 4.7. �=B53@0;P=V :@82V ?>B5=FV><5B@8G=>3> B8B@C20==S 

0,0

2,0

4,0

6,0

0 0,2 0,4 0,6 0,8 1 1,2

&��/&
�

<5:2 NaOH/3

��� �V>G0@-300 �V>G0@-500 �V>G0@- )



 

$8A. 4.8. �8D5@5=FV9=V :@82V ?>B5=FV><5B@8G=>3> B8B@C20==S 

(C=:FV>=CRG8 ?@8 @! 7&8 S: A;01:0 :8A;>B0, 1V>G0@8 <>6CBP A?@8SB8 

7<V=V @! 2 :8A;C AB>@>=C, 72’S7C20B8 0<>=V0:, S:89, 73V4=> 7 45S:8<8 

3V?>B570<8, <>65 1CB8 >4=8< 7 D0:B>@V2, I> A?@8SRBP 7<V=V @! 2 ?@>F5A0E 

0=05@>1=>3> 71@>46C20==S. 

�8E>4SG8 7 F8E 40=8E, <>6=0 22060B8, I> =091V;PH 0:B82=> =0 25;8G8=C 

@! 1C45 2?;820B8 1V>G0@- ) V 1V>G0@-300. #@8@VAB 25;8G8=8 @! ?@8 :>=B0:BV 

7 A8@>28=>R 45I> 28I5, =09<5=H 28@065=89 1V>G0@-500. 

&0:8< G8=><, 2>;>4VRG8 2;0AB82>ABS<8 0<D>;VBV2, 1V>G0@8 2 ?@>F5AV 

0=05@>1=>3> 71@>46C20==S =5 BV;P:8 28:>=CRBP @>;P 0:F5?B>@V2 V>=V2 <5B0;V2, 

0;5 V DC=:FV>=CRBP 2 S:>ABV <’S:>3> @53C;SB>@0 25;8G8=8 @!. 

4.1.6. �8D5@5=FV9=V �+-A?5:B@8 A8@>28=8 B0 1V>G0@V2 

�>40B:>2C V=D>@<0FVR ?@> ?@8@>4C 72’S7:V2 2 1V>G0@0E B0 2 @>A;8==V9 

A8@>28=V >B@8<0;8 H;SE>< WE 4>A;V465==S <5B>4>< �+-A?5:B@>A:>?VW. �+-

A?5:B@ 1V>G0@C (@8A. 4.9.) E0@0:B5@87CєBPAS =0S2=VABR E0@0:B5@8AB8G=>W A<C38 

?>3;8=0==S 1168 A<-1, S:0 >1C<>2;5=0 A:5;5B=8<8 :>;820==S<8.  0:A8<C< 

?>3;8=0==S 2 >1;0ABV 1616 A<-1 287=0G0єBPAS :>;820==S<8 72'S7:V2 2 ³-

:>=D>@<0FVSE, 0 ?@8 2314 A<-1 3 A8<5B@8G=8<8 :>;820==S<8 <5B8;P=8E 3@C?. 

0,00

1,00

0 0,2 0,4 0,6 0,8 1 1,2

&��/&
�

<5:2 NaOH/3

��� �V>G0@-300 �V>G0@-500 �V>G0@- )



#>3;8=0==S 2 >1;0ABV 3305 A<-1 7'S2;SєBPAS 2=0A;V4>: :>;820=P 0<V=>3@C?, S:V 

0A>FV9>20=V 2>4=528<8 72'S7:0<8, 0 >:@5<89 ?V: ?@8 3428 A<-1 A2V4G8BP ?@> 

:>;820==S 2V;P=8E 0<V=>3@C?. %<C38 ?>3;8=0==S 2 >1;0ABV 2840&2900 A<-1 

E0@0:B5@87CRBP 20;5=B=V :>;820==S 3%! V %!23 3@C?. 

� A?5:B@V A8@>28=8 (@8A. 4.10.) 2 >1;0ABV 700...900 A<-1 A?>AB5@V30RBPAS 

A<C38 ?>3;8=0==S, E0@0:B5@=V 4;S A?5:B@V2 FC:@V2, 2 A:;04V S:8E <VABSBPAS 

;0=:8 30;0:B>78, 0 B0:>6 ?@8ACB=V A<C38 ?>3;8=0==S 3@C? 3SO23O3 (A8;P=0 

A<C30 ?>3;8=0==S 7 42><0 <0:A8<C<0<8 1260 V 1230 A<-1), >1C<>2;5=0 

20;5=B=8<8 0A8<5B@8G=8<8 :>;820==S<8 3@C? "=S=O. 

 

$8A. 4.9. �+ A?5:B@ 1V>G0@-300 

� A?5:B@V 1V>G0@C A?>AB5@V30єBPAS V=B5=A82=0 H8@>:0 A<C30 7 

<0:A8<C<>< ?>3;8=0==S ?@8 3400 A<-1, S:0 7<VI5=0 2 =87P:>G0AB>B=C >1;0ABP 

2 ?>@V2=S==V 7 G0AB>B>R 2V;P=8E 3@C? "!3, I> A2V4G8BP ?@> CG0ABP 3V4@>:A8;V2 

2 A8AB5<V 2>4=528E 702’S7:V2 [156]. �V4ACB=VABP A<C38 ?>3;8=0==S ?@8 3650 A<-

1 2:07Cє, I> ?@0:B8G=> 2AV 3V4@>:A8;P=V 3@C?8 2:;RG5=V 2 2>4=5289 72'S7>:. 

 

$8A. 4.10. �+ A?5:B@ A8@>28=8  



�;S ?>@V2=S;P=>W >FV=:8 4>A;V46C20=8E 7@07:V2 1V>G0@V2 B0 A8@>28=8 

28:>@8AB>2C20;8 <5B>4 48D5@5=FV9=>W �+-A?5:B@>A:>?VW (@8A. 4.11.).  

�8D5@5=FV9=89 �+-A?5:B@ ?>@V2=S==S A8@>28=8 B0 1V>G0@C-300  (@8A. 5) 

E0@0:B5@87CєBPAS V=B5=A82=VH8< ?>3;8=0==S< 2 >1;0ABV 670&1225 A<-1 4;S 

A8@>28=8, I> >1C<>2;5=> ?@8ACB=VABR 0<V=>-3@C? 1V;:>2>W <>;5:C;8. 

�<5=H5==S ��"- 4;S 1V>G0@C-300 2 FV9 >1;0ABV <>65 ?>SA=R20B8AS 

@C9=C20==S< 1V;:>28E @5G>28= ?@8 ?V@>;V7V. �8D5@5=FV9=0 :@820 ?>@V2=S==S 

��"- 7@07:V2 E0@0:B5@87CєBPAS 7<5=H5==S< V=B5=A82=>ABV ?>3;8=0==S 

A8@>28=8 2 >1;0ABV 3400 A<-1, S:0 2V4?>2V40є 20;5=B=8< :>;820==S< 2V;P=>W 

3@C?8 "!3, I> A2V4G8BP ?@> ?>A8;5==S 2>4=528E 72'S7:V2 2 1V>G0@V.  

 

$8A. 4.11. �8D5@5=FV9=89 �+-A?5:B@ A8@>28=8 2V4=>A=> 1V>G0@C-300. 

4.1.7. �><?;5:A=89 B5@<VG=89 0=0;V7 A8@>28=8 B0 7@07:V2 1V>G0@C 

$57C;PB0B8 :><?;5:A=>3> B5@<VG=>3> 0=0;V7C 7@07:V2 1V>G0@C 

?@54AB02;5=V C 283;S4V B5@<>3@0< (@8A. 4.12 - 4.15) V B01;8FV 4.12. !0 @8A. 4.16 

=02545=> ?>@V2=S==S :@828E DTA. 



 

$8A. 4.12. &5@<>3@0<0 A8@>28=8 

 

$8A. 4.13. &5@<>3@0<0 1V>G0@C- ), >B@8<0=>3> 7 28:>@8AB0==S< 

<V:@>E28;P>2>3> >?@><V=R20==S  



&01;8FS 4.12. - $57C;PB0B8 :><?;5:A=>3> B5@<VG=>3> 0=0;V7C 7@07:V2 

�@07>: %B04VS &5<?. V=B5@20;, % �B@0B0 <0A8, % 

 

%8@>28=0 
�@07>: 1 

I 20 - 172 9,6 

�� 172 - 202 1,3 

II� 202 - 350 42,3 

IV 350 - 423 13,5 

V 423 - 650 31,9    

 

�V>G0@- ) 

�@07>: 2 

I 20 - 200 6,7 

II 197 - 346 44,4 

III 346 - 443 18,5 

IV 443 - 650 29,1   

�V>G0@-300 

�@07>: 3 
 

I 20 - 198 6,2 

II 198 - 340 17,7 

III 340 - 430 27,3 

IV 430 - 650 46,5 

 

�V>G0@-500 

�@07>: 4 

I 20 - 200 4,4 

II 200 - 350 10,4 

III 350 - 445 29,0 

IV 445 - 690 55,3   

�0 40=8<8 :><?;5:A=>3> B5@<VG=>3> 0=0;V7C (B01;. 4.12), =0 ?5@H><C 

5B0?V B5@<>;V7C, I> 2V41C202AS 2 >1;0ABV =87P:8E B5<?5@0BC@, ?>G0B:>20 2B@0B0 

<0A8 7@07:0 1(9,6 %) , 7@07:0 2 (6,7%), 7@07:0 3 (6,2%), 7@07:0 4 (4,4%) 

2V4?>2V40;0 28?0@>2C20==R A>@1>20=>W 2>;>38. *59 ?@>F5A AC?@>2>46C202AS 

?>S2>R 5:AB@5<C<C =0 :@828E DTG B0 5=4>B5@<VG=8E 5D5:BV2 =0 :@828E DTA. 

!0 4@C3><C 5B0?V B5@<>;V7C 7@07:0 28EV4=>W A8@>28=8, S:89 ?@>BV:02 2 

>1;0ABV B5<?5@0BC@  172 - 202%  2V41C20;>AP 284V;5==S A>;P20B=>-72’S70=>W 

:><?>=5=B0<8 7@07:0 2>48. *59 ?@>F5A AC?@>2>46C202AS =57=0G=>R 2B@0B>R 

<0A8 7@07:0 (1,3%) B0 2V4E8;5==S< :0=0;C DTA 2 >1;0ABP 5=4>B5@<VG=8E 

5D5:BV2 [157]. 

�=B5=A82=0 2B@0B0 <0A8 (42,3%) 7@07:0 A8@>28=8   2 B5<?5@0BC@=><C 

V=B5@20;V 202 - 350% =0 B@5BP><C 5B0?V B5@<>;V7C 7C<>2;5=0 5=4>B5@<VG=8<8 

?@>F5A0<8 ?V@>;V7C 35<VF5;R;>7 B0 45AB@C:FVW F5;R;>78 7 @V7:8< 7=865==S< 

ABC?5=S WW ?>;V<5@870FVW B0 @>7?04C ;V3=V=C. ' FP><C 6 4V0?07>=V B5<?5@0BC@ 



0:B82=> @>72820;8AP 5:7>B5@<VG=V ?@>F5A8 B5@<>>:8A;5==S :><?>=5=BV2 

7@07:0, S:V AC?@>2>46C20;8AP ?>ABC?>28< 3>@V==S< 70;8H:V2 45AB@C:FVW, ?@> 

I> A2V4G8;0 ?>S20  AB@V<:>3> 5:7>B5@<VG=>3> 5D5:BC =0 :@82V9 DTA.  !0 :@82V9 

DTG 7@07:0 A8@>28=8 A?>AB5@V302AS 3;81>:89 5:AB@5<C<, 7 <0:A8<C<>< 70 

B5<?5@0BC@8 277%. [158]. 

 

$8A. 4.14.  &5@<>3@0<0 1V>G0@C-300 

 

$8A. 4.15. &5@<>3@0<0 1V>G0@C-500  
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�>B>289 1V>G0@ B0 1V>307 E0@0:B5@87CєBPAS ?52=8<8 ?>:07=8:0< 8, S:V =02545=V 

2 B01;8FSE 5.2 B0 5.3. 

&01;8FS 5.2 3 #o:07=8:8 S:ocBi 3oBo2>3> 1V>G0@C  
#o:07=8:8/ C<o28 �V>G0@ 

&ep<VG=89 ?V@>;V7  
(300 B0 500 C) 

 V:@>E28;P>289 ?V@>;V7  
(230 C) 

1 2 3 

�o2=iH=i9 283;S4, 
:o=c8cBe=FiS 

?>4@V1=5=0 AC<VH, cBpC:BCp=0, 
c8?:0, 4@V1=V G0AB8=:8 7 
=5@V2=8<8 :@0S<8 

?>4@V1=5=0 AC<VH, cBpC:BCp=0, 
c8?:0, 4@V1=V G0AB8=:8 7 
=5@V2=8<8 :@0S<8 

�0?0E A;01:89 0@><0B :028 A;01:89 0@><0B :028 

�o;ip G>@=>3> :>;P>@C ?>4@V1=5=0 
AC<VH 

A2VB;> B0 B5<=> :>@8G=52>3> 
:>;P>@C 

%>@1FVS Pb2+, <3/3 
=>A 

12,8±0,07 
13,3±0,12 

10,9±0,05 

  



#@>4>265==S B01;. 5.2. 
#o:07=8:8/ C<o28 �V>G0@ 

&ep<VG=89 ?V@>;V7  
(300 B0 500 C) 

 V:@>E28;P>289 ?V@>;V7  
(230 C) 

1 2 3 

%>@1FVS Pb2+, % 2V4 
28EV4 

34,5±0,41 
35,7±0,06 

29,2±0,17 

,284:VABP A>@1FVW, 
<3/3 E2 

0,085±0,0048 
0,098±0,0024 

0,1025±0,0004 

%>@1FVS Ca2+, <3/3 
=>A 

1,7 ± 0,1 
28,2 ± 4,6 

0,2 ± 0,1 

%>@1FVS Ca2+, % 2V4 
28EV4 

0,2 ± 0,1 
2,4 ± 0,3 

4,0 ± 3,3 

�=0G5==S @�0 7,0 

7,5 

7,3 

#>G0B:>20 2B@0B0 
<0A8, %  

6,2 

4,4 

6,7 
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�C<C;SB82=5 
28@>1=8FB2> 1V>307C, 

<; 3-1 

476,1 432,6 

%B>@>==V 4><VH:8 �V4ACB=V 
#>:07=8:8 S:>ABV 1V>307C 

%!4,% 85 - 87 81 - 83 

%"2,% 15 - 20 18 - 24 

N2,% 0,1 3 0,4 0,1 3 0,3 

"2,% 0,02 3 0,03 0,02 3 0,03 

!2S,% 0,01 3 0,02 0,01 3 0,02 
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 V:@>E28;P>20 ?VG 

Beko  

(312, 455, 770) 
1 6 786,75 6 786,75 

Coldline Master 

A140/2N 
1 7 032,50 7 032,50 

,)-1,40 2 4 652, 20 9 304,40 

$50:B>@ ARKTO F 1.0 S 1 10 328,95 10 328,95 

&@C10 7020=B065==S #&-2 2 2 308,90 4 617,80 

�073>;P45@ (718@0G 307C) BDU150C-0405-� 1 17 896,88 17 896,88 

�=48:0B>@ @V2=S A8@>28=8 2 
@50:B>@V %#-1 3 1 760,50 5 281,50 

�0?V@=0 0@<0BC@0 300�#1-&2 1 1 000 1 000 

 VH0;:0 A8@>28=8 2 @50:B>@V 
02B><0B8G=0 7 B09<5@>< 

- 1 2 350,50 2 350,50 

&5@<>AB0B %#-523/1200 1 17 502,09 17 502,09 

 5B0;520 ?V4AB02:0 ?V4 
@50:B>@ � 1/530 2 2 205,75 4 411,50 

�><?;5:B DV;PB@V2 >G8I5==S 
1V> 307C - 1 8 650 8 650 

�><?@5A>@, 4;S 
?5@5:0GC20==S 1V> 307C 2 
10;>=  

%$#-15/7 5 1 890 9 450 

�V><0B5@V0;, 4;S H284:>3> 
70?CA:C @50:B>@0 �&!�-15!-4 1 2 997,9 

2 997,9 

 

 0A073>;P45@ 4 @575@2C0@ 
4;S 715@V30==S 28@>1;5=>3> 
307C =0 350 ;VB@V2 

%#� -12/7 1 6108,9 6108,9 

#V4A8;5=89 :;0?0= - 4 1 067,50 4 270 

�07>2V42V4=0 B@C1:0 - 3 511,90 1 535,70 

%BV; 4;S 70A>1V2 <0;>W 
<5E0=V70FVW %# -8/7 3 4 788,90 14 366,70 

#V4AB02:0 4;S ?V4;>38 #&-1 1 2 559,7 2 559,7 

%BV; A5@54=P>B5<?5@0BC@=89 Polair TM3GN-G 1 11 675,50 11 675,50 

!0ABV==0 ?>;8FS HICOLD-6/3 1 1 055 1 055 

%BV; >E>;>46C20;P=89 HICOLD SNE 1/TN 1 7 659,99 7 659,99 

'AB0=>2:0 4;S ?>40GV 
5;5:B@>5=5@3VW UNOX XB693 1 118 872 118 872 

�;5:B@8G=89 @>7?>4V;P=8: �@<-�:> #�-6 ! 2 29 251 58 502 

�8BS6:0 Polairon HTE-275 4 4 679,90 18 719,60 

%B5;06 %�-8/5 1 1 220,50 1 220,50 

$5єAB@0B>@ MG N707TS 1 11 862 11 862 
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�;5:B@8G=89 I8B>: - 2 7 654,50 15 129 

,0D0 4;S B5E=VG=>3> 
>1;04=0==S - 2 2 657,70 5 135,40 

%BV;  - 2 1 299,99 2 599,98 

%BV;5FP - 2 674 1 348 

,0D0 4;S V=25=B0@R - 2 2 307,85 4 615,70 

�0BG8: ?>40GV B5?;0 - 2 1 150 2 300 

!01V@ V=AB@C<5=BV2 4;S 
:><?@5A>@C - 5 1 355,90 6 779,50 

#>;8FS 4;S @57C@2C0@V2 7 
?0;82>< 

- 4 1 500 6 000 

#>;8FS 4;S @575@2C0@C 7 
2V4E>40<8 - 2 1 700 3 400 

#>;8FS 4;S 5;5:B@8G=8E 
V=AB@C<5=BV2 - 2 2 100 4 200 

(V;PB@ >4=>@07>289 4;S 
1V><0B5@V0;C - 47 536,50 25 215,50 

(V;PB@ >4=>@07>289  - 8 350 2 800 

-8?FV B0 ;570 <5B0;VG=V - 10 2 670,85 26 708,50 

�><?;5:B A0=B5E=V:8 4;S 
?5@A>=0;C B5E=>;>3VG=8E 
?@8<VI5=P 

- 2 21 673,60 43 347,20 

�@018=0 2 < Dnipro M 2345-N 1 7 143,96 7 143,96 

О5?48A4AAя 8?я 6<8B5GF>G 74;G 

- - - - 26 360,8 

ІA69AF4D 8?я D94?V;4FVW 7BFB6BW E<DB6<A< CB;4 @9:4@< ;4>?48G 

- - - - 88 650 

М95?V F4 VAH9 GEF4F>G64AAя 8?я F9EAVGAB7B B5E?G7B6G64AAя: 
- - - - 111 760 

�>40B:>2V 28B@0B8 =0 2AB0=>2;5==S >1;04=0==S (10%) 5 355,80 

$07><: 731 330,2 

�5B0;P=0 @>73>@=CB0 B01;8FS >1;04=0==S =02545=0 2 �>40B:C �. 

!0ABC?=89 :@>: 3 F5 28B@0B8 =0 @50;V70FVR ?@>5:BC B0 ?>40;PHC 

@5:;0<C 4;S <091CB=VE V=25AB>@V2 3 @>7@>1:0 <0@:5B8=3>2>W :>=F5?FVW B0 9>3> 

>?B8<V70FVS =0 ?5@H><C 5B0?V. &0:>6 4> A:;04C 28B@0B 2:;RG0є<> @5:;0<C C 

A>FV0;P=8E <5@560E 3 B0@35B8=3. �=25AB8FVW 70 40=8<8 ?>:07=8:0<8 =02545=> 

2 &01;8FV 5.7. 

  



&01;8FS 5.7. �=25AB8FVW 2 <0@:5B8=3 B0 @5:;0<C  

#5@5;V: 28B@0B %C<0, B8A. 3@=. 

1. $>7@>1:0 ?@>5:BC @50;V70FVW  50 000 3@= 

2. $5:;0<0 C A>FV0;P=8E <5@560E (B0@35B8=3)  120 000 3@=/@V: 

�Aь>3> 170 000 

�8B@0B8 >?5@0FV9=>W 4VS;P=>ABV ?V4?@8є<AB20 3@C?CRBPAS 70 =0ABC?=8<8 

5;5<5=B0<8: <0B5@V0;P=V 28B@0B8, 28B@0B8 =0 >?;0BC ?@0FV, 2V4@0EC20==S =0 

A>FV0;P=V 70E>48, V=HV >?5@0FV9=V 28B@0B8. �030;P=89 D>=4 >?;0B8 ?@0FV =0 

?V4?@8є<AB2V @>7@0E>2CєBPAS, S: AC<0 4>1CB:V2 :V;P:>ABV >AV1 ?52=>W :0B53>@VW 

?@0FV2=8:V2, WE A5@54=P><VASG=>W 70@>1VB=>W ?;0B8 B0 :V;P:>ABV <VASFV2 (12 

<VASFV2). $57C;PB0B8 @>7@0EC=:V2 =02545=> 2 &01;8FV 5.8. 

&01;8FS 5.8. �8B@0B8 =0 >?;0BC ?@0FV ?@0FV2=8:V2, S:V 1C4CBP 70;CG5=V 

4> @50;V70FVW :>=F5?FVW  

�0B53>@VW ?@0FV2=8:V2 
�V;P:VABP 

>AV1 

%5@54=S 70@>1VB=0 

?;0B0 2 <VASFP, 3@=. 

�8B@0B8 =0 >?;0BC 

?@0FV 70 @V:,B8A. 3@=. 

�8@>1=8G89 (>?5@0FV9=89) ?5@A>=0; 

�02V4CRG89 28@>1=8FB2><  

(�>;>2=89 V=65=5@) 
1 15 600 187 200 

�>?><V6=89 ?5@A>=0; 

�;5:B@8: 1 11 300 135 600 

&5E=VG=89 ?><VG=8: 1 10 000 120 000 

$4;B@ CB B5E?G7B6GNKB@G 

C9DEBA4?G 
3 36 900 442 800 

�Aь>3> 3 36 900 442 800 

�<>@B870FV9=V 2V4@0EC20==S =5>1EV4=> 7=09B8 70 C<>2=> ?@89=SB8<8 

2V4A>B:0<8 4> 70;8H:>2>W 20@B>ABV >1;04=0==S =0 ?>G0B>: 2V4?>2V4=>3> @>:C. 

$57C;PB0B8 @>7@0EC=:V2 =5>1EV4=> 70=5AB8 C &01;8FR 5.9.



&01;8FS 5.9. $>7@0EC=>: AC< 0<>@B870FV9=8E 2V4@0EC20=P 70 2V4?>2V4=89 @V: 

�@C?0 
"� 

�;5<5=B8 >A=>2=8E 
70A>1V2 

#5@2VA=0 
20@BVABP, 
B8A. 3@=. 

!>@<8 
��,% 

%C<0 0<>@B870FV9=8E 2V4@0EC20=P 70 
?5@V>4, B8A. 3@=. 70 @V: 

1 2 3 4   5 

1 

 51;V, ?@8;048, 
>1;04=0==S B0 
V=25=B0@ 

1 412,343 10 141,23 127,11 114,40 102,96 92,66 

2 �=HV >A=>2=V 70A>18 170,000 6 10,2 9,58 9,01 8,47 7,96 

 $07>< 1 582,343 - 151,43 136,69 123,41 111,43 100,62 

#@8 @>7@0EC=:C ?>B>G=8E 28B@0B 2@0E>2Cє<> 28B@0B8 =0 

5;5:B@>5=5@3VR, 2>4>?>AB0G0==S B0 307C C 42>E 20@V0=B0E - ?@8 2?@>20465==V 

:>=F5?FVW, B0 7 C@0EC20==S< 28:>@8AB0==S @5AC@AV2 4;S ?V4?@8є<AB20 ?@8 

70:C?V2;V 5=5@3>@5AC@AV2. #>B@51C 2 5;5:B@>5=5@3VW =0 >A2VB;5==S B0 V=HV 

28@>1=8GV ?>B@518 ?@89<0є<> 2 @>7<V@V 20 % 2V4 ?>B@518 =0 B5E=>;>3VG=V FV;V: 

238418*20/100 = 47683,6 :�B/3>4. �@0E>2CRG8 20@BVABP 1 :�B/3>4 

5;5:B@>5=5@3VW  2,56 3@=, 7030;P=V 28B@0B8 =0 5;5:B@>5=5@3VR 1C4CBP A:;040B8: 

(238418+47683,6)*2,56 = 732420 3@= 01> 732,42 B8A. 3@= 

#>B@510 ?V4?@8є<AB20 2 ?0;82V 287=0G0єBPAS 70 42><0 =0?@S<0<8 9>3> 

28:>@8AB0==S: =0 B5E=>;>3VG=V FV;V; =0 >?0;R20;P=V B0 3>A?>40@AP:>-?>1CB>2V 

?>B@518. � B5E=>;>3VG=><C ?@>F5AV 28:>@8AB>2C20B8<5BPAS ;8H5 5;5:B@8G=5 

>1;04=0==S, B><C 28B@0B8 =0 B5E=>;>3VG=V FV;V =5 2@0E>2CRBPAS. �8B@0B8 =0 

>?0;R20==S 287=0G0RBPAS 2 70;56=>ABV 2V4 :204@0BC@8 ?@8<VI5=P. 

%5@54=P><VASG=V 28B@0B8 =0 >?0;R20==S 1 :2.< 3 30,76 3@=.  

&0:8< G8=><, 28B@0B8 =0 >?0;R20==S ?@8<VI5=P ?;>I5R 545,3 :2.<. 

A:;040B8<CBP 16,773 B8A. 3@=.  "?0;R20;P=89 A57>= A:;040є 6 <VASFV2, B><C: 

16,773*6 = 100,64 B8A. 3@=. �;S C7030;P=5==S V=D>@<0FVW ?@> A:;04 ?>B>G=8E 

28B@0B A:;045<> &01;8FR 5.10 B0 5.11. 

  



&01;8FS 5.10. �8EV4=V 40=V 4;S @>7@0EC=:C ?>B>G=8E 28B@0B =0 @V: 7 

28:>@8AB0==S< 5=5@3>@5AC@AV2 4> 2?@>20465==S :>=F5?FVW 
#>:07=8:   

1. �8B@0B8 =0 >?0;5==S, ?V4V3@V2 2>48, 307 4;S ?@83>BC20==S W6V, B8A. 3@=. 100,64 

2. %?>6820==S 5;5:B@>5=5@3VW, :�B/3>4 286101,6 

3. &0@8D (5;5:B@>5=5@3VS), 3@=. 70 1 :�B/3>4 2,56 

4. �>4>?>AB0G0==S, <3
 3372,6 

5. &0@8D (2>4>?>AB0G0==S), 3@= 70 <3
 12,06 

6. �>4>2V42545==S, <3
 3372,6 

7. &0@8D (2>4>2V42545==S), 3@= 70 <3
 10,21 

&01;8FS 5.11. �8EV4=V 40=V 4;S @>7@0EC=:C ?>B>G=8E 28B@0B =0 @V: 7 

28:>@8AB0==S< 5=5@3>@5AC@AV2 ?VA;S 2?@>20465==S :>=F5?FVW 
#>:07=8:   

1. �8B@0B8 =0 >?0;5==S, ?V4V3@V2 2>48, 307 4;S ?@83>BC20==S W6V, B8A. 3@=.* - 

2. %?>6820==S 5;5:B@>5=5@3VW, :�B/3>4 2101,6 

3. &0@8D (5;5:B@>5=5@3VS), 3@=. 70 1 :�B/3>4 2,56 

4. �>4>?>AB0G0==S, <3
 3372,6 

5. &0@8D (2>4>?>AB0G0==S), 3@= 70 <3
 12,06 

6. �>4>2V42545==S, <3
 3372,6 

7. &0@8D (2>4>2V42545==S), 3@= 70 <3
 10,21 

*#D<@VF>4 – GD4IG64AAO, ;A<:9AAO F4 6<>?NK9AAO 6<FD4F A4 74;BCBEF4K4AAO F4 

9?9>FDB9A9D7VN, L?OIB@ 6EF4AB6?9AAO 6<DB5A<KB7B B5?48A4AAO V >B@GAV>4JVW 

#@8 @>7@0EC=:C ?@81CB:C ?V4?@8є<AB20 2:;RG0є<> =04E>465==S 

?@81CB:C ?@8 2?@>20465==V :>=F5?FVW.  �=HV 28B@0B8 ?;0=CRBPAS C @>7<V@V 10 

% 2V4 CAVE =02545=8E 28B@0B 157 0<>@B870FV9=8E 2V4@0EC20=P.  

' &01;8FV 5.12. 2V4>1@060є<> CAV @>7@0EC=:8 I>4> ?>B>G=8E 28B@0B =0 

?5@V>4 @50;V70FVW 40=>W :>=F5?FVW. 

  



&01;8FS 5.12. #>B>G=V 28B@0B8, B8A. 3@=. 

�8B@0B8 
$>:8 @50;V70FVW ?@>5:BC 

1 2 3 4 5 

1. �0@>1VB=0 ?;0B0 4428,00 4428,00 
 

4428,00 4428,00 4428,00 

2. �V4@0EC20==S =0 A>FV0;P=V ?>B@518  
(22% 2V4 ("#) 974,16 974,16 974,16 974,16 974,16 

3. �=HV 28B@0B8 6131,23 6131,23 6131,23 6131,23 6131,23 

4. $07>< 157 0<>@B870FV9=8E 2V4@0EC20=P 11533,3 11533,3 11533,3 11533,3 11533,3 

5. �<>@B870FV9=V 2V4@0EC20==S 151,43 136,69 123,41 111,43 100,62 

6. $07>< 7 0<>@B870FV9=8<8 2V4@0EC20==S<8 11684,7 11669,9 11656,7 11644,7 11633,9 

5.3.2. $>7@0EC=>: B>20@>>1V3C V 20;>2>3> 4>E>4C ?V4?@8є<AB20 @5AB>@0==>3> 

3>A?>40@AB20 

� FP><C @>74V;V 74V9A=5=> @>7@0EC=:8: ?@81CB:C 2V4 2?@>20465==S 

=>2>W :>=F5?FVW, AB@>:V2 >:C?=>ABV V=25AB8FV9 B0 G8AB>W ?@82545=>W 20@B>ABV. 

�:>=><VG=0 >FV=:0 ?@>5:BC 28:>=CєBPAS 70 ?>:07=8:0<8 4;S V=25AB>@0: 

B5@<V= >:C?=>ABV V=25AB8FV9 (&"�) B0 G8AB89 ?@82545=89 4>EV4 (+#�).  

�;S @50;V70FVW ?@>5:BC 1C45<> 28:>@8AB>2C20B8 2;0A=V :>HB8 C AC<V 2 

000 000 3@=. &><C @>7@0EC=>: :>HBV2  4;S ?>25@=5==S :@548BC =5 2@0E>2Cє<>. 

!04E>465==S 2V4 @50;V70FVW ?>A;C3 ?;0=CRBPAS, 28E>4SG8 7 @V2=S 28B@0B 

(A>1V20@B>ABV).  

�i;P:VABP E0pGo28E 2i4Eo4i2 poc;8==o3o ?oEo46e==S pecBop0=C 70 1 

po1oG89 4e=P, Io c:;040є 39,73 :3 01o 370 :3/<3. &0:8< G8=o<, poc;8==i 

E0pGo2i 2i4Eo48 Io CB2opRRBPcS 2 pecBop0=i 70 o48= po1oG89 4e=P c:;040RBP 

39,7/370= 0,1074 <3 01o 107,4 ;, Io 4;S ?o40;PH8E po7p0EC=:i2 ?p89<0є<o 70 

100 ;. &0: S: >B@8<0=89 2B>@8==89 ?@>4C:B 1V>3C<CA ?@8 0=05@>1=><C 

71@>46C20==V E0@G>28E 2V4E>4V2 CB2>@RRBPAS 2 25;8:8E >1’є<0E, 1C;> 

@>73;S=CB> ?@>4020B8 9>3> 4;S >B@8<0==S 4>40B:>2>3> ?@81CB:C 70:;04>< 

�$�. O1cS3 :o<?ocBC, Io 28po1;Sє ?i4?p8є<cB2o 70 1 4e=P ≈ 76% 2i4 <0c8 

<0Bepi0;i2 (2i4Eo48 + 3pC=B + <i=ep0;P=0 4o102:0) = 0,76*(1000+90+90) = 896,8 

;. Po7p0ECє<o :i;P:icBP <iH:i2 50 ; 7 :o<?ocBo< 70 4e=P: 896,8/50 = 18 <iH:i2. 



�0pBicBP 1 <iH:0 50 ; :o<?ocBC B0:o3o :;0cC 70 p8=:o28<8 Fi=0<8 c:;040є 750 

3p=. O1cS3 pe0;i70FiW :o<?ocBC 70 pi: c:;040є = 183650,75= 4927,5 B8c.3p=. 

"A=>2=89 @>7@0EC=>: B0 3@0<C20==S =0 :>6=C ?>78FVR 707=0G5=0 C 

?;0=C-<5=R. � FV;;R A?@>I5==S @>7@0EC=:V2 :><5@FV9=>3> 4>E>4C 

70:;040єBPAS =0FV=:0 C 2V4A>B:0E 4> FV=8 =01>@C A8@>28=8 B0 70:C?=8E B>20@V2 

70 FV=0<8 ?>AB0G0;P=8:0 (157 ?>40B:>2>3> :@548BC). &0:, 4;S 3>B5;P=>-

@5AB>@0==>3> :><?;5:AC @V25=P =0FV=:8 =0 ?@>4C:FVR 2;0A=>3> 28@>1=8FB20 

AB0=>28BP 100%, =0 70:C?=V B>20@8 3 25%. 

#>@S4>: 287=0G5==S :V;P:>ABV :><5@FV9=>3> 4>E>4C �$�, FV=8 

?@8410==S A8@>28=8 V 70:C?=8E B>20@V2 4;S ?V4?@8є<AB2, S:V 0:C<C;RRBP 

;8H5 >48= 5;5<5=B :><5@FV9=>3> 4>E>4C 3 =0FV=:C, =02545=> 2 B01;8FV 5.13. 

&01;8FS 5.13. #;0=C20==S AC<8 :><5@FV9=>3> 4>E>4C, 20@B>ABV 

?@8410==S A8@>28=8 V 70:C?=8E B>20@V2 @5AB>@0=C 

№ 

?>@. 
!09<5=C20==S 
?@>4C:FVW 

&>20@>>1V3, 
B8A. 3@=. 

�V4A>B>: 
=0FV=:8 2 
A:;04V 

B>20@>>1V3C, 
% 

%C<0 
:><5@FV9=>3> 
4>E>4C 

�$�,B8A. 3@=. 

�0@BVABP 
?@8410==S 
A8@>28=8 V 
70:C?=8E 
B>20@V2,B8A. 
3@=. 

1 2 3 4 5=3×4/100% 6=335 

1 #@>4C:FVS 
2;0A=>3> 
28@>1=8FB20 

94827,0 100 9482,7 853,44 

2 �0:C?=V B>20@8 58217,5 25 1455,4 5676,2 

$07>< 70 @V: (157 #��) 153044  10938,1 6529,6 

5.3.3. $>7@0EC=>: 28B@0B >?5@0FV9=>W 4VO;ь=>ABV 

+8AB89 ?@81CB>: @>7@0E>2CєBPAS 2V4=V<0==S< @>7<V@C 5:A?;C0B0FV9=8E 
28B@0B 2V4 7030;P=8E =04E>465=P 2V4 @50;V70FVW. $57C;PB0B8 @>7@0EC=:V2 
?@5AB02;Sє<> C 283;S4V &01;8FV 5.14. 

&01;8FS 5.14. (V=0=A>2V @57C;PB0B8 4VS;P=>ABV, B8A. 3@=. 
#>:07=8:8 $>:8 @50;V70FVW ?@>5:BC 

1 2 3 4 5 

1. "1AS3 @50;V70FVW ?>A;C3 57950,8 57950,8 57950,8 57950,8 57950,8 

2. �:A?;C0B0FV9=V 28B@0B8 12413,9 12399,1 12385,9 12373,9 12363,1 

3. +8AB89 ?@81CB>: 45536,9 45551,7 45564,9 45576,9 45587,7 

  



�@>H>2V ?>B>:8 2V4 @50;V70FVW ?@>5:BC ?>40є<> C 283;S4V B01;8FV 5.15. 

&01;8FS 5.15. #>BV: :>HBV2 V=25AB8FV9=>3> ?@>5:BC. B8A. 3@=. 
#>:07=8:8 $>:8 @50;V70FVW ?@>5:BC 

1 2 3 4 5 

1. !04E>465==S 2V4 =040==S ?>A;C3 57950,8 57950,8 57950,8 57950,8 57950,8 

2. �:A?;C0B0FV9=V 28B@0B8 157 
0<>@B870FV9=8E 2V4@0EC20=P 12262,5 12262,5 12262,5 12262,5 12262,5 

3. �030;P=0 AC<0 28?;0B 70 :@548B>< - - - - - 

4. #>40B>: =0 ?@81CB>: 8196,6 8199,3 8201,6 8203,8 8205,7 

5. +8AB89 3@>H>289 ?>BV: 37491,7 37489 37486,7 37484,5 37482,6 

5.3.4. "FV=:0 V=25AB8FV9=>W ?@8201;82>ABV ?@>5:BC 

+8AB89 ?@82545=89 4>EV4 4>72>;Sє >B@8<0B8 =091V;PH C7030;P=5=C 

E0@0:B5@8AB8:C @57C;PB0BC V=25ABC20==S, B>1B> 9>3> :V=F5289 5D5:B 2 

01A>;RB=V9 D>@<V. 

#V4 K<EF<@ CD<6989A<@ 8BIB8B@ @>7C<VRBP @V7=8FR <V6 ?@82545=>R 4> 

A?@026=P>W 20@B>ABV AC<>R 3@>H>2>3> ?>B>:C 70 ?5@V>4 5:A?;C0B0FVW 

V=25AB8FV9=>3> ?@>5:BC V AC<>R, I> V=25ABCєBPAS 2 9>3> @50;V70FVR. 

І%ЧД#tЧ#Д
t
−

+
=

)d1(
 

(5.1) 

45 І%
V
Д

t

t −
+

)1(
- 7030;P=0 25;8G8=0 48A:>=B>20=8E (?@82545=8E)=04E>465=P 

3@>H>28E 70A>1V2 (B01;8FS 6.11);  d 3 AB02:0 48A:>=BC;  t 3 ?5@V>4 G0AC 

=04E>465=P 4>E>4C, t = 1: n 

$>7@0EC=>: 7030;P=>W 25;8G8=8 48A:>=B>20=8E (?@82545=8E) =04E>465=P 

3@>H>28E 70A>1V2 =02545=89 2 B01;8FV 5.16. 

&01;8FS 5.16. $>7@0EC=>: 7030;P=>W 25;8G8=8 48A:>=B>20=8E 

(?@82545=8E) =04E>465=P 3@>H>28E 70A>1V2 
$>:8 �@>H>2V 

?>B>:8 
�>5DDVFVє=B 
48A:>=BC20==S 

�8A:>=B>20=V 
3@>H>2V 
?>B>:8 

#>25@=5==S 
V=25AB8FV9 

!0:>?8G5=89 
48A:>=B>20=89 
3@>H>2V9 4>EV4 

1 37491,7 1,15 33474,7 33474,7 0,00 

2 37489 1,323 28336,3 28336,3 0,00 

3 37486,7 1,521 24646,0 24431,4 214,60 



#@>4>265==S B01;. 5.16. 
$>:8 �@>H>2V 

?>B>:8 
�>5DDVFVє=B 
48A:>=BC20==S 

�8A:>=B>20=V 
3@>H>2V 
?>B>:8 

#>25@=5==S 
V=25AB8FV9 

!0:>?8G5=89 
48A:>=B>20=89 
3@>H>2V9 4>EV4 

4 37484,5 1,75 21419,7  - 21419,7 

5 37482,6 2,011 18638,7  - 18638,7 

2AP>3> 187434,5   126515,4 86242,4 40273 

#V4 B5@<V=>< >:C?=>ABV (Payback Period) @>7C<VRBP B@820;VABP ?5@V>4C, 

2?@>4>26 S:>3> AC<0 3@>H>28E ?>B>:V2, ?@>48A:>=B>20=8E =0 G0A 2:;045==S 

V=25AB8FV9 2 ?@>5:B, AB0=5 @V2=>R @>7<V@C V=25AB8FV9. 

&5@<V=, ?@>BS3>< S:>3> V=25AB>@ <>65 2V4H:>4C20B8 ?>G0B:>2V 70B@0B8, 

70157?5G82H8 ?@8 FP><C 1060=89 @V25=P 4>E>4=>ABV, =07820єBPAS B5@<V=>< 

>:C?=>ABV V=25AB8FV9. 

&5@<V= >:C?=>ABV V=25AB8FV9 @>7@0E>2CєBPAS 70 D>@<C;>R: 


= +

=
n

n

E9D98
Vd

Д#V
І%&"І

1

)
)1(

(

 
(5.2) 

45 &"� 3 B5@<V= >:C?=>ABV (@>:V2); 

 �% 3 >1AS3 V=25AB8FV9 ?> ?@>5:BC; 

(
= +

n

n

E9D98
Vd

Д#V
1

)
)1(

 - @VG=0 AC<0 3@>H>28E =04E>465=P 2V4 @50;V70FVW 

&�І = 86242,437486,7 = 2,3 DB>у = 27 @іE (5.3) 

&5@<V= >:C?=>ABV ?@>5:BC A:;040є 2 @>:8 V 3 <VASFV2. 

�=45:A 4>EV4=>ABV 3 F5 ?>:07=8: ?>@V2=S;P=>W 5D5:B82=>ABV 

V=25AB8FV9=>3> ?@>5:BC, S:89 S2;Sє A>1>R 2V4=>H5==S AC<8 =02545=8E 5D5:BV2 

4> 25;8G8=8 :0?VB0;>2:;045=P. �=45:A ?@81CB:>2>ABV 2V4>1@060є 5D5:B82=VABP 

V=25AB8FV9=>3> ?@>5:BC. $>7@0E>2CєBPAS 70 D>@<C;>R: 

І%
Vd

Д#V

ІД

n

n


= +

= 1 )1(
 

(5.4) 


= +

n

n Vd

Д#V
1 )1(

- A?@026=S 20@BVABP 3@>H>28E ?>B>:V2 70 ?5@H8E 3 @>:8. 



�% - AC<0 V=25AB8FV9, A?@S<>20=8E =0 @50;V70FVR ?@>5:BC (?@8 

@V7=>G0A=>ABV 2:;045=P B0:>6 ?@82>48BPAS 4> A?@026=P>W 20@B>ABV) 

�� = 126515,4/ 86242,4= 1,46 

/:I> 7=0G5==S V=45:AC ?@81CB:>2>ABV 1V;PH5 1, B> ?@>5:B є 5D5:B82=8<, 

B0: S: 2V= ?@8=5A5 V=25AB>@C 4>40B:>289  4>EV4. $57C;PB0B8 @>7@0EC=:V2 

=5>1EV4=> 70=5A5<> 4> &01;8FV 5.17. B0 7@>18<> 28A=>2:8. 

&01;8FS 5.17. $>7@0EC=>: >A=>2=8E ?>:07=8:V2 5D5:B82=>ABV @50;V70FVW 

?@>5:BC 
#>:07=8: $>7@0EC=>: �=0G5==S 

1. +8AB89 ?@82545=89 4>EV4 
І%

d

Д#VЧ#Д
n

n
V −+

=
=1 )1(

 40273 

2. &5@<V= >:C?=>ABV V=25AB8FV9 


= +

=
n

n

E9D98
Vd

Д#V
І%&"І

1

)
)1(

(

 
2,3 @>:C ~ 27 <VASFV2 

3. �=45:A 4>EV4=>ABV 

І%
Vd

Д#V

ІД

n

n


= +

= 1 )1(
 

1>1,46 

�8E>4SG8 7 40=8E &01;8FV 5.17. <>65<> ?>10G8B8, I> @50;V70FVS 40=>W 

:>=F5?FVW є V=25AB8FV9=> ?@8201;82>R B0 283V4=>R.  &5@<V= >:C?=>ABV ?@>5:BC 

A:;040є 2 @>:8 V 3 <VASFV; V=45:A 4>E>4=>ABV 1> B0 =1,46; G8AB89 ?@82545=89 

4>EV4 = 40 273 3@=. 

�8A=>2:8 4> @>74V;C 5 
1. #@8=F8?>20 1V>B5E=>;>3VG=0 AE5<0 ?5@5@>1:8 E0@G>28E 2V4E>4V2 

3>B5;P=>-@5AB>@0==>3> :><?;5:AC 2:;RG0є B0:V ?@>F5A8, S:: A>@BC20==S, 

?5@5@>1:C, ?@89><C 2V4E>4V2, B0 ?@>F5A8 >B@8<0==S 1V>G0@C B0 0=05@>1=5 

71@>46C20==S 7 4>4020==S< 1V>G0@C. 

2. �87=0G5=> 5D5:B82=VABP 28:>@8AB0==S 1V>B5E=>;>3VW ?5@5@>1:8 

E0@G>28E 2V4E>4V2 3>B5;P=>-@5AB>@0==>3> :><?;5:AC H;SE>< 0=05@>1=>3> 

71@>46C20==S 7 4>4020==S< 1V>G0@C 70 @S4>< ?>:07=8:V2 B0 ?@8 @V7=8E 



B5<?5@0BC@=8E @568<0E.  V:@>E28;P>25 >?@><V=5==S 2V4?@0FP>20=>W :02>2>W 

3CIV є 1V;PH 5:>=><VG=> 283V4=8< =V6 B@048FV9=89 B5@<VG=89 ?V@>;V7, 2 B>9 

G0A S: B0:0 6 A8BC0FVS A:;0;0AS 7 B5@<>DV;P=8< B0 <57>DV;P=8<8 @568<0<8 

>B@8<0==S 1V>307C, ?5@H89 <5B>4 40є 1V;PH5 28EV4 1V>307C B0 H284H5 

?@8A:>@Rє ?@>F5A , =V6 4@C389 <5B>4. #@8 FP><C 707=0G5=>, I> B5@<>DV;P=89 

@568< 0=05@>1=>3> 71@>46C20==S 28<030є 1V;PH5 @5AC@AV2, =0?@8:;04, 

A?>6820==S 5;5:B@>5=5@3VW, I> @>18BP 9>3> 5:>=><VG=> =5 283V4=8<, =V6 

<57>DV;P=89 @568<. 

3. �87=0G5=>, I> ?@8 28:>@8AB0==V 1V>G0@C 2 S:>ABV V=B5=A8DV:0B>@0 4;S 

?@>F5AC 0=05@>1=>3> 71@>46C20==S 71V;PHCєBPAS 28EV4 1V>307C B0 

?@8A:>@RєBPAS G0A ?@>F5AC. 

4. )0@G>2V 2V4E>48, I> =5 <>6CBP 1CB8 28:>@8AB0=V 2 ?@>F5AV 

0=05@>1=>3> 71@>46C20==S 4>FV;P=> ?5@54020B8 =0 A?5FV0;V7>20=V 

?V4?@8є<AB20 7 ?5@5@>1:8  =0 E0@G>2V 4>102:8 B0 :>@< 4;S B20@8=, I> A?@8Sє 

@0FV>=0;P=><C ?>2>465==R 7 2V4E>40<8 B0 7=86Cє >1’є<8 WE =0:>?8G5==S.  

5. �?@>10FVR @>7@>1;5=>W B5E=>;>3VW ?@>2545=> =0 ?V4?@8є<AB2V &"� 

�0D5-10@ «$V"» (3>B5;P=>-@5AB>@0==89 :><?;5:A). � >B@8<0=8E @57C;PB0BV2 

4>A;V465=P A;V4Cє, I> 1V>G0@ B0 1V>307, >B@8<0=V C 28@>1=8G8E C<>20E, 

2V4?>2V40RBP =>@<0B82=>-B5E=VG=V9 4>:C<5=B0FVW, I> A2V4G8BP ?@> 

5D5:B82=VABP @>7@>1;5=>W 1V>B5E=>;>3VW B0 4>FV;P=VABP V <>6;82VABP 

?>40;PH>3> 28:>@8AB0==S ?@>4C:BV2 7 4>40=>R 20@BVABR 2 F8:;V @>1>B8 

70:;04C �$� B0 4;S ?@>406C V=H8< ?V4?@8є<AB20E B0 ?@820B=8< 

3>A?>40@AB20<. 

6. �:>=><VG=0 5D5:B82=VABP ?5@5@>1:8 E0@G>28E 2V4E>4V2 �$� H;SE>< 

0=05@>1=>3> 71@>46C20==S 7 28:>@8AB0==S< 1V>G0@C @>7@0E>2C20;0AP 7 

C@0EC20==S< :V;P:>ABV )� @>A;8==>3> ?>E>465==S 70:;04C 70 1 @>1>G89 45=P. 

&5@<V= >:C?=>ABV ?@>5:BC 40=>3> 4>A;V465==S A:;02 2,3 @>:8. �2060RG8, I> 2 

C<>20E ACG0A=8E 5:>=><VG=8E @50;V9 <0:A8<0;P=89 ?@89=SB89 B5@<V= 

>:C?=>ABV A:;040є 5 @>:V2 , B> <>6=0 22060B8 @>7@>1;5=89 ?@>5:B 5:>=><VG=> 

?@8201;828< B0 5D5:B82=8<.  



7. 'AV ?>:07=8:8 V=25AB8FV9=>W ?@8201;82>ABV ?@>5:BC A2V4G0BP ?@> B5, 

I> ?@>5:B 4>FV;P=> 28:>@8AB>2C20B8 4;S 2?@>20465==S =0 ?V4?@8є<AB20E 

3>B5;P=>-@5AB>@0==>3> 3>A?>40@AB20.  

  



��%!"���: 
' 48A5@B0FVW =02545=5 28@VH5==S =0C:>2>W 7040GV @>7@>1:8 B5E=>;>3VW 

?5@5@>1:8 E0@G>28E 2V4E>4V2 3>B5;P=>-@5AB>@0==>3> :><?;5:AC H;SE>< 

0=05@>1=>3> 71@>46C20==S C 1V>307 7 28:>@8AB0==S<, S: V=B5=A8DV:0B>@C, 

1V>G0@C, S:89 >B@8<0=> 7 2V4?@0FP>20=>W :02>2>W 3CIV B5@<VG=8< B0 

<V:@>E28;P>28< ?V@>;V7><. � @57C;PB0BV C7030;P=5==S 40=8E 48A5@B0FV9=8E 

4>A;V465=P >B@8<0=V B0:V =091V;PH 203><V @57C;PB0B8. 

1. �0 @57C;PB0B0<8 ?@>2545=>3> 4>A;V465==S ?@>F5AC 0=05@>1=>3> 

71@>46C20==S  E0@G>28E 2V4E>4V2 3>B5;P=>-@5AB>@0==>3> :><?;5:AC C 

;01>@0B>@=8E C<>20E 4>2545=0 ?5@A?5:B82=VABP 28:>@8AB0==S >B@8<0=8E 

B5@<VG=8< B0 <V:@>E28;P>28< ?V@>;V7>< 7 2V4?@0FP>20=>W :02>2>W 3CIV 

1V>G0@V2 S: V=B5=A8DV:0B>@V2 C A:;04V A8@>28==>W :><?>78FVW, 0 B0:>6 

70A2V4G5=>, I> 4>4020==S @>7@>1;5=8E V=B5=A8DV:0B>@V2 ?V428ICє 

<0:A8<0;P=V ?8B><V ?>:07=8:8 28@>1=8FB20 <5B0=C, 0 B0:>6 A:>@>GCє G0A 

70B@8<:8, 7<5=HCє =0:>?8G5==S ���, AB8<C;Rє H284:5 2V4=>2;5==S ?VA;S 

=87P:>3> @V2=S @!.  

2.  5B>40<8 10;0=A>28E AE5< B0 @5;520=B=8E B01;8FP 4>A;V465=> 

68BBє289 F8:; ?@>4C:FVW 3>B5;P=>-@5AB>@0==>3> :><?;5:AC =0 CAVE 5B0?0E 

28@>1=8FB20 B0 DC=:FV>=C20==S 70:;04C, I> 4>72>;Sє >FV=8B8 =530B82=89 

2?;82 =0 :><?>=5=B8 4>2:V;;S ?> 2C7P:> =0?@02;5=8< :@8B5@VS< :>6=>3> 

>:@5<>3> 5B0?C. �87=0G5=> >A=>2=V G8==8:8 =530B82=>3> 2?;82C, 0 A0<5: %"2, 

?0;82=>-5=5@35B8G=V B0 2>4=V @5AC@A8, 701@C4=5==S 0B<>AD5@8 ?0@=8:>28<8 

3070<8, ?8;><, =020=B065==S =0 ;VB>AD5@C B0 =0:>?8G5==S 2V4E>4V2. "AB0==V9 

G8==8: >FV=5=> S: B0:V9, I> 2V4=>A8BPAS 4> 7=0G=>3> 2?;82C. �45=B8DV:>20=> 

VAB>B=V 5:>;>3VG=V 0A?5:B8 3>B5;P=>-@5AB>@0==>3> :><?;5:AC, 0 A0<5: ABVG=V 

2>48, 2V4E>48 28@>1=8FB20, ?0;82=>-<0AB8;P=V <0B5@V0;8 B>I>. $57C;PB0B>< 

>FV=:8 5:>;>3VG=8E 0A?5:BV2 є 70?@>?>=>20=0 ?@>3@0<0 ?@8@>4>>E>@>==8E B0 

@5AC@A>715@565==8E 70E>4V2 =0?@02;5=8E =0 7=865==S =530B82=>3> 2?;82C =0 

4>2:V;;S. 



3. �87=0G5=> 1V>?>;V<5@=89 B0 3@0=C;><5B@8G=89 A:;04 A8@>28=8 B0 

7@07:V2 1V>G0@V2, >B@8<0=8E ?V@>;V7>< B0 <V:@>E28;P>28< >?@><V=5==S<, 

?>:070=>, I> 7V 71V;PH5==S< B5<?5@0BC@8 ?V@>;V7C 71V;PHCєBPAS 4>;S ;V3=V=C 

B0 7>;8. ' 1V>?>;V<5@=><C A:;04V 1V>G0@C, S:89 >B@8<0=> 7 28:>@8AB0==S< 

<V:@>E28;P>2>3> >?@><V=5==S, 7@>AB0є B0:>6 4>;S F5;R;>78. !091V;PH8< 

2<VAB>< (2V4 81,0 4> 83,5 % <0A.) C :0@1>=V70B0E ?VA;S ?>4@V1=5==S 

E0@0:B5@87CєBPAS D@0:FVS G0AB8=>: V7 @>7<V@>< <0,1 <<, I> E0@0:B5@=> 4;S 

2AVE 7@07:V2 1V>G0@V2. 

4. #>:070=>, I> ?8B><0 ?>25@E=S 1V>G0@V2 7=0G=> 1V;PH0, =V6 ?8B><0 

?>25@E=S A8@>28=8, I> 2:07Cє =0 4>FV;P=VABP 281@0=8E <5B>4V2 <>48DV:0FVW 

A8@>28=8 7 <5B>R 71V;PH5==S WW DC=:FV>=0;P=8E 2;0AB82>AB59. �1V;PH5==S 

B5<?5@0BC@8 ?V@>;V7C AC?@>2>46CєBPAS 71V;PH5==S< ?8B><>W ?>25@E=V ?>@, 

>4=0: =09:@0IV ?>:07=8:8 @>728=5=>W ?>25@E=V 1V>G0@V2 A?>AB5@V30RBPAS 4;S 

7@07:0 1V>G0@C, >B@8<0=>3> 7 28:>@8AB0==S< <V:@>E28;P>2>3> ?V@>;V7C. 

5. �AB0=>2;5=>, I> 4>A;V465==S 270є<>4VW V>=V2 A28=FR V7 @>A;8==>R 

A8@>28=>R B0 WW <>48DV:>20=8<8 D>@<0<8 A2V4G0BP ?@> B5, I> A>@1FVS 

<>48DV:>20=8<8 D>@<0<8 7=0G=> 28I0, =V6 @>A;8==>R A8@>28=>R, 9<>2V@=>, 

7024S:8 2V4<V==>ABS< C EV<VG=><C A:;04V, 2;0AB82>ABSE ?>25@E=V B0 V=. 

�VAB02;5==S 40=8E A>@1FVW V>=V2 A28=FR <>48DV:>20=8<8 D>@<0<8 (1V>G0@0<8) 

4>72>;Sє 7@>18B8 28A=>2:8 ?@> 7=0G=89 2?;82 <5B>4C >B@8<0==S =0 25;8G8=C 

A>@1FVW. &5<?5@0BC@0 ?V@>;V7C 1V>G0@C  =040є A?@8SB;8289 2?;82 =0 A>@1FV9=V 

2;0AB82>ABV 7@07:V2, 7V 71V;PH5==S< B5<?5@0BC@8 71V;PHCRBPAS A>@1FV9=V 

2;0AB82>ABV. $57C;PB0B8 287=0G5==S H284:>ABV A>@1FVW V>=V2 A28=FR 

A8@>28=>R B0 1V>G0@0<8 A2V4G8BP, I> H284:VABP A>@1FVW V>=V2 A28=FR 7@>AB0є 

?@8 71V;PH5==V B5<?5@0BC@8 ?V@>;V7C. !0928I0 H284:VABP A>@1FVW V>=V2 

A28=FR A?>AB5@V30єBPAS 4;S 1V>G0@C, >B@8<0=>3> ?@8 28:>@8AB0==V 

<V:@>E28;P>2>3> >?@><V=5==S. #>@V2=RRG8 A>@1FV9=C 740B=VABP 1V>G0@V2, 

28E>4SG8 7V 7=0G5=P :>=AB0=B A>@1FV9=>W 740B=>ABV am <>6=0 7@>18B8 

28A=>2>: ?@> B5, I> =0 ?>25@E=V 1V>G0@- ) є 25;8:0 :V;P:VABP A>@1FV9=8E 

F5=B@V2, 740B=8E 270є<>4VSB8 7 V>=0<8 A28=FR. �V>G0@- ) CB2>@Rє B0:>6 



<VF=V 72'S7:8 7 V>=0<8 A28=FR. $57C;PB0B8 5:A?5@8<5=B0;P=8E 4>A;V465=P 

I>4> 2?;82C :>=F5=B@0FVW V>=V2 A28=FR =0 25;8G8=C WE A>@1FVW 1V>G0@0<8 

A2V4G0BP, I> <0:A8<0;P=V 7=0G5==S A>@1FVW A?>AB5@V30RBPAS 70 C<>2 

4>A;V465==S ?@8 ?>G0B:>2V9 :>=F5=B@0FVW V>=V2 A28=FR 1,00 <3/<;.  �8E>4SG8 

7 40=8E I>4> 2?;82C B@820;>ABV V=:C10FVW 1V>G0@V2 C @>7G8=0E V>=V2 A28=FR =0 

25;8G8=C WE A>@1FVW 1V>G0@0<8, <>6=0 7@>18B8 28A=>2>:, I> <0:A8<0;P=V 

7=0G5==S A>@1FVW A?>AB5@V30RBPAS G5@57 2,5&3 3>48=8 V=:C10FVW. �5;8G8=0 

A>@1FVW V>=V2 A28=FR ?@5?0@0B>< 1V>G0@-300 AB0=>28BP 40,7% ?VA;S 3-E 3>48= 

WE A?V;P=>W V=:C10FVW. �1V;PH5==S G0AC 270є<>4VW =5 ?@872>48BP 4> ACBBє2>3> 

7@>AB0==S ABC?5=S A>@1FVW V>=V2 A28=FR @>A;8==>R A8@>28=>R B0 WW 

<>48DV:>20=8<8 D>@<0<8. ":@V< <>6;82>ABV 28:>@8AB>2C20B8 >B@8<0=89 

1V>G0@ 7 2V4?@0FP>20=>W :02>2>W 3CIV 2 S:>ABV V=B5=A8DV:0B>@0 ?@8 ?@>F5AV 

0=05@>1=>3> 71@>46C20==S, 2@0E>2CRG8 >B@8<0=V @57C;PB0B8 A>@1FVW (4> 

30%), 4>FV;P=8< є 28:>@8AB0==S 1V>G0@V2, S: A0<>ABV9=8E A>@15=BV2. 

6. �AB0=>2;5=> E0@0:B5@ :@828E ?>B5=FV><5B@8G=>3> B8B@C20==S 

1V>G0@V2, S:89 287=0G0єBPAS 048B82=8< 2=5A:>< CAVE V>=V7>20=8E 3@C? 1V>G0@C 

V 40є 7<>3C 2V4=5AB8 4>A;V46C20=V ?@>4C:B8 4> :0B53>@VW V>=>>1<V==8:V2 

?>;VDC=:FV>=0;P=>3> B8?C. �=0G5==S <0:A8<0;P=>W :0BV>=>>1<V==>W є<=>ABV 

A8@>28=8 B0 1V>G0@V2 A2V4G0BP ?@> B5, I> 1V>G0@8 <0RBP <5=H 28@065=C 

AE8;P=VABP 4> >1<V=C :0BV>=V2, =V6 A8@>28=0, :0BV>=>>1<V==0 є<=VABP S:>W 

?5@51C20є ?5@5206=> 2 V=B5@20;V 1&3 <5:2/3. �V0?07>= 7<V= FP>3> ?>:07=8:0 

1V>G0@C 2C6G89 V ;568BP 2 >1;0ABV =87P:8E 7=0G5=P 3 0,89&1,15 <5:2/3. %;V4 

22060B8, I> <5=H><C 7=0G5==R :0BV>=>>1<V==>W є<=>ABV 1V>G0@C 2V4?>2V40є 

WE=V9 <5=H89 2?;82 =0 <V=5@0;P=89 10;0=A <V:@>>@30=V7<V2 ?V4 G0A 

0=05@>1=>3> 71@>46C20==S. �5;8G8=8 @!0 :8A;>B=8E C3@C?C20=P 1V>G0@C 

;560BP 2 V=B5@20;V 7,1&10,7, I> E0@0:B5@87Cє WE S: A;01:>:8A;>B=V 

C3@C?C20==S. 

7. (C=:FV>=CRG8 ?@8 @! 7&8 S: A;01:0 :8A;>B0, 1V>G0@8 <>6CBP 

A?@8SB8 7<V=V @! 2 :8A;C AB>@>=C, 72’S7C20B8 0<>=V0:, S:89, 73V4=> 7 45S:8<8 

3V?>B570<8, <>65 1CB8 >4=8< 7 D0:B>@V2, I> A?@8SRBP 7<V=V @! 2 ?@>F5A0E 



0=05@>1=>3> 71@>46C20==S. �8E>4SG8 7 F8E 40=8E, <>6=0 22060B8, I> 

=091V;PH 0:B82=> =0 25;8G8=C @! 1C45 2?;820B8 1V>G0@- ) V 1V>G0@-300. 

#@8@VAB 25;8G8=8 @! ?@8 :>=B0:BV 7 A8@>28=>R 45I> 28I5, =09<5=H 

28@065=89 1V>G0@-500. �>;>4VRG8 2;0AB82>ABS<8 0<D>;VBV2, 1V>G0@8 2 ?@>F5AV 

0=05@>1=>3> 71@>46C20==S =5 BV;P:8 28:>=CRBP @>;P 0:F5?B>@V2 V>=V2 <5B0;V2, 

0;5 V DC=:FV>=CRBP 2 S:>ABV <’S:>3> @53C;SB>@0 25;8G8=8 @!. � 1V>G0@V-300 

:8A;>B=V 2;0AB82>ABV 287=0G0RBPAS =0S2=VABR @�0 9,6&10,7 3 =09V<>2V@=VH5 

D5=>;P=8E 3V4@>:A8;V2. ' A8@>28=V ?@81;87=> B0:0 A0<0 :V;P:VABP 3@C? V7 

1;87P:8< 7=0G5==S< @�0, E>G0 FS A8@>28=0 E0@0:B5@87CєBPAS 7=0G=> 1V;PH8< 

2<VAB>< :><?>=5=B0 ?>;VD5=>;P=>W ?@8@>48. Ca2+ 72’S7CєBPAS 1V>G0@><-500 

3V@H5, =V6 1V>G0@><-300 V 1V>G0@><, I> >B@8<0=> 7 28:>@8AB0==S< 

<V:@>E28;P>2>3> >?@><V=5==S. �<>2V@=>, F5 ?>2’S70=> 7V 7=0G=> <5=H>R 

=0S2=VABR 2 1V>G0@V-500 D5=>;P=8E @5G>28=. �2’S7C20==S V>=V2 A28=FR 28I5 9 

=5 482;SG8AP =0 B5, I> 70 25;8G8=>R 2>=> <5=H5 B0:>3> C 1V>G0@C-500, I> 

?@87=0G5=5 4;S 282545==S V>=V2 206:8E <5B0;V2, ?@8 >FV=FV A>@1FV9=>W 

740B=>ABV 1V>G0@C B@510 2@0E>2C20B8 V F59 D0:B>@. �5;8G8=0 0=V>=>>1<V==>W 

є<=>ABV 1V>G0@C 7=0E>48BPAS 2 4V0?07>=V 7=0G5=P 0.7&1.2 <5:2/3. �8:;RG5==S 

AB0=>28BP 1V>G0@-500, S:89 <0є 4C65 =87P:V 7=0G5==S FP>3> ?>:07=8:0, I> 

>1C<>2;5=>, 9<>2V@=>, =57=0G=8< 2<VAB>< 1V;:C 2 7@07:C. �V;P:VABP 3@C?, I> 

B5ABC20;8AS, I> <0RBP 740B=VABP 4> >1<V=C 0=V>=V2, :>;820єBPAS 2V4 0,1 

(1V>G0@-500) 4> 1,2 (1V>G0@- )). �@C?8 7 =091V;PH8<8 25;8G8=0<8 7=0G5=P 

@�0 2 @S4C 1V>G0@0, I> 4>A;V46C20;8AS, 28S2;5=V 2 1V>G0@V-500 (@� 7,5), 

1V>G0@V- ) (@� 3 7,3) V 2 1V>G0@V-300 (@�b 7,0). �=HV 0=V>=>>1<V==V 3@C?8 <0RBP 

@�b 2V4 4,9 4> 6,3, I> E0@0:B5@87Cє WE S: A;01:>>A=>2=V. � ;C6=><C A5@54>28IV 

V>=>>1<V==0 740B=VABP 1V;PH>ABV 1V>G0@V2 ?@>S2;SєBPAS A8;P=VH5, =V6 2 

:8A;>B=><C. �AV 1V>G0@8 4>AB0B=P> V=B5=A82=> 2?;820RBP =0 25;8G8=C @!; WW 

<0:A8<0;P=C 7<V=C 28:;8:0є 1V>G0@- ). 

8. �0 @57C;PB0B0<8 A?5:B@0;P=>3> 0=0;V7C 1V>G0@V2 B0 A8@>28=8 

A?>AB5@V30єBPAS V=B5=A82=0 H8@>:0 A<C30 7 <0:A8<C<>< ?>3;8=0==S ?@8 

3400 A<-1, S:0 7<VI5=0 2 =87P:>G0AB>B=C >1;0ABP 2 ?>@V2=S==V 7 G0AB>B>R 



2V;P=8E 3@C? "!3, I> A2V4G8BP ?@> CG0ABP 3V4@>:A8;V2 2 A8AB5<V 2>4=528E 

72'S7:V2. �V4ACB=VABP A<C38 ?>3;8=0==S ?@8 3650 A<-1 2:07Cє, I> ?@0:B8G=> 2AV 

3V4@>:A8;P=V 3@C?8 2:;RG5=V 2 2>4=5289 72'S7>:. �8D5@5=FV9=89 �+-A?5:B@ 

?>@V2=S==S A8@>28=8 B0 1V>G0@C-300 E0@0:B5@87CєBPAS V=B5=A82=VH8< 

?>3;8=0==S< 2 >1;0ABV 670&1225 A<-1 4;S A8@>28=8, I> >1C<>2;5=> 

?@8ACB=VABR 0<V=>-3@C? 1V;:>2>W <>;5:C;8. �<5=H5==S ��"- 4;S 1V>G0@C-

300 2 FV9 >1;0ABV <>65 ?>SA=R20B8AS @C9=C20==S< 1V;:>28E @5G>28= ?@8 

?V@>;V7V. �8D5@5=FV9=0 :@820 ?>@V2=S==S ��"- 7@07:V2 E0@0:B5@87CєBPAS 

7<5=H5==S< V=B5=A82=>ABV ?>3;8=0==S A8@>28=8 2 >1;0ABV 3400 A<-1, S:0 

2V4?>2V40є 20;5=B=8< :>;820==S< 2V;P=>W 3@C?8 "!3, I> A2V4G8BP ?@> 

?>A8;5==S 2>4=528E 72'S7:V2 2 1V>G0@V. 

9. �AB0=>2;5=> 2 B5<?5@0BC@=V9 >1;0ABV 197 - 350% =0S2=VABP 

2V4<V==>ABV 2B@0B8 <0A8, I> :065 ?@> @V7=89 EV<VG=89 A:;04 7@07:V2, 0 A0<5 2 

1V>G0@V-300 B0 1V>G0@V-500 ?V4B25@46CєBPAS ?@8ACB=VABP 2 =8E <5=H>W :V;P:>ABV 

B5@<VG=> =5ABV9:8E :><?>=5=BV2 ?>@V2=S=> 7 A8@>28=>R B0 1V>G0@>< 

>B@8<0=8< <V:@>E28;P>28< >?@><V=5==S<. #>S20 =0 A?5:B@0E 1V>G0@V2 

AB@V<:8E 5:7>B5@<VG=8E 5D5:BV2 =0 :@828E �&� 2 >1;0ABV B5<?5@0BC@ 197 - 

350% 2:07Cє =0 =0S2=VABP <5=H>W :V;P:>ABV :><?>=5=BV2, 740B=8E 4> 

B5@<>>:8A;5==S. � 1V>G0@0E =0S2=V 1V;PH B5@<VG=> ABV9:V :><?>=5=B8, S:V 

A?>AB5@V30;8AS ?@8 71V;PH5==V 2B@0B8 <0A8 7@07:V2 ?@8 45AB@C:FVW B0 3>@V==V 

?V@>;VB8G=8E 70;8H:V2, I> AC?@>2>46C20;>AP AB@V<:8<8 57>B5@<VG=8<8 

5D5:B0<8 =0 :@828E �&�. 

10. #>:070=>, I> ?@8 >1@>1FV 1V>;>3VG=8< 2C3V;;S< 1C;8 4>AS3=CBV S: 

28IV <0:A8<0;P=V ?8B><V ?>:07=8:8 28@>1=8FB20 <5B0=C, B0: V A:>@>G5==S 

G0AC 70B@8<:8. �V>;>3VG=5 2C3V;;S 7=0G=> ?>:@0I8;> 28@>1=8FB2> <5B0=C 2 

?@>F5AV B5@<>DV;P=>3> 0=05@>1=>3> 71@>46C20==S E0@G>28E 2V4E>4V2, 

7<5=HCRG8 =0:>?8G5==S ���, H284:> 2V4=>2;RRG8AP ?VA;S =87P:>3> @V2=S 

@!. �V 71V;PH5==S< :V;P:>ABV 1V>?0;820 7 0 4> 15 3 ;-1 :C<C;SB82=5 

28@>1=8FB2> <5B0=C 2 B5@<>DV;P=8E C<>20E 7@>A;> 7 296,7 <; 3-1 �$ 4> 476,1 

<; 3-1 �$, B>4V S: G0A 71@>46C20==S A:>@>B82AS 7 22 4=V2 4> 14 4=V2. 



%:>@>G5==S G0AC 71@>46C20==S =0 13,6-36,6% >7=0G0є, I> @50:B>@ <>65 

?5@5@>1;SB8 =0 20% 1V;PH5 @V4:8E B0 B25@48E E0@G>28E 2V4E>4V2, I> 4>72>;Sє 

70>I048B8 7=0G=V :>HB8. #@8 ?>40;PHV9 >?B8<V70FVW 5:A?;C0B0FV9=8E 

?0@0<5B@V2, B0:8E S: ?>?5@54=S >1@>1:0 V ?V428I5=0 H284:VABP 7020=B065==S 

1V><0A8, <>6=0 35=5@C20B8 =01030B> 1V;PH5 <5B0=C, I> 7=0G=> 71V;PH8BP 

@5=B015;P=VABP. 

11. &5@<>DV;P=5 0=05@>1=5 71@>46C20==S 7 28I8< ABC?5=5< 3V4@>;V7C 

1C;> AE8;P=5 4> =5AB01V;P=>ABV G5@57 =0:>?8G5==S ��� V ?04V==S @!. 

�V>2C3V;;S 7 2V4?@0FP>20=>3> :02>2>3> H;0<C 5D5:B82=> AB8<C;Rє 

A?>6820==S ��� V 71V;PHCє 28@>1=8FB2> <5B0=C, >A>1;82> 2 B5@<>DV;P=8E 

C<>20E. @!, B5<?5@0BC@0 V ��� 1C;8 206;828<8 D0:B>@0<8, S:V 2:07C20;8 =0 

B5, I> 71V;PH5==S H284:>ABV ?@>F5AC 0=05@>1=>3> 71@>46C20==S ?@872>48BP 

4> :@0I>W ?@>4C:B82=>ABV 2 B5@<>DV;P=><C 71@>46C20==V 70 4>?><>3>R 

1V>?0;820. �87=0G5=>, I> ?@8 28:>@8AB0==V 1V>G0@C 2 S:>ABV V=B5=A8DV:0B>@0 

4;S ?@>F5AC 0=05@>1=>3> 71@>46C20==S 71V;PHCєBPAS 28EV4 1V>307C B0 

?@8A:>@RєBPAS G0A ?@>F5AC. 

12. $>7@>1;5=> B5E=>;>3VG=V AE5<8 ?@>F5AV2 >B@8<0==S 1V>G0@C B0 

1V>307C B0 287=0G5=> 5D5:B82=VABP 28:>@8AB0==S 1V>B5E=>;>3VW ?5@5@>1:8 

E0@G>28E 2V4E>4V2 3>B5;P=>-@5AB>@0==>3> :><?;5:AC H;SE>< 0=05@>1=>3> 

71@>46C20==S 7 4>4020==S< 1V>G0@C 70 @S4>< ?>:07=8:V2 B0 ?@8 @V7=8E 

B5<?5@0BC@=8E @568<0E.  V:@>E28;P>25 >?@><V=5==S 2V4?@0FP>20=>W :02>2>W 

3CIV є 1V;PH 5:>=><VG=> 283V4=8<, =V6 B@048FV9=89 B5@<VG=89 ?V@>;V7. 

&5@<>DV;P=89 @568< 0=05@>1=>3> 71@>46C20==S 28<030є 1V;PH5 @5AC@AV2, 

=0?@8:;04, A?>6820==S 5;5:B@>5=5@3VW, I> @>18BP 9>3> 5:>=><VG=> =5 

283V4=8<, =V6 <57>DV;P=89 @568<. 

13. �:>=><VG=0 5D5:B82=VABP ?5@5@>1:8 E0@G>28E 2V4E>4V2 �$� H;SE>< 

0=05@>1=>3> 71@>46C20==S 7 28:>@8AB0==S< 1V>G0@C @>7@0E>2C20;0AP 7 

C@0EC20==S< :V;P:>ABV )� @>A;8==>3> ?>E>465==S 70:;04C 70 1 @>1>G89 45=P. 

&5@<V= >:C?=>ABV ?@>5:BC 40=>3> 4>A;V465==S A:;02 2,3 @>:8. �2060RG8, I> 2 

C<>20E ACG0A=8E 5:>=><VG=8E @50;V9 <0:A8<0;P=89 ?@89=SB89 B5@<V= 



>:C?=>ABV A:;040є 5 @>:V2 , B> <>6=0 22060B8 @>7@>1;5=89 ?@>5:B 5:>=><VG=> 

?@8201;828< B0 5D5:B82=8<. 'AV ?>:07=8:8 V=25AB8FV9=>W ?@8201;82>ABV 

?@>5:BC A2V4G0BP ?@> B5, I> ?@>5:B 4>FV;P=> 28:>@8AB>2C20B8 4;S 

2?@>20465==S =0 ?V4?@8є<AB20E 3>B5;P=>-@5AB>@0==>3> 3>A?>40@AB20. 

�?@>10FVR @>7@>1;5=>W B5E=>;>3VW ?@>2545=> =0 ?V4?@8є<AB2V &"� �0D5-10@ 

«$V"» (3>B5;P=>-@5AB>@0==89 :><?;5:A). � >B@8<0=8E @57C;PB0BV2 4>A;V465=P 

A;V4Cє, I> 1V>G0@ B0 1V>307, >B@8<0=V C 28@>1=8G8E C<>20E, 2V4?>2V40RBP 

=>@<0B82=>-B5E=VG=V9 4>:C<5=B0FVW, I> A2V4G8BP ?@> 5D5:B82=VABP 

@>7@>1;5=>W 1V>B5E=>;>3VW B0 4>FV;P=VABP V <>6;82VABP ?>40;PH>3> 

28:>@8AB0==S ?@>4C:BV2 7 4>40=>R 20@BVABR 2 F8:;V @>1>B8 70:;04C �$� B0 4;S 

?@>406C V=H8< ?V4?@8є<AB20E B0 ?@820B=8< 3>A?>40@AB20<. 

  



%#�%"� ���"$�%&�!�) ���$�� 

[1] Björner Brauer, H., Hasselqvist, H., Håkansson, M., Willermark, S., 

Hiller, C. (2024). Re-configuring practices in times of energy crisis 3 A case study 

of Swedish households. Energy Research & Social Science, Volume 114, August 

2024, 103578. https://doi.org/10.1016/j.erss.2024.103578 

[2] #@>3@0<0 A>FV0;P=>-5:>=><VG=>3> B0 :C;PBC@=>3> @>728B:C 
"45AP:>W >1;0ABV =0 2024 @V:. "45AP:0 >1;0A=0 45@602=0 (2V9AP:>20) 
04<V=VAB@0FVS.  URL: https://oda.od.gov.ua/wp-content/uploads/2023/12/proyekt-

pser-odeskoyi-oblasti-na-2024-rik.pdf 

[3] Hoffart, F.M.  D'Orazio, P.  Holz, F.  Kemfert C.  (2024). Exploring the 

interdependence of climate, finance, energy, and geopolitics: A conceptual 

framework for systemic risks amidst multiple crises. Applied Energy, Volume 

361, 1, 122885.  DOI:10.1016/j.apenergy.2024.122885 

[4] �C3C:, !. (2022). $57C;PB0B8 4>A;V465==S <>@D>;>3VG=>3> A:;04C 
B25@48E ?>1CB>28E 2V4E>4V2 C "%�� �P2>20. Zero Waste Lviv. URL: 

https://zerowastelviv.org.ua/rezultaty-doslidzhennya-morfologichnogo-skladu-

tverdyh-pobutovyh-vidhodiv-u-osbb-lvova/ 

[5] �5@5=P>20, �. $5AB>@0==89 1V7=5A ?V4 G0A 2V9=8: 45 =091V;PH 
V=B5=A82=> 2V4:@820RBPAS =>2V 70:;048. 24 �V7=5A. URL: 

https://24tv.ua/business/restoranniy-biznes-pid-chas-viyni-vidkrittya-restoraniv-

ukrayini_n2151721 

[6] Chhandama, M.V.L. et al. (2022).Valorisation of food waste to 

sustainable energy and other value-added products: a review. Bioresour. Technol. 

Reports https://doi.org/10.1016/j.biteb.2022.100945 

[7] Li, C. et al. (2022). A systematic review of food loss and waste in 

China: Quantity, impacts and mediators. J. Environ. Manage. 303  

https://doi.org/10.1016/j.jenvman.2021.114092 

[8] Pramanik, S.K., et al. (2019). The anaerobic digestion process of biogas 

production from food waste: Prospects and constraints. Bioresour. Technol. Reports, 

8 https://doi.org/10.1016/j.biteb.2019.100310 

[9] Slorach, P. C., Jeswani, H. K., Cuéllar-Franca, R., Azapagic, A. (2020). 

Environmental sustainability in the food-energy-water-health nexus: A new 

methodology and an application to food waste in a circular economy. Waste 

Management, 113 https://doi.org/10.1016/j.wasman.2020.06.012 

[10] Elgarahy, A. M., Eloffy, M. G., Alengebawy, A., El-Sherif, D. M., 

Gaballah, M. S., Elwakeel, K. Z., El-Qelish, M. (2023). Sustainable management of 

food waste; pre-treatment strategies, techno-economic assessment, bibliometric 

analysis, and potential utilizations: A systematic review. Environmental Research. 

225, 115558 https://doi.org/10.1016/j.envres.2023.115558 

[11] Kumar, S. D. et al. (2022). Efficiency of microbial fuel cells in the 

treatment and energy recovery from food wastes: trends and applications - a review. 

Chemosphere. https://doi.org/10.1016/j.chemosphere.2021.132439 

https://doi.org/10.1016/j.erss.2024.103578
https://oda.od.gov.ua/wp-content/uploads/2023/12/proyekt-pser-odeskoyi-oblasti-na-2024-rik.pdf
https://oda.od.gov.ua/wp-content/uploads/2023/12/proyekt-pser-odeskoyi-oblasti-na-2024-rik.pdf
https://doi.org/10.1016/j.apenergy.2024.122885
https://zerowastelviv.org.ua/rezultaty-doslidzhennya-morfologichnogo-skladu-tverdyh-pobutovyh-vidhodiv-u-osbb-lvova/
https://zerowastelviv.org.ua/rezultaty-doslidzhennya-morfologichnogo-skladu-tverdyh-pobutovyh-vidhodiv-u-osbb-lvova/
https://24tv.ua/business/restoranniy-biznes-pid-chas-viyni-vidkrittya-restoraniv-ukrayini_n2151721
https://24tv.ua/business/restoranniy-biznes-pid-chas-viyni-vidkrittya-restoraniv-ukrayini_n2151721
https://doi.org/10.1016/j.biteb.2022.100945
https://doi.org/10.1016/j.jenvman.2021.114092
https://doi.org/10.1016/j.biteb.2019.100310
https://doi.org/10.1016/j.wasman.2020.06.012
https://doi.org/10.1016/j.envres.2023.115558
https://doi.org/10.1016/j.chemosphere.2021.132439


[12] Sharma, P. et al. (2021). Sustainable processing of food waste for 

production of bio-based products for circular bioeconomy. Bioresour. Technol. 

https://doi.org/10.1016/j.biortech.2021.124684 

[13] Lan, T., Dong, Y., Jiang, L., Zhang, Y.,  Sui, X.  (2024). Analytical 

approaches for assessing protein structure in protein-rich food: A comprehensive 

review. Food Chemistry: X. 22, 30 101365. 

https://doi.org/10.1016/j.fochx.2024.101365 

[14] da Silva Oliveira, W., Shepelev, I.,. Dias, F. F. G, Reineccius, G. A. 

(2024). Advances in sample preparation for volatile profiling of plant proteins: 

Fundamentals and future perspectives. Advances in Sample Preparation. 

10, 100111. https://doi.org/10.1016/j.sampre.2024.100111 

[15] Cherno, N.K., Krusir, G.V., Kovalenko, O.V. (2010). Biocorrectors of 

digestive processes. Monograph. Odesa, 236.  

[16] Singhania, R.R., et al. (2022). Consolidated bioprocessing of 

lignocellulosic biomass: Technological advances and challenges. Bioresour. 

Technol. https://doi.org/10.1016/j.biortech.2022.127153 

[17] Singhania, R.R., et al. (2022). Bioresource technology for bioenergy, 

bioproducts & environmental sustainability. Bioresour. Technol.  

https://doi.org/10.1016/j.biortech.2022.126736 

[18] Prajapati, P. et al. (2021). Critical review on technological 

advancements for effective waste management of municipal solid waste 4 Updates 

and way forward. Environ. Technol. Innovation.  

https://doi.org/10.1016/j.eti.2021.101749 

[19] McAdams, B., von Massow, M., Gallant, M., Hayhoe, M.-A. (2019). A 

cross industry evaluation of food waste in restaurants, Journal of Foodservice 

Business Research, 22:5, 449-466, DOI: 10.1080/15378020.2019.1637220 

[20] Blum, David, Dba,. (2020). Ways to Reduce Restaurant Industry Food 

Waste Costs. The International Journal on Media Management. 1-12.  

10.5590/IJMAT.2020.19.1.01. 

[21] Saber, D.,  Silka, L. (2020). Food Waste as a Classic Problem that Calls 

for Interdisciplinary Solutions: A Case Study Illustration: Food Waste as a Classic 

Problem. Journal of Social Issues. 76, 10.1111/josi.12372. 

[22] Poornima, S., Dadi, M., Subash, S., Manikandan, S., Karthik, V., 

Deena, S. R., Balachandar, R., Kumaran, S. K. N., Subbaiya, R. (2024). Review on 

advances in toxic pollutants remediation by solid waste composting and 

vermicomposting. Scientific African. 23, e02100. 

https://doi.org/10.1016/j.sciaf.2024.e02100 

[23] Ebrahimi, M., Gholipour, S., Mostafaii, G., Yousefian, F. (2024). 

Biochar-amended food waste compost: A review of properties. Results in 

Engineering. 24, 103118. https://doi.org/10.1016/j.rineng.2024.103118 

[24] Lai, J. C.,  Then, Y. L., Hwang, S. S., . Lee, C. S. (2024). Optimal 

aeration management strategy for a small-scale food waste composting. Carbon 

Resources Conversion. 7, (1),  100190.  https://doi.org/10.1016/j.crcon.2023.06.002 

https://doi.org/10.1016/j.biortech.2021.124684
https://doi.org/10.1016/j.fochx.2024.101365
https://doi.org/10.1016/j.sampre.2024.100111
https://doi.org/10.1016/j.biortech.2022.127153
https://doi.org/10.1016/j.biortech.2022.126736
https://doi.org/10.1016/j.eti.2021.101749
https://doi.org/10.1016/j.sciaf.2024.e02100
https://doi.org/10.1016/j.rineng.2024.103118
https://doi.org/10.1016/j.crcon.2023.06.002


[25] Liu, W., Rast, S., Wang, X., Lan, S. L., Owusu-Fordjour, E. Y., Yang, 

X. (2024). Enhanced removal of Fe, Cu, Ni, Pb, and Zn from acid mine drainage 

using food waste compost and its mechanisms. Green and Smart Mining 

Engineering, 2. https://doi.org/10.1016/j.gsme.2024.09.002 

[26] Mongchu, C., Iwai, C. B., Noller, B. N. (2024). Enhancing the potential 

of Eisenia foetida and Eudrillus eugeniae species and their valorization in tannery 

leather industry sludge management via vermicomposting with bamboo biochar 

amendment. Case Studies in Chemical and Environmental Engineering. 10, 100986. 

https://doi.org/10.1016/j.cscee.2024.100986 

[27] Quan, J., Wang, Y., Wang, Y., Li, C., Yuan, Z. (2024). An efficient 

strategy to promote food waste composting by adding black soldier fly (Hermetia 

illucens) larvae during the compost maturation phase. Resources, Environment and 

Sustainability. 18,  100180. https://doi.org/10.1016/j.resenv.2024.100180 

[28] Xu, F., Li, Y., Ge, X., Yang, L., Li, Y. (2018). Anaerobic digestion of 

food waste 3 challenges and opportunities. Bioresour. Technol. 247, 104731058. 

https://doi.org/10.1016/j.biortech.2017.09.020. 

[29] Wang, L., Shen, F., Yuan, H., Zou, D., Liu, Y., Zhu, B., Li, X., (2014). 

Anaerobic co-digestion of kitchen waste and fruit/vegetable waste: lab-scale and 

pilot-scale studies. Waste Manag. 34, 262732633. 

https://doi.org/10.1016/j.wasman.2014.08.005.  

[30] Yong, Z., Dong, Y., Zhang, X., Tan, T., (2015). Anaerobic co-digestion 

of food waste and straw for biogas production. Renew. Energy 78, 5273530. 

https://doi.org/10.1016/j.renene.2015.01.033. 

[31] Elsamadony, M., Mostafa, A., Fujii, M., Tawfik, A., Pant, D., (2021). 

Advances towards understanding long chain fatty acids-induced inhibition and 

overcoming strategies for efficient anaerobic digestion process. Water Res. 190, 

116732. https://doi.org/10.1016/j.watres.2020.116732 

[32] Bong, C.P.C., Lim, L.Y., Lee, C.T., Klemeˇs, J.J., Ho, C.S., Ho, W.S., 

(2018). The characterisation and treatment of food waste for improvement of biogas 

production during anaerobic digestion 3 a review. J. Clean. Prod. 172, 154531558. 

https://doi.org/10.1016/j.jclepro.2017.10.199. 

[33] Nayak, A., Bhushan, B., (2019). An overview of the recent trends on 

the waste valorization techniques for food wastes. J. Environ. Manag. 233, 3523370. 

https://doi.org/10.1016/j.jenvman.2018.12.041. 

[34] Mehariya, S., Patel, A.K., Obulisamy, P.K., Punniyakotti, E., Wong, 

J.W.C., (2018). Co-digestionof food waste and sewage sludge for methane 

production: current status and perspective. Bioresour. Technol. 265, 5193531. 

https://doi.org/10.1016/j.biortech.2018.04.030. 

[35] Ye, M., Liu, J., Ma, C., Li, Y.Y., Zou, L., Qian, G., Xu, Z.P., (2018). 

Improving the stability and efficiency of anaerobic digestion of food waste using 

additives: a critical review. J. Clean. Prod. 192, 3163326. 

https://doi.org/10.1016/j.jclepro.2018.04.244. 

https://doi.org/10.1016/j.gsme.2024.09.002
https://doi.org/10.1016/j.cscee.2024.100986
https://doi.org/10.1016/j.resenv.2024.100180
https://doi.org/10.1016/j.biortech.2017.09.020
https://doi.org/10.1016/j.wasman.2014.08.005
https://doi.org/10.1016/j.renene.2015.01.033
https://doi.org/10.1016/j.watres.2020.116732
https://doi.org/10.1016/j.jclepro.2017.10.199
https://doi.org/10.1016/j.jenvman.2018.12.041
https://doi.org/10.1016/j.biortech.2018.04.030
https://doi.org/10.1016/j.jclepro.2018.04.244


[36] Chhandama, M.V.L. et al. (2022). Valorisation of food waste to 

sustainable energy and other value-added products: a review. Bioresour. Technol. 

17, 100945. https://doi.org/10.1016/j.biteb.2022.100945 

[37] Li, Y., Ni, J., Cheng, H., Zhu, A., Guo, G., Qin, Y., Li, Y.Y., (2021). 

Methanogenic performance and microbial community during thermophilic digestion 

of food waste and sewage sludge in a high-solid anaerobic membrane bioreactor. 

Bioresour. Technol. 342, 125938. https://doi.org/10.1016/j.biortech.2021.125938.  

[38] Masebinu, S.O., Akinlabi, E.T., Muzenda, E., Aboyade, A.O., 

Mbohwa, C., (2018). Experimental and feasibility assessment of biogas production 

by anaerobic digestion of fruit and vegetable waste from Joburg Market. Waste 

Manag. https://doi.org/10.1016/j.wasman.2018.02.011. 

[39] Pramanik, S.K., Suja, F.B., Zain, S.M., Pramanik, B.K., (2019). The 

anaerobic digestion process of biogas production from food waste: prospects and 

constraints. Bioresour. Technol. Rep. 8, 100310 

https://doi.org/10.1016/j.biteb.2019.100310. 

[40] Rajagopal, R., Choudhury, M.R., Anwar, N., Goyette, B., Rahaman, 

M.S., 2019. Influence of pre-hydrolysis on sewage treatment in an Up-Flow 

Anaerobic Sludge BLANKET (UASB) reactor: a review. Water (Switzerland) 11, 

337. https://doi.org/10.3390/w11020372. 

[41] Caruso, M.C., Braghieri, A., Capece, A., Napolitano, F., Romano, P., 

Galgano, F., Altieri, G., Genovese, F., (2019). Recent updates on the use of agro-

food waste for biogas production. Appl. Sci. 9, 1217. 

https://doi.org/10.3390/app9061217. 

[42] Pasalari, H., Gholami, M., Rezaee, A., Esrafili, A., Farzadkia, M., 

(2021). Perspectives on microbial community in anaerobic digestion with emphasis 

on environmental parameters: a systematic review. Chemosphere, 270, 128618. 

https://doi.org/10.1016/j.chemosphere.2020.128618. 

[43] Negri, C., Ricci, M., Zilio, M., D'Imporzano, G., Qiao, W., Dong, R., 

Adani, F., 2020. Anaerobic digestion of food waste for bio-energy production in 

China and Southeast Asia: a review. Sustain. Energy Rev. 133, 110138 

https://doi.org/10.1016/j.rser.2020.110138. 

[44] Cayetano, R.D.A., Kim, G., Park, J., Lee, M., Kim, S., (2021). 

Anaerobic digestion of waste activated sludge using dynamic membrane at varying 

substrate concentration reveals new insight towards methanogenic pathway and 

biofilm formation. Chem. Eng. J. 423, 130249. 

https://doi.org/10.1016/j.cej.2021.130249. 

[45] Singh, S., Vishakha, K., Shivani, S., Nisha, L. (2014). Waste 

Management in Restaurants: A Review. International Journal of Emerging 

Engineering Research and Technology. 2, 14-24. 

[46] Dauber, S. Einflu³faktoren auf die anaeroben biologischen 
Abbauvorgänge. [book auth.] 

[47] Xu, F., Li, Y., Ge, X., Yang, L., Li, Y., (2018). Anaerobic digestion of 

food waste 3 challenges and opportunities. Bioresour. Technol. 247, 104731058. 

https://doi.org/10.1016/j.biortech.2017.09.020. 

https://doi.org/10.1016/j.biteb.2022.100945
https://doi.org/10.1016/j.biortech.2021.125938
https://doi.org/10.1016/j.wasman.2018.02.011
https://doi.org/10.1016/j.biteb.2019.100310
https://doi.org/10.3390/w11020372
https://doi.org/10.3390/app9061217
https://doi.org/10.1016/j.chemosphere.2020.128618
https://doi.org/10.1016/j.rser.2020.110138
https://doi.org/10.1016/j.cej.2021.130249
https://doi.org/10.1016/j.biortech.2017.09.020


[48] Wang, L., Shen, F., Yuan, H., Zou, D., Liu, Y., Zhu, B., Li, X., (2014). 

Anaerobic co-digestion of kitchen waste and fruit/vegetable waste: lab-scale and 

pilot-scale studies. Waste Manag. 34, 262732633. 

https://doi.org/10.1016/j.wasman.2014.08.005. 

[49] Yong, Z., Dong, Y., Zhang, X., Tan, T., (2015). Anaerobic co-digestion 

of food waste and straw for biogas production. Renew. Energy, 78, 5273530. 

https://doi.org/10.1016/j.renene.2015.01.033. 

[50] Elsamadony, M., Mostafa, A., Fujii, M., Tawfik, A., Pant, D., (2021). 

Advances towards understanding long chain fatty acids-induced inhibition and 

overcoming strategies for efficient anaerobic digestion process. Water Res. 190, 

116732. https://doi.org/10.1016/j.watres.2020.116732 

[51] Li, G., Zhu, Q., Niu, Q., Meng, Q., Yan, H., Wang, S., Li, Q., (2021). 

The degradation of organic matter coupled with the functional characteristics of 

microbial community during composting with different surfactants. Bioresour. 

Technol. 321, 124446. https://doi.org/10.1016/j.biortech.2020.124446 

[52] Wandera, S.M., Qiao,W., Jiang,M., Gapani, D.E., Bi, S., Dong, R., 

(2018). AnMBR as alternative to conventional CSTR to achieve efficient methane 

production from thermal hydrolyzed sludge at short HRTs. Energy, 159, 5883598. 

https://doi.org/10.1016/j.energy.2018.06.201. 

[53] Li, Y., Ni, J., Cheng, H., Zhu, A., Guo, G., Qin, Y., Li, Y.Y., (2021). 

Methanogenic performance andmicrobial community during thermophilic digestion 

of food waste and sewage sludge in a high-solid anaerobic membrane bioreactor. 

Bioresour. Technol. 342, 125938. https://doi.org/10.1016/j.biortech.2021.125938. 

[54] Li, Y., Cheng, H., Guo, G., Zhang, T., Qin, Y., Li, Y.-Y., (2020). High 

solid mono-digestion and co-digestion performance of food waste and sewage 

sludge by a thermophilic anaerobic membrane bioreactor. Bioresour. Technol. 310, 

123433. https://doi.org/10.1016/j.biortech.2020.123433. 

[55] Chen, G., Wu, W., Xu, J., Wang, Z., (2021). An anaerobic dynamic 

membrane bioreactor for enhancing sludge digestion: impact of solids retention time 

on digestion efficacy. Bioresour. Technol. 329, 124864. 

https://doi.org/10.1016/j.biortech.2021.124864. 

[56] Amha, Y.M., Corbett, M., Smith, A.L., (2019). Two-phase improves 

performance of anaerobic membrane bioreactor treatment of food waste at high 

organic loading rates. Environ. Sci. Technol. 53, 957239583. 

https://doi.org/10.1021/acs.est.9b02639. 

[57] Kaza, S., Yao, L., Bhada-Tata, P., Woerden, F. V., (2018). What 

aWaste 2.0: A Global Snapshot of Solid Waste Management to 2050. Urban 

Development. World Bank. World Bank, Washington, DC. 

http://hdl.handle.net/10986/30317. 

[58] Zamri, M.F.M.A., Hasmady, S., Akhiar, A., Ideris, F., Shamsuddin, 

A.H., Mofijur, M., Fattah, I.M.R., Mahlia, T.M.I., (2021). A comprehensive review 

on anaerobic digestion of organic fraction of municipal solid waste. Renew. Sust. 

Energ. Rev. 137, 110637. https://doi.org/10.1016/j.rser.2020.110637. 

https://doi.org/10.1016/j.wasman.2014.08.005
https://doi.org/10.1016/j.renene.2015.01.033
https://doi.org/10.1016/j.watres.2020.116732
https://doi.org/10.1016/j.biortech.2020.124446
https://doi.org/10.1016/j.energy.2018.06.201
https://doi.org/10.1016/j.biortech.2021.125938
https://doi.org/10.1016/j.biortech.2020.123433
https://doi.org/10.1016/j.biortech.2021.124864
https://doi.org/10.1021/acs.est.9b02639
http://hdl.handle.net/10986/30317
https://doi.org/10.1016/j.rser.2020.110637


[59] Caruso, M.C., Braghieri, A., Capece, A., Napolitano, F., Romano, P., 

Galgano, F., Altieri, G., Genovese, F., (2019). Recent updates on the use of agro-

food waste for biogas production. Appl. Sci. 9, 1217. 

https://doi.org/10.3390/app9061217.  

[60] Parralejo, A.I., Royano, L., Gonz´alez, J., Gonz´alez, J.F., (2019). 
Small scale biogas production with animal excrement and agricultural residues. Ind. 

Crop. Prod. 131, 3073314. https://doi.org/10.1016/j.indcrop.2019.01.059.   

[61] Yazgın, O., Gundogdu, T.K., (2020). Production of biogas and 

astaxanthin from fruit and vegetable wastes using an integrated system. Int. J. 

Second. Metabolite 7 (1), 35346. https://doi.org/10.21448/ijsm.702498. 

[62] Chen, G., Wu, W., Xu, J., Wang, Z., (2021). An anaerobic dynamic 

membrane bioreactor for enhancing sludge digestion: impact of solids retention time 

on digestion efficacy. Bioresour. Technol. 329, 124864. 

https://doi.org/10.1016/j.biortech.2021.124864.  

[63] Prajapati, K.B., Singh, R., (2020). Enhancement of biogas production 

in bioelectrochemical digester from agricultural waste mixed with wastewater. 

Renew. Energy, 146, 4603468. https://doi.org/10.1016/j.renene.2019.06.154. 

[64] Lindenblatt, Claus, et al. (2007). Kap. 1.6: Umweltauswirkungen. 

[Buchverf.] Bayerisches Landesamt für Umwelt (LfU). Biogashandbuch Bayern: 

Materialienband. Ausburg, 17. 

[65] Vinardell, S., Astals, S., Koch, K., Mata-Alvarez, J., Dosta, J., (2021). 

Co-digestion of sewage sludge and food waste in a wastewater treatment plant based 

on mainstream anaerobic membrane bioreactor technology: a techno-economic 

evaluation. Bioresour. Technol. 330, 124978. 

https://doi.org/10.1016/j.biortech.2021.124978. 

[66] Xing, B.S., Han, Y., Wang, X.C., Ma, J., Cao, S., Li, Q., Wen, J., Yuan, 

H., 2020. Cow manure as additive to a DMBR for stable and high-rate digestion of 

food waste: performance and microbial community. Water Res. 168, 115099. 

https://doi.org/10.1016/j.watres.2019.115099. 

[67] Wu, Z., Liu, Y., Yao, J., Zheng, X., Wandera, S.M., Dong, R., Li, Y.Y., 

Qiao, W., (2021). The materials flow and membrane filtration performance in 

treating the organic fraction of municipal solid waste leachate by a high solid type 

of submerged anaerobic membrane bioreactor. Bioresour. Technol. 329, 124927. 

https://doi.org/10.1016/j.biortech.2021.124927. 

[68] Prajapati, K.B., Singh, R., (2020). Enhancement of biogas production 

in bioelectrochemical digester from agricultural waste mixed with wastewater. 

Renew. Energy 146, 4603468. https://doi.org/10.1016/j.renene.2019.06.154. 

[69] Önen, S.; Kuchta, K. (2020). Evaluation of temperature changes in 

anaerobic digestion process. Detritus. 10, 11318. https://doi.org/10.31025/2611-

4135/2020.13911 

[70] Önen, S., Nsair, A., Kuchta, K. (2019). Innovative operational 

strategies for biogas plant including temperature and stirring management. Waste 

Manag. Res. 37, 2373246. https://doi.org/10.1177/0734242X18816800 

https://doi.org/10.3390/app9061217
https://doi.org/10.1016/j.indcrop.2019.01.059
https://doi.org/10.21448/ijsm.702498
https://doi.org/10.1016/j.biortech.2021.124864
https://doi.org/10.1016/j.renene.2019.06.154
https://doi.org/10.1016/j.biortech.2021.124978
https://doi.org/10.1016/j.watres.2019.115099
https://doi.org/10.1016/j.biortech.2021.124927
https://doi.org/10.1016/j.renene.2019.06.154
https://doi.org/10.31025/2611-4135/2020.13911
https://doi.org/10.31025/2611-4135/2020.13911
https://doi.org/10.1177/0734242X18816800


[71] Nsair, A., Cinar, S.Ö., Qdais, H.A., Kuchta, K. (2019). Optimizing the 

performance of a large scale biogas plant by controlling stirring process: A case 

study. Energy Convers. Manag. 198, 111931. 

https://doi.org/10.1016/j.enconman.2019.111931 

[72] Deepanraj, B., Sivasubramanian, V., Jayaraj, S. (2017). Effect of 

substrate pretreatment on biogas production through anaerobic digestion of food 

waste. Int. J. Hydrogen Energy, 42, 26522326528. 

https://doi.org/10.1016/j.ijhydene.2017.06.178 

[73] Cinar, S.Ö., Cinar, S., Kuchta, K. (2022). Machine Learning 

Algorithms for Temperature Management in the Anaerobic Digestion Process. 

Fermentation. 8, 65.  https://doi.org/10.3390/fermentation8020065 

[74] Cinar, S., Cinar, S.O., Wieczorek, N., Sohoo, I., Kuchta, K. (2021).  

Integration of artificial intelligence into biogas plant operation. Processes, 9, 85. 

https://doi.org/10.3390/pr9010085 

[75] Cinar, S., Cinar, S.Ö., Ng, S.M., Kuchta, K. (2022). Analysis Phase of 

Lean Six Sigma Methodology with Scaled-Down Laboratory Experiments for an 

Industrial-Scale Biogas Plant. Designs, 6, 50. 

https://doi.org/10.3390/designs6030050 

[76] Johannesson, G. H., Crolla, A, Lauzon, J. D., Gilroyed, B. H. 

Estimation of biogas co-production potential from liquid dairy manure, dissolved air 

flotation waste (DAF) and dry poultry manure using biochemical methane potential 

(BMP) assay. Biocatal Agric Biotechnol 25, 101605. 

https://doi.org/10.1016/j.bcab.2020.101605. 

[77] Potdukhe, RM, Sahu, N, Kapley, A, Kumar, R. Bioresource 

Technology Reports Co-digestion of waste activated sludge and agricultural straw 

waste for enhanced biogas production. Biores Technol Rep, 15, 100769. 

https://doi.org/10.1016/j.biteb.2021.100769. 

[78] Masebinu, S.O., Akinlabi, E.T., Muzenda, E., Aboyade, A.O., 

Mbohwa, C. (2018). Experimental and feasibility assessment of biogas production 

by anaerobic digestion of fruit and vegetable waste from Joburg Market. Waste 

Manag. https://doi.org/10.1016/j.wasman.2018.02.011. 

[79] Alag¨oz, A. B., Yenigün, O., Erdinçler, A. (2018). Ultrasound assisted 

biogas production from co-digestion of wastewater sludges and agricultural wastes: 

comparison with microwave pre-treatment. Ultrason. Sonochem. 40, 1933200. 

https://doi.org/10.1016/j.ultsonch.2017.05.014. 

[80] Masebinu, S.O., Akinlabi, E.T., Muzenda, E., Aboyade, A.O., 

Mbohwa, C., (2018). Experimental and feasibility assessment of biogas production 

by anaerobic digestion of fruit and vegetable waste from Joburg Market. Waste 

Manag. https://doi.org/10.1016/j.wasman.2018.02.011. 

[81] Parralejo, A.I., Royano, L., Gonz´alez, J., Gonz´alez, J.F., 2019. Small 
scale biogas production with animal excrement and agricultural residues. Ind. Crop. 

Prod. 131, 3073314. https://doi.org/10.1016/j.indcrop.2019.01.059. 

[82] Haldar, D., Shabbirahmed, A.M., Singhania, R.R., Chen, C.-W., Dong, 

C.-D., Ponnusamy, V.K., Patel, A.K. (2022). Understanding the management of 

https://doi.org/10.1016/j.enconman.2019.111931
https://doi.org/10.1016/j.ijhydene.2017.06.178
https://doi.org/10.3390/fermentation8020065
https://doi.org/10.3390/pr9010085
https://doi.org/10.3390/designs6030050
https://doi.org/10.1016/j.bcab.2020.101605
https://doi.org/10.1016/j.biteb.2021.100769
https://doi.org/10.1016/j.wasman.2018.02.011
https://doi.org/10.1016/j.ultsonch.2017.05.014
https://doi.org/10.1016/j.wasman.2018.02.011
https://doi.org/10.1016/j.indcrop.2019.01.059


household food waste and its engineering for sustainable valorization- a state-of-the-

art review. Bioresour. Technol., 358, 127390, 10.1016/J.BIORTECH.2022.127390 

(https://doi.org/10.1016/j.biortech.2022.127390) 

[83] Kumar, M., Dutta, S., You, S., Luo, G., Zhang, S., Show, P.L., 

Sawarkar, A.D., Singh, L., Tsang, D.C.W., (2021). A critical review on biochar for 

enhancing biogas production from anaerobic digestion of food waste and sludge. J. 

Clean. Prod. 305, 127143. https://doi.org/10.1016/j.jclepro.2021.127143/ 

[84] Srivastava, A.N. et al. (2022). Bioavailability reduction of heavy metals 

through dual mode anaerobic Co-landfilling of municipal solid waste and industrial 

organic sludge. Chem. Eng. J., 439, https://doi.org/10.1016/j.cej.2022.135725 

[85] Ren, Y., et al. (2022). A review on settlement models of municipal solid 

waste landfills. Waste Manag., 149, https://doi.org/10.1016/j.wasman.2022.06.019 

[86] Ma, S., et al. (2022). Leachate from municipal solid waste landfills in 

a global perspective: characteristics, influential factors and environmental risks. J. 

Clean. Prod., 333. https://doi.org/10.1016/j.jclepro.2021.130234 

[87] International Coffee Organization, (2023). Coffee report and outlook. 

(Accessed December 2023). https://www.ico.org/. 

https://icocoffee.org/documents/cy2023-24/ 

[88] Su, C., Tao, A., Zhao, L., Wang, P., Wang, A., Huang, X., Chen, M. 

(2021). Roles of modified biochar in the performance, sludge characteristics, and 

microbial community features of anaerobic reactor for treatment food waste. Sci. 

Total Environ. https://doi.org/10.1016/j.scitotenv.2020.144668 

[89] Yaashikaa, P.R., Senthil, K.P., Varjani, S., Saravanan, A. (2020). A 

critical review on the biochar production techniques, characterization, stability and 

applications for circular bioeconomy. Biotechnol. Rep. 

https://doi.org/10.1016/j.btre.2020.e00570 

[90] Jiang, Q., Chen, Y., Yu, S., Zhu, R., Zhong, C., Zou, H., Gu, L., He, 

Q., (2020). Effects of citrus peel biochar on anaerobic co-digestion of food waste 

and sewage sludge and its direct interspecies electron transfer pathway study. Chem. 

Eng. J. 398. https://doi.org/10.1016/j.cej.2020.125643 

[91] Chavhan, M. P., Slovák, V., Siddiqi, H., Mucha, M. (2024). Pyrolysis 
of household coffee vis-à-vis tea waste: A detailed insight into physicochemical 

properties, kinetics, and thermodynamics study. Chemical Engineering Journal 

Advances, 17, 100587. https://doi.org/10.1016/j.ceja.2024.100587 

[92] Pambudi, S., Saechua, W., Jongyingcharoen, J. S. (2024). A 

thermogravimetric assessment of eco-friendly biochar from oxidative torrefaction of 

spent coffee grounds: Combustion behavior, kinetic parameters, and potential 

emissions. Environmental Technology & Innovation, 33, 103472. 

https://doi.org/10.1016/j.eti.2023.103472 

[93] Arias, A., Ioannidou, S. M., Giannakis, N., Feijoo, G., Moreira, M. T., 

Koutinas, A. (2023). Review of potential and prospective strategies for the 

valorization of coffee grounds within the framework of a sustainable and circular 

bioeconomy. Industrial Crops and Products. 205, (1), 117504. 

https://doi.org/10.1016/j.indcrop.2023.117504  

https://doi.org/10.1016/j.biortech.2022.127390
https://doi.org/10.1016/j.jclepro.2021.127143/
https://doi.org/10.1016/j.cej.2022.135725
https://doi.org/10.1016/j.wasman.2022.06.019
https://doi.org/10.1016/j.jclepro.2021.130234
https://icocoffee.org/documents/cy2023-24/
https://doi.org/10.1016/j.scitotenv.2020.144668
https://doi.org/10.1016/j.btre.2020.e00570
https://doi.org/10.1016/j.cej.2020.125643
https://doi.org/10.1016/j.ceja.2024.100587
https://doi.org/10.1016/j.eti.2023.103472
https://doi.org/10.1016/j.indcrop.2023.117504


[94] Safarian, S. (2023). Performance analysis of sustainable technologies 

for biochar production: A comprehensive review. Energy Reports, 9, 4574-4593. 

https://doi.org/10.1016/j.egyr.2023.03.111 

[95] Fenta, A. A. (2024). State of the art of biochar in Ethiopia. A review. 

Heliyon, 10, (3), 15 e24934. https://doi.org/10.1016/j.heliyon.2024.e24934 

[96] Zhao, B., O’Connor, D., Zhang, J., Peng, T., Shen, Z., Tsang, D.C., 
Hou, D. (2018). Effect of pyrolysis temperature, heating rate, and residence time on 

rapeseed stem derived biochar. J. Clean. Prod., 174, 977-987. 

https://doi.org/10.1016/j.jclepro.2017.11.013 

[97] Mousa, E., Wang, C., Riesbeck, J., Larsson, M. (2016). Biomass 

applications in iron and steel industry: An overview of challenges and opportunities. 

Renew. Sustain. Energy Rev., 65, 1247-1266. 

https://doi.org/10.1016/j.rser.2016.07.061 

[98] Premchand, P., Demichelis, F., Chiaramonti, D., Bensaid, S.,  Fino, D. 

(2022). Study on the effects of carbon dioxide atmosphere on the production of 

biochar derived from slow pyrolysis of organic agro-urban waste. Waste 

Management, 172, 308-319. https://doi.org/10.1016/j.wasman.2023.10.035 

[99] Morgano, M.T., Bergfeldt, B., Leibold, H., Richter, F., Stapf, D. 

(2018). Intermediate pyrolysis of agricultural waste: A decentral approach towards 

circular economy. Chem. Eng., 65 

https://www.researchgate.net/publication/326031776 

[100] Mohammed, I.Y., Abakr, Y.A., Yusup, S., Kazi, F.K. (2017). 

Valorization of Napier grass via intermediate pyrolysis: Optimization using response 

surface methodology and pyrolysis products characterization. J. Clean. Prod., 142, 

1848-1866. https://doi.org/10.1016/j.jclepro.2016.11.099  

[101] Huang, Y.-F., Chiueh, P.-T., Lo, S.-L. (2016). A review on microwave 

pyrolysis of lignocellulosic biomass. Sustain. Environ. Res., 26, 103-109. 

http://dx.doi.org/10.1016/j.serj.2016.04.012 

[102] Liew, R.K., Nam, W.L., Chong, M.Y., Phang, X.Y., Su, M.H., Yek, 

P.N.Y., Ma, N.L., Cheng, C.K., Chong, C.T., Lam, S.S. (2018). Oil palm waste: An 

abundant and promising feedstock for microwave pyrolysis conversion into good 

quality biochar with potential multi-applications. Process Safety and Environmental 

Protection, 115, 57-69.  https://doi.org/10.1016/j.psep.2017.10.005 

[103] Wallace, C.A., Afzal, M.T., Saha, G.C. (2019). Effect of feedstock and 

microwave pyrolysis temperature on physio-chemical and nano-scale mechanical 

properties of biochar. Bioresour. Bioprocess., 6, 1-11. 

https://scholar.google.com/scholar 

[104] Huang, Y.-F., Chiueh, P.-T., Shih, C.-H., Lo, S.-L., Sun, L., Zhong, Y., 

Qiu, C. (2015). Microwave pyrolysis of rice straw to produce biochar as an adsorbent 

for CO2 capture. Energy, 84, 75-82.  https://doi.org/10.1016/j.energy.2015.02.026 

[105] Kostas, E. T., Durán-Jiménez, G., Shepherd, B.J., Meredith, W., 

Stevens, L.A., Williams, O.S.A., Lye, G.J., Robinson, J.P. (2020). Microwave 

pyrolysis of olive pomace for bio-oil and bio-char production. Chem. Eng. J., 387, 

123404. https://doi.org/10.1016/j.cej.2019.123404 

https://doi.org/10.1016/j.egyr.2023.03.111
https://doi.org/10.1016/j.heliyon.2024.e24934
https://doi.org/10.1016/j.jclepro.2017.11.013
https://doi.org/10.1016/j.rser.2016.07.061
https://doi.org/10.1016/j.wasman.2023.10.035
https://www.researchgate.net/publication/326031776
https://doi.org/10.1016/j.jclepro.2016.11.099
http://dx.doi.org/10.1016/j.serj.2016.04.012
https://doi.org/10.1016/j.psep.2017.10.005
https://scholar.google.com/scholar
https://doi.org/10.1016/j.energy.2015.02.026
https://doi.org/10.1016/j.cej.2019.123404


[106] Hossain, M.A., Jewaratnam, J., Ganesan, P., Sahu, J., Ramesh, S., Poh, 

S. (2016). Microwave pyrolysis of oil palm fiber (OPF) for hydrogen production: 

parametric investigation. Energy Convers. Manage., 115, 232-243. 

https://doi.org/10.1016/j.enconman.2016.02.058  

[107] Sahoo, D., Remya, N. (2020). Influence of operating parameters on the 

microwave pyrolysis of rice husk: biochar yield, energy yield, and property of 

biochar. Biomass Convers. Biorefinery, 1-10. https://scholar.google.com/scholar 

[108] Fodah, A.E.M., Ghosal, M.K., Behera, D. (2021). Solar-powered 

microwave pyrolysis of corn stover for value-added products and process techno-

economic assessment. Int. J. Energy Res., 45, 5679-5694. 

https://doi.org/10.1002/er.6192 

[109] Allende, S., Brodie, G., Jacob, M. V. (2023). Breakdown of biomass 

for energy applications using microwave pyrolysis: A technological review. 

Environmental Research. 226. https://doi.org/10.1016/j.envres.2023.115619 

[110] Neha, S., Remya, N. (2023). Optimization of biochar production from 

microwave co-pyrolysis of food waste and low-density polyethylene. Original 

Article, 13, 946539474, https://link.springer.com/article/10.1007/s13399-023-

03948-w 

[111] Nyambura, S. M., Li, C., Li, H., Xu, J., Wang, J., Zhu, X., Feng, X., Li, 

X., Bertrand, G.V., Ndumia, J.N., Chin, B.L.F. (2023). Microwave co-pyrolysis of 

kitchen food waste and rice straw: Effects of susceptor on thermal, surface, and fuel 

properties of biochar. Fuel 352, 15, 129093. 

https://doi.org/10.1016/j.fuel.2023.129093 

[112] Matrapazi, V.K., Zabaniotou, A. (2020). Experimental and feasibility 

study of spent coffee grounds upscaling via pyrolysis towards proposing an eco-

social innovation circular economy solution. Science of The Total Environment. 718, 

20, 137316. https://doi.org/10.1016/j.scitotenv.2020.137316 

[113] Hassan, A., Ding, W., Aslam, M.A., Bian, Y., Liu, Q., Sheng, Z. 

(2020). Microwave absorption property of coffee waste bio-carbon modified by 

industrial waste MnFe2O4 particles. Journal of Materials Research and Technology 

9, (6), 12869-12879. https://doi.org/10.1016/j.jmrt.2020.09.015 

[114] Li, S., Skelly, S. (2023). Physicochemical properties and applications 

of biochars derived from municipal solid waste: A review. Environmental Advances. 

13, 100395. https://doi.org/10.1016/j.envadv.2023.100395 

[115] Odeyemi, S. O., Iwuozor, K. O., Emenike, E. C., Odeyemi, O. T., 

Adeniyi, A. G. (2023). Valorization of waste cassava peel into biochar: An 

alternative to electrically-powered process. Total Environment Research Themes 6, 

https://doi.org/10.1016/j.totert.2023.10002 

[116] Awogbemi, O., Vandi Von Kallon D. (2023). Progress in agricultural 

waste derived biochar as adsorbents for wastewater treatment. Applied Surface 

Science Advances 18, 100518. https://doi.org/10.1016/j.apsadv.2023.100518 

[117] Sharma, P., Bano, A., Verma, K., Yadav, M., Varjani, S., Singh, S.P., 

Tong, Y.W. (2023). Food waste digestate as biofertilizer and their direct applications 

https://doi.org/10.1016/j.enconman.2016.02.058
https://scholar.google.com/scholar
https://doi.org/10.1002/er.6192
https://doi.org/10.1016/j.envres.2023.115619
https://link.springer.com/article/10.1007/s13399-023-03948-w
https://link.springer.com/article/10.1007/s13399-023-03948-w
https://doi.org/10.1016/j.fuel.2023.129093
https://doi.org/10.1016/j.scitotenv.2020.137316
https://doi.org/10.1016/j.jmrt.2020.09.015
https://doi.org/10.1016/j.envadv.2023.100395
https://doi.org/10.1016/j.totert.2023.10002
https://doi.org/10.1016/j.apsadv.2023.100518


in agriculture. Bioresource Technology Reports, 23, 101515. 

https://doi.org/10.1016/j.biteb.2023.101515 

[118] Saravanan, A., Karishma, S., Kumar, P.S., Rangasamy, G. (2023). A 

review on regeneration of biowaste into bio-products and bioenergy: Life cycle 

assessment and circular economy. Fuel, 338, 15, 127221. 

https://doi.org/10.1016/j.fuel.2022.127221 

[119] Parthasarathy, P., Alherbawi, M., Shahbaz, M., Al-Ansari, T., McKay, 

G. (2023). Developing biochar from potential wastes in Qatar and its revenue 

potential. Energy Conversion and Management: X, 20, 100467. 

https://doi.org/10.1016/j.ecmx.2023.100467 

[120] Chiappero, M., Norouzi, O., Hu, M., Demichelis, F., Berruti, F., Di 

Maria, F., Mašek, O., Fiore, S. (2020). Review of biochar role as additive in 
anaerobic digestion processes. Re-new. Sustain. Energy Rev. 

https://doi.org/10.1016/j.rser.2020.110037 

[121] Qiu, L., Deng, Y.F., Wang, F., Davaritouchaee, M., Yao, Y.Q. (2019). 

A review on biochar-mediated anaerobic digestion with enhanced methane recovery. 

Renew. Sustain. Energy Rev. https://doi.org/10.1016/j.rser.2019.109373 

[122] Kumar, M., Dutta, S., You, S., Luo, G., Zhang, S., Show, P.L., 

Sawarkar, A.D., Singh, L., Tsang, D.C.W. (2021). A critical review on biochar for 

enhancing biogas production from anaerobic digestion of food waste and sludge. J. 

Clean. Prod. 305, 127143, 2021. https://doi.org/10.1016/j.jclepro.2021.127143/ 

[123] Liang, J., Luo, L., Li, D., Varjani, S., Xu, Y., Wong, J.W.C. (2021). 

Promoting anaerobic codigestion of sewage sludge and food waste with different 

types of conductive materi-als: performance, stability, and underlying mechanism. 

Bioresour. Technol. 337, 125384. https://doi.org/10.1016/j.biortech.2021.125384 

[124] Li, Q., Xu, M., Wang, G., Chen, R., Qiao, W., Wang, X. (2017). 

Biochar assisted thermo-philic co-digestion of food waste and waste activated 

sludge under high feedstock to seed sludge ratio in batch experiment. Bioresour. 

Technol. 249, 100931016, 2018. https://doi.org/10.1016/j.biortech.2017.11.002 

[125] Pan, W., Ouyang, H., Tan, X., Yan, S., Zhang, R., Deng, R., Gu, L., 

He, Q. (2023). Effects of biochar addition towards the treatment of blackwater in 

anaerobic dynamic membrane bioreactor (AnDMBR): Comparison among room 

temperature, mesophilic and thermophilic conditions. Bioresource Technology, 374, 

128776. https://doi.org/10.1016/j.biortech.2023.128776 

[126] Krusir, G., Sagdeeva, O., Malovanyy, M., Shunko, H., Gnizdovskyi, O. 

(2020). Investigation of Enzymatic Degradation of Solid Winemaking Wastes. J. 

Ecol. Eng. 2020; 21(2):72-79. https://doi.org/10.12911/22998993/116345 

[127] Pillsbury, D. M., Kulchar, G. V., (1934). The use of the hagedorn-

jensen method in the determination of skin glucose. Journal of Biological Chemistry. 

106, (1), 351-356 https://doi.org/10.1016/S0021-9258(18)75485-9  

[128] Zhang, M., Song, X., Deines, T.W., Pei, Z.J., Wang, D. (2024). A 

consistency mapping for the effects on enzymatic hydrolysis sugar yield using two 

sugar yield definitions in cellulosic biofuel manufacturing. Renewable Energy, 62, 

243-248. https://doi.org/10.1016/j.renene.2013.07.014 

https://doi.org/10.1016/j.biteb.2023.101515
https://doi.org/10.1016/j.fuel.2022.127221
https://doi.org/10.1016/j.ecmx.2023.100467
https://doi.org/10.1016/j.rser.2020.110037
https://doi.org/10.1016/j.rser.2019.109373
https://doi.org/10.1016/j.jclepro.2021.127143/
https://doi.org/10.1016/j.biortech.2021.125384
https://doi.org/10.1016/j.biortech.2017.11.002
https://doi.org/10.1016/j.biortech.2023.128776
https://doi.org/10.12911/22998993/116345
https://doi.org/10.1016/S0021-9258(18)75485-9
https://doi.org/10.1016/j.renene.2013.07.014


[129] Aoac, C. (2005). Official methods of analysis of the Association of 

Analytical Chemists International. Official Methods: Gaithersburg, MD, USA. 

[130] Aguirre, J. (2022). The Kjeldahl Method: 140 Years, Guildford, UK. 

https://doi.org/10.1007/978-3-031-31458-2 

[131] Jara, P., Schoeninger, V., Dias, L., Siqueira, V., Lourente, E. (2022). 

Physicochemical quality characteristics of buckwheat flour. Engenharia Agrícola. 
42, (4). https://doi.org/10.1590/1809-4430-Eng.Agric.v42n4e20210026/2022 

[132] Ioelovich, M. (2022). Features of water vapor sorption by cellulose 

materials. World Journal of Advanced Research and Reviews. 13(03), 254-263. 

https://doi.org/10.30574/wjarr.2022.13.3.0233 

[133] Tarighat, M. A., Nabavi, M., Mohammadizadeh, M. R. (2015). 

Chemometrics-assisted spectrophotometric method for simultaneous determination 

of Pb2+ and Cu2+ ions in different foodstuffs, soil and water samples using 2-

benzylspiro [isoindoline-1,5′-oxazolidine]-2′,3,4′-trione using continuous wavelet 

transformation and partial least squares 3 Calculation of pKf of complexes with rank 

annihilation factor analysis. Spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy. 145, 54-62. https://doi.org/10.1016/j.saa.2015.02.048 

[134] Cherno, N. K., Krusir, G. V. (1992). Acid-base and ion-exchange 

properties of dietary fibers.  Applied Biochemistry and Microbiology. 28(2), 2973
303. 

[135] Krusir, G., Zakharchuk, V., Sevastyanova, E., Pylypenko, L., 

Mazurenko, K., (2021). Isolation of lysozyme of Black Sea Mussel Mutilus 

galloprovincialis. Journal of Chemistry and Technologies, 28(3), 269-277. 

https://doi.org/10.15421/08202803 

[136] Krusir, G., Hugi, Ch., Breitenmoser, L., Sevastyanova, E., Pylypenko, 

L., Mazurenko, K., (2022). Isolation and characterization of a pancreatic amylase 

inhibitor. Journal of Chemistry and Technologies, 30 (4), 558-567 doi: 

10.15421/jchemtech.v30i4.263201  

[137] Hossain, M.S., ul Karim, T., Onik, M.H., Kumar, D., Rahman, M. A., 

Yousuf, A., Uddin, M.R. (2022). Impact of temperature, inoculum flow pattern, 

inoculum type, and their ratio on dry anaerobic digestion for biogas production. 

Scientific Reports 12, 6162. 2022. https://doi.org/10.1038/s41598-022-10025-1 

[138] APHA-AWWA-WEF. (2005). Standard Methods for the examination 

of Water and Wastewater 3APHA, AWWA & WEF-. 21th. Washington D.C.: 

American Public Health Association/American Water Works Association / Water 

Environment Federation. 

[139] Krusir, G., Sagdeeva, O., Malovanyy, M., Shunko, H., Gnizdovskyi, O. 

(2020). Investigation of Enzymatic Degradation of Solid Winemaking Wastes. J. 

Ecol. Eng; 21(2):72379. DOI: https://doi.org/10.12911/22998993/116345 

[140] �pCcip, �.�.,  �o=4p0Be=:o, I.#. (2013). Op30=i70FiS e:o;o3iG=o3o 
:o=Bpo;R ?i4?p8є<cB20 e:c?epB=8< <eBo4o< / �.�. �pCcip, //  0Bepi0;8 
 i:A4po8AoW A4G>o6o–Cp4>F<KAoW >oAHepeAJiW «E>oAo@iKAi F4 GCp46?iAcь>i 
4cCe>F< po;6<F>G Ci8Cp<є@cF6 6 I4pKo6oW Cpo@<c?o6ocFi». 3 O4ec0, O!�)&, 
2123213. 

https://doi.org/10.1007/978-3-031-31458-2
https://doi.org/10.1590/1809-4430-Eng.Agric.v42n4e20210026/2022
https://doi.org/10.30574/wjarr.2022.13.3.0233
https://doi.org/10.1016/j.saa.2015.02.048
https://doi.org/10.15421/08202803
https://doi.org/10.1038/s41598-022-10025-1
https://doi.org/10.12911/22998993/116345


[141] ,<0=489, �. ., CB0po2o940, �.�. (2002) Otsenka tekhnohennoi 

opacnocty, fopmypuemoi ppomOshlennOmy ppedppyiatyiamy. // ВicA<> �Д#': 
!4G>o6i Cp4Ji �Д#'. 2 (13), 77-80. 

[142] �o7C;S, &.�., ,0po=o20, !.�., Є<e;PS=o20, �.I., �o7C;S,  . . 
(2012).  &eopeB8:o-?p0:B8G=i oc=o28 <eBo4o;o3iW :o<?;e:c=oW oFi=:8 
e:o;o3iG=ocBi Bep8Bopi0;P=8E i o1’є:Bo28E c8cBe<. #po5?e@< iAHop@4Ji=A<I 
FeIAo?o7i=.  01, (011), 37-45. 

[143] �8c8Ge=:o, �.�., �01C;o=o2, .. �., )<i;P, �. �. (2008).  
#p8po4=89, BeE=o3e==89 B0 e:o;o3iG=89 p878:8: 0=0;i7, oFi=:0, C?p02;i==S 
!4G>. ДG@>4. 543. 

[144] Campos, C., Gallego, M., Villanueva, P., Laso, J., Dias, A. C., 

Quinteiro, P., Oliveira, S., Albertí, J., Fullana-i-Palmer, P., Mélon, L., Sazdovski, I., 
Roca, M., Xifré, R., Margallo, M., Aldaco, R. (2023). Life cycle assessment to 
address the environmental impacts of tourism in a Spanish tourist destination: The 

case of Rias Baixas (Galicia) holidays. Science of The Total Environment. 896, 

166242. https://doi.org/10.1016/j.scitotenv.2023.166242 

[145] Kaman, G. S., Bozkurt, 1., Bölükbaş, R., Özhasar, Y., Demı̇rcı̇, B., 

Yazicio�lu, 1. (2024). The strategy food waste in restaurants: A systematic literature 
review. Trends in Food Science & Technology. 151, 104625. 

https://doi.org/10.1016/j.tifs.2024.104625 

[146] Vilà, D. M., Crespo Sánchez, E. (2025). 15 - From cost-optimal to 

multi-objective methodology for sustainable deep renovation: Toward sustainable 

construction for deep renovation: A comprehensive analysis of the transition to a 

holistic methodology. Cost-Effective Energy-Efficient Methods for Refurbishment 

and Retrofitting of Buildings Materials, Technologies, Optimization, and Case 

Studies Woodhead Publishing Series in Civil and Structural Engineering. 361-395. 

https://doi.org/10.1016/B978-0-443-23974-8.00001-5 

[147] Casals Miralles, C., Barioni, D., Mancini, M. S., Jordà, J. C., Roura, M. 
B., Ponsá Salas, S., Argelaguet, L. L., Galli, A. (2023). The Footprint of tourism: a 
review of Water, Carbon, and Ecological Footprint applications to the tourism 

sector. Journal of Cleaner Production. 422, 138568. 

https://doi.org/10.1016/j.jclepro.2023.138568 

[148] CB0BRE0, �.O., �o9:o, &.�., �e=4R3, �.I. (2003). Po7po1:0 <eBo48:8 
oFi=:8 =e1e7?eG=8E 284i2 4iS;P=ocBi ?po<8c;o28E ?i4?p8є<cB2 E>o?o7iO i 
pecGpc<, 7, 46-54. 

[149] Solanilla-Duque, J. F., Morales-Velasco, S., del Rosario Salazar-

Sánchez, M. (2024). Assessment of HACCP plans and Colombian regulations in 
municipal cattle slaughterhouses for the assurance of standardised food safety and 

quality management systems. Heliyon. 10, (24), e40944. 

https://doi.org/10.1016/j.heliyon.2024.e40944 

[150] C034єє20, O.�., �pCcip, �.�., *8:0;o, �.�.  OFi=:0 pi2=S 
e:o;o3iG=oW =e1e7?e:8 720;8I B2ep48E <C=iF8?0;P=8E 2i4Eo4i2. E>o?o7iKA4 
5e;Ce>4. 1/2018, (25), 75-83. DOI: 10.30929/2073-5057.2018.1.75-83  

https://doi.org/10.1016/j.scitotenv.2023.166242
https://doi.org/10.1016/j.tifs.2024.104625
https://doi.org/10.1016/B978-0-443-23974-8.00001-5
https://doi.org/10.1016/j.jclepro.2023.138568
https://doi.org/10.1016/j.heliyon.2024.e40944


[151] Buendía Azorín, J. D., Martínez Alpañez, R., del Mar Sánchez de la 
Vega, M. (2025). The vulnerability of regional agriculture regarding irrigation water 

from the Tagus-Segura transfer. Agricultural Water Management.  309, (31), 

109332. https://doi.org/10.1016/j.agwat.2025.109332 

[152] CB0BRE0, �.O., �o9:o, &.�., �e=4R3, �.I. (2003) Po7po1:0 <eBo48:8 
oFi=:8 =e1e7?eG=8E 284i2 4iS;P=ocBi ?po<8c;o28E ?i4?p8є<cB2. E>o?o7iO i 
pecGpc<. 7, 46-54. 

[153] Franco, T., Zorzal-Almeida, S., Sá, F., Bianchini, A., Dergam, J. A., 
Eskinazi-Sant'anna, E. M., Albino, J., Vieira, L. S., Magioni Santos, L. G., Lage 

Ribeiro, A. P., Bastos, A. C. (2024). Ex-post impact assessment on a large 

environmental disaster. Environmental Challenges. 15,  100889. 

https://doi.org/10.1016/j.envc.2024.100889 

[154] �o9:o, &.�., �e=4R3, �.I., �o<0p8cB0, �. . (2012). OFi=:0 p878:C 
?po<8c;o2o3o ?i4?p8є<cB20 =0 cB04iW ?poe:BC20==S 2 p0<:0E cBp0Be3iW cB0;o3o 
po728B:C. CEi8Ao-Є6poCe=cь><= :GpA4? Cepe8o6<I FeIAo?o7i=. 2, 14 (56), 133
17. 

[155] Sokolova, T., Krusir, G., Shunko, H., Korkach, H., Makarova, O., 

Tolstykh, V., Sokolova, V. (2024). Preparation and study of acid-base and ion-

exchange properties of biochar from waste coffee grounds. Ecological Engineering 

& Environmental Technology, 25(11), 3993409. 

https://doi.org/10.12912/27197050/193052 

[156] Krusir, G., Pylypenko, L., Sevastyanova, E., Mazurenko, K., 

Moshtakov, S., Shunko, H., Vitiuk, A., Shpyrko, T., Zdoryk, O. (2023). Isolation 

and characterization of pancreatic lipase inhibitor from rapeseed seeds. Journal of 

Chemistry and Technologies, 31 (2), 255-270 

https://doi.org/10.15421/jchemtech.v31i2.279214 

[157] Yalechko, V., Kochubey, V., Hnatyshyn, Y., Pavlovskyi, Y. (2016). 

<Thermal analysis of willow wood (Salix Viminalis),= Scientific Bulletin of UNFU, 

26(4), pp. 247-251, 2016. https://doi.org/10.15421/40260438 

[158] Yang, H., Yan, R., Chen, H., Lee, D.H., Zheng, C. (2007). 

<Characteristics of hemicellulose, cellulose and lignin pyrolysis,= Fuel, vol. 86, pp. 

1781-1788, 2007. https://doi.org/10.1016/j.fuel.2006.12.013  

 

 

 

https://doi.org/10.1016/j.agwat.2025.109332
https://doi.org/10.1016/j.envc.2024.100889
https://doi.org/10.12912/27197050/193052
https://doi.org/10.15421/jchemtech.v31i2.279214
https://doi.org/10.15421/40260438
https://doi.org/10.1016/j.fuel.2006.12.013


�"��&�� 

�>40B>: � 

�����$�*��!�� #�&�!& 

 



 
  



�>40B>: � 

PO�P�)'!O� �I�Ь�OC&I )�P+O��) �I�)O�I� PEC&OP�!' 

Oc:i;P:8 oc=o2=oR c8po28=oR 4;S 28po1=8FB20 1V>307C є E0pGo2i 

poc;8==i 2i4Eo48 70:;04i2 3>B5;P=>-pecBop0==o3o :><?;5:AC, <8 ?po2e;8 

po7p0EC=:8 <o6;82oW :i;P:ocBi E0pGo28E 2i4Eo4i2. 

#epH 70 2ce, 28:op8cBo2CRG8 40=i «�1ip=8:C peFe?BCp» <8 po7p0EC20;8 

2i4coBo: E0pGo28E 2i4Eo4i2, Io CB2opRєBPcS 7 4eS:8E 284i2 E0pGo2oW c8po28=8, 

Io =09G0cBiHe 28:op8cBo2CєBPcS 70:;040<8 3>B5;P=>-pecBop0==o3o 1i7=ecC. 

&01;8FS �.1 - Po7p0EC=o: % 2i4Eo4i2, Io CB2opRєBPcS 7 4eS:8E 284i2 

E0pGo2oW c8po28=8 
C8po28=0 �8Bp0B0 c8po28=8 % 2i4Eo4i2  

�pCBBo !eBBo 

02o:04o 0,193 0,141 26,9 

10:;060= 0,254 0,24 5,5 

409:o= 0,135 0,099 26,7 

7e;e=P ?eBpCH:8 0,026 0,014 46,2 

7e;e=P :po?C 0,052 0,026 50 

:0?CcB0 1i;o:oG0==0 0,822 0,66 19,7 

:0?CcB0 ?e:i=cP:0 0,601 0,5 16,8 

:0pBo?;S 0,293 0,209 28,7 

:opi=P i<18pC 0,076 0,049 35,5 

:opi=P ce;ep8 0,778 0,561 27,9 

;C: Gep2o=89 0,129 0,119 7,8 

7e;e=0 F81C;S 0,35 0,162 53,7 

F81C;S pi?G0cB0 0,61 0,485 20,5 

<op:20 0,2 0,158 21 

o3ip:8 c2i6i 0,158 0,151 4,4 

?epeFP 1o;30pcP:89 0,235 0,162 31,1 

?o<i4op8 c2i6i 0,298 0,276 7,4 

?o<i4op8 Geppi c2i6i 0,138 0,132 4,3 

pe48c c2i689 0,073 0,065 11 

pe4P:0 c2i60 0,763 0,611 19,9 

c0;0B 09c1ep3 0,879 0,609 30,7 

c0;0B �o;o-Pocco 0,218 0,195 10,6 

c0;0B p04iGGio 0,345 0,3 13 

c0;0B Po<0=o 0,487 0,4 17,9 



#po4o26e==S B01;. �1

c0;0B pC:o;0 0,093 0,059 36,6 

1CpS: 0,175 0,149 14,9 

cBe1;o ce;ep8 0,581 0,529 9 

FC:i=i 0,205 0,19 7,3 

G0c=8: c2i689 0,044 0,039 11,4 

?eGep8Fi c2i6i 0,205 0,2 2,4 

H?8=0B  0,32 0,14 56,3 

0=0=0c c2i689 1,175 1,16 1,3 

0?e;Pc8=  0,214 0,139 35 

10=0=8 G8Ie=i 0,229 0,142 38 

28=o3p04 0,54 0,492 8,9 

3pCHi 0,195 0,182 6,7 

:i2i 0,093 0,07 24,7 

;8<o=8 0,138 0,129 6,5 

<0=40p8= 0,295 0,242 18 

S1;C:0 c2i6i 0,38 0,341 10,3 

 

�8:op8cBo2CRG8 po7p0Eo20=i % 2i4Eo4i2, Io CB2opRєBPcS 7 4eS:8E 284i2 

E0pGo2oW c8po28=8, 0 B0:o6 40=i 72e4e=oW c8po28==oW 2i4o<ocBi �$�, 

po7p0ECє<o :i;P:icBP poc;8==8E E0pGo28E 2i4Eo4i2, Io CB2opRєBPcS =0 

?i4?p8є<cB2i 70 4e=P 

&01;8FS �. 2 - Po7p0EC=o: :i;P:icBP poc;8==8E E0pGo28E 2i4Eo4i2, Io 

CB2opRєBPcS =0 ?i4?p8є<cB2i 70 4e=P 
C8po28=0 % 2i4Eo4i2 �8Bp0B8 

c8po28=0 70 4e=P, 
:3 

�i4Eo48 70 4e=P, 
:3 

02o:04o 26,9 2,13 0,57297 

10:;060= 5,5 5,5 0,3025 

409:o= 26,7 2,8 0,7476 

7e;e=P ?eBpCH:8 46,2 0,34 0,15708 

7e;e=P :po?C 50 0,35 0,175 

:0?CcB0 1i;o:oG0==0 19,7 2,5 0,4925 

:0?CcB0 ?e:i=cP:0 16,8 3,5 0,588 

:0pBo?;S 28,7 28,32 8,12784 

:opi=P i<18pC 35,5 0,3 0,1065 

:opi=P ce;ep8 27,9 1,9 0,5301 

;C: Gep2o=89 7,8 2,4 0,1872 

7e;e=0 F81C;S 53,7 1,61 0,86457 



#po4o26e==S B01;. �2

F81C;S pi?G0cB0 20,5 18,8 3,854 

<op:20 21 17 3,57 

o3ip:8 c2i6i 4,4 5,7 0,2508 

?epeFP 1o;30pcP:89 31,1 20,95 6,51545 

?o<i4op8 c2i6i 7,4 17,23 1,27502 

?o<i4op8 Geppi c2i6i 4,3 3,8 0,1634 

pe48c c2i689 11 2,4 0,264 

pe4P:0 c2i60 19,9 2,9 0,5771 

c0;0B 09c1ep3 30,7 1,8 0,5526 

c0;0B �o;o-Pocco 10,6 0,6 0,0636 

c0;0B p04iGGio 13 0,7 0,091 

c0;0B Po<0=o 17,9 0,9 0,1611 

c0;0B pC:o;0 36,6 2,1 0,7686 

1CpS: 14,9 1,2 0,1788 

cBe1;o ce;ep8 9 0,8 0,072 

FC:i=i 7,3 3 0,219 

G0c=8: c2i689 11,4 5,97 0,68058 

?eGep8Fi c2i6i 2,4 6,5 0,156 

H?8=0B  56,3 1,3 0,7319 

0=0=0c c2i689 1,3 11,8 0,1534 

0?e;Pc8=  35 1,25 0,4375 

10=0=8 G8Ie=i 38 9,75 3,705 

28=o3p04 8,9 7,5 0,6675 

3pCHi 6,7 2,13 0,14271 

:i2i 24,7 1,9 0,4693 

;8<o=8 6,5 4,85 0,31525 

<0=40p8= 18 2,3 0,414 

S1;C:0 c2i6i 10,3 4,2 0,4326 

�cPo3o  
  

39,73 

 

OB6e 2 4e=P 2 �$� CB2opRєBPcS 1;87P:o 40 :3 poc;8==8E E0pGo28E 

2i4Eo4i2. �;S ?o40;PH8E po7p0EC=:i2 =0< =eo1Ei4=o ?epe2ecB8 2i4Eo48 

E0pGo2oW c8po28=8 7 <0co28E o48=8FP 28<ipC, 4o o1’є<=8E. *e <o6=0 7po18B8, 

S:Io 7=0B8, Io 2 cepe4=Po<C Ii;P=icBP 2i4Eo4i2 E0pGo2oW c8po28=8 c:;040є 

370 :3/<3. 

&0:8< G8=o<, poc;8==i E0pGo2i 2i4Eo48 Io cB2opRRBPcS 2 pecBop0=i 70 

4e=P = 39,7/370= 0,1074 <3 01o 107,4 ;. 



�;S ?o40;PH8E po7p0EC=:i2, 1C4e<o 22060B8, Io 2 cepe4=Po<C 70:;04 

3>B5;P=>-pecBop0==o3o 3oc?o40pcB20 cB2opRє 100 ; poc;8==8E E0pGo28E 2i4Eo4i2 

70 4e=P. 

�3i4=o 70:o=o402cB20 ':p0W=8, 70:;048 3>B5;P=>-pecBop0==o3o 

3oc?o40pcB20 ?o28==i o:pe<o 718p0B8 B0 CB8;i7C20B8 E0pGo2i 2i4Eo48 i 

oBp8<C20;8 0:B8 =0 CB8;i70FiR E0pGo28E 2i4Eo4i2. #po2e4e=89 =0<8 <o=iBop8=3 

?o:0702, Io CB8;i70FiS 1 :3 E0pGo28E 2i4Eo4i2 7 2840GeR 0:BC ?po?o=CєBPcS 70 

Fi=oR 2 3p= 70 1 :3 2i4Eo4i2. &0:8< G8=o< 70 pi: 0=0;i7o20=89 70:;04 70 

CB8;i70FiR poc;8==oW G0cB8=8 E0pGo28E 2i4Eo4i2 ?o28=e= c?;0B8B8: 

39,73*2*365/1000=29 B8c. 3p=. 

*i :oHB8 ?i4?p8є<cB2o <o6e 7e:o=o<8B8, S:Io 1C48 718p0B8 poc;8==i 

E0pGo2i 2i4Eo48 2 o:pe<89 10:, S:89 =040cBP 9o<C =0He ?i4?p8є<cB2o i 

?epe4020B8 Fe9 10: 2o4iR =0?p8:i=Fi po1oGo3o 4=S.
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