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:>@5;OFV9=8E 70;56=>AB59 <V6 :>=F5=B@0FVO<8 @5G>28= ;V28E ?@8B>: �=V?@0 

(�5A=0, %C;0, #A5;, �>@A:;0 B0 %0<0@0) C ?>AB0E A?>AB5@565==O 4;O 

2AB0=>2;5==O A:@8B>3> 3@04Vє=BC, 70 4>?><>3>N O:>3> 28O2;5=> B0 4>2545=> 

2?;82 28I5@>7B0H>20=8E ?@8B>: =0 @>7B0H>20=V =86G5. �AB0=>2;5=>, I> B>G:0 

7 <0:A8<0;ь=>N :>=F5=B@0FVєN E;>@84V2 7 @>:0<8 ?5@5<VICєBьAO, 0 4;O 

AC;ьD0BV2 7 2018 @>:C 4> 2024 @>:C B>G:0 7 <0:A8<0;ь=>N :>=F5=B@0FVєN 



7 

7=0E>48BьAO C <. �>15;O:8 #>;B02Aь:>W >1;. $>7@0E>20=V 7=0G5==O =0?@O<:C B0 

25;8G8=8 3@04Vє=B0 4>72>;ONBь AB25@46C20B8, I> VA=Cє 2?;82 =5 BV;ь:8 70 B5GVєN 

?@8B>:8, 0 V 2V4 28I5@>7B0H>20=>W ?@8B>:8 4> =86G5@>7B0H>20=>W. #>1C4>20=V 

V7>;V=VW ?>:070;8, I> B5=45=FVO 71V;ьH5==O :>=F5=B@0FVW E;>@84V2 C @VGFV �=V?@> 

70 B5GVєN 715@V30єBьAO 7 @>:0<8. �>@5;OFV9=V 70;56=>ABV <V6 2<VAB>< E;>@84V2 B0 

AC;ьD0BV2 28I5@>7B0H>20=8E ?@8B>: =0 ?@8B>:8, I> @>7B0H>20=V =86G5 70 

B5GVєN >A=>2=>W @VG:8 274>26 ?@8B>: ?V4B25@46CNBь VA=C20==O 2?;82C. 

�AB0=>2;5=>, I> 2?;82 @>7B0H>20=8E 28I5 ?@8B>: =0 =86G5@>7B0H>20=V 70 

?>AB0<8 A?>AB5@565=ь >?8ACєBьAO 5:A?>=5=FV0;ь=8< 70:>=><. #>1C4>20=0 

<0B5<0B8G=0 <>45;ь 4>72>;Oє ?@>3=>7C20B8 2?;82 28I5@>7B0H>20=8E ?@8B>: =0 

@>7B0H>20=V =86G5. "B@8<0=V @57C;ьB0B8 @>7@0EC=:V2 :@8B5@VN �>;<>3>@>20-

%<V@=>20, ,5@<0=0 B0 %BьN45=B0 4>72>;ONBь AB25@46C20B8, I> @>7@>1;5=0 

<>45;ь ?@>3=>7C20==O 5:>;>3VG=>3> AB0=C ?>25@E=528E 2>4=8E >1’є:BV2 

AC110A59=V2 �=V?@0 є =04V9=>N 9 5D5:B82=>N B0 <>65 1CB8 2?@>20465=0 ?V4 G0A 

@>7@0EC=:V2 @878:C 28=8:=5==O =04728G09=8E A8BC0FV9 ?@8@>4=>3> V B5E=>35==>3> 

E0@0:B5@C. �<>2V@=VABь B>3>, I> ?@>F5A 2?;82C @>7B0H>20=8E 28I5 ?@8B>: =0 

=86G5@>7B0H>20=V 70 ?>AB0<8 A?>AB5@565=ь <>6=0 >?8A0B8 5:A?>=5=FV0;ь=8< 

70:>=>< A:;040є 1V;ьH5 95 %. !0 >A=>2V 70AB>AC20==O 70?@>?>=>20=>W <0B5<0B8G=>W 

<>45;V ?@>2545=> ?>@V2=O;ь=C >FV=:C 2?;82C ;V28E ?@8B>: =0 5:>;>3VG=89 AB0= 

@VG:8 �=V?@> 7 C@0EC20==O< 2?;82C 28I5@>7B0H>20=>W ?@8B>:8 B0 7 C@0EC20==O< 

2?;82C 2V4 ?>?5@54=VE ?>ABV2 A?>AB5@565==O. $>7@>1;5=> @5:><5=40FVW I>4> 

C4>A:>=0;5==O <5B>48:8 >FV=:8, I> 107CєBьAO =0 70?@>?>=>20=V9 <0B5<0B8G=V9 

<>45;V B0 0;3>@8B<C C?@02;V=Aь:8E 4V9, I> 70AB>A>2Cє <0B5<0B8G=C <>45;ь, 4;O 

70157?5G5==O «4>1@>3>» AB0=C ?>25@E=52>3> 2>4=>3> >1'є:BC (?@8B>:8 B0 3>;>2=0 

@VG:0) C @0<:0E <56CNG8E AC110A59=V2. 

!0C:>20 =>287=0 >B@8<0=8E @57C;ьB0BV2. 
– GC9DL9 4>2545=> =5>1EV4=VABь 2@0EC20==O 2?;82C ?@8B>: 70 B5GVєN 

>A=>2=>W @VG:8 =0 WW 5:>;>3VG=89 AB0= H;OE>< 7030;ь=>W V ?>2=>W >FV=:8 AB0=C 

AC110A59=V2 3>;>2=>W 2>4=>W 0@B5@VW; 
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– GC9DL9 4>A;V465=> 2?;82 35>3@0DVG=> 28I5@>7B0H>20=>W ?@8B>:8 =0 

@>7B0H>20=C =86G5 70 B5GVєN >A=>2=>W @VG:8 70 4>?><>3>N A:@8B>3> 3@04Vє=BC, 

O:89 >1C<>2;5=89 @V7=8F5N :>=F5=B@0FV9 @5G>28=; 

– GC9DL9 @>7@>1;5=> <0B5<0B8G=C <>45;ь ?@>3=>7C20==O 7<V=8 

5:>;>3VG=>3> AB0=C ?>25@E=52>3> 2>4=>3> >1’є:BC C <560E AC110A59=C, O:0 

4>72>;Oє ?@>3=>7C20B8 2?;82 35>3@0DVG=> 28I5@>7B0H>20=>W ?@8B>:8 =0 

@>7B0H>20=C =86G5 70 B5GVєN >A=>2=>W @VG:8 C @0<:0E <56CNG8E AC110A59=V2; 

– G8BE>BA4?9AB <5B>48:C ?@>3=>7C20==O B5E=>35==>3> 2?;82C =0 @VG:C 

�=V?@> H;OE>< 28O2;5==O 70:>=><V@=>AB59 2?;82C ?@8B>: =0 7<V=C 5:>;>3VG=>3> 

AB0=C 3>;>2=>W 2>4=>W 0@B5@VW; 

– G8BE>BA4?9AB ?V4EV4 4> 0=0;V7C 5:>;>3VG=>3> AB0=C ?>25@E=52>3> 

2>4=>3> >1’є:BC, O:89 =0 2V4<V=C 2V4 VA=CNG8E 2@0E>2Cє 2?;82 28I5@>7B0H>2=>W 

?@8B>:8 =0 @>7B0H>20=C =86G5 70 B5GVєN >A=>2=>W @VG:8 C <560E AC110A59=C; 

– A45G?4 CB84?ьLB7B DB;6<F>G <5B>48:0 :><?;5:A=>W >FV=:8 

5:>;>3VG=>3> AB0=C ?>25@E=52>3> 2>4=>3> >1’є:B0, O:0 4>72>;Oє @0=6C20B8 WE 70 

740B=VABN 4> ?5@5=>AC 701@C4=NNG8E @5G>28= 2 <560E AC110A59=. 

#@0:B8G=5 7=0G5==O >B@8<0=8E @57C;ьB0BV2 ?>;O30є C @>7@>1FV 
<5B>48:8 :><?;5:A=>W ?>@V2=O;ь=>W >FV=:8 O:>ABV 2>4 ?>25@E=528E 2>4=8E 

>1’є:BV2, O:0 4>72>;Oє @0=6C20B8 WE 70 740B=VABN 4> ?5@5=>AC 701@C4=NNG8E 

@5G>28= C <560E AC110A59=C B0 70A=>20=0 =0 28:>@8AB0==V <>45;V ?@>3=>7C20==O 

7<V=8 5:>;>3VG=>3> AB0=C ?>25@E=528E 2>4=8E >1’є:BV2 C <560E AC110A59=C 

70AB>A>20=0 �>;>2=8< C?@02;V==O< 7 @503C20==O =0 =04728G09=V A8BC0FVW �' �%!% 

':@0W=8 C �0?>@V7ь:V9 >1;0ABV 4;O ?V428I5==O >?5@0B82=>ABV @503C20==O =0 

=04728G09=V A8BC0FVW ?@8@>4=>3> E0@0:B5@C (0:B 2?@>20465==O 2V4 12.06.2024 @.). 

#@>3=>7=0 <>45;ь 7<V=8 5:>;>3VG=>3> AB0=C ?>25@E=528E 2>4=8E >1’є:BV2 C 

<560E AC110A59=C, I> 4>72>;Oє 2@0E>2C20B8 2?;82 28I5@>7B0H>20=8E 

?>25@E=528E 2>4=8E >1’є:BV2 =0 @>7B0H>20=V =86G5 70 B5GVєN >A=>2=>W 2>4=>W 

0@B5@VW B0 =0 WW 5:>;>3VG=89 AB0= 70 >1<565=89 ?5@V>4 G0AC, H;OE>< @0=6C20==O WE 

70 740B=VABN 4> ?5@5=>AC 701@C4=NNG8E @5G>28= 1C;0 2?@>20465=0 ?V4 G0A 
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@>7@>1;5==O ?@>5:B=>W 4>:C<5=B0FVW 2 ?@>5:B=><C V=AB8BCBV #@�& «%C<Aь:89 

?@><?@>5:B» (0:B 2?@>20465==O 2V4 15.08.2024 @.). 

$5:><5=40FVW I>4> 70AB>AC20==O <>45;V, O:0 4>72>;Oє ?@>3=>7C20B8 7<V=8 

5:>;>3VG=>3> AB0=C ?>25@E=52>3> 2>4=>3> >1’є:BC C <560E AC110A59=C H;OE>< 

C@0EC20==O 2?;82C 35>3@0DVG=> 28I5@>7B0H>20=>3> ?>25@E=52>3> 2>4=>3> >1’є:BC 

=0 @>7B0H>20=89 =86G5 70 B5GVєN >A=>2=>W 2>4=>W 0@B5@VW B0 =0 WW 5:>;>3VG=89 AB0=, 

B0 є >A=>2>N @>7@0EC=:V2 @878:C 28=8:=5==O =04728G09=8E A8BC0FV9 ?@8@>4=ь>3> 

V B5E=>35==>3> E0@0:B5@C 1C;8 2?@>20465=V C =02G0;ь=89 ?@>F5A :0D54@8 

B5E=>;>3V9 70E8ABC =02:>;8H=ь>3> A5@54>28I0 =02G0;ь=>-=0C:>2>3> V=AB8BCBC 

C?@02;V==O B0 157?5:8 =0A5;5==O !0FV>=0;ь=>3> C=V25@A8B5BC F82V;ь=>3> 70E8ABC 

':@0W=8. 

 5B>48G=V @>7@>1:8 I>4> 70AB>AC20==O <0B5<0B8G=>W <>45;V 

?@>3=>7C20==O 5:>;>3VG=>3> AB0=C ?>25@E=52>3> 2>4=>3> >1’є:BC H;OE>< 

2@0EC20==O 2?;82C 28I5@>7B0H>20=>W ?@8B>:8 =0 @>7B0H>20=C =86G5 70 B5GVєN 

>A=>2=>W @VG:8 C <560E AC110A59=C �=V?@0 7 <5B>N @50;V70FVW 10A59=>2>3> 

?@8=F8?C C?@02;V==O 2>4=8<8 @5AC@A0<8, O:0 4>72>;Oє ?@>3=>7C20B8 28=8:=5==O 

=04728G09=8E A8BC0FV9 ?@8@>4=>3> V B5E=>35==>3> E0@0:B5@C B0 WE =0A;V4:V2 1C;8 

2?@>20465=V C =02G0;ь=><C ?@>F5AV :0D54@8 F82V;ь=>W B0 ?@><8A;>2>W 157?5:8 

V<5=V �5@>O ':@0W=8 +C10 ".%. D0:C;ьB5BC 5:>;>3VG=>W 157?5:8, V=65=5@VW B0 

B5E=>;>3V9 �5@602=>3> C=V25@A8B5BC «�8є2Aь:89 02V0FV9=89 V=AB8BCB». 

$>7@>1;5=> @5:><5=40FVW I>4> C4>A:>=0;5==O <5B>48:8 >FV=:8, I> 

107CєBьAO =0 70?@>?>=>20=V9 <0B5<0B8G=V9 <>45;V B0 0;3>@8B<C C?@02;V=Aь:8E 4V9, 

I> 70AB>A>2Cє <0B5<0B8G=C <>45;ь, I>4> 70157?5G5==O «4>1@>3>» AB0=C 

?>25@E=52>3> 2>4=>3> >1'є:BC (?@8B>:8 B0 3>;>2=0 @VG:0) C @0<:0E <56CNG8E 

AC110A59=V2. 

�;NG>2V A;>20: ?>25@E=5289 2>4=89 >1’є:B, A:@8B89 3@04Vє=B, V7>;V=VW, 
5:>;>3VG=89 AB0=, 10A59=>289 ?@8=F8? C?@02;V==O, <>=VB>@8=3, E;>@848, 

AC;ьD0B8, 2?;82 ?@8B>:, ?@>3=>7C20==O 
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%#�%"� #'�����&�� ��"�'��'� �� &� ". ��%�$&�&�� 

 

!0C:>2V ?@0FV, C O:8E >?C1;V:>20=V >A=>2=V =0C:>2V @57C;ьB0B8 

48A5@B0FVW:  
 

%B0BBV C =0C:>28E D0E>28E 2840==OE ':@0W=8, I> 2E>4OBь 4> 
<V6=0@>4=8E =0C:><5B@8G=8E 107: 

1. �>A;V465==O 7<V=8 5:>;>3VG=>3> AB0=C @VG:8 #A5; / %.�. �>20;5=:> B0 
V=. !0C:>2>-B5E=VG=89 6C@=0; «&5E=>35==>-5:>;>3VG=0 157?5:0». )0@:V2, 2021. 

�8?. 10(2/2021). %. 45–51. doi: 10.52363/2522-1892.2021.2.7 (�:;NG5=> 4> 

<V6=0@>4=8E =0C:><5B@8G=8E 107 Ulrichsweb (Ulrich’s Periodicals Directory), 

Index Copernicus, Academic Research Index – ResearchBib). 

З8B5G64KG BEB5<EFB A4?9:<Fь 4A4?V; ;@VA< O>BEFV 6B8< DVK>< �E9? ;4 

CB>4;A<>4@< 6@VEFG ;45DG8ANNK<I D9KB6<A A4 CBEF4I ECBEF9D9:9AAO F4 

6<O6?9AAO F9A89AJVW 8B CB7VDL9AAO =B7B 9>B?B7VKAB7B EF4AG.  

2. �:>;>3VG=0 >FV=:0 =091V;ьH>W ?@8B>:8 @VG:8 �=V?@> 2 <560E ':@0W=8 / 

%. �. �>20;5=:> B0 V=. '>D4WAEь><= :GDA4? 5G8V6A<JF64 F4 4DIVF9>FGD<. 

�=V?@>. 2022. № 4 (010). %. 65–75. doi: 10.30838/J.BPSACEA.2312.250822.65.879 

(�:;NG5=> 4> <V6=0@>4=8E =0C:><5B@8G=8E: Universal Impact Factor, Open 

Academic Journal Index, Directory, Indexing of International Research Journals 

(CiteFactor).). 

З8B5G64KG BEB5<EFB A4?9:<Fь 6<;A4K9AAO CDBEFBDB6B-K4EB6<I 

F9A89AJV= ;@VA< DB;CB8V?G >BAJ9AFD4JV= BEAB6A<I ;45DG8ANNK<I D9KB6<A G 

CB69DIA96B@G 6B8AB@G B5’є>FV, 6<O6?9AB F9A89AJVN 8B CB7VDL9AAO 9>B?B7VKAB7B 

EF4AG. 

3. �=0;V7 2V4><8E <5B>48: 287=0G5==O V=45:AC O:>ABV 2>48, I> ?@840B=V 

4;O ?@>3=>7C20==O 5:>;>3VG=>3> AB0=C ?>25@E=528E 2>4=8E >1’є:BV2 / %. �. 
�>20;5=:> B0 V=. �4G>B6B-F9IAVKA<= :GDA4? «&9IAB79AAB-9>B?B7VKA4 59;C9>4». 

)0@:V2, 2023. 13(1/2023). %. 68–74. doi:10.52363/2522-1892.2023.1.9 (�:;NG5=> 



11 

4> <V6=0@>4=8E =0C:><5B@8G=8E 107 Ulrichsweb (Ulrich’s Periodicals Directory), 

Index Copernicus, Academic Research Index – ResearchBib). 

З8B5G64KG BEB5<EFB, A4 BEAB6V ?VF9D4FGDAB7B B7?O8G, A4?9:<Fь 

6<;A4K9AAO C9D9647 F4 A98B?V>V6 VA89>EV6 O>BEFV F4 VA89>EV6 ;45DG8A9AAO 6B8<, MB 

;4EFBEB6GNFьEO 6 '>D4WAV A4 E6VFV F4 59;CBE9D98AьB CDB6989AAO DB;D4IGA>V6 

VA89>EV6 8?O CB69DIA96<I 6B8A<I B5’є>FV6 '>D4WA< 8?O 6<;A4K9AAO >4F97BDVW 

O>BEFV 6B8< F4 CD<K<A ;45DG8A9AAO.  

4. �>20;5=:> %. �. �?;82 >1<V=C ґ@C=B>28<8 2>40<8 <V6 ?@8B>:0<8 =0 
5:>;>3VG=C O:VABь 2>4 ?>25@E=528E 2>4=8E >1’є:BV2. !0C:>2>-B5E=VG=89 6C@=0; 

«&5E=>35==>-5:>;>3VG=0 157?5:0». )0@:V2, 2023. 14(2/2023). %. 98–103. doi: 

10.52363/2522-1892.2023.2.10 (�:;NG5=> 4> <V6=0@>4=8E =0C:><5B@8G=8E 107 

Ulrichsweb (Ulrich’s Periodicals Directory), Index Copernicus, Academic Research 

Index – ResearchBib). 

5. �>20;5=:> %. �.  0B5<0B8G=0 <>45;ь ?@>3=>7C20==O 7<V=8 
5:>;>3VG=>3> AB0=C ?>25@E=528E 2>4=8E >1’є:BV2 7 C@0EC20==O< 2?;82C 

28I5@>7B0H>20=8E ?@8B>:. !0C:>2>-B5E=VG=89 6C@=0; «&5E=>35==>-5:>;>3VG=0 

157?5:0». )0@:V2, 2024. 16(2/2024). %.46–53. doi: 10.52363/2522-1892.2024.2.7 

(�:;NG5=> 4> <V6=0@>4=8E =0C:><5B@8G=8E 107 Ulrichsweb (Ulrich’s Periodicals 

Directory), Index Copernicus, Academic Research Index – ResearchBib). 

 

!0C:>2V ?@0FV, O:V 70A2V4GCNBь 0?@>10FVN <0B5@V0;V2 48A5@B0FVW: 
 

6. �>20;5=:> %.�., #>=><0@5=:> $.�. �>A;V465==O 7<V=8 5:>;>3VG=>3> 
AB0=C @VG:8 #A5;. �:BC0;ь=V ?@>1;5<8 157?5:8 =0 B@0=A?>@BV, 2 5=5@35B8FV, 

V=D@0AB@C:BC@V: <0B5@V0;8 �  V6=0@>4=>W =0C:>2>-?@0:B8G=>W :>=D5@5=FVW, <. 

)5@A>=: <>@Aь:89 V=AB8BCB V<5=V :>=B@-04<V@0;0 (.(. 'H0:>20, 8–11 25@5A=O 

2021 @. %. 368–371. ((>@<0 CG0ABV – 70>G=0). 

З8B5G64KG BEB5<EFB A4?9:<Fь 4A4?V; ;@VA< O>BEFV 6B8< DVK>< �E9? ;4 

CB>4;A<>4@< 6@VEFG ;45DG8ANNK<I D9KB6<A A4 CBEF4I ECBEF9D9:9AAO F4 

6<O6?9AAO F9A89AJVW 8B CB7VDL9AAO =B7B 9>B?B7VKAB7B EF4AG. 
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7. , R. Ponomarenko, O. Tretyakov, Ye. Ivanov. Identification of New 

Temporal-Spatial and Seasonal Trends in the Ecological Status of Surface Water 

Bodies8 / S. Kovalenko et al. Modern Scientific Research: Achievements, Innovations 

and Development Prospects: The 12th International scientific and practical conference, 

Berlin, Germany, May 22–24, 2022. P. 177–183. ((>@<0 CG0ABV – 70>G=0). 

З8B5G64KG BEB5<EFB A4?9:<Fь 6<;A4K9AAO CDBEFBDB6B-K4EB6<I 

F9A89AJV= ;@VA< DB;CB8V?G >BAJ9AFD4JV= BEAB6A<I ;45DG8ANNK<I D9KB6<A G DVKJV 

�BDE>?4 F4 6<O6?9AAO F9A89AJVW 8B CB7VDL9AAO 9>B?B7VKAB7B EF4AG. 

8. �>20;5=:> %.�., #>=><0@5=:> $.�., �A>Fь:89 �.�. �87=0G5==O 
5:>;>3VG=>3> AB0=C @VG:8 %0<0@0. !04728G09=V A8BC0FVW: 157?5:0 B0 70E8AB: 

<0B5@V0;8 XI� �A5C:@0W=Aь:>W =0C:>2>-?@0:B8G=>W :>=D5@5=FVW 7 <V6=0@>4=>N 

CG0ABN, <. +5@:0A8: +�#� V<. �5@>W2 +>@=>18;O !'*� ':@0W=8, 27–28 6>2B=O 

2022 @. %. 99–100. ((>@<0 CG0ABV – 70>G=0). 

З8B5G64KG BEB5<EFB A4?9:<Fь 4A4?V; ;@VA< O>BEFV 6B8< DVK>< %4@4D4 ;4 

CB>4;A<>4@< 6@VEFG ;45DG8ANNK<I D9KB6<A A4 CBEF4I ECBEF9D9:9AAO F4 

6<O6?9AAO F9A89AJVW 8B CB7VDL9AAO =B7B 9>B?B7VKAB7B EF4AG. 

9. �>20;5=:> %.�., #>=><0@5=:> $.�., �0@<>D0; Є.�. �:>;>3VG=89 AB0= 
10A59=C @VG:8 %C;0. «#@>1;5<8 ?>656=>W 157?5:8 2022» («Fire Safety Issues 
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ABSTRACT 

 

Kovalenko S.A. Improvement of the basin-based approach to managing the 

ecological state of surface water bodies (a case study of the Dnipro sub-basins). – A 

Qualification Thesis as a Manuscript. 

Dissertation for the degree of Doctor of Philosophy in specialty 183 – 

Environmental Protection Technologies – National University of Civil Protection of 

Ukraine, State Emergency Service of Ukraine, Cherkasy, 2025. 

The dissertation addresses a significant scientific and practical problem in the 

field of environmental protection technologies: increasing the level of reliability of the 

assessment of the ecological state of a surface water body by taking into account the 

impact of an upstream tributary on a downstream tributary within the sub-basin on the 

change in the ecological state of the main waterway of Ukraine. 

In the first chapter, "ANALYSIS OF EXISTING METHODS FOR 

ASSESSING THE IMPACT OF ANTHROPOGENIC PRESSURE ON THE 

ECOLOGICAL SAFETY LEVEL OF SURFACE WATER BODIES WITHIN A 

RIVER BASIN," an analysis of water resource management practices in Ukraine and 

abroad is presented. Examples include the application of water resource management 

principles in the European Union, specifically in the Rhine River basin. Screening 

monitoring of pollutants in the Dnipro River basin in Ukraine was conducted for the 

first time in 2020, supported by European partners, though this is a common practice 

in EU countries. Based on water samples collected at monitoring stations along the 

Dnipro River and its tributaries, the primary pollutants were identified, and it was 
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found that concentrations of cadmium, copper, nickel, and zinc exceeded permissible 

limits. The study emphasizes that assessing the water quality of surface water bodies 

within a single administrative region is insufficient for determining their ecological 

condition. Therefore, adopting a basin-wide approach, as legislated, is crucial. A 

review of modern methods for assessing water quality suitable for predicting the 

ecological condition of surface waters in Ukraine and abroad reveals that these methods 

aim to simplify calculations and facilitate interpretation of water quality monitoring 

data and subsequent predictions of water quality changes over time. The chapter 

discusses the advantages and limitations of various approaches, including composite 

ecological assessments of surface water quality, pollution indices, entropy water 

quality indices, combinatorial pollution indices, Horton’s Water Quality Index, the 

Canadian Council of Ministers of the Environment Water Quality Index, and the 

Oregon Water Quality Index. It is noted that the evaluation results from these indices 

can assign the same water bodies to different quality classes, complicating assessments. 

An analysis of domestic and international literature highlights the use of artificial 

intelligence methods, mathematical models, and geographic information system 

databases for predicting the ecological condition of water bodies. Research findings 

from Ukraine and other countries indicate that Ukrainian surface water bodies face 

continuous anthropogenic pressure, with municipal enterprises being the primary 

polluters. It was established that the effects of upstream tributaries on downstream ones 

have not been studied sufficiently, particularly regarding the influence of the chemical 

composition of tributaries on the ecological state of the main river. 

In the second chapter, "OBJECT AND METHODS OF THE 

DISSERTATION RESEARCH," the object, subject, and methods used in the study to 

achieve its aims and address the main tasks are outlined. The importance of researching 

surface water bodies during wartime is analyzed. The chapter provides an overview of 

interactive maps such as "Monitoring and Environmental Assessment of Ukraine's 

Water Resources (Map of Exceeding MPC Indicators at Observation Posts)" and 

"Clean Water" concerning river pollution in Ukraine. Their strengths and weaknesses 

are identified, and suggestions for improving their accuracy in assessing the ecological 
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state of surface water bodies are proposed. Additionally, methods for mathematical 

data processing are presented, with the primary techniques aimed at ensuring maximum 

reliability of results, using Microsoft Excel software packages. 

In the third chapter, "ASSESSMENT OF THE IMPACT OF 

ANTHROPOGENIC PRESSURE ON THE ECOLOGICAL STATE OF SURFACE 

WATER BODIES," research findings from 2016 to 2024 are presented. These findings 

evaluate indicators such as chlorides, sulfates, phosphates, nitrates, nitrites, and 

ammonium ions in the left tributaries of the Dnipro River: Desna (Desna sub-basin), 

Sula, Psel, Vorskla (Middle Dnipro sub-basin), and Samara (Lower Dnipro sub-basin), 

based on data from the interactive map of Ukraine's State Agency for Water Resources. 

Water Pollution Indices (WPI), Water Quality Indices (WQI), and Entropy Water 

Quality Indices (EI) were calculated for the tributaries analyzed. For the Desna River, 

the WQI is 1.16; for the Sula River, the WQI is 1.28; for the Psel River, the WQI is 

1.03; for the Vorskla River, the WQI is 1.10; and for the Samara River, the WQI is 

1.45. The data obtained show that the water quality of the tributaries corresponds to 

class III (respectively, <moderately polluted=), i.e. they are under significant 

anthropogenic impact, the level of which is close to the limit of ecosystem 

sustainability, and also tend to steadily deteriorate the ecological state of surface water 

bodies. The obtained values of the entropy indices of water quality for rivers indicate 

that the main pollutants are nitrites and ammonium ions. The value of the entropy index 

of water quality for the Desna River at stations 1, 3, 4, 6 is 0.55; at station 2 is 0.25; at 

station 5 is 0.37. The structure of the water system is dominated by order. The value of 

the entropy index of water quality for the Sula River for station 1 is 1.90, for station 

2 is 1.00, for station 3 is 0.45, for station 4 is 0.93. The value of the entropy index of 

water quality for the Psel River for station 1 is 0.45, for station 2 is 0.69, for station 

3 is 1.40, for stations 4 and 5 is 1.44, for station 6 is 1.08. The value of the entropy 

index of water quality of the Vorskla River for post 1 is 1.45, for post 2 is 2.00, for post 

3 is 1.91, for post 4 is 1.34. The value of the entropy index of water quality for the 

Samara River for station 1 is 2.00, for station 2 is 1.33, for station 3 is 2.32. Chaos 

prevails in the structure of water systems. The results of the study showed that, in 
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general, the quality of the studied rivers in the Dnipro basin is low in terms of WQI, 

which indicates that the water can be used for drinking only after primary treatment 

and subsequent disinfection. In the Desna River at stations 5 and 6, the Sula River at 

station 4, the Vorskla River at station 4, and the Samara River at station 3, the water 

quality is very low, meaning that it can be used for drinking only after primary and 

secondary treatment. The Sula (posts 1, 2), Psyol (posts 1, 2), and Vorskla (post 1) 

rivers have good water quality, i.e., it can be used for drinking only after disinfection. 

The impact of the left tributaries on the ecological state of the Dnipro was studied 

separately. The results showed that the content of sulfates and chlorides, nitrates and 

ammonium ions in the Desna, Sula, Psel, Vorskla and Samara rivers affect the 

ecological status of the Dnipro River over the years. For the Desna, only in 2022 is a 

dilution process observed for sulfates. Intense chloride pollution occurred in 2016, 

2018-2019, and 2024. The Sula River is heavily polluted with sulfates, chlorides, and 

nitrates. Only in 2022, a dilution process is observed for nitrates. In the Psel River, the 

process of dilution of ammonium ions is observed during the studied years, and the 

trend of pollution with chlorides, sulfates, and nitrates continues. The Vorskla and 

Samara rivers are constantly polluted with sulfates and chlorides. In the Vorskla River, 

a dilution process is observed for ammonium ions and nitrates from 2018 to 2024. In 

the Samara River, the dilution process is observed in 2017–2019 for ammonium ions 

and in 2023 for nitrates. Thus, it was found that additional pollution with chlorides, 

sulfates, and nitrates occurs through surface runoff, which leads to changes in the 

chemical composition of the Dnipro water. The trend of chloride and sulfate pollution 

has been maintained over the years, but the level of pollution may depend on the 

volume of wastewater discharged by enterprises and the content of pollutants in it to 

surface water bodies. The increase in water pollution of the Dnipro River by chlorides 

due to the influence of the left tributary Desna is 1.9%, and by sulfates is 4.2%; due to 

the influence of the left tributary Sula, the pollution by chlorides is 13.8%, and by 

sulfates is 14.8%; the increase in pollution of the main river by chlorides due to the 

influence of the left tributary Psel is 16.5%, and by sulfates is 14.8%; the increase in 

pollution of the Dnipro River by sulfates due to the influence of the left tributary 
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Vorskla is 12.4%, and by chlorides is 13.4%; the increase in pollution of the Dnipro 

River by sulfates due to the influence of the left tributary Samara is 37.4%, and by 

chlorides is 27.4%. The findings confirm the importance of studying the impact of left 

tributaries on the water quality of the main river. 

In the fourth chapter, "IMPACT OF THE DNIPRO'S LEFT TRIBUTARIES 

ON THEIR ECOLOGICAL STATE UNDER THE BASIN MANAGEMENT 

PRINCIPLE", the existence of internal flows ensuring the influence of upstream 

tributaries on downstream ones was established by constructing and analyzing isolines 

of chloride and sulfate concentrations using the open-source GIS software QGIS 

(Quantum GIS – https: //www. qgis.org/), Correlation dependencies between the 

concentrations of substances in the left tributaries of the Dnipro (Desna, Sula, Psel, 

Vorskla, and Samara) at observation posts were also examined. It was found that the 

location of the maximum chloride concentration shifts over time, while the maximum 

sulfate concentration remained consistently in Kobeliaky, Poltava Region, from 2018 

to 2024. Calculated gradient directions and magnitudes indicate influence not only 

along the tributary's flow but also from upstream tributaries to downstream ones. The 

constructed isolines demonstrated a persistent trend of increasing chloride 

concentrations in the Dnipro River along its flow. Correlations between the chloride 

and sulfate contents in upstream tributaries and those located downstream confirm the 

existence of such influence. It was determined that the influence of upstream tributaries 

on downstream ones, as observed at monitoring posts, follows an exponential law. A 

mathematical model was developed to forecast the impact of upstream tributaries on 

those located downstream. Results of Kolmogorov-Smirnov, Sherman, and Student's 

statistical tests confirm that the developed model for predicting the ecological state of 

surface water bodies in the Dnipro sub-basins is reliable and effective. It can be applied 

to calculate risks associated with natural and anthropogenic emergencies. The 

probability that the influence of upstream tributaries on downstream ones can be 

described by an exponential law exceeds 95%. Using the proposed mathematical model, 

a comparative assessment of the impact of the Dnipro's left tributaries on its ecological 

state was conducted, considering both the influence of upstream tributaries and the 
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effects observed at preceding monitoring posts. Recommendations were developed to 

enhance the ecological safety of the Dnipro River. 

Scientific Novelty of the Results. 

For the first time, the need to take into account the impact of tributaries 

downstream of the main river on its ecological state through a general and complete 

assessment of the state of sub-basins of the main waterway was proved. 

For the first time, the influence of a geographically upstream tributary on a 

downstream tributary of the main river was studied using a hidden gradient caused by 

the difference in substance concentrations. 

For the first time, a mathematical model for predicting changes in the ecological 

state of a surface water body within a sub-basin was developed, which allows 

predicting the impact of a geographically upstream tributary on the downstream of the 

main river within the bordering sub-basins. 

The methodology for predicting the anthropogenic impact on the Dnipro River 

was improved by identifying the patterns of influence of tributaries on changes in the 

ecological state of the main waterway. 

An improved approach to analyzing the ecological status of a surface water 

body, which, unlike the existing ones, takes into account the impact of an upstream 

tributary on the downstream main river within a sub-basin. 

The methodology for comprehensive assessment of the ecological status of a 

surface water body was further developed, which allows ranking them by their ability 

to transfer pollutants within a sub-basin. 

Practical Significance of the Results.

The practical significance of the results obtained is the development of a 

methodology for a comprehensive comparative assessment of water quality of surface 

water bodies, which allows them to be ranked by their ability to transfer pollutants 

within the subbasin and is based on the use of a model for predicting changes in the 

ecological state of surface water bodies within the subbasin, which was applied by the 

Main Department for Emergency Response of the State Emergency Service of Ukraine 

in Zaporizhzhia region to improve the efficiency of response to natural emergencies. 
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A predictive model of changes in the ecological state of surface water bodies 

within the sub-basin, which allows taking into account the impact of upstream surface 

water bodies on downstream ones of the main waterway and its ecological state for a 

limited period of time by ranking them by their ability to transfer pollutants, was 

implemented during the development of project documentation at the design institute 

of Sumy Industrial Project. 

Recommendations for the application of a model that allows predicting changes 

in the ecological state of a surface water body within a sub-basin by taking into account 

the impact of a geographically upstream surface water body on the downstream main 

waterway and its ecological state, and is the basis for calculating the risk of natural and 

man-made disasters, were introduced into the educational process of the Department 

of Environmental Protection Technologies of the Educational and Research Institute 

of Management and Public Safety of the National University of Civil Protection of 

Ukraine. 

Methodical developments on the application of a mathematical model for 

predicting the ecological state of a surface water body by taking into account the 

influence of an upstream tributary on a downstream main river within the Dnipro sub-

basin in order to implement the basin principle of water management, which allows 

predicting the occurrence of natural and man-made emergencies and their 

consequences, were introduced in the educational process of the Department of Civil 

and Industrial Safety named after the Hero of Ukraine Chub O.S. of the Faculty of 

Environmental Safety, Engineering and Technology of the State University <Kyiv 

Aviation Institute=. 

Recommendations were developed to improve the assessment methodology 

based on the proposed mathematical model and algorithm for managing actions that 

uses a mathematical model to ensure the <good= condition of a surface water body 

(tributaries and the main river) within the bordering sub-basins. 

Keywords: surface water body, hidden gradient, isolines, ecological condition, 

basin management principle, monitoring, chlorides, sulfates, tributary impact, 

forecasting 
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n – :V;ь:VABь @57C;ьB0BV2 EV<VG=>3> 0=0;V7C 70 i-N @5G>28=>N 2 j-<C 

AB2>@V 70 ?5@V>4 G0AC, I> @>73;O40єBьAO, 2 O:8E WE 2<VAB G8 7=0G5==O ?5@528ICNBь 

2V4?>2V4=V ���; ij
n  – 7030;ь=0 :V;ь:VABь @57C;ьB0BV2 EV<VG=>3> 0=0;V7C 70 ?5@V>4 

G0AC, I> @>73;O40єBьAO, 70 i-N @5G>28=>N 2 j-<C AB2>@V. 

�0;V @>7@0E>2CєBьAO A5@54=є 7=0G5==O :@0B=>ABV ?5@528I5==O ��� (1.7), 

@>7@0E>2CєBьAO 70 @57C;ьB0B0<8 0=0;V7C ?@>1, 45 A?>AB5@V30єBьAO ?5@528I5==O. ' 

@07V 28O2;5==O ?V4 G0A 0=0;V7C ?@>1 7=0G5==O :>=F5=B@0FVW 701@C4=NNG>W 

@5G>28=8 =86G>W 70 ��� B0:V @57C;ьB0B8 =5 2@0E>2CNBьAO ?V4 G0A @>7@0EC=:V2. 

 

'

ij

n

1f
ifj

'

ij
n

"
ij

õ
=

ò
=ò , (1.7) 

 

45 iifjifj
���%=ò  – :@0B=VABь ?5@528I5==O ��� 70 i-N @5G>28=>N 2 f-<C 

@57C;ьB0BV EV<VG=>3> 0=0;V7V 4;O j-3> AB2>@C; ifj
C  – :>=F5=B@0FVO i-W @5G>28=8 2 f-

<C @57C;ьB0BV EV<VG=>3> 0=0;V7C 4;O j-3> AB2>@C, <3/4<3. 

�;O 287=0G5==O :@0B=>ABV ?>@CH5==O =>@<0B82C @>7G8=5=>3> C 2>4V 

:8A=N 28:>@8AB>2CNBь D>@<C;C (1.8) 

 

fiO

O

fiO

2

2

2 C

���
=ò . (1.8) 

 

'7030;ь=5=89 >FV=>G=89 10; S 70 :>6=>N @5G>28=>N @>7@0E>2CєBьAO 70 

D>@<C;>N (1.9) 

ijijij
SSS òñ = , (1.9) 

 



51 

45 ij
Sñ  – G0AB8==89 >FV=>G=89 10; 70 ?>2B>@N20=VABN 28?04:V2 

701@C4=5==O i-W @5G>28=>N 2 j-<C AB2>@V 70 ?5@V>4 G0AC, I> @>73;O40єBьAO; ij
Sò  – 

G0AB8==89 >FV=>G=89 10; 70 :@0B=VABN ?5@528I5==O ��� i-N @5G>28=>N 2 j-<C 

AB2>@V 70 ?5@V>4 G0AC, I> @>73;O40єBьAO. 

�VB0;Vє< �57A>==8<, $><0=>< #>=><0@5=:><, ";53>< &@5BьO:>28< B0 V=. 

1C;> 28:>@8AB0=> :><1V=0B>@=89 V=45:A 701@C4=5=>ABV 2>48 ( j
S ) 4;O 

4>A;V465==O O:>ABV 2>48 �=V?@>2Aь:>3> 2>4>AE>28I0, O:89 @>7@0E>2C202AO 

73V4=> 7 D>@<C;>N (1.10) [30] 

 

õ
=

=
jN

1i
iijj

wSS , (1.10) 

 

45 ij
S  – C7030;ь=5=89 >FV=>G=89 10; 70 :>6=>N @5G>28=>N; j

N  – 

:V;ь:VABь @5G>28=, I> 2@0E>2CNBьAO 2 >FV=FV; i
w  – 203>2V :>5DVFVє=B8, I> 

2@0E>2CNBь 7=0G8<VABь V-B>W @5G>28=8.  

#5@52030<8 28:>@8AB0==O Fь>3> ?V4E>4C є <>6;82VABь 28:>@8AB>2C20B8 

<>45;ь 4;O >FV=:8 O:>ABV 2>48 C 1C4ь-O:8E C<>20E, 2:;NG0NG8 ?@8@>4=V 

2>4>9<8, <VAь:V 2>4>?@>2>48, ?@><8A;>2V AB>:8 B>I>; 2@0E>2C20B8 2AV 

701@C4=NNGV @5G>28=8, O:V <VABOBьAO 2 2>4V, V =5 70;568Bь 2V4 2V4?>2V4=>ABV 

?52=>3> 701@C4=N20G0 AB0=40@B0<. �> =54>;V:V2 <>6=0 2V4=5AB8 2V4ACB=VABь 

є48=>3> AB0=40@BC 4;O 287=0G5==O :><1V=0B>@=>3> V=45:AC 701@C4=5==O 2>48, I> 

<>65 ?@8725AB8 4> @V7=8E @57C;ьB0BV2, >B@8<0=8E @V7=8<8 <5B>40<8; ?V4 G0A 

@>7@0EC=:V2 28:>@8AB>2CNBьAO ;8H5 :>=F5=B@0FVW @5G>28=, 0;5 =5 2@0E>2CєBьAO 

B>:A8G=VABь >:@5<8E @5G>28= 01> WE :><1V=0FVW [21]. 

' A2VBV 4>A8Bь @>7?>2AN465=8<8 C 28:>@8AB0==V є <>48DV:>20=V <>45;V 

V=45:AC O:>ABV 2>48 )>@B>=0 (WQI), O:0 1C;0 @>7@>1;5=0 C 1960-E @>:0E V 

@>7@0E>2Cє 45AOBь ?0@0<5B@V2, O:V 22060NBьAO 206;828<8 4;O 1V;ьH>ABV 2>4=8E 

>1’є:BV2 (@>7G8=5=89 :8A5=ь, pH, 5;5:B@>?@>2V4=VABь, ;C6=VABь, E;>@84, B>I>). 

�=45:A O:>ABV 2>48 )>@B>=0 є <5B>4>< >FV=:8 O:>ABV 2>48 2 @VG:0E, >75@0E B0 
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V=H8E 2>4=8E 5:>A8AB5<0E. *59 V=45:A 107CєBьAO =0 @O4V ?0@0<5B@V2 2>48, B0:8E 

O: @>7G8=5=89 :8A5=ь, pH, B5<?5@0BC@0 B0 @V25=ь 701@C4=5==O, V 287=0G0єBьAO 70 

D>@<C;>N, I> 2:;NG0є FV ?0@0<5B@8. !0FV>=0;ь=8< D>=4>< A0=VB0@VW 1C;> 

C4>A:>=0;5=> V=45:A O:>ABV 2>48 )>@B>=0 (NSF-WQI), O:89 H8@>:> 

28:>@8AB>2CєBьAO 4;O @>7@0EC=:C >FV=:8 O:>ABV 2>48 @VG>:, 2>4>AE>28I, 

?V475<=8E 2>4, >75@ [31–34]. �0=89 V=45:A O:>ABV 2>48 40є <>6;82VABь 

C7030;ь=8B8 7=0G5==O ?0@0<5B@V2 2 >48=, 0 B0:>6 >FV=8B8 7<V=8, O:V 2V41C;8Aь V7 

O:VABN 2>48 =0 @V7=V9 B5@8B>@VW B0 @>7@0E>2CєBьAO 70 D>@<C;>N (1.11)  

 

õ
=

=
n

1i
ii

WQWQI , (1.11) 

 

45 i
Q  – 7=0G5==O 4;O i-3> ?0@0<5B@0 O:>ABV 2>48; i

W  – 203>20 >FV=:0 

?0@0<5B@C; n – :V;ь:VABь ?0@0<5B@V2 O:>ABV 2>48.  

 

100
S

V
Q

i

i

i
÷÷
ø

ö
÷÷
ø

ö
= , (1.12) 

 

45 i
V – D0:B8G=0 :>=F5=B@0FVO V-3> ?>:07=8:0; i

S  – ��� V-3> ?>:07=8:0. 

 

õ
=




=

n

1i
i

i

i
W , (1.13) 

 

45 i
 – 2030 ?0@0<5B@0 >15@=5=> ?@>?>@FV9=0 @5:><5=4>20=><C ���. 

�;O NSF-WQI 7=0G5==O >FV=:8 O:>ABV 2>48 1C;8 287=0G5=V B0:V 4V0?07>=8: 

O:VABь 2>48 2V4<V==0 (NSF-WQI = 91 – 100); O:VABь 2>48 E>@>H0 (NSF-WQI = 71 – 

90); 2>40 A5@54=ь>W O:>ABV (NSF-WQI = 51 – 70); 2>40 ?>30=>W O:>ABV (NSF-WQI = 

26 – 50); O:VABь 2>48 4C65 ?>30=0 (NSF-WQI = 0 – 25).  
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�0 4>?><>3>N C4>A:>=0;5=>3> V=45:AC 701@C4=5==O 2>48 (IWPI) 02B>@0<8 

1C;> 287=0G5=> ?@>AB>@>2>-G0A>2C 48=0<V:C O:>ABV 2>48 10A59=C @VG:8 %>=EC0, 

I> ?@>BV:0є B5@8B>@VєN �8B0N [35]. �=45:A 701@C4=5==O 2>48 (WPI) B0 

C4>A:>=0;5=89 V=45:A 701@C4=5==O 2>48 (IWPI) <>6=0 @>7@0EC20B8 70 

D>@<C;0<8 (1.14) B0 (1.15) 2V4?>2V4=> 

 

( ) ( ) ( ) ( )
( ) ( ) 20

iCliCh

iCliC
iWPIliWPI 

−
−

+=  (1.14) 

 

( )iWPIwIWPI
n

1i
i
=õ

=
, (1.15) 

 

45 ( )iC  – D0:B8G=0 :>=F5=B@0FVO V-3> ?>:07=8:0; ( )iCl  B0 ( )iCh  – =86=є B0 

25@E=є 3@0=8G=V 7=0G5==O V-3> ?>:07=8:0 2V4?>2V4=>; ( )iWPIl  – =86=є 3@0=8G=5 

7=0G5==O WPI i-3> ?>:07=8:0, i = 1, ⋯, n; i
w – 2030 V-3> ?>:07=8:0.  

�> ?5@5203 <5B>4C <>6=0 2V4=5AB8, B5 I> 40=0 <5B>48:0 <>65 1CB8 

70AB>A>20=0 4;O @V7=8E 2>4>9<; H8@>:5 70AB>AC20==O C A2VBV 40є <>6;82VABь  

?>@V2=N20B8 >B@8<0=V @57C;ьB0B8 7 @57C;ьB0B0<8 V=H8E 4>A;V465=ь; 40є 

<>6;82VABь ?V4 G0A @>7@0EC=:V2 28:>@8AB>2C20B8 2V4=>A=> ?@>ABV ?0@0<5B@8 

(@>7G8=5=89 :8A5=ь, pH, 5;5:B@>?@>2V4=VABь, ;C6=VABь, E;>@84 B>I>). 

!54>;V:8 – ?V4 G0A @>7@0EC=:C V=45:AC )>@B>=0 <>6;82> 28:>@8AB0B8 ;8H5 10 

?0@0<5B@V2, I> >1<56CNBь 740B=VABь >FV=8B8 2AV <>6;82V 0A?5:B8 O:>ABV 2>48, 

B0:V O: =0O2=VABь @V7=8E 701@C4=NNG8E @5G>28= V 10:B5@V9, @V7=><0=VB=VABь 

2>4=8E 5:>A8AB5<; ?V4 G0A @>7@0EC=:C =5 2@0E>2CNBьAO <VAF52V C<>28, B0:V O: 

35>3@0DVG=5 ?>;>65==O, :;V<0B, ;0=4H0DB, B0 V=HV D0:B>@8, I> <>6CBь 2?;8=CB8 

=0 O:VABь 2>48; 40є 7030;ь=C >FV=:C O:>ABV 2>48, 0;5 =5 =040є ?>2=>W V=D>@<0FVW 

?@> >:@5<V 701@C4=NNGV @5G>28=8 01> 465@5;0 701@C4=5==O 2>48 [21].  

�=45:A O:>ABV 2>48 %0W40 (WQI) 1C2 70AB>A>20=89 4;O >FV=:8 O:>ABV 2>48 

@VG:8 �V3-�>AB-$825@ 2 HB0BV �940E>, %,� [31, 36]. �>3> <>6=0 70AB>A>2C20B8 

4;O >FV=:8 O:>ABV 2>48 7030;ь=>3> 28:>@8AB0==O, ?@>B5 7=0G5==O V=45:AC =5 
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2:07Cє =0 701@C4=5==O <V:@>5;5<5=B0<8 <5B0;V2, >@30=VG=8<8 701@C4=5==O<8 B0 

B>:A8G=8<8 @5G>28=0<8. 

 

( )
( ) ( ) ( ) ( ) ú

ú
û

ù

ú
ú
û

ù

+
=

5,0
10000

fecal
15,0TP

2

SC14,015Turbi8,3

DO
logWQI  (1.16) 

 

45 DO, Turbi, TP, fecal, SC – 7=0G5==O @>7G8=5=>3> :8A=N, :0;0<CB=>ABV, 

7030;ь=>3> 2<VABC D>AD0BV2, :8H:>28E ?0;8G>: V 5;5:B@>?@>2V4=VABь 2V4?>2V4=>. 

�> ?5@5203 28:>@8AB0==O V=45:AC O:>ABV 2>48 %0W40 <>6=0 2V4=5AB8 B5, I> 

>B@8<0=5 7=0G5==O 4>72>;Oє 287=0G8B8 B5=45=FVW 2 7<V=V O:>ABV 2>48 7 G0A><; 

<>65 1CB8 28:>@8AB0=89 4;O >FV=:8 O:>ABV 2>4=8E 5:>A8AB5< 1C4ь-O:>3> 

<0AHB01C (2V4 <0;8E AB02:V2 4> 25;8:8E @VG>: B0 >75@). !54>;V:0<8 28:>@8AB0==O 

40=>3> V=45:AC є B5, I> >FV=NєBьAO O:VABь 2>48 2Aь>3> 70 ?’OBь<0 >A=>2=8<8 

?>:07=8:0<8: 7=0G5==O @>7G8=5=>3> :8A=N, :0;0<CB=>ABV, 7030;ь=>3> 2<VABC 

D>AD0BV2, :8H:>28E ?0;8G>: V 5;5:B@>?@>2V4=>ABV, O:V =5 2@0E>2CNBь V=HV 

<>6;82V 703@>78 4;O 74>@>2’O B0 157?5:8 2>48, B0:V O: =0O2=VABь EV<VG=8E 

701@C4=N20GV2; =5 2@0E>2CєBьAO A57>==0 48=0<V:0 O:>ABV 2>48 [21]. 

�=45:A O:>ABV 2>48 70?@>?>=>20=89 :0=04Aь:>N @04>N <V=VAB@V2 

=02:>;8H=ь>3> A5@54>28I0 (CCME) <>6=0 70AB>AC20B8 2>4=8<8 035=BAB20<8 

:@0W= 7 ?52=8<8 <>48DV:0FVO<8 [33, 37]. *59 <5B>4 1C2 @>7@>1;5=89 4;O >FV=:8 

?>25@E=528E 2>4 4;O 70E8ABC 2>4=8E >@30=V7<V2.  

 

732,1

FFF
100WQICCMRE

2

3

2

2

2

1
++

−=−  (1.17) 

 

45 1
F  – :V;ь:VABь 7<V==8E, FV;V O:8E =5 4>AO3=CBV; 2

F  – :V;ь:VABь @07V2, :>;8 

FV;V =5 4>AO30NBьAO; 3
F  – 25;8G8=0, =0 O:C FV;V =5 4>AO30NBьAO, 1,732 – :>5DVFVє=B 

<0AHB01C20==O. 
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�;O CCME-WQI 7=0G5==O >FV=:8 O:>ABV 2>48 1C;8 287=0G5=V B0:V 

4V0?07>=8: O:VABь 2>48 2V4<V==0 (CCME-WQI = 95 – 100); O:VABь 2>48 E>@>H0 

(CCME-WQI = 80  –94); 2>40 2V4?>2V4=>W O:>ABV (CCME-WQI = 60 – 79); 2>40 

3@0=8G=>W O:>ABV (CCME-WQI I = 45 – 59); 2>40 ?>30=>W O:>ABV (CCME-WQI = 

= 0 – 44). 

�> ?5@5203 <5B>4C <>6=0 2V4=5AB8, B5 I> 4;O @>7@0EC=:C 40=>3> V=45:AC 

<>6=0 28:>@8AB>2C20B8 @V7=V ?0@0<5B@8 7 @V7=8<8 >48=8FO<8 28<V@N20==O; 

<>6;825 ?@54AB02;5==O @V7=><0=VB=8E 7<V==8E 2 >4=5 7=0G5==O, 3=CG:VABь C 

281>@V 28EV4=8E 40=8E B0 FV;59. !54>;V:>< 28:>@8AB0==O 40=>3> V=45:AC є B5, I> 

1
F  =5 1C45 @>7@0E>20=> =0;56=8< G8=><, O:I> 28:>@8AB0=> 70=04B> <0;> 40=8E 

4;O @>7@0EC=:C, GCB;82VABь @57C;ьB0BV2 1
F , 2

F , 3
F  [21]. 

�;O 0=0;V7C B0 V45=B8DV:0FVW 465@5; 701@C4=5==O O:>ABV @VG:>2>W 2>48 2 

AC110A59=0E �8B0N @>7@>1;5=> V=45:A O:>ABV 2>48 2 AC110A59=V 2 ?52=><C @>FV  

( it
WQI ) (1.18) B0 70AB>A>20=> :><?;5:A=89 V=45:A >FV=:8 O:>ABV 2>48 (WQI) [37]:  

 

itti

'

itndomestic5industrial4

eaquacultur3livestock2ncultivatio10it

x

WQI

itit

ititit

õ+ô+ý+ò+ò+ò+

+ò+ò+ò+ò=
 (1.18) 

 

45 
itncultivatio1

ò – 701@C4=5==O 2V4 :C;ьB820FVW 2 AC110A59=V C @>FV t; 
itlivestock2

ò  – 

701@C4=5==O 2V4 B20@8==8FB20 2 AC110A59=V C @>FV t; 
iteaquacultur3

ò  – 701@C4=5==O 2V4 

0:20:C;ьBC@8 2 AC110A59=V C @>FV t; 
iteaquacultur3

ò  – 701@C4=5==O 2V4 ?@><8A;>28E 

?V4?@8є<AB2 2 AC110A59=V C @>FV t; 
iteaquacultur3

ò – ?>1CB>25 701@C4=5==O 2 AC110A59=V 

C @>FV t; '

itn
xò – 7<V==0, I> 2:;NG0є 2 A515 B5<?5@0BC@C B0 >?048, O:VABь 2>48 C 

AC110A59=V 28I5 70 B5GVєN; i
ý – @53V>=0;ь=89 DV:A>20=89 5D5:B, O:89 :>=B@>;Nє 

@53V>=0;ь=V E0@0:B5@8AB8:8, =0 O:V 2?;820NBь B>?>3@0DVO B0 35>3@0DVO, =0E8; 

3>;>2=>3> @CA;0 B0 CE8; ACHV; t
ô  – 5D5:B, O:89 :>=B@>;Nє E0@0:B5@8AB8:8, O:V 

7<V=NNBьAO 7 G0A><; it
õ  – ?>E81:0, O:0 287=0G0є O:VABь 2>48. 
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#5@52038: 40є 7<>3C >FV=8B8 7030;ь=89 AB0= 2>4=>3> A5@54>28I0 2 

?52=><C AC110A59=V 70 :>=:@5B=89 ?5@V>4 G0AC; <>6=0 287=0G8B8 =091V;ьH 

?@>1;5<=V 4V;O=:8 B0 @>7@>18B8 5D5:B82=V 70E>48 4;O ?>:@0I5==O O:>ABV 2>48. 

!54>;V:8: =5<0є 7030;ь=>W A8AB5<8 AB0=40@BV2 4;O >FV=:8 O:>ABV 2>48, B><C 

V=45:A O:>ABV 2>48 <>65 28:>@8AB>2C20B8AO ?>-@V7=><C 2 @V7=8E :@0W=0E B0 

@53V>=0E; <>65 1CB8 =54>AB0B=ь> B>G=8< 4;O 287=0G5==O @V2=O 701@C4=5==O 2>48, 

>A>1;82> O:I> VA=CNBь A:;04=V EV<VG=V B0 1V>;>3VG=V ?@>F5A8, O:V 2?;820NBь =0 

O:VABь 2>48 [21]. 

�><?;5:A=89 V=45:A >FV=:8 O:>ABV 2>48 (WQI) (1.19) 4;O 28<V@N20==O 

O:>ABV 2>48 10A59=C [38]: 

 

( )

õ

õ

=

==
n

1i
i

n

1i
ii

P

PC
WQI  (1.19) 

 

45 i
C  – :>=F5=B@0FVO ?0@0<5B@C; i

P  – 2030 V-3> ?0@0<5B@C.  

�=45:A 701@C4=5==O !5<5@>20 (NPI) 1C;> 70AB>A>20=> 4;O 287=0G5==O 

O:>ABV ?>25@E=528E 2>4 ?@8B>:, I> ?@>BV:0NBь C <VABV )>H8<V= C �’єB=0<V [39]  

 

i

i

L

c
WQINPI =−  (1.20) 

 

45 i
A – :>=F5=B@0FVO V-3> ?0@0<5B@C; i

L  – ��� V-3> ?0@0<5B@C.  

�;O 287=0G5==O O:>ABV 2>48 ?>25@E=528E 2>4=8E >1’є:BV2, O:V @>7B0H>20=V 

=0 ?V2=VG=><C 70E>4V �8B0N 1C;> C4>A:>=0;5=> V=45:A !5<5@>20 B0:8< G8=><, 

I> 2V= 2@0E>2Cє <0:A8<0;ь=V B0 A5@54=V 7=0G5==O >:@5<>3> D0:B>@0 B0 >B@8<0=> 

D>@<C;C (1.21) [40]: 

2

S

C

S

C

WQINPI

2

maxi

i

2

meani

i

÷÷
ø

ö
÷÷
ø

ö
+÷÷

ø

ö
÷÷
ø

ö

=−  (1.21) 
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45 i
C  – :>=F5=B@0FVO <V:@>5;5<5=B0 C 7@07:C 2>48; i

S – B01;8G=5 7=0G5==O 

?>:07=8:0 O:>ABV 2>48. 
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V=B5@0:B82=>W :0@B8 ':@0W=8 

 

���$ ':@0W=8 225;> 2 4VN V=B5@0:B82=C :0@BC « >=VB>@8=3 B0 5:>;>3VG=0 

>FV=:0 2>4=8E @5AC@AV2 ':@0W=8» (�0@B0 «#5@528I5==O ��� ?>:07=8:V2 O:>ABV 

2>48 =0 ?>AB0E A?>AB5@565==O» (davr.gov.ua)). �=B5@0:B82=0 :0@B0 ':@0W=8 

701@C4=5=>ABV @VG>: 40є <>6;82VABь >FV=8B8 O:VABь 2>48 C >1@0=><C @VG:>2><C 

10A59=V 70 2:070=8<8 701@C4=NNG8<8 @5G>28=0<8. !0 :0@BC =0=5A5=> ?>=04 400 

?C=:BV2 :>=B@>;N O:>ABV 2>48. !0 :0@BV <>6;82> 2V4AB568B8 40=V <>=VB>@8=3C 

?>25@E=528E 2>4=8E >1’є:BV2 70 ?52=89 ?@><V6>: G0AC 70 >A=>2=8<8 

?>:07=8:0<8, B0:8<8 O:, =VB@8B8 B0 =VB@0B8, D>AD0B8, A8=B5B8G=V ?>25@E=52>-

0:B82=V @5G>28=8, AC;ьD0B8, E;>@848 B0 V=HV, 0 B0:>6 B0:8E ?0@0<5B@V2 O: 

1V>;>3VG=5 B0 EV<VG=5 A?>6820==O :8A=N, :8A5=ь @>7G8=5=89.  

!0 40=89 <><5=B =54>;V:>< V=B5@0:B82=>W :0@B8 701@C4=5=>ABV @VG>: 

':@0W=8 «+8AB0 2>40» (+8AB0 2>40 (texty.org.ua)) є B5, I> 2V4AB56CNG8 =0 3@0DV:C 

A:848 701@C4=NNG8E @5G>28= C ?>25@E=52V 2>4=V >1’є:B8 =5 2:070=V WE 

:>=F5=B@0FVW; 5:>;>3VG=89 AB0= O:>ABV ?>25@E=528E 2>4=8E >1’є:BV2 =5 2AVE @VG>: 

<>6=0 ?@>0=0;V7C20B8. �=B5@0:B82=0 :0@B0 701@C4=5=>ABV @VG>: ':@0W=8 є 

:>@8A=>N B0 0:BC0;ь=>N, B0: O: 40=V =0=5A5=V 70 >AB0==V ?’OBь @>:V2. !54>;V:>< 

V=B5@0:B82=>W :0@B8 « >=VB>@8=3 B0 5:>;>3VG=0 >FV=:0 2>4=8E @5AC@AV2 ':@0W=8» 

є B5, I> =0 ?>AB0E A?>AB5@565==O 2=5A5=V 40=V :>=F5=B@0FV9 701@C4=NNG8E 

@5G>28= 7 =5@53C;O@=8< ?@><V6:>< C G0AV, B><C 1C;> ?@89=OB> @VH5==O 

A:>@8AB0B8Aь D>@<C;>N (2.1) 4;O >B@8<0==O 1V;ьH H8@>:>3> 4V0?07>=C 40=8E. 

 

12

itit

it
tt

CC
C 12

−
−

= , (2.1) 

 

45 it
C  – :>=F5=B@0FVO i->W 701@C4=NNG>W @5G>28=8 2 ?52=89 45=ь 

@>:C, <3/4<3; 
12 itit

C,C  – :>=F5=B@0FVW 701@C4=NNG8E @5G>28= C 2V4><V 4=V 

@>:C, <3/4<3; 12
tt −  – @V7=8FO G0AC <V6 2V4><8<8 40B0<8, 4=V. 

http://monitoring.davr.gov.ua/EcoWaterMon/GDKMap/Index
http://monitoring.davr.gov.ua/EcoWaterMon/GDKMap/Index
https://texty.org.ua/water/
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�=D>@<0FVO, O:C =0=5A5=> =0 :0@BC 7=0E>48BьAO C 2V;ь=><C 4>ABC?V. �>65= 

1060NG89 <>65 ?@>0=0;V7C20B8 AB0= @VG>: C A2>W9 <VAF52>ABV 70 2:070=89 ?5@V>4 

G0AC, ?V4?@8є<AB20 <>6CBь 2V4AB568B8 O:VABь ?>25@E=528E 2>4=8E >1’є:BV2, O:V 

=5>1EV4=V 4;O 28:>@8AB0==O C B5E=VG=8E ?@>F5A0E. �=B5@0:B82=0 :0@B0 

701@C4=5=>ABV @VG>: ':@0W=8 є :>@8A=>N 4;O 5:>;>3V2, =0C:>2FV2, 3@><04Aь:8E 

0:B82VABV2, >@30=V2 <VAF52>3> A0<>2@O4C20==O B0 4;O 70FV:02;5=8E 3@><04O=. �;O 

1V;ьH 45B0;ь=>3> 4>A;V465==O O:>ABV 2>4 A5@54=VE B0 <0;8E @VG>: 4>FV;ь=> 

2AB0=>28B8 4>40B:>2V ?C=:B8 A?>AB5@565==O.  

 

2.3 "FV=:0 =04V9=>ABV >B@8<0=8E @57C;ьB0BV2 

 

"B@8<0=V 40=V >1@>1;5=> 73V4=> 7 @5:><5=40FVO<8  V6=0@>4=>3> %>N7C 

G8AB>W V ?@8:;04=>W EV<VW (International Union of Pure and Applied Chemistry – 

IUPAC) 70 <5B>40<8 287=0G5==O 9 D>@<8 ?>7=0G5==O ?><8;>: V 2V4E8;5=ь, 

>45@60=8E ?V4 G0A <0A>28E 0=0;VB8G=8E 4>A;V465==OE [99]. 

%5@54=є 0@8D<5B8G=5 @57C;ьB0BV2 4>A;V465=ь 287=0G0єBьAO 70 D>@<C;>N 

(2.2): 

 

õ
=

=
+++

=
n

1i
i

n21 x
n

1

n

xxx
x


 (2.2) 

 

45 n – 7030;ь=0 :V;ь:VABь 4>A;V465=ь; E – @57C;ьB0B8 >:@5<>3> 

4>A;V465==O; V – ?>B>G=89 =><5@ 4>A;V465==O. 

�8A?5@AVO A5@54=VE 7=0G5=ь (2.3):  

 

( ) ( )
2nn

yyxx

s
21

n

1i

2

i

n

1i

2

i

21

−+

−+−
=

õõ
==

 (2.3) 

 

45 2nn
21
−+ – G8A;> ABC?5=V2 A2>1>48 :>6=>3> 4>A;V465==O; 
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%B0=40@B=5 2V4E8;5==O >:@5<>3> @57C;ьB0BC (2.4):  

( )
1n

xx

s

n

1i

2

i

−

−
=

õ
=  (2.4) 

 

%B0=40@B=5 2V4E8;5==O A5@54=ь>3> @57C;ьB0BC (A5@54=O :204@0B8G=0 

?><8;:0 A5@54=ь>3> 0@8D<5B8G=>3>) @>7@0E>2CєBьAO 70 D>@<C;>N (2.5):  

 

( )
( )1nn

xx

n

s
s

n

1i

2

i

x −

−
==

õ
=  (2.5) 

 

&>G=VABь 287=0G5==O A5@54=ь>3> @57C;ьB0BC: 

 

x
stE = ñ , (2.6) 

 

45 t  – :>5DVFVє=B %BьN45=B0. 

�V4=>A=0 ?>3@VH=VABь A5@54=ь>3> @57C;ьB0BC: 

 

100
x

E
=ô   (2.7) 

 

�V4B2>@N20=VABь 4>A;V4V2 ?5@52V@OєBьAO 70 :@8B5@Vє< %BьN45=B0 [100]: 

 

( ) B01;

2

2

1

2@>7 t
yx

yx

n

s

n

s

yx
t ü

−
−

=
+

−
=  (2.8) 

 

45 2s  – 48A?5@AVO A5@54=VE 7=0G5=ь, O:0 @>7@0E>2CєBьAO 70 D>@<C;>N (2.3); 

yx −  – @V7=8FO A5@54=VE 7=0G5=ь 281V@:8; B01;t  – B01;8G=5 7=0G5==O :@8B5@VN 

%BьN45=B0 4;O 5%-3> @V2=O 7=0G8<>ABV. 
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#@>F5A 22060єBьAO 2V4B2>@N20=8< 70 C<>28 28:>=0==O =5@V2=>ABV (2.8), B>4V 

O: 1C4ь-O:5 7=0G5==O %BьN45=B0, O:5 >B@8<0=> @>7@0EC=:>28< H;OE>< 70 40=8<8 

5:A?5@8<5=BV2, <5=H5 9>3> B01;8G=>3> 7=0G5==O. 

"A>1;82VABь 70AB>AC20==O :@8B5@VN %BьN45=B0 ?V4 G0A >1@>1:8 @57C;ьB0BV2 

4>A;V465==O ?>;O30є C =5>1EV4=>ABV 28:>=0==O C<>28: =>@<0;ь=89 E0@0:B5@ 

@>7?>4V;C 40=8E, I> 282G0NBьAO.  

�3V4=> 7 B5>@VєN 9<>2V@=>ABV B0 70AB>AC20==O :@8B5@VW2 ?5@52V@:8 3V?>B57 ?@> 

284 AB0B8AB8G=>3> @>7?>4V;C 1C;> >1@0=> :@8B5@V9 �>;<>3>@>20-%<V@=>20 

(<>6;82> 70AB>AC20B8, C @07V O:I> :V;ь:VABь A?>AB5@565=ь =5>1<565=0 V 

=52?>@O4:>20=0) B0 ,5@<0=0 (70AB>AC20==O <>6;825 O:I> =52?>@O4:>20=0 281V@:0 

B0 48A?5@A=V 40=V 281V@:8), =0 2V4<V=C 2V4 :@8B5@VW2 ,0?V@>–'V;:0 G8 (VH5@0 [100].  

/: <V@0 @>71V6=>ABV <V6 5<?V@8G=8< V B5>@5B8G=8< 70:>=0<8 @>7?>4V;C 

281@0=> <0:A8<0;ь=5 7=0G5==O D <>4C;O @V7=8FV <V6 5<?V@8G=>N DC=:FVєN 

@>7?>4V;C ( )xF  V 281@0=>N B5>@5B8G=>N DC=:FVєN @>7?>4V;C ( )xFT 70 :@8B5@Vє< 

�>;<>3>@>20-%<V@=>20 : 

 

( ) ( )xFxFmaxD T −=  (2.9) 

 

!570;56=> 2V4 283;O4C ?5@5410GC20=>W DC=:FVW @>7?>4V;C =5?5@5@2=>W 

28?04:>2>W 25;8G8=8 X C @07V =5>1<565=>3> 71V;ьH5==O :V;ь:>ABV =570;56=8E 

28<V@N20=ь n V<>2V@=VABь =5@V2=>ABV ünD  =01;860єBьAO 4> <56V 

9<>2V@=>ABV ( )üP , I> 4>@V2=Nє: 

 

( ) ( )õ


=

ü−−−=ü
k

k2k 22

e11P  (2.10) 

 

$VH5==O I>4> 3V?>B578 ?@> 70:>= @>7?>4V;C ?@89<0NBь 42><0 A?>A>10<8: 

1) O:I> 4;O 7040=>W 9<>2V@=>ABV P, ( )Püüü , B> ?@89<0єBьAO 3V?>B570 ?@> 

B5, I> 70:>= @>7?>4V;C ( )xF  2V4?>2V40є >1@0=><C ( )xFT
; 
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2) 70 >1G8A;5=8< 7=0G5==O< » 70 D>@<C;>N (10) 287=0G0NBь V<>2V@=VABь 

( )üP O: V<>2V@=VABь B>3>, I> 70 @0EC=>: 28?04:>28E ?@8G8= <0:A8<0;ь=0 

@>71V6=VABь <V6 5<?V@8G=>N V B5>@5B8G=>N DC=:FVO<8 @>7?>4V;C 1C45 =5 

<5=H>N 2V4 >B@8<0=>W 70 @57C;ьB0B0<8 28<V@N20=ь. "B65, O:I> 9<>2V@=VABь 

( )üP  4>A8Bь 25;8:0, B> 3V?>B57C ?@> 2V4?>2V4=VABь 5:A?5@8<5=B0;ь=>3> @>7?>4V;C 

( )xF  B5>@5B8G=><C ( )xFT A;V4 @>73;O40B8 O: ?@024>?>4V1=C, I> =5 AC?5@5G8Bь 

5:A?5@8<5=B0;ь=8< 40=8< [100]. 

%B0B8AB8:0 :@8B5@VN ,5@<0=0 287=0G0єBьAO 70 D>@<C;>N (2.11) 
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xx
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1i
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õ
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−
=  (2.11) 

 

45 n – :V;ь:VABь A?>AB5@565=ь. 

%B0B8AB8:0 :@8B5@VN ,5@<0=0 704>2V;ь=> 0?@>:A8<CєBьAO =>@<0;ь=8< 

@>7?>4V;>< V7 A5@54=V< ( )
n

wM  V 48A?5@AVєN ( )
n

wD , 45  

 

( ) 36788,0
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 (2.12) 
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 (2.13) 

&0:8< G8=><, 28?04:>20 25;8G8=0 ( ) ( )
( )

n

nn*

wD

wMw
nw

−
=  <0є AB0=40@B=89 

=>@<0;ь=89 @>7?>4V;, 4;O O:>3> <>6=0 70AB>AC20B8 5D5:B82=C =>@<0;ь=C 

0?@>:A8<0FVN: 

 

( )1u
n

0955,0
uw~ 2

n
−−=  (2.14) 
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45 .
605,0

1n2431,0

n2

1
13679,0w

u
n

÷
ø
ö

÷
ø
ö


−

÷
ø
ö

÷
ø
ö −−

=   

�0 C<>28 pn
uw~  7 4>2V@G>N 9<>2V@=VABN P 3V?>B570 5:A?>=5=FV9=>ABV 

?@89<0єBьAO ( p
u  – B01;8G=5 7=0G5==O).  

�>4=>G0A ?><8;:0 4>A;V4C (G8 48A?5@AVO 2V4B2>@N20=>ABV) 

@>7@0E>2CєBьAO V7 28:>@8AB0==O< :@8B5@VN $><0=>2Aь:>3>: 

 

( )Vt
s

xx
t

i

ñ
−

=  (2.15) 

45 x  – A5@54=є 7=0G5==O @O4C 157 «?V4>7@V;>3>» 7=0G5==O; S – >FV=:0 %�� 

A5@54=ь>:204@0B8G=5 2V4E8;5==O; @57C;ьB0BV2 157 «?V4>7@V;>3>» 7=0G5==O; 

( )Vtñ – <>48DV:>20=89 :>5DVFVє=B %BьN45=B0; 

 

( ) ( )
n

1n
tVt

+
= ññ  

 

υ – :V;ь:VABь ABC?5=V2 2V;ь=>ABV, υ = n – 1. 

�>5DVFVє=B8 @53@5AVW @>7@0E>2CNBьAO 70 D>@<C;0<8:  

 

õ
=

=
N

1j
j0

y
N

1
b  (2.16) 

 

õ
=

=
N

1j
j0

y
N

1
b  (2.17) 

 

õ
=

=
N

1j
jjmjiim

yyx
N

1
b , 45 ( )m1  (2.18) 

 

�;O 2AB0=>2;5==O 7=0G8<>ABV :>5DVFVє=BV2 A?>G0B:C @>7@0E>2CєBьAO 

>FV=:0 48A?5@AVW, 7 O:>W 2>=8 287=0G0NBьAO:  



74 

n

s
s

2

x2

b
=  (2.19) 

 

'AV :>5DVFVє=B8 @>7@0E>2CNBьAO 7 >4=0:>2>N ?>3@VH=VABN 7024O:8 

?>2=><C D0:B>@=><C 5:A?5@8<5=BC. 

�>5DVFVє=B @53@5AVW 22060єBьAO 7=0G8<8<, C @07V 28:>=0==O C<>28: є 

 

 tsb
b  (2.20) 

 

45 t  – :>5DVFVє=B %BьN45=B0. 

"B@8<0=89 @57C;ьB0B ?5@52V@:8 2V4B2>@N20=>ABV ?V4B25@482, I> ?@>F5A 

2V4B2>@N20=89, B0: O: @>7@0E>20=5 7=0G5==O :@8B5@VW2 %BьN45=B0 <5=H5 

B01;8G=>3>. 

�0=V 1C;8 >1@>1;5=V 7 28:>@8AB0==O< ?@>3@0<8 Microsoft Excel. 

 

�8A=>2:8 4> @>74V;C 2  

 

1. �87=0G5=> >1’є:B B0 ?@54<5B 4>A;V465==O, =02545=> <5B>48, I> 

28:>@8AB>2CNBьAO ?V4 G0A 4>A;V465==O. #@>0=0;V7>20=> 206;82VABь 4>A;V465==O 

?>25@E=528E 2>4=8E >1’є:BV2 2 ?5@V>4 2>є==>3> AB0=C. 

2. !02545=> E0@0:B5@8AB8:C V=B5@0:B82=8E :0@B « >=VB>@8=3 B0 

5:>;>3VG=0 >FV=:0 2>4=8E @5AC@AV2 ':@0W=8 (�0@B0 «#5@528I5==O ��� 

?>:07=8:V2 O:>ABV 2>48 =0 ?>AB0E A?>AB5@565==O»)» B0 701@C4=5=>ABV @VG>: 

':@0W=8 «+8AB0 2>40», 28O2;5=> WE ?5@52038 B0 =54>;V:8, 70?@>?>=>20=> H;OE8 

WE ?>:@0I5==O 4;O 1V;ьH B>G=>3> 4>A;V465==O 5:>;>3VG=>3> AB0=C ?>25@E=528E 

2>4=8E >1’є:BV2.  

3. #@54AB02;5=> <5B>48 <0B5<0B8G=>W >1@>1:8 28EV4=8E 40=8E, 0 B0:>6 

>A=>2=V ?@89><8, O:V 28:>@8AB>2C20;8Aь 4;O >B@8<0==O <0:A8<0;ь=> 

4>AB>2V@=8E @57C;ьB0BV2, O:V 28:>=C20;8Aь 70 4>?><>3>N ?0:5BV2 ?@>3@0<8 

Microsoft Excel. 
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$"���� 3  

"&�!�� �#���' &�%!"��!!"�" !���!&���!!/ !� � �!' 
��"�"��'!"�" %&�!' #"��$%!���% �"�!�% "�’Є�&�� 

 

3.1 �87=0G5==O 7<V=8 5:>;>3VG=>3> AB0=C ;V28E ?@8B>: �=V?@0 

 

�=0;V7 7<V=8 5:>;>3VG=>3> AB0=C ;V28E ?@8B>: @VG:8 �=V?@>, 0 A0<5 �5A=0 

(AC110A59= �5A=8), %C;0, #A5;, �>@A:;0 (AC110A59= %5@54=ь>3> �=V?@0) V %0<0@0 

(AC110A59= !86=ь>3> �=V?@0) 1C;> ?@>2545=> 2 ?5@V>4 7 2016 4> 2024 @>:C 70 

?>:07=8:0<8: E;>@848, AC;ьD0B8, D>AD0B8, =VB@0B8, =VB@8B8 B0 V>=8 0<>=VN.  

�5A=0 – B@0=A:>@4>==89 2>4>BV:: 52 % @VG:8 (591 :<) @>7B0H>20=> =0 

B5@8B>@VW ':@0W=8, 7030;ь=0 4>268=0 A:;040є 1130 :<. ' <560E ':@0W=8 @VG:0 

?@>BV:0є B5@8B>@VєN +5@=V3V2Aь:>W, %C<Aь:>W B0 �8W2Aь:>W >1;0AB59. #;>I0 

10A59=C A:;040є 88900 :<², =0 B5@8B>@VW ':@0W=8 AB0=>28Bь 33820 :<², 

A5@54=ь>@VG=89 ABV: – 360 <3/A. �=0;V7 O:>ABV 2>48 C @VGFV �5A=0 1C;> ?@>2545=> 

=0 >A=>2V 40=8E 6 ?>ABV2 A?>AB5@565==O (@8AC=>: 3.1):  

 

$8AC=>: 3.1 – %E5<0B8G=5 @>7<VI5==O H5AB8 ?>ABV2 A?>AB5@565==O,  

70 40=8<8 O:8E ?@>2>48;>Aь 4>A;V465==O 
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1) A.  C@02′W !>23>@>4-%V25@Aь:>3> @-=C +5@=V3V2Aь:>W >1;0ABV; 

2) A. �0<V=ь !>23>@>4-%V25@Aь:>3> @-=C +5@=V3V2Aь:>W >1;0ABV; 3) A. %?0Aь:5 

%>A=8Fь:>3> @-=C +5@=V3V2Aь:>W >1;0ABV; 4) A<B.  0:>H8=> �>@N:V2Aь:>3> @-=C 

+5@=V3V2Aь:>W >1;0ABV; 5) <. +5@=V3V2; 6) A. �@5E0W2 �>75;5Fь:>3> @-=C (:>@4>= 

+5@=V3V2Aь:>W V �8W2Aь:>W >1;.).  

' B01;8FOE �.1 – �.6 4>40B:C � =02545=> 2<VAB 701@C4=NNG8E @5G>28= 

=0 ?>AB0E A?>AB5@565==O @VG:8 �5A=0 C ?5@V>4 7 2016 @>:C 4> 2024 @>:C. 

�3V4=> 7 40=8<8 B01;8FV �.1 V7 4>40B:C � =0 ?>ABC 1 =09=86G89 @V25=ь 

2<VABC +
4

NH  1C2 C 2022 @>FV, 0 =0928I89 C 2016 @. �<VAB +
4

NH  C 2024 @>FV 

7<5=H82AO =0 11,5% C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 

2022 @>FV, =0928I89 – 2021 @. �<VAB +
4

NH  C 2024 @>FV 7<5=H82AO =0 12,2% C 

?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 3 =09=86G89 @V25=ь C 2023 @., 0 =0928I89 C 

2017 @>FV. �<VAB +
4

NH  C 2024 @>FV 71V;ьH82AO =0 29,2% C ?>@V2=O==V 7 

2016 @>:><. !0 ?>ABC 4 =09=86G89 @V25=ь 2<VABC +
4

NH  1C2 C 2023 @>FV, 0 

=0928I89 – C 2018 @>FV. �<VAB +
4

NH  C 2024 @>FV 71V;ьH82AO =0 12,7% C 

?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 5 =09=86G89 @V25=ь 2<VABC +
4

NH  1C2 C 

2023 @>FV, 0 =0928I89 – C 2024 @>FV. �<VAB +
4

NH  C 2024 @>FV 71V;ьH82AO =0 28,7 % 

C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 6 =09=86G89 @V25=ь 2<VABC +
4

NH  1C2 C 2022 

@>FV, 0 =0928I89 – C 2024 @>FV. �<VAB +
4

NH  C 2024 @>FV 71V;ьH82AO =0 28,6 % C 

?>@V2=O==V 7 2016 @>:>< [101, 102]. ' =0A5;5=8E ?C=:B0E ,>AB:8=Aь:>3>, 

�>=>B>?Aь:>3>, +5@=V3V2Aь:>3>, �>@N:V2Aь:>3>, !V68=Aь:>3>, !>23>@>4-

%V25@Aь:>3> @09>=V2 :><C=0;ь=V V AV;ьAь:>3>A?>40@Aь:V ?V4?@8є<AB20 A:840NBь 

4> ?>25@E=528E 2>4=8E >1’є:BV2 =54>AB0B=ь> >G8I5=V G8 27030;V 157 >G8AB:8 

72>@>B=V 2>48. *5 >4=0 7 ?@8G8=, I> 7C<>2;Nє ?>B@0?;O==O V>=V2 0<>=VN C 

?>25@E=52V 2>4=V >1’є:B8. �3V4=> 7 40=8<8 5:>;>3VG=>3> ?0A?>@BC +5@=V3V2Aь:>W 

>1;0ABV C 2023 @>FV 45@602=>N CAB0=>2>N «!>23>@>4-%V25@Aь:0 CAB0=>20 

28:>=0==O ?>:0@0=ь (№ 31)» (<. !>23>@>4-%V25@Aь:89) 1C;> A:8=CB> 3,6 B8A. <3 

=5>G8I5==8E B0 =54>AB0B=ь> >G8I5=8E 72>@>B=8E 2>4.  
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' 2024 @>FV A?>AB5@V30єBьAO ?>ABV9=5 7<5=H5==O 2<VABC 0<>=VN V =57=0G=5 

71V;ьH5==O =0 ?>ABC 5. "4=VєN 7 ?@8G8= 7=865==O :>=F5=B@0FVW V>=V2-0<>=VN є 

9>3> >:8A=5==O :8A=5<, O:89 @>7G8=5=89 C 2>4V, 4> =VB@0B-V>=V2, 2V4?>2V4=> 4> 

@V2=O==O (3.1), I> ?V4B25@46CNBь 40=V B01;8FV 3.2.  

 

OH4NO2O5NH2
2324

+=+ −+
(3.1) 

 

�1V;ьH5==O 2<VABC 0<>=VN =025A=V B0 9>3> 7=865==O 2 ;VB=V9 V >AV==V9 

?5@V>48 7C<>2;5=V A57>==8<8 :>;820==O<8 :>=F5=B@0FVW V>=V2 0<>=VN, O:V 

70;560Bь 2V4 V=B5=A82=>ABV ?@>F5AV2 10:B5@V0;ь=>3> @>7:;04C >@30=VG=>W 

@5G>28=8. � >AV==ь>-78<>289 ?5@V>4 71V;ьH5==O 2<VABC V>=V2 0<>=VN ?>2’O70=5 

V7 @>7:;04>< >@30=VG=8E @5G>28= 2 C<>20E A;01:>W G8 ?>2=>W 2V4ACB=>ABV 9>3> 

A?>6820==O DVB>?;0=:B>=>< [103]. 

�3V4=> 7 40=8<8 B01;8FV �.2 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC −
3

NO  1C2 

C 2024 @>FV, 0 =0928I89 C 2017 @. �<VAB −
3

NO  C 2024 @>FV 7<5=H82AO =0 6,8 % C 

?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2024 @>FV, =0928I89 – 

2017 @. �<VAB C 2024 @>FV 7<5=H82AO =0 13,5 % C ?>@V2=O==V 7 2016 @>:><. !0 

?>ABC 3 =09=86G89 @V25=ь C 2024 @., 0 =0928I89 C 2021 @>FV. �<VAB C 2024 @>FV 

7<5=H82AO =0 17,1 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 4 =09=86G89 @V25=ь 

2<VABC 1C2 C 2016 @>FV, 0 =0928I89 – C 2017 @>FV. �<VAB C 2024 @>FV 7<5=H82AO 

=0 9,8 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 5 =09=86G89 @V25=ь 2<VABC 1C2 C 

2024 @>FV, 0 =0928I89 – C 2018 @>FV. �<VAB C 2024 @>FV 7<5=H82AO =0 8,3 % C 

?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 6 =09=86G89 @V25=ь 2<VABC 1C2 C 2016 @>FV, 0 

=0928I89 – C 2018 @>FV. �<VAB C 2024 @>FV 71V;ьH82AO =0 22,2 % C ?>@V2=O==V 7 

2016 @>:>< [101, 102].  

!VB@0B8 є ?@>4C:B0<8 @>7:;04C >@30=VG=8E @5G>28=, 0 B0:>6 2>=8 є 

?>ABV9=8< 5;5<5=B>< ?@8@>4=8E 2>4. $>7G8=8, O:V <VABOBь C 25;8:V9 :V;ь:>ABV 

=VB@0B8 B0 =VB@8B8 4>1@5 ?>3;8=0NBьAO @>A;8=0<8, C B><C G8A;V V 75@=>28<8 

:C;ьBC@0<8 [104]. !VB@0B8 <>6CBь ?>B@0?;OB8 4> ?>25@E=528E 2>4=8E >1’є:BV2 
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@07>< V7 AB>:0<8 7 ?>;V2, I> >1@>1;5=V =VB@0B=8<8 4>1@820<8. !0?@8:;04, 

0<V0G=0 A5;VB@0 (NH4NO3), :0;ьFVє20 A5;VB@0 (Ca(NO3)2).  >6=0 7@>18B8 

?@8?CI5==O, I> 28:>@8AB0==O B0:8E 4>1@82 7C<>2;Nє ?V428I5==O 2<VABC 

=VB@0BV2 C 2>4V =0 ?>AB0E 1 – 4 C 2023 @>FV. #@>F5A =VB@8DV:0FVW 2 05@>1=8E C<>20E 

?@>BV:0є C 42>E AB04VOE V 74V9A=NNBьAO 42><0 3@C?0<8 10:B5@V9: 

 

OCHHNOCOONH
22223

+→++ (3.2) 

 

OCHHNOCOOHNO
23222

+→++ (3.3) 

 

#5@HC D07C =VB@8DV:0FVW 74V9A=NNBь E5<>;VB>02B>B@>D=V 10:B5@VW 

(Nitrosomonas, Nitrosocystis, Nitrosospira, Nitrosococcus, Nitrosolobus, 

Nitrosovibrio), I> >:8A=NNBь V>=8 0<>=VN 4> =VB@8BV2, 4@C3C D07C =VB@8DV:0FVW 

74V9A=NNBь 10:B5@VW @>4V2 Nitrobacter, Nitrospina, Nitrococcus, Nitrocystis, 

Nitrospira, O:V >:8A=NNBь =VB@8B8 4> =VB@0BV2 [103]. 

�3V4=> 7 40=8<8 B01;8FV �.3 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC −
2

NO 1C2 

C 2023 @>FV, 0 =0928I89 C 2017 @. �<VAB −
2

NO  C 2024 @>FV 7<5=H82AO =0 4,8 % C 

?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2023 @>FV, =0928I89 – 

2017 @. �<VAB −
2

NO C 2024 @>FV 7<5=H82AO =0 16,7 % C ?>@V2=O==V 7 2016 @>:><. 

!0 ?>ABC 3 =09=86G89 @V25=ь C 2022, 0 =0928I89 C 2018 @>FV. �<VAB −
2

NO  C 

2024 @>FV 71V;ьH82AO =0 5,9 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 4 =09=86G89 

@V25=ь 2<VABC −
2

NO 1C2 C 2022 @>FV, 0 =0928I89 – C 2018 @>FV. �<VAB −
2

NO C 

2024 @>FV 71V;ьH82AO =0 10,5 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 5 =09=86G89 

@V25=ь C 2022, 0 =0928I89 C 2020 @>FV. �<VAB −
2

NO  C 2024 @>FV 7<5=H82AO =0 

2,4 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 6 =09=86G89 @V25=ь C 2022 @>FV, 0 

=0928I89 C 2018 @>FV [101, 102].  

!VB@8B8 – F5 4>A8Bь =5ABV9:V A?>;C:8. �>=8 28O2;ONBьAO ;8H5 ?V4 G0A 

?>@V2=O=> A2V6><C 701@C4=5==V 2>4=>3> >1’є:BC [103]. ' 2023 @>FV =0 ?>ABC 3 
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(A. %?0Aь:5, �>@N:V2Aь:>3> @-=C) A?>AB5@V30єBьAO ACBBє25 7<5=H5==O 2<VABC 

=VB@8BV2. �0B@8<:0 >:8A=5==O −
2

NO  4> −
2

NO  ?V4 G0A 2 AB04VW =VB@8DV:0FVW A2V4G8Bь 

?@> 701@C4=5==O 2>4>9<8, I> C A2>N G5@3C <>65 1CB8 7C<>2;5=5 28:>@8AB0==O< 

<V=5@0;ь=8E 4>1@82 C AV;ьAь:><C 3>A?>40@AB2V, =0?@8:;04 0<V0G=>W A5;VB@8. 

�=865==O :>=F5=B@0FVW =VB@0B- V =VB@8B-V>=V2 C 2023 @>FV 73V4=> 7 40=8<8 B01;8Fь 

�.2 B0 �.3 <>65 A2V4G8B8 ?@> ?@>BV:0==O ?@>F5AV2 1 V 2 AB04VW =VB@8DV:0FVW, 0 

B0:>6 0=>:A84=>3> >:8A;5==O 0<>=VN.  

�3V4=> 7 40=8<8 B01;8FV �.4 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC −2

4
SO  1C2 

C 2024 @>FV, 0 =0928I89 C 2022 @>FV. �<VAB −2

4
SO  C 2024 @>FV 7<5=H82AO =0 32,7 % 

C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2018 @>FV, =0928I89 – 

2021 @. �<VAB −2

4
SO  C 2024 @>FV 7<5=H82AO =0 22,8 % C ?>@V2=O==V 7 2016 @>:><. 

!0 ?>ABC 3 =09=86G89 @V25=ь C 2021 @., 0 =0928I89 C 2022 @>FV. �<VAB −2

4
SO  C 

2024 @>FV 7<5=H82AO =0 13,4 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 4 =09=86G89 

@V25=ь 2<VABC −2

4
SO  1C2 C 2021 @>FV, 0 =0928I89 – C 2020 @>FV. �<VAB −2

4
SO  C 

2024 @>FV 7<5=H82AO =0 15,4 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 5 =09=86G89 

@V25=ь 2<VABC −2

4
SO  1C2 C 2018 @>FV, 0 =0928I89 – C 2020 @>FV. �<VAB −2

4
SO  C 

2024 @>FV 71V;ьH82AO =0 7,2 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 6 =09=86G89 

@V25=ь 2<VABC −2

4
SO  1C2 C 2018 @>FV, 0 =0928I89 – C 2020 @>FV. �<VAB −2

4
SO  C 

2024 @>FV 71V;ьH82AO =0 0,7 % C ?>@V2=O==V 7 2016 @>:>< [101, 102]. 

' 2023 @>FV 2V4 ?>AB0 3 4> ?>AB0 6 A?>AB5@V30єBьAO ?>ABV9=5 71V;ьH5==O 

2<VABC AC;ьD0BV2, 0 2V4 ?>AB0 1 4> ?>AB0 3, =02?0:8, 7<5=H5==O.  >65<> 7@>18B8 

?@8?CI5==O, I> ?@8G8=>N 40=>3> O28I0 A;C3Cє A:840==O =5>G8I5=8E G8 

=54>AB0B=ь> >G8I5=8E ABVG=8E 2>4 ?V4?@8є<AB2, O:V 7=0E>4OBьAO =0 B5@8B>@VW 

�>@N:V2Aь:>3> B0 +5@=V3V2Aь:>3> @09>=V2. &0:>6 ACBBє25 71V;ьH5==O AC;ьD0BV2 

=0 ?>AB0E 5 – 6 <>65 1CB8 ?@8G8=>N 7@>AB0==O :V;ь:>ABV =0A5;5==O 

�8H3>@>4Aь:>3> B0 �@>20@Aь:>3> @09>=V2. #>B@0?;O==O AC;ьD0BV2 C ?>25@E=52V 

2>4=V >1’є:B8 B0:>6 7C<>2;5=5 ?@>F5A0<8 68B;>2>-:><C=0;ь=>3> 3>A?>40@AB20 

=0A5;5=8E ?C=:BV2.  
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�3V4=> 7 40=8<8 B01;8FV �.5 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC −3

4
PO  1C2 

C 2017 @>FV, 0 =0928I89 C 2021 @. �<VAB −3

4
PO  C 2024 @>FV 71V;ьH82AO =0 9,5 % C 

?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2016 @>FV, =0928I89 – 

2021 @. �<VAB −3

4
PO  C 2024 @>FV 71V;ьH82AO =0 10,6 % C ?>@V2=O==V 7 2016 @>:><. 

!0 ?>ABC 3 =09=86G89 @V25=ь C 2017 @., 0 =0928I89 C 2021 @>FV. �<VAB −3

4
PO  C 

2024 @>FV 71V;ьH82AO =0 33,6 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 4 =09=86G89 

@V25=ь 2<VABC −3

4
PO  1C2 C 2017 @>FV, 0 =0928I89 – C 2024 @>FV. �<VAB −3

4
PO  C 

2024 @>FV 71V;ьH82AO =0 36,1 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 5 =09=86G89 

@V25=ь 2<VABC −3

4
PO  1C2 C 2016 @>FV, 0 =0928I89 – C 2021 @>FV. �<VAB −3

4
PO  C 

2024 @>FV 7<5=H82AO =0 3,9 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 6 =09=86G89 

@V25=ь 2<VABC −3

4
PO  1C2 C 2017 @>FV, 0 =0928I89 – C 2024 @>FV. �<VAB −3

4
PO  C 

2024 @>FV 7<5=H82AO =0 37,1 % C ?>@V2=O==V 7 2016 @>:>< [101, 102]. 

� 0=0;V7C 40=8E B01;8FV �.5 C 2023 @>FV A?>AB5@V30єBьAO 71V;ьH5==O 2<VABC 

D>AD0BV2 (?C=:B8 4 – 6), 0 2 ?C=:BV 2 – 4, =02?0:8, 9>3> 7<5=H5==O. !0 Aь>3>4=V 2 

':@0W=V 2V4ACB=V =>@<0B828 4;O 2<VABC D>AD0BV2 C ?>1CB>28E <8NG8E 70A>10E, 

?@>B5 2AB0=>2;5=V =>@<0B828 2<VABC D>AD0BV2 C ABVG=8E 2>40E, O:V ?@89<0NBьAO 

4> A8AB5< F5=B@0;V7>20=>3> 2>4>2V42545==O [105]. #>AB A?>AB5@565==O 5 

@>7B0H>20=89 C <. +5@=V3V2, I> є >1;0A=8< F5=B@>< 7 25;8:>N :V;ь:VABN 

=0A5;5==O, 0 ?>AB 6 @>7B0H>20=89 C �@>20@Aь:><C @09>=V, 45 73V4=> 7 [106, 107] 

2V41C20єBьAO ?>ABV9=89 @VAB :V;ь:>ABV =0A5;5==O, I> C A2>N G5@3C, B0:>6 

?@872>48Bь 4> 71V;ьH5==O A:84V2 68B;>2>-:><C=0;ь=8E ABVG=8E 2>4, I> <VABOBь 

D>AD0B8. "4=8< V7 465@5; ?>B@0?;O==O C ?>25@E=52V 2>4=V >1’є:B8 є D>AD0B=V 

4>1@820, O:V 28:>@8AB>2CNBь C AV;ьAь:><C 3>A?>40@AB2V.  

�3V4=> 7 40=8<8 B01;8FV �.6 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC −Cl  1C2 

C 2023 @>FV, 0 =0928I89 C 2017 @. �<VAB −Cl  C 2024 @>FV 7<5=H82AO =0 19,8 % C 

?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2022 @>FV, =0928I89 – 

2017 @. �<VAB −Cl
 C 2024 @>FV 7<5=H82AO =0 0,8 % C ?>@V2=O==V 7 2016 @>:><. !0 

?>ABC 3 =09=86G89 @V25=ь C 2021 @., 0 =0928I89 C 2017 @>FV. !0 ?>ABC 4 
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=09=86G89 @V25=ь 2<VABC −Cl
 1C2 C 2021 @>FV, 0 =0928I89 – C 2024 @>FV. �<VAB 

−Cl
 C 2024 @>FV 7<5=H82AO =0 1,4 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 5 

=09=86G89 @V25=ь 2<VABC −Cl
 1C2 C 2023 @>FV, 0 =0928I89 – C 2017 @>FV. �<VAB 

−Cl  C 2024 @>FV 71V;ьH82AO =0 4,0 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 6 

=09=86G89 @V25=ь 2<VABC −Cl  1C2 C 2023 @>FV, 0 =0928I89 – C 2018 @>FV. �<VAB 
−Cl  C 2024 @>FV 71V;ьH82AO =0 10,7 % C ?>@V2=O==V 7 2016 @>:><. 

�V4?>2V4=> 4> [106, 107] :V;ь:VABь =0A5;5==O ?>ABV9=> 7<5=HCєBьAO. *5 є 

>4=VєN 7 ?@8G8= 7<5=H5==O 2<VABC AC;ьD0BV2, D>AD0BV2 B0 E;>@84V2 (B01;8FV �.4, 

�.5 B0 �.6 2V4?>2V4=>) C ?5@V>4 7 2016 4> 2021 @>:C =0 ?>AB0E A?>AB5@565==O. ' 

%5@548=>-�C4Aь:><C @09>=V :V;ь:VABь =0A5;5==O 7<5=H8;0Aь 7 16689 >AV1 

(2016 @V:) 4> 10308 >AV1 (2021 @V:); C �@>;525Fь:><C @09>=V 7<5=H8;0Aь 7 38863 

>A>10 (2016 @V:) 4> 35033 >AV1 (2021 @V:); C �>75;5Fь:><C @09>=V :V;ь:VABь 

=0A5;5==O 7<5=H8;0Aь 7 47011 >AV1 C 2016 @>FV 4> 42282 >AV1 C 2021 @>FV; C 

�C;8:V2Aь:><C @09>=V 7<5=H8;0Aь 7 17471 >AV1 (2016 @V:) 4> 14116 >AV1 

(2021 @V:); C  5=Aь:><C @09>=V C 2016 @>FV 1C;> 37149 >AV1, C 2021 @>FV – 

25085 >AV1; C �>@7=O=Aь:><C @09>=V :V;ь:VABь =0A5;5==O 7 32440 >AV1 (2016 @V:) 

7<5=H8;0Aь 4> 15335 >AV1 (2021 @V:); C %>A=8Fь:><C @09>=V C 2016 @>FV 1C;> 

19098 >AV1, C 2021 @>FV – 14831 >A>10; C �>@>?Aь:><C @09>=V 7<5=H8;0Aь 7 

23945 >AV1 (2016 @V:) 4> 15122 >AV1 (2021 @V:); C !>23>@>4-%V25@Aь:><C @09>=V C 

2016 @>FV 1C;> 27465 >AV1, C 2021 @>FV – 24073 >A>18; C �8H3>@>4Aь:><C @09>=V 

:V;ь:VABь =0A5;5==O 7 72994 >A>18 (2016 @V:) 7@>A;0 4> 79439 >AV1 (2021 @V:); C 

�@>20@Aь:><C @09>=V C 2016 @>FV 1C;> 68156 >AV1, 0 C 2021 @>FV – 119872 >A>18.  

"B65, <>6=0 ?@8?CAB8B8, I> 7<5=HCєBьAO :V;ь:VABь A:84C 701@C4=5=8E 

ABVG=8E 2>4, O:V <VABOBь C A2>є<C A:;04V 701@C4=NNGV @5G>28=8. �5A=0 <0є B0:>6 

;V2V B0 ?@02V ?@8B>:8 (>4=0 7 =091V;ьH8E ?@8B>: – @VG:0 %59<), O:V 4>40B:>2> 

@>7102;ONBь 2>48 V, B0:8< G8=><, 7<5=HCNBь :>=F5=B@0FVN 701@C4=NNG8E 

@5G>28= C ?>25@E=528E 2>4=8E >1’є:B0E.  

"B@8<0=V ?V4 G0A 4>A;V465==O @57C;ьB0B8 40NBь <>6;82VABь 

AB25@46C20B8, I> 5:>;>3VG=89 AB0= @VG:8 �5A=0 ?>3V@HCєBьAO 265 Aь>3>4=V 

2=0A;V4>: B5E=>35==>3> 2?;82C.  
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$VG:0 %C;0 ?@>BV:0є B5@8B>@VєN %C<Aь:>W B0 #>;B02Aь:>W >1;0AB59. 

�030;ь=0 4>268=0 A:;040є 363 :<. #;>I0 10A59=C A:;040є 19600 :<², 

A5@54=ь>@VG=89 ABV: – 29 <3/A. �=0;V7 7<V=8 5:>;>3VG=>3> AB0=C ?@8B>:8 %C;0 

1C;> ?@>2545=> =0 >A=>2V 40=8E 4 ?>ABV2 A?>AB5@565==O (@8AC=>: 3.2): 

1) <. $><=8 %C<Aь:>W >1;.; 2) A. +515@O:8 $><5=Aь:>3> @-=C %C<Aь:>W >1;.; 

3) <. �02>4Aь:5 �>E28Fь:>3> @09>=C #>;B02Aь:>W >1;.; 4) <. �C1=8 

#>;B02Aь:>W >1;. 

 

$8AC=>: 3.2 – %E5<0B8G=5 @>7<VI5==O G>B8@ь>E ?>ABV2 A?>AB5@565==O, 

70 40=8<8 O:8E ?@>2>48;>Aь 4>A;V465==O 

 

' B01;8FOE �.7 – �.12 4>40B:C � =02545=> 2<VAB 701@C4=NNG8E @5G>28= 

=0 ?>AB0E A?>AB5@565==O @VG:8 %C;0 C ?5@V>4 7 2016 @>:C 4> 2024 @>:C. 

�3V4=> 7 40=8<8 B01;8FV �.7 =0 ?>ABC 1 C 2018 @>FV @V25=ь 2<VABC +
4

NH  1C2 

=86G89 =0 51,0 %, =V6 C 2023 @>FV. !0 ?>ABC 2 2<VAB +
4

NH  C 2023 @>FV 7<5=H82AO 

=0 0,7 % C ?>@V2=O==V 7 2018 @>:><. !0 ?>ABC 3 =09=86G89 @V25=ь C 2020 @., 0 

=0928I89 C 2017 @>FV. �<VAB +
4

NH  C 2024 @>FV 7<5=H82AO =0 10,9 % C ?>@V2=O==V 

7 2016 @>:><. !0 ?>ABC 4 =09=86G89 @V25=ь 2<VABC +
4

NH  1C2 C 2023 @>FV, 0 
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=0928I89 – C 2016 @>FV. �<VAB +
4

NH  C 2024 @>FV 7<5=H82AO <0965 242VGV C 

?>@V2=O==V 7 2016 @>:>< [108, 109]. ' =0A5;5=8E ?C=:B0E %C<Aь:>3>, 

$><5=Aь:>3>,  8@3>@>4Aь:>3>, �C15=Aь:>3>, �@5<5=GCFь:>3> B0 �>;>B>=VAь:>3> 

@09>=V2 :><C=0;ь=V V AV;ьAь:>3>A?>40@Aь:V ?V4?@8є<AB20 A:840NBь 4> 

?>25@E=528E 2>4=8E >1’є:BV2 =54>AB0B=ь> >G8I5=V G8 27030;V 157 >G8AB:8 

72>@>B=V 2>48. *5 >4=0 7 ?@8G8=, I> 7C<>2;Nє ?>B@0?;O==O V>=V2 0<>=VN C 

?>25@E=52V 2>4=V >1’є:B8. 

�3V4=> 7 40=8<8 B01;8FV �.8 =0 ?>AB0E 1 B0 2 C 2018 @>FV @V25=ь 2<VABC 
−
3

NO  1C2 242VGV =86G89 70 2023 @V:. !0 ?>ABC 3 =09=86G89 @V25=ь C 2022 @., 0 

=0928I89 C 2021 @>FV. �<VAB C 2024 @>FV 7<5=H82AO =0 20,6 % C ?>@V2=O==V 7 

2016 @>:><. !0 ?>ABC 4 =09=86G89 @V25=ь 2<VABC 1C2 C 2022 @>FV, 0 =0928I89 – 

C 2023 @>FV. �<VAB C 2024 @>FV 7<5=H82AO =0 22,7 % C ?>@V2=O==V 7 

2016 @>:>< [108, 109].   

�3V4=> 7 40=8<8 B01;8FV �.9 =0 ?>ABC 1 C 2018 @>FV @V25=ь 2<VABC −
2

NO - 1C2 

2B@8GV =86G89 70 2023 @V:. !0 ?>ABC 2 2<VAB −
2

NO C 2023 @>FV 71V;ьH82AO C G>B8@8 

@078 C ?>@V2=O==V 7 2018 @>:><. !0 ?>ABC 3 =09=86G89 @V25=ь C 2024 @., 0 

=0928I89 C 2016 @>FV. �<VAB −
2

NO C 2024 @>FV 7<5=H82AO =0 71,2 % C ?>@V2=O==V 

7 2016 @>:><. !0 ?>ABC 4 =09=86G89 @V25=ь 2<VABC 1C2 C 2020 B0 2023 @>:0E, 

=0928I89 – C 2017 @. �<VAB −
2

NO  C 2024 @>FV 7<5=H82AO =0 3,6 % C ?>@V2=O==V 7 

2016 @>:>< [108, 109].  

�3V4=> 7 40=8<8 B01;8FV �.10 =0 ?>ABC 1 C 2018 @>FV @V25=ь 2<VABC −2

4
SO  

1C2 =86G89 =0 41,2 %, =V6 C 2023 @>FV. !0 ?>ABC 2 2<VAB −2

4
SO  C 2023 @>FV 

71V;ьH82AO =0 48,4 % C ?>@V2=O==V 7 2018 @>:><. !0 ?>ABC 3 =09=86G89 @V25=ь C 

2020 @., 0 =0928I89 C 2016 @>FV. �<VAB C 2024 @>FV 7<5=H82AO =0 46,6 % C 

?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 4 =09=86G89 @V25=ь 2<VABC 1C2 C 2019 @>FV, 0 

=0928I89 – C 2016 @>FV. �<VAB C 2024 @>FV 7<5=H82AO =0 49,3 % C ?>@V2=O==V 7 

2016 @>:>< [108, 109]. 
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�3V4=> 7 40=8<8 B01;8FV �.11 =0 ?>AB0E 1 B0 2 C 2018 @>FV @V25=ь 2<VABC 
−3

4
PO  1C2 242VGV =86G89 C ?>@V2=O==V 7 2023 @>:><. !0 ?>ABC 3 =09=86G89 @V25=ь 

C 2022 @., 0 =0928I89 C 2017 @>FV. �<VAB C 2024 @>FV 7<5=H82AO =0 7,1 % C 

?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 4 =09=86G89 @V25=ь 2<VABC 1C2 C 2022 @>FV, 0 

=0928I89 – C 2016 @>FV. �<VAB C 2024 @>FV 7<5=H82AO =0 49,8 % C ?>@V2=O==V 7 

2016 @>:>< [108, 109]. 

�3V4=> 7 40=8<8 B01;8FV �.12 =0 ?>ABC 1 C 2018 @>FV @V25=ь 2<VABC −Cl
 1C2 

=86G89 =0 0,9 %, =V6 C 2023 @>FV. !0 ?>ABC 2 2<VAB −Cl  C 2023 @>FV 7<5=H82AO =0 

0,1 % C ?>@V2=O==V 7 2018 @>:><. !0 ?>ABC 3 =09=86G89 @V25=ь C 2021 @., 0 

=0928I89 C 2017 @>FV. �<VAB C 2024 @>FV 7<5=H82AO =0 6,8 % C ?>@V2=O==V 7 

2016 @>:><. !0 ?>ABC 4 =09=86G89 @V25=ь 2<VABC 1C2 C 2023 @>FV, 0 =0928I89 – 

C 2022 @>FV. �<VAB C 2024 @>FV 71V;ьH82AO =0 11,5 % C ?>@V2=O==V 7 2016 @>:><. 

"4=VєN 7 ?@8G8= =0O2=>ABV AC;ьD0BV2, E;>@84V2 B0 D>AD0BV2 є A:848 

3>A?>40@Aь:>-?>1CB>28E G8 ?@><8A;>28E =5>G8I5==8E G8 =54>AB0B=ь> 

>G8I5=8E ABVG=8E 2>4. �3V4=> 7 40=8<8 5:>;>3VG=>3> ?0A?>@BC %C<Aь:>W >1;0ABV 

AB0=>< =0 01.01.2023 @V: :><C=0;ь=8< ?V4?@8є<AB2>< «!54@8309;V2-2>4>A5@2VA» 

C 2021 @>FV 4> @VG:8 %C;0 1C;> A:8=CB> 15,0 B8A.<3 =5>G8I5=8E G8 =54>AB0B=ь> 

>G8I5=8E ABVG=8E 2>4, 0 2V4?>2V4=> 4> 40=8E 5:>;>3VG=>3> ?0A?>@BC #>;B02Aь:>W 

>1;0ABV 70 2022 @V: :><C=0;ь=8< ?V4?@8є<AB2>< «�C1=8-2>4>:0=0;» �C15=Aь:>W 

<VAь:>W @048» 1C;> A:8=CB> =5>G8I5=8E G8 =54>AB0B=ь> >G8I5=8E ABVG=8E 2>4 

0,8891 <;=.<3, 0 :><C=0;ь=8< ?V4?@8є<AB2>< «%O92>» A. �0AC;;O �C15=Aь:>3> 

@09>=C – 0,0335 <;=. <3. 

�V4?>2V4=> 4> [106, 107] :V;ь:VABь =0A5;5==O ?>ABV9=> 7<5=HCєBьAO. *5 є 

>4=VєN 7 ?@8G8= 7<5=H5==O 2<VABC AC;ьD0BV2, D>AD0BV2 B0 E;>@84V2 (B01;8FV 

�.10, �.11 B0 �.12 2V4?>2V4=>) C ?5@V>4 7 2016 4> 2021 @>:C =0 ?>AB0E 

A?>AB5@565==O. ' $><5=Aь:><C @09>=V C 2016 @>FV 1C;> 33778 >AV1, 0 C 

2021 @>FV – 54264 >AV1; C �V;>?V;ьAь:><C @09>=V 7<5=H8;0Aь 7 51212 >AV1 

(2016 @V:) 4> 38179 >AV1 (2021 @V:); C !54@8309;V2Aь:><C @09>=V 1C;> 24811 >AV1 

C 2016 @>FV, 0 C 2021 @>FV – 19198 >AV1; C �>E28Fь:><C @09>=V :V;ь:VABь =0A5;5==O 

7<5=H8;0Aь 7 43689 >AV1 C 2016 @>FV 4> 32854 >AV1 C 2021 @>FV; C +>@=CE8=Aь:><C 
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@09>=V 7<5=H8;0Aь 7 11616 >AV1 (2016 @V:) 4> 9818 >AV1 (2021 @V:); C �C15=Aь:><C 

@09>=V C 2016 @>FV 1C;> 32288 >AV1, C 2021 @>FV – 30260 >AV1; C "@68Fь:><C 

@09>=V :V;ь:VABь =0A5;5==O 7 24367 >AV1 (2016 @V:) 7<5=H8;0Aь 4> 18532 >AV1 

(2021 @V:); C %5<5=V2Aь:><C @09>=V C 2016 @>FV 1C;0 25741 >A>10, C 2021 @>FV 

22920 >AV1; C +>@=>10W2Aь:><C @09>=V 7<5=H8;0Aь 7 41463 >AV1 (2016 @V:) 4> 

26717 >AV1 (2021 @V:); C �;>18=Aь:><C @09>=V C 2016 @>FV 1C;> 44474 >A>18, C 

2021 @>FV – 33785 >AV1. 

$VG:0 #A5; C <560E ':@0W=8 ?@>BV:0є B5@8B>@VєN %C<Aь:>W B0 #>;B02Aь:>W 

>1;0AB59. �030;ь=0 4>268=0 A:;040є 717 :<, 2 <560E ':@0W=8 502 :<. #;>I0 

10A59=C A:;040є 22800 :<², A5@54=ь>@VG=89 ABV: – 55 <3/A. �=0;V7 O:>ABV 2>48 C 

@VGFV #A5; ?@>2545=> =0 >A=>2V 40=8E 6 ?>ABV2 A?>AB5@565==O (@8AC=>: 3.3): 

1) �@0A=>?V;ьAь:89 @09>= %C<Aь:>W >1;0ABV; 2) A. �5;8:0 +5@=5GG8=0 %C<Aь:>3> 

@09>=C %C<Aь:>W >1;0ABV; 3) A. +5@2>=5 %C<Aь:>3> @09>=C %C<Aь:>W >1;0ABV; 

4) A. �8H:V=ь %C<Aь:>3> @09>=C %C<Aь:>W >1;0ABV; 5) A. �0<V==5, :>@4>= 

%C<Aь:>W V #>;B02Aь:>W >1;.; 6) A<B. �5;8:0 �030G:0 #>;B02Aь:>W >1;0ABV. 

 

$8AC=>: 3.3 – %E5<0B8G=5 @>7<VI5==O H5AB8 ?>ABV2 A?>AB5@565==O, 

70 40=8<8 O:8E ?@>2>48;>Aь 4>A;V465==O 
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' B01;8FOE �.13 – �.18 4>40B:C � =02545=> 2<VAB 701@C4=NNG8E @5G>28= 

=0 ?>AB0E A?>AB5@565==O @VG:8 #A5; 2 ?5@V>4 7 2016 @>:C 4> 2024 @>:C.  

�0 @57C;ьB0B0<8 =0H>3> 4>A;V465==O, O:V ?@54AB02;5=V C B01;8FV �.13 =0 

?>ABC 1 =09=86G89 @V25=ь 2<VABC +
4

NH  1C2 C 2018 @>FV, 0 =0928I89 C 2020 @. 

�<VAB +
4

NH  C 2024 @>FV 7<5=H82AO =0 1,1 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 

=09=86G89 @V25=ь C 2024 @>FV, =0928I89 – C 2020 @. �<VAB +
4

NH  C 2024 @>FV 

7<5=H82AO =0 32,5 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 3 =09=86G89 @V25=ь C 

2016 @>FV, 0 =0928I89 C 2017 @>FV. �<VAB +
4

NH  C 2024 @>FV 71V;ьH82AO =0 23,9 % 

C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 4 =09=86G89 @V25=ь 2<VABC +
4

NH  1C2 C 

2024 @>FV, 0 =0928I89 – C 2016 @>FV. �<VAB +
4

NH  C 2024 @>FV 7<5=H82AO =0 17,7 % 

C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 5 =09=86G89 @V25=ь 2<VABC +
4

NH  1C2 C 

2024 @>FV, 0 =0928I89 – C 2019 @>FV. �<VAB +
4

NH  C 2024 @>FV 7<5=H82AO =0 16,8 % 

C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 6 =09=86G89 @V25=ь 2<VABC +
4

NH  1C2 C 

2020 @>FV, 0 =0928I89 – C 2016 @>FV. �<VAB +
4

NH  C 2024 @>FV 7<5=H82AO =0 11,8 % 

C ?>@V2=O==V 7 2016 @>:>< [110, 111]. ' =0A5;5=8E ?C=:B0E %C<Aь:>3>, 

 8@3>@>4Aь:>3>, #>;B02Aь:>3> B0 �@5<5=GCFь:>3> @09>=V2 :><C=0;ь=V V 

AV;ьAь:>3>A?>40@Aь:V ?V4?@8є<AB20 A:840NBь 4> ?>25@E=528E 2>4=8E >1’є:BV2 

=54>AB0B=ь> >G8I5=V B0 157 >G8AB:8 72>@>B=V 2>48. *5 >4=0 7 ?@8G8=, I> 

7C<>2;Nє ?>B@0?;O==O V>=V2 0<>=VN C ?>25@E=52V 2>4=V >1’є:B8.  

�3V4=> 7 40=8<8 B01;8FV �.14 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC −
3

NO  

1C2 C 2022 @>FV, 0 =0928I89 C 2020 @. �<VAB −
3

NO  C 2024 @>FV 7<5=H82AO =0 37 % 

C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2021 @>FV, =0928I89 – 

2020 @. �<VAB C 2024 @>FV 7<5=H82AO =0 50,9 % C ?>@V2=O==V 7 2016 @>:><. !0 

?>ABC 3 =09=86G89 @V25=ь C 2018 @., 0 =0928I89 C 2020 @>FV. �<VAB C 2024 @>FV 

7<5=H82AO =0 38,4 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 4 =09=86G89 @V25=ь 

2<VABC 1C2 C 2021 @>FV, 0 =0928I89 – C 2016 @>FV. �<VAB C 2024 @>FV 7<5=H82AO 

=0 72,1 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 5 =09=86G89 @V25=ь 2<VABC 1C2 C 



87 

2024 @>FV, 0 =0928I89 – C 2020 @>FV. �<VAB C 2024 @>FV 7<5=H82AO =0 68,8 % C 

?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 6 =09=86G89 @V25=ь 2<VABC 1C2 C 2023 @>FV, 0 

=0928I89 – C 2016 @>FV. �<VAB C 2024 @>FV 7<5=H82AO =0 12,2 % C ?>@V2=O==V 7 

2016 @>:>< [110, 111].  

�3V4=> 7 40=8<8 B01;8FV �.15 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC −
2

NO  

1C2 C 2017 @>FV, 0 =0928I89 C 2024 @. �<VAB −
2

NO  C 2024 @>FV 71V;ьH82AO =0 38 % 

C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2016 B0 2020 @>:0E, 

=0928I89 – 2023 @. �<VAB −
2

NO  C 2024 @>FV 71V;ьH82AO =0 86,7 % C ?>@V2=O==V 7 

2016 @>:><. !0 ?>ABC 3 =09=86G89 @V25=ь C 2020, 0 =0928I89 C 2023 @>FV. �<VAB 
−
2

NO  C 2024 @>FV 7<5=H82AO =0 52,5 C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 4 

=09=86G89 @V25=ь 2<VABC −
2

NO  1C2 C 2020 @>FV, 0 =0928I89 – C 2023 @>FV. �<VAB 
−
2

NO  C 2024 @>FV 71V;ьH82AO =0 20 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 5 

=09=86G89 @V25=ь C 2020 B0 2022 @>:0E, 0 =0928I89 C 2016 @>FV. �<VAB −
2

NO  C 

2024 @>FV 7<5=H82AO =0 70,6 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 6 =09=86G89 

@V25=ь C 2016 B0 2024 @>:0E, 0 =0928I89 C 2019 B0 2023 @>:0E. �<VAB −
2

NO  C 

2024 @>FV 71V;ьH82AO =0 14,3 1V;ьH5 =V6 2 420 @078 C ?>@V2=O==V 7 

2016 @>:><  [110,  111].  

�3V4=> 7 40=8<8 B01;8FV �.16 =0 ?>AB0E 1 B0 2 =09=86G89 @V25=ь 2<VABC 
−2

4
SO  1C2 C 2023 @>FV, 0 =0928I89 C 2016 @. !0 ?>ABC 1 2<VAB −2

4
SO  C 2024 @>FV 

7<5=H82AO =0 34,9 % C ?>@V2=O==V 7 2016 @>:><, 0 =0 ?>ABC 2 2<VAB −2

4
SO  C 

2024 @>FV 7<5=H82AO =0 31,3 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 3 =09=86G89 

@V25=ь C 2023 @., 0 =0928I89 C 2017 @>FV. �<VAB −2

4
SO  C 2024 @>FV 7<5=H82AO =0 

28,3 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 4 =09=86G89 @V25=ь 2<VABC −2

4
SO 1C2 

C 2022 @>FV, 0 =0928I89 – C 2017 @>FV. �<VAB −2

4
SO  C 2024 @>FV 7<5=H82AO =0 

34,6 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 5 =09=86G89 @V25=ь 2<VABC −2

4
SO  1C2 

C 2019 @>FV, 0 =0928I89 – C 2024 @>FV. �<VAB AC;ьD0BV2  C 2024 @>FV 7<5=H82AO 

=0 18,2 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 6 =09=86G89 @V25=ь 2<VABC −2

4
SO  
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1C2 C 2023 @>FV, 0 =0928I89 – C 2016 @>FV. �<VAB −2

4
SO  C 2024 @>FV 7<5=H82AO =0 

32,1 % C ?>@V2=O==V 7 2016 @>:>< [110, 111]. 

' 2023 @>FV A?>AB5@V30єBьAO 71V;ьH5==O 2<VABC AC;ьD0BV2. �;O 

283>B>2;5==O 4>1@82 01> EV<VG=8E @5G>28= 2 B5E=>;>3VG=><C ?@>F5AV =0 

?V4?@8є<AB2V 28:>@8AB>2CNBь AV@G0=C :8A;>BC. &><C <>6=0 ?@8?CAB8B8, I> 

A0<5 A:848 ?V4?@8є<AB2>< =5 4>>G8I5=8E 2>4 є ?@8G8=>N 71V;ьH5==O 2<VABC 

AC;ьD0BV2 C @VGFV. �3V4=> 7 40=8<8 �:>;>3VG=>3> ?0A?>@BC %C<Aь:>W >1;0ABV C 

2022 @>FV ?V4?@8є<AB2>< #�& «%C<8EV<?@><» 1C;> A:8=CB> 2183,0 B8A. <3  

701@C4=5=8E 72>@>B=8E 2>4, 0 ?V4?@8є<AB2>< �# « VAь:2>4>:0=0;» – 

9550,0 B8A. <3 701@C4=5=8E 72>@>B=8E 2>4, C 2023 @>FV ?V4?@8є<AB2>< 

#�& «%C<8EV<?@><» 1C;> A:8=CB> 1397 B8A. <3  701@C4=5=8E 72>@>B=8E 2>4, 

�# « VAь:2>4>:0=0;» – 9208,0 B8A. <3 701@C4=5=8E 72>@>B=8E 2>4.  

�3V4=> 7 40=8<8 B01;8FV �.17 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC −3

4
PO  

1C2 C 2020 @>FV, 0 =0928I89 C 2023 @. �<VAB −3

4
PO  C 2024 @>FV 7<5=H82AO =0 

21,3 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2020 @>FV, 

=0928I89 – 2021 @. �<VAB −3

4
PO  C 2024 @>FV 7<5=H82AO =0 37,8 % C ?>@V2=O==V 7 

2016 @>:><. !0 ?>ABC 3 =09=86G89 @V25=ь C 2020 @>FV, 0 =0928I89 C 2023 @>FV. 

�<VAB −3

4
PO  C 2024 @>FV 7<5=H82AO =0 41,3 % C ?>@V2=O==V 7 2016 @>:><. !0 

?>ABC 4 =09=86G89 @V25=ь 2<VABC −3

4
PO  1C2 C 2020 @>FV, 0 =0928I89 – C 2016 @>FV. 

�<VAB −3

4
PO  C 2024 @>FV 7<5=H82AO =0 45,7 % C ?>@V2=O==V 7 2016 @>:><. !0 

?>ABC 5 =09=86G89 @V25=ь 2<VABC −3

4
PO  1C2 C 2020 @>FV, 0 =0928I89 – C 2016 @>FV. 

�<VAB −3

4
PO  C 2024 @>FV 7<5=H82AO =0 29,5 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 

6 =09=86G89 @V25=ь 2<VABC −3

4
PO  1C2 C 2021 @>FV, 0 =0928I89 – C 2016 @>FV. �<VAB 

−3

4
PO  C 2024 @>FV 7<5=H82AO =0 50,8 % C ?>@V2=O==V 7 2016 @>:>< [110, 111]. 

#@>0=0;V7C202H8 40=V B01;8FV �.17 <>6=0 7@>18B8 28A=>2>:, I> C @VGFV 

#A5; A?>AB5@V30єBьAO 7<5=H5==O 7030;ь=>3> 2<VABC D>AD0BV2 2V4 ?>AB0 1 4> 

?>AB0 6. #@>B5 2V4<VG0єBьAO ACBBє25 71V;ьH5==O =0 ?>ABC 3. #@8G8=>N <>65 1CB8 
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@>7<VI5==O ?>AB0 A?>AB5@565==O C =0A5;5=><C ?C=:BV (A. +5@2>=5), C O:><C 

2V4ACB=V >G8A=V A?>@C48. !0A5;5==O <>65 A:840B8 ?>1CB>2V ABVG=V 2>48, O:V 

<VABOBь H:V4;82V 701@C4=NNGV @5G>28=8, C ?>25@E=52V 2>4=V >1’є:B8. (>AD0B8 

2E>4OBь 4> A:;04C ?@0;ь=8E ?>@>H:V2, 70A>1V2 4;O <8BBO ?>AC4C B0 V=.  

�3V4=> 7 40=8<8 B01;8FV �.18 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC −Cl  1C2 

C 2024 @>FV, 0 =0928I89 C 2023 @. �<VAB −Cl  C 2024 @>FV 71V;ьH82AO =0 10,9 % C 

?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2020 @>FV, =0928I89 – 

C 2024 @. �<VAB −Cl
 C 2024 @>FV 71V;ьH82AO =0 58,5 % C ?>@V2=O==V 7 2016 @>:><. 

!0 ?>ABC 3 =09=86G89 @V25=ь C 2018 @., 0 =0928I89 C 2024 @>FV. �<VAB −Cl
 C 2024 

@>FV 71V;ьH82AO 242VGV C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 4 =09=86G89 @V25=ь 

2<VABC −Cl
 1C2 C 2018 @>FV, 0 =0928I89 – C 2023 @>FV. �<VAB −Cl

 C 2024 @>FV 

71V;ьH82AO =0 20,4 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 5 =09=86G89 @V25=ь 

2<VABC −Cl
 1C2 C 2018 @>FV, 0 =0928I89 – C 2016 @>FV. �<VAB −Cl  C 2024 @>FV 

71V;ьH82AO =0 42,8 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 6 =09=86G89 @V25=ь 

2<VABC −Cl  1C2 C 2021 @>FV, 0 =0928I89 – C 2016 @>FV. �<VAB −Cl  C 2024 @>FV 

71V;ьH82AO =0 40,5 % C ?>@V2=O==V 7 2016 @>:><. 

�3V4=> 7 40=8<8 [106, 107], A?>AB5@V30єBьAO ?>ABV9=5 A:>@>G5==O 

G8A5;ь=>ABV =0A5;5==O. ' �@0A=>?V;ьAь:><C @09>=V :V;ь:VABь =0A5;5==O 

7<5=H8;0Aь 7 28983 >AV1 (2016 @V:) 4> 28190 >AV1 (2021 @V:); C �51548=Aь:><C 

@09>=V C 2016 @>FV 1C;> 20188 >AV1, 0 C 2023 @>FV – 18510 >AV1; C �04OFь:><C 

@09>=V 7<5=H8;0Aь 7 54352 >AV1 (2016 @V:) 4> 49422 >AV1 (2021 @V:); C 

�V=ь:V2Aь:><C @09>=V 1C;> 35146 >AV1 C 2016 @>FV, 0 C 2021 @>FV – 26842 >A>18; C 

 8@3>@>4Aь:><C @09>=V :V;ь:VABь =0A5;5==O 7<5=H8;0Aь 7 32590 >AV1 C 2016 @>FV 

4> 29743 >AV1 C 2021 @>FV; C ,8H0Fь:><C @09>=V 7<5=H8;0Aь 7 20566 >AV1 (2016 

@V:) 4> 18107 >AV1 (2021 @V:); C �5;8:>1030G0=Aь:><C @09>=V C 2016 @>FV 1C;> 

25356 >AV1, C 2021 @>FV – 16213 >AV1; C $5H5B8;V2Aь:><C @09>=V :V;ь:VABь 

=0A5;5==O 7 26540 >AV1 (2016 @V:) 7<5=H8;0Aь 4> 25784 >AV1 (2021 @V:); C 

�;>18=Aь:><C @09>=V C 2016 @>FV 1C;> 44474 >A>18, C 2021 @>FV 33785 >AV1; C 

�>75;ьI8=Aь:><C @09>=V 7<5=H8;0Aь 7 19780 >AV1 (2016 @V:) 4> 16970 >AV1 (2021 
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@V:); C �@5<5=GCFь:><C @09>=V C 2016 @>FV 1C;> 39735 >AV1, C 2021 @>FV – 

37514 >AV1. 

$57C;ьB0B8 ?@>2545=8E 4>A;V465=ь 4>72>;ONBь AB25@46C20B8 ?@> 7=0G=5 

?>3V@H5==O 5:>;>3VG=>3> AB0=C @VG:8 #A5;, >4=>3> 7 206;82VH8E ?@8B>: @VG:8 

�=V?@>. &5E=>35==5 =020=B065==O 2=0A;V4>: 0=B@>?>35==>3> 2?;82C ?@872>48Bь 

4> ?>3V@H5==O O:>ABV 2>48 V @568<C 9>3> @VG:>2>3> AB>:C. 

$VG:0 �>@A:;0 ?@>BV:0є B5@8B>@VєN %C<Aь:>W B0 #>;B02Aь:>W >1;0AB59 C 

<560E ':@0W=8. �030;ь=0 4>268=0 A:;040є 464 :<, 2 <560E ':@0W=8 336 :<. 

#;>I0 10A59=C A:;040є 14700 :<², A5@54=ь>@VG=89 ABV: – 36,4 <3/A. �=0;V7 O:>ABV 

2>48 @VG:8 �>@A:;0 1C;> ?@>2545=> =0 >A=>2V 40=8E 4 ?>ABV2 A?>AB5@565==O 

(@8AC=>: 3.4): 1) A<B. �5;8:0 #8A0@V2:0 %C<Aь:>W >1;0ABV; 2) A. �;8<5=B>25 

"EB8@Aь:>3> @-=C %C<Aь:>W >1;0ABV; 3) <. #>;B020; 4) <. �>15;O:8 #>;B02Aь:>W 

>1;0ABV. 

 

$8AC=>: 3.4 – %E5<0B8G=5 @>7<VI5==O G>B8@ь>E ?>ABV2 A?>AB5@565==O,  

70 40=8<8 O:8E ?@>2>48;>Aь 4>A;V465==O 

 

' B01;8FOE �.19 – �.24 =02545=> 2<VAB 701@C4=NNG8E @5G>28= =0 ?>AB0E 

A?>AB5@565==O @VG:8 �>@A:;0 2 ?5@V>4 7 2016 @>:C 4> 2024 @>:C.  
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�3V4=> 7 40=8<8 B01;8FV �.19 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC +
4

NH  

1C2 C 2024 @>FV, 0 =0928I89 C 2017 @. �<VAB +
4

NH  C 2024 @>FV 7<5=H82AO =0 

19,4 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2022 @>FV, 

=0928I89 – 2018 @. �<VAB +
4

NH  C 2024 @>FV 71V;ьH82AO =0 10,8 % C ?>@V2=O==V 7 

2016 @>:><. !0 ?>ABC 3 =09=86G89 @V25=ь C 2019 @., 0 =0928I89 C 2024 @>FV. 

�<VAB +
4

NH  C 2024 @>FV 71V;ьH82AO =0 11,1 % C ?>@V2=O==V 7 2016 @>:><. !0 

?>ABC 4 =09=86G89 @V25=ь 2<VABC +
4

NH  1C2 C 2019 B0 2020 @>:0E, 0 =0928I89 – C 

2024 @>FV. �<VAB +
4

NH  C 2024 @>FV 71V;ьH82AO =0 2,7 % C ?>@V2=O==V 7 2016 @>:><. 

' =0A5;5=8E ?C=:B0E "EB8@Aь:>3> B0 #>;B02Aь:>3> @09>=V2 :><C=0;ь=V V 

AV;ьAь:>3>A?>40@Aь:V ?V4?@8є<AB20 A:840NBь 4> ?>25@E=528E 2>4=8E >1’є:BV2 

=54>AB0B=ь> >G8I5=V G8 27030;V 157 >G8AB:8 72>@>B=V 2>48. *5 >4=0 7 ?@8G8=, I> 

7C<>2;Nє ?>B@0?;O==O V>=V2 0<>=VN C ?>25@E=52V 2>4=V >1’є:B8 [109, 112]. 

�3V4=> 7 40=8<8 B01;8FV �.20 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC −
3

NO  

1C2 C 2022 @>FV, 0 =0928I89 C 2019 @. �<VAB −
3

NO  C 2024 @>FV 7<5=H82AO =0 

36,5 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2022 @>FV, 

=0928I89 – 2019 @. �<VAB C 2024 @>FV 7<5=H82AO =0 33,3 % C ?>@V2=O==V 7 2016 

@>:><. !0 ?>ABC 3 =09=86G89 @V25=ь C 2020 @., 0 =0928I89 C 2018 @>FV. �<VAB C 

2024 @>FV 71V;ьH82AO =0 21,1 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 4 =09=86G89 

@V25=ь 2<VABC 1C2 C 2016 @>FV, 0 =0928I89 – C 2018 @>FV. �<VAB C 2024 @>FV 

71V;ьH82AO =0 59,8 % C ?>@V2=O==V 7 2016 @>:>< [109, 112]. ' 2024 @>FV GVB:> 

?@>AB56CєBьAO @V7:5 7<5=H5==O =VB@0BV2 ?@>BO3>< @>:C =0 ?>ABC 3.  >6;82>N 

?@8G8=>N 40=>3> O28I0 <>65 1CB8 @>7B0HC20==O ?>AB0 A?>AB5@565==O 2 <VABV 

#>;B020, 45 ABVG=V 2>48 A?>G0B:C =04E>4OBь =0 >G8A=V A?>@C48, 0 265 ?VA;O 

>G8I5==O ?>B@0?;ONBь C ?>25@E=52V 2>4=V >1’є:B8. 

�3V4=> 7 40=8<8 B01;8FV �.21 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC −
2

NO  

1C2 C 2020 @>FV, 0 =0928I89 C 2016 @. �<VAB −
2

NO  C 2024 @>FV 7<5=H82AO =0 

54,3 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2019 @>FV, 

=0928I89 – 2023 @. !0 ?>ABC 3 =09=86G89 @V25=ь C 2016 @., 0 =0928I89 C 
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2022  @>FV. �<VAB C 2024 @>FV 71V;ьH82AO =0 8,3 % C ?>@V2=O=V 7 2016 @>:><. !0 

?>ABC 4 =09=86G89 @V25=ь 2<VABC 1C2 C 2016 @>FV, 0 =0928I89 – C 2023 @>FV. �<VAB 

C 2024 @>FV 71V;ьH82AO 2B@8GV C ?>@V2=O==V 7 2016 @>:>< [109, 112]. 

�3V4=> 7 40=8<8 B01;8FV �.22 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC −2

4
SO  

1C2 C 2022 @>FV, 0 =0928I89 C 2016 @. �<VAB −2

4
SO  C 2024 @>FV 7<5=H82AO =0 

19,4 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2022 @>FV, 

=0928I89 – 2024 @. �<VAB −2

4
SO  C 2024 @>FV 71V;ьH82AO =0 0,5 % C ?>@V2=O=V 7 

2016 @>:><. !0 ?>ABC 3 =09=86G89 @V25=ь C 2021 @., 0 =0928I89 C 2018 @>FV. 

�<VAB −2

4
SO  C 2024 @>FV 7<5=H82AO =0 14,9 % C ?>@V2=O==V 7 2016 @>:><. !0 

?>ABC 4 =09=86G89 @V25=ь 2<VABC −2

4
SO  1C2 C 2021 @>FV, 0 =0928I89 – C 2017 @>FV. 

�<VAB −2

4
SO  C 2024 @>FV 71V;ьH82AO =0 9,1 % C ?>@V2=O==V 7 2016 @>:>< [109, 112].  

' 2024 @>FV 2V4?>2V4=> 4> 40=8E B01;8FV �.22 A?>AB5@V30єBьAO 71V;ьH5==O 

:>=F5=B@0FVW AC;ьD0BV2 =0 2AVE ?>AB0E. #@8G8=>N <>65 1CB8 A:840==O 

=5>G8I5=8E 01> =54>AB0B=ь> >G8I5=8E ABVG=8E 2>4 ?V4?@8є<AB2. %C;ьD0B8 

B0:>6 ?>B@0?;ONBь 4> ?>25@E=528E 465@5; V7 68B;>2>-:><C=0;ь=>3> 

3>A?>40@AB20 =0A5;5=8E ?C=:BV2.  

�3V4=> 7 40=8<8 B01;8FV �.23 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC −3

4
PO  

1C2 C 2020 @>FV, 0 =0928I89 C 2016 @. !0 1 B0 2 ?>ABC 2<VAB −3

4
PO  C 2024 @>FV 

7<5=H82AO =0 45,5 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 

2022 @>FV, =0928I89 – 2016 @. !0 ?>ABC 3 =09=86G89 @V25=ь C 2023 @., 0 

=0928I89 C 2021 @>FV. �<VAB −3

4
PO  C 2024 @>FV 7<5=H82AO =0 15,6 % C ?>@V2=O==V 

7 2016 @>:><. !0 ?>ABC 4 =09=86G89 @V25=ь 2<VABC −3

4
PO  1C2 C 2019 B0 2020 @>:0E, 

0 =0928I89 – C 2016 @>FV. �<VAB −3

4
PO  C 2024 @>FV 7<5=H82AO =0 46,1 % C 

?>@V2=O==V 7 2016 @>:>< [109, 112]. 

�0 40=8<8 B01;8FV �.23 C 2024 @>FV 2 ?C=:B0E 1 – 3 A?>AB5@V30єBьAO 

7<5=H5==O 2<VABC D>AD0BV2, 0 =0 ?>ABC A?>AB5@565==O 4 – 9>3> =57=0G=5 

71V;ьH5==O. (>AD0B8 =04E>4OBь C ?>25@E=52V 2>4=V >1’є:B8 2=0A;V4>: A:840==O 
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=5>G8I5=8E 3>A?>40@Aь:>-?>1CB>28E ABVG=8E 2>4. "4=8< V7 465@5; ?>B@0?;O==O 

D>AD0BV2 C 2>4>9<8 B0:>6 є D>AD>@=V 4>1@820, 7>:@5<0 483V4@>D>AD0B 

:0;ьFVN – A?>;C:0, I> 5D5:B82=> 70A2>NєBьAO @>A;8=0<8 =0 @V7=8E B8?0E ґ@C=BV2 

V H8@>:> 70AB>A>2CєBьAO 2 AV;ьAь:><C 3>A?>40@AB2V. 

�3V4=> 7 40=8<8 B01;8FV �.24 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC 

E;>@84V2 1C2 C 2022 @>FV, 0 =0928I89 C 2024 @. �<VAB E;>@84V2 C 2024 @>FV 

71V;ьH82AO =0 63,2 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 

2020 @>FV, =0928I89 – C 2024 @. �<VAB E;>@84V2 C 2024 @>FV 71V;ьH82AO <0965 

242VGV C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 3 =09=86G89 @V25=ь C 2021 @., 0 

=0928I89 C 2020 @>FV. �<VAB E;>@84V2 C 2024 @>FV 7<5=H82AO =0 21,2 % C 

?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 4 =09=86G89 @V25=ь C 2020 @>FV, =0928I89 – 

2024 @., 2<VAB E;>@84V2  C 2024 @>FV 71V;ьH82AO =0 23,2 % C ?>@V2=O==V 7 2016 @. 

�3V4=> 7 V=D>@<0FVєN 7 465@5; [106, 107], G8A5;ь=VABь =0A5;5==O 

?>ABC?>2> A:>@>GCєBьAO. ' �5;8:>?8A0@V2Aь:><C @09>=V :V;ь:VABь =0A5;5==O 

7<5=H8;0Aь 7 19466 >AV1 (2016 @V:) 4> 13937 >AV1 (2021 @V:); C &@>ABO=5Fь:><C 

@09>=V C 2016 @>FV 1C;> 35766 >AV1, 0 C 2021 @>FV – 35364 >A>18; C �V=ь:>2Aь:><C 

@09>=V 1C;> 35146 >AV1 C 2016 @>FV, 0 C 2021 @>FV – 26842 >A>18; C �>B5;52Aь:><C 

@09>=V :V;ь:VABь =0A5;5==O 71V;ьH8;0Aь 7 19703 >AV1 C 2016 @>FV 4> 25947 >AV1 C 

2021 @>FV; C �8:0=Aь:><C @09>=V 7<5=H8;0Aь 7 19072 >AV1 (2016 @V:) 4> 17729 

>AV1 (2021 @V:); C �>15;OFь:><C @09>=V :V;ь:VABь =0A5;5==O 7 42780 >AV1 (2016 

@V:) 7<5=H8;0Aь 4> 35096 >AV1 (2021 @V:). 

�V4?>2V4=> 4> 40=8E B01;8Fь �.19 – �.24 =0 ?>ABC 3 (<. #>;B020) 

A?>AB5@V30єBьAO 7<5=H5==O :>=F5=B@0FVW 701@C4=NNG8E @5G>28=.  >6=0 

7@>18B8 ?@8?CI5==O, I> =0A;V4:>< 40=>3> O28I0 A;C3Cє @>7B0HC20==O >G8A=8E 

A?>@C4 ?>1;87C <. #>;B020, F5 �>B5;52Aь:V >G8A=V A?>@C48, >G8A=V A?>@C48 ��� 

A. &5@5H:8, %C?@C=V2Aь:V >G8A=V A?>@C48 #>;B02Aь:>3> �'��� A. $5H5B=O:8. 

$VG:0 %0<0@0 ?@>BV:0є B5@8B>@VєN )0@:V2Aь:>W, �>=5Fь:>W B0 

�=V?@>?5B@>2Aь:>W >1;0AB59. �030;ь=0 4>268=0 A:;040є 320 :<. #;>I0 10A59=C 

A:;040є 22660 :<², A5@54=ь>@VG=89 ABV: – 17 <3/A. �=0;V7 O:>ABV 2>48 ?@8B>:8 

%0<0@0 1C;> ?@>2545=> =0 >A=>2V 40=8E 3 ?>ABV2 A?>AB5@565==O (@8AC=>: 3.5): 
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1) A. !V:>;ьAь:5 ";5:A0=4@V2Aь:>3> @-=C, :>@4>= �>=5Fь:>W V )0@:V2Aь:>W >1;.; 

2) A. �5@1:8 #02;>3@04Aь:>3> @-=C; 3) <. #V43>@>4=є �=V?@>?5B@>2Aь:>3> @-=C 

�=V?@>?5B@>2Aь:>W >1;. 

 

 

$8AC=>: 3.5 – %E5<0B8G=5 @>7<VI5==O B@ь>E ?>ABV2 A?>AB5@565==O,  

70 40=8<8 O:8E ?@>2>48;>Aь 4>A;V465==O 

 

' B01;8FOE �.25 – �.30 =02545=> 2<VAB 701@C4=NNG8E @5G>28= =0 ?>AB0E 

A?>AB5@565==O @VG:8 %0<0@0 2 ?5@V>4 7 2016 @>:C 4> 2024 @>:C.  

�3V4=> 7 40=8<8 B01;8FV �.25 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC +
4

NH  

1C2 C 2024 @>FV, 0 =0928I89 C 2018 @. �<VAB +
4

NH  C 2024 @>FV 7<5=H82AO =0 

40,9 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2024 @>FV, 

=0928I89 – C 2017 @. �<VAB +
4

NH  C 2024 @>FV 7<5=H82AO =0 33,3 % C ?>@V2=O==V 

7 2016 @>:><. !0 ?>ABC 3 =09=86G89 @V25=ь C 2019 @., 0 =0928I89 C 2024 @>FV. 

�<VAB +
4

NH  C 2024 @>FV 71V;ьH82AO =0 83,9 % C ?>@V2=O==V 7 2016 @>:>< [109, 

113]. ' =0A5;5=8E ?C=:B0E �@0<0B>@Aь:>3>, �>7V2Aь:>3>, #02;>3@04Aь:>3>, 

!>2><>A:>2Aь:>3> B0 �=V?@>?5B@>2Aь:>3> @09>=V2 :><C=0;ь=V V 

AV;ьAь:>3>A?>40@Aь:V ?V4?@8є<AB20 A:840NBь 4> ?>25@E=528E 2>4=8E >1’є:BV2 

=54>AB0B=ь> >G8I5=V G8 27030;V 157 >G8AB:8 72>@>B=V 2>48.  

� 40=8E B01;8FV �.25 <>6=0 7@>18B8 ?@8?CI5==O, I> 71V;ьH5==O 2<VABC 

0<>=VN C 2024 @>FV A2V4G8Bь ?@> 28:>@8AB0==O <V=5@0;ь=8E 4>1@82 C 
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AV;ьAь:>3>A?>40@Aь:V9 4VO;ь=>ABV =0A5;5=8E ?C=:BV2, O:V @>7B0H>20=V 274>26 

@VG:8. 

�3V4=> 7 40=8<8 B01;8FV �.26 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC −
3

NO  

1C2 C 2018 @>FV, 0 =0928I89 C 2024 @. �<VAB −
3

NO  C 2024 71V;ьH82AO 242VGV C 

?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2021 @>FV, =0928I89 – 

2017 @. �<VAB −
3

NO  C 2024 @>FV 7<5=H82AO =0 55,2 % C ?>@V2=O==V 7 2016 @>:><. 

!0 ?>ABC 3 =09=86G89 @V25=ь C 2021 @., 0 =0928I89 C 2024 @>FV. �<VAB −
3

NO  C 

2024 @>FV 71V;ьH82AO =0 17 % C ?>@V2=O==V 7 2016 @>:>< [109, 113].  

�0 40=8<8 B01;8FV C 2024 @>FV A?>AB5@V30єBьAO ?>ABV9=5 ?V428I5==O 

=VB@0BV2, I> A2V4G8Bь ?@> ?@>BV:0==O 2 AB04VW =VB@8DV:0FVW, I> ?V4B25@46CєBьAO 

40=8<8 B01;8FV �.27, 45 A?>AB5@V30єBьAO 7<5=H5==O 2<VABC =VB@8BV2.  

�3V4=> 7 40=8<8 B01;8FV �.27 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC −
2

NO  

1C2 C 2017 @>FV, 0 =0928I89 C 2024 @. �<VAB −
2

NO  C 2024 @>FV 71V;ьH82AO 242VGV 

@078 C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2020 B0 2023 

@>:0E, =0928I89 – 2017 @. �<VAB −
2

NO  C 2024 @>FV 7<5=H82AO =0 4,8 % C 

?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 3 =0928I89 @V25=ь 1C2 C 2019 @ [109, 113].  

�3V4=> 7 40=8<8 B01;8FV �.28 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC −2

4
SO  

1C2 C 2016 @>FV, 0 =0928I89 C 2024 @. �<VAB −2

4
SO  C 2024 @>FV 71V;ьH82AO =0 

20,3 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2024 @>FV, 

=0928I89 – 2016 @. �<VAB −2

4
SO  C 2024 @>FV 7<5=H82AO =0 15,7 % C ?>@V2=O==V 7 

2016 @>:><. !0 ?>ABC 3 =09=86G89 @V25=ь C 2017 @., 0 =0928I89 C 2024 @>FV. 

�<VAB −2

4
SO  C 2024 @>FV 71V;ьH82AO =0 36,8 % C ?>@V2=O==V 7 2016 @>:>< [109, 113].  

�3V4=> 7 40=8<8 B01;8FV �.29 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC −3

4
PO  

1C2 C 2017 @>FV, 0 =0928I89 C 2016 @. �<VAB −3

4
PO  C 2024 @>FV 7<5=H82AO =0 9,6 % 

C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 2023 @>FV, =0928I89 – 

2019 @. �<VAB −3

4
PO  C 2024 @>FV 71V;ьH82AO =0 25,1 % C ?>@V2=O==V 7 2016 @>:><. 
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!0 ?>ABC 3 =09=86G89 @V25=ь C 2023 @., 0 =0928I89 C 2024 @>FV. �<VAB −3

4
PO  C 

2024 @>FV 71V;ьH82AO 242VGV C ?>@V2=O==V 7 2016 @>:>< [109, 113].  

�3V4=> 7 40=8<8 B01;8FV �.30 =0 ?>ABC 1 =09=86G89 @V25=ь 2<VABC 

E;>@84V2 1C2 C 2018 @>FV, 0 =0928I89 C 2024 @. �<VAB E;>@84V2 C 2024 @>FV 

71V;ьH82AO =0 16,0 % C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 2 =09=86G89 @V25=ь C 

2016 @>FV, =0928I89 – 2023 @. �<VAB E;>@84V2  C 2024 @>FV 71V;ьH82AO =0 16,6 % 

C ?>@V2=O==V 7 2016 @>:><. !0 ?>ABC 3 =09=86G89 @V25=ь C 2023 @., 0 =0928I89 C 

2016 @>FV. �<VAB E;>@84V2  C 2024 @>FV 7<5=H82AO =0 25,2 % C ?>@V2=O==V 7 2016 

@>:>< [109, 113].  

�0 40=8<8 465@5; [106, 107], G8A5;ь=VABь =0A5;5==O 7=86CєBьAO. ' 

";5:A0=4@V2Aь:><C @09>=V :V;ь:VABь =0A5;5==O 7<5=H8;0Aь 7 18978 >AV1 (2016 

@V:) 4> 15394 >AV1 (2021 @V:); C �;87=N:V2Aь:><C @09>=V C 2016 @>FV 1C;> 

19366 >AV1, 0 C 2021 @>FV – 17094 >AV1; C #5B@>?02;V2Aь:><C @09>=V 7<5=H8;0Aь 

7 26973 >AV1 (2016 @V:) 4> 14976 >AV1 (2021 @V:); C #02;>3@04Aь:><C @09>=V 1C;> 

28026 >AV1 C 2016 @>FV, 0 C 2021 @>FV – 26726 >AV1; C .@’W2Aь:><C @09>=V :V;ь:VABь 

=0A5;5==O 7<5=H8;0Aь 7 13422 >AV1 C 2016 @>FV 4> 12959 >AV1 C 2021 @>FV; C 

!>2><>A:>2Aь:><C @09>=V 7<5=H8;0Aь 7 74597 >AV1 (2016 @V:) 4> 

69855 >AV1 (2021 @V:). 

�3V4=> 7 40=8<8 @53V>=0;ь=>W 4>?>2V4V ?@> AB0= =02:>;8H=ь>3> 

A5@54>28I0 C �=V?@>?5B@>2Aь:V9 >1;0ABV 4> @VG:8 %0<0@0 C 2020 @>FV 1C;> 

A:8=CB> 21421,9 B8A. <3 701@C4=5=8E 72>@>B=8E 2>4 7 ?V4?@8є<AB2 

(&"� ��� «�=5@3>02B><0B8:0», �# «&5@=V2Aь:5 68B;>2>:><C=0;ь=5 

?V4?@8є<AB2>», �# «#02;>3@042>4>:0=0;», �# «!>2><>A:>2Aь: 2>4>:0=0;»). � 

=8E =54>AB0B=ь> >G8I5=8E – 18475,2 B8A. <3, 0 =5>G8I5=8E – 2942,8 B8A. <3. ' 

�>=5Fь:V9 >1;0ABV 4> 10A59=C @VG:8 A:8=CB> 22,1 <;=. <3 701@C4=5=8E 72>@>B=8E 

2>4 2C3V;ь=>W ?@><8A;>2>ABV, I> A:;040є 55 % 2V4 7030;ь=>3> >1AO3C, 2V4?>2V4=> 

4> 40=8E @53V>=0;ь=>W 4>?>2V4V ?@> AB0= =02:>;8H=ь>3> A5@54>28I0 C �>=5Fь:>W 

>1;0ABV. "B65, <>6=0 7@>18B8 ?@8?CI5==O, I> F5 є >4=8< V7 D0:B>@V2, I> 

A?@8ONBь ?V428I5=><C 2<VABC AC;ьD0BV2, D>AD0BV2 V E;>@84V2 C ?>25@E=52><C 

2>4=><C >1’є:BV. (B01;8FV �.28, �.29 B0 �.30 2V4?>2V4=>).  
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#@>0=0;V7C202H8 40=V B01;8Fь �.1 – �.30 <>6=0 7@>18B8 28A=>2>:, I> 

?@8B>:8 �5A=0, %C;0, #A5;, �>@A:;0 V %0<0@0 7=0E>4OBьAO ?V4 ?>ABV9=8< 

B5E=>35==8< 2?;82>< B0 <0NBь B5=45=FVN 4> ABV9:>3> ?>3V@H5==O WE 

5:>;>3VG=>3> AB0=C B0 @VG:8 �=V?@>.  

�;O @>73;O=CB8E ?@8B>: 1C;> @>7@0E>20=> V=45:A8 701@C4=5==O 2>48 70 

D>@<C;>N (1.2), V=45:A8 O:>ABV 2>48 70 D>@<C;>N (1.11) B0 5=B@>?V9=V V=45:A8 

O:>ABV 2>48 70 4>?><>3>N D>@<C; (1.3) – (1.5) 70 2024 @V: 70 A5<8 ?>:07=8:0<8 

(�%�, @>7G8=5=89 :8A5=ь, V>=8 0<>=VN, =VB@0B8 B0 =VB@8B8, AC;ьD0B8 B0 D>AD0B8). 

$57C;ьB0B8 @>7@0EC=:V2 2V4>1@065=V C B01;8FOE 3.1 – 3.11 [21].  

 

&01;8FO 3.1 – �=45:A8 701@C4=5==O ?>25@E=528E 2>4=8E >1’є:BV2  

B0 :;0A8 O:>ABV 2>48 4;O 2024 @>:C 

!0720 
?>25@E=52>3> 
2>4=>3> >1’є:BC 

�=0G5==O �7 �;0A O:>ABV 2>48 /:VABь 2>48 

�5A=0 1,16 ��� #><V@=> 701@C4=5=0 
%C;0 1,28 ��� #><V@=> 701@C4=5=0 
#A5; 1,03 ��� #><V@=> 701@C4=5=0 
�>@A:;0 1,10 ��� #><V@=> 701@C4=5=0 
%0<0@0 1,45 ��� #><V@=> 701@C4=5=0 

 

�> B@5Bь>3> :;0AC («?><V@=> 701@C4=5=V») 2V4=>AOBьAO 2>48, O:V 

7=0E>4OBьAO ?V4 7=0G=8< 0=B@>?>35==8< 2?;82><, @V25=ь O:>3> 1;87ь:89 4> <56V 

ABV9:>ABV 5:>A8AB5<.  
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&01;8FO 3.2 – $>7@0EC=:8 5=B@>?V9=>3> V=45:AC O:>ABV 2>48  

4;O @VG:8 �5A=0 =0 ?C=:B0E A?>AB5@565==O 4;O 2024 @>:C 

�=0G5==O #>AB 1 #>AB 2 #>AB 3 #>AB 4 #>AB 5 #>AB 6 
N (7030;ь=0 AC<0 
?5@528I5=ь =>@<0B82C) 6,00 16,00 6,00 6,00 13,00 6,00 

nlogn
2

  2,58 4,00 2,58 2,58 3,70 2,58 

õ  nlogn
2  10,00 51,03 10,00 10,00 35,16 10,00 

I (35>5:>;>3VG=0 
A8=B@>?VO) 1,67 3,19 1,67 1,67 2,70 1,67 

H (5=B0;ь?VO) 0,92 0,81 0,92 0,92 1,00 0,92 

G (5=B@>?V9=89 V=45:A 
O:>ABV 2>48) 0,55 0,25 0,55 0,55 0,37 0,55 

GA5@54=є 0,47 

 

&01;8FO 3.3– $>7@0EC=:8 5=B@>?V9=>3> V=45:AC O:>ABV 2>48 

4;O @VG:8 %C;0 =0 ?C=:B0E A?>AB5@565==O 4;O 2024 @>:C 

�=0G5==O #>AB 1 #>AB 2 #>AB 3 #>AB 4 
N (7030;ь=0 AC<0 ?5@528I5=ь =>@<0B82C) 5,00 4,00 5,00 9,00 

nlogn
2

  2,32 2,00 2,32 3,17 

õ  nlogn
2  4,00 4,00 8,00 14,75 

I (35>5:>;>3VG=0 A8=B@>?VO) 0,80 1,00 1,60 1,64 

H (5=B0;ь?VO) 1,52 1,00 0,72 1,53 

G (5=B@>?V9=89 V=45:A O:>ABV 2>48) 1,90 1,00 0,45 0,93 

GA5@54=є 1,07 

 

&01;8FO 3.4 – $>7@0EC=:8 5=B@>?V9=>3> V=45:AC O:>ABV 2>48 

4;O @VG:8 #A5; =0 ?C=:B0E A?>AB5@565==O 4;O 2024 @>:C 

�=0G5==O #>AB 1 #>AB 2 #>AB 3 #>AB 4 #>AB 5 #>AB 6 

N (7030;ь=0 AC<0 
?5@528I5=ь =>@<0B82C) 5,00 7,00 8,00 5,00 5,00 10,00 

nlogn
2

  2,32 2,81 3,00 2,32 2,32 3,32 

õ  nlogn
2  8,00 11,61 10,00 4,75 4,75 16,00 

I (35>5:>;>3VG=0 
A8=B@>?VO) 1,60 1,66 1,25 0,95 0,95 1,60 

H (5=B0;ь?VO) 0,72 1,15 1,75 1,37 1,37 1,72 

G (5=B@>?V9=89 V=45:A 
O:>ABV 2>48) 0,45 0,69 1,40 1,44 1,44 1,08 

GA5@54=є 1,08 
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&01;8FO 3.5 – $>7@0EC=:8 5=B@>?V9=>3> V=45:AC O:>ABV 2>48 

4;O @VG:8 �>@A:;0 =0 ?C=:B0E A?>AB5@565==O 4;O 2024 @>:C 

�=0G5==O #>AB 1 #>AB 2 #>AB 3 #>AB 4 

N (7030;ь=0 AC<0 ?5@528I5=ь =>@<0B82C) 7,00 8,00 7,00 11,00 

nlogn
2

  2,81 3,00 2,81 3,46 

õ  nlogn
2  8,00 8,00 6,75 16,26 

I (35>5:>;>3VG=0 A8=B@>?VO) 1,14 1,00 0,96 1,48 

H (5=B0;ь?VO) 1,66 2,00 1,84 1,98 

G (5=B@>?V9=89 V=45:A O:>ABV 2>48) 1,45 2,00 1,91 1,34 

GA5@54=є 1,68 

 

&01;8FO 3.6 – $>7@0EC=:8 5=B@>?V9=>3> V=45:AC O:>ABV 2>48  

4;O @VG:8 %0<0@0 =0 ?C=:B0E A?>AB5@565==O 4;O 2024 @>:C 

�=0G5==O #>AB 1 #>AB 2 #>AB 3 
N (7030;ь=0 AC<0 ?5@528I5=ь =>@<0B82C) 8,00 10,00 10,00 

nlogn
2

  3,00 3,32 3,32 

õ  nlogn
2  8,00 14,26 10,00 

I (35>5:>;>3VG=0 A8=B@>?VO) 1,00 1,43 1,00 

H (5=B0;ь?VO) 2,00 1,90 2,32 

G (5=B@>?V9=89 V=45:A O:>ABV 2>48) 2,00 1,33 2,32 

GA5@54=є 1,88 

 

$57C;ьB0B8 4>A;V465==O A2V4G0Bь, I> >A=>2=8<8 701@C4=N20G0<8 2>48 

?>25@E=528E 2>4=8E >1’є:BV2 є V>=8 0<>=VN B0 =VB@0B8, C @VGFV %0<0@0 B0:>6  

AC;ьD0B8 B0 E;>@848. �>=8 <>6CBь =530B82=> 2?;820B8 =0 74>@>2’O ;N48=8 

2=0A;V4>: :0=F5@>35==>W B0 <CB035==>W 4VW, 0 B0:>6 V=B5=A8DV:C20B8 

52B@>DV:0FVN 2>4=8E >1’є:BV2. "B@8<0=V @57C;ьB0B8 4>A;V465=ь 2:07CNBь, I> 

=091V;ьHV 7=0G5==O 5=B@>?V9=>3> V=45:AC O:>ABV 2>48 @VG:8 %C;0 – ?>AB 1 (1,90); 

@VG:8 �5A=0 – ?>AB8 1, 3, 4, 6 (0,55); @VG:8 #A5; – ?>AB8 4, 5 (1,44); @VG:8 �>@A:;0 

– ?>AB 2 (2,00); @VG:8 %0<0@0 – ?>AB 3 (2,32) [21].  
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&01;8FO 3.7 – $57C;ьB0B8 V=45:AV2 O:>ABV 2>48 (WQI)  

=0 4V;O=:0E 4>A;V465==O @VG:8 �5A=0 C 2024 @>FV 

#>AB8 A?>AB5@565==O �=0G5==O WQI /:VABь 2>48 
#>AB 1 68,31 !87ь:0 
#>AB 2 60,06 !87ь:0 
#>AB 3 62,46 !87ь:0 
#>AB 4 59,58 !87ь:0 
#>AB 5 77,06 �C65 =87ь:0 
#>AB 6 74,56 �C65 =87ь:0 
%5@54=є 7=0G5==O C @VGFV 67,00 !87ь:0 

 

&01;8FO 3.8 – $57C;ьB0B8 V=45:AV2 O:>ABV 2>48 (WQI)  

=0 4V;O=:0E 4>A;V465==O @VG:8 %C;0 C 2024 @>FV 

#>AB8 A?>AB5@565==O �=0G5==O WQI /:VABь 2>48 
#>AB 1 40,61 �>1@0 
#>AB 2 47,57 �>1@0 
#>AB 3 69,17 !87ь:0 
#>AB 4 75,71 �C65 =87ь:0 
%5@54=є 7=0G5==O C @VGFV 58,26 !87ь:0 

 

&01;8FO 3.9 – $57C;ьB0B8 V=45:AV2 O:>ABV 2>48 (WQI)  

=0 4V;O=:0E 4>A;V465==O @VG:8 #A5; C 2024 @>FV 

#>AB8 A?>AB5@565==O �=0G5==O WQI /:VABь 2>48 
#>AB 1 41,47 �>1@0 
#>AB 2 41,51 �>1@0 
#>AB 3 58,20 !87ь:0 
#>AB 4 53,78 !87ь:0 
#>AB 5 54,92 !87ь:0 
#>AB 6 62,89 !87ь:0 
%5@54=є 7=0G5==O C @VGFV 52,13 !87ь:0 

 

&01;8FO 3.10 – $57C;ьB0B8 V=45:AV2 O:>ABV 2>48 (WQI)  

=0 4V;O=:0E 4>A;V465==O @VG:8 �>@A:;0 C 2024 @>FV 

#>AB8 A?>AB5@565==O �=0G5==O WQI /:VABь 2>48 
#>AB 1 45,57 �>1@0 
#>AB 2 57,47 !87ь:0 
#>AB 3 70,55 !87ь:0 
#>AB 4 88,19 �C65 =87ь:0 
%5@54=є 7=0G5==O C @VGFV 65,44 !87ь:0 
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&01;8FO 3.11 – $57C;ьB0B8 V=45:AV2 O:>ABV 2>48 (WQI)  

=0 4V;O=:0E 4>A;V465==O @VG:8 %0<0@0 C 2024 @>FV 

#>AB8 A?>AB5@565==O �=0G5==O WQI /:VABь 2>48 
#>AB 1 66,32 !87ь:0 
#>AB 2 67,83 !87ь:0 
#>AB 3 88,68 �C65 =87ь:0 
%5@54=є 7=0G5==O C @VGFV 74,28 �C65 =87ь:0 

 

$57C;ьB0B8 4>A;V465=ь, O:V ?@54AB02;5=V 2 B01;8FOE 3.7 – 3.11 ?>:070;8, 

I> 2 FV;><C O:VABь 4>A;V46C20=8E @VG>:, O:V 2E>4OBь 4> 10A59=C �=V?@0, 70 

?>:07=8:>< WQI, =87ь:0, I> A2V4G8Bь ?@> B5, I> 2>4C <>6=0 28:>@8AB>2C20B8 

?VA;O ?5@28==>W >1@>1:8 7 ?>40;ьH8< 7=570@06C20==O<. ' @VGFV �5A=0 =0 ?>AB0E 

5 B0 6, C @VGFV %C;0 =0 ?>ABC 4, C @VGFV �>@A:;0 =0 ?>ABC 4 B0 C @VGFV %0<0@0 =0 

?>ABC 3 O:VABь 2>48 4C65 =87ь:0, B>1B> WW <>6=0 28:>@8AB>2C20B8 ?VA;O ?5@28==>W 

B0 2B>@8==>W >1@>1:8. ' @VG:0E %C;0 (?>AB8 1, 2), #A5; (?>AB8 1, 2) B0 �>@A:;0 

(?>AB 1) <0NBь 4>1@C O:VABь 2>48, B>1B> WW <>6=0 28:>@8AB>2C20B8 ?VA;O 

7=570@065==O [21]. 

 

3.2 �>A;V465==O 2?;82C ;V28E ?@8B>: �=V?@0 =0 9>3> 5:>;>3VG=89 AB0=  

 

�;O 4>A;V465==O 2?;82C O:>ABV 2>48 ;V28E ?@8B>: �=V?@0 =0 7<V=C 9>3> 

5:>;>3VG=>3> AB0=C 70 A5@54=ь>@VG=8<8 ?>:07=8:0<8 (E;>@848, AC;ьD0B8, 

=VB@0B8 B0 V>=8 0<>=VN) 70 2016 – 2024 @>:8 1C;> @>7@0E>20=> @V7=8FN <V6 

:>=F5=B@0FVO<8 701@C4=NNG8E @5G>28= C ?@8B>:0E C ?>AB0E A?>AB5@565==O, I> 

@>7B0H>20=V =091;86G5 4> �=V?@0 B0 C @VGFV �=V?@> =0 ?>AB0E A?>AB5@565==O, O:V 

@>7B0H>20=V =86G5 38@;0 ?@8B>: (@8AC=>: 3.6). "B@8<0=V 40=V ?@54AB02;5=> =0 

@8AC=:0E 3.7 – 3.11. �=0G5==O @V7=8FV 7V 7=0:>< «+» A2V4G8Bь, I> 2V41C20єBьAO 

701@C4=5==O @VG:8 �=V?@>, 7=0: «–», I> 2V41C20єBьAO ?@>F5A A0<>>G8I5==O [114]. 
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$8AC=>: 3.6 – %E5<0B8G=5 @>7<VI5==O ?>ABV2 A?>AB5@565==O  

(1 – AC110A59= @VG:8 �5A=0, 2 – AC110A59= %5@54=ь>3> �=V?@0,  

3 – AC110A59= !86=ь>3> �=V?@0) 

  

0) 1) 

  

2) 3) 

$8AC=>: 3.7 – $V7=8FO <V6 A5@54=ь>@VG=8< 2<VAB>< E;>@84V2 (0), V>=V2 0<>=VN 

(1), AC;ьD0BV2 (2) B0 =VB@0BV2 (3) C ?@8B>FV �5A=0 B0 @VGFV �=V?@> (2016–2024 @@.) 
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0) 1) 

  

2) 3) 
$8AC=>: 3.8 – $V7=8FO <V6 A5@54=ь>@VG=8< 2<VAB>< E;>@84V2 (0), V>=V2 

0<>=VN (1), AC;ьD0BV2 (2) B0 =VB@0BV2 (3) C ?@8B>FV %C;0 B0 @VGFV �=V?@> (2016–

2024 @@.) 

  

0) 1) 

  

2) 3) 

$8AC=>: 3.9– $V7=8FO <V6 A5@54=ь>@VG=8< 2<VAB>< E;>@84V2 (0), V>=V2 0<>=VN 

(1), AC;ьD0BV2 (2) B0 =VB@0BV2 (3) C ?@8B>FV #A5; B0 @VGFV �=V?@> (2016–2024 @@.) 
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0) 1) 

  

2) 3) 
$8AC=>: 3.10 – $V7=8FO <V6 A5@54=ь>@VG=8< 2<VAB>< E;>@84V2 (0), V>=V2 

0<>=VN (1), AC;ьD0BV2 (2) B0 =VB@0BV2 (3) C ?@8B>FV �>@A:;0 B0 @VGFV �=V?@> 

(2016 – 2024 @@.) 

  

0) 1) 
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2) 3) 
$8AC=>: 3.11 – $V7=8FO <V6 A5@54=ь>@VG=8< 2<VAB>< E;>@84V2 (0), V>=V2 

0<>=VN (1), AC;ьD0BV2 (2) B0 =VB@0BV2 (3) C ?@8B>FV %0<0@0 B0 @VGFV �=V?@> 

(2016 – 2024 @@.) 

 

#@>0=0;V7C202H8 @8AC=:8 3@0DV:V2 3.7 – 3.11 <>6=0 7@>18B8 28A=>2>:, 

I> 70 ?>:07=8:0<8 E;>@848, AC;ьD0B8 B0 =VB@0B8 2?;82 ?@8B>: �5A=0, %C;0, 

#A5;, �>@A:;0 B0 %0<0@0 =0 5:>;>3VG=89 AB0= @VG:8 �=V?@> A?>AB5@V30єBьAO 

?@>BO3>< 2016 – 2024 @>:V2. !0O2=VABь E;>@84V2 C ?>25@E=528E 2>4=8E >1’є:B0E 

>1C<>2;5=> WE 28:>@8AB0==O< C :><C=0;ь=><C 3>A?>40@AB2V, =0?@8:;04, ?V4 G0A 

457V=D5:FVW 2>48 B0 7=8I5==O 10:B5@V9. #V4 G0A ?V43>B>2:8 2>48 4;O ?8B=>3> 

A?>6820==O =0A5;5==O 28:>@8AB>2CNBь 307>?>4V1=89 E;>@. *5 <>65 A;C3C20B8 

>4=VєN 7 ?@8G8= =0O2=>ABV E;>@84V2 C 2>40E ?@8B>: V O: =0A;V4>: 701@C4=5==O 

2>4 �=V?@0. %C;ьD0B8 ?>B@0?;ONBь 4> ?>25@E=528E 2>4=8E >1’є:BV2 2=0A;V4>: 

A:840==O ?@><8A;>28E B0 ?>1CB>28E =5>G8I5=8E 01> =54>AB0B=ь> >G8I5=8E 

ABVG=8E 2>4. &5=45=FVO 701@C4=5==O E;>@840<8 B0 AC;ьD0B0<8 715@V30єBьAO 7 

@>:C 2 @V:, >4=0: @V25=ь Fь>3> 701@C4=5==O <>65 20@VN20B8AO 70;56=> 2V4 >1AO3V2 

A:840==O ABVG=8E 2>4 ?V4?@8є<AB20<8 B0 :>=F5=B@0FVW 701@C4=NNG8E @5G>28= C 

F8E 2>40E ?5@54 WE ?>B@0?;O==O< 4> ?>25@E=528E 2>4>9< [114]. !0?@8:;04, 

73V4=> 7 40=8<8 @53V>=0;ь=8E 4>?>2V459 ?@> AB0= =02:>;8H=ь>3> A5@54>28I0 C 

#>;B02Aь:V9 >1;0ABV, 4> @VG:8 %C;0 C 2021 @>FV 1C;> A:8=CB> 0,926 <;=. <3, C 2022 

@>FV – 0,889 <;=. <3, C 2023 @>FV – 0,872 <;=. <3 701@C4=5=8E 72>@>B=8E 2>4. 

�0=89 G8==8: <>65 2?;820B8 =0 @57C;ьB0B8 @>7@0EC=:V2, >A:V;ь:8 2V4?>2V4=> 4> 

3@0DV:V2 A?>AB5@V30NBьAO @V7=V 7=0G5==O. "B@8<0=V @57C;ьB0B8 ?>:070;8, I> 
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2<VAB AC;ьD0BV2 C @VGFV �5A=0 2?;820NBь =0 5:>;>3VG=89 AB0= @VG:8 �=V?@> 

?@>BO3>< @>:V2, ;8H5 C 2022 @>FV A?>AB5@V30єBьAO ?@>F5A A0<>>G8I5==O; 

V=B5=A82=5 701@C4=5==O E;>@840<8 2V41C20;>Aь C 2018 – 2019 B0 2021 – 2022 

@>:0E. � V=HV @>:8 A?>AB5@V30єBьAO ?@>F5A A0<>>G8I5==O. �0 ?>:07=8:0<8 V>=V2 

0<>=VN A?>AB5@V30єBьAO 7<5=H5==O WE 2<VABC, ?@>B5 2<VAB =VB@0BV2, =02?0:8, 

71V;ьHCєBьAO, B> <>65 1CB8 A2V4G5==O< B>3>, I> ?@>BV:0є ?@>F5A =VB@8DV:0FVW, 

B>1B> 2V41C20єBьAO ?@>F5A >:8A=5==O V>=V2 0<>=VN 4> =VB@0BV2 73V4=> 7 @V2=O==O< 

(3.1). �?;82 @VG:8 %C;0, �>@A:;0 (7 2017 4> 2023 @>:C) B0 %0<0@0 70 ?>:07=8:0<8 

V>=8 0<>=VN B0 =VB@0B8 A?>AB5@V30єBьAO ?@>BO3>< @>:V2. *5 <>65 1CB8 7C<>2;5=5 

=04<V@=8< 28:>@8AB0==O< 07>B=8E B0 <V=5@0;ь=8E 4>1@82 C AV;ьAь:><C 

3>A?>40@AB2V.  

�;O 287=0G5==O 2?;82C ?@8B>:8 =0 O:VABь 2>48 >A=>2=>W @VG:8 

28:>@8AB0є<> D>@<C;C (3.4), O:0 4>72>;Oє >FV=8B8 7<V=C :>=F5=B@0FVW 

701@C4=5=>W @5G>28=8 2 >A=>2=V9 @VGFV ?VA;O 2?040==O C =5W ?@8B>:8: 

 

�?@

�V�?@i?@
j

QQ

QCQC
C

+
+

= , (3.4) 

 

45 V?@C  – A5@54=ь>@VG=0 :>=F5=B@0FVO V->W 701@C4=NNG>W @5G>28=8 C 

?@8B>FV, <3/4<3; ?@Q – A5@54=ь>@VG=0 28B@0B0 2>48 ?@8B>:8, <3/A; 

V�C  – A5@54=ь>@VG=0 :>=F5=B@0FVO V->W 701@C4=NNG>W @5G>28=8 C @VGFV 

�=V?@>, <3/4<3; �Q – A5@54=ь>@VG=0 28B@0B0 2>48 C @VGFV �=V?@> ?>1;87C 38@;0 

?@8B>:8, <3/A. 

%5@54=ь>@VG=0 28B@0B0 2>48 C ?@8B>FV �5A=0 ?>1;87C 38@;0 AB0=>28Bь 

?@Q = 361 <3/A, 0 C @VGFV �=V?@> – �Q =1391 <3/A. "B@8<0=V @57C;ьB0B8 2?;82C 

?@8B>:8 �5A=0 =0 @VG:C �=V?@> ?@54AB02;5=V C B01;8FV 3.1 [114]. 
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&01;8FO 3.1 – �?;82 ?@8B>:8 �5A=0 =0 O:VABь 2>48 @VG:8 �=V?@> 

№ 
7/? 

�01@C4=NNG0 
@5G>28=0 

�1V;ьH5==O :>=F5=B@0FVW 
701@C4=NNG>W @5G>28=8 C 

�=V?@V, <3/4<3 

�V4A>B:>25 71V;ьH5==O 
701@C4=5==O C @. 
�=V?@>, % 

1 �>=8 0<>=VN 0,01 1,1 

2 !VB@0B8 0,19 2,7 

3 %C;ьD0B8 5,86 4,2 

4 );>@848 0,30 1,9 

 

%5@54=ь>@VG=0 28B@0B0 2>48 C ?@8B>FV %C;0 ?>1;87C 38@;0 AB0=>28Bь 

?@Q  = 31,9 <3/A, 0 C @VGFV �=V?@> – �Q =1670 <3/A. "B@8<0=V @57C;ьB0B8 2?;82C 

?@8B>:8 %C;0 =0 @VG:C �=V?@> ?@54AB02;5=V C B01;8FV 3.2 [114]. 

  

&01;8FO 3.2 – �?;82 ?@8B>:8 %C;0 =0 O:VABь 2>48 @VG:8 �=V?@> 

№ 
7/? 

�01@C4=NNG0 
@5G>28=0 

�1V;ьH5==O :>=F5=B@0FVW 
701@C4=NNG>W @5G>28=8 C 
@VGFV �=V?@>, <3/4<3 

�V4A>B:>25 71V;ьH5==O 
701@C4=5==O C @VGFV 

�=V?@>, % 

1 �>=8 0<>=VN 0,16 17,1 

2 !VB@0B8 0,05 14,1 

3 %C;ьD0B8 4,21 14,8 

4 );>@848 3,13 13,8 

 

%5@54=ь>@VG=0 28B@0B0 2>48 C #A5; ?>1;87C 38@;0 AB0=>28Bь 

?@Q = 22,4 <3/A, 0 C �=V?@V – �Q =1670 <3/A. "B@8<0=V @57C;ьB0B8 2?;82C ?@8B>:8 

#A5; =0 @VG:C �=V?@> ?@54AB02;5=V C B01;8FV 3.3 [114]. 

 

&01;8FO 3.3 – �?;82 ?@8B>:8 #A5; =0 O:VABь 2>48 @VG:8 �=V?@> 

№ 
7/? 

�01@C4=NNG0 
@5G>28=0 

�1V;ьH5==O :>=F5=B@0FVW 
701@C4=NNG>W @5G>28=8 C 
@VGFV �=V?@>, <3/4<3 

�V4A>B:>25 71V;ьH5==O 
701@C4=5==O C @VGFV 

�=V?@>, % 

1 �>=8 0<>=VN 0,11 17,0 

2 !VB@0B8 0,12 15,8 

3 %C;ьD0B8 4,32 14,8 

4 );>@848 3,15 16,5 
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%5@54=ь>@VG=0 28B@0B0 2>48 C ?@8B>FV �>@A:;0 ?>1;87C 38@;0 AB0=>28Bь 

?@Q = 36 <3/A, 0 C @VGFV �=V?@> – �Q =1670 <3/A. "B@8<0=V @57C;ьB0B8 2?;82C 

?@8B>:8 �>@A:;0 =0 @VG:C �=V?@> ?@54AB02;5=V C B01;8FV 3.4 [114]. 

  

&01;8FO 3.4 – �?;82 ?@8B>:8 �>@A:;0 =0 O:VABь 2>48 @VG:8 �=V?@> 

№ 
7/? 

�01@C4=NNG0 
@5G>28=0 

�1V;ьH5==O :>=F5=B@0FVW 
701@C4=NNG>W @5G>28=8 C 
@VGFV �=V?@>, <3/4<3 

�V4A>B:>25 71V;ьH5==O 
701@C4=5==O C @VGFV 

�=V?@>, % 

1 �>=8 0<>=VN 0,06 15,6 

2 !VB@0B8 0,36 16,8 

3 %C;ьD0B8 4,30 12,4 

4 );>@848 3,11 13,4 

 

%5@54=ь>@VG=0 28B@0B0 2>48 C ?@8B>FV %0<0@0 ?>1;87C 38@;0 AB0=>28Bь 

?@Q = 37,5 <3/A, 0 C @VGFV �=V?@> – �Q =1670 <3/A. "B@8<0=V @57C;ьB0B8 2?;82C 

%0<0@8 =0 @VG:C �=V?@> ?@54AB02;5=V C B01;8FV 3.5 [114]. 

 

&01;8FO 3.5 – �?;82 ?@8B>:8 %0<0@0 =0 O:VABь 2>48 @VG:8 �=V?@> 

№ 
7/? 

�01@C4=NNG0 
@5G>28=0 

�1V;ьH5==O :>=F5=B@0FVW 
701@C4=NNG>W @5G>28=8 C 
@VGFV �=V?@>, <3/4<3 

�V4A>B:>25 71V;ьH5==O 
701@C4=5==O C @VGFV 

�=V?@>, % 

1 �>=8 0<>=VN 0,01 0,6 

2 !VB@0B8 0,07 2,7 

3 %C;ьD0B8 24,47 37,3 

4 );>@848 8,95 27,4 

 

&0:8< G8=><, 2V4?>2V4=> 4> >B@8<0=8E 40=8E 70 ?>:07=8:0< V>=8 0<>=VN, 

=VB@0B8, AC;ьD0B8 B0 E;>@848 A?>AB5@V30єBьAO 2?;82 4>A;V46C20=8E ?@8B>: =0 

5:>;>3VG=89 AB0= 3>;>2=>W 2>4=>W 0@B5@VW. 

 

�8A=>2:8 4> @>74V;C 3  
 

1. �;O @VG>: �5A=0, %C;0, #A5;, �>@A:;0 B0 %0<0@0 1C;> @>7@0E>20=> 

V=45:A8 701@C4=5==O 2>48 (�7), V=45:A8 O:>ABV 2>48 (WQI) B0 5=B@>?V9=V V=45:A8 
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O:>ABV 2>48 (G). �;O @VG:8 �5A=0 �7 AB0=>28Bь 1,16; 4;O @VG:8 %C;0 �7 AB0=>28Bь 

1,28; 4;O @VG:8 #A5; �7 AB0=>28Bь 1,03; 4;O @VG:8 �>@A:;0 �7 AB0=>28Bь 1,10; 4;O 

@VG:8 %0<0@0 �7 – 1,45. "B@8<0=V 40=V A2V4G0Bь, I> O:VABь 2>48 ?@8B>: 2V4?>2V40є 

��� :;0AC (2V4?>2V4=>, «?><V@=> 701@C4=5=V»), B>1B> 2>=8 7=0E>4OBьAO ?V4 7=0G=8< 

B5E=>35==8< 2?;82><, <0NBь B5=45=FVN 4> ABV9:>3> ?>3V@H5==O 5:>;>3VG=>3> 

AB0=C ?>25@E=528E 2>4=8E >1’є:BV2. 

2. "B@8<0=V 7=0G5==O 5=B@>?V9=8E V=45:AV2 O:>ABV 2>48 4;O @VG>: A2V4G0Bь, 

I> >A=>2=8<8 701@C4=N20G0<8 є =VB@0B8 B0 V>=8 0<>=VN. !091V;ьH5 7=0G5==O 

5=B@>?V9=>3> V=45:AC O:>ABV 2>48 4;O @VG:8 �5A=0 28O2;5=> =0 ?>AB0E 1, 3, 4 B0 6, 

AB0=>28Bь 0,55, ?@>B5 2 FV;><C C AB@C:BC@V 2>4=>W A8AB5<8 ?5@52060є ?>@O4>:. 

!091V;ьH5 7=0G5==O 5=B@>?V9=>3> V=45:AC O:>ABV 2>48 4;O @VG:8 %C;0 28O2;5=> 

=0 ?>ABC 1 (1,90); 4;O @VG:8 #A5; – =0 ?>AB0E 4 B0 5, AB0=>28Bь 1,44; 4;O @VG:8 

�>@A:;0 – =0 ?>ABC 2 (2,00); 4;O @VG:8 %0<0@0 – 4;O ?>AB0 3 (2,32). ' AB@C:BC@V 

2>4=8E A8AB5< ?5@52060є E0>A. 

3. $57C;ьB0B8 @>7@0EC=:V2 WQI 4;O @VG:8 �5A=0 2:07CNBь =0 B5, I> O:VABь 

2>48 =87ь:0, WW <>6=0 28:>@8AB>2C20B8 ?VA;O ?5@28==>W >1@>1:8 7 ?>40;ьH8< 

7=570@06C20==O<, ?@>B5 =0 ?>AB0E 4 B0 5, C @VGFV %C;0 =0 ?>ABC 4, C @VGFV �>@A:;0 

(?>AB 4) B0 C @VGFV %0<0@0 (?>AB 3) O:VABь 2>48 4C65 =87ь:0, B>1B> WW <>6=0 

28:>@8AB>2C20B8 ?VA;O ?5@28==>W B0 2B>@8==>W >1@>1:8. ' @VG:0E %C;0 (?>AB8 1, 

2), #A5; (?>AB8 1, 2) B0 �>@A:;0 (?>AB 1) <0NBь 4>1@C O:VABь 2>48, B>1B> WW <>6=0 

28:>@8AB>2C20B8 ?VA;O 7=570@065==O. ' @VG:0E �5A=0, %C;0, #A5; B0 �>@A:;0 

O:VABь 2>48 =87ь:0, I> A2V4G8Bь ?@> B5, I> 2>4C <>6=0 28:>@8AB>2C20B8 ?VA;O 

?5@28==>W >1@>1:8 7 ?>40;ьH8< 7=570@06C20==O<. 

4. �>A;V465=> 2?;82 ;V28E ?@8B>: =0 5:>;>3VG=89 AB0= �=V?@0. "B@8<0=V 

@57C;ьB0B8 ?>:070;8, I> 2<VAB AC;ьD0BV2 B0 E;>@84V2, =VB@0BV2 B0 V>=V2 0<>=VN C 

@VGFV �5A=0, %C;0, #A5;, �>@A:;0 B0 %0<0@0 2?;820NBь =0 5:>;>3VG=89 AB0= @VG:8 

�=V?@> ?@>BO3>< @>:V2. ' @VGFV �5A=0 ;8H5 C 2022 @>FV 4;O AC;ьD0BV2 

A?>AB5@V30єBьAO ?@>F5A @>7102;5==O. �=B5=A82=5 701@C4=5==O E;>@840<8 

2V41C20;>Aь C 2016, 2018–2019 B0 2024 @>:0E. ' @VGFV %C;0 A?>AB5@V30єBьAO 

V=B5=A82=5 701@C4=5==O AC;ьD0B0<8, E;>@840<8 B0 =VB@0B0<8. �8H5 4;O 
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2022 @>:C 4;O =VB@0BV2 A?>AB5@V30єBьAO ?@>F5A @>7102;5==O. ' @VGFV #A5; 4;O 

V>=V2 0<>=VN ?@>BO3>< 4>A;V46C20=8E @>:V2 A?>AB5@V30єBьAO ?@>F5A @>7102;5==O, 

0 B5=45=FVO 701@C4=5==O E;>@840<8, AC;ьD0B0<8 B0 =VB@0B0<8 715@V30єBьAO. ' 

@VG:0E �>@A:;0 B0 %0<0@0 A?>AB5@V30єBьAO ?>ABV9=5 701@C4=5==O AC;ьD0B0<8 B0 

E;>@840<8. ' @VGFV �>@A:;0 4;O V>=V2 0<>=VN 7 2018 4> 2024 @>:C 4;O =VB@0BV2 

A?>AB5@V30єBьAO ?@>F5A @>7102;5==O. ' @VGFV %0<0@0 ?@>F5A @>7102;5==O 

A?>AB5@V30єBьAO C 2017–2019 @>:0E 4;O V>=V2 0<>=VN B0 C 2023 @>FV – 4;O =VB@0BV2. 

&0:8< G8=><, 28O2;5=>, I> G5@57 ?>25@E=5289 ABV: 2V41C20єBьAO 4>40B:>25 

701@C4=5==O E;>@840<8, AC;ьD0B0<8 B0 =VB@0B0<8, I> ?@872>48Bь 4> 7<V=8 

EV<VG=>3> A:;04C 2>48 3>;>2=>W 2>4=>W 0@B5@VW. �1V;ьH5==O 701@C4=5==O @VG:8 

�=V?@> E;>@840<8 2=0A;V4>: 2?;82C ;V2>W ?@8B>:8 �5A=0 AB0=>28Bь 1,9 %, 0 

AC;ьD0B0<8 – 4,2 %; 2=0A;V4>: 2?;82C ?@8B>:8 %C;0 701@C4=5==O E;>@840<8 

AB0=>28Bь 13,8 %, 0 AC;ьD0B0<8 – 14,8 %; 71V;ьH5==O 701@C4=5==O >A=>2=>W @VG:8 

E;>@840<8 2=0A;V4>: 2?;82C ?@8B>:8 #A5; AB0=>28Bь 16,5 %, 0 AC;ьD0B0<8 – 

14,8 %; 71V;ьH5==O 701@C4=5==O @VG:8 �=V?@> AC;ьD0B0<8 2=0A;V4>: 2?;82C 

?@8B>:8 �>@A:;0 AB0=>28Bь 12,4 %, 0 E;>@840<8 – 13,4 %; 71V;ьH5==O 

701@C4=5==O �=V?@0 AC;ьD0B0<8 2=0A;V4>: 2?;82C ?@8B>:8 %0<0@0 AB0=>28Bь 

37,3 %, 0 E;>@840<8 – 27,4 %. "B@8<0=V 40=V ?V4B25@46CNBь 206;82VABь 

4>A;V465==O 2?;82C ?@8B>: =0 O:VABь 2>48 >A=>2=>W @VG:8.  
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$"���� 4 

�#��� ����% #$�&"� �!�#$� !� ��"�"��'!�� %&�! 

#"��$%!���% �"�!�% "�’Є�&�� � ' "��% ��%��!"�"�" 
#$�!&�#' '#$����!!/ �"�!� � $�%'$%� � 

 

4.1 �70є<>4VO ?>25@E=528E V ?V475<=8E 2>4 

 

#V475<=V 2>48 ?5@5206=> 28:>@8AB>2CNBьAO 4;O 3>A?>40@Aь:>-?8B=>3> 

2>4>?>AB0G0==O, AV;ьAь:>3> 3>A?>40@AB20 B0 4;O 28@>1=8G>-B5E=VG=8E FV;59. 

#8B=0 2>40 є =04728G09=> 206;82>N 4;O 74>@>2'O ;N48=8 V 2V4V3@0є :;NG>2C 

@>;ь C 1030Bь>E DV7V>;>3VG=8E ?@>F5A0E. !0?@8:;04, 2>=0 є 206;82>N 4;O 

?V4B@8<:8 2>4=>-A>;ь>2>3> 10;0=AC >@30=V7<C, @>7G8=5==O B0 2840;5==O 

B>:A8=V2, A?@8Oє @>7?>2AN465==N ?>682=8E @5G>28= B>I>. �V4?>2V4=> 4> 

AB0BBV 1 �>4=>3> :>45:AC ':@0W=8 [11] ?>25@E=52V 2>48 – F5 2>48 2>4=8E >1’є:BV2, 

O:V 7=0E>4OBьAO =0 75<=V9 ?>25@E=V, 0 ?V475<=V 2>48 – F5 2>48, O:V @>7B0H>20=V 

=86G5 @V2=O 75<=>W ?>25@E=V. �3V4=> 7 40=8<8 !0FV>=0;ь=>3> 72VBC ?@> O:VABь 

?8B=>W 2>48 B0 AB0= ?>AB0G0==O ?8B=>W 2>48 2 ':@0W=V [115] AB0=>< =0 2020 @V: 

1;87ь:> 70 % 68B5;V2 :@0W=8 <0;8 4>ABC? 4> F5=B@0;V7>20=>3> 2>4>?>AB0G0==O. 

�0?0A8 ?V475<=8E B0 ?>25@E=528E 2>4, I> є ?@840B=8<8 4;O ?8B=>3> 

2>4>?>AB0G0==O, =5@V2=><V@=> @>7?>4V;5=V B5@8B>@VєN :@0W=8 V C A2VBV 2 

FV;><C [116]. �V4?>2V4=> 4> 40=8E [117] AB0=>< =0 2021 @V: 65% ?V475<=8E 

2>4=8E @5AC@AV2 7>A5@5465=> C ?V2=VG=V9 B0 ?V2=VG=>-70EV4=V9 G0AB8=0E 45@6028 

(�=V?@>2Aь:>-�>=5Fь:89 B0 �>;8=>-#>4V;ьAь:89 0@B57V0=Aь:V 10A59=8), 

?V245==0 G0AB8=0 ':@0W=8, =02?0:8, <0є >1<565=V @5AC@A8 ?V475<=8E 2>4. 

':@0W=0 265 є 2>4>45DVF8B=>N :@0W=>N. �3V4=> 7 40=8<8 [117] 7030;ь=V 2V4=>2=V 

2>4=V @5AC@A8 ':@0W=8 AB0=>2;OBь 175,3 :<3 =0 @V:, 7 O:8E 97 % D>@<CєBьAO 70 

@0EC=>: ?>25@E=52>3> @VG:>2>3> AB>:C V ;8H5 3 % (5 :<3 ) 70 @0EC=>: ?V475<=8E 

2>4. 

� C<>20E BVA=>3> 270є<>72’O7:C >:@5<8E :><?>=5=BV2 =02:>;8H=ь>3> 

A5@54>28I0 >A>1;82> 206;825 7=0G5==O <0є AB2>@5==O :><?;5:A=>3> 

<>=VB>@8=3C, I> >E>?;Nє ?>25@E=52V 2>48 B0 ?V475<=V 2>48. %:;04>2>N 
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G0AB8=>N B0:>3> <>=VB>@8=3C <0NBь 1CB8 ?@8@>4>>E>@>==V 70E>48 2 

?@><8A;>2>ABV B0 AV;ьAь:><C 3>A?>40@AB2V, 2:;NG=> 7V AB0FV>=0@=8<8 

A?>AB5@565==O<8 =0 <>6;828E >A5@54:0E 701@C4=5==O 2>4=8E >1’є:BV2. 

(V78:>-EV<VG=89 A:;04 ?V475<=8E 2>4 70;568Bь, 7 >4=>3> 1>:C, 2V4 A:;04C 

35>;>3VG=8E ?>@V4, 0 7 V=H>3> – 2V4 A:;04C 2>4, I> ?@>A>GCNBьAO 2 =8E 7 ?>25@E=V 

75<;V. !0 A:;04 ґ@C=B>28E 2>4 2?;820NBь 2>48, I> ?@>A>GCNBьAO 7 ?>25@E=V 

75<;V, V=DV;ьB@0FV9=V 2>48 @VG>: B0 >75@, 0@B57V0=Aь:V, A:;04 35>;>3VG=8E ?>@V4, C 

O:8E 2>=8 70;O30NBь. %:;04 0@B57V0=Aь:8E 2>4 7C<>2;5=89 ?>@>40<8, I> WE 

>B>GCNBь. 

�0:B5@V0;ь=5 701@C4=5==O ?V475<=8E 2>4 1C20є @V7=8<. �0:B5@V0;ь=5 

701@C4=5==O =5 ?@>=8:0є 3;81H5, =V6 =0 30 – 40 A< 2V4 ?>25@E=V 75<;V. )V<VG=V 

@5G>28=8 ?@>=8:0NBь C3;81 ґ@C=BC =0 I5 1V;ьHC 3;818=C. ' <V@C A2>3> 

?@>AC20==O 7 V=DV;ьB@0FV9=8<8 2>40<8, 2>=8 H284:> 7<V=NNBьAO. '65 =0 

2V4AB0=V 0,5 < 2V4 ?>25@E=V 75<;V >:8A;NNBьAO 2AV ;53:>@>7G8==V >@30=VG=V 

@5G>28=8. 

' )) AB>;VBBV 2 �0;VD>@=VW 4>A;V465==O ?>:070;8, I> 25;8G8=0 �%� =5 

71V;ьHCєBьAO ?>=04 5 <3/; =0 3;818=V 30,5 A<, =02VBь 70 C<>28, I> WW ?>G0B:>20 

:>=F5=B@0FVO =0 ?>25@E=V 75<;V 1C;0 1;87ь:> 100 <3/;. #>2=VABN 7=8:;8 

D>AD0B8. !0 3;818=V 2 < 2V41C;>AO 7<5=H5==O :0BV>=0 :0;VN =0 50%. !0 3;818=V 

4 < 2V41C;>AO @V7:5 71V;ьH5==O AC;ьD0BV2, 1V:0@1>=0BV2 V =VB@0BV2. �>=F5=B@0FVO 

E;>@84V2, :0BV>=V2 :0;ьFVN, <03=VN V =0B@VN 01A>;NB=> =5 7<V=8;0AO. )V<VG=5 

701@C4=5==O 274>26 B5GVW ?>H8@NєBьAO 7 ґ@C=B>28<8 2>40<8 7=0G=> 4>2H5 70 

10:B5@V0;ь=5. 

#>2=0 01> G0AB:>20 2V4=>2;N20=VABь ?V475<=8E 2>4 ?>2’O70=0 7 ?>ABV9=8< 

01> ?5@V>48G=8< ACG0A=8< 682;5==O< ?V475<=8E 2>4, O:0 >1C<>2;5=0 BVA=8< 

72’O7:>< V7 ?>25@E=528<8 B0 0B<>AD5@=8<8 2>40<8. 

�70є<>4VO <V6 ?>25@E=528<8 B0 ?V475<=8<8 2>40<8 ?>;O30є C B><C, I> 

2V41C20єBьAO 682;5==O ?>25@E=528E 2>4>B>:V2 70 @0EC=>: ?V475<=8E 2>4, G8 

7<V=0 @V2=O ?V475<=8E 2>4 70 @0EC=>: 2B@0B8 @VG:>28E 2>4. 
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4.2  0B5<0B8G=0 <>45;ь ?@>3=>7C20==O 7<V=8 5:>;>3VG=>3> AB0=C 

?>25@E=528E 2>4=8E >1’є:BV2 7 C@0EC20==O< 2?;82C 28I5@>7B0H>20=8E ?@8B>: 

 

#V4 G0A ?@>2545==O 0=0;V7C O:>ABV 2>48 ?@8B>: C @>74V;V 3 =0HB>2E=C;8Aь 

=0 ?@8?CI5==O I>4> VA=C20==O 2?;82C 35>3@0DVG=> 28I5@>7B0H>20=8E ?@8B>: 

=0 @>7B0H>20=V =86G5. �;O ?5@52V@:8 1C;> ?>1C4>20=> V7>;V=VW @>7?>4V;C 

:>=F5=B@0FV9 E;>@84V2 B0 AC;ьD0BV2, 0 B0:>6 ?@>2545=> ?>HC: :>@5;OFV9=8E 

70;56=>AB59 <V6 :>=F5=B@0FVO<8 @5G>28= ;V28E ?@8B>: �=V?@0 (�5A=0, %C;0, 

#A5;, �>@A:;0 B0 %0<0@0) C ?>AB0E A?>AB5@565==O [118].  

�;O 2AB0=>2;5==O =0O2=>ABV 2?;82C 28I5@>7B0H>20=8E ?@8B>: =0 

@>7B0H>20=V =86G5 1C;> ?>1C4>20=> V7>;V=VW 70 4>?><>3>N ?@>3@0<=>3> 

70157?5G5==O 4;O 35>V=D>@<0FV9=8E A8AB5<, O:5 7=0E>48BьAO C 2V4:@8B><C 

4>ABC?V QGIS (Quantum GIS – https://www.qgis.org/) B0 28O2;5=> A:@8B89 

3@04Vє=BC, I> >1C<>2;5=89 @V7=8F5N :>=F5=B@0FV9 B0 70 4>?><>3>N O:>3> 

?V4B25@465=> F59 2?;82. "A:V;ь:8 ?@8B>:0 %0<0@0 35>3@0DVG=> @>7B0H>20=0 C 

?@><8A;>2>-@>728=CB><C @53V>=V B0 є =09=86G>N 7 4>A;V46C20=8E, 1C;> 

?@89=OB> @VH5==O =5 2@0E>2C20B8 WW 7=0G5==O ?V4 G0A ?>1C4>28 V7>;V=V9. !0 

@8AC=:0 4.1 – 4.4 7>1@065=V :0@B8 @>7?>4V;C :>=F5=B@0FV9 E;>@84V2 B0 AC;ьD0BV2 

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2023 B0 2024 @>:8. 

 

$8AC=>: 4.1 – �0@B0 @>7?>4V;C :>=F5=B@0FVW E;>@84V2 

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2023 @V:  
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$8AC=>: 4.2 – �0@B0 @>7?>4V;C :>=F5=B@0FVW E;>@84V2  

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2024 @V: 

 

$8AC=>: 4.3 – �0@B0 @>7?>4V;C :>=F5=B@0FVW AC;ьD0BV2 

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2023 @V:  



115 

 

$8AC=>: 4.4 – �0@B0 @>7?>4V;C :>=F5=B@0FVW AC;ьD0BV2 

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2024 @V: 

 

�;O @>:V2 2016 – 2022 :0@B8 ?@54AB02;5=V C 4>40B:C � =0 @8AC=:0 �.1 – 

�.14 [118, 119]. 

!0 @8AC=:C 4.5 7>1@065=V B>G:8 7 <0:A8<0;ь=>N :>=F5=B@0FVєN E;>@84V2 

C ?5@V>4 7 2016 @>:C 4> 2024 @>:C.  

 

$8AC=>: 4.5 –  0:A8<0;ь=V :>=F5=B@0FVW E;>@84V2 C ?5@V>4 7 2016 4> 2024 @>:C 
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!0 @8AC=:C �.1 C 2016 @>FV A?>AB5@V30єBьAO 7@>AB0==O :>=F5=B@0FVW 

E;>@84V2 2V4 28I5@>7B0H>20=>W ?@8B>:8 �5A=0 4> ?@8B>:8 �>@A:;0. 

%?>AB5@V30є<> 42V 7>=8 V7 <0:A8<0;ь=8<8 :>=F5=B@0FVO<8. &>G:0 (35,481; 

50,439), C O:V9 A?>AB5@V30єBьAO <0:A8<0;ь=0 :>=F5=B@0FVO E;>@84V2 48 <3/4<3, 

@>7B0H>20=0 C A<B �5;8:0 #8A0@V2:0 %C<Aь:>W >1;0ABV. /:I> 2AB0=>28B8 C<>2=C 

?5@?5=48:C;O@=C ;V=VN 2V4 V7>;V=VW 7 =09<5=H>N :>=F5=B@0FVN, O:0 ?>1C4>20=0 

G5@57 ?>AB 4 @VG:8 #A5; 4> V7>;V=VW 7 =091V;ьH>N, O:0 ?5@5B8=0є =0 :0@BV ?>AB 2 

@VG:8 �>@A:;0, B> ?>10G8<>, I> 2V41C20єBьAO 71V;ьH5==O :>=F5=B@0FVW E;>@84V2 

2V4 28I5@>7B0H>20=>W @VG:8 #A5; 4> @>7B0H>20=>W =86G5 @VG:8 �>@A:;0. �;O 

@>7@0EC=:C 3@04Vє=B0 70AB>ACє<> D>@<C;8 (4.1) – (4.3). 

�@04Vє=B :>=F5=B@0FVW 287=0G0єBьAO 70 4>?><>3>N >?5@0B>@0 del 

(>?5@0B>@0 3@04Vє=B0): 

 

z

C
k

y

C
j

x

C
igradC%



+



+



==  (4.1) 

� =0?@O<>:  

 

÷÷
ø

ö
÷÷
ø

ö



=ý
xC

yC
arctg  (4.2) 

"FV=8B8 3@04Vє=B <>6=0 @>7@0EC202H8 7<V=C :>=F5=B@0FV9 @5G>28=8 

C , <3/4<3 =0 >48=8FN 2V4AB0=V l , <.  

 

l

C
gradC




= . (4.3) 

 

�>=0 V7 =09IV;ь=VH8< @>7B0HC20==O< V7>;V=V9 :>=F5=B@0FV9 @>7B0H>20=0 

2V4 ?>AB0 3 @VG:8 %C;0 4> ?>AB0 2 @VG:8 �>@A:;0. �V4AB0=ь <V6 ?>AB0<8 AB0=>28Bь 

51105,27 <, @V7=8FO :>=F5=B@0FV9 E;>@84V2 C = 24 <3/4<3. �=0G5==O 3@04Vє=BC 

2V4 28I5@>7B0H>20=>W ?@8B>:8 4> =86G5@>7B0H>20=>W 70 D>@<C;>N (4.3) 

gradC  = 4,7∙10-7 :3/<4. �>=F5=B@0FVO E;>@84V2 C =0?@O<:C 2V4 ?>AB0 3 @VG:8 #A5; 
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4> ?>AB0 2 @VG:8 �>@A:;0 7@>AB0є. �@C30 B>G:0, C O:V9 <0:A8<0;ь=0 :>=F5=B@0FVO 

E;>@84V2 48 <3/4<3, @>7B0H>20=0 C <. �C1=8 #>;B02Aь:>W >1;0ABV. �V4 ?>AB0 3 

@VG:8 �5A=0, 4> ?>AB0 4 @VG:8 %C;0 (<. �C1=8 #>;B02Aь:>W >1;0ABV) 2V4AB0=ь 

AB0=>28Bь 177451,33 <, @V7=8FO :>=F5=B@0FV9 – C = 32 <3/4<3. �5;8G8=0 

3@04Vє=BC 2V4 28I5@>7B0H>20=>W ?@8B>:8 �5A=0 4> =86G5@>7B0H>20=>W %C;0 

gradC  = 1,8∙10-7 :3/<4, ?V4B25@46Cє, I> :>=F5=B@0FVO E;>@84V2 C =0?@O<:C 2V4 

?>AB0 3 @VG:8 �5A=0 4> ?>AB0 4 @VG:8 %C;0 7@>AB0є. !0 >A=>2V ?>1C4>20=8E 

V7>;V=V9 ?@>AB56CєBьAO 71V;ьH5==O :>=F5=B@0FVW E;>@84V2 C @VGFV �=V?@> 70 

B5GVєN 3>;>2=>W 2>4=>W 0@B5@VW.  

!0 @8AC=:C �.2 C 2017 @>FV V=B5=A82=VABь 7<V=8 :>=F5=B@0FV9 E;>@84V2 

<V6 ?@8B>:0<8 #A5; V �>@A:;0 715@V30єBьAO, ?>4V1=> 4> 2016 @>:C. ' ?>@V2=O==V 

7 2016 @>:><, C O:><C B>G:0 (33,014; 50,007) 7 <0:A8<0;ь=>N :>=F5=B@0FVєN 

E;>@84V2 48 <3/4<3 7<VAB8;0Aь 2V4 <. �C1=8 4> B>G:8 (33,387; 50,387) C <. 

�02>4Aь:5 #>;B02Aь:>W >1;0ABV, <0:A8<0;ь=0 :>=F5=B@0FVO C 2017 @>FV – 60 

<3/4<3. �V4AB0=ь, =0 O:C ?5@5<VAB8;0Aь B>G:0 AB0=>28Bь 41243,56 <. �5;8G8=0 

3@04Vє=BC, O:C @>7@0E>20=> 70 D>@<C;>N (4.3) gradC  = 2,91∙10-7 :3/<4 2:07Cє =0 B5, 

I> :>=F5=B@0FVO E;>@84V2 C 2017 @>FV 71V;ьH8;0Aь C ?>@V2=O==V 7 2016 @>:><, 0 

=0?@O<>: @>7@0E>20=89 70 D>@<C;>N (4.2) ¼ = 58,37° 2:07Cє =0 7<VI5==O B>G:8 

=0 ?V2=VG=89 AEV4. �@C30 B>G:0 <0:A8<0;ь=>W :>=F5=B@0FVW @>7B0H>20=0 C 

<. �>15;O:8 #>;B02Aь:>W >1;0ABV. �V4 ?>AB0 6 @VG:8 #A5;, 4> ?>AB0 4 @VG:8 

�>@A:;0 (<. �>15;O:8) 2V4AB0=ь AB0=>28Bь 84507,34 <, @V7=8FO :>=F5=B@0FV9 – 

30 <3/4<3. �5;8G8=C 3@04Vє=BC 2V4 28I5@>7B0H>20=>W ?@8B>:8 #A5; 4> 

=86G5@>7B0H>20=>W �>@A:;0 @>7@0E>20=> 70 D>@<C;>N (4.3) gradC  = 

3,55∙10- 7 :3/<4. �>=F5=B@0FVO E;>@84V2 C =0?@O<:C 2V4 ?>AB0 6 @VG:8 #A5; 4> 

?>AB0 4 @VG:8 �>@A:;0 7@>AB0є. �0 D>@<C;>N (4.2) =0?@O< 3@04Vє=BC ¼ = 305,03° 

A?@O<>20=89 =0 ?V245==89 AEV4. #>1C4>20=V V7>;V=VW ?>:07CNBь, I> 2V41C20єBьAO 

7@>AB0==O :>=F5=B@0FVW E;>@84V2 2V4 28I5@>7B0H>20=>W ?@8B>:8 �5A=0 4> 

?@8B>:8 �>@A:;0 B0 71V;ьH5==O :>=F5=B@0FVW E;>@84V2 C @VGFV �=V?@> 274>26 

B5GVW @VG:8.  
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!0 @8AC=:C �.3 C 2018 @>FV O: V C ?>?5@54=VE @>:0E A?>AB5@V30єBьAO 

7@>AB0==O :>=F5=B@0FVW E;>@84V2 2V4 28I5@>7B0H>20=>W ?@8B>:8 �5A=0 4> 

?@8B>:8 �>@A:;0. &>G:0 (33,389; 50,387), C O:V9 <0:A8<0;ь=0 :>=F5=B@0FVO 

E;>@84V2 60 <3/4<3 C ?>@V2=O==V 7 2017 7<VAB8;0Aь 4> B>G:8 (33,283; 50,354) 

<. �>E28FO #>;B02Aь:>W >1;0ABV, <0:A8<0;ь=0 :>=F5=B@0FVO AB0=>28Bь 52 <3/4<3. 

�V4AB0=ь, =0 O:C ?5@5<VAB8;0Aь B>G:0 AB0=>28Bь 12246,31 <. �5;8G8=0 3@04Vє=BC

gradC  = 6,53∙10- 7 :3/<4 @>7@0E>20=> 70 D>@<C;>N (4.3), 0 =0?@O<>: (4.2) 

¼ = 12,69° 2:07Cє =0 7<VI5==O =0 ?V245==89 AEV4. �5;8G8=0 3@04Vє=BC 2:07Cє =0 

B5, I> :>=F5=B@0FVO E;>@84V2 C 2018 @>FV 7<5=H8;0Aь C ?>@V2=O==V 7 2017 @>:><. 

�>=0 V7 =09IV;ь=VH8< @>7B0HC20==O< V7>;V=V9 :>=F5=B@0FV9 7=0E>48BьAO 2V4 

?>AB0 1 @VG:8 #A5; 4> ?>AB0 1 @VG:8 �>@A:;0. �V4AB0=ь <V6 ?>AB0<8 AB0=>28Bь 

70739,14 <, @V7=8FO :>=F5=B@0FV9 E;>@84V2 C = 32 <3/4<3. �=0G5==O 3@04Vє=BC 

2V4 28I5@>7B0H>20=>W ?@8B>:8 4> =86G5@>7B0H>20=>W (4.3) 

gradC  = 4,52∙10- 7 :3/<4. "B@8<0=5 7=0G5==O 3@04Vє=BC 4>72>;Oє AB25@46C20B8, I> 

:>=F5=B@0FVO E;>@84V2 C =0?@O<:C 2V4 ?>AB0 1 @VG:8 #A5; 4> ?>AB0 1 @VG:8 

�>@A:;0 7@>AB0є. �0 4>?><>3>N ?>1C4>20=8E V7>;V=V9 ?@>V;NAB@>20=> 

71V;ьH5==O :>=F5=B@0FVW E;>@84V2 C �=V?@V 274>26 B5GVW @VG:8.  

!0 @8AC=:C �.4 C 2019 @>FV A?>AB5@V30єBьAO 7@>AB0==O :>=F5=B@0FVW 

E;>@84V2 2V4 28I5@>7B0H>20=>W ?@8B>:8 �5A=0 4> ?@8B>:8 �>@A:;0. &>G:0 7 

<0:A8<0;ь=>N :>=F5=B@0FVєN 55 <3/4<3 7=0E>48BьAO C A<B �5;8:0 #8A0@V2:0 

%C<Aь:>W >1;0ABV, 0=0;>3VG=> 4> 2016 @>:C. �>=0 V7 =09IV;ь=VH8< 

@>7B0HC20==O< V7>;V=V9 :>=F5=B@0FV9 @>7B0H>20=0 2V4 ?>AB0 1 @VG:8 #A5; 4> 

?>AB0 1 @VG:8 �>@A:;0. �V4AB0=ь <V6 ?>AB0<8 AB0=>28Bь 70739,14 <, @V7=8FO 

:>=F5=B@0FV9 E;>@84V2 C = 35 <3/4<3. �=0G5==O 3@04Vє=BC 2V4 

28I5@>7B0H>20=>W ?@8B>:8 4> =86G5@>7B0H>20=>W (4.3) gradC  = 4,95∙10-7 :3/<4. 

"B@8<0=5 7=0G5==O 3@04Vє=BC 4>72>;Oє AB25@46C20B8, I> :>=F5=B@0FVO E;>@84V2 

C =0?@O<:C 2V4 ?>AB0 1 @VG:8 #A5; 4> ?>AB0 1 @VG:8 �>@A:;0 7@>AB0є. !0?@O< 

3@04Vє=BC 2V4 28I5@>7B0H>20=>W ?@8B>:8 4> =86G5@>7B0H>20=>W (4.2) ¼ = 336,85° 

?>:07Cє, I> 7@>AB0==O 2V41C20єBьAO C ?V245==>-AEV4=><C =0?@O<:C. &0:>6 
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?>1C4>20=V V7>;V=VW ?>:07CNBь, I> 2V41C20єBьAO 71V;ьH5==O :>=F5=B@0FVW 

E;>@84V2 C �=V?@V 70 B5GVєN @VG:8.  

!0 @8AC=:C �.5 C 2020 @>FV A?>AB5@V30єBьAO 7@>AB0==O :>=F5=B@0FVW 

E;>@84V2 2V4 28I5@>7B0H>20=>W ?@8B>:8 �5A=0 4> ?@8B>:8 �>@A:;0. #>4V1=> 4> 

2019 @>:C 7>=0 V7 =09IV;ь=VH8< @>7B0HC20==O< V7>;V=V9 :>=F5=B@0FV9 E;>@84V2 

@>7B0H>20=0 2V4 ?>AB0 1 @VG:8 #A5; 4> ?>AB0 1 @VG:8 �>@A:;0. �V4AB0=ь <V6 

?>AB0<8 AB0=>28Bь 70739,14 <, @V7=8FO :>=F5=B@0FV9 E;>@84V2 C = 24 <3/4<3. 

�=0G5==O 3@04Vє=BC 2V4 28I5@>7B0H>20=>W ?@8B>:8 4> =86G5@>7B0H>20=>W (4.3) 

gradC  = 3,39∙10-7 :3/<4. "B@8<0=5 7=0G5==O 3@04Vє=BC 4>72>;Oє AB25@46C20B8, I> 

:>=F5=B@0FVO E;>@84V2 C =0?@O<:C 2V4 ?>AB0 1 @VG:8 #A5; 4> ?>AB0 1 @VG:8 

�>@A:;0 7@>AB0є. !0?@O< 3@04Vє=BC 2V4 28I5@>7B0H>20=>W ?@8B>:8 4> 

=86G5@>7B0H>20=>W @>7@0E>20=> 70 D>@<C;>N (4.2) ¼ = 336,85°, O:89 ?>:07Cє =0 

?V245==89 AEV4. &>G:0 (35,48; 50,439) C A<B �5;8:0 #8A0@V2:0 %C<Aь:>W >1;0ABV, 

C O:V9 <0:A8<0;ь=0 :>=F5=B@0FVO 1C;0 55 <3/4<3 C 2019 @>FV, C 2020 @>FV 

B>G:0 (34,579; 49,548) 7 <0:A8<0;ь=>N :>=F5=B@0FVєN E;>@84V2 52 <3/4<3, 

7<VAB8;0Aь 4> A. !86=V  ;8=8 #>;B02Aь:>W >1;0ABV. �V4AB0=ь, =0 O:C 

?5@5<VAB8;0Aь B>G:0 274>26 B5GVW @VG:8 AB0=>28Bь 206000 <. �5;8G8=0 3@04Vє=BC 

274>26 B5GVW @VG:8 �>@A:;0 (4.3) gradC  = 1,46∙10-8 :3/<4. �0 4>?><>3>N 

?>1C4>20=8E V7>;V=V9 28O2;5=>, I> 2V41C20єBьAO 71V;ьH5==O :>=F5=B@0FVW 

E;>@84V2 C @VGFV �=V?@> 274>26 B5GVW @VG:8.  

!0 @8AC=:C �.6 C 2021 @>FV =0 2AV9 4V;O=FV A?>AB5@V30єBьAO 7@>AB0==O 

:>=F5=B@0FVW E;>@84V2 2V4 28I5@>7B0H>20=>W ?@8B>:8 �5A=0 4> ?@8B>:8 �>@A:;0. 

&>G:0, C O:V9 A?>AB5@V30єBьAO <0:A8<0;ь=0 :>=F5=B@0FVO 55 <3/<3, @>7B0H>20=0 C 

<. �C1=8 #>;B02Aь:>W >1;0ABV.  �=0;>3VG=> 4> ?>?5@54=VE @>:V2 7>=0 V7 

=09IV;ь=VH8< @>7B0HC20==O< V7>;V=V9 :>=F5=B@0FV9 E;>@84V2 7=0E>48BьAO 2V4 

?>AB0 1 @VG:8 #A5; 4> ?>AB0 1 @VG:8 �>@A:;0. �V4AB0=ь <V6 ?>AB0<8 AB0=>28Bь 

70739,14 <, @V7=8FO :>=F5=B@0FV9 E;>@84V2 C = 30 <3/4<3. �=0G5==O 3@04Vє=BC 

2V4 28I5@>7B0H>20=>W ?@8B>:8 4> =86G5@>7B0H>20=>W (4.3) 

gradC  = 4,24∙10- 7 :3/<4. "B@8<0=5 7=0G5==O 3@04Vє=BC 4>72>;Oє AB25@46C20B8, I> 

:>=F5=B@0FVO E;>@84V2 C =0?@O<:C 2V4 ?>AB0 1 @VG:8 #A5; 4> ?>AB0 1 
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@VG:8 �>@A:;0 7@>AB0є. !0?@O< 3@04Vє=BC 2V4 28I5@>7B0H>20=>W ?@8B>:8 4> 

=86G5@>7B0H>20=>W 70 D>@<C;>N (4.2) ¼ = 336,85° ?>:07Cє =0 ?V245==89 AEV4. 

&0:>6 7>=0 V7 IV;ь=8< @>7B0HC20==O< V7>;V=V9 :>=F5=B@0FV9 E;>@84V2 

@>7B0H>20=0 2V4 ?>AB0 3 @VG:8 �5A=0 4> ?>AB0 4 @VG:8 %C;0. �V4AB0=ь <V6 ?>AB0<8 

AB0=>28Bь 177451,33 <, @V7=8FO :>=F5=B@0FV9 E;>@84V2 C = 40 <3/4<3. �=0G5==O 

3@04Vє=BC 2V4 28I5@>7B0H>20=>W ?@8B>:8 4> =86G5@>7B0H>20=>W @>7@0E>20=> 70 

D>@<C;>N (4.3) gradC  = 2,25∙10-7 :3/<4. "B@8<0=5 7=0G5==O 3@04Vє=BC 4>72>;Oє 

AB25@46C20B8, I> :>=F5=B@0FVO E;>@84V2 C =0?@O<:C 2V4 ?>AB0 3 @VG:8 �5A=0 4> 

?>AB0 4 @VG:8 %C;0 7@>AB0є. !0?@O< 3@04Vє=BC 2V4 28I5@>7B0H>20=>W ?@8B>:8 4> 

=86G5@>7B0H>20=>W (4.2) ¼ = 228,44° ?>:07Cє =0 ?V245==89 70EV4. . �V4?>2V4=> 4> 

2V4:@8B8E 40=8E, O:V @>7<VI5=V =0 >DVFV9=><C A09BV ���$ ':@0W=8 C 2021 @>FV 

A:848 ABVG=8E 2>4 :><C=0;ь=>3> ?V4?@8є<AB20 «�C1=8-2>4>:0=0;» �C15=Aь:>W 

<VAь:>W @048 �C15=Aь:>3> @09>=C #>;B02Aь:>W >1;0ABV AB0=>28;8 0,889 <;=. <3, 

:V;ь:VABь E;>@84V2 – 332,7 B. !0 >A=>2V ?>1C4>20=8E V7>;V=V9 28O2;5=> 

71V;ьH5==O :>=F5=B@0FVW E;>@84V2 C @VGFV �=V?@> 70 B5GVєN 3>;>2=>3> 465@5;0 

2>4>?>AB0G0==O.  

!0 @8AC=:C �.7 C 2022 @>FV 2V4 @VG:8 �5A=0 4> @VG:8 �>@A:;0 

A?>AB5@V30єBьAO 7@>AB0==O :>=F5=B@0FVW E;>@84V2. #>4V1=> 4> 2021 @>:C B>G:0, C 

O:V9 A?>AB5@V30єBьAO <0:A8<0;ь=0 :>=F5=B@0FVO 4;O 2022 @>:C 66 <3/<3, 

@>7B0H>20=0 C <. �C1=8 #>;B02Aь:>W >1;0ABV.  �>=0 V7 IV;ь=8< @>7B0HC20==O< 

V7>;V=V9 :>=F5=B@0FV9 E;>@84V2 @>7B0H>20=0 2V4 ?>AB0 3 @VG:8 �5A=0 4> ?>AB0 4 

@VG:8 %C;0. �V4AB0=ь <V6 ?>AB0<8 AB0=>28Bь 177451,33 <, @V7=8FO :>=F5=B@0FV9 

E;>@84V2 C = 48 <3/4<3. �=0G5==O 3@04Vє=BC 2V4 28I5@>7B0H>20=>W ?@8B>:8 4> 

=86G5@>7B0H>20=>W gradC  = 2,70∙10-7 :3/<4. "B@8<0=5 7=0G5==O 3@04Vє=BC 

4>72>;Oє AB25@46C20B8, I> :>=F5=B@0FVO E;>@84V2 C =0?@O<:C 2V4 ?>AB0 3 

@VG:8 �5A=0 4> ?>AB0 4 @VG:8 %C;0 7@>AB0є. !0?@O< 3@04Vє=BC 2V4 

28I5@>7B0H>20=>W ?@8B>:8 4> =86G5@>7B0H>20=>W ¼ = 228,44° 2:07Cє =0 

?V245==89 70EV4. !0 >A=>2V ?@>V;NAB@>20=8E V7>;V=V9 A?>AB5@V30єBьAO 71V;ьH5==O 

:>=F5=B@0FVW E;>@84V2 C @VGFV �=V?@> 70 B5GVєN @VG:8.  
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!0 @8AC=:C 4.1 C 2023 @>FV =0 2AV9 4V;O=FV A?>AB5@V30єBьAO 7@>AB0==O 

:>=F5=B@0FVW E;>@84V2 2V4 28I5@>7B0H>20=>W ?@8B>:8 �5A=0 4> ?@8B>:8 �>@A:;0, 

0=0;>3VG=> 4> ?>?5@54=VE @>:V2. &>G:0 (34,282; 49,261) 7=0E>48BьAO C 

<. �>15;O:8 #>;B02Aь:>W >1;0ABV, C O:V9 <0:A8<0;ь=0 :>=F5=B@0FVO C 2023 @>FV 

AB0=>28Bь 42 <3/4<3, 7<VI5=0 C ?>@V2=O==V 7 2022 @>:><, >A:V;ь:8 B>G:0 (33,014; 

50,007) 1C;0 @>7B0H>20=0 C <. �C1=8 #>;B02Aь:>W >1;., 0 <0:A8<0;ь=0 

:>=F5=B@0FVO AB0=>28;0 66 <3/4<3. �V4AB0=ь, =0 O:C ?5@5<VAB8;0Aь B>G:0 

AB0=>28Bь 164337,09 <. �5;8G8=0 3@04Vє=BC 2V4 28I5@>7B0H>20=>W B5GVW 4> 

=86G5@>7B0H>20=>W (4.3) gradC  = 1,35∙10-7 :3/<4, 0 =0?@O<>: (4.2) ¼ = 326,29° 

2:07Cє, I> 7<VI5==O B>G:8 7 <0:A8<0;ь=>N :>=F5=B@0FVєN 2V41C;>Aь =0 

?V245==89 AEV4. �3V4=> 7 2V4:@8B8<8 40=8<8, O:V @>7<VI5=V =0 >DVFV9=><C A09BV 

���$ ':@0W=8 �# #"$ «#>;B0202>4>:0=0;» 1C;> A:8=CB> 21,033 <;=. <3, 

7>:@5<0 E;>@84V2 A:8=CB> 6083 B.  

!0 @8AC=:C 4.2 C 2024 7>=0 7 <0:A8<0;ь=>N :>=F5=B@0FVєN 1C;0 2 @09>=V 

:>@4>=C ':@0W=8 ?>1;87C ?>ABV2 1 B0 2 @. �>@A:;0. &>G:0 (34,923; 50,385), C O:V9 

<0:A8<0;ь=0 :>=F5=B@0FVO AB0=>28Bь 77 <3/4<3, @>7B0H>20=0 C A5;V �;8<5=B>25 

%C<Aь:>W >1;0ABV. !09IV;ь=VH5 @>7B0HC20==O V7>;V=V9 :>=F5=B@0FV9 E;>@84V2 

28O2;5=> <V6 @VG:0<8 #A5; (?>AB 4) B0 �>@A:;0 (?>AB 2). �V4AB0=ь 2V4 ?>AB0 4 

@VG:8 #A5; 4> ?>AB0 2 @VG:8 �>@A:;0 AB0=>28Bь 44809,3 <, 0 @V7=8FO :>=F5=B@0FV9 

E;>@84V2 C = 49 <3/4<3. &0:8< G8=><, 70 D>@<C;>N (4.3) 7=0G5==O 3@04Vє=BC 2V4 

28I5@>7B0H>20=>W ?@8B>:8 4> =86G5@>7B0H>20=>W gradC  = 1,09∙10-6 :3/<4. 

"B@8<0=5 7=0G5==O 3@04Vє=BC 40є <>6;82VABь AB25@46C20B8, I> :>=F5=B@0FVO 

E;>@84V2 C =0?@O<:C 2V4 ?>AB0 4 @VG:8 #A5; 4> ?>AB0 2 @VG:8 �>@A:;0 7@>AB0є. �0 

4>?><>3>N V7>;V=V9 ?@>AB56CєBьAO 71V;ьH5==O :>=F5=B@0FVW E;>@84V2 C �=V?@V 70 

B5GVєN @VG:8. �V4?>2V4=> 4> ?>1C4>20=8E V7>;V=V9 28O2;5=>, I> 274>26 B5GVW 

@VG:8 �=V?@> 2V41C20єBьAO 71V;ьH5==O :>=F5=B@0FVW E;>@84V2.  

&0:8< G8=><, <>6=0 7@>18B8 28A=>2>:, I> 7 2016 @>:C 4> 2024 @>:C 

B>G:0, C O:V9 A?>AB5@V30єBьAO <0:A8<0;ь=0 :>=F5=B@0FVO E;>@84V2, V7 @>:C 2 @V: 

?>ABV9=> ?5@5<VICєBьAO, I> ?V4B25@465=> 2V4?>2V4=8<8 @>7@0EC=:0<8 

3@04Vє=BV2. "B@8<0=V 7=0G5==O =0?@O<C B0 25;8G8=8 3@04Vє=BV2 4>72>;ONBь 
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AB25@46C20B8, I> VA=Cє 2?;82 =5 BV;ь:8 70 B5GVєN ?@8B>:8, 0 V 2V4 

28I5@>7B0H>20=>W ?@8B>:8 4> =86G5@>7B0H>20=>W. #>1C4>20=V V7>;V=VW 

?>:070;8, I> B5=45=FVO 71V;ьH5==O :>=F5=B@0FVW E;>@84V2 C @VGFV �=V?@> 70 

B5GVєN 715@V30єBьAO 7 @>:0<8.  

!0 @8AC=:C 4.6 7>1@065=V B>G:8 7 <0:A8<0;ь=>N :>=F5=B@0FVєN 

AC;ьD0BV2 C ?5@V>4 7 2016 @>:C 4> 2024 @>:C.  

 

$8AC=>: 4.6 –  0:A8<0;ь=V :>=F5=B@0FVW AC;ьD0BV2 C ?5@V>4 7 2016 4> 2024 @>:C 

 

!0 @8AC=:C �.8 C 2016 @>FV B>G:8 7 <0:A8<0;ь=>N :>=F5=B@0FVєN 

AC;ьD0BV2 98 <3/4<3 A?>AB5@V30NBьAO C <VABV �C1=8 #>;B02Aь:>W >1;0ABV B0 

A<B �5;8:0 #8A0@V2:0 %C<Aь:>W >1;0ABV. �>=0 V7 IV;ь=VH8< @>7B0HC20==O< 

V7>;V=V9 :>=F5=B@0FV9 AC;ьD0BV2 7=0E>48BьAO 2V4 ?>AB0 1 @VG:8 #A5; 4> ?>AB0 1 

@VG:8 �>@A:;0. �V4AB0=ь <V6 ?>AB0<8 AB0=>28Bь 70739,14 <, @V7=8FO 

:>=F5=B@0FV9 E;>@84V2 C = 35 <3/4<3. �=0G5==O 3@04Vє=BC 2V4 

28I5@>7B0H>20=>W ?@8B>:8 4> =86G5@>7B0H>20=>W (4.3) gradC  = 4,95∙10-7 :3/<4. 

"B@8<0=5 7=0G5==O 3@04Vє=BC 4>72>;Oє AB25@46C20B8, I> :>=F5=B@0FVO E;>@84V2 

C =0?@O<:C 2V4 ?>AB0 1 @VG:8 #A5; 4> ?>AB0 1 @VG:8 �>@A:;0 7@>AB0є. !0?@O< 

3@04Vє=BC 2V4 28I5@>7B0H>20=>W ?@8B>:8 4> =86G5@>7B0H>20=>W 70 
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D>@<C;>N (4.2) ¼ = 227° ?>:07Cє =0 ?V245==89 70EV4. !0ABC?=0 7>=0 V7 IV;ь=8< 

@>7B0HC20==O< V7>;V=V9 :>=F5=B@0FV9 E;>@84V2 @>7B0H>20=0 2V4 ?>AB0 3 @VG:8 

�5A=0 4> ?>AB0 4 @VG:8 %C;0. �V4AB0=ь <V6 ?>AB0<8 AB0=>28Bь 177451,33 <, 

@V7=8FO :>=F5=B@0FV9 E;>@84V2 C = 48 <3/4<3. �=0G5==O 3@04Vє=BC 2V4 

28I5@>7B0H>20=>W ?@8B>:8 4> =86G5@>7B0H>20=>W gradC  = 3,16∙10- 7 :3/<4. 

"B@8<0=5 7=0G5==O 3@04Vє=BC 4>72>;Oє AB25@46C20B8, I> :>=F5=B@0FVO E;>@84V2 

C =0?@O<:C 2V4 ?>AB0 3 @VG:8 �5A=0 4> ?>AB0 4 @VG:8 %C;0 7@>AB0є. !0?@O< 

3@04Vє=BC 2V4 28I5@>7B0H>20=>W ?@8B>:8 4> =86G5@>7B0H>20=>W ¼ = 228,44° 

2:07Cє =0 ?V245==89 70EV4. �V4?>2V4=> 4> ?>1C4>20=8E V7>;V=V9 ?@>AB56CєBьAO 

71V;ьH5==O :>=F5=B@0FVW AC;ьD0BV2 C @VGFV �=V?@> 70 B5GVєN @VG:8.  

!0 @8AC=:C �.9 C 2017 @>FV O: V C ?>?5@54=VE @>:0E 715@V30єBьAO 7@>AB0==O 

:>=F5=B@0FVW AC;ьD0BV2 2V4 28I5@>7B0H>20=>W ?@8B>:8 �5A=0 4> ?@8B>:8 

�>@A:;0. &>G:0 (34,282; 49,261) 7 <0:A8<0;ь=>N :>=F5=B@0FVєN 112 <3/4<3 

7=0E>48BьAO C <VABV �>15;O:8 #>;B02Aь:>W >1;0ABV. ' ?>@V2=O==V 7 2016 @>:>< 

2>=0 7<VAB8;0Aь, >A:V;ь:8 C ?>?5@54=ь><C @>FV <0:A8<0;ь=0 :>=F5=B@0FVO 

98 <3/4<3 A?>AB5@V30;0Aь C B>GFV (33,014; 50,007) <. �C1=8 #>;B02Aь:>W >1;0ABV 

B0 C B>GFV (35,48; 50,439) A<B �5;8:0 #8A0@V2:0 %C<Aь:>W >1;0ABV. �V4AB0=ь, =0 

O:C ?5@5<VAB8;0Aь B>G:0 2V4=>A=> <. �C1=8 AB0=>28Bь 164337,09 <. �5;8G8=0 

3@04Vє=BC 2V4 28I5@>7B0H>20=>W B5GVW 4> =86G5@>7B0H>20=>W (4.3) gradC  = 

8,52∙10-7 :3/<4, 0 =0?@O<>: (4.2) ¼ = 326,29° 2:07Cє, I> 7<VI5==O B>G:8 7 

<0:A8<0;ь=>N :>=F5=B@0FVєN 2V41C;>Aь =0 ?V245==89 AEV4. �V4AB0=ь, =0 O:C 

?5@5<VAB8;0Aь B>G:0 274>26 B5GVW @VG:8 �>@A:;0 2V4=>A=> 4> A<B �5;8:0 

#8A0@V2:0 AB0=>28Bь 285000 <. �5;8G8=0 3@04Vє=BC 70 B5GVєN @VG:8 �>@A:;0 (4.3) 

gradC  = 4,91∙10-7 :3/<4, 0 =0?@O<>: (4.2) ¼ = 236,34° 2:07Cє, I> 7<VI5==O B>G:8 7 

<0:A8<0;ь=>N :>=F5=B@0FVєN 2V41C;>Aь =0 ?V245==89 70EV4. �0 4>?><>3>N 

?>1C4>20=8E V7>;V=V9 ?@>AB56CєBьAO 71V;ьH5==O :>=F5=B@0FVW AC;ьD0BV2 C @VGFV 

�=V?@> 70 B5GVєN @VG:8.  

!0 @8AC=:C �.10 C 2018 @>FV O: V C ?>?5@54=V @>:8 A?>AB5@V30єBьAO 

7@>AB0==O :>=F5=B@0FVW AC;ьD0BV2 2V4 28I5@>7B0H>20=>W ?@8B>:8 �5A=0 4> 

?@8B>:8 �>@A:;0. &>G:0 7 <0:A8<0;ь=>N :>=F5=B@0FVєN 98 <3/4<3 7=0E>48BьAO 
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C <. �>15;O:8 #>;B02Aь:>W >1;0ABV. �V4AB0=ь 2V4 B>G:8 (33,74; 49,781) A<B �5;8:0 

�030G:0 #>;B02Aь:>3> @09>=C 4> B>G:8 (34,282; 49,261) 7 <0:A8<0;ь=>N 

:>=F5=B@0FVєN AB0=>28Bь 84606,39 <, 0 @V7=8FO :>=F5=B@0FV9 – 14 <3/4<3. 

�5;8G8=0 3@04Vє=BC 2V4 28I5@>7B0H>20=>W B5GVW 4> =86G5@>7B0H>20=>W (4.3) 

gradC  = 3,31∙10-7 :3/<4, 0 =0?@O<>: (4.2) ¼ = 326,29° 2:07Cє, I> =0?@O< 3@04Vє=BC 

A?@O<>20=89 =0 ?V245==89 70EV4. �V4AB0=ь 2V4 B>G:8 (34,589;49,581) <. #>;B020 

4> B>G:8 (34,282; 49,261) 7 <0:A8<0;ь=>N :>=F5=B@0FVєN 70 B5GVєN 

@VG:8 �>@A:;0 AB0=>28Bь 79000 <, 0 @V7=8FO :>=F5=B@0FV9 – 7 <3/4<3. �5;8G8=0 

3@04Vє=BC 70 B5GVєN @VG:8 �>@A:;0 (4.3) gradC  = 8,86∙10-7 :3/<4, 0 =0?@O<>: (4.2) 

¼ = 239,72° 2:07Cє, I> 3@04Vє=B A?@O<>20=89 =0 ?V245==89 70EV4. �0 4>?><>3>N 

?>1C4>20=8E V7>;V=V9 ?@>AB56CєBьAO 71V;ьH5==O :>=F5=B@0FVW AC;ьD0BV2 C @VGFV 

�=V?@> 70 B5GVєN @VG:8.  

!0 @8AC=:C �.11 C 2019 @>FV 2V4 28I5@>7B0H>20=>W ?@8B>:8 �5A=0 4> 

35>3@0DVG=> =86G5@>7B0H>20=>W ?@8B>:8 �>@A:;0 7=>2C A?>AB5@V30єBьAO 

7@>AB0==O :>=F5=B@0FVW AC;ьD0BV2. &>G:0 7 <0:A8<0;ь=>N :>=F5=B@0FVєN 

98 <3/4<3 7=0E>48BьAO C <. �>15;O:8 #>;B02Aь:>W >1;0ABV. �V4AB0=ь 2V4 B>G:8 

(33,74; 49,781) A<B �5;8:0 �030G:0 #>;B02Aь:>3> @09>=C 4> B>G:8 (34,282; 49,261) 

7 <0:A8<0;ь=>N :>=F5=B@0FVєN AB0=>28Bь 84606,39 <, 0 @V7=8FO :>=F5=B@0FV9 – 

21 <3/4<3. �5;8G8=0 3@04Vє=BC 2V4 28I5@>7B0H>20=>W B5GVW 4> 

=86G5@>7B0H>20=>W (4.3) gradC  = 2,48∙10- 7 :3/<4, 0 =0?@O<>: (4.2) ¼ = 326,29° 

2:07Cє, I> =0?@O< 3@04Vє=BC A?@O<>20=89 =0 ?V245==89 70EV4. �V4AB0=ь 2V4 B>G:8 

(34,589;49,581) <. #>;B020 4> B>G:8 (34,282; 49,261) 7 <0:A8<0;ь=>N 

:>=F5=B@0FVєN 70 B5GVєN @VG:8 �>@A:;0 AB0=>28Bь 79000 <, 0 @V7=8FO 

:>=F5=B@0FV9 – 21 <3/4<3. �5;8G8=0 3@04Vє=BC 70 B5GVєN @VG:8 �>@A:;0 (4.3) 

gradC  = 2,66∙10-7 :3/<4, 0 =0?@O<>: (4.2) ¼ = 239,72° 2:07Cє, I> 3@04Vє=B 

A?@O<>20=89 =0 ?V245==89 70EV4. !0 >A=>2V ?@>V;NAB@>20=8E V7>;V=V9 

A?>AB5@V30єBьAO 71V;ьH5==O :>=F5=B@0FVW AC;ьD0BV2 C @VGFV �=V?@V 70 B5GVєN 

3>;>2=>W 2>4=>W 0@B5@VW.  

!0 @8AC=:C �.12 C 2020 @>FV 2V4 28I5@>7B0H>20=>W ?@8B>:8 �5A=0 4> 

35>3@0DVG=> =86G5@>7B0H>20=>W ?@8B>:8 �>@A:;0 7=>2C A?>AB5@V30єBьAO 
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7@>AB0==O :>=F5=B@0FVW AC;ьD0BV2. &>G:0 7 <0:A8<0;ь=>N :>=F5=B@0FVєN 

91 <3/4<3 7=0E>48BьAO C <. �>15;O:8 #>;B02Aь:>W >1;0ABV. �V4AB0=ь 2V4 B>G:8 

(33,74; 49,781) A<B �5;8:0 �030G:0 #>;B02Aь:>3> @09>=C 4> B>G:8 (34,282; 49,261) 

7 <0:A8<0;ь=>N :>=F5=B@0FVєN AB0=>28Bь 84606,39 <, 0 @V7=8FO :>=F5=B@0FV9 – 

21 <3/4<3. �5;8G8=0 3@04Vє=BC 2V4 28I5@>7B0H>20=>W B5GVW 4> 

=86G5@>7B0H>20=>W (4.3) gradC  = 1,65∙10-7 :3/<4, 0 =0?@O<>: (4.2) ¼ = 326,29° 

2:07Cє, I> =0?@O< 3@04Vє=BC A?@O<>20=89 =0 ?V245==89 70EV4. �V4AB0=ь 2V4 

B>G:8 (34,589;49,581) <. #>;B020 4> B>G:8 (34,282; 49,261) 7 <0:A8<0;ь=>N 

:>=F5=B@0FVєN 70 B5GVєN @VG:8 �>@A:;0 AB0=>28Bь 79000 <, 0 @V7=8FO 

:>=F5=B@0FV9 – 14 <3/4<3. �5;8G8=0 3@04Vє=BC 70 B5GVєN @VG:8 �>@A:;0 (4.3) 

gradC  = 1,77∙10-7 :3/<4, 0 =0?@O<>: (4.2) ¼ = 239,72° 2:07Cє, I> 3@04Vє=B 

A?@O<>20=89 =0 ?V245==89 70EV4. �@C30 B>G:0 (30,786; 50,844) 7 <0:A8<0;ь=>N 

:>=F5=B@0FVєN 91 <3/4<3 A?>AB5@V30єBьAO C A. �@5E0W2 +5@=V3V2Aь:>W >1;0ABV. 

�V4AB0=ь 2V4 B>G:8 (31,309; 51,482) <. +5@=V3V2 4> B>G:8 (34,282; 49,261) 7 

<0:A8<0;ь=>N :>=F5=B@0FVєN 70 B5GVєN @VG:8 �5A=0 AB0=>28Bь 145000 <, 0 

@V7=8FO :>=F5=B@0FV9 – 49 <3/4<3. �5;8G8=0 3@04Vє=BC 70 B5GVєN @VG:8 

�>@A:;0 (4.3) gradC  = 3,38∙10-7 :3/<4, 0 =0?@O<>: (4.2) ¼ = 228,80° 2:07Cє, I> 

3@04Vє=B A?@O<>20=89 =0 ?V245==89 70EV4. ' <VABV +5@=V3V2 @>7B0H>20=> 

�# «+5@=V3V22>4>:0=0;», I> є >4=8< V7 465@5; 701@C4=5==O @VG:8 �5A=0. 

�V4?>2V4=> 4> 40=8E 72VB=>ABV ?@> 28:>@8AB0==O 2>48 D>@<0 2&#-2>43>A? (@VG=0) 

73V4=> 7 40=8<8 �5A=O=Aь:>3> 10A59=>2>3> C?@02;V==O 2>4=8<8 @5AC@A0<8 

?V4?@8є<AB2>< 1C;> A:8=CB> 14389,4 B8A. <3, AC;ьD0BV2 – 742 B. ' ?>@V2=O==V 7 

2019 @>:>< >1AO3 ABVG=8E 2>4 7<5=H82AO, >A:V;ь:8 C ?>?5@54=ь><C @>FV AB0=>282 

14602,7 B8A. <3, ?@>B5 :V;ь:VABь AC;ьD0BV2 7@>A;0 (C 2019 @>FV – 718,5 B). !0 >A=>2V 

?@>V;NAB@>20=8E V7>;V=V9 A?>AB5@V30єBьAO 71V;ьH5==O :>=F5=B@0FVW AC;ьD0BV2 C 

@VGFV �=V?@> 70 B5GVєN 3>;>2=>W 2>4=>W 0@B5@VW.  

!0 @8AC=:C �.13 C 2021 @>FV 2V4 28I5@>7B0H>20=>W ?@8B>:8 �5A=0 4> 

35>3@0DVG=> =86G5@>7B0H>20=>W ?@8B>:8 �>@A:;0 7=>2C A?>AB5@V30єBьAO 

7@>AB0==O :>=F5=B@0FVW AC;ьD0BV2. &>G:0 7 <0:A8<0;ь=>N :>=F5=B@0FVєN 
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(33,74; 49,781) A<B �5;8:0 �030G:0 #>;B02Aь:>3> @09>=C 4> B>G:8 (34,282; 49,261) 

7 <0:A8<0;ь=>N :>=F5=B@0FVєN AB0=>28Bь 84606,39 <, 0 @V7=8FO :>=F5=B@0FV9 – 

24 <3/4<3. �5;8G8=0 3@04Vє=BC 2V4 28I5@>7B0H>20=>W B5GVW 4> 

=86G5@>7B0H>20=>W (4.3) gradC  = 2,84∙10-7 :3/<4, 0 =0?@O<>: (4.2) ¼ = 326,29° 

2:07Cє, I> =0?@O< 3@04Vє=BC A?@O<>20=89 =0 ?V245==89 70EV4. �V4AB0=ь 2V4 B>G:8 
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gradC  = 4,05∙10-7 :3/<4, 0 =0?@O<>: (4.2) ¼ = 239,72° 2:07Cє, I> 3@04Vє=B 

A?@O<>20=89 =0 ?V245==89 70EV4. �V4?>2V4=> 4> 2V4:@8B8E 40=8E, O:V @>7<VI5=V 

=0 >DVFV9=><C A09BV ���$ ':@0W=8 C 2021 @>FV A:848 ABVG=8E 2>4 

�# #"$ «#>;B0202>4>:0=0;» AB0=>28;8 20,351 <;=. <3, :V;ь:VABь AC;ьD0BV2 – 

2017,8 B. !0 >A=>2V ?@>V;NAB@>20=8E V7>;V=V9 A?>AB5@V30єBьAO 71V;ьH5==O 

:>=F5=B@0FVW AC;ьD0BV2 C @VGFV �=V?@> 70 =0?@O<:>< WW B5GVW.  
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(33,74; 49,781) A<B �5;8:0 �030G:0 #>;B02Aь:>3> @09>=C 4> B>G:8 (34,282; 49,261) 

7 <0:A8<0;ь=>N :>=F5=B@0FVєN AB0=>28Bь 84606,39 <, 0 @V7=8FO :>=F5=B@0FV9 – 

35 <3/4<3. �5;8G8=0 3@04Vє=BC 2V4 28I5@>7B0H>20=>W B5GVW 4> =86G5@>7B0H>20=>W 

(4.3) gradC  = 4,14∙10- 7 :3/<4, 0 =0?@O<>: (4.2) ¼ = 326,29° 2:07Cє, I> =0?@O< 

3@04Vє=BC A?@O<>20=89 =0 ?V245==89 70EV4. �V4AB0=ь 2V4 B>G:8 (34,589;49,581) 

<. #>;B020 4> B>G:8 (34,282; 49,261) 7 <0:A8<0;ь=>N :>=F5=B@0FVєN 70 B5GVєN 

@VG:8 �>@A:;0 AB0=>28Bь 79000 <, 0 @V7=8FO :>=F5=B@0FV9 – 14 <3/4<3. �5;8G8=0 

3@04Vє=BC 70 B5GVєN @VG:8 �>@A:;0 (4.3) gradC  = 1,77∙10-7 :3/<4, 0 =0?@O<>: (4.2) 

¼ = 239,72° 2:07Cє, I> 3@04Vє=B A?@O<>20=89 =0 ?V245==89 70EV4. �3V4=> 7 

2V4:@8B8<8 40=8<8, O:V @>7<VI5=V =0 >DVFV9=><C A09BV ���$ ':@0W=8 

�# #"$ «#>;B0202>4>:0=0;» 1C;> A:8=CB> 21,033 <;=. <3, 7>:@5<0 AC;ьD0BV2 

A:8=CB> 2109,8 B. ' ?>@V2=O==V 7 ?>?5@54=V< @>:>< ?>:07=8:8 71V;ьH8;8Aь. !0 

>A=>2V ?@>V;NAB@>20=8E V7>;V=V9 A?>AB5@V30єBьAO 71V;ьH5==O :>=F5=B@0FVW 

AC;ьD0BV2 C @VGFV �=V?@> 70 B5GVєN @VG:8.  

!0 @8AC=:C 4.4 C 2024 @>FV 2V4 @>7B0H>20=>W 28I5 ?@8B>:8 �5A=0 

A?>AB5@V30єBьAO 7@>AB0==O :>=F5=B@0FVW AC;ьD0BV2 4> 35>3@0DVG=> 

=86G5@>7B0H>20=>W ?@8B>:8 �>@A:;0. &>G:0, C O:V9 A?>AB5@V30єBьAO <0:A8<0;ь=5 

7=0G5==O :>=F5=B@0FVW AC;ьD0BV2 96 <3/4<3, @>7B0H>20=0 C <. �>15;O:8 

#>;B02Aь:>W >1;0ABV. �>=0 V7 IV;ь=VH8< @>7B0HC20==O< V7>;V=V9 :>=F5=B@0FV9 

AC;ьD0BV2 7=0E>48BьAO 2V4 ?>AB0 1 @VG:8 #A5; 4> ?>AB0 1 @VG:8 �>@A:;0. �V4AB0=ь 

<V6 ?>AB0<8 AB0=>28Bь 70739,14 <, @V7=8FO :>=F5=B@0FV9 E;>@84V2 
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#A5; 4> ?>AB0 1 @VG:8 �>@A:;0 7@>AB0є. !0?@O< 3@04Vє=BC 2V4 28I5@>7B0H>20=>W 

?@8B>:8 4> =86G5@>7B0H>20=>W 70 D>@<C;>N (4.2) ¼ = 227° ?>:07Cє =0 ?V245==89 
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�=0G5==O 3@04Vє=BC 2V4 28I5@>7B0H>20=>W ?@8B>:8 4> =86G5@>7B0H>20=>W (4.3) 
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$53@5AV9=5 @V2=O==O 28O2;5=>W 70;56=>ABV x01,0e92,16y = , 4>AB>2V@=VABь 

0?@>:A8<0FVW – 93,0R2 = . 

 

$8AC=>: 4.12 – �>@5;OFV9=0 70;56=VABь 2<VABC E;>@84V2 <V6 ?@8B>:0<8  

%C;0 (?>AB 4) B0 #A5; (?>AB 6) 70 2024 @V: 

 



132 

$53@5AV9=5 @V2=O==O 28O2;5=>W 70;56=>ABV x01,0e60,8y = , 4>AB>2V@=VABь 

0?@>:A8<0FVW – 92,0R2 = . 

 

$8AC=>: 4.13 – �>@5;OFV9=0 70;56=VABь 2<VABC AC;ьD0BV2 <V6 ?@8B>:0<8  

%C;0 (?>AB 4) B0 #A5; (?>AB 6) 70 2023 @V: 

 

$53@5AV9=5 @V2=O==O 28O2;5=>W 70;56=>ABV x02,0e58,19y = , 4>AB>2V@=VABь 

0?@>:A8<0FVW – 94,0R2 = . 

 

 

$8AC=>: 4.14 – �>@5;OFV9=0 70;56=VABь 2<VABC AC;ьD0BV2 <V6 ?@8B>:0<8  

%C;0 (?>AB 4) B0 #A5; (?>AB 6) 70 2024 @V: 
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$53@5AV9=5 @V2=O==O 28O2;5=>W 70;56=>ABV x01,0e41,38y = , 4>AB>2V@=VABь 

0?@>:A8<0FVW – 96,0R2 = . 

 

 

$8AC=>: 4.15 – �>@5;OFV9=0 70;56=VABь 2<VABC E;>@84V2 <V6 ?@8B>:0<8  

#A5; (?>AB 6) B0 �>@A:;0 (?>AB 4) 70 2023 @V: 

 

$53@5AV9=5 @V2=O==O 28O2;5=>W 70;56=>ABV x07,0e27,8y = , 4>AB>2V@=VABь 

0?@>:A8<0FVW – 94,0R2 = .  

 

$8AC=>: 4.16 – �>@5;OFV9=0 70;56=VABь 2<VABC E;>@84V2 <V6 ?@8B>:0<8  

#A5; (?>AB 6) B0 �>@A:;0 (?>AB 4) 70 2024 @V: 
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$53@5AV9=5 @V2=O==O 28O2;5=>W 70;56=>ABV x05,0e94,19y = , 4>AB>2V@=VABь 

0?@>:A8<0FVW – 95,0R2 = . 

 

 

$8AC=>: 4.17 – �>@5;OFV9=0 70;56=VABь 2<VABC AC;ьD0BV2 <V6 ?@8B>:0<8  

#A5; (?>AB 6) B0 �>@A:;0 (?>AB 4) 70 2023 @V: 

 

$53@5AV9=5 @V2=O==O 28O2;5=>W 70;56=>ABV x01,0e24,53y = , 4>AB>2V@=VABь 

0?@>:A8<0FVW – 93,0R2 = .  

 

$8AC=>: 4.18 – �>@5;OFV9=0 70;56=VABь 2<VABC AC;ьD0BV2 <V6 ?@8B>:0<8  

#A5; (?>AB 6) B0 �>@A:;0 (?>AB 4) 70 2024 @V: 
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$53@5AV9=5 @V2=O==O 28O2;5=>W 70;56=>ABV x01,0e34,62y = , 4>AB>2V@=VABь 

0?@>:A8<0FVW – 92,0R 2 = . 

 

$8AC=>: 4.19 – �>@5;OFV9=0 70;56=VABь 2<VABC E;>@84V2 <V6 ?@8B>:0<8  

�>@A:;0 (?>AB 4) B0 %0<0@0 (?>AB 3) 70 2023 @V: 

 

$53@5AV9=5 @V2=O==O 28O2;5=>W 70;56=>ABV x02,0e48,97y = , 4>AB>2V@=VABь 

0?@>:A8<0FVW – 98,0R2 = . 

 

$8AC=>: 4.20 – �>@5;OFV9=0 70;56=VABь 2<VABC E;>@84V2 <V6 ?@8B>:0<8  

�>@A:;0 (?>AB 4) B0 %0<0@0 (?>AB 3) 70 2024 @V: 

 

$53@5AV9=5 @V2=O==O 28O2;5=>W 70;56=>ABV x09,0e70,6y = , 4>AB>2V@=VABь 

0?@>:A8<0FVW – 99,0R 2 = . 
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$8AC=>: 4.21 – �>@5;OFV9=0 70;56=VABь 2<VABC AC;ьD0BV2 <V6 ?@8B>:0<8  

�>@A:;0 (?>AB 4) B0 %0<0@0 (?>AB 3) 70 2023 @V: 

 

$53@5AV9=5 @V2=O==O 28O2;5=>W 70;56=>ABV x002,0e50,665y = , 

4>AB>2V@=VABь 0?@>:A8<0FVW – 97,0R 2 = . 

 

$8AC=>: 4.22 – �>@5;OFV9=0 70;56=VABь 2<VABC AC;ьD0BV2 <V6 ?@8B>:0<8  

�>@A:;0 (?>AB 4) B0 %0<0@0 (?>AB 3) 70 2024 @V: 

 

$53@5AV9=5 @V2=O==O 28O2;5=>W 70;56=>ABV x02,0e06,143y = , 4>AB>2V@=VABь 

0?@>:A8<0FVW – 97,0R 2 = . 
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#>AB8 A?>AB5@565==O ?@8B>: @>7B0H>20=V C =0A5;5=8E ?C=:B0E, O:V 

2V4@V7=ONBьAO 70 :V;ь:VABN =0A5;5==O. &><C =0 :>=F5=B@0FVN 701@C4=NNG8E 

@5G>28= 2?;820NBь A:848 =5>G8I5=8E G8 =54>AB0B=ь> >G8I5=8E ABVG=8E 2>4 

?V4?@8є<AB2, 0 B0:>6 =0A5;5==O, I> 206;82> 2@0EC20B8 ?V4 G0A ?>1C4>28 

<0B5<0B8G=>W <>45;V [120 – 123].   

(C=:FV>=0;ь=C 70;56=VABь 70 :>=F5=B@0FVO<8 @V7=><0=VB=8E 4><VH>: 

<>6=0 28@078B8 70 4>?><>3>N D>@<C;8 (4.4) [124–125]. 

 

( )
ji

C;Cf= . (4.4) 

 

"A:V;ь:8 1V;ьHVABь ?@8@>4=VE ?@>F5AV2, B0:8E O: V=DV;ьB@0FVO, 

@>7102;5==O 2>4, A0<>>G8I5==O @VG:8 B0 V=HV, O:V <>6=0 >?8A0B8 

5:A?>=5=FV0;ь=8< 70:>=><, B><C ?@>F5A 2?;82C 28I5@>7B0H>20=8E ?@8B>: =0 

@>7B0H>20=V =86G5 4>FV;ь=> @>73;O40B8 =0 >A=>2V A0<5 B0:>W <>45;V. 

(C=:FV>=0;ь=0 70;56=VABь <0B8<5 283;O4 (4.5) [124, 125]: 

 

bxeay = , (4.5) 

 

45 a – :>5DVFVє=B, O:89 E0@0:B5@87Cє 2?;82 35>;>3VG=>W A:;04>2>W, ABC?V=ь 

=54>>G8I5=>ABV A:84V2 C <VAFOE ?@>BV:0==O ?@8B>:; b – :>5DVFVє=B, O:89 

E0@0:B5@87Cє ?@>?CA:=C 740B=VABь (?@>=8:;82VABь) ґ@C=BV2, O:0 70;568Bь 2V4 

A:;04C, AB@C:BC@=>ABV, 2<VABC >@30=VG=>W @5G>28=8 B>I>; x – D0:B8G=5 7=0G5==O 

:>=F5=B@0FVW 701@C4=NNG>W @5G>28=8 C 28I5@>7B0H>20=V9 ?@8B>FV, <3/4<3. 

#@>=8:;82VABь ґ@C=BC 70157?5GCє ?5@5AC20==O 2>48 2 ґ@C=BV, 2>4>?@>=8:=VABь V 

2>4>?V4’є<=C 740B=VABь B0 @>7@0E>2CєBьAO 70 D>@<C;>N (4.6). 

 

( ) 100dd1P
v703 −= , (4.6) 
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45 v
d  – IV;ь=VABь ґ@C=BC, 3/A<3; d – IV;ь=VABь B25@4>W D078 ґ@C=BC, 3/A<3. 

�;O 7=0E>465==O :>5DVFVє=BV2 <5B>4>< =09<5=H8E :204@0BV2 =5>1EV4=>N 

C<>2>N є B5, I> AC<0 :204@0BV2 2V4E8;5=ь S <0є 1CB8 <V=V<0;ь=>N. �;O =0H>3> 

28?04:C <0є<>: 

 

( ) ( )õ
=

−+=
n

1i

2

ii
ybaxb,aS . (4.7) 

 

!>@<0;ь=0 A8AB5<0 @V2=O=ь 4;O 287=0G5==O a V b 1C45 <0B8 283;O4: 

 

 

 ÿ
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þ

ÿÿ
ý

ü

=−+=
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

=−+=



õ

õ
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=

n

1i
ii

n

1i
iii

.01ybax2
b

S

;0xybax2
a

S

 (4.8) 

 

�1> ?VA;O ?5@5B2>@5=ь >B@8<Cє<>: 

 

ÿ
þ

ÿ
ý

ü
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=+

õõ

õõõ
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.ynbxa

;yxxbxa
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n
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1i
i

n
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 (4.9) 

 

&0:8< G8=>< :>5DVFVє=B8 7=0E>48<> 70 D>@<C;0<8 (4.10) – (4.11). 
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===  (4.10) 

 

2
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�<VAB 701@C4=NNG8E @5G>28= C @VGFV C ?>ABV A?>AB5@565==O, O:5 

@>7B0H>20=> =091;86G5 4> 38@;0, 7C<>2;5=89 465@5;0<8 701@C4=5==O, O:V 

7=0E>4OBьAO 28I5 70 B5GVєN B0 2?;82>< 28I5@>7B0H>20=8E ?@8B>:, O:89 

4>2545=> 70 4>?><>3>N A:@8B>3> 3@04Vє=BC, I> >1C<>2;5=89 @V7=8F5N 

:>=F5=B@0FV9.  

�;O >FV=:8 2?;82C 28I5@>7B0H>20=>W ?@8B>:8 =0 =86G5@>7B0H>20=C 

287=0G0є<> 7<V=C :>=F5=B@0FVW :><?>=5=BV2 C =86G5@>7B0H>20=V9 ?@8B>FV 70 

D>@<C;>N (4.12) 

 

y%C V?@V?@ −= , (4.12)  

 

45 V?@%  – :>=F5=B@0FVO i->W @5G>28=8 C =86G5@>7B0H>20=V9 ?@8B>FV, <3/4<3; 

y – 2?;82 25@E=ь>W ?@8B>:8 =0 =86=N, O:89 4>2545=> =0O2=VABN A:@8B>3> 

3@04Vє=BC, O:89 >1C<>2;5=89 @V7=8F5N :>=F5=B@0FV9, @>7@0E>2CєBьAO 2V4?>2V4=> 

4> (4.5). 

"FV=N20==O 2?;82C 28I5@>7B0H>20=>W ?@8B>:8 =0 =86G5@>7B0H>20=C 

?@>2>48;8 70 (4.13) 

 

V?@

V?@

C

%
p


=  (4.13) 

 

' B01;8FO 4.1 – 4.4 =02545=> @57C;ьB0B8 @>7@0EC=:V2 270є<=>3> 2?;82C 

;V28E ?@8B>: �=V?@0.  

 

&01;8FO 4.1 – �?;82 ?@8B>:8 �5A=0 =0 O:VABь 2>48 ?@8B>:8 %C;0 

№ 
7/? 

�01@C4=NNG0 
@5G>28=0 

�1V;ьH5==O :>=F5=B@0FVW 
701@C4=NNG>W @5G>28=8 C 
@VGFV %C;0, <3/4<3 

�V4A>B:>25 71V;ьH5==O 
701@C4=5==O C @VGFV 

%C;0, % 

1 %C;ьD0B8 0,91 1,7 

2 );>@848 3,27 6,0 
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&01;8FO 4.2 – �?;82 ?@8B>:8 %C;0 =0 O:VABь 2>48 ?@8B>:8 #A5; 

№ 
7/? 

�01@C4=NNG0 
@5G>28=0 

�1V;ьH5==O :>=F5=B@0FVW 
701@C4=NNG>W @5G>28=8 C 
@VGFV #A5;, <3/4<3 

�V4A>B:>25 71V;ьH5==O 
701@C4=5==O C 
@VGFV #A5;, % 

1 %C;ьD0B8 0,86 1,3 

2 );>@848 1,12 5,7 

 

&01;8FO 4.3 – �?;82 ?@8B>:8 #A5; =0 O:VABь 2>48 ?@8B>:8 �>@A:;0 

№ 
7/? 

�01@C4=NNG0 
@5G>28=0 

�1V;ьH5==O :>=F5=B@0FVW 
701@C4=NNG>W @5G>28=8 C 
@VGFV �>@A:;0, <3/4<3 

�V4A>B:>25 71V;ьH5==O 
701@C4=5==O C 
@VGFV �>@A:;0, % 

1 %C;ьD0B8 5,21 5,2 

2 );>@848 2,05 3,7 

 

&01;8FO 4.4 – �?;82 ?@8B>:8 �>@A:;0 =0 O:VABь 2>48 ?@8B>:8 %0<0@0 

№ 
7/? 

�01@C4=NNG0 
@5G>28=0 

�1V;ьH5==O :>=F5=B@0FVW 
701@C4=NNG>W @5G>28=8 C 
@VGFV %0<0@0, <3/4<3 

�V4A>B:>25 71V;ьH5==O 
701@C4=5==O C 
@VGFV %0<0@0, % 

1 %C;ьD0B8 15,95 1,8 

2 );>@848 8,56 1,5 

 

�;O 287=0G5==O 2?;82C ;V2>W ?@8B>:8 =0 O:VABь 2>48 @VG:8 �=V?@> 

28:>@8AB0є<> D>@<C;C (4.14), O:0 4>72>;Oє >FV=8B8 7<V=C :>=F5=B@0FVW 

701@C4=5=>W @5G>28=8 2 @VGFV �=V?@> ?VA;O 2?040==O C =5W ;V2>W ?@8B>:8 7 

C@0EC20==O< 2?;82C 28I5@>7B0H>20=>W ?@8B>:8: 

 

( )
( )�?@

�j�?@V?@
p

QQ

Q%QC
C

+
+

= , (4.14) 

 

45 ?@Q  – A5@54=ь>@VG=0 28B@0B0 2>48 ?@8B>:8; j�C  – 2?;82 V->W 

701@C4=NNG>W @5G>28=8 C @VGFV �=V?@>, I> =04V9H;0 7 ?@8B>:8, <3/4<3; �Q  – 

A5@54=ь>@VG=0 28B@0B0 2>48 �=V?@0 ?>1;87C 38@;0 ?@8B>:8. 

�;O 287=0G5==O 2?;82C 701@C4=N20GV2, O:V @>7B0H>20=V 28I5 70 B5GVєN 

?@8B>:8 287=0G0є<> 7<V=C :>=F5=B@0FV9 <V6 ?>AB0<8 A?>AB5@565==O C ?@8B>FV: 
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( ) ( )( )
( )( )

1n?@?@n

1n?@1n?@?@n?@n
?p

QQ

Q%QC
C

−

−−

+
+

= , (4.15) 

 

45 ?@nC  – :>=F5=B@0FVO ?>:07=8:0 C ?>ABV A?>AB5@565==O =86G5 70 B5GVєN 

@VG:8, <3/4<3; ( )1n?@C −  – :>=F5=B@0FVO ?>:07=8:0 C ?>?5@54=ь><C ?>ABV 

A?>AB5@565==O, B>1B> O:89 @>7B0H>20=> 28I5 70 B5GVєN @VG:8, <3/4<3; ?@nQ  B0 

( )1n?@Q −  – 28B@0B8 2>48 ?@8B>:8 C =86G><C B0 28I><C ?>ABV A?>AB5@565==O 70 

B5GVєN 2V4?>2V4=>.  

' B01;8FO 4.5 – 4.8 =02545=> @57C;ьB0B8 @>7@0EC=:V2 2?;82C ;V28E ?@8B>: 

=0 5:>;>3VG=89 AB0= @VG:8 �=V?@> 7 C@0EC20==O< 2?;82C 28I5@>7B0H>20=8E 

?@8B>: B0 7 C@0EC20==O< 2?;82C 28I5@>7B0I>20=8E ?>ABV2 A?>AB5@565==O 

?@8B>:.  

 

&01;8FO 4.5 – �?;82 ?@8B>:8 %C;0 =0 O:VABь 2>48 @VG:8 �=V?@>  

№ 
7/
? 

�01@C4=NNG
0 @5G>28=0 

�1V;ьH5==O 
:>=F5=B@0FVW 
701@C4=NNG
>W @5G>28=8 C 
@VGFV �=V?@>, 
<3/4<3 

�?;82 
28I5@>7B0H>20=
>W ?@8B>:8 �5A=0 
=0 @VG:C �=V?@>, 

<3/4<3 

�V4A>B:>25 
71V;ьH5==O 
701@C4=5==
O C @VGFV 
�=V?@>, % 

�?;82 
70 

B5GVєN 
?@8B>:8
, <3/4<3 

�V4A>B:>25 
71V;ьH5==O 
701@C4=5==
O C @VGFV 
�=V?@>, % 

1 %C;ьD0B8 4,21 0,07 0,3 0,43 1,5 

2 );>@848 3,13 0,19 0,8 0,39 1,7 

 

&01;8FO 4.6 – �?;82 ?@8B>:8 #A5; =0 O:VABь 2>48 @VG:8 �=V?@>  

№ 
7/
? 

�01@C4=NNG
0 @5G>28=0 

�1V;ьH5==O 
:>=F5=B@0FVW 
701@C4=NNG
>W @5G>28=8 C 
@VGFV �=V?@>, 
<3/4<3 

�?;82 
28I5@>7B0H>20=
>W ?@8B>:8 %C;0 
=0 @VG:C �=V?@>, 

<3/4<3 

�V4A>B:>25 
71V;ьH5==O 
701@C4=5==
O C @VGFV 
�=V?@>, % 

�?;82 
70 
B5GVєN 
?@8B>:8
, <3/4<3 

�V4A>B:>25 
71V;ьH5==O 
701@C4=5==
O C @VGFV 
�=V?@>, % 

1 %C;ьD0B8 4,32 0,06 0,2 0,56 1,9 

2 );>@848 3,15 0,18 0,9 0,35 1,8 
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&01;8FO 4.7 – �?;82 ?@8B>:8 �>@A:;0 =0 O:VABь 2>48 @VG:8 �=V?@> 

№ 
7/
? 

�01@C4=NNG
0 @5G>28=0 

�1V;ьH5==O 
:>=F5=B@0FVW 
701@C4=NNG
>W @5G>28=8 C 
@VGFV �=V?@>, 
<3/4<3 

�?;82 
28I5@>7B0H>20=
>W ?@8B>:8 #A5; 
=0 @VG:C �=V?@>, 

<3/4<3 

�V4A>B:>25 
71V;ьH5==O 
701@C4=5==
O C @VGFV 
�=V?@>, % 

�?;82 
70 

B5GVєN 
?@8B>:8
, <3/4<3 

�V4A>B:>25 
71V;ьH5==O 
701@C4=5==
O C @VGFV 
�=V?@>, % 

1 %C;ьD0B8 4,30 0,22 0,6 0,78 2,3 

2 );>@848 3,11 0,12 0,5 0,79 3,4 

 

&01;8FO 4.8 – �?;82 ?@8B>:8 %0<0@0 =0 O:VABь 2>48 @VG:8 �=V?@> 

№ 
7/
? 

�01@C4=NNG
0 @5G>28=0 

�1V;ьH5==O 
:>=F5=B@0FVW 
701@C4=NNG
>W @5G>28=8 C 
@VGFV �=V?@>, 
<3/4<3 

�?;82 
28I5@>7B0H>20=
>W ?@8B>:8 

�>@A:;0 =0 @VG:C 
�=V?@>, <3/4<3 

�V4A>B:>25 
71V;ьH5==O 
701@C4=5==
O C @VGFV 
�=V?@>, % 

�?;82 
70 

B5GVєN 
?@8B>:8
, <3/4<3 

�V4A>B:>25 
71V;ьH5==O 
701@C4=5==
O C @VGFV 
�=V?@>, % 

1 %C;ьD0B8 24,47 0,33 0,5 0,34 0,5 

2 );>@848 8,95 0,17 0,5 4,44 13,6 

 

&0:8< G8=><, 2V4?>2V4=> 4> >B@8<0=8E 40=8E 70 ?>:07=8:0<8 AC;ьD0B8 
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&01;8FO �.1 – %5@54=ь>@VG=89 2<VAB +
4

NH , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 �5A=0 

$>:8/#>AB8 #1 #2 #3 #4 #5 #6 
2016 0,031 0,027 0,020 0,021 0,025 0,024 

2017 0,030 0,027 0,028 0,026 0,026 0,023 

2018 0,030 0,028 0,025 0,027 0,026 0,023 

2019 0,027 0,024 0,024 0,019 0,022 0,027 

2020 0,021 0,021 0,026 0,026 0,022 0,019 

2021 0,030 0,028 0,019 0,020 0,022 0,018 

2022 0,017 0,017 0,020 0,021 0,018 0,012 

2023 0,019 0,019 0,013 0,012 0,015 0,014 

2024 0,028 0,024 0,025 0,023 0,033 0,031 

 

&01;8FO �.2 – %5@54=ь>@VG=89 2<VAB −
3

NO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 �5A=0 

$>:8/#>AB8 #1 #2 #3 #4 #5 #6 
2016 0,024 0,023 0,024 0,023 0,021 0,021 

2017 0,031 0,031 0,029 0,031 0,027 0,025 

2018 0,025 0,023 0,022 0,024 0,029 0,030 

2019 0,030 0,028 0,027 0,025 0,025 0,029 

2020 0,027 0,027 0,027 0,026 0,027 0,026 

2021 0,024 0,027 0,029 0,029 0,026 0,025 

2022 0,025 0,025 0,025 0,027 0,025 0,026 

2023 0,025 0,025 0,026 0,026 0,025 0,023 

2024 0,022 0,020 0,020 0,021 0,019 0,026 

 

&01;8FO �.3 – %5@54=ь>@VG=89 2<VAB −
2

NO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 �5A=0 

$>:8/#>AB8 #1 #2 #3 #4 #5 #6 
2016 0,0011 0,0013 0,0009 0,0010 0,0010 0,0011 

2017 0,0016 0,0013 0,0012 0,0013 0,0011 0,0009 

2018 0,0013 0,0013 0,0013 0,0012 0,0010 0,0012 

2019 0,0011 0,0010 0,0007 0,0008 0,0009 0,0011 

2020 0,0012 0,0013 0,0011 0,0010 0,0009 0,0009 

2021 0,0013 0,0012 0,0012 0,0011 0,0012 0,0008 

2022 0,0012 0,0010 0,0007 0,0007 0,0008 0,0008 

2023 0,0009 0,0010 0,0008 0,0010 0,0009 0,0009 

2024 0,0011 0,0011 0,0010 0,0011 0,0010 0,0011 
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&01;8FO �.4 – %5@54=ь>@VG=89 2<VAB −2

4
SO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 �5A=0 

$>:8/#>AB8 #1 #2 #3 #4 #5 #6 
2016 0,39 0,38 0,40 0,40 0,37 0,45 

2017 0,41 0,38 0,40 0,41 0,38 0,50 

2018 0,38 0,39 0,32 0,35 0,32 0,37 

2019 0,36 0,35 0,37 0,38 0,36 0,42 

2020 0,34 0,34 0,42 0,43 0,42 0,41 

2021 0,42 0,35 0,30 0,30 0,36 0,37 

2022 0,36 0,36 0,42 0,43 0,38 0,39 

2023 0,37 0,33 0,31 0,34 0,40 0,40 

2024 0,26 0,30 0,35 0,34 0,40 0,46 

 

&01;8FO �.5 – %5@54=ь>@VG=89 2<VAB −3

4
PO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 �5A=0 

$>:8/#>AB8 #1 #2 #3 #4 #5 #6 
2016 0,005 0,004 0,004 0,004 0,005 0,004 

2017 0,004 0,003 0,002 0,002 0,003 0,003 

2018 0,005 0,005 0,003 0,003 0,004 0,004 

2019 0,005 0,004 0,003 0,004 0,004 0,005 

2020 0,004 0,004 0,004 0,003 0,004 0,004 

2021 0,006 0,005 0,004 0,004 0,006 0,005 

2022 0,004 0,004 0,004 0,004 0,005 0,005 

2023 0,005 0,004 0,004 0,004 0,005 0,005 

2024 0,006 0,005 0,005 0,005 0,005 0,006 

 

&01;8FO �.6 – %5@54=ь>@VG=89 2<VAB −Cl , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 �5A=0 

$>:8/#>AB8 #1 #2 #3 #4 #5 #6 
2016 0,44 0,45 0,47 0,51 0,49 0,45 

2017 0,49 0,52 0,49 0,52 0,51 0,44 

2018 0,41 0,43 0,47 0,48 0,41 0,52 

2019 0,42 0,40 0,40 0,48 0,45 0,48 

2020 0,45 0,42 0,45 0,46 0,40 0,45 

2021 0,39 0,35 0,34 0,31 0,38 0,35 

2022 0,34 0,33 0,36 0,40 0,37 0,40 

2023 0,33 0,34 0,35 0,42 0,33 0,31 

2024 0,36 0,44 0,47 0,50 0,51 0,49 

 



171 

&01;8FO �.7 – %5@54=ь>@VG=89 2<VAB +
4

NH , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 %C;0 

$>:8/#>AB8 #1 #2 #3 #4 
2016     0,024 1,230 

2017     0,029 0,036 

2018 0,014 0,019 0,027 0,027 

2019     0,020 0,015 

2020     0,011 0,009 

2021     0,021 0,025 

2022     0,014 0,026 

2023 0,021 0,018 0,021 0,027 

2024     0,022 0,032 

 

&01;8FO �.8– %5@54=ь>@VG=89 2<VAB −
3

NO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 %C;0 

$>:8/#>AB8 #1 #2 #3 #4 
2016     0,017 0,020 

2017     0,012 0,036 

2018 0,020 0,022 0,012 0,026 

2019     0,014 0,019 

2020     0,016 0,031 

2021     0,044 0,020 

2022     0,008 0,014 

2023 0,056 0,057 0,022 0,061 

2024     0,013 0,015 

 

&01;8FO �.9 – %5@54=ь>@VG=89 2<VAB −
2

NO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 %C;0 

$>:8/#>AB8 #1 #2 #3 #4 
2016     0,002 0,001 

2017     0,001 0,002 

2018 0,001 0,001 0,001 0,001 

2019     0,001 0,001 

2020     0,001 0,001 

2021     0,001 0,001 

2022     0,001 0,001 

2023 0,003 0,003 0,001 0,001 

2024     0,001 0,001 

 



172 

&01;8FO �.10 – %5@54=ь>@VG=89 2<VAB −2

4
SO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 %C;0 

$>:8/#>AB8 #1 #2 #3 #4 
2016     0,88 1,05 

2017     0,75 0,74 

2018 0,42 0,49 0,66 0,76 

2019     0,53 0,49 

2020     0,47 0,65 

2021     0,80 0,70 

2022     0,67 0,78 

2023 0,60 0,73 0,51 0,55 

2024     0,47 0,53 

 

&01;8FO �.11 – %5@54=ь>@VG=89 2<VAB −3

4
PO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 %C;0 

$>:8/#>AB8 #1 #2 #3 #4 
2016     0,008 0,010 

2017     0,010 0,007 

2018 0,003 0,003 0,006 0,007 

2019     0,004 0,004 

2020     0,006 0,006 

2021     0,005 0,009 

2022     0,003 0,004 

2023 0,006 0,007 0,004 0,005 

2024     0,008 0,005 

 

&01;8FO �.12 – %5@54=ь>@VG=89 2<VAB −Cl , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 %C;0 

$>:8/#>AB8 #1 #2 #3 #4 
2016     1,26 1,40 

2017     1,74 1,29 

2018 1,02 1,02 1,51 1,37 

2019     1,30 1,35 

2020     1,35 1,27 

2021     1,08 1,40 

2022     1,50 2,08 

2023 1,03 1,02 1,23 1,22 

2024     1,15 1,56 

 



173 

&01;8FO �.13 – %5@54=ь>@VG=89 2<VAB +
4

NH , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 #A5; 

$>:8/#>AB8 #1 #2 #3 #4 #5 #6 
2016 0,014 0,020 0,015 0,020 0,021 0,026 

2017 0,022 0,022 0,044 0,028 0,024 0,021 

2018 0,013 0,019 0,027 0,027 0,026 0,020 

2019 0,020 0,021 0,030 0,023 0,027 0,012 

2020 0,029 0,026 0,027 0,024 0,024 0,007 

2021 0,021 0,025 0,039 0,026 0,027 0,010 

2022 0,017 0,019 0,031 0,021 0,020 0,014 

2023 0,020 0,020 0,036 0,026 0,026 0,025 

2024 0,014 0,013 0,019 0,016 0,017 0,023 

 

&01;8FO �.14 – %5@54=ь>@VG=89 2<VAB −
3

NO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 #A5; 

$>:8/#>AB8 #1 #2 #3 #4 #5 #6 
2016 2,47 4,60 4,45 5,50 4,28 2,36 

2017 2,80 3,40 3,36 3,51 3,07 1,51 

2018 1,67 3,08 2,40 2,79 3,60 2,27 

2019 2,23 2,61 3,90 4,24 3,85 2,08 

2020 3,69 5,70 5,84 3,97 4,51 2,03 

2021 1,24 1,36 2,45 1,46 1,42 1,66 

2022 1,09 2,56 3,32 2,72 3,06 2,10 

2023 2,68 2,60 2,63 3,15 2,98 1,50 

2024 1,55 2,26 2,74 1,53 1,33 2,08 

 

&01;8FO �.15 – %5@54=ь>@VG=89 2<VAB −
2

NO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 #A5; 

$>:8/#>AB8 #1 #2 #3 #4 #5 #6 

2016 0,001 0,000 0,003 0,002 0,006 0,001 

2017 0,000 0,001 0,003 0,002 0,002 0,001 

2018 0,001 0,001 0,002 0,002 0,002 0,001 

2019 0,001 0,011 0,002 0,002 0,004 0,001 

2020 0,000 0,000 0,001 0,000 0,001 0,001 

2021 0,001 0,001 0,002 0,001 0,001 0,001 

2022 0,000 0,001 0,002 0,001 0,001 0,001 

2023 0,001 0,001 0,004 0,003 0,002 0,001 

2024 0,001 0,001 0,002 0,002 0,002 0,001 

 



174 

&01;8FO �.16 – %5@54=ь>@VG=89 2<VAB −2

4
SO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 #A5; 

$>:8/#>AB8 #1 #2 #3 #4 #5 #6 
2016 0,78 0,93 0,94 0,92 0,77 1,10 

2017 0,49 0,62 0,96 0,93 0,87 1,00 

2018 0,47 0,69 0,81 0,82 0,95 0,78 

2019 0,63 0,72 0,91 0,83 0,86 0,82 

2020 0,69 0,65 0,70 0,69 0,72 0,86 

2021 0,54 0,50 0,58 0,54 0,50 0,83 

2022 0,31 0,37 0,44 0,39 0,35 0,84 

2023 0,30 0,36 0,40 0,51 0,44 0,72 

2024 0,51 0,64 0,67 0,60 0,63 0,74 

 

&01;8FO �.17 – %5@54=ь>@VG=89 2<VAB −3

4
PO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 #A5; 

$>:8/#>AB8 #1 #2 #3 #4 #5 #6 
2016 0,012 0,013 0,016 0,018 0,014 0,008 

2017 0,008 0,006 0,009 0,007 0,007 0,008 

2018 0,007 0,005 0,005 0,007 0,007 0,007 

2019 0,006 0,007 0,011 0,010 0,009 0,005 

2020 0,004 0,005 0,005 0,005 0,005 0,007 

2021 0,010 0,018 0,012 0,006 0,006 0,004 

2022 0,005 0,005 0,009 0,006 0,006 0,004 

2023 0,014 0,013 0,017 0,013 0,013 0,004 

2024 0,009 0,008 0,010 0,010 0,010 0,004 

 

&01;8FO �.18 – %5@54=ь>@VG=89 2<VAB −Cl , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 #A5; 

$>:8/#>AB8 #1 #2 #3 #4 #5 #6 
2016 0,40 0,54 0,43 0,78 1,09 1,04 

2017 0,38 0,59 0,60 0,76 0,73 0,82 

2018 0,39 0,44 0,42 0,43 0,44 0,64 

2019 0,48 0,54 0,63 0,67 0,66 0,67 

2020 0,38 0,37 0,43 0,52 0,56 0,68 

2021 0,38 0,39 0,45 0,48 0,48 0,58 

2022 0,41 0,46 0,50 0,54 0,57 0,72 

2023 0,60 0,59 0,63 0,79 0,73 0,60 

2024 0,36 0,85 0,97 0,62 0,63 0,62 

 



175 

&01;8FO �.19 – %5@54=ь>@VG=89 2<VAB +
4

NH , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 �>@A:;0 

$>:8/#>AB8 #1 #2 #3 #4 
2016 0,018 0,019 0,025 0,030 

2017 0,023 0,025 0,018 0,024 

2018 0,021 0,026 0,014 0,014 

2019 0,022 0,025 0,008 0,009 

2020 0,017 0,023 0,009 0,009 

2021 0,021 0,026 0,012 0,016 

2022 0,017 0,017 0,027 0,014 

2023 0,019 0,024 0,027 0,021 

2024 0,014 0,021 0,028 0,031 

 

&01;8FO �.20 – %5@54=ь>@VG=89 2<VAB −
3

NO -, <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 �>@A:;0 

$>:8/#>AB8 #1 #2 #3 #4 
2016 0,040 0,040 0,015 0,021 

2017 0,048 0,056 0,023 0,035 

2018 0,024 0,025 0,024 0,047 

2019 0,064 0,107 0,019 0,040 

2020 0,042 0,046 0,013 0,040 

2021 0,022 0,020 0,014 0,030 

2022 0,018 0,018 0,023 0,045 

2023 0,053 0,039 0,016 0,047 

2024 0,026 0,027 0,019 0,034 

 

&01;8FO �.21 – %5@54=ь>@VG=89 2<VAB −
2

NO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 �>@A:;0 

$>:8/#>AB8 #1 #2 #3 #4 
2016 0,0027 0,0008 0,0007 0,0009 

2017 0,0009 0,0010 0,0008 0,0018 

2018 0,0011 0,0007 0,0009 0,0016 

2019 0,0008 0,0005 0,0008 0,0012 

2020 0,0005 0,0008 0,0009 0,0012 

2021 0,0012 0,0008 0,0007 0,0013 

2022 0,0005 0,0005 0,0011 0,0020 

2023 0,0013 0,0019 0,0010 0,0032 

2024 0,0012 0,0008 0,0007 0,0027 

 



176 

&01;8FO �.22 – %5@54=ь>@VG=89 2<VAB −2

4
SO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 �>@A:;0 

$>:8/#>AB8 #1 #2 #3 #4 
2016 1,04 0,92 0,98 1,00 

2017 0,78 0,84 0,96 1,24 

2018 0,66 0,53 1,02 1,06 

2019 0,71 0,67 0,87 1,11 

2020 0,48 0,49 0,86 1,11 

2021 0,53 0,52 0,79 0,98 

2022 0,40 0,36 0,93 1,09 

2023 0,68 0,67 0,93 1,08 

2024 0,84 0,93 0,81 1,09 

 

&01;8FO �.23 – %5@54=ь>@VG=89 2<VAB −3

4
PO , <<>;ь/4<3 

 =0 ?>AB0E A?>AB5@565==O @VG:8 �>@A:;0 

$>:8/#>AB8 #1 #2 #3 #4 
2016 0,017 0,017 0,006 0,010 

2017 0,012 0,013 0,006 0,010 

2018 0,007 0,008 0,005 0,008 

2019 0,013 0,013 0,004 0,005 

2020 0,004 0,006 0,008 0,005 

2021 0,013 0,017 0,008 0,008 

2022 0,004 0,004 0,005 0,006 

2023 0,013 0,008 0,004 0,006 

2024 0,009 0,009 0,005 0,005 

 

&01;8FO �.24 – %5@54=ь>@VG=89 2<VAB −Cl , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 �>@A:;0 

$>:8/#>AB8 #1 #2 #3 #4 
2016 1,33 1,10 1,20 1,27 

2017 1,09 1,86 1,05 1,67 

2018 1,40 1,08 1,02 1,37 

2019 1,58 1,34 1,03 1,53 

2020 1,11 0,75 1,40 1,53 

2021 1,31 0,92 0,92 1,14 

2022 1,03 1,05 1,17 1,56 

2023 1,43 0,99 0,96 1,34 

2024 2,18 2,13 0,94 1,57 

 



177 

&01;8FO �.25 – %5@54=ь>@VG=89 2<VAB +
4

NH , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 %0<0@0 

$>:8/#>AB8 #1 #2 #3 
2016 0,020 0,024 0,017 

2017 0,020 0,024 0,017 

2018 0,021 0,020 0,017 

2019 0,019 0,020 0,015 

2020 0,019 0,018 0,020 

2021 0,018 0,019 0,019 

2022 0,019 0,019 0,019 

2023 0,020 0,018 0,028 

2024 0,012 0,016 0,031 

 

&01;8FO �.26 – %5@54=ь>@VG=89 2<VAB −
3

NO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 %0<0@0 

$>:8/#>AB8 #1 #2 #3 
2016 0,04 0,10 0,08 

2017 0,03 0,15 0,08 

2018 0,02 0,14 0,06 

2019 0,02 0,02 0,06 

2020 0,03 0,03 0,03 

2021 0,03 0,01 0,01 

2022 0,03 0,03 0,04 

2023 0,03 0,03 0,03 

2024 0,08 0,05 0,09 

 

&01;8FO �.27 – %5@54=ь>@VG=89 2<VAB −
2

NO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 %0<0@0 

$>:8/#>AB8 #1 #2 #3 
2016 0,0009 0,0008 0,0007 

2017 0,0008 0,0014 0,0011 

2018 0,0010 0,0008 0,0007 

2019 0,0009 0,0012 0,0013 

2020 0,0009 0,0007 0,0007 

2021 0,0010 0,0007 0,0007 

2022 0,0010 0,0009 0,0007 

2023 0,0009 0,0007 0,0007 

2024 0,0022 0,0007 0,0007 

 



178 

&01;8FO �.28 – %5@54=ь>@VG=89 2<VAB −2

4
SO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 %0<0@0 

$>:8/#>AB8 #1 #2 #3 
2016 9,58 15,47 8,98 

2017 9,78 14,48 8,32 

2018 10,36 14,47 10,61 

2019 10,36 14,07 11,23 

2020 10,51 14,97 11,70 

2021 10,57 13,17 9,06 

2022 10,62 13,10 8,73 

2023 10,52 14,39 8,54 

2024 11,53 13,04 12,29 

 

&01;8FO �.29 – %5@54=ь>@VG=89 2<VAB −3

4
PO , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 %0<0@0 

$>:8/#>AB8 #1 #2 #3 
2016 0,009 0,003 0,004 

2017 0,005 0,004 0,007 

2018 0,009 0,003 0,005 

2019 0,006 0,007 0,008 

2020 0,006 0,007 0,003 

2021 0,006 0,002 0,004 

2022 0,006 0,005 0,003 

2023 0,005 0,002 0,002 

2024 0,008 0,004 0,009 

 

&01;8FO �.30 – %5@54=ь>@VG=89 2<VAB −Cl , <<>;ь/4<3  

=0 ?>AB0E A?>AB5@565==O @VG:8 %0<0@0 

$>:8/#>AB8 #1 #2 #3 
2016 8,64 22,63 16,58 

2017 9,15 22,78 8,16 

2018 8,40 26,56 7,99 

2019 8,40 31,25 14,44 

2020 9,02 31,72 11,67 

2021 8,98 32,43 9,18 

2022 9,13 28,54 9,85 

2023 9,16 37,22 7,77 

2024 10,03 26,38 12,39 



179 

 

 

 

 

 

 

 

 

 

 

 

 

 

�"��&"� � 

�0@B8 @>7?>4V;C :>=F5=B@0FVW E;>@84V2 B0 AC;ьD0BV2 C 10A59=0E @VG>: 

�5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2016 – 2022 @>:8 

 



180 

 

$8AC=>: �.1 – �0@B0 @>7?>4V;C :>=F5=B@0FVW E;>@84V2 

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2016 @V: 

 

$8AC=>: �.2 – �0@B0 @>7?>4V;C :>=F5=B@0FVW E;>@84V2 

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2017 @V: 



181 

 

$8AC=>: �.3 – �0@B0 @>7?>4V;C :>=F5=B@0FVW E;>@84V2 

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2018 @V: 

 

$8AC=>: �.4 – �0@B0 @>7?>4V;C :>=F5=B@0FVW E;>@84V2  

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2019 @V: 



182 

 

$8AC=>: �.5 – �0@B0 @>7?>4V;C :>=F5=B@0FVW E;>@84V2 

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2020 @V: 

 

$8AC=>: �.6 – �0@B0 @>7?>4V;C :>=F5=B@0FVW E;>@84V2 

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2021 @V: 



183 

 

$8AC=>: �.7 – �0@B0 @>7?>4V;C :>=F5=B@0FVW E;>@84V2 

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2022 @V: 

 

$8AC=>: �.8 – �0@B0 @>7?>4V;C :>=F5=B@0FVW AC;ьD0BV2 

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2016 @V: 



184 

 

$8AC=>: �.9 – �0@B0 @>7?>4V;C :>=F5=B@0FVW AC;ьD0BV2 

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2017 @V: 

 

$8AC=>: �.10 – �0@B0 @>7?>4V;C :>=F5=B@0FVW AC;ьD0BV2 

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2018 @V: 



185 

 

$8AC=>: �.11 – �0@B0 @>7?>4V;C :>=F5=B@0FVW AC;ьD0BV2 

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2019 @V: 

 

$8AC=>: �.12 – �0@B0 @>7?>4V;C :>=F5=B@0FVW AC;ьD0BV2 

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2020 @V: 



186 

 

$8AC=>: �.13 – �0@B0 @>7?>4V;C :>=F5=B@0FVW AC;ьD0BV2 

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2021 @V: 

 

$8AC=>: �.14 – �0@B0 @>7?>4V;C :>=F5=B@0FVW AC;ьD0BV2 

C 10A59=0E @VG>: �5A=0, %C;0, #A5; B0 �>@A:;0 AB0=>< =0 2022 @V: 



187 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�"��&"� � 

�<VAB 701@C4=NNG8E @5G>28= C ?>25@E=528E 2>4=8E >1’є:B0E B0 =0 
?V4?@8є<AB20E, O:V @>7B0H>20=V ?>1;87C ?>ABV2 A?>AB5@565==O 70 2016 – 

2023 @>:V2  



188 

&01;8FO �.1 – �<VAB E;>@84V2 C ?>25@E=528E 2>4=8E >1’є:B0E B0 =0 ?V4?@8є<AB20E, O:V @>7B0H>20=V ?>1;87C ?>ABV2 

A?>AB5@565==O 70 2016 – 2023 @>:V2 

$V: !0720 @VG:8 
�>=F5=B@0FVO E;>@84V2 

=0 ?>ABC 
A?>AB5@565==O, <3/4<3 

!0720 ?V4?@8є<AB20 "1AO38 A:84V2 
?V4?@8є<AB2, <;=. <3 

�>=F5=B@0FVO E;>@84V2 C 
ABVG=8E 2>40E ?V4?@8є<AB20, 

<3/4<3 

2016 

�5A=0 (?>AB 5) 17,05 �# «+5@=V3V22>4>:0=0;» 16,4679 87,249 

%C;0 (?>AB 4) 
50,05 

�# «�C1=8-2>4>:0=0;» � $, <. �C1=8 
#>;B02Aь:>W >1;. 0,979 375,894 

#A5; (?>AB 3) 
13,24 

#�& «%C<8EV<?@><» <. %C<8 2,393 116,590 

�# « VAь:2>4>:0=0;» <. %C<8 12,44 93,248 

#A5; (?>AB 6) 
39,05 

"��#��� « 8@3>@>42>4>:0=0;» A<B 
�5;8:0 �030G:0 #>;B02Aь:>W >1;. 0,078 307,693 

�>@A:;0 (?>AB 3) 41,27 �# «#>;B0202>4>:0=0;» <. #>;B020 21,36 217,509 

�>@A:;0 (?>AB 4) 45,67 �# «#>;B0202>4>:0=0;» <. �>15;O:8 0,097 268,041 

2017 �5A=0 (?>AB 5) 

18,31 

�# «+5@=V3V22>4>:0=0;» 

15,8653 78,316 

2018 

�5A=0 (?>AB 5) 14,36 �# «+5@=V3V22>4>:0=0;» 15,8653 66,233 

%C;0 (?>AB 4) 
45,88 

�# «�C1=8-2>4>:0=0;» � $, <. �C1=8 
#>;B02Aь:>W >1;. 1,037 378,014 

#A5; (?>AB 3) 
12,50 

#�& «%C<8EV<?@><» <. %C<8 2,873 115,907 

�# « VAь:2>4>:0=0;» <. %C<8 12,63 98,733 

#A5; (?>AB 6) 
23,37 

"��#��� « 8@3>@>42>4>:0=0;» A<B 
�5;8:0 �030G:0 #>;B02Aь:>W >1;. 0,081 283,961 

�>@A:;0 (?>AB 3) 34,60 �# «#>;B0202>4>:0=0;» <. #>;B020 21,57 214,928 

�>@A:;0 (?>AB 4) 50,39 �# «#>;B0202>4>:0=0;» <. �>15;O:8 0,099 262,626 

2019 �5A=0 (?>AB 5) 15,31 �# «+5@=V3V22>4>:0=0;» 14,9016 105,935 

%C;0 (?>AB 4) 
44,82 

�# «�C1=8-2>4>:0=0;» � $, <. �C1=8 
#>;B02Aь:>W >1;. 1,02 377,451 

#A5; (?>AB 3) 
21,27 

#�& «%C<8EV<?@><» <. %C<8 3,283 154,737 

�# « VAь:2>4>:0=0;» <. %C<8 12,56 102,548 

#A5; (?>AB 6) 
24,43 

"��#��� « 8@3>@>42>4>:0=0;» A<B 
�5;8:0 �030G:0 #>;B02Aь:>W >1;. 0,064 328,125 
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�>@A:;0 (?>AB 3) 36,40 �# «#>;B0202>4>:0=0;» <. #>;B020 20,91 216,786 

�>@A:;0 (?>AB 4) 53,25 �# «#>;B0202>4>:0=0;» <. �>15;O:8 0,101 267,327 

2020 �5A=0 (?>AB 5) 13,57 �# «+5@=V3V22>4>:0=0;» 14,6027 115,129 

%C;0 (?>AB 4) 
41,12 

�# «�C1=8-2>4>:0=0;» � $, <. �C1=8 
#>;B02Aь:>W >1;. 0,945 376,720 

#A5; (?>AB 3) 
14,70 

#�& «%C<8EV<?@><» <. %C<8 2,558 105,942 

�# « VAь:2>4>:0=0;» <. %C<8 11,9 109,832 

#A5; (?>AB 6) 
26,33 

"��#��� « 8@3>@>42>4>:0=0;» A<B 
�5;8:0 �030G:0 #>;B02Aь:>W >1;. 0,073 1287,671 

�>@A:;0 (?>AB 3) 51,72 �# «#>;B0202>4>:0=0;» <. #>;B020 20,67 264,973 

�>@A:;0 (?>AB 4) 49,41 �# «#>;B0202>4>:0=0;» <. �>15;O:8 0,1 280,000 

2021 �5A=0 (?>AB 5) 13,35 �# «+5@=V3V22>4>:0=0;» 14,3894 122,535 

%C;0 (?>AB 4) 
55,01 

�# «�C1=8-2>4>:0=0;» � $, <. �C1=8 
#>;B02Aь:>W >1;. 0,938 374,733 

#A5; (?>AB 3) 
15,17 

#�& «%C<8EV<?@><» <. %C<8 2,567 117,920 

�# « VAь:2>4>:0=0;» <. %C<8 14,242 103,525 

�>@A:;0 (?>AB 3) 30,57 �# «#>;B0202>4>:0=0;» <. #>;B020 19,963 300,265 

�>@A:;0 (?>AB 4) 43,53 �# «#>;B0202>4>:0=0;» <. �>15;O:8 0,097 300,000 

2022 �5A=0 (?>AB 5) 12,51 �# «+5@=V3V22>4>:0=0;» 14,1442 122,750 

%C;0 (?>AB 4) 
67,81 

�# «�C1=8-2>4>:0=0;» � $, <. �C1=8 
#>;B02Aь:>W >1;. 0,926 374,838 

#A5; (?>AB 3) 
17,51 

#�& «%C<8EV<?@><» <. %C<8 2,716 111,451 

�# « VAь:2>4>:0=0;» <. %C<8 12,663 98,065 

#A5; (?>AB 6) 
27,76 

"��#��� « 8@3>@>42>4>:0=0;» A<B 
�5;8:0 �030G:0 #>;B02Aь:>W >1;. 0,053 318,868 

�>@A:;0 (?>AB 3) 41,29 �# «#>;B0202>4>:0=0;» <. #>;B020 20,325 298,637 

�>@A:;0 (?>AB 4) 58,16 �# «#>;B0202>4>:0=0;» <. �>15;O:8 0,084 294,048 

2023 �5A=0 (?>AB 5) 11,32 �# «+5@=V3V22>4>:0=0;» 9,8203 127,399 

%C;0 (?>AB 4) 
37,30 

�# «�C1=8-2>4>:0=0;» � $, <. �C1=8 
#>;B02Aь:>W >1;. 0,889 374,241 

#A5; (?>AB 3) 
20,86 

#�& «%C<8EV<?@><» <. %C<8 2,183 111,681 

�# « VAь:2>4>:0=0;» <. %C<8 9,55 106,660 

#A5; (?>AB 6) 
21,97 

"��#��� « 8@3>@>42>4>:0=0;» A<B 
�5;8:0 �030G:0 #>;B02Aь:>W >1;. 0,056 317,857 

�>@A:;0 (?>AB 3) 32,15 �# «#>;B0202>4>:0=0;» <. #>;B020 20,351 281,426 

�>@A:;0 (?>AB 4) 43,80 �# «#>;B0202>4>:0=0;» <. �>15;O:8 0,095 288,421 
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&01;8FO �.2 – �<VAB AC;ьD0BV2 C ?>25@E=528E 2>4=8E >1’є:B0E B0 =0 ?V4?@8є<AB20E, O:V @>7B0H>20=V ?>1;87C ?>ABV2 

A?>AB5@565==O 70 2016 – 2023 @>:V2 

$V: !0720 @VG:8 
�>=F5=B@0FVO E;>@84V2 

=0 ?>ABC 
A?>AB5@565==O, <3/4<3 

!0720 ?V4?@8є<AB20 
"1AO38 A:84V2 

?V4?@8є<AB2, <;=. <3 

�>=F5=B@0FVO E;>@84V2 C 
ABVG=8E 2>40E ?V4?@8є<AB20, 

<3/4<3 

2016 

�5A=0 (?>AB 5) 35,56 �# «+5@=V3V22>4>:0=0;» 16,4679 45,495 

%C;0 (?>AB 4) 
99,42 

�# «�C1=8-2>4>:0=0;» � $, <. �C1=8 
#>;B02Aь:>W >1;. 0,979 70,480 

#A5; (?>AB 3) 
89,08 

#�& «%C<8EV<?@><» <. %C<8 2,393 429,586 

�# « VAь:2>4>:0=0;» <. %C<8 12,44 79,260 

#A5; (?>AB 6) 
98,39 

"��#��� « 8@3>@>42>4>:0=0;» A<B 
�5;8:0 �030G:0 #>;B02Aь:>W >1;. 0,078 76,923 

�>@A:;0 (?>AB 3) 94,46 �# «#>;B0202>4>:0=0;» <. #>;B020 21,36 101,966 

�>@A:;0 (?>AB 4) 100,28 �# «#>;B0202>4>:0=0;» <. �>15;O:8 0,097 113,402 

2017 �5A=0 (?>AB 5) 36,71 �# «+5@=V3V22>4>:0=0;» 15,8653 38,162 

2018 

�5A=0 (?>AB 5) 30,25 �# «+5@=V3V22>4>:0=0;» 15,8653 44,544 

%C;0 (?>AB 4) 
64,83 

�# «�C1=8-2>4>:0=0;» � $, <. �C1=8 
#>;B02Aь:>W >1;. 1,037 51,109 

#A5; (?>AB 3) 
70,75 

#�& «%C<8EV<?@><» <. %C<8 2,873 680,125 

�# « VAь:2>4>:0=0;» <. %C<8 12,63 85,590 

#A5; (?>AB 6) 
73,04 

"��#��� « 8@3>@>42>4>:0=0;» A<B 
�5;8:0 �030G:0 #>;B02Aь:>W >1;. 0,081 111,111 

�>@A:;0 (?>AB 3) 92,44 �# «#>;B0202>4>:0=0;» <. #>;B020 21,57 103,894 

�>@A:;0 (?>AB 4) 100,65 �# «#>;B0202>4>:0=0;» <. �>15;O:8 0,099 111,111 

2019 �5A=0 (?>AB 5) 35,47 �# «+5@=V3V22>4>:0=0;» 14,9016 46,203 

%C;0 (?>AB 4) 
52,37 

�# «�C1=8-2>4>:0=0;» � $, <. �C1=8 
#>;B02Aь:>W >1;. 1,02 72,549 

#A5; (?>AB 3) 
94,13 

#�& «%C<8EV<?@><» <. %C<8 3,283 1064,270 

�# « VAь:2>4>:0=0;» <. %C<8 12,56 76,911 

#A5; (?>AB 6) 
83,46 

"��#��� « 8@3>@>42>4>:0=0;» A<B 
�5;8:0 �030G:0 #>;B02Aь:>W >1;. 0,064 109,375 

�>@A:;0 (?>AB 3) 77,78 �# «#>;B0202>4>:0=0;» <. #>;B020 20,91 104,209 

�>@A:;0 (?>AB 4) 100,88 �# «#>;B0202>4>:0=0;» <. �>15;O:8 0,101 108,911 

2020 �5A=0 (?>AB 5) 39,75 �# «+5@=V3V22>4>:0=0;» 14,6027 49,203 

%C;0 (?>AB 4) 64,91 �# «�C1=8-2>4>:0=0;» � $, <. �C1=8 0,945 70,899 
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#>;B02Aь:>W >1;. 
#A5; (?>AB 3) 

67,88 
#�& «%C<8EV<?@><» <. %C<8 2,558 412,823 

�# « VAь:2>4>:0=0;» <. %C<8 11,9 79,916 

#A5; (?>AB 6) 
83,20 

"��#��� « 8@3>@>42>4>:0=0;» A<B 
�5;8:0 �030G:0 #>;B02Aь:>W >1;. 0,073 109,589 

�>@A:;0 (?>AB 3) 80,30 �# «#>;B0202>4>:0=0;» <. #>;B020 20,67 108,612 

�>@A:;0 (?>AB 4) 96,63 �# «#>;B0202>4>:0=0;» <. �>15;O:8 0,1 120,000 

2021 �5A=0 (?>AB 5) 34,62 �# «+5@=V3V22>4>:0=0;» 14,3894 51,649 

%C;0 (?>AB 4) 
69,04 

�# «�C1=8-2>4>:0=0;» � $, <. �C1=8 
#>;B02Aь:>W >1;. 0,938 71,962 

#A5; (?>AB 3) 
54,67 

#�& «%C<8EV<?@><» <. %C<8 2,567 634,749 

�# « VAь:2>4>:0=0;» <. %C<8 14,242 73,487 

�>@A:;0 (?>AB 3) 75,66 �# «#>;B0202>4>:0=0;» <. #>;B020 19,963 111,416 

�>@A:;0 (?>AB 4) 103,75 �# «#>;B0202>4>:0=0;» <. �>15;O:8 0,097 104,124 

2022 �5A=0 (?>AB 5) 36,33 �# «+5@=V3V22>4>:0=0;» 14,1442 52,163 

%C;0 (?>AB 4) 
68,89 

�# «�C1=8-2>4>:0=0;» � $, <. �C1=8 
#>;B02Aь:>W >1;. 0,926 71,274 

#A5; (?>AB 3) 
43,05 

#�& «%C<8EV<?@><» <. %C<8 2,716 624,595 

�# « VAь:2>4>:0=0;» <. %C<8 12,663 82,555 

#A5; (?>AB 6) 
82,29 

"��#��� « 8@3>@>42>4>:0=0;» A<B 
�5;8:0 �030G:0 #>;B02Aь:>W >1;. 0,053 115,094 

�>@A:;0 (?>AB 3) 86,65 �# «#>;B0202>4>:0=0;» <. #>;B020 20,325 108,502 

�>@A:;0 (?>AB 4) 104,07 �# «#>;B0202>4>:0=0;» <. �>15;O:8 0,084 101,190 

2023 �5A=0 (?>AB 5) 39,27 �# «+5@=V3V22>4>:0=0;» 9,8203 53,705 

%C;0 (?>AB 4) 
51,95 

�# «�C1=8-2>4>:0=0;» � $, <. �C1=8 
#>;B02Aь:>W >1;. 0,889 71,429 

#A5; (?>AB 3) 
40,37 

#�& «%C<8EV<?@><» <. %C<8 2,183 646,129 

�# « VAь:2>4>:0=0;» <. %C<8 9,55 74,963 

#A5; (?>AB 6) 
71,82 

"��#��� « 8@3>@>42>4>:0=0;» A<B 
�5;8:0 �030G:0 #>;B02Aь:>W >1;. 0,056 123,214 

�>@A:;0 (?>AB 3) 85,27 �# «#>;B0202>4>:0=0;» <. #>;B020 20,351 99,150 

�>@A:;0 (?>AB 4) 99,97 �# «#>;B0202>4>:0=0;» <. �>15;O:8 0,095 104,211 
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!0C:>2V ?@0FV, C O:8E >?C1;V:>20=V >A=>2=V =0C:>2V @57C;ьB0B8 

48A5@B0FVW: 
 

%B0BBV C =0C:>28E D0E>28E 2840==OE ':@0W=8, I> 2E>4OBь 4> 
<V6=0@>4=8E =0C:><5B@8G=8E 107: 

 

1. �>20;5=:> %.�., #>=><0@5=:> $.�., &@5BьO:>2 ".�., �20=>2 Є.�. 
�>A;V465==O 7<V=8 5:>;>3VG=>3> AB0=C @VG:8 #A5;. �4G>B6B-F9IAVKA<= :GDA4? 

«&9IAB79AAB-9>B?B7VKA4 59;C9>4». )0@:V2, 2021. �8?. 10(2/2021). %. 45–51. doi: 

10.52363/2522-1892.2021.2.7 (�:;NG5=> 4> <V6=0@>4=8E =0C:><5B@8G=8E 107 

Ulrichsweb (Ulrich’s Periodicals Directory), Index Copernicus, Academic Research 

Index – ResearchBib). 

З8B5G64KG BEB5<EFB A4?9:<Fь 4A4?V; ;@VA< O>BEFV 6B8< DVK>< �E9? ;4 

CB>4;A<>4@< 6@VEFG ;45DG8ANNK<I D9KB6<A A4 CBEF4I ECBEF9D9:9AAO F4 

6<O6?9AAO F9A89AJVW 8B CB7VDL9AAO =B7B 9>B?B7VKAB7B EF4AG.  

2. �:>;>3VG=0 >FV=:0 =091V;ьH>W ?@8B>:8 @VG:8 �=V?@> 2 <560E ':@0W=8 / 

%. �. �>20;5=:> B0 V=. '>D4WAEь><= :GDA4? 5G8V6A<JF64 F4 4DIVF9>FGD<. 

�=V?@>. 2022. № 4 (010). %. 65–75. doi: 10.30838/J.BPSACEA.2312.250822.65.879 

(�:;NG5=> 4> <V6=0@>4=8E =0C:><5B@8G=8E 107 : InfoBase Index (IBI Factor = 

3,96), Universal Impact Factor, Open Academic Journal Index, Directory, Indexing of 

International Research Journals (CiteFactor)). 

З8B5G64KG BEB5<EFB A4?9:<Fь 6<;A4K9AAO CDBEFBDB6B-K4EB6<I 

F9A89AJV= ;@VA< DB;CB8V?G >BAJ9AFD4JV= BEAB6A<I ;45DG8ANNK<I D9KB6<A G 

CB69DIA96B@G 6B8AB@G B5’є>FV, 6<O6?9AB F9A89AJVN 8B CB7VDL9AAO 9>B?B7VKAB7B 

EF4AG. 

3. �=0;V7 2V4><8E <5B>48: 287=0G5==O V=45:AC O:>ABV 2>48, I> ?@840B=V 

4;O ?@>3=>7C20==O 5:>;>3VG=>3> AB0=C ?>25@E=528E 2>4=8E >1’є:BV2 / %. �. 
�>20;5=:>, $. �. #>=><0@5=:>, ". �. &@5BьO:>2, Є. �. �20=>2. �4G>B6B-F9IAVKA<= 

:GDA4? «&9IAB79AAB-9>B?B7VKA4 59;C9>4». )0@:V2, 2023. 13(1/2023). %. 68–74. 

doi:10.52363/2522-1892.2023.1.9 (�:;NG5=> 4> <V6=0@>4=8E =0C:><5B@8G=8E 
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107 Ulrichsweb (Ulrich’s Periodicals Directory), Index Copernicus, Academic 

Research Index – ResearchBib). 

З8B5G64KG BEB5<EFB, A4 BEAB6V ?VF9D4FGDAB7B B7?O8G, A4?9:<Fь 

6<;A4K9AAO C9D9647 F4 A98B?V>V6 VA89>EV6 O>BEFV F4 VA89>EV6 ;45DG8A9AAO 6B8<, MB 

;4EFBEB6GNFьEO 6 '>D4WAV A4 E6VFV F4 59;CBE9D98AьB CDB6989AAO DB;D4IGA>V6 

VA89>EV6 8?O CB69DIA96<I 6B8A<I B5’є>FV6 '>D4WA< 8?O 6<;A4K9AAO >4F97BDVW 

O>BEFV 6B8< F4 CD<K<A ;45DG8A9AAO.  

4. �>20;5=:> %.�. �?;82 >1<V=C ґ@C=B>28<8 2>40<8 <V6 ?@8B>:0<8 =0 
5:>;>3VG=C O:VABь 2>4 ?>25@E=528E 2>4=8E >1’є:BV2. �4G>B6B-F9IAVKA<= :GDA4? 

«&9IAB79AAB-9>B?B7VKA4 59;C9>4». )0@:V2, 2023. 14(2/2023). %. 98–103. doi: 

10.52363/2522-1892.2023.2.10 (�:;NG5=> 4> <V6=0@>4=8E =0C:><5B@8G=8E 107 

Ulrichsweb (Ulrich’s Periodicals Directory), Index Copernicus, Academic Research 

Index – ResearchBib). 

5. �>20;5=:> %.�.  0B5<0B8G=0 <>45;ь ?@>3=>7C20==O 7<V=8 
5:>;>3VG=>3> AB0=C ?>25@E=528E 2>4=8E >1’є:BV2 7 C@0EC20==O< 2?;82C 

28I5@>7B0H>20=8E ?@8B>:. �4G>B6B-F9IAVKA<= :GDA4? «&9IAB79AAB-9>B?B7VKA4 

59;C9>4». )0@:V2, 2024. 16(2/2024). %.46–53. doi: 10.52363/2522-1892.2024.2.7 

(�:;NG5=> 4> <V6=0@>4=8E =0C:><5B@8G=8E 107 Ulrichsweb (Ulrich’s Periodicals 

Directory), Index Copernicus, Academic Research Index – ResearchBib). 

 

!0C:>2V ?@0FV, O:V 70A2V4GCNBь 0?@>10FVN <0B5@V0;V2 48A5@B0FVW: 
 

6. �>20;5=:> %.�., #>=><0@5=:> $.�. �>A;V465==O 7<V=8 5:>;>3VG=>3> 
AB0=C @VG:8 #A5;. �:BC0;ь=V ?@>1;5<8 157?5:8 =0 B@0=A?>@BV, 2 5=5@35B8FV, 

V=D@0AB@C:BC@V: <0B5@V0;8 �  V6=0@>4=>W =0C:>2>-?@0:B8G=>W :>=D5@5=FVW, <. 

)5@A>=: <>@Aь:89 V=AB8BCB V<5=V :>=B@-04<V@0;0 (.(. 'H0:>20, 8–11 25@5A=O 

2021 @. %. 368–371. ((>@<0 CG0ABV – 70>G=0). 

З8B5G64KG BEB5<EFB A4?9:<Fь 4A4?V; ;@VA< O>BEFV 6B8< DVK>< �E9? ;4 

CB>4;A<>4@< 6@VEFG ;45DG8ANNK<I D9KB6<A A4 CBEF4I ECBEF9D9:9AAO F4 

6<O6?9AAO F9A89AJVW 8B CB7VDL9AAO =B7B 9>B?B7VKAB7B EF4AG  
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7. S. Kovalenko, R. Ponomarenko, O. Tretyakov, Ye. Ivanov. Identification of 

New Temporal-Spatial and Seasonal Trends in the Ecological Status of Surface Water 

Bodies. Modern Scientific Research: Achievements, Innovations and Development 

Prospects: The 12th International scientific and practical conference, Berlin, Germany, 

May 22–24, 2022. P. 177–183. ((>@<0 CG0ABV – 70>G=0). 

З8B5G64KG BEB5<EFB A4?9:<Fь 6<;A4K9AAO CDBEFBDB6B-K4EB6<I 

F9A89AJV= ;@VA< DB;CB8V?G >BAJ9AFD4JV= BEAB6A<I ;45DG8ANNK<I D9KB6<A G DVKJV 

�BDE>?4 F4 6<O6?9AAO F9A89AJVW 8B CB7VDL9AAO 9>B?B7VKAB7B EF4AG. 

8. �>20;5=:> %.�., #>=><0@5=:> $.�., �A>Fь:89 �.�. �87=0G5==O 
5:>;>3VG=>3> AB0=C @VG:8 %0<0@0. !04728G09=V A8BC0FVW: 157?5:0 B0 70E8AB: 

<0B5@V0;8 XI� �A5C:@0W=Aь:>W =0C:>2>-?@0:B8G=>W :>=D5@5=FVW 7 <V6=0@>4=>N 

CG0ABN, <. +5@:0A8: +�#� V<. �5@>W2 +>@=>18;O !'*� ':@0W=8, 27–28 6>2B=O 

2022 @. %. 99–100. ((>@<0 CG0ABV – 70>G=0). 

З8B5G64KG BEB5<EFB A4?9:<Fь 4A4?V; ;@VA< O>BEFV 6B8< DVK>< %4@4D4 ;4 

CB>4;A<>4@< 6@VEFG ;45DG8ANNK<I D9KB6<A A4 CBEF4I ECBEF9D9:9AAO F4 

6<O6?9AAO F9A89AJVW 8B CB7VDL9AAO =B7B 9>B?B7VKAB7B EF4AG  

9. �>20;5=:> %.�., #>=><0@5=:> $.�., �0@<>D0; Є.�. �:>;>3VG=89 AB0= 
10A59=C @VG:8 %C;0. «#@>1;5<8 ?>656=>W 157?5:8 2022» («Fire Safety Issues 
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